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Interactions between DNA and proteins are essential to many biological processes
such as transcriptional regulation and DNA replication. With the increased availability of structures of protein-DNA complexes, several computational studies have been
conducted to predict DNA binding sites in proteins. However, little attempt has been
made to predict protein binding sites in DNA. From an extensive analysis of proteinDNA complexes obtained from the Protein Data Bank (PDB), we identified powerful
features of DNA and protein sequences which can be used in predicting protein binding sites in DNA sequences. The features can be classified into three types: original
DNA sequence, DNA sequence fragments from the original DNA sequence, and protein sequence interacting with the DNA. The original DNA sequence is represented
by its nucleotide composition. DNA sequence fragments are represented by nucleotide triplet composition, normalized position, molecular mass, molecular pKa and
interaction propensity of nucleotide triplets. For protein, which is an interaction partner of DNA, the sum of normalized position of twenty amino acids in the sequence
and dipeptide composition are represented.
We have developed two SVM models to predict protein binding nucleotides in
DNA. One model uses DNA sequence data alone and predicts all potential binding
sites with unknown protein partners. The other model uses both DNA and protein
sequences to predict protein binding nucleotides with the specific protein. One SVM
model that used DNA sequence data alone achieved a sensitivity of 73.4%, a specificity of 64.8%, an accuracy of 68.9% and a Matthews correlation coefficient (MCC) of
0.382 with a test dataset that was not used in training. Another SVM model that used
both DNA and protein sequences achieved a sensitivity of 67.6%, a specificity of
74.3%, an accuracy of 71.4% and MCC of 0.418. The SVM model that used both
DNA and protein sequences yielded better overall performance than the model that
used DNA sequence alone.
The SVM models have been implemented as a web server called PNImodeler (Protein-Nucleic acid Interaction modeler), and the web server is available at
http://bclab.inha.ac.kr/pnimodeler. PNImodeler will be useful to find protein-binding
sites in DNA with unknown structure. To the best of our knowledge, this is the first
attempt to predict protein-binding DNA nucleotides with sequence data alone.
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Mid Cognitive Impairment (MCI) [1] threatens the health of the elderly around
the world and could progress to Alzheimer's Disease (AD) [2] with a high risk.
It is necessary to detect MCI earlier to reduce the occurrence rate of AD.
So we develop a Decision Support System (DSS) for detecting subjects with
MCI. This system is based on fMRI-Bayesian ontology (FB-Ontology) combined with Bayesian networks algorithm. The DSS employs Functional Magnetic Resonance Imaging (fMRI) techniques to distinguish MCI patients from
normal controls (NC). We preprocess fMRI data and calculate path length,
global efficiency and hub node features based on the automated anatomical
labeling (AAL) template for DSS. By using Bayesian networks algorithm, our
DSS could provide uncertain reasoning results for clinicians. Meanwhile, the
FB-Ontology acts like a bridge between reasoning engine and low-level database in system, it could provide transparent, unified, normalized, shareable
knowledge to users. Finally, we select 22 subjects with MCI and 18 normal
controls from Alzheimer’s Disease Neuroimaging Initiative (ADNI) [3]. Using
a 5-fold cross validation method for training and testing, the system could reach
an average classification rate of 90%.

References
1. Gauthier, S., et al.: Mild cognitive impairment. The Lancet 367(9518), 1262–1270 (2006)
2. Petersen, R.C.: Mild Cognitive Impairment: Aging to Alzheimer’s Disease. Brain 127(1),
231–233 (2004)
3. http://www.loni.ucla.edu/adni/

*

Corresponding author.

M. Basu, Y. Pan, and J. Wang (Eds.): ISBRA 2014, LNBI 8492, p. 368, 2014.
© Springer International Publishing Switzerland 2014

Context Similarity Based Feature Selection
Methods for Protein Interaction Article
Classification
Yifei Chen1 , Yuxing Sun1 , and Ping Hou2
1

School of Information Science, Nanjing Audit University, 86 Yushan Rd(W),
Nanjing, P.R. China
2
Fondazione Bruno Kessler (FBK-irst), Trento, Italy

An overwhelming amount of biological articles are published daily online as a
result of growing interest in biological research, especially the study of proteinprotein interactions. It is essential to classify which articles describe the protein
interactions. Therefore study on automatic protein interaction articles classiﬁcation (IAC) has become a task with practical signiﬁcance to the text classiﬁcation
in biological domain.
Since the feature space in text classiﬁcation is high dimensional, feature selection techniques are widely used for reducing the dimensionality of features to
speed up the computation of the classiﬁer. However, the existing feature selection methods are mostly based on the term frequency or document frequency.
These approaches are context independent, that is, they do not utilize the context information in a document when judging the importance of features, such
as word order, multi-word phrases and semantic relationships, which are important for the IAC tasks. Hence, based on the study of four well-known frequency
based feature selection methods, Gini Index (GI), Document Frequency (DF),
Class Discriminating Measure (CDM) and Accuracy Balanced (Acc2), we propose four context similarity based feature selection methods, GIcs , DFcs , CDMcs
and Acc2cs , to introduce the similarity measure of context multi-word phrases.
In order to evaluate the performances of the proposed context similarity based
feature selection methods, two data sets (DataBCII and DataBCIII ) are used
in our experiments, which are both extracted from the BioCreAtIvE challenges.
The experimental results reveal that all the context similarity based methods
outperform the corresponding frequency based methods in terms of the micro-F1
measure. On the DataBCII , when top 4.3% features are selected, GIcs acquires
the highest F 1 measure value, which eﬀectively improves the performance when
all the features are used by 2.54. And on the DataBCIII when the top 7.4%
are selected, CDMcs acquires the highest F 1 measure value, which improves
the performance when all the features are used by 1.12. Moreover, through the
analysis on the comparison of selected features and the dimension reduction rate,
the proposed methods provide better performances by bring more distinguishing
information with the fewer selected features for the text classiﬁer.
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Transcription factors (TF) regulate gene expression by binding DNA regulatory
regions. Transcription factor binding sites (TFBSs) are conserved not only in primary
DNA sequences but also in DNA structures [1,2]. However, the global relationship
between TFs and their preferred DNA structures remains to be elucidated. In this paper,
we have developed a computational method to generate a genome-wide landscape of
TFs and their characteristic binding DNA structures in Saccharomyces cerevisiae.
TFBSs are conserved in different DNA structures, independent of sequence
conservation. We revealed DNA structural features for different TFs. The structural
conservation shows positional preference in TFBSs. Structural levels of DNA
sequences are correlated with TF-DNA binding affinities. Our findings will have
implications in understanding TF regulatory mechanisms.
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Most complex diseases are caused by variation in many genes, which are defined as
disease genes [1]. Medicines (drugs) are major choices to treat the diseases or reduce
their symptoms as they act through interacting with some proteins [2]. These proteins
are defined as drug targets. Thus, disease genes contribute to the pathology of one
disease while drug targets are critical for the efficacy of disease treatment. However,
the interrelationship between the disease genes and drug targets is not clear.
In this study, we collected disease genes from GWAS catalog database and drug
targets from DrugBank and TTD databases. We compared them and found that,
though their intersections were small, disease genes were significantly enriched in
targets compared to their enrichment in the human protein-coding genes. We further
compared network properties of the proteins encoded by disease genes and drug
targets in the human interactome. The results showed that the drug targets tended to
have a higher degree, a higher betweenness, and a lower clustering coefficient.
Additionally, we observed a clear fraction increase of disease proteins or drug targets
in the near neighborhood compared with the randomized genes, which is consistent
with previous results [3].
The study first comprehensively compared the disease genes and drug targets. The
results provide network characteristics for designing computational strategies to
predict novel drug targets and drug repurposing.
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Metabolomics is the comprehensive, qualitative, and quantitative study of all
the small molecules, called metabolites, in an organism [1]. A major challenge
in metabolomics is the interpretation of the vast amount of data produced by
the high-throughput techniques used for information extraction and data interpretation [2]. The existence of several on-line chemical structure databases has
provided a vital support for molecular identiﬁcation by allowing the search for
candidate compounds using experimentally determined features with computationally simulated features. Such searches often result in a large number of false
positives, making identiﬁcation of the compound under investigation extremely
diﬃcult. Hence, cheminformatics methods are needed to eﬃciently search such
large chemical databases and potentially identify unknown endogenous biochemical compounds. Several methods [3–6] have been developed with the objective
of discriminating between candidate structures that are synthetic and those that
are biochemical. In the talk, we will present an eﬃcient cheminformatics tool that
uses known endogenous mammalian biochemicals and graph matching methods
to identify endogenous mammalian biochemical structures in chemical structure
space.
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The GENCODE project has collected over 10,000 human long non-coding
RNA (lncRNA) genes. However, the vast majority of them remain to be
functionally characterized. Computational investigation of potential functions
of human lncRNA genes is helpful to guide further experimental studies on
lncRNAs. In this study, based on expression correlation between lncRNAs and
protein-coding genes across 19 human normal tissues, we used the
hypergeometric test to functionally annotate a single lncRNA or a set of
lncRNAs with significantly enriched functional terms among the protein-coding
genes that are co-expressed with the lncRNA(s). The functional terms include
all nodes in the Gene Ontology (GO) and 4,380 human biological pathways
collected from 12 pathway databases. We mapped 9,625 human lncRNA genes
to GO terms and biological pathways. Finally, we developed the first ontologydriven tool named lncRNA2Function, which enables researchers to browse the
lncRNAs associated with a specific functional term, the functional terms
associated with a specific lncRNA, or to assign functional terms to a set of
human lncRNA genes such as a cluster of co-expressed lncRNAs. The
lncRNA2Function is freely available at http://mlg.hit.edu.cn/lncrna2function.
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Fig. 1. Overview of the lncRNA2Function

Network Propagation Reveals Novel Genetic Features
Predicting Drug Response of Cancer Cell Lines
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Translating data derived from cancer genomes into personalized cancer therapy is a holy
grail of computational biology. An important, yet challenging, question in this undertaking is to relate features of tumor cells to clinical outcomes of anticancer drugs. Recent
progress in large pharmacogenomic studies has provided a wealth of data about cancer
cell lines, indicating that many genetic and gene expression candidates might predict the
drug response of cancer cells [1-3]. Unfortunately, most of the predicted features lack
underlying mechanisms and are not consistent with our prior knowledge [4].
To address this question, we have developed a new method, named dNetFS, to prioritize gene expression features, as well as genetic features of cancer cell lines, that
predict drug response by integrating genomic/pharmaceutical data, protein-protein
interaction networks, and prior knowledge of drug-targets interaction with the techniques of network propagation. Compared with previous methods, dNetFS is better
than other simple network-based methods and dramatically improves the accuracy of
prediction of traditional correlation-based methods by means of cross-validation
analysis. Our dNetFS software will be available upon request.
By applying dNetFS in the study of an inhibitor of Insulin-like
Growth-Factor-Receptor (IGF1R), BMS-754807 [5], we were able to show that the
sensitivity of BMS-754807 could be accurately predicted by the expression levels of
some important genes, including proto-oncogene tyrosine-protein kinase Src, and
neuroblastoma RAS viral (v-ras) oncogene homolog.
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Prediction of donor and acceptor splice sites plays a central role for detecting the gene
structure for the eukaryotes. In this paper, we combine the sequence conservativeness
and codon usage bias to predict splice sites. Our method is based on SVM with Markov model and codon usage information (MC-SVM). The method first extracts two
features of the candidate sequences, including the conserved features described by the
probabilistic parameters of the first Markov model (MM1) and the codon usage bias
information. Then an F-score based feature selection is used to select the most discriminative features. Finally, MC-SVM applies SVM on the training sequences with
sequence-based vectors as input to obtain the SVM prediction model, and uses the
model to predict the splice sites of testing sequences.
The proposed method is tested using 10-fold cross-validation on two 1:1 and 1:10
datasets, with all the true splice sites taken from Homo Sapiens Splice Sites Data set
(HS3D) and equal/decuple number of false sites randomly selected from the same
data set. The evaluation shows that MC-SVM is highly accurate compared to MM1SVM[1], Reduced MM1-SVM [2] and some other methods [3] in terms of sensitivity,
specificity and global accuracy Q9. Furthermore, ROC curves show that MC-SVM
exhibits better overall prediction performance than MM1-SVM, Reduced MM1-SVM
and MEM [4] methods for predicting both acceptor and donor sites.
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Abstract. DNA sequence analysis has been an important research topic
in Bioinformatics. Evaluating the similarity between sequences, which is
crucial for sequence analysis, has attracted much research eﬀort, and
dozens of algorithms and tools have been developed. These methods are
based on either alignment or word frequency and geometric representation etc., each of which has its advantage and disadvantage. In this
paper, for eﬀectively computing the similarity between DNA sequences,
we introduce a novel method based on frequency patterns and entropy
to construct representative vectors of DNA sequences. Concretely, each
sequence is ﬁrst divided into blocks of the same length. Then, a modiﬁed
PreﬁxSpan [1] algorithm is used to discover the maximal frequent patterns in each block. Finally, with the probabilities of these patterns, the
entropy of each block is calculated. The resulting entropies of the blocks
constitute the components of the sequence vector. Our method is able
to capture ﬁne-granularity information (location and ordering) of DNA
sequences, via sequence blocking. As only the maximal frequent patterns
are considered, our method is insensitive to noise and sequence rearrangement. Experiments are conducted to evaluate the proposed method,
which is compared with two existing methods [2,3]. When testing on the
β-globin genes of 11 species and using the results from MEGA as the
baseline, our method achieves higher correlation coeﬃcients than the
two existing methods.
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With the rapid development of high-throughput technologies, researchers can
sequence the whole metagenome of a microbial community sampled directly
from the environment. The assignment of these sequence reads into diﬀerent
species or taxonomical classes is a vital step for metagenomic analysis, which is
referred to as banning of metagenomic data.
In this paper, we propose a new method TM-Cluster for banning metagenomic reads. First, we represent each metagenomic read as a set of “k-meres”
with their frequencies appearing in the read. Then, we employ a probabilistic
topic model — the Latent Dirichlet Allocation (LDA) model [1] to the reads,
which generates a number of hidden “topics” such that each read can be represented by a distribution vector of the generated topics. Finally, as in the Cluster
method TCluster [3], we apply SKWIC [2] — a variant of the classical K-means
algorithm with automatic feature weighting mechanism to clustering these reads.
Our method can achieve stable and better overall performance on datasets
with from several thousands to millions of reads of a number of species and various relative abundance ratios, compared to existing banning methods including
AbundanceBin, MetaCluster 3.0 and MCluster [3]. Analysis on the topic number
of LDA model in our method also implies that the topic number hidden in the
metagenomic data is related to the species number to some extent. In summary,
our experiments indicate that the incorporation of topic modeling can eﬀectively
improve the banning performance of metagenomic reads.
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Abstract. Large-scale cancer genomics projects are providing lots of data on
genomic, epigenomic and gene expression aberrations in many cancer types [1].
One key challenge is to detect functional driver pathways and to filter out
nonfunctional passenger genes in cancer genomics. In this study, we present a
network-based method (Net-Dendrix) to detect overlapping driver pathways automatically. This algorithm can directly find driver pathways or gene sets de
novo from somatic mutation data utilizing two combinatorial properties, high
coverage and high exclusivity [2,3,4], without any prior information. Vandin
et al. introduce the Maximum Weight Submatrix Problem to find driver pathways and show that it is an NP-hard problem [2]. To solve it better and reduce
the complexity of the problem, we firstly construct gene network based on the
approximate exclusivity between each pair of genes using somatic mutation data from lots of cancer patients. Secondly, we present a new greedy strategy to
add or remove genes for getting overlapping gene sets with driver mutations according to the properties of high exclusivity and high coverage. To assess the
efficiency of Net-Dendrix, we apply it onto simulated data and compare it with
Iterative versions of MCMC [2] and RME [4]. Net-Dendrix can obtain the optimal results in less than eight seconds, while Iter-IME can get them in more
than 20s and Iter-MCMC can get them in more than 600s. To further verify the
performance of Net-Dendrix, we apply it to analyze somatic mutation data from
five real biological data sets such as the mutation profiles of 90 glioblastoma
tumor samples and 163 lung carcinoma samples. Net-Dendrix detects groups of
genes which overlap with known pathways, including P53, RB and PI(3)K signaling pathways. Many gene sets with p-value<1e-3 are found from the somatic
mutation data. So Net-Dendrix can detect more biological relevant gene sets.
Results show that Net-Dendrix outperforms other algorithms for detecting
driver pathways or gene sets.
Keywords: Driver pathway, Network-based method, Somatic mutation,
Mutually exclusivity, High coverage.
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The existence of gaps in draft genome assemblies compromises our ability to
take full advantage of genome data. In this study, a pipeline is developed to assemble complete genomes primarily from the next generation sequencing (NGS)
data. The input of the pipeline are paired-end Illumina sequence reads, and the
output is a high quality complete genome sequence. The pipeline alternates the
employment of computational and biological methods in seven steps. It combines the strengths of de novo assembly, reference based assembly, customized
programming, public databases utilization, and wet lab experimentation.
The application of the pipeline is demonstrated by the completion of a bacterial genome, Thermotoga sp. strain RQ7, a potential biohydrogen production
strain. Illumina sequencing produced 400 Mb of clean data. Initial assembling
with SOAPdenovo [1] and SOAPaligner [2] generated a scaﬀold of 1,822,593 bp
that contained 27 mini gaps, ranging from 1 bp to 3.2 kb, and one big gap of ∼
38 kb. After running through the pipeline, the genome was closed at 1,851,618
bp, with a GC content of 46.13%. The annotation of 63 ORFs were updated,
aﬀecting the prediction of many essential cellular processes.
This work distinguishes itself from similar studies [3, 4] due to its multi-phase
interactions between computational and biological approaches. The constituting
principles and methods are applicable to similar studies of both prokaryotic and
eukaryotic genomes.
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Screening Ingredients from Herbs against Pregnane
X Receptor in the Study of Inductive Herb-Drug
Interactions: Combining Pharmacophore
and Docking-Based Rank Aggregation
Zhijie Cui1, Hong Kang1, Kailin Tang1, Qi Liu1, Zhiwei Cao1,2,*, and Ruixin Zhu1,3,*
1

Department of Bioinformatics, Tongji University, Shanghai, P.R. China
Shanghai Center for Bioinformation Technology, Shanghai, P.R. China
3
School of Pharmacy, Liaoning University of Traditional Chinese Medicine,
Dalian, Liaoning, P.R. China
2

An issue of integrative medicine about herb-drug interactions has been increasing
concerned [1]. Herbal ingredients can activate nuclear receptors to induce
drug-metabolizing enzyme and/or transporter expression, which result in altering
efficacy and toxicity of co-administrated drugs. This process is called inductive
herb-drug interactions [2]. Pregnane X Receptor (PXR) and drug-metabolizing target
genes are involved in most of inductive herb-drug interactions. To predict this kind of
herb-drug interaction, identifying ligands of nuclear receptors and drug-metabolizing
enzyme/transporter could be done respectively. In addition, because drugs and their
metabolizing enzymes are well known, the prediction would be simplified to only screen
agonists of nuclear receptors. Finally, 421 herbs were collected to build a curated
herb-drug interaction database, which records 380 herb-drug interactions including 90
herbs and 230 drugs. This database was used to validate our computational results.
A combinational in silico strategy of pharmacophore and docking-based rank
aggregation (DRA) was employed to identify PXR’s agonists. Firstly, 305 ingredients
were screened out from 820 ingredients as candidate agonists of PXR with our
pharmacophore model. Secondly, DRA was used to re-rank the result of
pharmacophore filtering. Finally, the top 10 ingredients were mapped to 14 herbs, and 5
of these herbs were involved to the reported herb-drug interactions. This study
demonstrated that the computational strategy was a promising way to investigate
inductive herb-drug interactions.
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Improving Multiple Sequence Alignment
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A commonly used approach for multiple sequence alignment (MSA) is the progressive alignment approach, which first constructs a guide tree that is supposed
to capture the phylogenetic relationship of the input sequences, and then aligns
the sequences progressively according to the topology of the tree. Previous studies have verified that guide trees are very important to the quality of the resulting alignments. In this work, we investigated how to construct better guide trees
for better MSAs. In particular, we study an adaptive guide tree construction
method, which was introduced by Ye et al.[1] for their MSA tool GLProbs. This
method first computes the average percent identity pid of the input sequences,
and if pid is small, it explores local information to construct the guide trees, and
if pid is large, it focuses on global information. We study whether this adaptive
method constructs the best guide trees for GLProbs. We also study whether it
can improve the output quality of other MSA tools.
First, we have modified GLProbs to GLProbs-Random and GLProbsReference in which the adaptively constructed guide tree used by GLProbs is
replaced by a randomly generated tree and an estimated phylogenetic tree (from
the reference MSA) respectively. The three columns labeled GLProbs in Table
1 compares their performances with the sum of pairs score (SP): comparing the
columns for GLProbs and GLProbs-Random confirmed that the guide trees constructed by the adaptive method do better, and comparing the columns for GLProbs and GLProbs-Reference suggested that the adaptively constructed guide
trees are among the best. Next, we have modified five leading tools by replacing
their original guide tree construction steps with the adaptive one, and keeping
other steps intact. The result in Table 1 shows that all the five modified tools
achieved significant improvements, especially when the sequences have low similarity, e.g. ClustalW-Adaptive outperformed its original by 12.3% for sequences
of 0-20% similarity.
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Table 1. Mean SP scores on Benchmark OXBench

GLProbs
similarity Ref Ran Ori
0%-100% 90.30 90.06 90.38
0%-20% 47.63 46.03 47.33

ClustalW
Ada Ori
89.83 89.44
48.22 42.94

MSAProbs
Ada Ori
90.09 90.06
45.14 44.84

Probalign
Ada Ori
89.99 89.96
44.31 43.57

ProbCons
T-Coﬀee
Ada Ori Ada Ori
89.72 89.68 89.53 89.51
45.39 44.14 44.88 43.82

“Ref” denotes using the estimated (maximum likelihood) phylogenetic tree from reference MSA;
“Ran” denotes using the randomly generated tree; “Ori” denotes the aligner original version; “Ada”
denotes using the adaptive guide tree construction method. Better results are shown in bold.
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Abstract. Previous studies have shown that many overlapping components among the modular structures in protein-protein interaction
(PPI) networks reﬂect common functional components shared by diﬀerent biological processes. In this paper, we proposed a Markov clustering
based Link Clustering (MLC) method to identify the overlapping modular structures in PPI networks. MLC method calculates the extended link
similarity that represents the relevance between links, the interactions
between proteins, and derives a similarity matrix. It then uses markov
clustering to partition the link similarity matrix and obtains overlapping
modules in the original network automatically without much parameters
and threshold constraints. Our experimental validation on two benchmark networks with known reference classes and the Yeast PPI network,
respectively, show that MLC outperforms the original Link Clustering
and the classical Clique Percolation Method with higher EQ/ENMI/DR
evaluation and better GO enrichment performance. It is particularly interesting that, on Yeast PPI network, MLC also identiﬁes new functional
modules in which genes do not show signiﬁcant correlation among their
expressions. Overall, the MLC method has demonstrated promising potentials in identifying the core biological modules or important pathways
in diﬀerent organisms through studying the interplay between functional
processes.
Keywords: Overlapping Module, Protein-protein Interaction, Markov
Clustering, Link Clustering.
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Multiple types of genomics and proteomics data are being available by heterogeneous
high-throughput experiments. As each data source captures only one aspect about
proteins’ properties, it’s necessary and wise to integrate these heterogeneous
high-throughput data sources which bring a more complete picture about protein
functions. The MS-KNN method [1] shows three data sources for protein function
prediction: protein-protein interaction (PPI), gene expression and sequence similarity.
Yu [2] proposed a method called TMEC to capture the relationships between pairs of
proteins, between pairs of functions, and between proteins and functions. However,
many methods predict functions without fully considering the properties of each data
source. In order to use these data effectively, we choose appropriate methods for
different data source to construct networks and merge those networks.
In this paper, we choose three Yeast data sources for protein function prediction,
PPI, gene expression and protein sequence, which roles for function annotation were
introduced by MS-KNN. The data sources are downloaded from the Biological General
Repository for Interaction Datasets (BioGRID), the Saccharomyces Genome Database
(SGD) and the MIPS Comprehensive Yeast Genome Database (CYGD), respectively.
To calculate the weights between pairs of proteins in a PPI network, edge clustering
coefficient [3] is a suitable measure which can evaluate the importance of edges in PPI
and describe how close the two proteins are. For gene expression data, Pearson
correlation coefficient is a frequently used coefficient to express the degree of linear
relationship between two sets of gene expression value. For protein sequence, in
consideration of poor similarity between proteins, we extract protein sequence’
PseAAC [4] features and calculate the inner product distance between two proteins by
the features, instead of sequence homologous similarity-based method. As the
efficiency of methods for predicting protein functions from networks depend on the
number of non-zero interactions, we sparse dense networks. Therefore, we retain
k-nearest neighbors for each protein and set the rest to zero for gene expression and
protein sequence network. Then, a naïve Bayesian fashion [5] is used to combine the
networks. Finally, a global propagation algorithm [6] is designed on the combined
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network, which takes the known function annotations for protein as the sources of
‘function flow’. The method considers the global and local network topology.
The experimental results show that the proposed global propagation algorithm by
iterating the combined network method has superior over MS-KNN and TMEC with
high accuracy of protein function prediction.
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A microRNA-Gene Network in Ovarian Cancer
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Ovarian cancer is the most deadly reproductive cancer in women. A better understanding of the biological mechanisms of ovarian cancer is needed for earlier
diagnosis and more eﬀective treatment. Diﬀerential microRNA(miRNA) expression and miRNA/mRNA dysregulation have been associated with ovarian cancer. Whole-genome miRNA and mRNA sequencing provides a new prospective
to study these aberrations for their associations with ovarian cancer.
In this study, we perform a genome-wide QTL analysis between miRNA and
gene expression in ovarian cancer, using data from The Cancer Genome Atlas (TCGA) [1]. The results from such QTL analysis provided a network new
of the relationship between miRNA and gene expression. We found that all of
the identiﬁed miRNAs were reported previously to be associated with diﬀerent diseases, and particularly, the majority of these miRNAs were shown to be
associated with ovarian cancer. Our results replicated several cancer genes [2],
and provided a list of candidate cancer genes as well. In summary, we showed
that our integrative analysis would help understand the molecular mechanism of
disease manifestation and progression, and eventually result in better prognosis,
diagnosis and treatment of ovarian cancer.
Keywords: Cancer genomics, ovarian cancer, microRNAs, RNA sequencing,
Quantitative Trait Loci (QTL) analysis.
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Modern technologies such as microarray, deep sequencing, liquid chromatography–mass spectrometry (LC-MS) etc make it possible to measure the expression levels of thousands of genes/proteins simultaneously to unravel important
biological processes. Detecting nonlinear relationships are most useful in the
context of exploratory knowledge discovery from large biological datasets,
when data structure itself is not yet well understood. Nonlinear relations, which
were mostly unutilized in contrast to linear correlations, are prevalent in highthroughput data. In many cases, it can model biological relationships more precisely and reflect critical patterns in the biological systems.
Clustering is usually taken as the first step towards elucidating hidden
patterns and understanding the mass of data. However, no single clustering algorithm tops all performance charts due to its built-in biases on datasets [1].
Well-defined relationship/distance measurement and cluster profiles play crucial roles in the process. Using the general dependency measure, Distance based
on Conditional Ordered List (DCOL) that we introduced before [2], we designed the nonlinear K-profiles clustering method, which can be seen as the
nonlinear counterpart of the K-means clustering algorithm with statistical testing incorporated to remove prevalent noise in biological data. It not only outperformed our previous General Dependency based Hierarchical Clustering
(GDHC) algorithm and the traditional K-means algorithm in our simulation
studies, but also showed much improved computational efficiency in contrast
with GDHC. Real data analysis showed its capability to detect novel nonlinear
patterns in high-throughput data. It will be discussed in detail in this talk.
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RNA polymerase II (PolII) stalling is an important phenomenon in gene regulation. This
is an important cellular process in response to stress [1]. For the genes with PolII stalling,
while the PolII molecules accumulate at their promoter regions, their transcription
processes are paused. Here we investigate PolII stalling induced by estrogen in the breast
cancer cell line MCF7 by integrating data from ChIP-seq and microarray technologies.
We take a rule based approach to identify genes with PolII stalling after 17β-estrodial
(E2) treatment in MCF7 cells. E2 treatment activates estrogen receptor which plays important roles in the majority of breast cancers [2]. We use ChIP-seq data for PolII and
gene expression microarray data for MCF7 before and after treatment of E2.
Our method includes several main steps: First, we identify genes with enriched PolII binding segment using a signal processing based algorithm we have previously
developed. This algorithm identifies both long and short enriched regions from ChIPseq data [3]. Next, we select genes whose PolII enrichment levels increase at the promoter regions but decrease over the gene bodies after E2 treatment. Finally, we zoom
into genes whose expression levels decreased significantly (p < 0.05 and mean fold
change > 1.5) after E2 treatment. We also apply similar rules to identify genes released from PolII stalling after E2 treatment.
Our method identified 92 genes which satisfy our criteria and demonstrate PolII
stalling induced by E2 in MCF7 cell line while only 3 genes show PolII stalling released by E2. Functional analysis of identified genes shows that E2 induced PolII
stalling is highly relevant to cancer development pathways. This suggests that E2
treatment potentially can cause a stress response of the breast cancer cells which leads
promotion or disruption of cancer related biological functions.
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Introduction. It has been increasingly recognized that similar side effects of
seemingly unrelated drugs can be caused by their common off-targets and that drugs
with similar side effects are likely to share molecular targets [1]. Therefore, systems
approaches to studying side effect relationships among drugs and integration of this
drug phenotypic data with drug-related genetic, genomic, proteomic, and chemical
data will facilitate drug target discovery and drug repositioning [2]. The availability of
a comprehensive drug-side effect (SE) relationship knowledge base is critical for
these tasks. Current drug phenotype-driven systems approaches rely exclusively on
drug-SE associations extracted from FDA drug labels. However, there exists a large
amount of additional drug-SE relationship knowledge in the large body of published
biomedical literature. In this study, we present a novel knowledge-driven (KD)
approach to automatically extract a large number of drug-SE pairs from 21 million
published biomedical abstracts. We systematically analyzed extracted drug-SE pairs
in combination with drug-related gene targets, metabolism, pathways, gene
expression and chemical structure data. We show that these extracted drug-SE pairs
have great potential in drug discovery.
Methods. Our study is based on the two key observations: (1) multiple side effects for
a drug are often reported in the same sentences or abstracts; and (2) if a sentence
contains a known drug-SE pair, then this sentence is likely to be SE-relevant. Other
pairs in this SE-related sentence are likely to be drug-SE pairs. In this study, we used
all known drug-SE pairs derived from FDA drug labels as prior knowledge to find
SE-related MEDLINE sentences and abstracts, from which many additional drug-SE
pairs that have not included in FDA drug labels are then extracted. We compared the
KD approach to a support vector machine (SVM)-based approach. The entire
experimental process consists of the following steps: (1) Build a local MEDLINE
search engine; (2) Develop, evaluate and compare the KD approach to a SVM-based
approach; (3) Extract drug-SE pairs from MEDLINE; and (4) Systematically analyze
the correlation between drug-associated side effects and drug gene targets,
metabolism genes, chemical similarity, and disease indications. For the text corpus,
we used 21,354,075 syntactically parsed MEDLINE records (119,085,682 sentences).
Results. First, we used known drug-SE associations derived from FDA drug labels as
prior knowledge to automatically find SE-related sentences and abstracts. We then
extracted a total of 49,575 drug-SE pairs from MEDLINE sentences and 180,454
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pairs from abstracts. On average, the KD approach has achieved a precision of 0.335,
a recall of 0.509, and an F1 of 0.392, which is significantly better than a SVM-based
machine learning approach (precision: 0.135, recall: 0.900, F1: 0.233) with a 73.0%
increase in F1 score. Through integrative analysis, we demonstrate that the higherlevel phenotypic drug-SE relationships reflect lower-level genetic, genomic, and
chemical drug mechanisms. In addition, we show that the extracted drug-SE pairs can
be directly used in drug repositioning.
Conclusions. In summary, we automatically constructed a large-scale drug phenotype
relationship knowledge, which in combination with other genetic, genomic and
chemical data resources, can have great potential in computational drug discovery.
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Abstract. As the propagule that ensures the dissemination of plants, seeds also
support human activity as one of the major products of agriculture. The
biochemical storage reserves that are deposited within the seed during its development chemically fall into three general categories, proteins, oils and carbohydrates. The seed reserves are biosynthesized by the programmed expression of a
metabolic network during seed development. In most commercial lines of
soybean grown in the Midwestern states of the US, seeds are composed of 40%
protein, 20% oil, 15% soluble carbohydrates, and 15% fiber (http://www.asaeurope.org/SoyInfo/composition_e.htm). There is considerable knowledge concerning the basic biochemical processes by which imported carbon and nitrogen
is converted to the final products, protein, oil and carbohydrate. However, there
is a great deal to be learned concerning the molecular, biochemical and genetic
mechanisms that regulate this complex metabolic network. Recent developments in genomics have provided the catalogue of genes that would be required
for this process. We have taken advantage of combined metabolomics and transcriptomics technologies to identify the global developmental and biochemical
transcriptomics network, and ultimately determine structure and composition of
the mature seed. Also, we have coupled this with bioinformatics and metabolic
flux analyses to gain insights as to the biochemical programs that determine
soybean seed development. For this purpose, we have developed Plant &
Microbial Metabolomics Resource (PMR, http://www.metnetdb.org/pmr), a
platform to empower the use of metabolomics data in the development of hypotheses concerning the organization and regulation of metabolic networks, and
MetNet systems biology platform (http://www.metnetdb.org) for plant ‘omics, a
web-based framework which enables interactive visualization of metabolic and
regulatory networks. This combination of genetic resources, high-throughput
experimental data and bioinformatic analyses has revealed sets of specific
genes, genetic perturbations and mechanisms, and metabolic changes that are
associated seed composition during soybean seed development.
Keywords: Glycine max, Evans, seed development, gene expression, metabolomic change, seed composition, PMR, MetNet.
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Prediction of the Cooperative cis-regulatory Elements
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How cell types are derived by gene regulatory programs is a fundamental problem in
developmental biology. The nervous system of the Caenorhabditis elegans
(C. elegans) provides an excellent model to gain a good understanding of this
problem. It has been shown that common structural features shared by diverse types
of neurons in C. elegans, such as axons, dendrites and synapses, etc. are determined
by a set of genes broadly expressed in neuronal cells, known as pan-neuronal genes
[1]. However, so far very little is known about the transcriptional regulatory
mechanisms of these genes. In this research, we found that two of our identified
putative motifs tend to concur in the vast majority of upstream intergenic regions of
the pan-neuronal genes [2], and hence are likely to be a cis-regulatory module (CRM).
Interestingly, this module is also widely distributed in the whole C. elegans genome
and is highly conserved between C. elegans and Caenorhabditis briggase (C.
briggase). In addition to the general control by a common CRM, the pan-neuronal
genes may rely on other cis-regulatory motifs in order to further specify their
functions. We found that some identified motifs were harbored by different subsets of
pan-neuronal genes which could be significantly related to different functions
respectively. These results suggest that the pan-neuronal gene features are defined by
the collective usage of the two regulatory mechanisms. Our computational results
should provide some hints of cis-regulatory mechanisms of the pan-neuronal genes
and a useful guide to experimental validations.
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Sequence alignment is one of the most important methodologies in the field of
computational biology. The most widely used sequence alignment algorithm may be the
Smith-Waterman algorithm because of its high sensitivity of sequence alignment even
though it has higher time complexity of algorithm [1]. To enable the Smith-Waterman
algorithm produce exact results in a reasonably shorter time, much research has been
focusing on using various high-performance architectures to accelerate the processing
speed of the algorithm. In particular, it becomes a recent trend to use the emerging
accelerators and many-core architectures to run the Smith-Waterman algorithm.
Modern general-purpose (Graphics Processing Units) GPUs are not only powerful
graphics engines, but also highly parallel programmable processors [2]. Today’s
GPUs use hundreds of parallel processor cores executing tens of thousands of parallel
threads to rapidly solve large problems, now available in many PCs, laptops,
workstations, and supercomputers. Because of the availability and the popularity,
GPUs have been used to implement the Smith-Waterman algorithm, where
CUDASW++ is the leading reaseach that provides the fast, publicly available,
solution to the exact Smith-Waterman algorithm on commodity hardware.
CUDASW++ 3.0 is the latest version, which couples CPU and GPU SIMD
instructions and carries out concurrent CPU and GPU computations [3].
This paper focuses on how to improve CUDASW++, especially for short query
sequences. We observe that the shared memory in each streaming multiprocessor is
not fully utilized in CUDASW++. Therefore, the execution flow of the SmithWaterman algorithm is rearranged to fully utilize the shared memory for reducing the
amount of slow global memory access. We have added our approach to CUDASW++
2.0 and run experiments on nVIDIA Tesla C1060 and C2050. Experimental results
demonstrate that our approach outperforms CUDASW++.
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Isomorphism and Similarity
for 2-Generation Pedigrees
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In this paper, we follow the work by Kirkpatrick et al. [4] to consider the isomorphism and similarity problems for the simplest (unlabeled) pedigrees — 2generation pedigrees, where the isomorphism and similarity problems are both
studied. We show that the isomorphism problem is GI-hard (GI — Graph Isomorphism) even for 2-generation pedigrees. If the 2-generation pedigrees are
monogamous (i.e., each individual at level-1 can mate with exactly one partner)
then the isomorphism testing problem can be solved in polynomial time.
Subsequently, we relax the similarity measure for two general 2-generation
pedigrees by using the minimum number of isomorphic i, j-families which they
can be decomposed into. Here, an i, j-family is a sub-family of a couple with
i female children and j male children. It turns out that this can be formulated
as a Minimum Common Integer Pair Partition (MCIPP) problem, generalizing
the NP-complete Minimum Common Integer Partition (MCIP) problem [1]. We
then exploit a new property of the optimal solution for MCIPP, and show that
MCIPP is Fixed-Parameter Tractable [2,3].
Acknowledgments. This research is partially supported by NSF of China
under grant 60928006, 61070019 and 61202014, by NSF of Shandong Province
under grant ZR2012FQ008, and by NSERC of Canada.

References
1. Chen, X., Liu, L., Liu, Z., Jiang, T.: On the minimum common integer partition
problem. ACM Trans. on Algorithms 5(1) (2008)
2. Downey, R., Fellows, M.: Parameterized Complexity. Springer (1999)
3. Flum, J., Grohe, M.: Parameterized Complexity Theory. Springer (2006)
4. Kirkpatrick, B., Reshef, Y., Finucane, H., Jiang, H., Zhu, B., Karp, R.: Comparing
pedigree graphs. J. of Computational Biology 19(9), 998–1014 (2012)

M. Basu, Y. Pan, and J. Wang (Eds.): ISBRA 2014, LNBI 8492, p. 396, 2014.
c Springer International Publishing Switzerland 2014


VFP: A Visual Tool for Predicting Gene-Fusion
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Gene fusion is a key factor in sarcomas, lymphomas, leukemias and so on. In recent
years, some fusion detection algorithms were published to search the fusion by the
data produced on next generation sequencing platform, Such as TopHat-Fusion1, FusionHunter2, FusionSeq3. But these algorithms have some common defects, such as
the limitation of the operating system, the confusion of the parameter setting and so
on. In order to help biologist to quickly discover the target of the treatment, we have
developed VFP to predict gene-fusion from single-end RNA-sequencing reads. VFP
employs seed index strategy and octal encoding operations for sequence alignments
and uses several rules to score and filter the potential fusion genes. We tested VFP by
a simulated dataset and two real datasets and found that VFP can detect known and
novel fusions in lymphoma and melanoma datasets.
There are many extensions and modifications of VFP, some of them will be mentioned in the talk.
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Proteins from Active PPI Networks
Qianghua Xiao1,2 , Xiaoqing Peng1 , Fangxiang Wu1,3 , and Min Li1
1

School of Information Science and Engineering,
Central South University, Changsha 410083, China
2
School of Mathematics and Physics,
University of South, HengYang 421001, China
3
Division of Biomedical Engineering,
University of Saskatchewan, Saskatoon, SK, S7N 5A9, Canada

Essential proteins are vital for cellular survival and development. Identifying
essential proteins is very important for helping us understand the way in which
a cell works. Rapid increase of available protein-protein interaction (PPI) data
has made it possible to detect protein essentiality at the network level. A series
of centrality measures have been proposed to discover essential proteins based
on the PPI networks. However, the PPI data obtained from large scale, highthroughput experiments generally contain false positives. It is insuﬃcient to use
original PPI data to identify essential proteins.
In this paper, we ﬁrstly adopt a dynamic model-based method to ﬁlter noisy
data from time-course gene expression proﬁles. Second, a threshold of each protein is calculated from a threshold function of σ, the protein is active at a time
point if its expression level is higher than the threshold. Two proteins are regarded as co-expression if they are all active at the same time point. Finally, an
active PPI network is constructed by combining gene expression data with PPI
data.
The classical centrality measures, like Degree centrality(DC), Local Average
Connectivity Centrality (LAC), Edge Clustering Coeﬃcient (NC), Betweenness
Centrality (BC), Closeness Centrality (CC), and Subgraph Centrality (SC), are
methods which can be applied to identify essential proteins based on network
topology. These centrality measures are redeﬁned and performed to identify essential proteins on the active PIN. The experimental results on yeast network
show that the performance of centrality measures to identify essential proteins
are considerably improved based on the active PPI network, compared with original PPI network, in terms of the number of identiﬁed essential proteins in top
%k percentage and a jackknife methodology. At the same time, the results also
indicate that most essential proteins are active.
Acknowledgement. This work is supported in part by the National Natural Science Foundation of China under Grant No.61370024, No.61232001, and
No.61379108, the Program for New Century Excellent Talents in University
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In recent years, with the emergencies of next-generation genome sequencing technologies, many software tools have been developed to eﬃciently and accurately
align short reads to the reference genome. However, for most alignment tools,
the edit distances or the allowed mismatches are limited, thus some reads cannot
be mapped if their mismatches in any hits exceed the allowable diﬀerences.
Some trimmed-like strategies appear in some alignment programs and try to
handle the problem. For example, Bowtie2 and BWA-MEM in BWA can perform
local read alignment for long reads by maximizing the alignment score. However,
the false positive sites are also introduced, since the maximum alignment score
can’t make sure that high quality bases are involved.
In this article, we propose a method (RAUR) to re-align the unmapped reads.
A trimming strategy used in RAUR is to ﬁgure out the longest and most conﬁdent and informative segment of a read based on base quality score. RAUR can
be applied on any alignment tool if there are reads which can’t be aligned by
it. It adopts an iterative progress to trim the unmapped reads until the reads
can be conﬁdently mapped or can’t be mapped in any progress. To evaluate the
performance of RAUR, we apply RAUR on the simulated reads and real reads
of human genome with diﬀerent lengths by comparing with BWA, Bowtie2, and
SOAP2 with diﬀerent settings. From the precision and alignment rate, we can
ﬁnd out that RAUR can improve the alignment rates greatly, especially for
long reads, while the precisions are still comparative with the original alignments. RAUR proposes a new insight for re-aligning unmapped reads, which
can contribute to the downstream analysis.
Acknowledgement. This work is supported in part by the National Natural Science Foundation of China under grant nos. 61232001, 61379108,
and 61370172, Hunan Provincial Innovation Foundation For Postgraduate
(CX2013B070), and Science and Technology Plan Projects of Science and Technology Bureau of Hengyang City (grant 2013KJ29).
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Identifying segments of the genome that are identical-by-descent (IBD) between
individuals is a fundamental concept in genetics. IBD data are used in numerous
applications including demographic inference, heritability estimation, and disease loci mapping. Therefore, the identiﬁcation of IBD segments from genomewide genotyping studies, and more recently sequencing studies, has important
implications for studies of complex human traits.
Current methods for detecting IBD fall into two categories: multiway or pairwise. Multiway methods detect IBD over multiple haplotypes simultaneously and
leverage the clique structure of true IBD. Although powerful, these approaches
are generally computationally expensive since the number of potential IBD relationships at a locus is O(2h(h−1)/2 ), where h is the number of haplotypes. As a
result, many state-of-the-art methods estimate the probability of IBD between
pairs of haplotypes independently [1]. The result is a much more eﬃcient method
but at the expense of loss of power when detecting smaller IBD segments (<1
centimorgans) [2].
We develop a hybrid approach (PIGS), which combines the computational efﬁciency of pairwise methods and the power of multiway methods. It leverages the
IBD clique structure to simultaneously compute the probability of IBD conditional on all pairwise estimates. We show over extensive simulations, that PIGS
yields a substantial increase in the number of identiﬁed small IBD segments. We
observed a 95% increase in the total number of identiﬁed IBD segments of 0.5
centimorgans and a 40% increase in identiﬁed IBD segments across all sizes.
Given the substantial improvement in the number of identiﬁed IBD segments
from our method, we expect that the approach will greatly facilitate the discovery
of new loci from IBD-based disease association studies.
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Abstract. Clustering algorithm is the main method to identify function module
of protein-protein interaction (PPI) network, but traditional methods have
advantages and corresponding drawbacks. The synchronization-based
hierarchical clustering (SHC) algorithm was improved in this paper. Firstly, the
PPI data was preprocessed via spectral clustering (SC) method which transforms
the high-dimensional similarity matrix into a low dimension matrix. Then the
SHC algorithm is used to perform clustering. In SHC algorithm, hierarchical
clustering are achieved by enlarging the local neighborhood distance of objects
synchronizing continuously, while the hierarchical search is very difficult to find
the optimal local neighborhood distance of synchronizing and the efficiency is
not high. So the glowworm swarm optimization (GSO) algorithm was adopted to
determine the optimal threshold of the local neighborhood distance of
synchronization automatically. The algorithm is tested on the PPI dataset. The
results show that the improve algorithm is better than the traditional algorithms in
precision, recall and f-measure.
Keywords: Protein-Protein Interaction network, glowworm swarm optimization
algorithms, synchronization-based hierarchical clustering, spectral clustering
algorithm.

1

Introduction

Protein-protein interaction (PPI) network is an important research field in the
bioinformatics. Identifying the function of protein complex is critical for understanding
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disease mechanisms, diagnosis and therapy. Recently there are a large number of
clustering methods applied to discover modules in PPI network, but they suffered some
degree of shortcomings. The cluster number of spectral clustering(SC)[1] must be
predefined and the clustering algorithm is sensitive to noise data.
Synchronization-based hierarchical clustering(SHC)[2] is very difficult to find the
optimal local neighborhood distance of synchronizing and the efficiency is not high. In
order to overcome these defects, we preprocess the PPI data via transforming the
high-dimensional similarity matrix into a low dimension matrix inspired by spectral
clustering, then the SHC algorithm is used to perform clustering and glowworm swarm
optimization algorithm(GSO)[3] is used to find the optimal threshold of local
neighborhood distance of synchronizing.

2

Methods and Results

The pretreatment process of spectral clustering need to construct a similarity matrix A,
follow as:

Aij

 Ni I N j  1
¦ kIi, j w(i, k )  ¦ kIi, j w( j, k ) ,
°°w
 (1  w)
® min( Ni , N j )
¦ sNi w(i, s)  ¦ tN j w( j, t )
°
i j
0,
°̄

iz j
(1)

Then constructing Laplacian matrix L on the basis of matrix A. Matrix X consist of
matrix L’s eigenvector the first three eigenvalue corresponding, normalize matrix X.
Clustering the processed data make use of synchronization-based hierarchical
clustering and replace hierarchical search by GSO algorithm, which to find the
optimal threshold of local neighborhood distance in SHC.
Dynamic synchronous model applied in this paper follows as:

xi (t + 1) = xi (t ) +

1
Nε ( x(t ))



y∈Nε ( x ( t ))

sin( yi (t ) − xi (t ))

(2)

The objective function(fval) of GSO algorithm follows as:
x 

fval =  (2 ⋅ mHi (nHi ⋅ (nHi − 1))) ρ ⋅ ( 
wu , v
i =1 
u ,v∈H i , wu ,v ∈W




v∈H i , wv ,k ∈W

wv, k )1− ρ




(3)

The maximum value of fval corresponds to the optimal local neighborhood distance
of synchronization.
Hierarchical clustering method based on dynamic synchronous model proposed the
concept of neighborhood closures, reducing the running time of synchronization
clustering algorithm. Meanwhile the efficiency and accuracy of the algorithm is
improved by using GSO algorithm to determine the optimal choice thresholds of local
neighborhood distance of synchronizing. The recall and precision values of the new
algorithm are improved and the anti-noise ability is better compared with SC and SHC
algorithms, but the time complexity is relatively higher and still need to be decreased.
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In this study, using type 1 diabetes (T1D) as a model system, we investigate two outstanding challenges in the development of molecular signatures of complex traits: the
incorporation of gene interaction structure in signature definition, and the integration of
multiple Omics data types to refine signature. The T1D data consists of our previously
published transcription profiles in control peripheral blood mononuclear cells (PBMC)
induced by sera of 142 human subjects from unrelated healthy controls (uHC), and 3
T1D family cohorts: recent onset (RO-T1D), and healthy siblings of probands that are at
high (HRS) or low (LRS) genetic risk for T1D. First both weighted and non-weighted coexpression networks were separately constructed in each cohort and were compared.
Several network measures, including edge weight and degree distribution, Shannon’s
entropy, the λ-coefficient, and h-index, were determined. We found that overall the coexpression networks induced by the RO-T1D cohort are significantly weaker, exhibiting
a broad spectrum loss of order and control. More specifically, all T1D family cohorts
induced more active and orderly transcription coordination among the innate immunity
genes, consistent with our previous report of them sharing a heightened innate inflammatory state. On the other hand, higher coordination of the adaptive immunity genes was
only induced by the LRS cohort, potentially explaining their low risk for disease. All the
network measures also pointed to the same story, and additionally the importance of the
innate immunity genes in determining the transcriptome state of the T1D family cohorts.
Next, we integrated the protein-protein interaction (PPI) and the transcriptomic coexpression networks, and focused specifically on the smallest functional units of PPI, the
protein complexes (PC). A PC is considered active in a cohort, if its co-expression network is percolated. We found that the RO-T1D cohort activated a significant less number
of PC than the others. Overall, whether it is co-expression or protein interaction networks, the four cohorts show striking differences and can be clearly discriminated based
on network structural measures. In contrast, gene expression levels alone, without the
consideration of underlying interaction networks, could barely differentiate the cohorts.
In summary these findings demonstrate the advantage network based metrics in defining
molecular signatures.
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RNA-Seq is a cost-eﬃcient high-coverage powerful technology for transcriptome
analysis. We propose a novel algorithm for transcriptome quantiﬁcation from
RNA-seq data (SimReg) which uses regression to ﬁnd transcript frequencies for
which the simulated read counts match the observed read counts.
SimReg ﬁrst aligns the reads to existing transcript library and then counts the
equivalent reads, i.e., reads aligned to the same set of transcripts. The bipartite
graph with vertices corresponding to transcripts and read classes is split into
connected components which can be treated independently. For each component
we simulate high coverage reads and estimate DR,T = {dr,t }, where dr,t is the
portion of reads from transcript t ∈ T belonging to read class r ∈ R.
Initial transcript frequencies are estimated by minimizing the squared deviation between observed read class frequency OR = {or } and expected read class
frequency ER = DR,T × FT , where FT = {ft } are the portions of reads emitted
by transcripts. The squared deviation is minimized by the following quadratic

2


program: r∈R
→ min | t∈T ft = 1 and ft ≥ 0.
t∈T dr,t ft − or
Next SimReg repeatedly updates the frequency estimates by (1) simulating
reads according to current estimates FT , (2) ﬁnding deviation between simulated
and observed reads, ΔR = SR − OR , (3) obtaining corrected read frequencies
CR = OR − ΔR /2, and (4) updating estimated transcript frequencies FT based
on corrected read class frequencies CR .
We tested SimReg on several test cases using simulated human RNA-Seq
data. Experiments on synthetic RNA-seq datasets show that the proposed
method improves transcriptome quantiﬁcation accuracy compared to previous
methods. The results show better correlation compared with currently best
method RSEM [1].
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