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1 INTRODUCTION

THIS special section consists of recent advances in Deep
Sequencing Data Analysis for systems biology research.

Deep sequencing technologies have been primarily applied
to genomic sequencing but have recently been applied for
transcriptomic profiling or mapping histone modifications.
Deep Sequencing technology shows clear advantages over
existing profiling technologies in terms of amount of
sequence coverage, revealing new transcriptomic insights,
measurement of expression of different transcript isoforms
and accuracy of defining transcription level. However,
being a relatively newer method for transcriptomic profil-
ing, standardized approaches for analysis of deep sequenc-
ing expression data are still being developed. The analysis
and application of deep sequencing data presents enormous
challenges in the areas of machine learning, signal process-
ing, systems theory and statistics. The emphasis of the spe-
cial issue is on the latest computational challenges and
finding rigorous and novel engineering approaches to tackle
structural and functional systems biology problems using
deep sequencing technologies.

The special section is comprised of five papers that pres-
ent recent advances in the area of deep sequencing analysis.

The paper “Detecting Multivariate Gene Interactions
in RNASeq Data Using Optimal Bayesian Classification”
by Jason M. Knight, Ivan Ivanov, Karen Triff, Robert
S. Chapkin, and Edward R. Dougherty considers the prob-
lem of detecting multivariate genetic interactions from
RNA-seq data through a Bayesian computational frame-
work comprised of a hierarchical statistical model of the
RNA-Seq processing pipeline and the corresponding opti-
mal Bayesian classifier. Markov Chain Monte Carlo sam-
pling and Monte Carlo integration is utilized to compute
quantities where no analytical formulation exists. The per-
formance of the approach is illustrated on an expression
dataset from a dietary intervention study where gene pairs
are identified that have low classification error but not iden-
tified as differentially expressed. An open source version of

the package to perform optimal Bayesian classification is
available at http://bit.ly/obc_package.

A pipeline to assess de novo transcriptome assemblies is
considered in the paper “Examining De Novo Transcrip-
tome Assemblies via a Quality Assessment Pipeline” by
Noushin Ghaffari, Osama A. Arshad, Hyundoo Jeong, John
Thiltges, Michael F. Criscitiello, Byung-Jun Yoon, Anirud-
dha Datta, and Charles D. Johnson. A workflow of multiple
quality check measurements is considered that in combina-
tion provide a clear evaluation of the assembly perfor-
mance. The authors present novel transcriptome assemblies
and functional annotations for Pacific whiteleg shrimp
(Li-topenaeus vannamei), a mariculture species with great
national and international interest, and no solid transcrip-
tome/genome reference. The investigations showed that
assessing the quality of an assembly purely based on the
assembler’s statistical measurements can be mislead-ing;
and thus a hybrid approach consisting of statistical quality
checks and further biological-based evaluations can be
beneficial.

In the paper “Computational Prediction of Pathogenic
Network Modules in Fusarium verticillioides,”Mansuck Kim,
Huan Zhang, Charles Woloshuk, Won-Bo Shim, and
Byung-Jun Yoon performed a comparative analysis of wild
type and loss-of-virulence mutant F. verticillioides co-
expression networks to identify subnetwork modules that
are associated with its pathogenicity. F. verticillioides co-
expression networks were constructed from RNA-Seq
data and network search identified subnetwork modules
that are differentially activated between the wild type
and mutant F. verticillioides, which considerably differ in
terms of pathogenic potentials. The anlysis identified four
potential pathogenicity-associated subnetwork modules,
each of which consists of interacting genes with coordi-
nated expression patterns, but whose activation level is
significantly different in the wild type and the mutant.
The predicted modules were comprised of functionally
coherent genes and were topologically cohesive. Further-
more, they contained several orthologs of known patho-
genic genes in other fungi, which may play important
roles in the fungal pathogenesis.

Optimal Fault detection and diagnosis for transcriptional
circuits observed through next generation sequencing data
is consided in the paper “Optimal Fault Detection and Diag-
nosis in Transcriptional Circuits Using Next-Generation
Sequencing” by Arghavan Bahadorinejad and Ulisses M.
Braga-Neto. The fault detection consists of an innovations
filter followed by a fault certification step, and requires no
knowledge about the system faults. The innovations filter
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uses the optimal Boolean state estimator, called the Boolean
Kalman Filter (BKF). Performance is assessed by means of
false detection and misdiagnosis rates, as well as average
times until correct detection and diagnosis. The efficacy of
the proposed methodology is demonstrated via numerical
experiments using a p53-MDM2 negative feedback loop
Boolean network with stuck-at faults that model mutation
events commonly found in cancer.

The final paper in this section “MeTDiff: A Novel Differ-
ential RNA Methylation Analysis for MeRIP-Seq Data” by
Xiaodong Cui, Lin Zhang, Jia Meng, Manjeet K. Rao, Yidong
Chen, and Yufei Huang presents a computational tool Met-
Diff for predicting differential N6-Methyladenosine (m6A)
methylation sites from Methylated RNA immunoprecipita-
tion sequencing (MeRIP-Seq) data. Compared with the exist-
ing algorithm exomePeak, the advantages of MeTDiff are
that it explicitly models the reads variation in data and
devises a power likelihood ratio test for differential methyla-
tion site prediction. Comprehensive evaluation of MeTDiff’s
performance using both simulated and real datasets showed
that MeTDiff is much more robust and achieved much
higher sensitivity and specificity over exomePeak.
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