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Biomedical research has been revolutionized in recent years with the rapid ad-
vancement of sequencing technologies. Unprecedented amounts and diverse types
of data have been generated from different platforms. For example, the whole human
genome, which has about 3 billion base pairs, can be sequenced at a 30-fold coverage
under $3000, making it possible to completely identify and characterize the genetic
variations carried by an individual and define all the somatic mutations in a tumor
population. In comparison, RNA sequencing data provide a comprehensive charac-
terization of the transcriptome of the cell population under study, including different
isoforms and previously unannotated transcripts. Coupled with different molecular
methods, we can also investigate the interactions between proteins and DNA, pro-
teins and RNA, methylations, and chromatin modifications. These rich data, often
called next generation sequencing (NGS) data, present both great opportunities and
even greater computational and statistical challenges. With concerted efforts of many
statisticians, much progress has been made to address the unique issues in the anal-
ysis of NGS data. This special issue of the SIBS highlights some recent statistical
methodology developments for the analysis and interpretation of NGS data.

DNA-seq: In the first paper of this special issue, Li and colleagues provide an
overview of the identification of single nucleotide polymorphisms from NGS data,
a key step in the analysis of DNA sequencing data. Due to the still high cost of se-
quencing, Lee and Zhao investigate the use of DNA barcoding and pooling to balance
between statistical efficiency and study cost. Based on the inferred variants, Ionita-
Laza and colleagues discuss how to perform genetic association analysis for both
population-based and family-based samples.
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RNA-seq: For RNA-seq data, Wu and colleagues propose a finite Poisson mixture
model for base pair level RNA-seq data. To correct for potential bias in RNA-seq data,
Dalpiaz and colleagues use a penalized regression method to model RNA-seq data.
A unique advantage of RNA-sequencing versus gene expression microarrays is the
ability to infer and quantify isoforms. Hiller and Wong propose an integrated statisti-
cal method to simultaneous perform isoform discovery and quantification. Vardhan-
abhuti and colleagues propose a Poisson-Gamma hierarchical model to jointly ana-
lyze multi-sample RNA-seq data. As for alternative splicing, Chen discusses methods
in splice junction read mapping, and in exon-centric or isoform-centric quantification
of alternative splicing.

ChIP-seq: Wei and colleagues review designs and statistical methods for the anal-
ysis of genome-wide chromatin profiling data, including DNase-seq, FAIRE-seq and
ChIP-seq for histone modifications. Hu and colleagues discuss how allele-specific
methylation can be studied through NGS technologies.

eQTL: Putting DNA variations and expression variations together, both types of
data can be collected through NGS. Sun and Hu review methods for eQTL mapping
using allele-specific expression as well as RNA isoform expression.

Although the 11 papers in this special issue cover a variety of topics in the design
and analysis of NGS data, they only represent a small fraction of the many ongoing
exciting directions. For example, all the data types discussed above may be collected
from a single study subject, e.g. a cancer patient, and joint analysis of these data may
yield valuable insights on disease etiology and possible treatment strategies. Much
needs to be done to realize all the potentials in the NGS data and it is our hope that this
special issue will generate more interest and attract more attention from statisticians
to work in this promising field.
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