Gerstein Lab Contributions to RNA-Seq Analysis
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Here we summarize work in the Gerstein lab over the last decade developing
analysis tools for RNA-Seq, and conducting integrative analyses of large scale RNA-seq
data sets.

For general RNA-Seq analysis, we have developed RSEQtools, a computational
package that enables expression quantification of annotated RNAs and identification of
splice sites and gene models [1]. In addition, we have developed IQseq, a
computationally efficient method to quantify isoforms for alternatively spliced transcripts
[2]. Both of these tools employ a special sequence read format that we have developed
that can dissociate genome sequence information from RNA-Seq signal, maintaining the
privacy of test subjects. Comparisons between RNA-Seq samples, and to other genome-
wide data, are be facilitated in part by our Aggregation and Correlation Toolbox (ACT),
which is a general purpose tool for comparing genome signal tracks [3].

An important challenge in RNA-Seq analysis is detecting unannotated
transcription that may be hard to distinguish from noise. This topic has been central to
many of our expression analysis tools for both microarrays and RNA-Seq [4-10]. Our
Database of Annotated Regions with Tools (DART) package contains tools for
identifying unannotated genomic regions that are enriched for transcription, as well as a
framework for storing and querying this information [11]. To investigate newly
transcriptionally active regions further, we developed incRNA, a method that predicts
novel ncRNAs using known ncRNAs of various biotypes as a gold standard training set
[12].

We have also developed specific tools to identify types of transcripts that are
difficult to detect using standard analysis pipelines. We recently developed FusionSeq,
a pipeline to detect transcripts that arise due to trans-splicing or chromosomal
translocations [13,14]. These transcripts have been implicated in numerous diseases,
most famously in chronic myeloid leukemia, and this tool aids searches for other fusion
transcripts with potentially important functions [15]. We also developed Pseudo-seq,
which addresses the issue of quantification of pseudogene expression, which is difficult
to separate from the transcription of parent genes with similar sequences. Pseudoseq
solves this problem by calculating the expression in terms of RPKM for pseudogenes by
focusing only on those reads and regions that are uniquely mappable [16]. Though
pseudogenes have long been thought to be non-functional, recent studies have revealed
their roles in cancer, X-chromosome inactivation and intercellular signaling [17-19].

Another major area of interest in RNA-Seq analysis is linking expression variation
to genotype. We have expertise in this subject in the form of allelic analysis. Our
AlleleSeq tool [20] combines diploid genomic information with RNA-Seq data to identify
transcripts showing allele specific expression.



We also have extensive experience conducting integrated analyses of large sets
of RNA-seq data, primarily through the ENCODE project [21]. We played a lead role in
the analysis of model organisms (C.Elegans) and human transcriptome studies within
the consortium, two of the largest RNA-Seq studies to date [7,8]. We have also
conducted extensive studies of the relationship between ChlP-Seq data for localization
of transcription factors and histone modifications and gene expression through RNA-Seq
[22,23]. Currently, we are active participants of the Brainspan project, which profiles
RNAs in different parts of the human brain (http://www.brainspan.org). We are involved
in the coordination of the RNA-seq working group activities for the ENCODE project [20];
and we lead the data integration and analysis component (DIAC) of the data
management and resource respository (DMRR) for the NIH extracellular RNA
communication program consortium (http://commonfund.nih.gov/Exrna/).
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