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We have built an RNA-seq processing pipeline based on the software suite, RSEQtools, that we have largely developed. These tools consist of a set of modules that perform common tasks such as calculating gene and exon expression values, generating signal tracks of mapped reads and segmenting that signal into actively transcribed regions. Also, implemented within RSEQtools are more specialized analysis pipelines that we have developed (e.g. FusionSeq for fusion transcript detection [2], IQSeq for transcript quantification [3], and DupSeq for analyzing expression patterns of highly homologous genomic regions [4]), as well as thoroughly validated tools such as Bowtie and Tophat [5, 6]. These tools are implemented using Mapped Read Format (MRF), a compact data summary format for short, long and paired-end read alignments that enables the anonymization of confidential sequence information. With this set of tools, we have provided custom processing pipelines.

Non-coding RNA (ncRNA) and pseudogene analysis
A fraction of transcription comes from genomic regions not associated with standard annotations, representing ‘non-canonical transcription’. These transcripts are observable even when experimental protocols use poly-A enrichment [7]. A class of non-canonical transcripts of particular interest is the pseudogene, which recent studies have shown are useful biomarkers to distinguish different cell types. Despite their low abundance, pseudogenes and ncRNAs have been shown to exhibit a greater degree of cell-type specific expression than mRNAs [8]. However, the quantification of pseudogene expression is challenging because of the sequence similarity with its parent genes. To address the issue, we developed DupSeq, which solves this problem by focusing only on those reads and regions that are uniquely mappable [4]. 
Several other classes of non-coding RNAs have been shown to play regulatory or other roles in the cell. To identify these loci we will apply incRNA, a method that predicts novel ncRNAs using known ncRNAs of various biotypes as a gold standard training set and a minimum-run–maximum-gap algorithm to process reads mapping outside of protein-coding transcripts, pseudogenes and annotated non-coding RNAs [9, 10].

Functional annotation through clustering and network analyses
We have extensive experience in characterizing the functions of genes and non-coding elements via expression data through clustering and network analyses. A group of genes in a co-expression cluster are often responsible for a common function [11]. While there are well known algorithms for expression clustering such as hierarchical clustering, spectral clustering and K-means, we developed several novel methods. We developed a spectral biclustering method for co-clustering genes and conditions. More recently, we developed a new clustering framework, OrthoClust, for simultaneously clustering network data across different contexts [12]. OrthoClust is able to identify conserved and specific components across different networks. We applied OrthoClust in the comparative transcriptome analysis, and discovered co-expression modules shared in animals and enriched in their developmental genes. Furthermore, expression clusters can be used for annotating functions of unknown transcripts. For example, in modENCODE analysis, by mapping the expression profiles of various ncRNAs to expression clusters, we have used identified functions of various ncRNAs.
	The functional relationships between co-expressed genes can further be understood via various molecular networks. Over the past decade, we have identified many relationships between topological properties of genes in networks and their functional genomics features. In terms of local properties, for instance, we found the “essentiality” of a given node is closely related to its tendency to act as a hub or bottleneck [13, 14]. In terms of system-wide organization, we found that gene-regulatory networks are composed of hierarchical structures dominated by downward information flow from master regulators [15]. We further developed methods to determine the hierarchical organization of various regulatory networks, including networks constructed from ENCODE, modENCODE and MCF7 data [16, 17, 18, 19]. Apart from studying individual networks, we also introduced a framework to quantify differences between networks and found a consistent ordering of rewiring rates of different network types. [20].

RNA-seq pipeline development for large-scale projects
We have worked on the development and analysis of multiple RNA-seq flows in the context of large consortia, including the implementation of tools we developed and other popular tools such as Bowtie and Tophat. For example, we have been playing a role in such activities for the ENCODE consortium [21], including a recent publication involving the processing and integration of all ENCODE and modENCODE data, which involved 575 experiments and more than 65 billion reads from three organisms. [10]. We are the data integration hub in the Extracellular RNA consortium [22] that generates hundreds of RNA-seq and small RNA-seq samples. Other notable consortia for which we have processed large quantities of data include the BrainSpan project [23] which collected RNA-seq data for 8-16 brain structures in each of 13 developmental stages [24], as well as the PsychENCODE project [25].
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