ChlP-Seq is the mainstream experimental method for genome-wide identification of
transcription factor (TF) binding and chromatin modification sites. The Gerstein lab
developed two ChlP-Seq peak calling tools: PeakSeq (84) and MUSIC (85). PeakSeq is
a versatile tool for identification of TF binding sites and is one of the standard peak
calling programs used by the ENCODE and modENCODE consortia for numerous ChiP-
Seq datasets (86). PeakSeq constructs local thresholds using input signals from input
genomic DNA to simulate the null process for background. PeakSeq then identifies
significantly enriched peaks relative to this background. MUSIC is a recently introduced
signal processing approach for identification of enriched regions in ChIP-Seq when strict
peaks are not observed. Utilizing multiscale decomposition of ChIP-Seq signal profiles in
conjunction with mappability correction, MUSIC allows identification of broad enrichment
domains (85). MUSIC performs well in both narrow and broad peak calling. The Gerstein
lab has also developed tools that use ChIP-Seq signals to identify regulatory regions and
predict of gene expression (37, 87-90). For example, we integrated >100 ChIP-Seq
signals from the ENCODE project to predict enhancers for distal gene regulatory
modules (90).

For 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 (91). In addition, we have developed 1Qseq, a computationally efficient
method to quantify isoforms for alternatively spliced transcripts (92). Comparisons
between RNA-Seq samples and other genome-wide data can be facilitated in part by our
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Aggregation and Correlation Toolbox (ACT), a general purpose tool for comparing
genome signal tracks (93). An important challenge in RNA-Seq analysis is detecting
unannotated transcription hard to distinguish from noise. This topic has been central to
many of our expression analysis tools (35, 94-98). Our Database of Annotated Regions
with Tools (DART) package contains tools for identifying unannotated genomic regions
enriched for transcription, as well as a framework for storing and querying this
information (99). We developed incRNA, a method that uses known ncRNAs of various
classes as a gold standard training set to predict and analyze novel ncRNAs (100). We
have also developed specific tools to identify types of transcripts that are difficult to
detect using standard analysis pipelines, including fusion transcripts and pseudogenes
(101, 102)(103).

Network representations can be applied consistently to many different types of biological
data and therefore can be used as a powerful framework for integration of
heterogeneous datasets (109-111). We have developed novel approaches for studying



biological networks. We developed methods to construct and analyze the regulatory
networks of human and model organisms (36, 88, 112, 113) based on ENCODE and
modENCODE datasets (34). Regulatory networks were integrated with gene expression
to uncover different types of functional modules (114-117). We constructed and
analyzed hierarchical regulatory networks in model organisms and humans (88, 118-
121), discovering that the hierarchy rather than centrality ("hubiness") better reflects the
importance of regulators. We built a multi-layered network that incorporated information
from heterogeneous data sources such as protein-protein interactions and metabolic,
phosphorylation, signaling, genetic, and regulatory networks (122) and used networks to
improve understanding of genomic variants (123) We also introduced several software
tools for network analysis, including Topnet, (124) tYNA (125) and PubNet (126).
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