Summary of Gerstein Lab Research

This Document summarizes important contributions made by the Gerstein lab in
processing and annotations of various high-throughput sequencing data.

Annotation of non-coding requlatory regions of the genome
We have made a number of contributions in the analysis of the noncoding genome, as

part of our extensive 10-year history with the ENCODE and modENCODE projects. Our
TF work includes the development of a method called PeakSeq to define the binding
peaks of TFs [1], as well as new machine learning techniques [2]. In addition, we have
also proposed a probabilistic model, referred to as target identification from profiles (TIP),
that identifies a given TF’s target genes based on ChIP-seq data [3]. Furthermore, we
have developed machine-learning methods that integrate ChlP-seq, chromatin,
conservation, sequence and gene annotation data to identify gene-distal enhancers [4],
which have been partially validated [5]. We have also constructed regulatory networks
for human and model organisms based on the ENCODE [6] and modENCODE datasets
[7], and completed many analyses on them [5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22].

Processing of RNA-seq data and annotating ncRNAs
We also have extensive experience conducting integrated analyses of large sets of

RNA-seq data, such as through the ENCODE, modENCODE, BrainSpan and exRNA
consortia [9, 23, 24, 25, 26]. In particular, 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 [27]. In addition,
we have developed |Qseq, a computationally efficient method to quantify isoforms for
alternatively spliced transcripts [28]. Comparisons between RNA-Seq samples, and to
other genome-wide data, will be facilitated in part by our Aggregation and Correlation
Toolbox (ACT), which is a general purpose tool for comparing genomic signal tracks [29].
We have also developed a ncRNA finder [30]. Finally, we have developed statistical
models relating expression levels to chromatin marks and TF binding [6, 31, 32, 33].

Analysis of Allele-specific expression
A specific class of regulatory variants is one that is related to allele-specific events.

These are cis-regulatory variants that are associated with allele-specific binding (ASB),
particularly of transcription factors or DNA-binding proteins, and allele-specific
expression (ASE) [34, 35]. We have previously developed a tool, AlleleSeq, [20] for the
detection of candidate variants associated with ASB and ASE. Using AlleleSeq, we have
spearheaded allele-specific analyses in several major consortia publications, including
ENCODE and the 1000 Genomes Project [6, 18, 24]. Overall, we found a substantial
number of genomic elements associated with ASB and ASE [24]. We also found that
these allelic elements are under differential selection from non-allelic ones [6, 18]. By
constructing regulatory networks based on ASB of TFs and ASE of their target genes,
we further revealed substantial coordination between allele-specific binding and




expression [6] (Fig 1). Furthermore, we have made available on the Internet the
AlleleSeq tool, lists of detected allelic variants, and the personal diploid genome and
transcriptome of NA12878 [36]. We continually update AlleleSeq, and the resource has
been used in the scientific community, as evident in citations and publications using our
data as references [37, 38].

FunSeq pipeline to prioritize somatic variants
We have extensively analyzed patterns of variation in non-coding regions along with

their coding targets [5, 6, 39]. We used metrics, such as diversity and fraction of rare
variants, to characterize selection on various classes and subclasses of functional
annotations [39]. In addition, we have also defined variants that are disruptive to TF-
binding motifs in regulatory regions [23]. Further studies by our group showed relations
between selection and protein network structure, e.g. hubs vs periphery [17, 19].

In a recent study [18], we have integrated and extended these methods to develop a
prototype prioritization pipeline called FunSeq (Fig 2). FunSeq identifies sensitive and
ultra-sensitive regions, i.e. those annotations under strong selection pressure as
determined by human population variation. It also prioritizes variants based on network
connectivity and their disruptiveness (e.g. finding motif breakers), identifying deleterious
variants in many non-coding functional elements, including TF binding sites, enhancer
elements, and regions of open chromatin corresponding to DNase | hypersensitivity sites.
In the FunSeq study, we integrated large-scale data from various resources, including
ENCODE and 1000 Genomes Project, with cancer genomics data. By contrasting
patterns of inherited polymorphisms from 1092 humans with somatic variants from
cancer patients, FunSeq identifies candidate non-coding driver mutations [18] (Fig 4). In
particular, using FunSeq, we identified ~100 non-coding candidate drivers in 90
medulloblastoma, breast and prostate cancer samples.

Development of efficient tools & calling variants on a large-scale
We have significant experience in developing high-throughput tools for bioinformatics

research. Our tools take the forms of web services, distributed open source programs,
annotation databases and distributed virtual machines. Many of the latter are hosted on
Amazon Web Services Elastic Compute Cloud (AWS-EC2). In particular, for the analysis
of high-throughput genomic experiments, we have developed pipelines for analyzing,
RNA expression [40, 40, 41], alternative splicing [28], fusion transcripts [42], and copy-
number variation [43]. We have developed pipelines for the analysis of regulatory
networks [6, 8, 44, 44] and protein—protein interaction networks [12, 45, 46, 47, 48, 49].

We have much experience in large-scale germline variant calling through being active
members of the 1000 Genomes Consortium, especially in the analysis working group
and the structural variant (SV) and functional interpretation (FIG) subgroups of the
consortium where the majority of the variant calling tools are developed and used [50, 51,
52, 53]. We have extensively used [18] Broad Institute’s Genome Analysis Toolkit
(GATK) [54] for variant calling. We have developed a number of SV calling algorithms,



including BreakSeq, which compares raw reads with a breakpoint library (junction
mapping) [55], CNVnator, which measures read depth [56], AGE, which refines local
alignment [57], and PEMer, which uses paired ends [58]. We have also developed array-
based approaches [59] and a sequencing-based bayesian model [60].

Analysis of recurrent germline & somatic variants (LARVA module)
We have developed a computational framework for identifying these types of recurrent

variation, called Large-scale Analysis of Recurrent Variants and Annotations (LARVA).
Given a set of cancer whole genome variant calls, and a set of genome annotations,
LARVA will pick out the recurrent variants, recurrently mutated annotations, and
recurrently mutated subsets of annotations.

LARVA also has a module for computing the statistical significance of its results by
simulating the creation of WGS variant calls with randomized variant positions. These
random datasets, which otherwise contain the same number of samples and variants,
are used to determine the null distribution of variants across the annotation set for
comparison with the actual variant data. LARVA determines the positions of variants for
its random variant datasets using a null mutation model designed to reflect factors
affecting the neutral mutation rates of different genome regions, and represents an
extension of an exome null mutation model developed for MutSig [61]. These factors
include the (1) genome-wide DNA replication timings, since later-replicating regions are
more error-prone due to the depletion of free nucleotides [62], (2) histone marks for
H3K4me1 and H3K4me3, because they are anti-correlated with SNV density [63], (3)
whole genome RNA-seq data from the ENCODE project [23], representing the
connection between expression and transcription-coupled repair [64], and (4) SNV
density data from the 1000 Genomes Project [52], which is a proxy for the amount of
variation one normally sees in a genomic region.
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