Gerstein lab experience in general transcriptomic analysis
We have expertise in data analytics and leading large-scale national projects whose focus is to develop and disseminate novel tools and methods. For instance, we have developed methods for normalization, analysis, and comparison of bulk RNA-seq profiles (Lu et al. 2011; Jee et al, 2011). Furthermore, we have developed multiple advanced mathematical and machine learning methods covering a variety of key tasks to analyze large-scale snRNA-seq data, including but not limited to preprocessing, imputation, quantification, visualization, clustering, and comparisons. As described in detail in the following sections, these tools and methods will be extended and adapted to develop the different modules of snRNA-seq pipeline.
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Gerstein lab experience in epigenetic profiling
We have extensive experience processing epigenetic profiling data. For example, we have developed PeakSeq (Rozowsky et al, 2009) for the genome-wide identification of TF binding sites from ChIP-Seq data, which is used by ENCODE. MUSIC (Harmanci et al, 2014) is a peak caller that performs multiscale decomposition of ChIP-Seq signal. We have also proposed numerous models to utilize ATAC-seq data to identify functional elements (e.g. enhancers), and to construct regulatory networks from human brain tissue samples. In this proposal, we will now expand these analyses to build pipelines for scATAC-seq data. These will serve as reference annotations for further identifying cell-type-specific functional elements and gene regulatory networks.
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[bookmark: _l7svw3anfcea]Gerstein lab experience in functional genomics integration with multiple machine learning models
We have extensive experience with integration of functional genomics data via various types of machine learning models. For example, we integrated ENCODE data on TF binding, histone modifications, and target gene expression to establish regulatory relationships using a probabilistic model we named TIP (Target Identification from Profiles) (Cheng et al, 2011). We identified potential enhancers from distal gene regions and we used these modules to quantify the relationship between TF binding and gene expression (Cheng et al, 2011). We integrated these data types with protein-protein interaction and transcriptional regulatory networks, allowing us to group TFs into histone-sensitive and histone-insensitive classes, thereby refining the prediction of gene-regulation targets and effects (Dong et al, 2012).
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Gerstein lab experience within the RNA communication consortium (ERCC) and other consortia (PsychENCODE, ENCODE, and GTEx)
We have considerable experience working in consortia, both in analysis and in data generation capacities. We have worked within consortia to develop data quality standards. Our data processing strategies are based on well-known and established standards, such as those used by other consortia (including PsychENCODE, ENCODE, and GTEx). 
As part of the extracellular RNA communication consortium (ERCC), we developed a custom analysis pipeline, the extracellular RNA processing toolkit (excerpt; Rozowsky et al, 2019), which has been used over 80,000 times. It performs sequential alignment of RNA to contaminants, then to human transcriptome and genome sequences, then to human repetitive elements, and finally to exogenous sequences. The key idea behind the pipeline is to conservatively find transcripts present in trace amounts, and not be fooled by the millions of potential contaminants and errors in a typical next-generation sequencing run. 
We have played a leading role in a number of consortia that integrate multi-omic datasets. Recently, we led analysis projects of the psychENCODE and Brainspan (Wang et al, 2018). We played a leading role in the integrative analysis of multi-omic datasets from the ENCODE (Djebali et al, 2012; Gerstein et al, 2014; Boyle et al, 2014) and modENCODE (Boyle et al, 2014; Gerstein et al, 2010) consortia. We developed approaches for constructing and studying biological networks that can be applied to analyze ENCODE datasets. We integrated multiple genomic datasets to construct gene regulatory networks consisting of various regulatory factors including transcription factors (TFs) and microRNAs and their target genes (Boyle et al, 2014; Gerstein et al, 2012; Cheng et al, 2011). For constructed gene regulatory networks, we developed methods to construct and analyze human and model organism gene regulatory networks (Gerstein et al, 2012; Yan et al, 2010) using ENCODE and modENCODE datasets. We also analyzed hierarchical structures of gene regulatory networks and found that hierarchy rather than centrality ("hubiness") better reflects the importance of regulators.
We helped lead the structural variation (SV) analysis for the 1,000 Genomes Project (Khurana et al, 2013). We developed an annotation pipeline that maps variants to genes (Balasubramanian et al, 2017. We also developed algorithms to identify indels and SVs, and studied the mechanisms of SV generation (Zhang et al, 2017). We performed SV mechanism annotations for the 1,000 Genomes Project Phase 3 deletions using BreakSeq (Lam et al, 2010). We have been an integral part of the Data Integration and Analysis Component of the Data Management and Resource Repository for the NIH Common Fund Extracellular RNA Communication Consortium (Freedman et al, 2016; Cheung et al, 2016). In addition, we participated in the United States Department of Energy Systems Biology Knowledgebase (Arkin et al, 2018), which is an open-source software and data platform that enables data sharing, integration and analysis of microbes, plants and their communities; and the Northeast Structural Genomics Consortium (Huang et al, 2008), which employs both X-ray crystallography and nuclear magnetic resonance spectroscopy to provide novel structural information useful in modeling thousands protein domains.

Above, we have detailed our experience in working with other consortia. Here, we simply list a number of analysis tools (some of which are mentioned above) that we have developed in consortia-wide frameworks:
Listing of example tools & integration approaches:
· Identifying targets of TFs using ENCODE data: We have extensive experience integrating of functional genomics data using various types of machine learning models. For example, we integrated data – obtained as part of our involvement with the ENCODE consortium – on TF binding, histone modifications, and target gene expression to establish regulatory relationships using TIP (Cheng et al, 2011), a probabilistic model that we have developed for identifying TF target genes from ChIP-seq binding profiles.
· Predicting enhancers using ENCODE data: In a further step toward establishing regulatory relationships and their effects as part of our collaborative efforts with the ENCODE consortium, we used ENCODE data on gene expression and TF binding signals in a framework we developed for identifying potential enhancers from distal gene regions. We then used these predictions to quantify the relationships between TF binding and gene expression (Cheng et al, 2012).
· Predicting gene expression levels from chromatin features in ENCODE: Using ENCODE data, we integrated RNA-seq data and chromatin features in multiple cell lines, DNase I hypersensitivity site information, and other data types with protein-protein interaction and transcriptional regulatory networks to group TFs into histone-sensitive and histone-insensitive classes. These classification may be used to refine the prediction of gene-regulation targets and effects (Dong et al, 2012).
· Finding TF binding sites using ChIP-seq data: We have extensive experience processing epigenetic profiling data from tissue. For example, we have developed PeakSeq (Rozowsky et al, 2009) for the genome-wide identification of TF binding sites from ChIP-seq data. This framework had been adopted by ENCODE, and has become the standard used by ENCODE for many years. The scoring scheme implemented and first introduced by PeakSeq enables users to optimize experimental design strategies by providing estimates of the sequencing depth needed for a given level of coverage, and by showing that more than 2 replicates may often confer limited additional information, thereby obviating the need for additional assays.
· Multiscale identification of enriched regions in ChIP-seq ENCODE data: We developed MUSIC (Harmanci et al, 2014), a peak caller that performs multiscale decomposition of ENCODE ChIP-seq signals. Here, the term “multiscale decomposition” simply refers to the tool’s ability to identify enriched regions at multiple length scales. Thus, MUSIC is applicable to histone modifications enabling detection of broad and punctate regions, and ChIP-seq assays typically provide a very wide range of possible signal scales
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