Gerstein lab experience with non-coding genomic annotations: We have extensive experience in leading large-scale consortium projects to develop and disseminate novel tools for genome annotation. Many of our tools are tailored for processing functional genomics data to produce annotations for non-coding elements. For example, we developed PeakSeq for the genome-wide identification of TF binding sites from ChIP-seq data24. This framework was adopted by the ENCODE Consortium in the uniform ChIP-Seq processing pipeline8. Furthermore, our group has led efforts in the GENCODE consortium to annotate pseudogenes, inactive counterparts of functional protein-coding genes, in new reference genome releases. Over the years, using a combination of manual curation and computational analysis, we have identified and characterized pseudogenes in humans25,26 and multiple species27,28 using our PseudoPipe software package29. Through this package, we have identified over 14,000 pseudogenes in the human genome30 and uncovered specific biology linking pseudogenes to fixed loss-of-function mutations in the genome. We also contributed to the Pan-cancer Analysis of Whole Genomes (PCAWG) Consortium by creating custom annotations for cancer genomes, leveraging eCLIP, Hi-C, and whole-genome STARR-seq assays for data-rich ENCODE cell types, including networks of transcription factors and RNA-binding proteins31. Similarly, we designed standardized pipelines for uniform processing of bulk and single-cell RNA-Seq and ATAC-Seq data in human brain tissues for the PsychENCODE Consortium, which allowed us to find tissue- and cell-type-specific regulatory elements and QTLs for individuals with psychiatric diseases32,33.
[image: ]We recently led an effort within the ENCODE and GTEx consortia to develop the EN-TEx resource, consisting of linked sets of over 1600 functional genomics assays (RNA-Seq, DNAse-Seq and ATAC-Seq, ChIP-Seq, Hi-C, proteomics, and methylation assays) across 30 tissues in four individuals22 (Fig. 2). We performed an extensive evaluation to determine the best methods for mapping and quantifying various types of genomic data22. Specifically, we mapped 1,635 sequencing experiments (15 assays in 30 tissues) to phased diploid and reference genomes, resulting in three signal tracks for each assay (two haplotypes and the reference). We discovered that mapping sequences to the haplotypes of each sample instead of the reference genome led to an overall improvement in mapping accuracy for each assay. By applying conventional mapping criteria, we noted a rise in the number of mapped reads by approximately 0.5–1% in the haplotype-mapped data; with stricter filtering criteria for high-quality and uniquely mapping sequences, we observed a significantly larger improvement of 2–4% more mapped reads across the four individuals. This enabled us to assess variant effects on gene regulation more accurately, particularly in structural variant regions. In fact, we identified 300 SV-QTLs that often co-occurred with disrupted chromatin peaks, and further observed depletion of open chromatin regions near transposable elements22. These findings underscore the value of gaining insights into genomic function by annotating non-coding elements on individual haplotypes rather than the reference genome. We hypothesize that aligning these data to the human pangenome graph would yield even higher read mapping rates and identify more non-coding annotations on non-reference sequences (i.e., structural variants on individual haplotypes).Fig. 2. Catalog of AS events identified in the EN-TEx resource22. 




Gerstein lab experience with Allele-specific analysis: We have spearheaded AS analyses in several major consortia publications, including ENCODE and the 1000 Genomes Project22,56–60. For example, we annotated allele-specific expression (ASE) and binding (ASB) events by aligning functional sequencing data57 (955 RNA-Seq and 165 ChIP-Seq in total) to individual haplotypes61. Overall, we detected >6K and 63K SNVs associated with ASB and ASE, respectively, which we made available as an online resource, AlleleDB57. We further constructed a high-resolution map of allelic imbalances in DNA methylation, histone marks, and transcription in 71 epigenomes from 36 distinct cell and tissue types from 13 donors60. To measure ASE, ASB, and AS chromatin activity (ASCA) in diploid genomes, we developed a pipeline dubbed AlleleSeq2 to incorporate all variants present on each haplotype to account for reference bias in a straightforward way56,57,62, and included additional filters to mitigate ambiguous read mapping57,63. To account for the over-dispersed nature of functional genomics read count data, the significance of allelic imbalance is assessed using the beta-binomial test57. In our analysis of the EN-TEx resource, we found that between 1.1-7.3% of assay reads across all samples that preferentially aligned to a haplotype overlapped with heterozygous SNVs22. Using AlleleSeq2, we generated an annotation catalog of >1 million allele-specific events from EN-TEx experiments22 (Fig. 2). These events exhibit coordinated activity along haplotypes and are less conserved than the corresponding non-allele-specific SNVs. Combining these data with existing annotations also revealed strong associations between allele-specific and GWAS loci22.
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