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            Abstract
To characterize the dysregulation of chromatin accessibility in Alzheimer’s disease (AD), we generated 636 ATAC-seq libraries from neuronal and nonneuronal nuclei isolated from the superior temporal gyrus and entorhinal cortex of 153 AD cases and 56 controls. By analyzing a total of ~20 billion read pairs, we expanded the repertoire of known open chromatin regions (OCRs) in the human brain and identified cell-type-specific enhancer–promoter interactions. We show that interindividual variability in OCRs can be leveraged to identify cis-regulatory domains (CRDs) that capture the three-dimensional structure of the genome (3D genome). We identified AD-associated effects on chromatin accessibility, the 3D genome and transcription factor (TF) regulatory networks. For one of the most AD-perturbed TFs, USF2, we validated its regulatory effect on lysosomal genes. Overall, we applied a systematic approach to understanding the role of the 3D genome in AD. We provide all data as an online resource for widespread community-based analysis.
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                    Fig. 1: Large-scale chromatin accessibility analysis in the human brain.[image: ]


Fig. 2: Variance component analysis of gene expression.[image: ]


Fig. 3: Linking distal regulatory OCRs (OCRABC) to genes using the ABC method.[image: ]


Fig. 4: Disease-associated chromatin changes.[image: ]


Fig. 5: Gene set enrichment analysis using general gene sets.[image: ]


Fig. 6: Mapping of TFs to cell types and AD-related phenotypes.[image: ]


Fig. 7: Definition of neuronal and nonneuronal CRDs.[image: ]


Fig. 8: Disease-associated perturbations in CRDs.[image: ]
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                Data availability

              
              Raw data (FASTQ files) and processed data (BigWig files, peaks, and raw/normalized count matrices) are available via the AD Knowledge Portal (https://adknowledgeportal.org). The AD Knowledge Portal is a platform for accessing data, analyses and tools generated by the Accelerating Medicines Partnership (AMP-AD) Target Discovery Program and other National Institute on Aging (NIA)-supported programs to enable open-science practices and accelerate translational learning. The data, analyses and tools are shared early in the research cycle without a publication embargo on secondary use. Data are available for general research use according to the following requirements for data access and data attribution (https://adknowledgeportal.org/DataAccess/Instructions). For access to the content described in this manuscript, see https://doi.org/10.7303/syn21513145. Browsable UCSC genome browser tracks of processed data are available at http://icahn.mssm.edu/atacad.

              External validation sets: MSBB RNA-seq of postmortem brains (Synapse ID: syn3157743), ATAC-seq on FANS-sorted NeuN+/− from postmortem brains (Synapse ID: syn20755767), H3K9ac ChIP–seq of postmortem brains (Synapse ID: syn4896408). ATAC-seq iPSC-derived neurons overexpressing MAPT gene (GEO: GSE97409), ROSMAP RNA-seq of postmortem brains (Synapse ID: syn3388564), fine-mapped eQTLs (https://alkesgroup.broadinstitute.org/LDSCORE/LDSC_QTL/, version ‘FE_META_TISSUE_GTEx_Brain_MaxCPP’), CTCF ChIP–seq peaks on human neural cell (GEO: GSE127577). OCRs (peaks) from The Cancer Genome Atlas (https://gdc.cancer.gov/about-data/publications/ATACseq-AWG), BOCA/BOCA2 brain epigenome atlas (https://icahn.mssm.edu/boca, https://icahn.mssm.edu/boca2), Dong. et al. 2021 (Synapse ID: syn25716684), Nott et al. 2019 (dbGaP ID: phs001373), and Meuleman et al. 2020 (ENCODE ID: ENCSR857UZV), fine-mapped eQTLs (https://alkesgroup.broadinstitute.org/LDSCORE/LDSC_QTL/, version ‘FE_META_TISSUE_GTEx_Brain_MaxCPP’), CTCF ChIP–seq on human neural cell (GEO: GSE127577), The Cancer Genome Atlas (https://gdc.cancer.gov/about-data/publications/ATACseq-AWG), REMC (http://www.roadmapepigenomics.org), mSigDB 7.0 (http://www.gsea-msigdb.org/), dbSNP v.151 (https://www.ncbi.nlm.nih.gov/snp/), PsychENCODE SNP-array: Capstone collection (https://psychencode.synapse.org/).

            

Code availability

              
              The code used to perform the analysis described in this study is available at https://doi.org/10.7303/syn34034120.
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