Single-nuclei epigenomics and transcriptomics to uncover the gene
regulatory landscape in Alzheimer's disease

Abstract

The gene ragulatory Iandscapa of the brain is highly dynamic in health and disease,
across distinct cell-types. Fully
cor iZil i in disease wnh respect to specn’ |: cell-
types requires a holistic multi-layered i and Il
transcriptomics has been used extensively in human disease systems; however, very few
single-cell epigenomic studies have been carried out in primary disease samples. Here,
we present a multi-omic single-cell study of 191,897 nuclei in late-stage Alzheimer’s
Dlsease (AD), in which we profled and analyzed chromatin accessibility and gene

p in the same bi samples, ing vast glial in late-
stage AD. We describe cis-regulatory relationships in specif ic cell-types at AD risk loci,
def nsd by genome \mde association studies (GWAS), demonstrating the utlllty of this

g disease and cell-type-specifi

mechanlsms In addmon we characterize transcnptlon factor regulatory panems in the
transition between healthy and diseased states through trajectory analysis of glial
populations. We also introduce scWGCNA, a co-expression network analysis strategy,
robust to the sparsity of single-cell data, to perform a systems-level meta-analysis of AD
transcriptomics. Finally, this work is highly accessible through our intuitive web-portal,
allowing for straightforward interrogation of this multi-omic dataset.
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A-B: Uniform Manifold i and i UMAP) of 130,425 nuclei
profiled with snATAC-seq (A) and 61, 472 nuclei pro"led with snRNA-seq (B), colored by major cell-
type as denoted in the legend. C: Pseudo-bulk chromatin accessibility plots for canonical cell-type
marker genes. D: Heatmap of normalized gene expression of cell-type marker genes. Genes shown
in C and D as well as other cell type marker genes were used in order to determine the cell-type of
«each major cluster in snATAC-seq and snRNA-seq.
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Cell-type specific gene regulation of AD GWAS
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A: Enrichment of GWAS SNPs for
various traits in SnATAC-seq
clusters computed using cell-

type specific LDSC (AD: Kunkle et
al.4, Cholesterol, Willer et al. 5,
FTD: Ferrari et al. 6, Height: Wood
et al. 7) B: Heatmap of chromatin
accessibility in snATAC-

seq clusters at regions flanking AD
GWAS SNPs. In A and B, the color
of each cell corresponds to major
cell type or cell-clusters as denoted
in the legend.
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Cell-type and disease specific cis-regulatory
connections at AD GWAS loci
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A, B, C: Co-accessible regulatory links from cell-type specific cis-co-accessibility network analysis
(CCANSs) using the R package cicero® at the APOE GWAS loci in microglia (A) and astrocytes (B)
and at the BIN1 loci in microglia (C). D, E, F: Bar plots are the number of annotated connections in
AD minus control for (A), (B) and (C), respectively.
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A: Schematic representation of cell-type specific multi-omic trajectory analysis using monocle®. B:
UMAP of 14,887 microglia, colored by (rajectory assngnmen( Bar plot shows the proportion of AD to
control nuclei along the trajectory. C: ic and disease
associated microglia'® projected onto lhe trajectory and shown as UMAP feature plots. D:
feature plots and trajectories of chromatin motif and gene ion for
SPI1. E: CCANSs for SPI1. Bar plot is the number of annola(ed connections in AD minus control. F:
Heatmaps of chromatin accessibility for 2391 t-DARs and of gene expression for 2138 t-DEGs. G:
Select GO terms for microglial t-DEGs projected onto the microglia trajectory and shown as UMAP
feature plots.
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A: UMAP of 16,816 astrocytes, colored by
trajectory assignment. Bar plot shows the

prqporlion of AD to control nuclei along the

,/K . 3 trajectory. B: Transcriptional signatures of GFAP-
M GFAP-high low, GFAP-high, and disease activated

Activated Astrocyte signatures
om

astrocytes' projected onto the trajectory and
shown as UMAP feature plots. C: Heatmaps of
chromatin accessibility for 928 t-DARs and of
gene expression for 1797 t-DEGs. D: Select GO
terms for astrocyte t-DEGs shown as UMAP
feature plots.
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A: Schematic representation of SCWGCNA analysis, including |NMF integration with the

Mathys et al. 2019 dataset'2, metacell , and
downstream analysis of gene modules. B: Signed correlation of mlcroglna co-expression modules

with AD diagnosis. C: Co-expression plots for AD-associated modules MM1, MM2, MM4 and MM5
D: Associated GO terms for modules MM1, MM2, MM4, and MM5.

Conclusion

We present a rigorous multi-omic analysis of 191,897 nuclei to interrogate cell-type
specific epigenomic and transcrlptomlc changas occumng in Iate-stags human AD.
Network analysis of the of cis co-
accessibility networks that have altered topology in disease and that are cell-type
specific, highlighting the vast systems level psnurbatlons occurring in AD. In addition,
modam data integration techniques allowed us to simt analyze singl lei

profiles and il (hus we the cellular eity
|n glla identifying the of and transcrij ic changes involved in the
glial immune response in AD. Further, our data serves as an excellent public data
resource for other researchers to ask specific questions about cell-type specific changes
in gene expression and gene regulation using our data, which we may not have looked at
in our analysis.

In the future, we wish to extend our work by studying more regions of the brain using the
same sequencing techniques, as well as using new techniques to spatially resolve gene
expression in a tissue of interest.
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