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ery with cell type-specific functional genomic data, single- 
cell multiomics is poised to advance our understanding of 
the neurobiology of psychiatric disorders and ultimately ad- 
vance therapeutic development. However, analyzing these 
data poses unique challenges including their sparsity, tech- 
nical noise, and high dimensionality. This session will high- 
light cutting-edge analytical frameworks—including non- 
parametric models, developmental trajectory mapping, and 
multicellular network inference—that address these barri- 
ers to decode disease biology. Speakers will demonstrate 
how integrating GWAS findings with single-cell data holds 
potential to prioritize regulatory circuits driving neurode- 
velopmental divergence and identify disease-relevant cell 
types. 
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MAPPING CELL TYPE-SPECIFIC EPIGENETIC REGULA- 
TION IN DORSOLATERAL PREFRONTAL CORTEX (DLPFC) 
TO UNCOVER MOLECULAR MECHANISMS IN PSYCHI- 
ATRIC DISORDERS 
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Psychiatric disorders have a strong genetic basis, with 
GWAS implicating hundreds of loci. Most of these GWAS vari- 
ants are non-coding, and likely influence disease by alter- 
ing gene expression in specific neuronal and glial cell types. 
Existing bulk tissue studies obscure cell type-specific gene 
regulation, making disease mechanisms difficult to parse. 
Leveraging advances in multimodal single-cell technologies, 
we developed robust cell type-specific maps of epigenetic 
regulation in DLPFC. Our enhancer-gene maps can be lever- 
aged to understand epigenetic regulation in the brain, and 
uncover molecular mechanisms underlying GWAS loci. 

We analyzed > 170,000 cells from postmortem DLPFC tis- 
sue from neurotypical individuals spanning developmental 
timepoints from fetus to adulthood. All cells had paired 
multiomic measurements of enhancer activity (sn-ATACseq) 
and gene expression (sn-RNAseq) using the 10x Genomics 
Multiome protocol. We used SCENT, a novel non-parametric 
bootstrapping enhancer-gene mapping method, to link ATAC 

peaks (putative enhancers) with gene expression (target 
genes) in six major brain cell types: inhibitory neurons, ex- 
citatory neurons, astrocytes, microglia, oligodendrocytes, 
and oligodendrocyte precursor cells (OPCs). 

Among > 1.2M possible enhancer-gene pairs, we identi- 
fied > 14k putative enhancer-gene links (FDR < 0.10). Our 
enhancer-gene maps uncovered putative cell type-specific 
mechanisms underlying known psychiatric disorder GWAS 
loci, often resolving a single high-confidence variant. To val- 
idate our findings, we are evaluating whether these putative 
causal variants prioritized by SCENT influence chromatin 
accessibility in an allele-specific manner using matched 
genotype and sn-ATACseq data. These analyses could pro- 
vide orthogonal support that SCENT peaks capture biolog- 
ically meaningful regulatory variation. Overall, our multi- 

omic single-cell resolution approach demonstrates poten- 
tial to improve fine-mapping of GWAS loci by pinpointing 
what genes are dysregulated in psychiatric disorders, and in 
which specific cell types. 
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Post-traumatic stress disorder is a multigenic disorder oc- 
curring in the aftermath of severe trauma exposure. We iso- 
lated > 2M nuclei from human postmortem dorsolateral pre- 
frontal cortex from cases and controls for single nucleus(sn) 
RNA sequencing across three diagnostic cohorts: PTSD, ma- 
jor depression (Psychiatric control), and neurotypical con- 
trols to identify neuronal and non-neuronal cell type clus- 
ters and cell type-specific gene expression changes (DEGs). 
We then performed paired sn-sequencing of the same sam- 
ples for ATAC-sequencing, to measure chromatin accessibil- 
ity. In addition, we validated our transcriptomic findings by 
performing single cell, spatial transcriptomics on a subset of 
donors using the Xenium platform. We identified 14 distinct 
cell type clusters including neuronal and non-neuronal cell 
types. We identified over 1142 FDR significant DEGs across 
many cell types and confirmed expression changes of several 
genes implicated in PTSD pathophysiology by spatial tran- 
scriptomics. We found PTSD specific cis-regulatory elements 
for several genes including ELFN1, FKBP5, and KCNIP4. We 
also identified disease-specific receptor-ligand communica- 
tion pattern disruption between cell types of the DLPFC. 
We constructed the gene expression regulatory landscape 
of PTSD by integrating RNA and ATAC modalities to define 
cis-regulatory elements (CREs) and transcription factor reg- 
ulatory networks and linked these to DEGs. This enabled us 
to fine-map all of the PTSD GWAS risk genes from the Mil- 
lion Veteran Program into specific cell types. We discovered 
selective changes in the glucocorticoid system (long impli- 
cated in PTSD pathology) that were surprisingly most pro- 
nounced in endothelial cells and to a lesser extent other 
non-neuronal cells. In addition, we identify vulnerability of 
somatostatin (SST) interneurons in PTSD and global shifts 
in the transcriptome reflecting decreases in SST signaling 
and neurotransmission. These changes are accompanied by 
decreased output of microglia signaling suggesting suppres- 
sion of neuroimmune mechanisms in the PTSD PFC. Overall, 
this work enabled characterization of gene pathways and 
their dynamics in diverse cortical cell types and prediction 
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of cis-regulatory logic and associated factors underpinning 
the molecular etiology of PTSD. 
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SINGLE-CELL MULTIOMIC APPROACHES FOR UNDER- 
STANDING HUMAN BRAIN VARIABILITY IN HEALTH AND 

DISEASE 
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Diversity and individual variability are essential to human 
cognitive function. Identifying the conserved and variable 
transcriptomic and epigenomic signatures of the brain’s cel- 
lular components is critical for understanding the neurobi- 
ological basis of individual variation and how this changes 
with age and in mental disorders. We will discuss results 
from a multiomic single-cell epigenome and transcriptome 
analyses performed on brain samples with sex and age diver- 
sity, and show they provide new insight into the diversity of 
brain-cell molecular identity across individuals. As well, we 
will discuss age-related changes in the epigenome of spe- 
cific cell-types in relation to neurological disorders. 
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Psychiatric disorders such as schizophrenia, bipolar dis- 
order, major depression, and autism spectrum disorder fre- 
quently originate from disruptions in neurodevelopmental 
processes, many of which unfold long before clinical symp- 
toms emerge. However, dissecting the molecular and regu- 
latory mechanisms that underlie these early developmental 
perturbations has remained a major challenge, particularly 
due to limited access to human brain tissue across the lifes- 
pan and the complexity of brain cellular diversity. 

To address this, we applied state-of-the-art single- 
nucleus multi-omic technologies—simultaneously profiling 
gene expression and chromatin accessibility—to construct 
high-resolution atlases spanning key stages of human brain 
development and adulthood. Our datasets encompass over 
one million nuclei from multiple brain regions, including the 
dorsolateral prefrontal cortex (DLPFC), a region central to 
cognition and psychiatric vulnerability, and the olfactory ep- 
ithelium (OE), a regenerative sensory tissue with neurogenic 
potential. These integrative datasets enable unprecedented 
insights into dynamic transcriptional programs and epige- 
netic regulation during neurodevelopment and aging. 

Through trajectory inference and enhancer-gene regu- 
latory network reconstruction, we identified stage-specific 
transcription factors and cell-type-specific cis-regulatory 
modules that guide neuronal and glial lineage commit- 
ment. We discovered striking convergence in gene regula- 
tory dynamics between olfactory sensory neuron develop- 
ment and early-stage cortical excitatory neurons, suggest- 
ing that the OE may serve as a surrogate system to model hu- 
man neurodevelopment. Furthermore, integrating our reg- 
ulatory maps with genome-wide association study (GWAS) 
loci for major psychiatric disorders allowed us to prioritize 
putative causal genes and regulatory elements operating at 
specific developmental windows. 

Collectively, our findings highlight the power of multiomic 
single-cell analysis in unraveling the developmental origins 
of psychiatric disease. By linking genetic risk to temporally 
defined regulatory programs and accessible cell types, this 
work lays a foundation for future efforts to pinpoint disease 
mechanisms and therapeutic targets. Moreover, our demon- 
stration that accessible neurogenic tissues can recapitulate 
key features of brain development opens new avenues for 
modeling psychiatric risk in vivo. 
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Overall Abstract: To accomplish a comprehensive under- 
standing of complex psychiatric disorders, a multimodal ap- 
proach is required. Alterations in brain structure and func- 
tion sit along the causal continuum from genetic variants to 
behavioural symptoms defining psychiatric disorders. Com- 
bining neuroimaging and genetics can expand our under- 
standing of the underlying mechanisms and pathophysiology 
of psychiatric disorders. The knowledge gained from such 
multimodal investigations has the potential to inform clini- 
cal translation of psychiatric genomics findings. 

This symposium will include four presentations of front- 
line research which incorporate common or rare genetic 
variants in conjunction with brain imaging. To understand 
and leverage the underlying biology of psychiatric disorders, 
the speakers use multimodal approaches and novel analyt- 
ical tools. Each presentation will illustrate how integrating 
data from psychiatry, genetics, and neuroimaging can en- 
hance genomic discoveries, advance mechanistic insights, 
and improve prediction and/or patient stratification. 

Dr. Pravesh Parekh will introduce the FEMA-GWAS tool and 
show results from its application on charting the genetic 
variants associated with longitudinal changes in brain de- 
velopment, using data from the Adolescent Brain Cognitive 
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