Gerstein lab experience with large-scale single-cell analysis
[bookmark: _hpsc1697w4k]We have extensive experience in processing large-scale single-cell data. As the lead analysis group in pioneering consortia (e.g., ENCODE33, PsychENCODE16, 17, and SCORCH14), we have processed large scale single-cell data from over 400 brain samples (Figure 1A), as recently published in Science16. We have already built the brainSCOPE resource16 and released the official PsychENCODE cell-type-specific cis-regulatory elements (CREs) (Figure 1B), which were validated by STARR-seq (Figure 1C). We conducted s-LDSC to identify relevant cell types for brain disorders (Figure 1D). Additionally, our team has developed several innovative tools for single-cell analysis, covering broad topics like efficient single-cell data clusterin34, cell trajectory reconstruction (DeepVelo37), and viral target cell type discovery (Venus39). Many of our tools have been widely used.[image: ]
[bookmark: _Ref234614993][bookmark: _Ref235003127]Figure 1. Preliminary results in scMultiome data analysis, identifying CREs, and disease-relevant cell types. (A) UMAP of 28 harmonized cell types from single-nucleus multiome data derived from 40 individuals. (B) Single-cell cCREs (scCREs) identified in PFC. (C) scCRE validations using STARR-seq experiments. (D) Using s-LDSC to identify key cell types for brain disorders.


Gerstein lab experience with working with HIV/SUD data
As members of SCORCH, we have experience working with HIV/SUD data and with other investigators. We regularly participate in monthly SCORCH scientific and administrative meetings. Our work on comparing HIV against control samples is currently under review at JCI40. As part of this work, we generated a single-nucleus atlas to characterize the transcriptomic and epigenetic effects of HIV despite long-term ART. We used SCORCH samples comprising 20 individuals with HIV receiving ART and 13 uninfected controls across the prefrontal cortex, insular cortex, and ventral striatum (Figure 2). Our analyses revealed widespread HIV-associated transcriptional and epigenetic alterations across CNS cell types, with key upregulated and downregulated genes provided in a resource associated with this study (Figure 3). In addition, we performed cell–cell communication analyses to uncover dysregulated pro-inflammatory interactions among glial populations, providing evidence for persistent neuroinflammatory signaling despite ART.[image: ]
[bookmark: _Ref234615707][bookmark: _Ref235003280]Figure 2. Overview of our SCORCH study. (A) 10X multiome was applied to prefrontal cortex, insular cortex, and ventral striatum samples from 20 subjects with HIV (PWH) and 13 without (PWoH). (B) t-SNE visualization of the cells based on the RNA data, colored by brain regions (left) and conditions (right), respectively. (C) Total number of cells grouped by regions and conditions after processing.
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[bookmark: _Ref234615809][bookmark: _Ref235003325]Figure 3. Differential expression between subjects with and without HIV. Numbers of genes in each cell type that are upregulated (left) or downregulated (right) in PWH. The heatmap is split by brain regions and colored by the coarse-grained cell types.





Gerstein lab experience with predicting perturbation-induced gene expression changes
Previously, we developed an integrative framework that inputs gene expression and prioritizes disease genes across different cell types [[cite]]. Specifically, we developed an integrative single-cell network framework to study neuropsychiatric disease mechanisms (Figure 4). Across 23 cell-type-specific GRNs spanning schizophrenia, bipolar disorder, and ASD, we identified potentially druggable transcription factors that co-regulate established risk genes within disease-relevant regulatory modules. We further used GNNs to prioritize novel risk genes and support network-based drug repurposing, nominating 220 cell-type-specific candidate compounds, 37 of which showed evidence of reversing disorder-associated transcriptional signatures.[image: ]
[bookmark: _Ref235005175]Figure 4. Single-cell network framework for studying neuropsychiatric disease mechanisms. Integration of genotype data with cell-type-specific gene expression to predict disease phenotypes. Key elements include the use of a conditional energy-based model for imputing gene expression and a hierarchical linear model for phenotype prediction.







Gerstein lab experience with studying drug repurposing for brain-related disorders
We have developed an integrative single-cell network framework to investigate the cellular and molecular mechanisms underlying neuropsychiatric disorders58. We constructed and analyzed 23 cell-type-specific GRNs spanning schizophrenia, bipolar disorder, and ASD. This analysis identified potentially druggable TFs that co-regulate established disease risk genes within cell-type-specific regulatory modules. We further applied GNNs to prioritize novel risk genes from these modules and incorporated them into a network-based drug repurposing framework, identifying 220 candidate compounds predicted to target specific cell types. Subsequent analyses provided evidence that 37 of these compounds could reverse disorder-associated transcriptional signatures.
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