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Background

Autoimmune diseases such as Rheumatoid Arthritis (RA) and Systemic Lupus
Erythematosus (SLE) exhibit profound cellular heterogeneity across patients and tissues,
complicating mechanistic insight and target discovery. In collaboration between Rancho
Biosciences and Nucleome Therapeutics, we built a high-resolution single-cell RNA-
seq (scRNA-seq) atlas that unifies curated Single Cell Data Science (SCDS) Consortium
datasets with newly processed samples to enable consistent, cross-tissue comparisons
in RA and SLE.

« Scale and coverage: The Autoimmune Atlas integrates 6 datasets across RA/SLE
pathological states (including controls), totaling 1 million cells from 218
donors and 290 samples, spanning synovial tissue, skin, and peripheral blood.

 Source datasets: Accelerated development combines off-the-shelf analysis-ready
datasets with newly re-analyzed datasets under a unified curation and processing
strateqgy.

 Annotation depth: Employs a high-resolution cell-annotation procedure to resolve
Immune and stromal populations, with particular focus in dendritic cells, memory B
cells, and regulatory T cells - cell types central to autoimmune pathogenesis.

» Biological insight: Reveals shared and tissue-specific transcriptional signatures
across RA and SLE, supporting mechanism-of-disease hypotheses and prioritization
of candidate targets.

1. Data tracking and collection
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To assemble a catalog of RA and SLE studies, we surveyed expression repositories,
including GEO, SRA, Synapse, and dbGaP, for single-cell or single-nuclei datasets.
Our catalog includes almost 8,000 publications from the last 10 years and is annotated
for species, disease, tissue, and assay types.

Rancho have processed > 1000 datasets through Single Cell Data Science
Consortium (SCDS), a member-led initiative to create resources which advance
therapeutic discovery. After 1 year, SCDS datasets are commercialized and available
as a high-quality product that enhances our client's research.

2. QC, data ingestion, and curated metadata import
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 Rancho's QC and ingestion pipeline was applied to ensure high-quality data while
preserving the underlying biological signal.

* Our data integrity team collaborated with study authors to resolve discrepancies, link
donor information with sample identifiers, and enrich metadata for downstream use.

* Any non-SCDS datasets were processed using the same principles and standardized
procedures, ensuring consistency across the entire atlas.
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3. Automated cell-type annotation workflow

CellTypist scArches

For Cell-type annotation we used a comprehensive, multi-method
strategy leveraging CELLXGENE Census reference data.

Transfer/label-transfer approaches (scArches, Azimuth)
» Supervised classification (CellTypist)

» Representation learning (scGPT) i e 30

Reference-backed annotation (CELLXGENE Census)

Predictions were reconciled into consensus labels and validated against canonical
marker-gene signatures with targeted manual review. Cell-type categories were further

organized into parent classes to enable intuitive browsing and cross-dataset comparisons.

4. Data Integration and atlas creation

Integration & Feature Selection

* Integration model: scVI (variational autoencoder; scvi-tools) used as the
batch-correction/latent-representation method of choice.

« Tissue-aware markers: Curated canonical cell-type markers for synovium, skin, and
peripheral blood from CellMarker 2.0.

« Variable features: Aggregated union of highly variable genes (HVGs) across datasets
(a gene counted if HVG in 21 dataset).

* Final integration genes: Intersection of the marker panel and the HVG union —
~2,000 genes used to train scVI.

Latent-Space QC & Refinement

* Neighborhood-concordance filtering: In the scVI latent space, a cell is retained if
=255% of its neighbors share the same parent cell class (reduces ambiguous/outlier
assignments).

« Minimum category size: Parent cell classes with <40 cells (total) were removed to
stabilize downstream analyses.

Clustering & Visualization
e Graph-based clustering and UMAP dimensionality reduction were performed on the
scVI-corrected embedding.
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* Our robust annotation workflow enables high-confidence cell identities across tissues
and studies, supporting hierarchical exploration from major lineages to fine-grained
subsets.

* This makes the atlas query-ready: users can “zoom” from refined parent classes to
disease-relevant components (B cells, dendritic cells) across RA/SLE and tissues.

 Downstream analyses can resolve intra-cell-type diversity (e.g., memory B-cell
states, dendritic-cell subtypes), providing a principled path to interrogate underlying
biology and generate hypotheses.

Conclusions

The Nucleome-Rancho Autuimmune atlas uncovers both shared and tissue-specific
cellular signatures in RA and SLE, offering a powerful foundation for understanding
disease pathogenesis. The atlas scale and resolution creates a unique opportunity to
query disease-relevant cell states, identify candidate biomarkers, and guide target
discovery in future analyses. Beyond this, the atlas establishes a scalable and
reproducible framework for disease-focused single-cell analysis, enabling the
construction of reference datasets that support hypothesis generation and biomedical
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