Unlocking multiomic analysis in spatial genomics: Integrating spatial ATAC-seq and V(D)J
sequencing with gene expression using novel spatial barcoding of single nuclei
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incubated with TnS transposase to fragment and insert adaptors into the accessible chromatin
regions. Individual nuclei were then captured on the BD Rhapsody system. mRNA, ATAC products,
and spatial barcodes were simultaneously captured and separate libraries for each modality were
generated. The WTA and Trekker libraries were sequenced on the lllumina® NextSeq® 1000, and the
ATAC-seq libraries were sequenced on the Element AVITI.

» For spatial single-nucleus V(D)J (snV(D)J-seq) experiments, we used the BD Rhapsody TCR/BCR
Next and mRNA WTA kit to simultaneously capture mRNA, V(D)J sequences, and spatial barcodes,
as well as to generate separate libraries for each modality. All libraries were sequenced on the

Nextseq 1000.

A custom bioinformatics pipeline integrated the spatial positions of each nucleus and the
transcriptomic, epigenetic, and immune repertoire data.

» For this pilot study, only a subset of isolated nuclei was loaded onto the BD Rhapsody system

(Table 1).
Sample Mouse Mouse  Mouse brain-1 = Mouse Mouse lymph Human breast
P kidney-1 = kidney-2 (— Trekker) brain-2 node cancer
Assay snRNA-seq + snATAC-seq snRNA-seq + snV(D)-seq
#ofnuclel 5 105 14x105 89x10*  5x10¢ 1.03x105 57 x105
isolated
#I‘(’)far(‘j‘éﬂe' 4x10 46x10*  31x10*  24x10* 1.7 x10% 3.2 x 104
# of nuclei
captured 11,357 10,494 9,691 7,495 5,603 10,671
o :
F/;’O‘;‘ict%‘fe'g' 471%  60.2% N/A 76.8% 79.6% 61.48%
# of nuclei

Table 1. Sample metrics
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Figure 3. Trekker technology brings spatial dimension to snRNA-seq and snATAC-seq data. 11,612 nuclei from two adjacent 25 ym
sections of an adult mouse kidney were spatially positioned using two 10 mm x 10 mm Trekker tiles. The data from the two tiles were merged.
Annotated cell types on UMAP were generated from snATAC-seq peaks (Panel A) and snRNA-seq expressions (Panel B). Spatial projections
of annotated cell types (Panel C). Sequence logo plots of top five overrepresented DNA motifs in differentially accessible ATAC peaks in S3 vs.
S1 proximal tubule cells (Panel D). Spatial pattern of kidney region-specific genes, Slc12a1, Napsa, and Gpx3 (Panel E). Gpx3-linked genomic
region accessibility (left) and Gpx3 expression (right) in annotated cell types (Panel F). Gene annotation, with blue/green representing +/- strand
(Panel G, top). Reference peaks (Panel G, middle). Peak linkage over Gpx3-linked genomic region as in Panel F (Panel G, bottom). Gene-
associated genomic region: 10,000 bp up- and downstream of the gene of interest. All cell types were annotated based on snRNA-seq data.
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Figure 5. Spatial snTCR/BCR-seq and snRNA-seq of human breast cancer reveal spatial distribution of clonotypes within the tumor.
TCR and BCR library metrics (Panel A). H&E staining of an adjacent section (Panel B). Overlay of spatial shRNA-seq data with H&E staining
(Panel C). Each dot is a single nucleus with 1:1 correspondence to the UMAP (Panel D) and colored by the same cell type annotations. Spatial
plots colored by expression level of ERBB2, TRBC2 and IGKC (Panel E). Separate and combined images of three BCR clones displaying H&E
staining overlaid with spatial projections of the top eight BCR heavy-chain CDR3 clonotypes (Panel F). The dotted circle highlights a tumor region.

In this study, we showcased how the Trekker kit integrates easily upstream of existing
single-nucleus assays, enabling previously hard to achieve spatial multiomics analysis.
Even with subsampling of nuclei and shallow sequencing, we were able to accurately
recapitulate spatial morphology, identify major cell types, and perform meaningful
peak analysis (ATAC-seq) and clonotype analysis (V(D)J). These methods provide a
comprehensive high-dimensional approach to studying complex tissues and diseases.
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