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Supplemental Figure 1 

Supplemental Figure 1. a Differentially expressed genes between the two macrophage clusters 
identified in the scFFPE-seq data. Z-score computed across cell types for each gene. 
b Xenium Gene Panel Design. The 280 gene pre-designed Xenium human breast panel was combined 
with 33 add-on genes (Supplemental Table 2), selected based on single cell data of human breast 
tissue1–3 and manual curation. The heatmap shows the relative expression of genes across different cell 
types found in the references used to build the panel. The gene markers chosen are generally mutually 
exclusive for their cell type. Z-score computed across cell types for each gene. 



 

Supplemental Figure 2 
 

 
 
Supplemental Figure 2. Xenium Quality Control Metrics. a Complexity measurement showing the 
cumulative distribution plot of total transcripts contributing to genes on the Xenium Human Breast Panel. 
Dotted line at y = 0.5 signifies that 50% of the total transcripts observed contribute to 27 genes. b Knee 
plot showing observed counts (Q ≥ 20) of genes and negative controls: 1) probe controls to assess non-
specific binding to RNA, 2) decoding controls to assess misassigned genes, and 3) genomic DNA (gDNA) 
controls to ensure the signal is from RNA. 
 
 
 
  



 

Supplemental Figure 3 
 

 
Supplemental Figure 3. Relative expression of genes across cell types comparing Xenium and 
scFFPE-seq. a, b Heatmap representation of the t-SNEs in Fig. 3i (scFFPE-seq, down-selected to 313 
genes) and Fig. 3j (Xenium), demonstrating that the cell type representation is generally similar. Z-score 
computed across cell types for each gene, by subtracting the mean and dividing by the standard 
deviation. c Comparison of cell type proportions in Xenium versus scFFPE-seq. 
 
 
  



 

Supplemental Figure 4 
 

 
 
Supplemental Figure 4. All cell types pictured in Fig. 3l are shown here individually. The highlighted cell 
type is filled black, and all other cells are filled white. Scale bar = 1 mm. This experiment was performed 
in replicate on two serial sections, with one representative section shown here. 
 
 
  



Supplemental Figure 5 

Supplemental Figure 5. Serial section Xenium replicates are highly correlated. a Cell types for each 
replicate from the same ROI. Scale bar = 200 μm. b Cell type proportions across the whole section. c 
Scatter plot comparing transcripts per cell for each gene across replicates (r2 = 0.99). d ROI showing all 
transcripts, color coded by cell type, for each replicate. Scale bar = 500 μm. 



Supplemental Figure 6 

Supplemental Figure 6. Visium and Xenium data identify adipocytes and their gene markers. a t-
SNE projection of the scFFPE-seq data showing the combined expression of 11 adipocyte markers 
(FABP4, GPX3, PLIN1, PLIN4, ADH1B, ADIPOQ, G0S2, LPL, GPD1, LIPE, SLC19A3). See Fig. 2a for 
cluster annotations. b t-SNE projection of the Xenium data displaying the expression of all adipocyte 
markers on the Human Breast Panel: ADIPOQ, LPL, LEP, and ADH1B. c H&E staining conducted pre-
CytAssist is shown for reference alongside the Visium spatial distribution of three known adipocyte 
markers (PLIN4, ADIPOQ, and ADH1B) expressed as log2(normalized UMI counts). Scale bar = 1 mm. 
d Spatial plot of the Xenium data displaying the expression of all adipocyte markers on the Human 
Breast Panel: ADIPOQ, LPL, LEP, and ADH1B. Scale bar = 1 mm. e, f Closer view of an adipocyte 
region showing e post-Xenium H&E and f Xenium spatial plot for adipocyte markers with nuclei in gray. 
Scale bar = 0.2 mm. Both the Xenium and Visium experiments were performed in replicate on two serial 
sections, with one representative section from each technology shown here. 



Supplemental Figure 7 

Supplemental Figure 7. Benchmarking scFFPE-seq and Xenium sensitivity from FFPE curls 
against Chromium 3′ and 5′ GEX from patient-matched FF dissociated tumor cells. a Scatter plots 
of UMIs per cell representing pairwise comparisons of Chromium single cell technologies (scFFPE-seq, 3′ 
GEX and 5′ GEX) at the recommended sequencing depth for scFFPE-seq (10,000 mean reads per cell). 
b Scatter plots of UMIs per cell in pairwise comparisons between scFFPE-seq, 3′ GEX and 5’ GEX at the 
recommended sequencing depth for 3′ GEX and 5′ GEX (20,000 mean reads per cell). c Venn diagram of 
the overlap between genes with zero counts across all cells within each of the three sequencing platforms 
at 10,000 mean reads per cell. The number “16353” outside of the Venn diagram represents the genes 
which are expressed with greater than zero counts and are possible to detect in all technologies d Scatter 
plots of UMIs per cell and transcripts per cell between Chromium at the recommended sequencing depth 
and Xenium. Genes are downsampled to those contained within the Xenium panel. Dotted lines represent 
X=Y.  



Supplemental Figure 8 

Supplemental Figure 8. Xenium, Visium and scFFPE-seq are benchmarked for specificity, 
sensitivity, and resolution. a Chromium scFFPE-seq data down-selected for only the 313 genes that 
appear on the Xenium gene panel. Violin and scatter plots showing the total number of transcript counts 
per cell detected in the Xenium data vs. UMIs per cell in the scFFPE-seq data. Pearson’s R2=0.66; 
Spearman's r2 = 0.85 (using log mean counts per cell). b Registration of Visium and Xenium H&E allows 
for the isolation of a common area between the two platforms. The number of total transcripts within this 
common area is reported. c-e Tumor epithelial marker TACSTD2 gene expression is shown as c Xenium 
transcript localization plot (decoded at Q ≥ 20), d Visium spatial plot (counts/spot), and e pseudobulk 
Xenium expression counts mapped to Visium spots. Resolution improvements from Visium are notable 
in the Xenium data, even at low magnification (compare c and d). Scale bar = 1 mm. f Sensitivity scatter 
plot expressed as pseudobulk counts per spot, quantified for all 313 genes on the Xenium panel. Dotted 
line represents X=Y; solid line is 10X = Y. g Comparison of Xenium and Visium data (counts per spot) 
showing high spatial correspondence (r2 = 0.88). 



Supplemental Figure 9 

Supplemental Figure 9. Protein immunofluorescence images acquired post-Xenium from the same 
section validate the specificity of Xenium RNA probes. a After 15 cycles of imaging on the Xenium 
instrument, sections were immunostained for HER2 and CD20 proteins using fluorescent secondary 
antibody detection in the 594 and 488 channels, respectively. Scale bar = 1 mm. b Comparing the 
equivalent Xenium RNAs (ERBB2 and MS4A1), spatial correlation to protein expression was nearly 
identical. c-e Region of interest outlined with yellow box in a and b. Because RNA and protein data were 
obtained from the same section, the two DAPI images were registered and overlaid with RNA and protein 
expression. HER2 and CD20 protein immunofluorescence are shown registered with c KRT14 RNA 
(myoepithelial), d SFRP4 RNA (stromal), and e APOC1 RNA (macrophages). Immunofluorescence was 
performed on both serial sections post-Xenium with one representative section shown here. 



 

Supplemental Figure 10 

 
 
Supplemental Figure 10. Xenium and scFFPE-seq assign cell type frequencies to individual 
Visium spots. a-c Registration of Visium and Xenium H&E images (see Supp. Fig. 8b) allows for the 
interpolation of cell type proportions within Visium spots using Xenium transcript counts. Scalebar = 0.1 
mm. d Annotated cell types (see Supp. Fig. 4) from Xenium are overlaid on a Visium heatmap expressed 
as a proportion (fraction of one) of that cell type within each spot (see scale bar in f). Scale bar = 0.1 mm. 
e Interpolation of Visium spots allows for mixed, unannotated cell clusters to be resolved into cell type 
frequencies. f We deconvolved Visium spots into cell types with spacexr4 using the scFFPE-seq data as 
the single cell reference. Scale bar = 1 mm. f, g Comparison of the spot interpolation method using 
Xenium and the deconvolution method using scFFPE-seq. Cell type proportions are expressed as a 
fraction of one. 



Supplemental Figure 11 

Supplemental Figure 11. Enriched gene ontology terms from two different databases (BioPlanet 2019 
and Reactome 2022) associated with triple positive, DCIS #1 (PGR−), DCIS #2 (PGR−) Visium spots. 



Supplemental Figure 12 

Supplemental Figure 12. Individual cell types in Figure 6 can be identified with a single marker. t-
SNE projection of the Xenium data and selected gene markers. 



Supplemental Figure 13 

Supplemental Figure 13. Normal-appearing ducts contain tumor cells. a H&E of one FOV of a 
normal duct region amidst adipocytes. Scale bar = 100 μm. b Cells are labeled according to the clusters 
provided in Fig. 6a. Boxed region shows tumor cells present where duct morphology appears normal. c 
H&E of a different FOV of a normal duct region. Scale bar = 100 μm. d Cells are labeled according to the 
clusters provided in Fig. 6a. Tumor cells are again present where duct morphology appears normal.  
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Supplemental Table 1. Metrics 
 

Flex 
Sample 

#1 

Tissue 
(Curl) Size 

Tissue 
Type and 
Thickness 

Number of 
Cells 

Total 
Transcripts 

Median 
Reads per 

Cell 

Median 
Genes per 

Cell 
Genes 

Targeted 
Genes 

Detected 
Median UMI 
Counts per 

Cell 

Reads 
Mapped 

Confidently 
to Probe Set 

Pipeline 
Version 

Fraction 
mito- 

chondrial 
UMI counts 

Estimated 
UMIs from 
Genomic 

DNA 

Probe Set 
Name 

7.5 mm x 6 
mm 

50 μm FFPE 
curls 30,365 204,470,550 10,450 1,480 18,085 17,696 2,191 93.20% celllranger-

7.0.1 4.00% 0.04% 
Human 

Transcriptome 
Probe Set v2 

               

Visium 
Sample 

#1 

Tissue 
(Capture) 

Size 

Tissue 
Type and 
Thickness 

Number of 
Spots 
Under 
Tissue 

Total 
Transcripts 

Mean 
Reads per 

Spot 

Median 
Genes per 

Spot 
Genes 

Targeted 
Genes 

Detected 
Median UMI 
Counts per 

Spot 

Reads 
Mapped 

Confidently 
to Probe Set 

Pipeline 
Version 

Fraction 
mito- 

chondrial 
UMI counts 

Estimated 
UMIs from 
Genomic 

DNA 

Probe Set 
Name 

6.5 x 6.5 
mm 5 μm FFPE 4,992 114,568,641 40,003 5,712 18,085 18,056 13,973 98.50% spacerang

er-2.0.0 6.60% 3.00% 
Human 

Transcriptome 
Probe Set v2 

               

Xenium 
Sample 

#1 

Tissue 
(Imaging) 

Size 

Tissue 
Type and 
Thickness 

Number of 
Cells 

Transcripts 
Decoded 

(Q-score ≥ 
20) 

Median 
Reads per 

Cell 

Median 
Genes per 

Cell 
Genes 

Targeted 
Genes + 
Add-On 

Median 
Transcripts 

per Cell 

Fraction 
Counts Neg. 

Control 
Probes 

Pipeline 
Version 

Fraction 
Counts 

Decoding 
Controls 

Fraction 
Counts 

from 
Genomic 

DNA 

Probe Set 
Name 

7.5 mm x 6 
mm 5 μm FFPE 167,885 36,944,521 NA 62 313 280+33 166 0.026% 2022.1204.

1 0.01% 0.00% Human Breast 
Panel 

               

Xenium 
Sample 

#2 

Tissue 
(Imaging) 

Size 

Tissue 
Type and 
Thickness 

Number of 
Cells 

Transcripts 
Decoded 

(Q-score ≥ 
20) 

Median 
Reads per 

Cell 

Median 
Genes per 

Cell 
Genes 

Targeted 
Genes + 
Add-On 

Median 
Transcripts 

per Cell 

Fraction 
Counts Neg. 

Control 
Probes 

Pipeline 
Version 

Fraction 
Counts 

Decoding 
Controls 

Fraction 
Counts 

from 
Genomic 

DNA 

Probe Set 
Name 

7.2 mm x 
5.3 5 μm FFPE 142,272 12,919,042 NA 38 280 280 63 0.00% 1.4.0.6 0.00% 0.00% Human Breast 

Panel 
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