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Figure S1. Study sample sections. The 13 tissue sections across 5 patient lung samples, 3
COVID-19 samples (1C, 2C, 3C) and 2 control samples (4nC, 5nC), used for ST in this study.
Scale bars are 500um.



Figure S2. Background SARS-CoV-2 detection. 1 UMI count across all assayed SARS-CoV-2
genes was detected in two tissue sections, a COVID-19 section with no SARS-Cov-2 probes
added (1C C1) and a control section (4nC A1l). Scale bars are 500um.
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Figure S3. RNAScope Validation Workflow. The RNAScope validation workflow consists of
two independent and similar procedures, which process the RNAScope or ST image signals
respectively, and compare the two procedure outputs. In each RNAScope/ST procedure, the
original histological image is cropped into median sized subimages. The RNAScope/ST signals
are detected by the corresponding method. Afterwards, the signal images are cropped into small
blocks, which are utilized for the validation analysis.
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Figure S4. Workflow of RNAScope light-field image processing. A visualization of the
RNAScope signal processing procedure, where the RNAScope signal images are the same size
as the corresponding light field images. The ST signal processing shares essentially the same
procedure, except for the RNAScope/ST signal call. The black scale bar represents the length of
500um and the white bars represent the length of 50um.




Original Tissue Subimage Hue Channel

RNAScope Subimage
(Hue>.80)

Figure S5. RNAScope Signal Call. The original tissue subimage, the hue channel, and the
RNAScope signal subimage after the thresholding, where the white scale bar represents the
length of 50um, and all the images are of the same size and resolution.
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Figure S6. In situ sequencing validation of ST S & E gene signal. Enlargement of Figure 1c

showing the in situ sequencing (ISS) signal and ST signal for genes S and E (~300um between
ISS and ST sections). Scale bars are 550um.
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Figure S7. Viral signal across RNA detection techniques. (a) Viral copies per ng of input
RNA across each COVID-19 sample section detected by qPCR. (b) Viral signal across all

SARS-CoV-2 genes detected by ST, E gene detected by ST E gene detected by qPCR, and S
gene detected by RNAScope.
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Figure S8. Highly reproducible capture of human transcriptome data. Pearson correlation of
average human gene expression between consecutive sections for each sample (n=5 samples),
with either (a) one section with human and SARS-CoV-2 probes added (HS) and the other with
only human probes added (H), (b) both sections with human and SARS-CoV-2 probes added
(HS), or both sections with only human probes added (H), p-value < 0.05.
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Figure S9. Correlation of SARS-CoV-2 gene expression levels (UMIs) to the average UMI

counts per spot. (a) Pearson correlation between the SARS-CoV-2 UMI counts per spot and the
average human UMI counts per spot, p-value < 0.05. (b) Pearson correlation between the SARS-
CoV-2 UMI counts per spot and the average SARS-CoV-2 UMI counts per spot, p-value < 0.05.



120

80

UMI counts per spot
EO0DEEES
oOwzTOoOmMOZ 3

3
m
[}

40 B ORF7b

- LE - mm.. .

1C_B1 2C_C1 3C_A1 3C B

Sample_ID

120

80 Sample_ID
W 1C_B1
[l2c_ct
W 3C Al
[]3c_B1

UMI counts per spot

40

Gene
Figure S10. SARS-CoV-2 gene distributions for each sample section assayed. (a) Total UMI
counts per spot of each SARS-CoV-2 gene for each COVID-19 sample section (n=4 sections).
(b) Total UMI counts per spot of each SARS-CoV-2 gene across each COVID-19 sample section

(n=4 sections).
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Figure S11. SARS-CoV-2 gene abundance dynamics. (a) The total number of singleton spots
for each SARS-CoV-2 gene. (b) The total number of spots that 1, 2, 3, 4, 5, 6, 7, 8, or 9 different
SARS-CoV-2 genes are detected in. (¢) Number of spots and total UMI counts for each SARS-
CoV-2 gene within the set of spots each particular SARS-CoV-2 gene is detected in.
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Figure S12. SARS-CoV-2 gene colocalization metrics. Analytical p-values for the
colocalization of SARS-CoV-2 gene pairs across the SARS-CoV-2+ spots from Chi-Square test
for independence, Fisher’s exact test, and Approximative (Monte Carlo) Pearson chi-squared test
for independence (Permutation). The dotted vertical line indicates a significance threshold p-

value of 0.05.
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Figure S13. Spatial SARS-CoV-2 gene distributions across tissue sample section 2C C1. The
spatial distribution of UMI counts per capture spot of each SARS-CoV-2 gene across COVID-19
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Figure S14. Spatial SARS-CoV-2 gene distributions across tissue sample 3C. The spatial
distribution of UMI counts per capture spot of each SARS-CoV-2 gene across COVID-19
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Figure S15. Clusters mapped onto the 13 ST tissue sections. Spatial distribution of the

clusters on COVID-19 (1C, 2C, 3C) and control (4nC, 5nC) sections. Scale bars are 500um.
Differential expression analysis to identify cluster specific DE genes used Wilcoxon rank sum

test and “bimod” Likelihood-ratio tests, p < 0.05.
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Figure S16. Single cell deconvolution of ST clusters. Proportion of each single cell cell type
across the ST clusters (top plots per cell type) and distribution of the proportion of each single
cell cell type across the ST clusters (bottom plots per cell type).
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Figure S17. Viral enrichment across ST clusters and single cell cell types. (a) Total SARS-
CoV-2 UMI counts across all SARS-CoV-2 genes detected per ST cluster (left), distribution of
SARS-CoV-2 UMI counts across all SARS-CoV-2 genes per spot across the ST clusters
(middle), and total number of SARS-CoV-2* spots (blue) and SARS-CoV-2" spots (red) per ST
cluster (right). (b) Total SARS-CoV-2 UMI counts across all SARS-CoV-2 genes detected per
deconvolution-based cluster (left) and distribution of SARS-CoV-2 UMI counts across all
SARS-CoV-2 genes per spot across the deconvolution-based clusters (right). (c) Total number of
SARS-CoV-2* spots (blue) and SARS-CoV-2" spots (red) per deconvolution-based cluster (left)
and cell type proportion (for each cell type) within SARS-CoV-2* spots (blue) and SARS-CoV-
2" spots (red) (right).
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Supplementary Tables

ST-positive ST-negative
RNAScope-positive 46 113
RNAScope-negative 43 139

Table S3. Confusion matrix comparing RNAScope and ST SARS-CoV-2 S gene signal. The
confusion matrix is generated from 300 um disk areas used in the quantitative validation analysis
that determines the SARS-CoV-2 S gene signal in each area for RNAScope and our ST

approach.
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