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Supplementary Figure 1. Overview of xDBIiT components. (A) All components required to perform
spatial barcoding using the xDBIT microfluidic PDMS chip. (B) Image of 3D-printed 1-well adapter and
respective PDMS gasket to treat all tissue sections at once. (C) Image of 3D-printed 9-well adapter and
respective PDMS gasket used to perform the reverse transcriptions and lysis steps. (D) xDBIT microfluidic
PDMS chip with assembled clamp. Detail image shows cross section of microfluidic channels with heights
and widths of 50 pm. Scale bar: 100 um. (E and F) Assembled 1-well and 9-well adapters with clamp,
respectively. (G) Assembled xDBIT microfluidic PDMS chip, clamps, and attached vacuum adapter.
Enlarged image shows one inlet filled with food dye-colored water to illustrate the bubble filters at the
transition of inlet to channel. Scale bar: 100 pm. (H) Schematic showing the positioning of tissue sections
compatible with xDBIT. (I) Schematic cross section of a xDBIiT PDMS chip and clamp system.

AGGCCAGAGCATTCGAACGTGATTTTTTTTTTTTTITTVN Ligation CATCGGCGTACGACTAACGTGATATCCACGTGCTTGAG

RevT primer Bridge Barcode poly(T) primer oligo 1 Bridge Barcode Bridge
Ligation CAGACGTGTGCTCTTCCGATCTNNNNNNNNNNAACGTGATGTGGCCGATGTTTCG
oligo2  (Biotin> PCR handle umi Barcode Bridge

Supplementary Figure 2. Sequences of barcoding oligonucleotides used during xDBIiT workflow.
RevT: Reverse transcription; UMI: Unique molecular identifier; PCR: Polymerase chain reaction.
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Supplementary Figure 3. Strip artifact in xDBIT data. Spatial projection of different xDBIT results on
DAPI image of the tissue section to investigate the occurrence of stripe artifacts. The spot color corresponds
to the number of Actb UMIs before normalization (A), or the normalized and log-transformed expression of
Actb (B). The red box indicates strip effects observed during experiments.
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Supplementary Figure 4. Comparison of xDBiT costs with Visium Spatial * and DBiT-seq method 2.
The panels from left to right show the costs normalized per slide, section and spot, respectively. For DBIT-
seq we calculated the costs from one experiment performed in our lab.



IQ'nrnUﬁmb>

1234567 89101112

A2 1e7 A3 167 s
Al 150 Al
150
B 125 B 2.0
125 ¢ c
10083 1004 .
IIID CDD
0756 E 075 5 N
=z ]
os0 F 050 F
025 © 025 © ‘
H H

1234567 89101112 123456 789101112 123456 789101112
C3

I O nmOUNm»P

C1 1e7 c2 1e7
Al Al 2.0 A A 25
1.50
B| B| B B
C| C| 15 (| 1.25 c
» «»
D D 8D 10050
e 5 E l'Dd E 07505 E
=z =z
F F os F 0s0 F
G G G 025 G
H H H H
123456 78 9101112 123456 78 9101112 12345678 9101112 123456 789101112
Before cleanu After cleanu
B 4 i 100 €
w
o Heart . _ 60000 5 10000
@ 80 8 =%
D Kidney @ 50000 f 8000
= 60 2 40000 g 5000
S oL 9 :
g Hhver % £ 30000 g
@ 40 35 . : {| 2 4000
& Spleen 5 20000 i 3t -
) 20 ® 10000 3 ] : 2000
© Brain o T P o
0 A E : A ! .
A e et A et et Brain Heart Liver SpleenKidney Brain Heart Liver SpleenKidney
ettt e g g ® ettt e g9 @ organ organ
xDbit datasels xDbit datasets
D Kidney Spleen Heart E
1.0
w 0.8 1
° 24 h
206 .
5
0.4/
# ]
0.2 Mixed
L O
0.0 -
k1 k2 k3 k4 sl s2 s3 s4 h1 h2 h3
Sample ID le | Sample ID
) Sample ID F Pancreas (p1 & p2)
Liver Pancreas Cerebellum 6000

% of reads
o
[=2]

Supplementary Figure 5. Quality control analyses for xDBit. (A) lllustration of plate position of barcodes
found in the different wells during cross-contamination analysis. (B) Percentage of organ-specific genes
that were found in the xDBIT datasets before and after computational background removal. Organ-specific
genes were taken from HOMER database?®. (C) Number of UMIs and genes per spot before computational
removal of background genes. (D) Shown are the alignment coverage metrics for all experiments published
in this study grouped by organ of origin. For information about the sample IDs see Supp. Table 2. (E) Test
of cross-contamination in the 9-well adapter using food dye-colored water. Images taken before and after
24 h incubation. Box shows example image of the color resulting from mixing yellow and blue. (F) Count
statistics in the pancreas samples. Violin plot shows numbers of UMIs per spot and number of genes per
spot before filtering. UMI: Unique molecular identifier; c: Cerebellum, h: Heart, I: Liver, s: Spleen, k: Kidney,
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p: Pancreas, numbers indicate replicates.
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Supplementary Figure 6. Sequencing read saturation in xDBIT. Analysis of sequencing saturation by
random subsampling of reads before count matrix generation. Line plots show the mean number of UMIs
per spot retrieved at different fractions of reads used for subsampling. The brackets contain the sample ID.
For more information on the sample IDs see Supp. Table 2.
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Supplementary Figure 7. Visualizing batch effects in the multi-organ datasets. Dimensionality
reduction was performed using the UMAP algorithm# and colors denote the individual tissue sections.
UMAP: Uniform Manifold Approximation and Projection; c: Cerebellum, h: Heart, I: Liver, s: Spleen, k:
Kidney, numbers indicate replicates.
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Supplementary Figure 8. Gene ontology (GO) term enrichment analysis of Leiden clusters. GO term
enrichment analysis was performed using the STRING algorithm® and the Brenda Tissue Ontology
database ¢ for all Leiden clusters in cerebellum (A), heart (B), liver (C), spleen (D), and kidney (E). P-values
for each GO term were calculated using a Hypergeometric test and corrected for multiple testing using the
Benjamini-Hochberg procedure’. The enrichment score was calculated as negative logarithm of the
corrected p-value. The gene ratio describes the size of the enrichment effect as logarithmic ratio of
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observed and expected number of genes.
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Supplementary Figure 9. Extended factor analysis of one exemplary kidney section. Factor analysis
was performed using MEFISTO 8. (A) Top positively weighted genes for the first 4 factors projected onto
the respective phalloidin flourescence image. Colors denote the expression of the gene in the respective
xDBIT spot. (B) GO term enrichment analysis using the STRING algorithm® and the Biological Processes
GO database®0. As input we used the top positively weighted genes (> 95% confidence interval) of the
first four factors to reveal functional and structural areas of the murine kidney. P-values for each GO term
were calculated using a Hypergeometric test and corrected for multiple testing using the Benjamini-
Hochberg procedure’. The enrichment score was calculated as negative logarithm of the corrected p-value.
The gene ratio describes the size of the enrichment effect as logarithmic ratio of observed and expected
number of genes. (C) Details of the projection of MEFISTO factor 4 onto fluorescence images of the kidney
section at two exemplary positions (I and II). Image colors denote CD31 (red), phalloidin (green) and DAPI
(blue). The images show a correlation of the endothelial marker CD31 with factor 4. Scale bar: 100 pm.
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Supplementary Figure 10. Extended cell type mapping results to the representative kidney section.
Deconvolution of the xDBIT ST results was performed using cell2location ' and a published single-cell
transcriptomics (scT) dataset of mural kidneys 2. (A) Spatially mapped proportions of all cell types,
predicted by cell2location, onto the phalloidin fluorescence image of the kidney section. Spot colors denote
the minimum number of cells predicted. (B) Detail of a representative region of the deconvolution results
for endothelial cells. Spot colors denote the minimum number of predicted cells.



Supplementary Tables

1 2 3 4 5

A 9 | 17 | 25 Alignment
marker
B 2 10 | 18 | 26 | 34 Barcode #

C 3 111 |19 | 27 | 35
D 4 |12 | 20 | 28 | 36
E 5 113 | 21 | 29 | 37
F 6 [ 14 | 22 | 30 | 38
G 15 [ 23 | 31 | 39

7
H 16 | 24 32-

Supplementary Table 1. Filling scheme of inlets for barcoding rounds with the xDBIiT microfluidic
PDMS chip. Inlets filled with alignment markers and ligation barcodes are colored red and green,
respectively.




Experiment Organ Sample | xDBiT run \I\.Igll Mouse
ID ID positions ID
Heart hl 1 A3 TS26
Heart h2 1 B1 TS26
Kidney k1 1 B3 TS26
Kidney k2 1 C1 TS26
Liver 11 1 B2 TS26
Spleen sl 1 Al TS26
Spleen s2 1 A2 TS26
Pancreas pl 1 Cc2 TS27
Multi-organ Pancreas p2 1 C3 TS27
Heart h3 2 A3 TS27
Heart h4 2 B1 TS27
Kidney k3 2 B3 TS27
Kidney ka 2 C1 TS27
Liver 12 2 B2 TS27
Spleen s3 2 Al TS27
Spleen s4 2 A2 TS27
Cerebellum cl 2 C2 NaCail
Cerebellum c2 2 c3 NaCail
Liver 13 3 Al TS16
Liver 14 3 A2 TS16
Liver 15 3 A3 TS16
contE:::;tion L?ver 16 3 B1 1516
analysis Liver 17 3 B3 TS5
Liver I8 3 Cc1 TS5
Liver 19 3 Cc2 TS5
Liver 110 3 c3 TS5

Supplementary Table 2. Information about the origin of the samples used in this study. Every xDBIiT
run ID refers to one experiment in which one xDBIT PDMS chip was used. The well positions refer to the
position on the 3 x 3 grid on a PDMS chip.
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Organ Encode ID Assay type #;fr;ls;::teer:c
Heart ENCSRO0O0CGZ | polyA plus RNA-seq 2
Kidney ENCSROOOCHA | polyA plus RNA-seq 2
Spleen ENCSROO0CGW | polyA plus RNA-seq 2
Spleen ENCSR966JPL | polyA plus RNA-seq 2
Liver ENCSROOOCHB | polyA plus RNA-seq 2
Cerebellum || ENCSRO0O0CGX | polyA plus RNA-seq 2

Supplementary Table 3. Information about bulk RNA-seq datasets used in this study. The datasets
were downloaded from the ENCODE?*314 database.

RevT Barcode
% Al A2 A3 Bl B3 C1 Cc2 C3 Spillover
Al | 91.89 | 1.26 1.69 1.45 1.06 0.96 | 0.78 | 0.91 8.11
A2 | 131 (9064 | 146 | 1.61 | 1.17 | 1.32 148 | 1.01 9.36
A3 | 1.28 1.02 | 92.50 | 1.23 1.33 1.07 | 0.77 0.81 7.50
3 Bl | 1.35 1.20 | 235 | 90.79 | 1.23 1.12 | 0.97 | 0.99 9.21
=S | B3 0.88 | 0.85 1.25 1.88 | 92.40 | 0.97 | 0.67 1.11 7.60
Cl| 350 | 054 | 0.72 | 0.62 | 0.64 | 92.66 | 0.63 | 0.69 7.34
€2 | 1.05 1.22 | 1.32 1.85 | 1.09 | 1.10 | 91.35| 1.02 8.65
C3| 081 | 062 | 1.31 | 0.87 | 0.79 | 0.77 | 0.53 | 94.31 5.69

Supplementary Table 4. Results of the spillover analysis. The table shows the percentage of reads in
a certain well (rows) that was found to carry a certain RevT barcode (columns). Italic values mark the
combinations of well and barcode that were expected from the experimental setup. All other values are
derived from spillover events between the wells. The right column shows the sum of spillover events per
well. RevT: Reverse transcription.
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https://www.encodeproject.org/experiments/ENCSR000CGZ/
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Cell type Cell2location [%] | Clark et al., 2019 [%]
Distal convoluted tubules 1.91 7.45
Early proximal tubules 2.29
Endothelial cells 17.27
Collecting duct intercalated cells 0.68 6.96 (All A-ICs + B-ICs)
Loop of Henle 15.70 14.87 (mTAL)
Macrophages 1.54
Nephron progenitors 4.40
Neutrophils 0.38
Collecting duct principal cells 2.87| 4.96 (CCD PC + OMCD PQ)
Proximal convoluted tubules 10.77 44
Proximal straight tubules 34.55
Podocytes 1.67 3
Proliferating cells 1.12
Stromal cells 1 0.47
Stromal cells 2 2.01
Unnamed 2.37

Supplementary Table 5. Cell type percentages obtained from the cell2location analysis and
subsequential comparsion to published percentages from?°. Medullary thick ascending loop (mTAL),
principal cells (PCs), Cortical collecting duct (CCD), Outer medullary collecting duct (OMCD), Intercalated
cells type A and B (A-ICs + B-ICs).
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