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Supplemental Methods

Glomerular isolation and single cell suspension

Isolation of glomeruli and preparation of single-cell suspensions from 8 week old CD1 male
mice was performed as previously described’. In brief, kidneys were dissected after cervical
dislocation and renal arteries were perfused with Hank’s Balanced Salt Solution (HBSS)
supplemented with magnetic Dynabeads (Thermofisher Sicentific). Next, kidneys were
released from the capsule and minced in 3 ml tissue digestion solution containing 300 U/mi
Collagenase 4 (Worthington), 300 U/ml Protease and 50 U/ml DNase I. Tissue dissociation
was completed in a 37 °C incubator with gentle shaking and trituration in 5-minute intervals to
facilitate the dissociation process. The tissue soup was then passed through 100-um sieve on
50-ml falcon tubes to capture tubular and non-glomeruli structures by their size. The sieves
were washed with ice-cold HBSS and the glomeruli were pelleted by spinning down at 1500x
g at 4 °C for 5 minutes. The pellet was resuspended in ice-cold HBSS in 1.5 ml eppendorf
tubes and the glomeruli were concentrated using a magnet.
The purity of glomerular isolates was routinely monitored by visual inspection on a Leica
DFC450 microscope (Suppl. Figure 1A). For preparation of single cells, isolated mouse
glomeruli were re-suspended in 1 ml of tissue digestion solution and transferred to a thermo-
shaker set to 37 °C at1400 rpm. Further mechanical dissociation was induced using pipetting
and/or gentle shearing through a syringe in 5-minute intervals. After a total time of 40 minutes,
beads were removed and the single cells were collected by centrifugation at 5000x g, 4 °C for
10 minutes. Cells were re-suspended in ice-cold PBS and immediately FACS-sorted. 7-AAD
(BD Pharmigen, 559925) was added to stain dead cells. FACS was carried out on a FACSAria
[l device gating for 7-AAD negative single cells. For fixation, single live cells were collected in
ice-cold 80% methanol in PBS and transferred to Berlin on dry ice for the preparation of
monodisperse droplets for single cell RNAseq.

Single-cell and bulk mRNA-sequencing

Single-cell sequencing: Drop-seq procedure, single-cell library generation and
sequencing

Monodisperse droplets of about 1 nl in size were prepared on a self-built Drop-seq set up
following closely the instrument set up and library generation procedures invented by Macosko
et al.? , as also previously described by us for methanol-fixed cells®**. Upon nanoliter droplet
formation, individual cells are co-encapsulated with individual, uniquely barcoded beads, and
become lysed completely. Released cellular polyadenylated RNA molecules then hybridize to
polyd(T) primers that are attached to the uniquely barcoded beads. Nanoliter-droplets are
collected and broken, and RNA molecules are reverse transcribed into complementary DNA
(cDNA), amplified by PCR, size-selected for mRNA and sequenced in bulk.

cDNA libraries had large average sizes of ~ 1.7 to 1.9 kb, indicating high quality RNA and
cDNA molecules. Single-cell Drop-seq libraries at 1.8 pM (final insert size average ranging
between 650 to 780 bp) were sequenced in paired-end mode on lllumina Nextseq 500
sequencers with 1% PhiX spike-in for run quality control using lllumina Nextseq500/550 High
Output v2 kits (75 cycles). Read 1: 20 bp (bases 1-12 cell barcode, bases 13-20 UMI; Drop-
seq custom primer 1 “Read1CustSeqB”), index read: 8 bp, read 2 (paired end): 64 bp).

Bulk mRNA-seq libraries and sequencing

Isolated glomeruli or live, sorted, methanol-fixed single glomeruli cells were used for total RNA
extraction with TRIzol reagent (Invitrogen). Stand-specific cDNA libraries were generated
according to the lllumina TruSeq protocol (TruSeq Stranded mRNA LT Sample Prep Kit,
lllumina) using 500 ng (glomeruli lysate) or 95 ng (sorted, fixed single cells from dissociated
glomeri) of total RNA. 1.8 pM concentrated libraries were sequenced in single-read mode on
lllumina Nextseq 500 sequencers using High Output v2 kit (150 cycles), single read 150 bp,
index read: 6 bp.



Computational methods

Bulk mRNA-seq: alignment and gene quantification.

Reads were aligned to the Mus musculus reference genome mm10 using STAR v.2.5.3a with
default parameters®. Gene quantification was done with htseg-count by using the GENCODE
M12 (Ensembl 87) annotation. We used the same workflow to align the reads and quantify
genes in published datasets (Suppl. Fig. 1F-H).

Single cell RNA-seq: data processing, alignment and gene quantification.

We chose read 1 to be 20bp long, which sequences the cell barcode at positions 1-12 and the
UMI at positions 13-20, while avoiding reading into the poly(A) tail. The remaining 64
sequencing cycles were used for read 2. Sequencing quality was assessed by FastQC
(v.0.11.2), while special attention was paid to the base qualities of read 1 to assure accurate
cell and UMI calling. We used the Drop-seq tools v. 1.127 to trim poly(A) stretches and potential
SMART adapter contaminants from read 2, to add the cell and molecular barcodes to the
sequences and to filter out barcodes with low quality bases. The reads were then aligned to
the reference genome as above. Typically, around 60%-75% of the reads were found to
uniquely map to the genome; muti-mapping reads were discarded. The Drop-seq toolkit’* was
further used to add gene annotation tags to the aligned reads and to identify and correct bead
synthesis errors, in particular base missing cases in the cell barcode. Cell numbers were
estimated by plotting the cumulative fraction of reads per cell against the cell barcodes and
calculating the knee point. The DigitalExpression tool” was used to obtain the digital gene
expression matrix (DGE) for each sample.

Cell filtering and data normalization.

For a first view of gene quantification and basic statistics we used the R package 'dropbead’
(https://github.com/rajewsky-lab/dropbead)®. The individual DGEs corresponding to four
replicate samples were pooled together, resulting in 15,135 cells. We discarded cells
expressing less than 350 UMIs, ending up with 14,722 for further analysis. We normalized the
UMI counts for every gene per cell by dividing its UMI count by the sum of total UMIs in that
cell, and multiplying it by the number of UMIs that the deepest cell contained. Downstream
analysis was performed in log space.

Doublet identification and removal.

We used the marker genes in Table 1 and the following algorithm to identify and remove cell
doublets®. First, for each of the marker genes, we computed its mean expression only from
cells which express it. Second, for a given cell, we used these computed averaged values to
scale the expression of any of the marker genes expressed in that cell, producing scaled
scores. This has the effect of not favoring outlier, or very highly expressed genes. Next, we
computed the mean score of every cell type for every cell. If a cell had two or more cell type
scores larger than a cutoff, it was flagged as a doublet. As we expected around ~10% of
doublets based on earlier cell mixing experiments with distinct species®*, we took a threshold
value of 0.08, identifying 1,754 doublets in our data. We removed those cells to continue our
analysis.

Correlation of gene expression measurements.

Correlations of gene expression levels between single-cell samples were computed by first
sub-setting the DGEs of the two samples to the intersection of the genes captured in both
libraries (typically more than ~15,000) and then computing the sum of gene counts across all
cells in each library. Plotting of correlations is shown in log-space. For the correlation of our



single-cell libraries against mRNA-seq, we converted the gene counts of the latter one into
RPKMs and used the mean value of all isoforms for a given gene.

Clustering, t-SNE representation and marker discovery.

We used Seurat® v. 2.2.0 to identify highly variable genes, perform principal component
analysis, identify the most important principal components and use those for clustering and t-
SNE representation. Around 1305 highly variable genes were identified and the first 15
principal components were used for the clustering and the tSNE representation. Cluster
identification was done with the Louvain clustering algorithm. The endothelial and podocyte
subclusters were found to be relatively robust to changes of the resolution parameter. We
used Seurat’s function FindAllMarkers to find potential markers for each cluster in an
unsupervised manner.

Detection of tissue dissociation-induced stress response

A set of 140 genes, recently shown to respond to tissue dissociation stress, was taken from
van den Brink et al. 2017’ (Suppl. Table 5). In order to assess whether our single-cell
dissociation induced a stress response, we compared our two bulk mRNA-seq samples
("bulk1" corresponding to purified glomeruli; "bulk2" corresponding to sorted, fixed single
cells). The difference of normalized gene expression between the two samples was used to
measure the stress response. We restricted the analysis to those genes having a normalized
expression greater than 1 in both bulk samples, resulting in 132 out of 140 initial genes. We
created a second set by randomly selecting an equal number of genes with the same
requirement. A third set of genes was created by excluding the stress response genes from
the highly variable genes and requiring again a normalized expression greater than 1 (975
genes in total). Normality of the three distributions was assessed with a Kolmogorov-Smirnov
test (p<2.2x107'®, p=1.9x10™, p<2.2x10"®). The differences in means between the three sets
was found to be statistically significant, if tested with a t-test (p<2.2x107'° for each comparison).

Subclustering and correction for tissue dissociation-induced stress response genes

We subclustered the podocytes and the endothelial cells by extracting them from the main
clustering and treating them as independent samples. The corresponding raw DGEs (with UMI
counts) were used as input to Seurat. As the podocytes subclusters were defined by subtle
differences in gene expression, we regressed out the stress response genes to alleviate any
stress-related confounding factors. We found that the removal of those genes from the highly
variable genes of the Seurat object was the most effective way to regress out the stress factor.

Functional annotation by gene ontology analysis

We used pathway and gene set overdisperson analysis (PAGODA)® to detect functional
characteristics across cell populations in endothelial and podocyte subclusters. The color bars
above PAGODA heatmaps (Fig. 3C, Suppl. Fig. 4H) were defined based on cell cluster colors
shown in the tsne plots (Fig. 3A, 4A). Both predefined KEGG pathways and de novo gene
clusters were tested. For significant over-dispersed de novo gene clusters, gene ontology
analysis was performed using clusterProfiler’ with pAdjustMethod="BH", pvalueCutoff=0.01,
and qvalue = 0.05.

Image analysis and microscopy

Literature and Human Protein Atlas review for identification of novel marker genes
Cell cluster marker genes as identified by highly variable gene analysis between clusters were
classified in three categories: ‘established marker’, ‘relevant as by published literature’, and
‘novel’. The search strategy was designed to identify a comprehensive list of novel cell-type
specific markers for the three key glomerular cell types. Ideally, such novel markers would be
corroborated by immunostaining data from the Human Protein Atlas (HPA)".



In a first step, disease genes causing hereditary kidney disease upon mutation and
genes widely used as markers for the respective cell population in immunohistochemistry and
immunofluorescence staining were classified as ‘established marker’. Then, violin plots for
marker expression in glomerular cells were visually inspected to identify marker genes
showing exclusive expression in either podocytes, mesangial, or endothelial cells. Genes that
either did not have corresponding data in HPA, showed ubiquitous expression in HPA, or were
classified as ‘not detected’ or ‘low expression’ in glomeruli within HPA, respectively, were not
followed up further.

The remaining genes were searched for in the Pubmed database as current in
November 2017 using “[(gene symbol) OR (gene name) OR (protein name)] AND endothel®
AND (kidney OR glomerulus)”, “[(gene symbol) OR (gene name) OR (protein name)] AND
podocyt* AND (kidney OR glomerulus)”, and “[(gene symbol) OR (gene name) OR (protein
name)] AND mesangi* AND (kidney OR glomerulus)”’, respectively, as search terms. Upon
identification of at least one abstract relating to a function of the gene in question in glomeruli
or kidneys in vivo, the respective gene was classified as ‘relevant as by published literature’.
If no publications were identified in this manner Pubmed was searched again using “[(gene
symbol) OR (gene name) OR (protein name)] AND (kidney OR glomerulus)” as search term.
If no publications were found or the putative marker gene had thus far only been shown as
relevant in vitro, the marker was classified as ‘novel’.

Immunofluorescence staining & image processing
Immunofluorescent staining of isolated glomeruli was carried out on 8 week old male Nphs2-
Cre x mTmG mice in a CD1 background'". Fixation was performed with 10% PFA followed by
permeabilization with Triton-based PBS at room temperature for 30 minutes. Primary antibody
incubation was completed overnight at 4 °C with Cald1 antibody (Sigma, HPA008066), Lars2
antibody (Abcam, ab187983) or an isotype control (Santa Cruz, sc-2027).

Confocal stacks were acquired using a Leica SP8 confocal microscope equipped with
a 63x/1.4 oil immersion objective operated with the LAS X software version 3.1.5 (Leica
Microsystems, Wetzlar, Germany). Image acquisition settings were comparable between all
images.

To prepare representative figures images were processed using ImageJ/Fiji (version
1.51) as follows: Maximum intensity projections of 5 slices spanning 1.49um. Display settings
(Min&Max adjustement) in the control channels (mTomato, mGFP, DAPI) were individually
adjusted for best result, while the settings were kept identical for the channel of interest (Cald1,
Lars2 and control). Montages were prepared using the ImageJ/Fiji Montage tool.
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Supplemental Table 1. Median number of genes, transcripts (UMIs) and reads per cell

reads cells genes umis

before replicate1 8077 4394 532 786
doublet replicate2 10091 4164 743 1156
removal replicate3 8982 2948 595 884

replicate4 10562 3216 649 986
mean 9428 3681 630 953
sum 14722
after replicate1 8294 3815 544 806
doublet replicate2 9744 3768 730 1127
removal replicate3 8963 2553 589 878

replicate4 10496 2818 648 983
mean 9374 3239 628 949
sum 12954

Page 1



Supplemental Table 2. (Related to Suppl. Fig. 1B). Marker genes for each of the five major cell types to identify putative cell doublets.

Endothelium Mesangium Podocytes Tubules Immune
Emcn Acta2 Nphs2 Fxyd2 Cd74
Ehd3 Rgs5 Cdkn1ic Pvalb H2-Aa
Kdr Myl9 Tef21 Atp1b1 Cd52
Fit1 Tpm2 Enpep Defb1 Ptprc
Pecam1 Myh11 Nphs1 Umod
Pi16 Pcp4l1 Synpo Wfdc15b
S100a6 Sfrp2 Npnt Slc12a3
Pbx1 Rergl Wit1 Sfrp1
Pin Pard3b Ldhb
Ren1 Ptpro Hsd11b2
lqgap2 Kenj1
Mafb




Supplemental Table 3. Top variable genes per cluster

Full dataset
jothelium.avg_logFC Endothelium.gene Immune.avg_logFC Immune.gene ium.avg_logFC ium.gene Podocytes.avg_logFC Podocytes.gene Tubules.avg_logFC Tubules.gene

3.18 Ly6cl 4.1 Cd74 3.75 Acta2 2.53 Nphs2 4.02 Fxyd2
3.07 Srgn 4.1 H2-Aa 3.43 Myl9 2.48 Cdknlc 3.96 Kik1
2.87 Emcn 3.9 H2-Abl 3.40 Rgs5 2.16 Clic3 3.89 Defbl
2.77 Egfl7 3.5 H2-Ebl 3.38 Tagln 2.14 Nuprl 3.85 Atplbl
2.74 Cdknla 3.0 Lyz2 3.09 Tpm2 1.99 Dpp4 3.82 5100g
2.71 Ifitm3 2.6 Tyrobp 2.96 Myh11 1.98 Enpep 3.45 Pvalb
2.70 Ednrb 2.5 Lilrb4a 2.93 Sparcll 1.93 Tef21 3.28 Sppl 20
2.60 Apoldl 2.5 Laptm5 2.73 Mustnl 1.91 Nphs1 3.24 Umod
2.58 Igfbp5 2.4 Ccl9 2.72 Gm13889 1.87 Gadd45a 3.23 Slc12a3
2.57 Ctla2a 2.3 Feerlg 2.53 Serpine2 1.86 Rab3b 3.14 Mt1
2.49 Cd24a 2.2 Cd52 2.45 Hopx 1.76 Rhpnl 3.10 Ldhb
2.39 Empl 2.0 Ctss 2.38 Akrlb7 1.75 Tmsb4x 3.08 Wfdc15b Endothelium
2.31 Ly6e 1.8 Ptprc 2.27 Pcp4ll 1.75 Col4a3 3.06 Sfrpl P |mmune
2.24 5100a6 1.8 Cd53 2.18 Map3k7cl 1.74 Rasllla 3.05 Calbl Lu‘ .
2.23 Adgrfs 1.9 Cd83 2.10 Rergl 1.74 Mafb 2.87 Mt2 z Me sangium
2.19 Flt1 2.3 Cytip 1.83 Pn 1.72 Npnt 2.70 Nudt4 - Podocytes
2.16 Ehd3 1.4 Lspl 1.82 Fxydl 1.70 Arhgap24 2.66 Tmem213 Tubules
2.12 Clica 2.0 Srgn 2.16 Rasdl 1.70 Adm 2.55 Ppplrla
2.11 Cripl 1.9 Lgals3 2.15 Mgp 1.69 Pakl 2.55 Clu 20
2.06 1810011010Rik 2.1 Rgs2 1.88 Sncg 1.68 Synpo 2.50 Tmem52b
2.05 Gimap6 1.7 Gm2a 1.67 Mef2c 1.65 Foxd2os 2.36 Kng2
2.04 Plppl 1.5 Ly6e 1.64 Flna 1.63 Golim4 2.34 Egf
2.02 Slfn5 1.3 Fxyd5 2.13 1d3 1.61 Igfbp7 2.29 Wfdc2
1.94 Fxyd5 1.5 Ctsz 1.86 Gngll 1.60 Vegfa 2.22 Atplal
1.94 Pecaml 1.4 Gm8995 2.49 Cald1l 1.59 Cd59a 2.17 mt-Cytb 40
1.94 Gm8995 1.3 Rpl18a 1.87 Dkk2 1.59 Sdc4 2.15 Gabarapll
1.94 Pil6 1.4 Cyba 1.86 Nrda2 1.58 Sema3g 2.14 Fabp3
1.93 Gimap4 1.4 Arpclb 1.87 Rgs2 1.57 Tdrd5 2.09 KI
1.92 Sgkl 1.5 B2m 1.79 Slc12a2 1.56 Naplll 2.04 Mal -50 -25 o 25
1.92 Kdr 1.4 Gpx1 1.88 Filipll 1.54 Shisa3 2.04 Kenjl tSNE_1
1.90 Ptprb 1.3 Gm15427 1.47 Usp2 1.54 Eif3m 2.01 Pgam2
1.89 Ramp2 1.3 Emp3 1.77 Cripl 1.48 Thsd7a 1.98 mt-Nd1
1.87 Kif4 1.4 Rpl32-ps 1.43 Akap12 1.48 Pthir 1.97 mt-Col
1.86 Pbx1 1.4 H2afz 1.52 I1d2 1.48 Septll 1.90 S100al
1.86 Thbd 1.3 H2-K1 1.50 Mt1 1.47 Ctsl 1.90 Oxctl
1.85 Cyp4b1l 1.3 Rpsa 1.07 Cdknla 1.46 Podx| 1.89 Chchd10
1.84 B2m 1.3 Rps4x 1.78 Impdh2 1.45 Cryab 1.87 Wnkl1
1.83 Calerl 1.2 Gm10689 1.32 Adamts1 1.44 Mertk 1.87 mt-Nd4
1.78 Ly6a 1.3 Gm29228 1.39 Igfbps 1.44 Htral 1.84 Slc25a5
1.78 Meis2 1.6 Rilpl2 1.50 Ppplrl2a 1.42 Nes 1.84 Sostdcl
1.78 Hbegf 1.2 Rps13-ps2 1.20 Tpm1 1.52 Wtl 1.83 mt-Nd2
1.76 Lrrc32 1.2 Gm9354 1.38 Actnl 1.55 Npr3 1.83 Epcam
1.76 Crip2 1.6 Msn 1.41 Emd 1.49 Ildr2 1.80 Clcnkb
1.70 Sdpr 1.3 Rpl23 1.19 Mylk 1.52 Robo2 1.80 Slc16a7
1.63 Clicl 1.2 Rpl32 1.08 Slc25a4 1.54 Pard3b 1.78 mt-Nd5
1.54 Nrpl 1.3 Gm9794 1.10 Gadd45b 1.48 Tmem150c 1.77 mt-Rnrl
1.48 Gpx1 1.2 Gm6472 1.13 Dstn 1.54 Gasl 1.77 Acatl
1.51 Plpp3 1.3 Raplb 1.14 Cebpb 1.46 Hoxc8 1.76 Gm5514
1.40 Akap13 1.2 Rps24 1.07 Mapllic3a 1.50 lggap2 1.75 Pdzklipl

1.37 Mat2a 1.3 Cst3 1.13 Cstb 1.44 Sema3e 1.74 Ly6a



Supplemental Table 3. Top variable genes per cluster

Endothelium subclusters

0.avg_logFC 0.gene

NA
NA
NA
NA
NA
NA
NA

0.85 Plat
0.83 Ednrb
0.96 Ctla2a
0.71 Egfl7
0.51 Cd24a
1.12 Akap12
0.49 Igfbp5
0.64 Marcksl1
0.50 Mat2a
0.59 Litaf
0.58 Kdr
0.31 Emcn
0.61 S1prl
0.39 Ehd3
0.58 Cyp4bl
0.37 Cdknla
0.42 Tpm3
0.45 Uqcerq
0.55 Lrrc32
0.30 Lmna
0.33 Plppl
0.58 Cdk11b
0.26 Srgn
0.42 Plpp3
0.43 Tpm3-rs7
0.32 Nrpl
0.46 Hesl
0.31 Hbegf
0.35 Ppplr2
0.30 Srsf2
0.37 Zccheb
0.27 Eif5
0.30 Flt1
0.28 Serinc3
0.37 Arpc3
0.34 Fkbpla
0.29 Tax1lbpl
0.34 Sfpq
0.29 Ywhab
0.26 Gabarap
0.35 Topl
0.33 Map7d1
0.38 Kitl

NA

NA

NA

NA

NA

NA

NA

1.avg_logFC 1.gene

2.09 Calca
1.98 Tspan8
1.61 S100a4
0.83 Cripl
0.89 Tm4sfl
0.99 Vim
1.24 Sox17
0.68 S100a10
1.08 Plac8
0.76 S100a6
0.63 Ly6a
0.91 Palmd
0.77 Thbd
0.69 Slc6ab
0.75 Glul
0.66 Calcrl
0.56 Fxyd5
0.53 Anxa2
0.39 Ifitm3
0.57 Ahnak
0.52 Arpclb
0.60 Tinagll
0.50 Akap13
0.53 S100a16
0.51 Uaca
0.39 Syn3
0.45 Adgrl4
0.35 Anxal
0.44 Ifi203
0.40 1810011010Rik
0.52 Cltb
0.30 Gimap6
0.42 Tspo
0.44 Prr13
0.31 Crip2
0.28 Emp1l
0.31 Gpx1
0.42 Atp5j
0.32 Nuprl
0.29 Pi16
0.28 Rpl11
0.28 S100a11
0.34 Cd200
0.29 KIf3
0.30 Rpl30
0.27 Rpl7
0.34 Rablla
0.28 Adgrf5
0.27 Ly6e
0.28 Gm10689

2.avg_logFC 2.gene

0.98 KIf2

1.20 Hspala
1.23 Hspalb
0.85 Jun

0.99 Hsp90aal
1.34 Hsphl
0.84 Fos

0.96 Sgkl
0.78 Egrl
0.88 Ehd3
0.70 Fosb
1.02 Dnajbl
0.95 Ppp1lri5a
0.93 1d3

0.69 Junb
0.91 Gm12346
0.92 Socs3
0.85 Zfp36
0.53 Hsp90abl
0.98 Rhob
1.12 plk2

0.70 Hspa8
0.47 KIf4

0.60 Igfbp5
0.50 Atf3

0.56 Dnajal
0.52 Hspbl
0.69 Btg2
0.69 Sertadl
0.47 Plppl
0.58 Kdr

0.56 Plpp3
0.68 Dlcl
0.46 ler2

0.65 Id1

0.46 Nrpl
0.54 Hsp25-psl
0.43 Duspl
0.56 Hbegf
0.63 Adamtsl
0.51 Gngll
0.51 2410006H16Rik
0.48 Grasp
0.43 Ecel
0.44 Gm6368
0.50 Nr4al
0.48 Hexim1
0.42 Pcna
0.46 Tek

0.36 Ncl

3.avg_logFC 3.gene
3.10 Mgp
2.37 FbIn5
2.22 Jagl
1.81 Igf2
1.82 Cldn5
1.87 Cxcll
1.50 Egrl
1.60 Fbin2
1.31 Vim
1.26 KIf2
1.28 Jun
1.30 Fos
0.83 Tmsb4x
1.18 Cd93
1.15 Zfp36
1.19 ler2
1.24 1d3
1.21 Stmn2
1.21 Cyr6l
1.22 Slco2al
0.84 Ly6a
1.30 Fam3c
1.04 Aggfl
0.99 1d2
0.96 Utrn
1.06 Ptrf
1.01 Sema3g
0.95 Nrdal
0.76 Atf3
0.56 Ly6cl
0.99 Tppp3
0.80 Ptprb
0.88 Gja4
0.71 Ppplrl5a
0.60 Fosb
0.73 Cst3
0.88 Id1
0.59 S100a4
0.80 Heximl
0.66 H2-K1
1.26 Fabp4
0.70 Rhob
0.70 Hegl
0.71 Satl
0.55 Aplp2
0.82 Ehd4
0.57 ler3
0.60 Btg2
0.70 Gadd45b
0.72 Gadd45g
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Supplemental Table 3. Top variable genes per cluster

Podocyte subclusters
0.avg_logFC 0.gene
0.66 Gm37376

1.avg_logFC 1.gene
0.50 Tnfrsf12a

0.77 Gm26669 0.36 Nuprl
0.61 Syn3 0.39 Ifrd1l
0.40 Gm42418 0.44 Anxal
0.36 Ifrd1l 0.30 Nfkbia
0.36 KIf6 0.30 Gm42418
0.51 Zfp36l1 0.26 Rps27
0.30 Nfkbia 0.33 ler3

0.39 Lmna 0.29 Rpl37
0.47 Gasl 0.35 Rasllla
0.55 Foxpl 0.37 Gm26532

0.51 Rn18s-rs5 0.32 Gadd45b

0.63 Kenglotl 0.29 Rpl2211

0.49 Arl13b 0.25 Rpl41

0.27 Btg2 0.28 Hspel

0.41 AridSb 0.26 Adm

0.31 Btgl 0.26 Dnajal

0.39 Nktr 0.31 Cdk2ap2

0.35 Myadm 0.28 Hspbl NA

0.35 BCO05537 0.35 Cripl NA

0.33 Arl4a 0.28 Maff NA

0.32 Rblccl 0.26 Ddit3 NA

0.26 Luc7I3 NA NA NA

0.33 Rockl NA NA NA

0.29 Erdrl NA NA NA

0.27 Zbtb20 NA NA NA

0.27 Rock2 NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

2.avg_logFC 2.gene

0.42 Col4a3
0.26 Jun
0.28 Podxl
0.33 Hspa5
0.25 Plat
0.29 Dpp4
0.26 Hsp90b1l
0.27 Enpep
0.25 Sema3g
0.30 Thsd7a
0.25 Calr
0.31 Pdia4
0.25 Htral
0.27 Aplp2
0.28 Sema3e
0.27 Ctnnal
0.26 Myole
0.25 Scd2
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

3.avg_logFC 3.gene 4.avg_logFC 4.gene

3.37 Gm23935 1.84 Hbegf
2.50 Lars2 1.83 Lspl
2.01 Gm15564 1.71 Pla2g7
1.11 Neatl 1.30 Adamtsl
0.42 mt-Rnr2 0.95 Cald1
0.64 Podx| 0.74 Ctgf
0.70 Sema3g 0.51 Tsc22d1
0.54 Enpep 0.64 Cyr61
0.59 Nphs1 0.50 B2m
0.49 mt-Rnrl 0.68 Slc6ab
0.55 Npnt 0.33 Atf3
0.51 Dpp4 0.26 Vim
0.51 mt-Nd5 0.36 Cystml
0.45 Plat 0.47 Cryab
0.40 Vegfa 0.39 Tagln2
0.46 Col4a3 0.41 Chptl
0.54 Col4ad 0.29 Gadd45b
0.53 Thsd7a 0.34 Sec62
0.36 Sparc 0.35 Rpl18a
0.57 Ptpro 0.26 H3f3b
0.35 mt-Cytb 0.37 H2-K1
0.53 Dagl 0.29 Gabarapll
0.39 mt-Nd1 0.36 Mtdh
0.43 mt-Nd2 0.25 Ppplrl5a
0.37 mt-Nd4 0.30 Rpl38
0.52 Alcam 0.40 Tubala
0.37 ltgbl 0.26 H2-D1
0.48 Sema3e 0.30 Arid5b
0.44 Npr3 0.30 Gm26669
0.49 Efnbl 0.29 Csrp2
0.52 Angptl2 0.28 LoxI2
0.44 ltgb5 0.27 Litaf
0.47 Prosl 0.28 Tspan3
0.47 Ddn 0.34 Hnrnphl
0.45 Clgtnfl NA NA

0.42 Plod2 NA NA

0.40 Pdpn NA NA

0.40 P3h2 NA NA

0.39 Cldn5 NA NA

0.48 Aebpl NA NA

0.47 Scd2 NA NA

0.40 Magi2 NA NA

0.43 Bcam NA NA

0.36 Aplpl NA NA

0.35 Pdiab NA NA

0.47 Ptprd NA NA

0.36 Dst NA NA

0.35 F2r NA NA

0.41 Tmbim6  NA NA

0.45 Ifngrl NA NA

5.avg_logFC 5.gene

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

2.40 Gm10800
1.80 Gm10801
0.37 Gm37376
0.43 mt-Nd6
0.33 Zcchcb
0.26 Bclafl
0.28 Gm26669

NA

NA

NA

NA

NA

NA

NA

NA
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Supplemental Figure 2

Endothelium (known)
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Supplemental Figure 3

Endothelium subclusters colored by replicate
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Supplemental Figure 3 continued
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negative regulation of neurogenesis 4

negative regulation of nervous system development -
negative regulation of neuron differentiation -
negative regulation of cell development-

neuron maturation -

cell maturation -

developmental maturation -

platelet-derived growth factor receptor signaling pathway -
peptidyl-tyrosine phosphorylation 4

peptidyl-tyrosine modification -

diencephalon development -

regulation of peptidyl-tyrosine phosphorylation -
membrane raft-

membrane microdomain -

glucocorticoid receptor binding -

l

o
N
»
o
00 4

-log10(pvalue)
5.4
5.1
4.8

4.5

gene cluster 34 "stress response" enriched in cluster 3 and 2

negative regulation of phosphorylation

negative regulation of protein phosphorylation

regulation of transcription from RNA polymerase |l promoter in response to stress
regulation of DNA-templated transcription in response to stress

protein folding

response to unfolded protein

response to topologically incorrect protein

negative regulation of intracellular signal transduction

regulation of hemopoiesis

myeloid cell differentiation

skeletal muscle cell differentiation

negative regulation of transferase activity

regulation of nuclear-transcribed mRNA poly(A) tail shortening

positive regulation of nuclear-transcribed mRNA poly(A) tail shortening

regulation of cytokine biosynthetic process

negative regulation of cell cycle

negative regulation of transcription from RNA polymerase |l promoter in response to stress
response to inorganic substance

positive regulation of nitric oxide biosynthetic process

positive regulation of nitric oxide metabolic process

-log10(pvalue)

3

@

LS

o
(4]
o

gene cluster 20 "cell adhesion" enriched in cluster 3 and 1

cell adhesion molecule binding {_ |GG |
0 2 4 6

4.511761

gene cluster 52 "endothelial cell proliferation" enriched in cluster 3 and 2

ossification -

positive regulation of endothelial cell proliferation -
positive regulation of cell adhesion -

epithelial cell proliferation -

positive regulation of epithelial cell proliferation -
regulation of endothelial cell proliferation -
endothelial cell proliferation -

regulation of epithelial cell proliferation - I°g17o ;pva]ue)
osteoblast differentiation - o
transforming growth factor beta receptor signaling pathway - s‘o
leukocyte mediated immunity - ss
positive regulation of cell migration 4 5‘ o
cellular response to transforming growth factor beta stimulus - .

positive regulation of cell motility 4

response to transforming growth factor beta -
positive regulation of cellular component movement -
regulation of steroid metabolic process -

positive regulation of locomotion -

cellular response to cytokine stimulus -

leukocyte mediated cytotoxicity 4

o
o
N
(&)
(&
o
~
(8]

il




Supplemental Table 4. (Related to Fig. 3D and Suppl. Fig. 3E) Gene sets underlying the gene ontology (GO) term analysis for glomerular endothelium subclusters

Barplots show the top 20 term which passed a p-value cutoff of 0.01
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Supplemental Figure 4
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Supplemental Figure 5

Podocyte subclusters colored by replicate
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Supplemental Figure 6
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Supplemental Figure and Table legends (order as they appear in the main text)

Supplemental Figure 1. (Related to Fig. 1) Quality of glomeruli single-cell data and
comparisons with bulk mRNAseq data

(A) Representative brightfield microscopic images of isolated mouse glomeruli showing high
purity of glomeruli. Scale bar corresponds to 100 um. Magnified areas indicate a tubular
fragment (left), a decapsulated glomerulus with protruding vasculature (middle) and an
avascular, decapsulated glomerulus (right). Quantification of 123 structures in a 10ul droplet
of a glomerular preparation: tubulular fragments 13% (n=16), vascular glomeruli 13% (n=16),
avascular glomeruli 74% (n=91), Bowman’s capsules 0% (n=0)

(B) Distribution and median of the number of genes and UMIs detected per cell in four
separate Drop-seq runs corresponding to independent biological replicates (left panel) or to a
pool of replicates (right panel). Cells were filtered to express >250 genes and >350 UMIs. In
the pool, cell doublets were removed computationally (see Methods and Suppl. Table 1 for
median number of genes, UMIs and reads per cell).

(C) tSNE plot from Fig. 1B with each cell now coloured according to biological replicate. The
batch effect visible in the podocyte cluster was regressed out for subclustering analysis (Fig.
4; Suppl. Fig. 5A, B).

(D) Heat map indicating that samples cluster by cell type, not by experimental replicate. The
fraction of each cell type per replicate is indicated in the bar plot on top.

(E) Pairwise correlations between Drop-seq single-cell data and bulk mRNA seq samples of
similar depth generated in this study. "bulk1" corresponds to glomerular lysate (before single-
cell dissociation) and "bulk2" corresponds to single-cell suspensions prepared by enzymatic
digestion followed by live cell sorting by flow cytometry. The analysis showed high
correlations in general, but also indicated that single-cell data correlate slightly better with the
bulk data from cells that underwent single-cell dissociation (circles).

(F) Scatterplots showing the expression in the "bulk1" and "bulk 2" samples for the 50 most
variable genes per cell type identified in the single-cell RNAseq data. The data suggest that
podocytes were overrepresented in the "bulk2" sample, indicating that cell dissociation
introduced a bias. Endothelial and mesangial cells showed a higher dispersion with the
opposite tendency, while tubules were not affected.

(G) Boxplots of expression ratios in the bulk data for the 50 most variable genes per cell type
(corresponding to (F)). A distribution along the horizontal line would indicate absence of bias.
(H) Pairwise correlations between cell types identified by single-cell data generated in this
study (pre-fix "ds") and published bulk mRNA-seq data sets. The analysis showed the
highest correlations with the corresponding cell type, supporting cell type assignments in the
single-cell data. Scale for the heatmap is indicated. R = Pearson correlation efficient.
mRNAseq data were from Brunskill et al. 2014'* gsm1585030 (proximal tubules),
gsm1585043 (MafB podocytes), gsm1585044 (mesangial cells), gsm1585047 (endothelial
cells); from Kann et al.": gsm156360 (podocytes).

Supplemental Table 1. (Related to Suppl. Fig. 1B). Median number of genes, transcripts
(UMis) and reads per cell

This table lists the number of uniquely mapped reads per cell, the number of cells, the
number of detected genes and the number of transcripts per cell (defined as unique
molecular identifiers (UMIs). Numbers are given for data before or after cell doublet removal.

Supplemental Table 2. (Related to Suppl. Fig. 1B). Marker genes for each of the five
major cell types to identify putative cell doublets

Cell-type specific genes as listed in this table were used to identify putative cell doublets (see
Online Methods for details).



Supplemental Table 3. (Related to Suppl. Fig. 1B, Fig. 3A and Fig. 4A). Top variable
genes per cell cluster or subcluster

This table consists of three subtables which list the 50 most highly variable genes in each
cell cluster as determined by the function 'FindAllMarkers' in Seurat’. 'Full dataset'
corresponds to Fig. 1B (cell type clusters). 'Endothelium' corresponds to Fig. 3A
(endothelium subclusters). 'Podocytes' corresponds to Fig. 4A (podocyte subclusters).

Supplemental Figure 2. (Related to Fig. 2) Additional markers of glomerular cells
Distribution and relative expression of individual highly variable genes (violin plots) in
endothelium and podocytes. Established markers (bold) and markers described in the
literature (italics).

Supplemental Figure 3. (Related to Fig. 3) Subclustering of glomerular endothelium

(A) 2D representation corresponding to the plot in Fig. 3A. Replicate Drop-seq experiments
1 to 4 contributed to all clusters.

(B) Waffle plots show that each cluster contained cells from all four replicates, while the
composition of cluster 4, identified as residual cell doublets, was biased. A square represents
1% of the total number of cells in a cluster.

(C) Expression of markers colored based on normalized expression levels. Upper panels
correspond to subcluster tSNE plot shown in (A), lower panels to the tSNE plot of the whole
data set as shown in Fig. 1B.

(D) Immunohistochemistry images obtained from Human Protein Atlas (HPA)' support that
endothelial subcluster marker proteins S100a4, Thbd, Hspa1b, and FbIn2 may be expressed
heterogeneously in human glomerular endothelium. Area shown (500 x 500 pixels = 200
um?) corresponds to glomeruli taken from a larger HPA image. Red arrows point to
endothelial cells as identified by intracapillary nuclei with strong (S700a4) or positive (Thbd,
Hspal, FbIn2) marker expression. Green arrows point to endothelial cells with weak
(S100a4) or no (Thbd, Hspa1, Fbin2) marker gene expression. Magnified areas (50 x 50
pixels = 20 pm?) are shown below with red squares representing strong/positive expression
and green squares weak or no expression.

(E) Gene ontology (GO) terms corresponding to heat map shown in Fig. 3C. The heatmap
indicates that 4 endothelial subclusters (0: red; 1: green; 2: blue; 3: violet) show distinct,
overrepresented gene activation patterns (see also Suppl. Fig. S3C): Cluster 1 and 3 (gene
set 20 terms related to “cell adhesion”), Cluster 2 and 0 (gene set 54 terms related to “cell
maturation”), cluster 2 and 3 (gene set 34 terms related to "stress response”), and cluster 3
(gene set 52 terms related to “endothelial cell proliferation”; see panel E). p values were
calculated by hypergeometric testing (Fisher's exact test). Corresponding gene clusters are
listed in Suppl. Table 4.

Supplemental Table 4. (Related to Suppl. Fig. 3D and Suppl. Fig. 3E). Gene sets
underlying the gene ontology (GO) term analysis for glomerular endothelium
subclusters

This table lists the sets of genes, expressed in endothelium subclusters, that underlie the GO
analysis shown in Fig. 3D and Suppl. Fig. 3E.

Supplemental Figure 4. (Related to Fig. 4) Stress response in podocytes

(A) Upper panel: 2D tSNE representation of podocyte subclustering before correcting for
tissue-dissociation-induced stress response genes’. Subcluster 4 showed upregulation of
stress response genes. Lower panel: Expression of stress response markers colored based
on normalized expression levels (grey: low, red: high).

(B) Stress response genes, known to become transcriptionally induced by tissue-
dissociation’, show higher expression in bulk mRNA-seq samples from glomerular cells that



underwent prolonged enzymatic tissue dissociation ("bulk2") as compared to non-dissociated
glomeruli ("bulk1"). The set of 140 genes was taken from van den Brink et al. 2017’, Suppl.

Table S5:

Actgl, Ankrd1l, Arid5a, Atf3, Atf4, Bag3, Bhlhe40, Brd2, Btgl, Btg2, Ccnll, Ccrn4l, Cebpb, Cebpd, Cebpg, Csrnpl, Cyr61, Cxcli,
Dcn, Ddx3x, Ddx5, Des, Dnajal, Dnajbl, Dnajb4, Duspl, Dusp8, Erf, Egrl, Egr2, Eif1, Eif5, Errfil, Fam132b, Fos, Fosb, Fosl2,
Gadd45a, Gadd45g, Gecel, Gem, H3f3b, Hipk3, Hspala, Hspalb, Hspa5, Hspa8, Hspbl, Hspel, Hsphl, Hsp90aal, Hsp90ab1i,
Idi1, 1d3, Ier2, Ier3, ler5, 116, Irfl, Ifrd1, Itpkc, Jun, Junb, Jund, Kcne4, KIf2, Kif4, KIf6, Litaf, Lmna, Maff, Mafk, Mcl1, Midn,
Mir22hg, Mt1, Mt2, Myadm, Myd88, Myc, Nckap5l, Ncoa7, Nfkbia, Nop58, Nppc, Nr4al, Odcl, Osginl, Oxnadl, Pcfil, Perl,
Phidal, Pnrci, Pnp, Ppplcc, Ppplri5a, Pxdcl, Rassfl, Rhob, Rhoh, Ripkl, Satl, Sbno2, Sdc4, Skil, Slc10a6, Slc38a2, Slc41al,
Socs3, Sgstm1, Srf, Srsf7, Stat3, TagIn2, Tiparp, Tnfaip3, Tnfaip6, Tpm3, Tra2a, Tra2b, Trib1l, Tubb4b, Tubb6, Usp2, Irf8, KIf9,
Nfkbiz, Pde4b, Rap1b, Serpinel, Srsf5, Tppp3, Ubc, Wac, Zc3h12a, Zfand5, Zfp36, Zfp36l1, Zfp36I2, Zyx.

(C) Quantitation of the tissue-dissociation-induced stress response between "bulk2" and
"bulk1" mRNA-seq samples for genes with a normalized expression greater than 1 (132 out
of 140). Stress-response genes showed significantly elevated expression in single,
dissociated cells compared to comparable sets of random genes or highly variable genes (for
details see Methods; t-test p<2.2e-16 for each comparison).

Supplemental Figure 5. (Related to Fig. 4) Subclustering of podocytes

(A) Upper panel: 2D representation of podocyte subclustering after correcting for stress
response by regressing out stress response genes. Cells are colored by replicates (1 to 4).
Replicates contribute to all clusters. Lower panel: Expression of stress response markers
colored based on normalized expression levels (grey: low, red: high).

(B) Waffle plots showing that each cluster contained cells from all four replicates. A square
represents 1% of the total number of cells in a cluster.

(C) Expression of markers colored based on normalized expression levels. Upper panels
correspond to subcluster tSNE plot as shown in (Fig. 3A), lower panels to the tSNE plot of
the whole data set as shown in Fig. 1B.

(D) Laser scanning confocal microscopy of glomeruli purified from kidneys of transgenic
Nphs2-Cre x mT/mG double-fluorescent Cre reporter mice''. Podocytes are genetically
marked by mG (Cre-dependent membrane-targeted GFP; green) fluorescence, while non-
podocyte cell types remain mT (membrane-targeted tandem dimer Tomato; red)-positive.
Top row: purified, whole glomeruli. Lars2 indicates Lars2 antibody staining (left) or 1gG
control (right). Second row: Yellow arrowheads points to a Lars2-positive podocyte. Third
row: Yellow arrowhead points to a Lars2-negative podocyte. Scale bars correspond to 10um.
Magnified areas are 22 x 22 ym?. IgG isotype control images showed no signal.

Supplemental Figure 6. (Related to Fig. 4) Pathway and gene set overdispersion
analysis for podocyte subclusters

(A) Pathway and gene set overdispersion analysis (PAGODA)® of the podocyte subclusters
shown in Fig. 4A,B. The heatmap shows distinct, overrepresented gene activation patterns
only for subclusters 4 (blue) and 3 (turquoise).

(B) Gene ontology (GO) terms corresponding to the heat map in (A). Podocyte subclusters 4
and 3 express gene sets that had no associated GO terms.
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