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Supplementary Figure 1: Quality control (QC) for whole genome bisulfite sequence (WGBS) in 30
samples, 2 Negative and 1 Positive Control with read coverage > 5. (A-F) The left side shows the mean
and standard deviation. The minimum threshold withered line is plotted on the right. Levey-Jennings plots
for (a) microdissected area: 500,000 um2, (b) DNA input: 0.1 ng, (c) Total raw reads in FASTQ: 200M



reads (d) percentage of reads with Phred score greater than 30: 90%, (e) percentage of mapped reads:
75%, (f) CpG Percentage of Methylation > 50%. The positive control is appropriate at ~80% (negative
<2%). WGBS samples reproducibly clustered according to biological properties: (g) Principal component
analyses (PCA) with glomerulus (GLOM), tubulointerstitium (Tl), negative and positive controls. (h) PCA
with glomerulus GLOM and TI (i) Hierarchical clustering by methylation levels at nucleotide resolution of
GLOM and Tl samples using the correlation distance method and ward clustering method. (j) Coverage
of CpG nucleotides reads showing the distribution along chromosomes. (k) Replicate analysis using the
Rank Rank Hypergeometric Overlap (RRHO) presents a heatmap with the significance level of overlap
between genes of the same sample run in separate batches. (I) A circosplot depicts the average
methylome of the GLOM and Tl across the genome. Differential DNA methylation (DNAm) is plotted for
GLOM (blue) and Tl (red) P value<0.05 by t-test. (m) Percentage of differential DNAm regions by gene
annotation. Similar proportions were observed between the GLOM and TI. (n) Volcano plots showing
differential DNAm for GLOM (blue) and Tl (red) in genome regions: promoter, Intron, Exon, CpG island,
5UTRs, 3UTRs P value<0.05 by t-test. (o) Differential DNAm in PDZK1 is increased in GLOM and
PODXL in Tl. (p) The gene PODXL showed reduced methylation levels in GLOM. 15 GLOM and 15 TI
samples, blue and red, respectively, ordered from highest to lowest methylation levels in the PODXL
gene region show biological reproducibility.
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Supplementary Figure 2: Quality control measures for CUT&RUN samples. (a) Representative tracks of a
genomic region in chromosome 11 for H3K4me3 (3 technical replicates), H3K4me1 (3 technical replicates),
H3K27ac (4 biological replicates and 3 technical replicates), and H3K27me3 (6 biological replicates and 3
technical replicates). Within the genomic region is a gene expressed within the kidney (HIPK3) that has
H3K4me3 at the promoter, with H3K4me1 downstream of the promoter and within the gene body, and
H3K27ac at the promoter and gene body. In contrast, adjacent to HIPK3 is the gene KIAA1549L, which has
very low/no expression in the kidney. This gene is devoid of H3K4me3, H3K4me1, and H3K27ac, but is
enriched for H3K27me3. MACS2 called peaks for each track are below the CUT&RUN track for each sample.
(b) Table with CUT&RUN samples used in this study, including the number of cells used for each CUT&RUN
reaction, DNA recovered in the CUT&RUN reaction (ng), total reads for each library, % aligned reads, average
insert size, and percent reads in peaks. (¢) Genome wide Pearson correlation for technical replicates of
H3K4me3 and (d) H3K4me1, biological and technical replicates of (e) H3K27ac and (f) H3K27me3. (g)
Genome wide Spearman correlation for all CUT&RUN samples. As expected, H3K27me3 has low correlation
with histone modifications associated with active chromatin (H3K27ac, H3K4me3, H3K4me1).
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Supplementary Figure 3: CUT&RUN (C&R) validation with ENCODE ChIP-seq. (a) Representative tracks of
CUT&RUN with a correlating track of ENCODE ChlP-seq (excluding H3K27me3 for which there is no ChlP-seq
for adult human kidney in ENCODE). ENCODE H3K27ac- ENCFF354FYC/ENCFF266MBV, H3K4me1-
ENCFF992BPB/ENCFF845DVB, H3K4me3- ENCFF929KNV/ENCFF349XHZ, ATAC-seq- ENCFF395HGS,
DNAse-seq- ENCFF485CJZ/ENCFF763YHH. Called peaks are below each CUT&RUN or ChIP-seq track. For
each histone modification CUT&RUN reaction there are similar binding patterns compared to the ChIP-seq,
although the CUT&RUN reactions have much higher signal with lower background. (b) Venn diagrams
comparing called peaks for H3K27ac, H3K4me1, and H3K4me3 from CUT&RUN and ChlP-seq. (¢) Genome
wide Spearman correlation for CUT&RUN and ENCODE ChIP-seq. As expected, H3K27me3 has a negative
correlation with H3K27ac, H3K4me3, and H3K4me1 histone modifications. (d) Spearman correlation for
H3K4me3, H3K4me1, and H3K27ac at promoters, exons, and introns.



Supplementary Figure 4

a TSS enrichment b Nucleosome Signal
o158 o1 o5 02 o1g_D2 o1e-
01501 05 02 016 02 018-D304 72000 000 5000 4000
185 4000 4000 Jo.
8000 3000 2000
0 A .‘1 2300
| f N A - 2000 200
5 ] | 1 o ] " 000 00 000
S \\ _,/ ’\‘\ ,// \ / ™~ o o i o
o " R N N 18-D204 LeviCa 020_105 020-D3DE 20-03T
2 o19-DuDaLencen c20_105 2000 20034 LewiCal a0 o
g o
218 3000
H oo 00
£ £ 200 x
o 2000
i A A ¥ F e
E fl i il fi G +000 . i
) J F {1 ] 1000 . 00
0 V\\ -'\\ / v\\ V\\
s B J / ,.// ,.»/ o 0 0 a D1
g 5 2 > s
= w21 m k1900068 _1D6 k200020101 k21000351 _0¢ 2oy 2P 1900086 106 203201 ot “a1ace
15 800! 18 63 106
A 1500 40000 | 2000 120_10
o 1000 .
A " 000 | | 5|
I | 5000 1y 1200 s 02
5 IR i 2001
/ SN /N o | | «200020°_D1
— = — ~ ( o] — 0 K2100035_1_D1
~106-500 5 500 106000500 © 500 0RINC-S00 @ 500 100OPIG-S00 © 500 1600 O @oaetosd  © Zostostosio O soaostacy G 2oa
Distance from TSS (bp) Fragment langth (bp)
d e ( ) s}
Mean Gene Detected (per nucleus Mean UMI Mean Gene

P1v2-018 repi vs rep (r = 0.9966342)

- a0 snRNA-seq b

8
s

a

«
z
z
i § 2000 ST P SFEF I ég%\ SFF I
E S
- fe’m\ 6%\‘?’&"“ & LRSS k@!«\*" N
£ Rnaa & wﬁfp’y @&“
1000 d Figd”
h oo, Mean Peak Nucleosome Signal
1 . ' . ' . 20
[} 1000 .nm; 3000 4000, o _ _ 75000
20210421 20210804 20210820 20210801 20210817 15
P12-020 rep1 va rep2 (1= 09955361 e
5 f 50000 10
Mean TSS Enrichment (per nucleus) 25000 05 4
- 7 snATAC-seq o o0
s TSS enrichment FRiP
N e 15 08
E».
2 1 i 0
o boobt %> :
FIFFIITIISIS \éqod-d‘ of»
E,O Seleier eg}’:ﬁﬁﬁd‘fﬁa fﬂ"ﬁ@
ggo;»;v’ &
by é‘/q/ ’\
Tehw s moem  mew | seen
date
POD SN
4POD WEM
PEC_ mdvSHC
PT-51 LIYOF
PT-52  cyehfvOF
PT-53 F:_E

wi % Supplementary Figure 4: (a) snATAC-seq TSS enrichment and (b)
o IR nucleosome signal for 12 samples. (c) Correlation of average

:CC {2 gene expression values. (d) Correlation plot of accessibility
|| %T =" regions counts between sample 019 (rep1 and rep2) and sample
| =1 :m;: #5020, Levey Jennings (mean and standard deviation) (e) Mean
genes detected in RNA per nucleus each sample. (f) Mean TSS
=L | | | ;n*‘w enrichment in snATAC-seq per nucleus for each sample. Violin
o™ T Plots shows in (g) snRNAseq: mean UMI and mean genes. In (h)

|| ?° snATAC-seq: mean peaks, nucleosome signal, TSS enrichment
o] e O e and fraction of reads in peak FRIP. (i) Cell proportion across 72

: cell types in the 8 multiome specimens.

& & 8 & o0 9
S S
g8 8 U O S




Supplementary Figure 5

Gene Body CpG Island Exon Intron d er

Gene annotation

Log:FCmRNA

7|4 -2 0 2 4 |Re: -2-10 1 -2-10123
b H3K4me3 H3K27ac H3K27me3 Bulk ATAC
< 5 o 5.0 .
4 25 5
CUT&RUN; z 0 i :
E 5 -2.5
Bulk ATAC E
755250 25 Tz
C sSnATAC-seq
<
4
£
snATAC-seq S
g l——
-75-5-250
d H3K4me1 H3K4me3 H3K27ac H3K27me3 Bulk ATAC
.0 .

snATAC-seq N
CUT&RUN;bulk ATAC

Log2FCmRNA

|
———[F73
-7.5-5 -2.50 [Res=148]| -75-5-250 2.5

2
~o,

Log:FCDNAmM Log:FCDNAmM Log-FCDNAmM Log-FCDNAmM Log:FCDNAm
e Gene Body CpG Island Exon Intron romotel
= 5 - o 5 5 5 - 5
£ 25 ‘.- 25 25 ,,“> : 3 25
= & o | o (¥ o {% 0
Gene annotation £ 2s s 200 e
g -5 s

[———
-3-2-10 1

G:1580‘7 = —
o|-3-2-10 1 2

= H3K4me3 Bulk ATAC
= . 5.0 - N
CUT&RUN; £ :
Bulk ATAC 5 ;
[——
-0.8-0.40 0.4 6420 2
g snATAC-seq
£ 50 N
snATAC-seq 2
2 25
g
h 4732710 1
= H3K4me1 H3K4me3 H3K27ac H3K27me3 Bulk ATAC
,3 5.0 [ 5.1 L 5.0. 4 . 5.0 L2,
snATAC-seq N g : L '% . .
CUT&RUN;bulk ATAC = : —F
e | ——— | €554
210123 420 2 220 2 -75-5-3250
Log:FCDNAm Log:FCDNAm Log:FCDNAmM Log:FCDNAmM Log:FCDNAmM
1 “4GLOM “A4GLOM g G =
50 [ GLOM 8 - 107 g‘é
. R2=0.33
Res =1.26

N
)

LngFCProlein
o
=}

-5.0
omote “z, Protein
Exon _ ]DNAm
Intron ——
CpG Island
-2 0 2

LogzFConam



Supplementary Figure 5: (DNAm (N=30) + CUT&RUN (N=22) + snATAC-seq (N=12)) Linear regression
between Differential DNAmM and mRNA (N=22) or protein (N=12) for two compartments GLOM (+) and Tl (-),
with the number of elements with each annotation, correlation, R squared and residuals. (a)(e) by gene
annotation: gene body; CpG Island; exon; Intron; promoter. (b)(f) Histone mark peaks for H3K4me1,
H3K4me3, H3K27ac, H3K27me3, respectively and bulk ATAC peaks. (¢)(g) multiome snATAC-seq open
chromatin and (d)(h) regions with signal overlapping between multiome open chromatin peaks and histone
modification peaks. (i) The optimal relationship between differential methylation and protein occurred in regions
G=547 CpG Island, G=348 exon, G= 356 intron, G=547 promoter, generating correlations by gene annotation
of the C=-0.71, C=-0.55, C=-0.40, and C=-0.57 respectively. The correlation between differential DNAm and
protein with G=1794 elements using the optimal region of each gene results in a correlation of C=-0.58, R
square R2=0.33, and Residual Res=1.26. The figure uses a stock image from Adobe lllustrator with license
(Eadon et. al — stock.adobe.com).
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Supplementary
Figure 6: (a)
Distribution of bulk
ATAC-seq peaks
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specific marker
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distribution reflects
the cell type
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whole kidney. (b-
¢) Venn diagrams
comparing bulk
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>= (.8 across
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Supplementary Figure 8: (a) UMAP WNN reduction for 72 cell types (N=12). Cohen’s Kappa for (b) multiome
snATAC-seq compared to publicly available scATAC-seq (Humphrey’s lab, N=5). (¢) multiome snATAC-seq
and differential DNA methylation (DNAm) in the glomerulus (GLOM) (N=15). (d) Fischer exact test for all
technologies aligned across hg38 corresponding to Figure 31 but adding Diff. DNAmM (GLOM and TI) (N=30)
and snATAC-seq® (GSE151302) merged with snRNA3 to validate the multiome snATAC-seq. (e) The matrix
shows the global Cohen’s Kappa combining all results where the technologies are analyzed two by two. The
Cohen’s Kappa range goes between total agreement (1) and total disagreement (-1). (f) Average and percent
MRNA expression of the same genes from Figure 3c in POD, PT-S1, PT-S2, PT-S3, and C-TAL. (g) Dotplot for
PT marker genes. (h-j) Alignment of epigenomic technologies, snATAC (N=12), DNAm (N=30) and histone
marks (N=22), for gene markers of PT (S1, S2 and S3) PRODH2, SLC34A1 and SLC7A13. Heat map presents
Diff DNAm GLOM/TI with positive values indicating a higher methylation in GLOM.



Supplementary Figure 9
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Supplementary Figure 9: Gene annotation proportion for adaptive proximal tubule (aPT) and PT peaks from
multiome altlas (N=12). (a) The CpG island annotation of peaks across: DNAMTI (N=15) (Dips and No Dips),
peaks with histone mark interpretation and peaks with simultaneous Dips in DNAm and interpretation of
histone marks. (b) DNAm Tl (Dips and No Dips), histone marks H3K4me3 (N=3), H3K4me1 (N=3), H3K27me3
(N=6) and H3K27ac (N=10) (All peaks, peaks with signal TRUE for present and FALSE for absent). (c¢) Peaks
with an interpretation across the histone mark intersections. Active promoter = peak annotation is within a



promoter region and positive for H3K4me3, H3K4me1, and H3K27ac. Repressed promoter= peak annotation
is within a promoter region, negative for H3K27ac, and positive for H3K27me3. Enhancer= peak annotated
outside of a promoter region positive for both H3K4me1 and H3K27ac. (d) Peaks with interpretation and
DNAm Tl dips across the histone mark intersections. (e) Top 15 clusters from GO-All pathway enrichment
analysis based on DA. Key pathways of the adaptive process include platelet-derived growth factor binding,
mesodermal cell differentiation, and integrin complex and adhesion.



Supplementary Figure 10
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Supplementary Figure 10: (a-b) Alignment of epigenomic features from multiome atlas (N=12) in ITGB3 and
KLF10 for the aPT and PT-S12. Red stripe indicates a peak with predicted transcription factor (TF) binding by
ELF3. TF Peaks are numbered and correspond to (Supplementary Table 6). (¢) UMAP RNA with expression,
accessibility, and binding by ELF3 for TPM1, KLF10, ITGB3 and KLF6. ITGB3 peaks and predicted binding by
ELF3, accessibility of KLF10 peaks with predicted binding by ELF3. (d) Gene regulatory network predicted by
scMEGA for the TF KLF10, KLF6 and ELF3.



Supplementary Figure 11
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Supplementary Figure 11: Individual in
silico perturbation knockouts in the
proximal tubule (PT) cells from
multiome atlas (N=12). (a) Contribution
of each gene knockout to changes in
the adaptive proximal tubule (aPT)
gene expression signature. KLF6 was
predicted to affect the greatest quantity
of aPT genes, but ELF3 was also
predicted to have unique effects on the
aPT gene signature. The contribution of
KLF10 was minimal. (b) Cell flow
trajectory before knockout. (c-e)
Trajectory change after isolated
knockout of (¢) ELF3, (d) KLF6, and (e)
KLF10 with expression before and after
individual knockout. (f) siRNA
knockdown in normal human proximal
tubule kidney cells. Knockdown of
ELF3, KLF10, KLF6, and their
combination reveal a complex
regulatory relationship of each other
and the aPT target genes ITGBS,
TPM1, and VCAM1. The combined
knockdown led to reduction of TPM1
and VCAM1 expression. ELF3
knockdown led to reduction of ITGB8
and TPM1 expression, while KLF10
knockdown led to reduced VCAM1
expression. KLF6 knockdown did not
reduce aPT target gene expression.
We performed t-tets to obtain the
significance levels for the P values.
They are denoted as follows: P value
<0.05 is represented by ™', P value
<0.005 by "™*', and P value<0.0005 by
#**_Each gene has Control (N=4),
ELF3 ko (N=4), KLF10 ko (N=4), KLF6
ko (N=4) and COMBO (N=2).



Supplementary Figure 12:

a

C-TAL (0o@@@®@c 0 - - o - E
aTAL - o0 -00:0- l

60-
40-

28:---.---—--..II.I‘.‘---- * 25

ED(CDCQ —ONOMLL ~— ©o—® 50
EﬁﬂimogQ:—ng—ImDmQU)E>LL\<—E—|U-. 75

rxo::><u.mOLl-><ILu<——ll——' SUOF m c-TAL

meOZ >0 wamm&m —=m

Z0=w
Gene: TM4SF1 TF: NR2F1

-k
o
q'

v

C-TAL
_— R PV VO U S _hA

aTAL ‘
I P SR T

TM4SF1 RP11-278L15.2

[0 - 46]

Peaks Genes snATAC-seq

Score

I0.1D
0.05

0.00

—

al . hl‘.. - and AJL dh i Ldu s .lt Y |

9.53

H3K27ac sddad . ‘ |‘h “‘|
2.61

0 HK27me? gt abe Ainalh M A Ak e s
12

H3K4me1 M ..._._.A
35
o H3K4me3 A

Tl

CUT&RUN WGBS Links
o [e=]

o

T =M aTAL

e ,Al N

148370000 149375000 149380000 149385000

chr3 position (bp)
25256 - chr3:149386541-149387281

Supplementary Figure
12: (a) Dotplot of the
10 most differential
expressed TF in
snRNA-seq (N=12)
for aTAL and C-TAL
cell type in scMEGA
analyse. NR2F1 TF is
not differential
expressed. Bar plot
showing area under
the curve (AUC) of
average counts.
FOXO3 (red) is highly
expressed in
scMEGA, but not
identified amongst
TRIPOD results. (b)
Alignment of
epigenomic feature in
TM4SF1 for the aTAL
and C-TAL.



