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Supplementary Results and Discussion
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Figure S1. Agp2* B1B2* and Agp2* B1* cells with and without detectable expression of Aqp3
and Agp4 exist in E15.5 kidneys.

Figure S2. Agp2* B1B2* cells with and without detectable expression of other PC and IC
markers exist in adult WT C57BI/6 kidneys.

Figure S3. Aqp2* B1* cells with and without detectable expression of other PC and IC markers
exist in adult kidneys

Figure S4. No converted IC and DCT2 cells in adult Agp2ECE* RFP/+ mice one day after

Tamoxifen induction.
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Figure S5. Converted B1B2* and CAIl* cells in adult Aqp2ECE* RFP/+ mice 300 days after
Tamoxifen induction.

Figure S6. Converted AE1* and Pendrin* cells in adult Aqp2EC#* RFP/+ mice 300 days after
Tamoxifen induction.

Figure S7. Converted B1* (Aqp2-B1*RFP*) cells in adult Aqp2ECE* RFP/+ mice 300 days after
Tamoxifen induction.

Figure S8. Optimization of Tamoxifen induction and validation of the lack of cross reactivity
between the GFP and RFP antibodies in adult Aqp2ECE* Brainbow/+ mice.

Figure S9. Individual XFP* cells in adult Aqp2EC&* Brainbow/+ mice one day post 1X 2 mg
Tamoxifen induction.

Figure S10. Validation of specific detection of XFP on paraffin sections.

Figure S11. No converted GYC* cells in adult Aqp2ECE* Brainbow/+ mice one day post
induction.

Figure S12. RFP* clones containing 1-3 cells in adult Aqp2ECE* Brainbow/+ mice 30 days post
induction.

Figure S13. Adult AP express Jag1 and Notch1.

Figure S14. Adult AP express CD24 and Pax2.

Figure S15. Adult AP express Parm1 and lack detectable Ki67 and PCNA.

Figure S16. Adult AP occasionally and selectively divide during renal maintenance.

Figure S17. Validation of specific detection of CldU and IdU.

Figure S18. UUO-induced injury repair involves specific CNT/CD cells as the first responders.
Figure S19. Adult AP selectively proliferate in response to UUO-induced injury at D2.

Figure S20. Adult AP exist in the expanded CldU* clones.

Figure S21. Sparsely distributed individual XFP* cells in the adult Aqp2FC&*

Brainbow/Brainbow mice 24h post Tamoxifen induction without UUO.
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Figure S22. RFP* clones of 1-2 cells in the adult Aqp2EC¥* Brainbow/Brainbow mice at D14
without UUO.

Figure S23. Adult AP express Jag1 and Notch1 during repair.
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Figure S24. Notch is activated during repair
1 Figure S25. UUO progressively induces kidney fibrosis.
13 Movie S1. Adult AP contribute circumferentially and longitudinally to CNT/CD maintenance.
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Supplementary Results and Discussion

Adult AP express Jag1 and Notch 1. Embryonic AP express IC-selective Notch ligand Jag1,
and PC-selective Notch receptor Notch1. The putative markers of renal progenitor cells (Pax2,
CD24, and CD133) were also detectable in embryonic AP . All of these molecules except
CD133 were also discerned in adult AP as well as in PC or IC (Figure S10-11). CD133 was
barely detectable in CNT/CD cells despite its high expression in Aqp2- tubules (Figure S11B).
Based on single-cell RNA-Seq analyses and IF, Parm1 was proposed as a marker of cells
expressing Agp2 and V-ATPase subunit B1 (Agp2* B1*) in adult mouse kidney 2.
Nevertheless, with the same Parm1 antibody used in 2, we detected Parm1 in AP and some
PC and IC (Figure S12A). Most, if not all adult AP, like PC and IC, had undetectable Ki67 and

PCNA (Figure S12B-C).

We did not use the multiple-cell/(single-cell + multiple-cell) clone ratio to estimate the relative
abundance of AP during renal maintenance for 3 reasons: 1) Renal epithelia are completely
renewed 4.6-6 times over 7 months in adult mouse kidney 3, although it is unclear if all renal
epithelial cells renew at the same rate. The initially-labeled regular PC are likely to have been
replaced by daughter cells derived from AP. Hence, even single XFP* cells post extended
induction could be offspring of AP. 2) Additional XFP* cells may appear in different confocal
planes (* and Figure 2E-F); and 3) Aqp2ECE* Brainbow/+ mice yield XFP* cells primarily in
inner medulla and rarely in the cortex (Fig. 2B), this biased labeling efficiency makes it
impractical to accurately estimate the percentage of AP in the whole kidney. Circulating cells

are very unlikely to contribute to adult DCT2, CNT and CD maintenance because of their
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negligible contributions to kidney maintenance and inability to incorporate into any glomerular,

tubular or vascular structures 3.

Single cell RNA-Seq revealed Parm1 as cell-specific markers of the aforementioned cluster 8
2. QOur IF with the same anti-Parm1 antibody showed that Parm1 is not only detectable in AP,
but also in some PC and IC (Figure S12A). What contributes to this discrepancy remains

mysterious.

The Notch ligands and receptors can interact both within the same cell (cis) and across cell
boundaries (trans). Cis-interactions can inhibit or activate productive signaling. Cis-activation
happens for numerous ligand-receptor pairs, in various cell types, and impacts survival in
neural stem cells 5. Co-expression of Jag1 and Notch1 implies that AP have the potential to
cis-activate. Self-renewing AP thus can be self-dependent, sending and receiving their own
Notch signaling. Consistently, Notch activation correlates with proliferation in AP (Figure 7E).
While Notch activation is not associated with proliferation of PC (Figure S22D), it may be

required for their fate selection and maintenance & 7.

Both thymidine analog labeling and in vivo lineage tracing with Aqp2ECE have complementary
advantages and limitations, allowing mutual data validation. The analog labeling permits
analyses of the cortex, overcoming the limitation of Aqp2EC&* Brainbow mice, which were
predominantly restricted to the inner medulla. Incorporation of the analogs, however, does not
necessarily mean that the cells have indeed divided; they may have also endoreplicated, which
means DNA replication without cytokinesis 4. Although this possibility cannot be conclusively
eliminated, single-colored multiple-cell clones derived from the Brainbow reporter harbored

PC, IC and AP during renal maintenance, and repair (Figure 2E-F and 6B-H). These results
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consistently support the notion that a unique, fixed subpopulation of Aqp2* cells has the self-
renewal, clonogenicity, and multipotency. Finally, Aqp2ECE presumably allow tracing the
lineages of both AP and regular PC. Aqp2ECE-based lineage tracing, however, cannot
distinguish if conversion occurs in cell division dependent or -independent manners. This

limitation is overcome by CldU labeling (Figure 8).
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1

2

431 Table S1. Abbreviations

g DCT2 late distal convoluted tubules

2 CNT connecting tubules

1(1) CD collecting ducts

E B1B2 V-ATPase subunits B1 and B2

12 CAll carbonic anhydrase |l

1273 PC principal cells

%; IC intercalated cells

;g AP Aqp2* B1B2* progenitor cells

ig TC1 putative transitional cells (Aqp2*CAll*)

%Z TC2 putative transitional cells (Aqp2*AE1*)

;g TC3 putative transitional cells (Aqp2*Pendrin*)

g; TC4 putative transitional cells (Aqp2- B1B2")

Z‘ TC5 putative transitional cells (Agp2* NCC*)

g? RFP red fluorescence protein

gg GFP green fluorescence protein

gz YFP yellow fluorescence protein

22 CFP cyan fluorescence protein

;5 XFP red, green, yellow and cyan fluorescence proteins
jg GYC green, yellow and cyan fluorescence proteins
g? DAPI 4’, 6-diamidino-2-phenylindole

EE IF immunofluorescence staining

gg ECE conditionally active form of Cre recombinase (activated in
57

58

59
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response to Tamoxifen) encoded by ER"?2CreER’? cassette

uuo unilateral ureteral obstruction
Cldu chlorodeoxyuridine
ldU idodeoxyuridine
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1
; Table S2. Aqp2* cells to B1B2* cell conversion percentage and Aqp2* cell-derived B1B2*
4 cell percentage during renal maintenance

Z Total Total Agp2- Aqp2- Agp2-

2 RFP* B1B2* RFP* RFP* RFP*

8 B1B2* B1B2*/ B1B2*/

9 Total Total

10 RFP* (%) | B1B2* (%)
:; D1 Cortex 1300 880 0 0.00 0.00

13 Outer

14 Medulla 1910 710 0 0.00 0.00

15 Inner

16 Medulla 1800 680 0 0.00 0.00

17

13 D60 | Cortex 2680 1954 125 4.66 6.40

20 Outer

21 Medulla 5696 2064 27 0.47 1.31

22 Inner

23 Medulla 5823 2183 23 0.39 1.05

24

;2 D90 | Cortex 2578 1915 138 5.35 7.21

27 Outer

28 Medulla 4742 1813 32 0.67 1.77

29 Inner

2(1) Medulla 5310 2678 26 0.49 0.97

2 D300 | Cortex | 2766 1417 459 16.59 32.39

34 Outer

35 Medulla 4232 1492 101 2.39 6.77

36 Inner

37 Medulla 4472 1894 48 1.07 2.53
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Table S3. Aqp2* cells to NCC* cell conversion percentage and Aqp2* cell-derived NCC*

cell percentage during renal maintenance

Total Total Agp2- Aqp2- Agp2-
RFP* NCC* RFP* RFP* RFP*
NCC+ NCC*/ NCC*/
Total Total
RFP* (%) | NCC* (%)
D1 Cortex 2000 30000 0 0.00 0.00
D60 | Cortex 10450 195400 4 0.038 0.002
D90 | Cortex 10770 209000 5 0.046 0.002
D300 | Cortex 5520 88200 5 0.091 0.006
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1
; Table S4. Aqp2* cells to CAII* cell conversion percentage and Aqp2* cell-derived CAII*
4 cell percentage during renal maintenance

Z Total Total Agp2- Aqp2- Agp2-

2 RFP* CAll* RFP* RFP* RFP*

8 CAIllI* CAII*/ CAIlI*/

9 Total Total

10 RFP* (%) | CAll* (%)
1; D1 Cortex 1030 850 0 0.00 0.00

13 Outer

14 Medulla 1100 260 0 0.00 0.00

15 Inner

16 Medulla 1250 180 0 0.00 0.00

17

}g D60 | Cortex 2156 1712 132 6.12 7.71

20 Outer

21 Medulla 1145 244 5 0.44 2.05

22 Inner

23 Medulla 1294 205 4 0.31 1.95

24

;2 D90 | Cortex 2223 1540 113 5.08 7.34

27 Outer

28 Medulla 1567 329 7 0.45 2.13

29 Inner

g? Medulla 2111 400 6 0.28 1.50

2 D300 | Cortex | 1264 885 370 20.27 | 41.81

34 Outer

35 Medulla 2260 800 67 2.96 8.38

36 Inner

37 Medulla 1000 333 17 1.70 5.11
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Table S5. Aqp2* cells to AE1* cell conversion percentage and Aqp2* cell-derived AE1*

cell percentage during renal maintenance

Total Total Agp2- Aqp2- Agp2-
RFP* AE1* RFP* RFP* RFP*
AE1* AE1*/ AE1*/
Total Total
RFP* (%) | AE1* (%)
D1 Cortex 1050 456 0 0.00 0.00
Outer
Medulla 2122 690 0 0.00 0.00
Inner
Medulla 1500 510 0 0.00 0.00
D60 | Cortex 2175 905 77 3.54 8.51
Outer
Medulla 4165 1395 45 1.08 3.23
Inner
Medulla 1450 450 9 0.62 2.00
D90 | Cortex 2324 956 85 3.66 8.89
Outer
Medulla 2783 1029 33 1.19 3.21
Inner
Medulla 1711 491 11 0.64 2.24
D300 | Cortex 1079 688 266 24.65 38.66
Outer
Medulla 1500 600 54 3.60 9.00
Inner
Medulla 557 350 11 1.97 3.14
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Table S6. Aqp2* cells to Pendrin* cell conversion percentage and Aqp2* cell-derived
Pendrin* cell percentage during renal maintenance

Total Total Aqp2- Aqp2- Agp2-
RFP* Pendrin* RFP* RFP* RFP*
Pendrin* Pendrin*/ | Pendrin*/
Total Total

9 RFP* (%) | Pendrin*
10 (%)

N D1 Cortex 2105 823 0 0.00 0.00

D60 | Cortex 2410 925 110 4.56 11.89

14 D90 | Cortex 1953 800 96 4.92 12.00

15 D300 | Cortex 500 279 112 22.40 40.14
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Table S7. Aqp2* cells to B1B2* cell conversion percentage and Aqp2* cell-derived B1B2*
cell percentage at D6 post UUO

Total Total Agp2- Aqp2- Agp2-
RFP* B1B2* RFP* RFP* RFP*
B1B2* B1B2*/ B1B2*
total RFP* | total
(%) B1B2* (%)
D6 Cortex 1323 689 70 5.3 10
Outer
Medulla 1262 224 14 1.1 6.3
Inner
Medulla 1147 301 11 1 3.7
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Figure S1. Aqp2* B1B2* and Aqp2* B1* cells with and without detectable expression of
Aqgp3 and Aqp4 exist in E15.5 kidneys.

(A-B) Images of Aqp2 (blue) merged with DAPI (white), B1B2 (green), and Aqp3 (A) or Agp4
(B) (both in red) in E15.5 kidneys showing that some AP expressed Agp3 and/or Aqp4 while
others lacked detectable Aqp3 and/or Agp4. Images in the inserts were from different regions
of E15.5 kidneys. Arrowheads: AP were magnified 2.3X on the far right lacking or expressing
Aqp3 or Agp4.

(C-D). As in A-B, except B1B2 replaced with B1, which is merged with DAPI. Images in the
inserts were from different regions of E15.5 kidneys.

Scale bar: 50 um. Related to Figures 1 and 2.

Figure S2. Aqp2* B1B2* cells with and without detectable expression of other PC and IC
markers exist in adult WT C57BI/6 kidneys.

(A-B) Images of Agp2 (blue) merged with DAPI (white), B1B2 (green), and Aqp3 (A) or Agp4
(B) (both in red) in adult WT C57BI/6 kidneys. Images in the inserts in each panel were from
different regions of the same sections. Arrowheads: AP were magnified 2.3X on the far right
lacking or expressing Aqp3 or Aqp4.

(C-E) As in A, except Agp3 replaced with X (X=CAll, AE1, or Pendrin as indicated), and B1B2
merged with DAPI. Images in the inserts in each panel were from different regions of the same
sections.

Scale bar: 50 um. Related to Figures 1 and 2.

Figure S3. Agp2* B1* cells with and without detectable expression of other PC and IC

markers exist in adult kidneys.
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(A-E) Images of Aqp2 (blue), B1 (green) merged with DAPI (white), and X (red, X=Aqgp3, Aqp4,
CAIll, AE1, or Pendrin) in adult WT C57BI/6 kidneys. Images in the inserts in A and B were
from different regions of the same sections. In D, both rabbit B1 and AE1 primary antibodies
were used sequentially in combination of monovalent Fab fragments of secondary antibodies
(see Immunofluorescence studies in Methods section). Arrowheads: AP were magnified 2.3X
on the far right lacking or expressing X (X= Aqp3, Agp4, CAIl, AE1, or Pendrin). Scale bar: 50

um. Related to Figures 1 and 2.

Figure S4. No converted IC and DCT2 cells in adult Aqp2ECE* RFP/+ mice one day after
Tamoxifen induction.

(A) RFP expression in the Aqp2* lineage after Tamoxifen induced ECE-mediated
recombination in Aqp2ECE* RFP/+ mice. .

(B) Adult Aqp2ECE* RFP/+ mice were injected with 1 X 2 mg Tamoxifen at day 0 and
examined at day 1 post induction (D1).

(C-G) Immunofluorescence confocal images of Agp2 (white), RFP (red), X (green, X = V-
ATPase B1B2, CAIl, AE1, Pendrin, and NCC), and DAPI (blue) in adult Aqp2EC&* RFP/+
kidneys at day 1 post 1 X 2 mg Tamoxifen induction. Boxed areas were magnified 2X on the
right, with channels split. Scale bar: 50 um. Arrowhead: cells were magnified 4X in inserts,
highlighting no conversion of Agp2* cells into IC or DCT2 cells during a short time period after
Tamoxifen induction as detailed below.

(C) No converted Aqp2- RFP* B1B2* cells, despite existence of rare labeled AP (Aqp2* B1B2*
RFP*)

(D) No converted Agp2- RFP* CAII* cells.

(E) No converted Aqp2- RFP* AE1* cells.

(F) No converted Agp2- RFP* Pendrin* cells.
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(G) No converted Agp2- RFP* NCC* cells.

Related to Figure 1.

Figure S5. Converted B1B2* and CAII* cells in adult Agp25CE* RFP/+ mice 300 days after
Tamoxifen induction.

(A) Adult Agp2ECE* RFP/+ mice were injected with 1 X 2 mg Tamoxifen at day 0 and examined
at day 300 post induction (D300).

(B-F) Immunofluorescence confocal images of Agp2 (blue), X (green, X = B1B2 (B, & C) or
CAll (D-F), and RFP (red)) in the regions as indicated in Aqp2ECE* RFP/+ kidneys at day 300.
Arrows: converted cells were magnified 4X in insets and detailed below.

(B-C) Converted Aqp2- RFP*CAII* cells.

(D-F) Converted Agp2- RFP*CAII* cells.

Arrowheads in E: TC1 (Agp2*CAlI*)

Scale bar: 50 um. Related to Figures 1.

Figure S6. Converted AE1* and Pendrin* cells in adult Aqp2FCE* RFP/+ mice 300 days
after Tamoxifen induction.

(A) Adult Agp2ECE* RFP/+ mice were injected with 1 X 2 mg Tamoxifen at day 0 and examined
at day 300 post induction (D300).

(B-E) Immunofluorescence confocal images of Aqp2 (blue), X (green, X = AE1 (B-D) or
Pendrin (E), and RFP (red)) in the regions as indicated in Aqp2ECE* RFP/+ kidneys at day 300.
Arrows: converted cells were magnified 4X in insets and detailed below.

(B-D) Converted Agp2-RFP*AE1* cells.

(E) Converted Agp2-RFP*Pendrin* cells.

Scale bar: 50 um. Related to Figures 1.
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Figure S7. Converted B1* (Aqp2-B1*RFP*) cells in adult Aqp2FCE* RFP/+ mice 300 days
after Tamoxifen induction.

Immunofluorescence confocal images of Agp2 (blue), B1 (green) merged with DAPI (white)
and RFP (red)) in Aqp2ECE* RFP/+ kidneys at day 300. Arrows: a converted B1 cell (Aqp2-

B1*RFP* was magnified 4X in insets.

Figure S8. Optimization of Tamoxifen induction and validation of the lack of cross
reactivity between the GFP and RFP antibodies in adult Aqp2£CE* Brainbow/+ mice.
(A-C) Adult Aqp2ECE* Brainbow/+ mice were induced with 1 X 2 mg Tamoxifen at DO and
analyzed at D1. Immunofluorescence confocal images of Agp2 (blue) merged with DAPI
(white), RFP (red), and GFP (green) showed individual RFP* and GYC* cells primarily in the
inner medulla, occasionally in the outer medulla and very rarely in the cortex. The non-
overlapping detection of RFP* and GYC* cells demonstrated the lack of cross reactivity
between the GFP and RFP antibodies.

(D-F) Adult Agp2ECE* Brainbow/+ mice were induced daily with 5 X 5 mg Tamoxifen at DO-D5
and analyzed at D6. Immunofluorescence confocal images of Aqp2 (red), GFP (green) and
DAPI (blue) showed GYC* “clones” with various numbers of cells primarily in the inner
medulla, occasionally in the outer medulla and very rarely in the cortex.

(G) Adult Aqp2ECE* Brainbow/+ mice were induced with 1 X 2 mg oil at DO and analyzed at D1.
Immunofluorescence confocal images of Aqp2 (red), GFP (green) and DAPI (blue) showed no
GYC* cells in the inner medulla.

Scale bar: 50 um. Related to Figure 2.
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Figure S9. Individual XFP* cells in adult Aqp2ECE* Brainbow/+ mice one day post 1X 2
mg Tamoxifen induction.

(A) Adult Aqp2ECE* Brainbow/+ mice were induced with 1 X 2 mg Tamoxifen at DO and
analyzed at D1. Frozen sections without immunofluorescence staining were subject to confocal
microscopy.

(B-C) Images of frozen sections showing sparsely distributed XFP* cells primarily in the inner
medulla. Boxed area was magnified 4X in C. No antibody staining was involved.

(D) 100% XFP* clones contained only one cell. No XFP* clones had 2 or more XFP* cells. A
total of 1001 clones from 3 mice were examined.

Scale bar: 50 um. Related to Figure 2.

Figure S$10. Validation of specific detection of XFP on paraffin sections.

(A) Adult Aqp2ECE* Brainbow/+ mice were induced with 1 X 2 mg Tamoxifen at DO and
analyzed at D300 for immunofluorescence staining of paraffin sections without primary
antibodies or using normal mouse and rabbit IgGs.

(B) Confocal images showed no XFP* cells when the primary antibodies were omitted. Boxed
area was magnified 2X on the right.

(C) Confocal images of Agp2 (blue) merged with DAPI (white, left), or with normal mouse IgG
(mIgG, green) and normal rabbit IgG (rlgG, red) showed no XFP* cells. In either case, no XFP*
cells were detected, demonstrating the disruption of green, red, yellow and cyan-emitting
fluorophores by the immunofluorescence staining procedure and the dependence of the
primary antibodies for the detection of XFP.

Scale bar: 100 um. Related to Figure 2.
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Figure S11. No converted GYC* cells in adult Aqp2ECE* Brainbow/+ mice one day post
induction.

(A-F) Immunofluorescence confocal images of Aqp2 (blue) merged with DAPI (white), X (X=
B1B2, CAIll, AE1, and Pendrin, all in red) and GYC recognized by the GFP antibody (green)
showing that individual GYC* (green) cells expressing Agp2 with or without X throughout the
AQp2ECE* Brainbow/+ kidneys 1 day after 1 X 2 mg Tamoxifen injection. Arrowheads:
Individual GYC* cells magnified 4X in inserts are either AP or Aqp2*X- cells, demonstrating no
Aqp2* cells to X* conversion as detailed below. Scale bar: 50 um.

(A) Labeled Agp2* B1B2* GYC* cells (i.e. Labeled AP).

(B-C) No converted Agp2- B1B2* GYC* cells in the outer (B) and inner medulla (C).

(D) No converted Agp2- CAIl* GYC* cells in the inner medulla.

(E) No converted Agp2- AE1* GYC* cells in the inner medulla.

(F) A very rare GYC* cell in the cortex that was Aqp2* Pendrin-.

Related to Figure 2.

Figure S12. RFP* clones containing 1-3 cells in adult Aqp2EC&* Brainbow/+ mice 30 days
post induction.

(A) Adult Aqgp2ECE* Brainbow/+ mice were induced with 1 X 2 mg Tamoxifen at DO and
analyzed at D30.

(B-C) Immunofluorescence confocal images of Agp2 (green), RFP (red) and DAPI (blue)
showed RFP* “clones” with 1-3 cells in the inner medulla. Boxed area was magnified 4X in C.
(D) Percent of XFP* clones showing that 99.4% XFP* clones had 1-2 cells. The remaining
0.6% clones had 3 cells XFP* clones. No XFP* clones had 4 or more XFP* cells. A total of

1203 clones from 3 mice were examined. Scale bar: 50 um. Related to Figure 2.
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Figure S13. Adult AP express Jag1 and Notch1.

(A-B) Images of Aqp2 (blue) merged with DAPI (white), B1B2 (green), and X (X=Jag1 or
Notch, both in red) in adult WT C57BIl/6 kidneys showing that AP express Jag1 and Notch1.
Notch1 and Jag1 were also expressed in PC and IC, respectively. The 4th row of small
enlarged panels at the right of each lettered subpanel presents the Agp2/B1B2/X merged

image. Scale bar: 50 um. Related to Figures 1 and 2.

Figure S14. Adult AP express CD24 and Pax2.

(A-B) Images of Agp2 (blue) merged with DAPI (white), B1B2 (green), and X (X=CD24, or
Pax2, both in red) in adult WT C57BI/6 kidneys showing that AP, like PC and IC, express
CD24 and Pax2,. The 4th row of small enlarged panels at the right of each lettered subpanel

presents the Aqp2/B1B2/X merged image. Scale bar: 50 um. Related to Figures 1 and 2.

Fig. S15. Adult AP express Parm1, but not Ki67 and PCNA.

(A-C) Images of Agp2 (blue) merged with DAPI (white), B1B2 (green), and X (X=Parm1, Ki67
or PCNA, all in red) in adult WT C57BI/6 kidneys showing that AP, like PC and IC, express
Parm1, but neither Ki67 nor PCNA. The 4th row of small enlarged panels at the right of each
lettered subpanel presents the Aqp2/B1B2/X merged image. Scale bar: 50 um. Related to

Figures 1 and 2.

Figure S16. Adult AP occasionally and selectively divide during renal maintenance.

(A) Adult WT mice were injected with CldU (50 mg/kg BW) at Oh without UUO. Mice were

analyzed at 24h.
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(B) Percent of various CNT/CD cells: PC (Agp2* B1B2), IC (Agp2- B1B2*), AP (Aqp2* B1B2"),
and TC4 (Aqp2- B1B2°) throughout the kidney. A total of 5520 cells from 3 mice were counted
and classified into PC, IC, AP or TC4. Error bars represent + SEM.

(C) Percent of CldU-labeled various CNT/CD cells throughout the kidney. A total of 5520 cells
from 3 mice were counted and classified into PC, IC, AP or TC4. For each cell type, cells were
then scored as CldU* and CldU-, respectively (see text for details). Error bars represent *
SEM.

(D-E) Matched immunofluorescence confocal images of Aqp2 (blue) merged with B1B2
(green) and CldU (red, D), or with DAPI (white, E) in the chased kidney. Boxed area in D was
matched with boxed area in E, and magnified 4.5X in F, highlighting a 2-cell CldU* clone
containing an AP (Agp2* B1B2*) and IC (Agp2- B1B2*), with separated channels. No other
CldU* CNT/CD cells were found throughout the image (D-E). Arrows and arrowheads in D & E:
All other CIldU* cells in Agp2- tubules and interstitial structures, respectively. Arrows in F: The

2-cell CldU* clone magnified 2,5X in G. Scale bar: 50 um.

Figure S17. Validation of specific detection of CldU and IdU.

(A) Adult mice were subject to UUO at Oh, followed by injection of CldU, IdU or in combination
(50 mg/kg BW each), respectively, at 24h post UUO. For combinational injection, IdU was
injected at 45h post UUO. Mice were analyzed at 48h.

(B-D) Images showing CldU (red) and IdU (green) labeling in the kidneys. When either CldU
(B) or I1dU (C) was administrated alone no cross-reactivity was detected, and when both CldU
and IdU (D) were sequentially injected, cells labeled by CldU, IdU or both were found. Scale
bar: 50 ym. Arrowheads: Cells were magnified 4X in inserts. Arrow in D: CldU* or IdU* cells.

Related to Figures 3-5, and 7.
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Figure $18. UUO-induced injury repair involves specific CNT/CD cells as the first
responders.

(A) Adult mice were subject to UUO, and injected with CldU 24h after injury and IdU at 45h
after injury. Mice were sacrificed at 48h or day 14 (14d) post-UUO.

(B-D) Immunofluorescence confocal images of Ki67 (blue), CldU (red), IdU (green) and DAPI
(white) in UUO kidneys at 48h. The boxed area in B was matched with boxed area in C and
magnified 6X in D with separated channels. The 4t panel in D presents the Ki67/CldU/IdU
merged image.

(E) Percent of Ki67* cells in CldU*IdU* cells (left, green) and CldU*IdU* cells in Ki67* cells
(right, green) in UUO kidneys at 48h. The red portions of bars show percent of Ki67- cells in
CldU*ldU* cells (left), and percent of CldU-, IdU-, or CIdU-IdU- cells in Ki67* cells (right) in UUO
kidneys at 48h. From 3 mice, 500 CldU*ldU* and 801 Ki67* cells were counted.

(F-K) Immunofluorescence confocal images of Agp3 (blue), CldU (red), TUNEL (green) and
DAPI (white) in UUO kidneys at 48h. Boxed regions in F were matched with boxed areas in |,
and magnified 3X to highlight that injured CNT/CDs either containing apoptotic cells had (G
and J) or lacked (H and K) CldU* cells. Arrowheads: apoptotic cells.

(L-O) Immunofluorescence confocal images of Aqp3 (blue), CIdU (red), TUNEL (green) and
DAPI (white) in UUO kidneys at 14d. Injured CNT/CDs containing apoptotic cells either lacked
(L and N) or had (M and O) CIldU* cells, respectively. Arrowheads: apoptotic cells.

Scale bar: 50 um. Related to Figure 3-4.

Figure S19. Adult AP selectively proliferate in response to UUO-induced injury at D2.
(A-B) Adult WT mice were subject to UUO at day 0 (d0), CIdU injection at day 1 (D1), and
examined at 2 days later (D2). Matched images of Aqp2 (green), B1B2 (red) merged with DAPI

(white), and CldU (blue) showing two adjacent labeled AP (Aqp2* B1B2* CldU*) in the boxed
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region as the sole CldU* CNT/CD cells in the whole area examined, demonstrating the
selective proliferation of AP in UUO kidneys at D2. Boxed areas in A and B were matched and
magnified 8X in Figure 4F. No other CldU* CNT/CD cells were found throughout the images in

A and B.

Figure S20. Adult AP exist in the expanded CldU* clones.

(A) Adult mice were subject to UUO at dO, followed by CldU injection at D1, and examined at
D6.

(B-D) Images of three confocal planes from the top to the bottom showing the same CldU-
labeled CNT/CD in a UUO kidney, with Agp2 (blue), B1B2 (green) merged with DAPI (white),
and CldU (red). Arrowheads: AP (B & C) and PC (D) were magnified 2.3X in far right,
highlighting the lack of AP detection in the CldU* clone (D) because AP resides in different

confocal planes (B & C). Scale bar: 50um. Related to Figure 4.

Figure S21. Sparsely distributed individual XFP* cells were induced in the adult
Aqp2ECE* Brainbow/Brainbow mice.

(A) Adult Agp2ECE* Brainbow/Brainbow mice were induced with 1 X 2 mg Tamoxifen at DO and
sacrificed 24hrs later (D1) without UUO for confocal microscopy of frozen sections.

(B-C) Images of frozen sections of adult Aqp2ECE* Brainbow/Brainbow mice at D1 showing
sparsely distributed individual XFP-labeled cells (X=G, Y, C and R). Boxed area in B is
magnified 4X to highlight individual XFP* cells in the inner medulla (C). No antibody staining
was involved. n=3 mice.

(D) Percent of XFP* clones containing 1, 2 or more continuous XFP* cells of the same color
without interruption by an unlabeled cell or by a cell labeled by a different color at D1. Clones

of 2 or more XFP* cells were not found. A total of 1105 clones from 3 mice were analyzed.
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Scale bar: 50 um. Related to Figure 6.

Figure S22. RFP* clones with 1-2 cells were induced in the adult Aqp2FCE+
Brainbow/Brainbow mice at D14.

(A) Adult Aqp2ECE* Brainbow/Brainbow mice were induced with 1 X 2 mg Tamoxifen at D-1,
without UUO at d0, and sacrificed at D14 as non-injured control. The time points were matched
with the UUO mice at D14 shown in Figure 6.

(B-C) Immunofluorescence confocal images of Agqp2 (green), RFP (red) and DAPI (blue)
showed RFP* “clones” with 1-2 cells in the inner medulla. Boxed area was magnified 4X in C.
(D) Percent of XFP* clones showing that 100% XFP* clones had 1-2 cells. Clones of 3 or more
XFP* cells were not observed. A total of 605 clones from 3 mice were analyzed.

Scale bar: 50 um. Related to Figure 6.

Figure S23. Adult AP express Jag1 and Notch1 during repair.

(A) Adult mice were subject to UUO at day 0 (d0), CldU injection at day 1 (D1), and examined
2, 6 or 14 days later (D2, D6, or D14).

(B) Mice were injected with CldU and sacrificed one day later as non-injured control (DO).
(C-H) Immunofluorescence images of UUO kidneys showing Agp2 (green) merged with DAPI
(white), or with B1B2 (red) and Jag1 or Notch1 (blue) as indicated. Arrowheads: AP (Aqp2*
B1B2*) were magnified 2.3X on the far right.

(C, E, G) AP expressed high levels of Jag1.

(D, F, H) AP expressed high levels of Notch1.

(I-J) Percent of AP expressing Jag1 (I) or Notch1 (J) in all AP at each time point. About 300 AP

were counted per condition. Scale bar: 50 ym. Related to Figure 4 and 7.
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Figure S24. Notch is activated during repair.

(A-D) Images of Agp2 (blue) merged with DAPI (white, left), or with B1B2 (green) and Hes1
(red, right) in UUO kidneys at DO, D6 and D14. Inserts in A and C were from different
microscopic fields. Arrowheads: Hes1-expressing PC (Agp2* B1B2-), IC (Aqp2- B1B2*), AP
(Agp2* B1B2*) and TC4 (Aqp2- B1B2) were magnified 2.3X on the far right, with split
channels. Note, no cells in the CNT/CD in C had detectable Hes1 expression. Scale bar: 50

pum. Related to Figure 7.

Figure S25. UUO progressively induces kidney fibrosis.

(A) Adult mice were subject to UUO at day 0 (d0), CldU injection at day 1 (D1), and examined
2, 6 or 14 days later (D2, D6, or D14).

(B) Mice were injected with CldU and sacrificed one day later as non-injured control (DO).
(C-E) Correlation analyses between the percent of Hes1* cells and percent of CldU* cells in all
IC (Agp2- B1B2*) (C), PC (Agp2* B1B2") (D), and TC4 (Aqp2- B1B2") (E). Each data point
represents an individual mouse in which the correlated parameters were analyzed. A total of 8-
11 mice from DO, D2, D6 and D14 post UUO (n=2-3 mice/time point) were shown.

(F-H) ImageJ-based quantification of Masson’s Trichrome staining (F) and representative
Masson’s Trichrome staining images (G-H) showing progressive development of severe kidney
fibrosis by D14 after UUO. Boxed areas in G were magnified 10X in H. Boxed areas in H were
magnified 4X in Figure 7H. Scale bar: 1000 ym. n=3 mice per condition. * p< 0.05 vs. DO. $ p<

0.05vs. D2. # p< 0.05 vs. D6. Related to Figures 4-8.

Movie S1. Adult AP contribute circumferentially and longitudinally to CNT/CD
maintenance. Constructed 3-D structure showing XFP-labeled cells or clones of the adult

AQp2ECE™* Brainbow/+ mice 300 days post1 X 2 mg Tamoxifen induction. A large YFP clone
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had expanded circumferentially and longitudinally to maintain the CNT/CD. The 3-D structure

was generated by confocal microscopy with 0.5 ym optical sections. Related to Figure 2
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38 Figure S1. Agp2+ B1B2+ and Agp2+ B1+ cells with and without detectable expression of Aqp3 and Agp4
exist in E15.5 kidneys.

(A-B) Images of Agp2 (blue) merged with DAPI (white), B1B2 (green), and Agp3 (A) or Agp4 (B) (both in

40 red) in E15.5 kidneys showing that some AP expressed Agp3 and/or Agp4 while others lacked detectable

41 Aqgp3 and/or Agp4. Images in the inserts were from different regions of E15.5 kidneys. Arrowheads: AP were

42 magnified 2.3X on the far right lacking or expressing Aqp3 or Agp4.

43 (C-D). As in A-B, except B1B2 replaced with B1, which is merged with DAPI. Images in the inserts were

44 from different regions of E15.5 kidneys.

Scale bar: 50 ym. Related to Figures 1 and 2.
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Figure S2. Agp2+ B1B2+ cells with and without detectable expression of other PC and IC markers exist in

adult WT C57BI/6 kidneys.

(A-B) Images of Agp2 (blue) merged with DAPI (white), B1B2 (green), and Agp3 (A) or Agp4 (B) (both in
red) in adult WT C57BI/6 kidneys. Images in the inserts in each panel were from different regions of the
same sections. Arrowheads: AP were magnified 2.3X on the far right lacking or expressing Aqp3 or Agp4.
(C-E) As in A, except Aqgp3 replaced with X (X=CAII, AE1, or Pendrin as indicated), and B1B2 merged with
DAPI. Images in the inserts in each panel were from different regions of the same sections.

Scale bar: 50 um. Related to Figures 1 and 2.
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41 Figure S3. Agp2+ B1+ cells with and without detectable expression of other PC and IC markers exist in adult
42 kidneys.
43 (A-E) Images of Agp2 (blue), B1 (green) merged with DAPI (white), and X (red, X=Aqp3, Agp4, CAII, AE1,
44 or Pendrin) in adult WT C57BI/6 kidneys. Images in the inserts in A and B were from different regions of the
45 same sections. In D, both rabbit B1 and AE1 primary antibodies were used sequentially in combination of
monovalent Fab fragments of secondary antibodies (see Immunofluorescence studies in Methods section).
Arrowheads: AP were magnified 2.3X on the far right lacking or expressing X (X= Agp3, Aqp4, CAII, AE1, or
47 Pendrin). Scale bar: 50 um. Related to Figures 1 and 2.
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Figure S4. No converted IC and DCT2 cells in adult Agp2ECE/+ RFP/+ mice one day after Tamoxifen
induction.
(A) RFP expression in the Agp2+ lineage after Tamoxifen induced ECE-mediated recombination in
Aqp2ECE/+ RFP/+ mice. .
(B) Adult Agp2ECE/+ RFP/+ mice were injected with 1 X 2 mg Tamoxifen at day 0 and examined at day 1
post induction (D1).

(C-G) Immunofluorescence confocal images of Aqp2 (white), RFP (red), X (green, X = V-ATPase B1B2, CAII,

AE1, Pendrin, and NCC), and DAPI (blue) in adult Aqp2ECE/+ RFP/+ kidneys at day 1 post 1 X 2 mg
Tamoxifen induction. Boxed areas were magnified 2X on the right, with channels split. Scale bar: 50 pm.
Arrowhead: cells were magnified 4X in inserts, highlighting no conversion of Agp2+ cells into IC or DCT2

cells during a short time period after Tamoxifen induction as detailed below.
(C) No converted Agp2- RFP+ B1B2+ cells, despite existence of rare labeled AP (Aqp2+ B1B2+ RFP+)
(D) No converted Agp2- RFP+ CAII+ cells.
(E) No converted Agp2- RFP+ AE1+ cells.
(F) No converted Agp2- RFP+ Pendrin+ cells.
(G) No converted Agqp2- RFP+ NCC+ cells.
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Related to Figure 1.
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(A) Adult Aqp2ECE/+ RFP/+ mice were injected with 1 X 2 mg Tamoxifen at day 0 and examined at day 300

post induction (D300).

(B-F) Immunofluorescence confocal images of Agp2 (blue), X (green, X = B1B2 (B, & C) or CAII (D-F), and
RFP (red)) in the regions as indicated in AQp2ECE/+ RFP/+ kidneys at day 300. Arrows: converted cells were

magnified 4X in insets and detailed below.
(B-C) Converted Agp2- RFP+CAII+ cells.
(D-F) Converted Agp2- RFP+CAII+ cells.
Arrowheads in E: TC1 (Agp2+CAII+)
Scale bar: 50 ym. Related to Figures 1.
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Figure S6. Converted AE1+ and Pendrin+ cells in adult Aqp2ECE/+ RFP/+ mice 300 days after Tamoxifen
induction.
(A) Adult Aqp2ECE/+ RFP/+ mice were injected with 1 X 2 mg Tamoxifen at day 0 and examined at day 300
post induction (D300).

(B-E) Immunofluorescence confocal images of Aqp2 (blue), X (green, X = AE1 (B-D) or Pendrin (E), and RFP
(red)) in the regions as indicated in AqQp2ECE/+ RFP/+ kidneys at day 300. Arrows: converted cells were
magnified 4X in insets and detailed below.

(B-D) Converted Aqp2-RFP+AE1+ cells.

(E) Converted Agp2-RFP+Pendrin+ cells.

Scale bar: 50 ym. Related to Figures 1.
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16 Figure S7. Converted B1+ (Aqp2-B1+RFP+) cells in adult Aqp2ECE/+ RFP/+ mice 300 days after Tamoxifen
17 induction.

18 Immunofluorescence confocal images of Aqp2 (blue), B1 (green) merged with DAPI (white) and RFP (red))
19 in AQp2ECE/+ RFP/+ kidneys at day 300. Arrows: a converted B1 cell (Aqgp2-B1+RFP+ was magnified 4X in
insets.

22 164x46mm (300 x 300 DPI)
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Figure S8. Optimization of Tamoxifen induction and validation of the lack of cross reactivity between the GFP
and RFP antibodies in adult Aqp2ECE/+ Brainbow/+ mice.
(A-C) Adult Agp2ECE/+ Brainbow/+ mice were induced with 1 X 2 mg Tamoxifen at DO and analyzed at D1.
Immunofluorescence confocal images of Aqp2 (blue) merged with DAPI (white), RFP (red), and GFP (green)
showed individual RFP+ and GYC+ cells primarily in the inner medulla, occasionally in the outer medulla and
very rarely in the cortex. The non-overlapping detection of RFP+ and GYC+ cells demonstrated the lack of
cross reactivity between the GFP and RFP antibodies.

(D-F) Adult Aqp2ECE/+ Brainbow/+ mice were induced daily with 5 X 5 mg Tamoxifen at DO-D5 and
analyzed at D6. Immunofluorescence confocal images of Agp2 (red), GFP (green) and DAPI (blue) showed
GYC+ “clones” with various numbers of cells primarily in the inner medulla, occasionally in the outer medulla
and very rarely in the cortex.

(G) Adult Aqp2ECE/+ Brainbow/+ mice were induced with 1 X 2 mg oil at DO and analyzed at D1.
Immunofluorescence confocal images of Aqp2 (red), GFP (green) and DAPI (blue) showed no GYC+ cells in
the inner medulla.
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Scale bar: 50 um. Related to Figure 2.
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Figure S9. Individual XFP+ cells in adult Aqp2ECE/+ Brainbow/+ mice one day post 1X 2 mg Tamoxifen
induction.
(A) Adult Aqp2ECE/+ Brainbow/+ mice were induced with 1 X 2 mg Tamoxifen at DO and analyzed at D1.
Frozen sections without immunofluorescence staining were subject to confocal microscopy.
(B-C) Images of frozen sections showing sparsely distributed XFP+ cells primarily in the inner medulla.
Boxed area was magnified 4X in C. No antibody staining was involved.
(D) 100% XFP+ clones contained only one cell. No XFP+ clones had 2 or more XFP+ cells. A total of 1001
clones from 3 mice were examined.
Scale bar: 50 pm. Related to Figure 2.
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45 Figure S10. Validation of specific detection of XFP on paraffin sections.

46 (A) Adult Aqp2ECE/+ Brainbow/+ mice were induced with 1 X 2 mg Tamoxifen at DO and analyzed at D300

47 for immunofluorescence staining of paraffin sections without primary antibodies or using normal mouse and

rabbit IgGs.

(B) Confocal images showed no XFP+ cells when the primary antibodies were omitted. Boxed area was

49 magnified 2X on the right.

50 (C) Confocal images of Aqp2 (blue) merged with DAPI (white, left), or with normal mouse IgG (mIgG,

51 green) and normal rabbit IgG (rIgG, red) showed no XFP+ cells. In either case, no XFP+ cells were detected,

52 demonstrating the disruption of green, red, yellow and cyan-emitting fluorophores by the

53 immunofluorescence staining procedure and the dependence of the primary antibodies for the detection of
XFP.

Scale bar: 100 ym. Related to Figure 2.
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Figure S11. No converted GYC+ cells in adult AQp2ECE/+ Brainbow/+ mice one day post induction.
(A-F) Immunofluorescence confocal images of Agp2 (blue) merged with DAPI (white), X (X= B1B2, CAII,
AE1, and Pendrin, all in red) and GYC recognized by the GFP antibody (green) showing that individual GYC+
(green) cells expressing Agqp2 with or without X throughout the Aqp2ECE/+ Brainbow/+ kidneys 1 day after
1 X 2 mg Tamoxifen injection. Arrowheads: Individual GYC+ cells magnified 4X in inserts are either AP or
Agp2+X- cells, demonstrating no Agp2+ cells to X+ conversion as detailed below. Scale bar: 50 pm.

(A) Labeled Agp2+ B1B2+ GYC+ cells (i.e. Labeled AP).

(B-C) No converted Agp2- B1B2+ GYC+ cells in the outer (B) and inner medulla (C).

(D) No converted Agp2- CAII+ GYC+ cells in the inner medulla.

(E) No converted Agp2- AE1+ GYC+ cells in the inner medulla.

(F) A very rare GYC+ cell in the cortex that was Agqp2+ Pendrin-.

Related to Figure 2.
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Figure S12. RFP+ clones containing 1-3 cells in adult Aqp2ECE/+ Brainbow/+ mice 30 days post induction.
(A) Adult Agp2ECE/+ Brainbow/+ mice were induced with 1 X 2 mg Tamoxifen at DO and analyzed at D30.
(B-C) Immunofluorescence confocal images of Agp2 (green), RFP (red) and DAPI (blue) showed RFP+
“clones” with 1-3 cells in the inner medulla. Boxed area was magnified 4X in C.

(D) Percent of XFP+ clones showing that 99.4% XFP+ clones had 1-2 cells. The remaining 0.6% clones had
3 cells XFP+ clones. No XFP+ clones had 4 or more XFP+ cells. A total of 1203 clones from 3 mice were
examined. Scale bar: 50 um. Related to Figure 2.
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Figure S13. Adult AP express Jagl and Notchl.

(A-B) Images of Agp2 (blue) merged with DAPI (white), B1B2 (green), and X (X=Jagl or Notch, both in red)
in adult WT C57BI/6 kidneys showing that AP express Jagl and Notchl. Notchl and Jagl were also
expressed in PC and IC, respectively. The 4th row of small enlarged panels at the right of each lettered
subpanel presents the Aqp2/B1B2/X merged image. Scale bar: 50 ym. Related to Figures 1 and 2.

372x177mm (300 x 300 DPI)

Journal of the American Society of Nephrology



Page 107 of 105

oNOYTULT D WN =

A. 2R DAPI
2® P+

B1BZ PC IC AP
td

4

Y

UL Cle

0

A
&

23 Figure S14. Adult AP express CD24 and Pax2.

24 (A-B) Images of Agp2 (blue) merged with DAPI (white), B1B2 (green), and X (X=CD24, or Pax2, both in
red) in adult WT C57BI/6 kidneys showing that AP, like PC and IC, express CD24 and Pax2,. The 4th row of
small enlarged panels at the right of each lettered subpanel presents the Aqp2/B1B2/X merged image. Scale
26 bar: 50 um. Related to Figures 1 and 2.
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Fig. S15. Adult AP express Parm1, but not Ki67 and PCNA.

(A-C) Images of Agp2 (blue) merged with DAPI (white), B1B2 (green), and X (X=Parm1, Ki67 or PCNA, all
in red) in adult WT C57BI/6 kidneys showing that AP, like PC and IC, express Parm1, but neither Ki67 nor
PCNA. The 4th row of small enlarged panels at the right of each lettered subpanel presents the
Agp2/B1B2/X merged image. Scale bar: 50 um. Related to Figures 1 and 2.
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Figure S16. Adult AP occasionally and selectively divide during renal maintenance.

(A) Adult WT mice were injected with CldU (50 mg/kg BW) at Oh without UUO. Mice were analyzed at 24h.
(B) Percent of various CNT/CD cells: PC (Agqp2+ B1B2-), IC (Agp2- B1B2+), AP (Agp2+ B1B2+), and TC4
(Agp2- B1B2-) throughout the kidney. A total of 5520 cells from 3 mice were counted and classified into PC,
IC, AP or TC4. Error bars represent £ SEM.

(C) Percent of CIldU-labeled various CNT/CD cells throughout the kidney. A total of 5520 cells from 3 mice
were counted and classified into PC, IC, AP or TC4. For each cell type, cells were then scored as CIdU+ and
CIdU-, respectively (see text for details). Error bars represent £ SEM.

(D-E) Matched immunofluorescence confocal images of Agp2 (blue) merged with B1B2 (green) and CIdU
(red, D), or with DAPI (white, E) in the chased kidney. Boxed area in D was matched with boxed area in E,
and magnified 4.5X in F, highlighting a 2-cell CIdU+ clone containing an AP (Agp2+ B1B2+) and IC (Agp2-
B1B2+), with separated channels. No other CIdU+ CNT/CD cells were found throughout the image (D-E).
Arrows and arrowheads in D & E: All other CIdU+ cells in Aqp2- tubules and interstitial structures,
respectively. Arrows in F: The 2-cell CIdU+ clone magnified 2,5X in G. Scale bar: 50 pm.
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Figure S17. Validation of specific detection of CIdU and IdU.

(A) Adult mice were subject to UUO at Oh, followed by injection of CldU, IdU or in combination (50 mg/kg
BW each), respectively, at 24h post UUO. For combinational injection, IdU was injected at 45h post UUO.

Mice were analyzed at 48h.

(B-D) Images showing CIdU (red) and IdU (green) labeling in the kidneys. When either CIdU (B) or IdU (C)
was administrated alone no cross-reactivity was detected, and when both CldU and IdU (D) were
sequentially injected, cells labeled by CIdU, IdU or both were found. Scale bar: 50 um. Arrowheads: Cells
were magnified 4X in inserts. Arrow in D: CIdU+ or IdU+ cells. Related to Figures 3-5, and 7.
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Figure S18. UUO-induced injury repair involves specific CNT/CD cells as the first responders.
(A) Adult mice were subject to UUO, and injected with CldU 24h after injury and IdU at 45h after injury.
Mice were sacrificed at 48h or day 14 (14d) post-UUO.

(B-D) Immunofluorescence confocal images of Ki67 (blue), CIdU (red), IdU (green) and DAPI (white) in UUO
kidneys at 48h. The boxed area in B was matched with boxed area in C and magnified 6X in D with
separated channels. The 4th panel in D presents the Ki67/CIdU/IdU merged image.

(E) Percent of Ki67+ cells in CIdU+IdU+ cells (left, green) and CIdU+IdU+ cells in Ki67+ cells (right, green)
in UUO kidneys at 48h. The red portions of bars show percent of Ki67- cells in CIdU+IdU+ cells (left), and
percent of CIdU-, IdU-, or CIdU-IdU- cells in Ki67+ cells (right) in UUO kidneys at 48h. From 3 mice, 500
CIdU+IdU+ and 801 Ki67+ cells were counted.

(F-K) Immunofluorescence confocal images of Agp3 (blue), CIdU (red), TUNEL (green) and DAPI (white) in
UUO kidneys at 48h. Boxed regions in F were matched with boxed areas in I, and magnified 3X to highlight
that injured CNT/CDs either containing apoptotic cells had (G and J) or lacked (H and K) CIdU+ cells.
Arrowheads: apoptotic cells.
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(L-O) Immunofluorescence confocal images of Aqp3 (blue), CIdU (red), TUNEL (green) and DAPI (white) in
UUO kidneys at 14d. Injured CNT/CDs containing apoptotic cells either lacked (L and N) or had (M and O)
CIdU+ cells, respectively. Arrowheads: apoptotic cells.

Scale bar: 50 um. Related to Figure 3-4.
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45 Figure S19. Adult AP selectively proliferate in response to UUO-induced injury at D2.

46 (A-B) Adult WT mice were subject to UUO at day 0 (d0), CIdU injection at day 1 (D1), and examined at 2
47 days later (D2). Matched images of Agp2 (green), B1B2 (red) merged with DAPI (white), and CIdU (blue)
showing two adjacent labeled AP (Agqp2+ B1B2+ CIdU+) in the boxed region as the sole CIdU+ CNT/CD
cells in the whole area examined, demonstrating the selective proliferation of AP in UUO kidneys at D2.
49 Boxed areas in A and B were matched and magnified 8X in Figure 4F. No other CIdU+ CNT/CD cells were
50 found throughout the images in A and B.
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Figure S20. Adult AP exist in the expanded CIdU+ clones.

(A) Adult mice were subject to UUO at dO, followed by CIdU injection at D1, and examined at D6.
(B-D) Images of three confocal planes from the top to the bottom showing the same CIdU-labeled CNT/CD
in a UUO kidney, with Aqp2 (blue), B1B2 (green) merged with DAPI (white), and CIdU (red). Arrowheads:
AP (B & C) and PC (D) were magnified 2.3X in far right, highlighting the lack of AP detection in the CIdU+

clone (D) because AP resides in different confocal planes (B & C). Scale bar: 50um. Related to Figure 4.
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Figure S21. Sparsely distributed individual XFP+ cells were induced in the adult AQp2ECE/+
Brainbow/Brainbow mice.
(A) Adult Agp2ECE/+ Brainbow/Brainbow mice were induced with 1 X 2 mg Tamoxifen at DO and sacrificed
24hrs later (D1) without UUO for confocal microscopy of frozen sections.

(B-C) Images of frozen sections of adult Aqp2ECE/+ Brainbow/Brainbow mice at D1 showing sparsely
distributed individual XFP-labeled cells (X=G, Y, C and R). Boxed area in B is magnified 4X to highlight
individual XFP+ cells in the inner medulla (C). No antibody staining was involved. n=3 mice.

(D) Percent of XFP+ clones containing 1, 2 or more continuous XFP+ cells of the same color without
interruption by an unlabeled cell or by a cell labeled by a different color at D1. Clones of 2 or more XFP+
cells were not found. A total of 1105 clones from 3 mice were analyzed.

Scale bar: 50 ym. Related to Figure 6.
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Figure S22. RFP+ clones with 1-2 cells were induced in the adult Aqp2ECE/+ Brainbow/Brainbow mice at
D14.

(A) Adult Agp2ECE/+ Brainbow/Brainbow mice were induced with 1 X 2 mg Tamoxifen at D-1, without UUO
at d0, and sacrificed at D14 as non-injured control. The time points were matched with the UUO mice at D14
shown in Figure 6.

(B-C) Immunofluorescence confocal images of Agp2 (green), RFP (red) and DAPI (blue) showed RFP+
“clones” with 1-2 cells in the inner medulla. Boxed area was magnified 4X in C.

(D) Percent of XFP+ clones showing that 100% XFP+ clones had 1-2 cells. Clones of 3 or more XFP+ cells
were not observed. A total of 605 clones from 3 mice were analyzed.

Scale bar: 50 pm. Related to Figure 6.
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Figure S23. Adult AP express Jagl and Notch1 during repair.
(A) Adult mice were subject to UUO at day 0 (d0), CldU injection at day 1 (D1), and examined 2, 6 or 14
days later (D2, D6, or D14).
(B) Mice were injected with CIdU and sacrificed one day later as non-injured control (DO).

(C-H) Immunofluorescence images of UUO kidneys showing Agp2 (green) merged with DAPI (white), or with
B1B2 (red) and Jagl or Notchl (blue) as indicated. Arrowheads: AP (Agp2+ B1B2+) were magnified 2.3X on
the far right.

(C, E, G) AP expressed high levels of Jagl.

(D, F, H) AP expressed high levels of Notch1.

(I-3) Percent of AP expressing Jagl (I) or Notchl (J) in all AP at each time point. About 300 AP were counted
per condition. Scale bar: 50 ym. Related to Figure 4 and 7.
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45 Figure S24. Notch is activated during repair.

46 (A-D) Images of Agp2 (blue) merged with DAPI (white, left), or with B1B2 (green) and Hes1 (red, right) in
47 UUO kidneys at DO, D6 and D14. Inserts in A and C were from different microscopic fields. Arrowheads:
Hesl-expressing PC (Agp2+ B1B2-), IC (Agqp2- B1B2+), AP (Agp2+ B1B2+) and TC4 (Agp2- B1B2-) were
magnified 2.3X on the far right, with split channels. Note, no cells in the CNT/CD in C had detectable Hes1
49 expression. Scale bar: 50 ym. Related to Figure 7.
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Figure S25. UUO progressively induces kidney fibrosis.
(A) Adult mice were subject to UUO at day 0 (d0), CldU injection at day 1 (D1), and examined 2, 6 or 14
days later (D2, D6, or D14).
(B) Mice were injected with CIdU and sacrificed one day later as non-injured control (DO).
(C-E) Correlation analyses between the percent of Hes1+ cells and percent of CIdU+ cells in all IC (Agp2-
B1B2+) (C), PC (Agp2+ B1B2-) (D), and TC4 (Agp2- B1B2-) (E). Each data point represents an individual
mouse in which the correlated parameters were analyzed. A total of 8-11 mice from DO, D2, D6 and D14
post UUO (n=2-3 mice/time point) were shown.

(F-H) Imagel-based quantification of Masson’s Trichrome staining (F) and representative Masson’s
Trichrome staining images (G-H) showing progressive development of severe kidney fibrosis by D14 after
UUO. Boxed areas in G were magnified 10X in H. Boxed areas in H were magnified 4X in Figure 7H. Scale

bar: 1000 pm. n=3 mice per condition. * p< 0.05 vs. DO. $ p< 0.05 vs. D2. # p< 0.05 vs. D6. Related to
Figures 4-8.
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