


Statistics
Statistical and graphical data analyses were performed using Prism 6
(GraphPad) software. All data in histograms represent mean±s.e.m. or
±s.d. Data were tested for normality using the D’Agostino and Pearson

omnibus normality test. Statistical significance was calculated by Mann–
Whitney, consideringP<0.05 as statistically significant. R2 was
calculated by computing the Pearson correlation coefficient. All tests
were two-sided.

Fig. 6. Clonal analysis shows that basal stem cells become unipotent at the onset of puberty. (A) Genetic strategy used to label single and isolated
K5-expressing BCs during pubertal prostate development. (B) Temporal analysis of clonal lineage tracing. (C) Confocal image of isolated recombined BCs
expressing one of the four colours of the Confetti reporter 1 week post-induction. (D) Quantification of labelled BCs 1 week post-induction. (E) Confocal image of
the VP induced at P21 and chased for 3 weeks. (F,G) Confocal images of clones derived from single labelled BCs 3 weeks post-induction. Arrowhead indicates a
BC. (H) Confocal image of the VP induced at P21 and chased for 6 weeks. (I,J) Confocal images of clones derived from single BCs 6 weeks post-induction.
Arrowhead indicates a BC. (K) Quantification of clone types (bipotent, luminal and basal unipotent) 3 and 6 weeks post-induction, showing that 90% of basal
cells are unipotent and less than 10% of the clones are multipotent after P21. (L) Average basal and luminal clone sizes 3 and 6 weeks post-induction.
(M,N) Distribution of the number of cells per clone relative to their distance from the tips 3 weeks (M) and 6 weeks (N) post-induction. In all image panels, K14 is
visualised in grey and nuclei were counterstained with Hoechst 33342 in blue. Data show mean±s.e.m. (D) or mean±s.d. (K,L). The number of clones
quantified and the number of mice analysed are indicated in the respective panels. P-values were calculated by Mann–Whitney test. R2 was calculated from
the Pearson correlation coefficient. n.s., not significant. Scale bars: 50 μm (C,F,G,I,J); 500 μm (E,H).
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Fig. 7. Clonal analysis shows the important
contribution of unipotent luminal stem
cells to luminal lineage expansion during
prostate development. (A) Genetic strategy
used to label K8-expressing LCs during
prostate postnatal development. (B) Temporal
analysis of clonal lineage tracing performed at
P1. (C,D) Confocal images of clones derived
from labelled LCs 3 weeks (C) and 6 weeks
(D) post-induction. (E) Average luminal clone
sizes 3 and 6 weeks post-induction.
(F,G) Number of cells per clone relative to their
distance to the tip region from 3 (F) and 6 (G)
weeks post-induction at P1. (H) Temporal
analysis of clonal lineage tracing performed at
P12. (I,J) Confocal images of clones derived
from labelled LCs 3 weeks (I) and 6 weeks (J)
post-induction. (K) Average luminal clone
sizes 3 and 6 weeks post-induction.
(L,M) Number of cells per clone relative to
their distance to the tip region 3 (F) and 6 (G)
weeks post-induction. (N) Temporal analysis
of clonal lineage tracing performed at the
onset of puberty (P21). (O,P) Confocal
images of clones derived from labelled LCs
3 weeks (O) and 6 weeks (P) post-induction.
(Q) Average luminal clone sizes 3 and
6 weeks post-induction. (R,S) Number of cells
per clone relative to their distance to the tip
region 3 (F) and 6 (G) weeks post-induction.
K14 is visualised in grey and nuclei were
counterstained with Hoechst 33342 in blue.
Data showmean±s.d. (E,K,Q). The number of
clones quantified and the number of mice
analysed are indicated in the respective
panels. P-values were calculated by Mann–
Whitney test. R2 was calculated from the
Pearson correlation coefficient. Scale bars:
50 μm.
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J. Rodrigues Vitória for help with graphical illustration of the Poissonian distributions.

Competing interests
The authors declare no competing or financial interests.

Author contributions
Conceptualization: E.T., M.O., C.B.; Methodology: E.T., M.O., A.D.; Formal analysis:
E.T., M.O., A.D.; Investigation: E.T., M.O.; Writing - original draft: E.T., C.B.; Writing -
review & editing: C.B., E.T.; Visualization: E.T., C.B.; Supervision: C.B.; Project
administration: C.B.; Funding acquisition: C.B.

Funding
C.B. is an investigator with WELBIO, E.T. and M.O. are supported by Fonds de la
Recherche Scientifique (FNRS) fellowships. This work was supported by the FNRS,
a research grant from the Fondation Contre le Cancer, the Fondation ULB, and a
consolidator grant of the European Research Council (EXPAND, grand number
616333).

Supplementary information
Supplementary information available online at
http://dev.biologists.org/lookup/doi/10.1242/dev.180224.supplemental

References
Abate-Shen, C. and Shen, M. M. (2000). Molecular genetics of prostate cancer.
Genes Dev. 14, 2410-2434. doi:10.1101/gad.819500

Choi, N., Zhang, B., Zhang, L., Ittmann, M. and Xin, L. (2012). Adult murine
prostate basal and luminal cells are self-sustained lineages that can both serve as
targets for prostate cancer initiation. Cancer Cell 21, 253-265. doi:10.1016/j.ccr.
2012.01.005

Cunha, G. R., Donjacour, A. A., Cooke, P. S., Mee, S., Bigsby, R. M., Higgins,
S. J. and Sugimura, Y. (1987). The endocrinology and developmental biology of
the prostate. Endocr. Rev. 8, 338-362. doi:10.1210/edrv-8-3-338

Garraway, L. A., Lin, D., Signoretti, S., Waltregny, D., Dilks, J., Bhattacharya, N.
and Loda, M. (2003). Intermediate basal cells of the prostate: in vitro and in vivo
characterization. Prostate 55, 206-218. doi:10.1002/pros.10244

Hayward, S. W., Baskin, L. S., Haughney, P. C., Cunha, A. R., Foster, B. A.,
Dahiya, R., Prins, G. S. and Cunha, G. R. (1996). Epithelial development in the
rat ventral prostate, anterior prostate and seminal vesicle. Acta Anat. 155, 81-93.
doi:10.1159/000147793

Hudson, D. L., Guy, A. T., Fry, P., O’Hare, M. J., Watt, F. M. and Masters, J. R. W.
(2001). Epithelial cell differentiation pathways in the human prostate: identification
of intermediate phenotypes by keratin expression. J. Histochem. Cytochem. 49,
271-278. doi:10.1177/002215540104900214

Kasper, S. (2008). Exploring the origins of the normal prostate and prostate cancer
stem cell. Stem Cell Rev. 4, 193-201. doi:10.1007/s12015-008-9033-1

Lilja, A. M., Rodilla, V., Huyghe, M., Hannezo, E., Landragin, C., Renaud, O.,
Leroy, O., Rulands, S., Simons, B. D. and Fre, S. (2018). Clonal analysis of
Notch1-expressing cells reveals the existence of unipotent stem cells that retain
long-term plasticity in the embryonic mammary gland. Nat. Cell Biol. 6, 677-687.
doi:10.1038/s41556-018-0108-1

Lu, C. P., Polak, L., Rocha, A. S., Pasolli, H. A., Chen, S.-C., Sharma, N.,
Blanpain, C. and Fuchs, E. (2012). Identification of stem cell populations in sweat
glands and ducts reveals roles in homeostasis and wound repair. Cell 150,
136-150. doi:10.1016/j.cell.2012.04.045

Lu, T.-L., Huang, Y.-F., You, L.-R., Chao, N.-C., Su, F.-Y., Chang, J.-L. and Chen,
C.-M. (2013). Conditionally ablated Pten in prostate basal cells promotes basal-to-
luminal differentiation and causes invasive prostate cancer in mice. Am. J. Pathol.
182, 975-991. doi:10.1016/j.ajpath.2012.11.025

Marker, P. C., Donjacour, A. A., Dahiya, R. and Cunha, G. R. (2003). Hormonal,
cellular, and molecular control of prostatic development. Dev. Biol. 253, 165-174.
doi:10.1016/S0012-1606(02)00031-3

Nguyen, H., Rendl, M. and Fuchs, E. (2006). Tcf3 governs stem cell features and
represses cell fate determination in skin. Cell 127, 171-183. doi:10.1016/j.cell.
2006.07.036

Ousset, M., Van Keymeulen, A., Bouvencourt, G., Sharma, N., Achouri, Y.,
Simons, B. D. and Blanpain, C. (2012). Multipotent and unipotent progenitors
contribute to prostate postnatal development. Nat. Cell Biol. 14, 1131-1138.
doi:10.1038/ncb2600

Perl, A.-K. T., Wert, S. E., Nagy, A., Lobe, C. G. and Whitsett, J. A. (2002). Early
restriction of peripheral and proximal cell lineages during formation of the lung.
Proc. Natl. Acad. Sci. USA 99, 10482-10487. doi:10.1073/pnas.152238499

Shen, M. M. and Abate-Shen, C. (2010). Molecular genetics of prostate cancer:
new prospects for old challenges. Genes Dev. 24, 1967-2000. doi:10.1101/gad.
1965810

Snippert, H. J., van der Flier, L. G., Sato, T., van Es, J. H., van den Born, M.,
Kroon-Veenboer, C., Barker, N., Klein, A. M., van Rheenen, J., Simons, B. D.
et al. (2010). Intestinal crypt homeostasis results from neutral competition
between symmetrically dividing Lgr5 stem cells. Cell 143, 134-144. doi:10.1016/j.
cell.2010.09.016

Srinivas, S., Watanabe, T., Lin, C.-S., William, C. M., Tanabe, Y., Jessell, T. M.
and Costantini, F. (2001). Cre reporter strains produced by targeted insertion of
EYFP and ECFP into the ROSA26 locus. BMC Dev. Biol. 1, 4. doi:10.1186/1471-
213X-1-4

Sugimura, Y., Cunha, G. R. and Donjacour, A. A. (1986). Morphogenesis of ductal
networks in the mouse prostate. Biol. Reprod. 34, 961-971. doi:10.1095/
biolreprod34.5.961

Taylor, R. A., Toivanen, R. and Risbridger, G. P. (2010). Stem cells in prostate
cancer: treating the root of the problem. Endocr Relat. Cancer 17, R273-R285.
doi:10.1677/ERC-10-0145

Timms, B. G. (2008). Prostate development: a historical perspective. Differentiation
76, 565-577. doi:10.1111/j.1432-0436.2008.00278.x

Timms, B. G., Mohs, T. J. and Didio, L. J. A. (1994). Ductal budding and branching
patterns in the developing prostate. J. Urol. 151, 1427-1432. doi:10.1016/S0022-
5347(17)35273-4

Timms, B. G., Lee, C.W., Aumüller, G. and Seitz, J. (1995). Instructive induction of
prostate growth and differentiation by a defined urogenital sinus mesenchyme.
Microsc. Res. Tech. 30, 319-332. doi:10.1002/jemt.1070300407

Toivanen, R. and Shen, M. M. (2017). Prostate organogenesis: tissue induction,
hormonal regulation and cell type specification. Development 144, 1382-1398.
doi:10.1242/dev.148270

Van Keymeulen, A., Rocha, A. S., Ousset, M., Beck, B., Bouvencourt, G., Rock,
J., Sharma, N., Dekoninck, S. and Blanpain, C. (2011). Distinct stem cells
contribute to mammary gland development and maintenance. Nature 479,
189-193. doi:10.1038/nature10573

Van Keymeulen, A., Lee, M. Y., Ousset, M., Brohée, S., Rorive, S., Giraddi, R. R.,
Wuidart, A., Bouvencourt, G., Dubois, C., Salmon, I. et al. (2015). Reactivation
of multipotency by oncogenic PIK3CA induces breast tumour heterogeneity.
Nature 525, 119-123. doi:10.1038/nature14665

Vashchenko, N. and Abrahamsson, P.-A. (2005). Neuroendocrine differentiation
in prostate cancer: implications for new treatment modalities. Eur. Urol. 47,
147-155. doi:10.1016/j.eururo.2004.09.007

Wang, Z. A., Mitrofanova, A., Bergren, S. K., Abate-Shen, C., Cardiff, R. D.,
Califano, A. and Shen, M. M. (2013). Lineage analysis of basal epithelial cells
reveals their unexpected plasticity and supports a cell-of-origin model for prostate
cancer heterogeneity. Nat. Cell Biol. 15, 274-283. doi:10.1038/ncb2697

Watson, J. K., Rulands, S., Wilkinson, A. C., Wuidart, A., Ousset, M., Van
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Fig. S1 (Related to Fig. 2 and Fig. 3) Analysis of Cell death and lineage tracing specificity during 
prostate development. 
(A-C) Representative images of immunostaining of Caspase3 (grey), K14 (red) and K8 (green) on prostate 
sections at mice of age P21 (A), P42 (B) and P56 (C). (D) Quantification of Caspase3 positive cells at different 
time points during prostate development. Mean±SEM are shown from 14,016, 53,732 and 49,410 cells 
counted at the different time points indicated (left to right). (E) Protocol used to analyse the initial targeted cells 
of saturation lineage tracing at early stage of postnatal development (P1-P2). (F) Confocal image of the VP at 
the end of Dox administration (P2). K14 is visualized in red, YFP in green, K8 in grey. In all image panels, 
nuclei were counterstained with Hoechst 33342 in blue. Scale bar, 50μm.The number of mice analysed are 
indicated in the respective panels.
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Fig. S2 (Related to Fig. 4) The contribution of multipotent basal progenitors to the prostate postnatal 
development analysed by confocal imaging of whole mount tissue.
(A) Representative confocal image of a clone derived from a single labeled BCs 1 week post induction. (B) 
Quantification of clone types (bipotent, luminal and basal unipotent) 1 week post induction. (C) Average basal 
and luminal clone sizes 1 week post induction.(D,E) Confocal images of the VP induced at P1 and chased for 
3 weeks (D) or 6 weeks (E). Red panels are shown in higher magnification in Fig. 4E and I. (F,G) Theoretical 
Poisson distribution of the number of colours obtained  after clonal marking in a subtree at 3 (F) and 6 (G) 
weeks post induction. (H,I) Number of BCs and LCs per clone derived from labeling of single BCs 3 weeks (H)
and 6 weeks (I) post induction. In all image panels K14 is visualized in grey and nuclei were counterstained 
with Hoechst 33342 in blue. Data show mean±SD (B,C). Scale bar, 50μm (A) and 500μm (D,E).The number 
of subtrees and clones quantified and the number of mice analysed are indicated in the respective panels.

Development: doi:10.1242/dev.180224: Supplementary information
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Fig. S3 (Related to Fig. 5 and Fig. 6) The spatiotemporal restriction of multipotency during prostate 
development.
(A,B) Confocal images of the VP induced at P12 and chase for 3 weeks (A) or 6 weeks (B). Red panels are 
shown in higher magnification in Fig. 5E and I. (C,D) Theoretical Poisson distribution of the number of 
colours obtained after clonal marking in a tip 3 (C) and 6 (D) weeks post induction. (E,F) Number of BCs and 
LCs per clone derived from labeling of single BCs 3 weeks (E) and 6 weeks (F) post induction. (G,H) 
Confocal images of the VP induced at P21 and chased for 3 weeks (G) or 6 weeks (H). Red panels are 
shown in higher magnification in Fig. 6E and H. In all image panels nuclei were counterstained with Hoechst 
33342 in blue. Scale bar, 500μm. The number of tips and clones quantified and the number of mice analysed 
are indicated in the respective panels.

Development: doi:10.1242/dev.180224: Supplementary information
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Fig. S4 (Related to Fig. 7) Confocal analysis of the fate of unipotent luminal stem and progenitor 
cells during prostate development.
(A,B) Confocal images of the VP induced at P1 and chase for 3 weeks (A) or 6 weeks (B). (C,D) Confocal 
images of the VP  at P12 and chased for 3 weeks (C) or 6 weeks (D). (E,F) Confocal images of the VP 
induced at P21 and chased for 3 weeks (E) or 6 weeks (F). In all image panels, rectangles are clones 
represented in higher magnification in Fig. 7, nuclei were counterstained with Hoechst 33342 in blue. 
Scale bar, 500μm.

Development: doi:10.1242/dev.180224: Supplementary information
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