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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.
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Replication

Randomization
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Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Methods
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ChIP-seq
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MRI-based neuroimaging

All Figures in the manuscript (except Figure6, Figure7, FigureS3 and FigureS10) have associated RNA sequencing raw data. All raw RNA sequencing data are publicly
available in the Gene Expression Omnibus (GEO) data repository and can be downloaded via the following links:

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE160136

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE160137

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE143806

Single cell RNA-seq data from E8.5 embryos was obtained from Marioni lab's website atlas dataset59 using the link https://marionilab.cruk.cam.ac.uk/
MouseGastrulation2018/.

Source data are provided with this paper. Access to other data supporting the findings of this study will be granted upon request to the corresponding author.

Sample size was not pre-determined using statistical methods. Experiments were performed with a sample size as large as possible and a
minimum of n=3 independent replicates to perform statistical analyses and estimate the differences between means.

No data were excluded from the analysis

Reproducibility of the experimental findings was verified by replicating the experiment minimum 3 times. All attempts at replication were
successful.

Samples were allocated into experimental groups based on the genotype or experimental conditions.

For this study, the investigators were not blinded when allocating the different genotypes or treatments to avoid contamination between the
strains or treatments.

However, for analysis of all data the investigators were blinded.
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Antibodies
Antibodies used

Validation

Antibodies and dilutions used are as follows: E-cadherin (1:500, Invitrogen, ECCD-2); Hoxb9 (1:300, Santa Cruz, sc-398500); Tfap2b
(1:100, Santa Cruz , sc-390119); Tfap2a (1:100, Santa Cruz, sc-12726); Jag1 (1:100, Santa Cruz, sc-390177); Notch2 (1:200, Cell
Signaling, D76A6), Gata3 (1:100, Invitrogen, 14-9966-82); Aldh1a3 (1:100, Millipore Sigma, ABN427); Wt1 (1:300, Sigma-Aldrich,
clone 6F-H2); Ccnd1 (1:100, Abcam, ab134175); Sfrp2 (1:100, Santa Cruz, sc-365524); Pcp4 (1:100, Atlas Antibodies, HPA005792);
Kdelr2 (1:100, Santa Cruz, sc-57347), aPKCz/i (1:100, Santa Cruz, SC-216). Secondary antibodies and dilutions used are as follows:
Alexa Fluor-555 or 647 secondary antibodies (1:500, Invitrogen); Alexa Fluor-635 conjugated phalloidin (1:40; Invitrogen).

1) E-cadherin monoclonal antibody (1:500, Invitrogen, ECCD-2).

Validation statement and information on the manufacturer web site:

https://www.thermofisher.com/antibody/product/E-cadherin-Antibody-clone-ECCD-2-Monoclonal/13-1900

Citations (190)

We previously published use of this antibody in doi: 10.1073/pnas.1707229114.

2) Hoxb9 (1:300, Santa Cruz, sc-398500).

Validation statement and information on the manufacturer web site:

https://www.scbt.com/p/hoxb9-antibody-h-8

Citations (5)

3) Tfap2b (1:100, Santa Cruz , sc-390119).

Validation statement and information on the manufacturer web site:

https://www.scbt.com/p/ap-2beta-antibody-c-6

Citations (2)

4) Tfap2a (1:100, Santa Cruz, sc-12726)

Validation statement and information on the manufacturer web site:

https://www.scbt.com/p/ap-2alpha-antibody-3b5

Citations (70)

5) Jag1 (1:100, Santa Cruz, sc-390177)

Validation statement and information on the manufacturer web site:

https://www.scbt.com/p/jagged1-antibody-e-12

Citations (12)

6) Notch2 (1:200, Cell Signaling, D76A6)

Validation statement and information on the manufacturer web site:

https://www.cellsignal.com/products/primary-antibodies/notch2-d76a6-xp-rabbit-mab/5732

Citations (55)

7) Gata3 (1:100, Invitrogen, 14-9966-82)

Validation statement and information on the manufacturer web site: https://www.thermofisher.com/antibody/product/Gata-3-
Antibody-clone-TWAJ-Monoclonal/14-9966-82

Citations (31)

8) Aldh1a3 (1:100, Millipore Sigma, ABN427)

Validation statement and information on the manufacturer web site:

https://www.emdmillipore.com/CA/en/product/Anti-RalDH3-ALDH1A3,MM_NF-ABN427

Citations

9) Wt1 (1:300, Sigma-Aldrich, clone 6F-H2)

Validation statement and information on the manufacturer web site:

https://www.sigmaaldrich.com/catalog/product/mm/05753

Citations (21)

10) Ccnd1 (1:100, Abcam, ab134175)

Validation statement and information on the manufacturer web site:

https://www.abcam.com/cyclin-d1-antibody-epr2241-c-terminal-ab134175.html

Citations (497)

11) Sfrp2 (1:100, Santa Cruz, sc-365524)

Validation statement and information on the manufacturer web site:

https://www.scbt.com/p/frp-2-antibody-c-4

Citations (1)

12) Pcp4 (1:100, Atlas Antibodies, HPA005792)

Validation statement and information on the manufacturer web site:

https://www.atlasantibodies.com/products/antibodies/primary-antibodies/triple-a-polyclonals/pcp4-antibody-hpa005792/
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Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots

Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Citations (17)

13) Kdelr2 (1:100, Santa Cruz, sc-57347)

Validation statement and information on the manufacturer web site:

https://www.scbt.com/p/kdel-receptor-antibody-kr-10

14) aPKCz/i (1:100, Santa Cruz, SC-216)

Validation statement and information on the manufacturer web site:

https://www.scbt.com/p/pkc-zeta-antibody-c-20

Citations (5)

We previously published use of this antibody in doi: 10.1016/j.stemcr.2017.02.004

Mouse housing conditions and procedures complied with the Canadian Council of Animal Care ethical guidelines and were approved
by the McGill Animal Care Committee.

Mouse housing conditions:

-Mice were housed in autoclaved cages with free access to food and water, as well as appropriate and sufficient nesting and bedding
material. Mice had a 12-hour cycle of light and darkness.

-Mouse rooms and cages were well ventilated and kept at a temperature range of 20-24 degrees Celsius, with a relative humidity of
45-65%.

For this study we used the following mouse strains and lines:

-C57Bl6 females reproductively active between 8-14 weeks of age for natural plugs or 3 weeks of age for superovulation and CRISPR/
Cas9 microinjection.

-Pax2-GFP BAC transgenic males C57Bl6 background and reproductively active, between 2-8 months of age.

-Pax2-GFP;Gata3+/- transgenic males C57Bl6/C3H mixed background and reproductively active, between 2-8 months of age.

-Gata3+/- transgenic females, C57Bl6/C3H mixed background and reproductively active between 8-14 weeks of age for natural plugs.

-CD-1 pseudopregnant females (26-33 grams) between 8-14 weeks of age for CRISPR/Cas9 gene editing experiment.

-Pax2-GFP embryos (C57Bl6/C3H mixed background, sex: males and females) at embryonic day (E)8.75, 9.0, 9.5.

-Pax2-GFP;Gata3-/- embryos (C57Bl6/C3H mixed background, sex: males and females) at embryonic day (E)9.5.

The study did not involve wild animals

The study did not involve samples collected from the field

All animal experiments performed in this study were conducted in compliance with the Canadian Council of Animal Care ethical
guidelines and were approved by the McGill Animal Care Committee.

Mouse embryos were dissected in cold DMEM containing 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin.

GFP positive single cells were isolated by FACS from dissociated trunk tissue. Material from both control and mutant was
collected and processed at the same time. In brief, trunk tissue from stage-matched embryos (3-4 embryos per sample) was
dissected and placed in 0.25% trypsin/EDTA at 37°C for 5 min, with pipette homogenization every 2 min.

The dissected UGS tissue was digested in 0.25% trypsin/EDTA at 37°C for 5 min, followed by Collagenase (1mg/mL) and
Dispase (1 in 4 dilution) treatment in DMEM+ 10% FBS at 37°C for 30 min and finally 0.25% trypsin/EDTA at 37°C for 5 min.
Dissociated cells were stained with an anti-Epcam antibody (Biolegend, 118233) and FACS sorted. A mixture of 50% Epcam
+ve (epithelial cells including ND, UB and the cloaca epithelium), and 50% Epcam –ve (mesenchymal cells including the
metanephric and surrounding caudal mesenchyme) was prepared for library preparation. For all samples, fixable Viability dye
eFluor 780 staining was added to exclude dead cells. Cell clusters were isolated by sorting for higher unit size (FSC-A)




