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Sample size

All sequencing data were analyzed using the GRCh38 (hg38) reference genome. For published data from the KPMP/HuBMAP atlas, access to the raw snRNAseq data
has been detailed in the Lake et al manuscript (Nature 2023, in press, https://doi.org/10.1038/s41586-023-05769-3). These raw sequencing data are under
controlled access (human data) as they are potentially identifiable and can be accessed from the following respective sources: 1) KPMP data has been deposited at
https://atlas.kpmp.org/repository/ and can be requested and made available by signing a data use agreement with KPMP; 2) the HuBMAP raw data are available for
download from the database of Genotypes and Phenotypes; 3) processed data is available in the GEO Super-series: GSE183279 (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE183279).

The new snRNAseq data generated for this study (raw sequencing and processed), along with all the Visium spatial transcriptomic data are available in GEO as the
Super-series GSE231630 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE231630 or deposited in the HuBMAP portal (https://
portal.hubmapconsortium.org/). A breakdown for the data availability of all papillary samples is presented in Supplementary Table 2.

Source data are provided with this paper .

For the imaging data: the source data for all the main and supplementary figures (3D imaging, CODEX and smFISH) are available at the following repository: doi:
10.5281/zenodo.7653239 (https://zenodo.org/record/7653239#.ZGIuGc7MKUk).

Both sexes were included in this study since stone disease affects males and females. Sex was self identified. The sex of the
participants is detailed in Supplemental Table 2 and 4.

This study focused on patients with Calcium Oxalate stone disease and reference/ non-stone disease. The age of the
participants in the tissue studies is provided in Supplemental table 2 as ranges. The characteristics of participants in the urine
studies are provided in Supplemental table 4.

Described in methods. Biopsies were during surgical interventions for stone removal or from reference tissue as described.
Urine studies as part of an ongoing study on stone formers and healthy participants.

We have complied with all ethical regulations related to this study. All experiments on human samples followed all relevant
guidelines and regulations. The relevant oversight information is given based on tissue sources. Samples as part of the
HuBMAP consortium were collected by the Kidney Translational Research Center (KTRC) under a protocol approved by the
Washington University Institutional Review Board (IRB #201102312). Patients with stones disease who underwent biopsies
were enrolled at Indiana University under IRB # 1010002261. Human reference nephrectomy papillary specimen were
obtained from the Biopsy Biobank Cohort of Indiana under IRB #1906572234. Urine specimens from healthy participants and
patients with a history of CaOx stones were obtained from an ongoing study at the University of Chicago under IRB protocol
09-164B.

Sample sizes were not predetermined by statistical methods due to nature of this study. Biopsy tissue specimens from human papilla are very
rare, and the strength of the study lies in in the number of individuals analyzed, technologies represented for orthogonal validation and cells
analyzed. Because of the rarity of the human tissue specimen from patient with stone disease, we used all samples available to us. Over
280,000 nuclei were included in the single nuclear atlas of which approximately 76,000 were derived from the papilla. Spatial transcriptomics
(ST) experiments contributed over 10,000 papillary spots. This high number of nuclei provided the power to detect all major cell types and
also novel cell subtypes including PapPC2 and undifferentiated cells. For ST, the 10000 papillary spots were sufficient to map every cell type in
the papillary snRNAseq atlas. For the urine studies, the experiments were performed on all available samples, which were from participants
consecutively recruited. The group sizes were sufficient to detect differences in the levels of MMP7 and MMP9.




