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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 description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender

Reporting on race, ethnicity, or
other socially relevant groupings

Population characteristics

Recruitment

Ethics oversight

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

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.

Sample size

Data exclusions

Replication

Randomization

Blinding

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.

The scRNAseq data sets from this manuscript have been deposited in GEO, accession numbers (GSE193175 at https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE193175 and GSE242732 at https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE242732).

This study did not include human participants

This study did not include human participants

This study did not include human participants

This study did not include human participants

This study did not include human participants

No statistical test was used to pre-determine the sample sizes. Sample sizes were based on experience from previous work with assays

performed (Worthley et al., 2015, Cell 160:269-284). For assays with commonly high variability we typically used n!5 and for assays with
commonly low variability we typically used n=3-5.

No data was excluded.

All data presented are biological replicates unless otherwise stated in the figure legends. Each experimental finding was reproduced in at least

two independent experiments.

Animals were allocated randomly into the different experimental group.

Investigators were not blinded during data collection and analysis, except for blinded scoring of OA histopathology in Grem1-Td-DTR mice .
Controls and samples were treated equally.
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Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Animals and other research organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

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

Immunohistochemistry & immunofluorescent antibodies: anti-PCNA (#ab18197 Abcam, 1:200), ColX (#ab58632 Abcam 1:200), OCN
(#ab93876 Abcam, 1:200), Lubricin/PRG4 (#ab28484 Abcam, 1:250), COL2 (#ab34712 Abcam, 1:250), FOXO1 (#MA5-32114
ThermoFisher Invitrogen, 1:150), Sox9 (#AB5535 Millipore, 1:400), ACAN (#AB1031 Merck Millipore, 1:100) and anti-RFP
(#600-401-379, Rockland 1:250). FACS antibodies: anti-CD45 (#103131, BioLegend, 1:80), anti-Ter119 (#116227, BioLegend, 1:80),
anti-CD31 (#562861, BD Pharmingen, 1:80), anti-CD200 (#ab33735, Abcam, 1:10), APC/Cy7 Streptavidin (#405208, BioLegend,
1:300).

All antibodies are validated, commercially available products that additionally have been validated

in previously published studies (e.g. PMID: 21895533, PMID: 21264318, PMID: 33469143 & PMID: 25043045).

Mice were maintained in the South Australia Health and Medical Research Institute (SAHMRI) Bioresources facility and Institute of
Comparative Medicine at Columbia University, in accordance with JAX USA animal husbandry protocols. Animals

were given food and water ad libitum and housed in temperature- (kept between 19°C - 24°C with an average temperature of 21°C -
22 °C ), moisture-(humidity is kept between 45-55%), and light-controlled (12h light/dark cycle) individually ventilated cage systems.

LepR-cre (DeFalco et al., 2001, Science), Acan-creERT (Henry et al., 2009), Grem1-creERT (Worthley et al., 2015 Cell), R26-LSL-
TdTomato (Madisen et al., 2010 Nat Neurosci), R26-LSL-ZsGreen (Madisen et al., 2010 Nat Neurosci) and R26-LSL-iDTR were
imported from Jackson Laboratory and bred within the South Australia Health and Medical Research Institute (SAHMRI) Bioresources
facility and Institute of Comparative Medicine at Columbia University. Grem1-TdTomato-iDTR mice (Grem1-creERT;DTR) were
generated by mating homozygous Grem1-TdT mice to homozygous Rosa-iDTR. Acan-iDTR mice (Acan-creERT;DTR) were generated by
mating heterozygous Acan-creERT mice to homozygous or heterozygous Rosa-iDTR. We observed leaky activity of the LepR-cre when
the cre allele was maternally inherited and so the LepR-cre allele was maintained as a homozygote stock in males to breed to female
mice WT for the locus to generate heterozygous LepR-cre/+ mice for lineage tracing experiments.

10 – 13 weeks old Grem1-TdT, Acan-TdT, LepR-TdT and C57BL/6 male mice were used to examine lineage tracing in health and DMM
surgery model. Postnatal Day 4 – 6 (neonatal) and 6 weeks old (adult) Grem1-TdT, Acan-TdT and LepR-TdT mice were used to
examine lineage tracing in early development and adulthood. 8 weeks old Grem1-TdT mice were given tamoxifen at 6 weeks of age
to examine in vitro stem cell properties. 26 week old Grem1-creERT;FOXO1 mice were given tamoxifen at postnatal Day 4 – 6
(neonatal) and 6 weeks of age (adult) to examine the AC impact of FOXO1 deletion in Grem1 cells. 5 – 6 week old Grem1-TdT mice
were given tamoxifen for ten days, then harvested at 7-9 weeks of age for scRNAseq analyses. 4 – 6 week old Grem1-TdT mice were
used to examine the treatment of Fgf18 in AC with or without CiOA. 4 – 7 week old Grem1-Td-DTR, Acan-creERT;DTR and Grem1-
creERT;DTR mice were used to examine the impact of the ablation of Grem1-lineage and Acan-lineage cells on AC.

This study did not involve wild animals.

Animal gender was not analysed as a variable during experiments for this study as, for this initial study into the role of chondrocytic
precursor populations marked by Grem-1, we focused on phenotypes that were agnostic to sex. Future studies would benefit from
larger cohort sizes to enable analysis of sex-specific phenomena. For this study, approximately equal numbers of male and female
mice were used across experimental groups and for scRNAseq experiments.

This study did not involve samples collected from the field.

All animal experiments were conducted under approved protocols by the Animal Ethics Committees at the SAHMRI and Columbia
University.




