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SingleCellExperiment objects for storage and manipulation. The EmptyDrops function from the DropletUtils package was used to pre-filter the
feature-count-matrix. Per cell and per feature metrics were calculated with the appropriate functions of the scater package and used to
exlude low-quality cells. Cells with less than 1500 (mpMSC) or 1000 (Pdgfra-GFP) features respectively as well as more than 15% transcripts of
mitochondrial origin and 30% of ribosomal origin were filtered out. By these strict thresholds mostly remaining cells of the haematopoietic
lineage and low quality cells were removed. Repeating the analysis without these cut-offs revealed no additional desired cell types. Only
features present in more than 10 cells were retained. A total of 4,386 cells for the mpMSC datasets and 11,242 for the Pdgfra-GFP dataset
were used for further Analysis. The mean numbers of detected genes per cell ranged from 2,120 in the Pdgfra-GFP dataset to 2,676 in the
second replicate of the mpMSC dataset.

Clustering & Visualisation

Default settings were used, if not specified otherwise. Data normalization was performed using the normalize function provided by the scran
package. The identification of highly variable genes, Cell cycle scoring, UMAP dimensionality reduction, Louvain clustering with multilevel
refinement and the identification of marker genes were performed using Seurat (version 3.1.5). Always the top 5000 highly variable features
were reported and used for principal component analysis (PCA) . All clustering steps were done using 500 starts and 100 iterations per start.
Marker genes were calculated with Seurats FindAllMarkers function, using its implementation of the non-parametric Wilcoxon Rank sum test.
Cell identities were manually annotated based on known marker genes.

Pdgfra-GFP Datasets

Variable genes were determined and then used for PCA. Cell cycle phases were classified and all genes were scaled and centered. For this
scaling step only, the sum of mitochondrial reads per cell and the difference between the G2M and S phase scores as calculated earlier were
regressed out. The first 30 principal components (PCs) were chosen and used for UMAP visualisation and clustering with multilevel
refinement (resolution set to 0.6). Based on manually determined cell identities, the dataset was subset. Scaling, PCA, UMAP visualisation and
Louvain clustering were rerun on the subset Pdgfra-GFPs dataset using the first 15 PCs with a resolution of 0.3. Filtering this way had to be
repeated once more, with the same settings, to remove a small proliferative cell population that was not properly captured in the clustering
steps before.

mpBSC Dataset

The procedure was highly similar to the analysis of the Pdgfra-GFPs dataset. To account for possible systematic technical effects between the
replicates, the two pre-processed replicates were integrated using Seurat’s alignment method for data integration (Butler et al 2018, Stuart et
al, 2019) using the first 40 PCs. Briefly, this method uses canonical correlation analysis to learn the shared gene correlation structure across
two datasets and then aligns them in lower-dimensional space thereby correcting for batch-effects. After integration, all genes were scaled
and centered and the first 20 PCs were chosen for UMAP visualisation and Louvain clustering at a resolution of 0.4. Cell identities were
determined as before and only cell identities of interest were retained. Scaling, PCA, UMAP visualisation and Louvain clustering were rerun,
using the first 20 PCs and a clustering resolution of 0.4.

Merged Datasets

The pre-processed mpMSC and the final subset Pdgfra-GFP datasets were integrated using Seurat’s integration method as before. Scaling,
PCA, UMAP visualisation and Louvain clustering were run on the merged dataset using the first 25 PCs and a clustering resolution of 0.4. In
this fashion also the following final clustering step was performed. After removing all cell identities not of interest for further Analysis, a
dimensionality of 15 PC was used for UMAP visualisation and a resolution of 0.3 for Louvain clustering.

Trajectory analysis

Monocle was used for pseudotime trajectory analysis. We imported all information from Seurat objects to Monocle CDS objects and then
performed dimensionality reduction using its DDRTree method with parameters max_components=2 and norm_method=”vstExprs”. The top
100 marker genes as determined earlier by log2 fold-change for each cluster were used as ordering genes for the trajectory. The resulting
Trajectory was then plotted with default settings.

The single cell RNA-sequencing datasets are available at Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/). The accession number GSE154076
and GSE154247. The mouse reference genome (mm10, Gencode M23)
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Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

No specific statistical methods were used to predetermine sample size. Sample size were chosen based on previous experience. (ref. kusumbe
et al. Nature 2014; Ramasamy et al., Nature 2014; Sivaraj et al., Elife 2020; Sivaraj et al., Cell Report 2021).

Cells are excluded in the single cell RNA-seq data. Per cell and per feature metrics were calculated with the appropriate functions of the scater
package and used to exlude low-quality cells. Cells with less than 1500 (mpMSC) or 1000 (Pdgfra-GFP) features respectively as well as more
than 15% transcripts of mitochondrial origin and 30% of ribosomal origin were filtered out. By these strict thresholds mostly remaining cells of
the haematopoietic lineage and low quality cells were removed. Repeating the analysis without these cut-offs revealed no additional desired
cell types. Only features present in more than 10 cells were retained.

scRNA-seq experiments was performed duplicate and other all experiments were repeated at least three times and performed independently
to ensure reproducibility. All the attempts of replication experiments were successful.

No formal method of randomization was used. All experiments involving wildtype mice were performaed on inbred C57Bl6 strain with male
mice of same age group. For mutant studies we used both male and female of same age group, and phenotype were always compared
between same age and sex of animals. For fracture model we used age matched female mice.

N/A

All antibody details (clone and manufacturer) are included in methods and also listed below:

Antibody Catalog number Manufacturer Concentration

Endomucin sc-65495 Santa Cruz Biotechnology 1:100

CD31 AF3628 R&D 1:100

FABP5 C312991 Lifespan Bioscience 1:100

CD68(FA-11) ab53444 abcam 1:200

Pdgfrbeta AF1042 R&D 1:100

NG2 AB5320 Milipore 1:100

CD146 ab75769 Abcam 1:100

Osterix ab22552 abcam 1:300

GFP ab13970 abcam 1:200

MMP9 AF909 R&D 1:200

MMP13 18165-1-AP Proteintech 1:100

MMP14 PA5-13183 Invitrogen 1:100

ACAN AB1031 Milipore 1:100

LAMP1 553792 BD Pharmingen 1:100

vATPaseB1/B2 200839 R&D 1:100

Ki67 ab15580 Abcam 1:100

Dll4 AF1389 R&D 1:50

Runx2 ab192256 Abcam 1:200

Vegfa (EP1176Y) ab52917 Abcam 1:200

Phalloidin Alexa Fluor 488 A12379 Thermo Fischer Scientific 1:100

Alexa Fluor 488 A21208 Thermo Fischer Scientific 1:100




