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SUPPLEMENTAL EXPERIMENTAL PROCEDURES  
Tamoxifen Induction 
Hoxa11-CreERT2;ROSA-TdTomato male and female mice six weeks of age were induced by feeding tamoxifen 
citrate chow (400mg/kg) for one week. Additionally, two intraperitoneal injections of tamoxifen (TMX; 75mg/kg) 
on days 0 and 2 were administered. Mice were allowed a washout period of four days before the BT injury. 
 
BT Mouse Model  
Mice were subjected to a BT injury as described previously [(Hwang et al., 2019); (Loder et al., 2018); (Sorkin et 
al., 2020)]. Briefly, mice were anesthetized and given buprenorphine analgesic prior to a complete transection of the 
left Achilles’ tendon along with a dorsum burn of 30% total body surface area. The uninjured right leg served as an 
internal control. 
 
Single Cell RNA Sequencing Preparation  
scRNA and snATAC sequencing data are publicly available on GEO, GSE150995.  Uninjured and post-surgery day 
7 and 42 harvested tissue samples were processed as previously performed (Sorkin et al., 2020). Specifically, four 
mice were induced with tamoxifen as described in “Tamoxifen Induction” portion of experimental procedures. One 
mouse, serving as the uninjured control did not undergo the burn/tenotomy surgery. Three other mice underwent the 
burn/tenotomy injury. Cells from the uninjured control and from one of the injured mice were harvested seven days 
post-injury. Cells from the two remaining mice were harvested 42 days post-injury to ensure enough cells were 
harvested at the day 42 timepoint, as the inflammation and MSC proliferation at the injury site decreases 
significantly by day 42. Tissue was digested for 45 minutes in 750U/ml Type 1 Collagenase and 7U/ml Dispase II 
(Gibco) in Roswell Park Memorial Institute (RPMI) medium at 37°C under constant agitation at 180 rpm. 
Digestions were subsequently quenched with 2% FBS in PBS and filtered through 40μm sterile strainers. Cells were 
then washed in 2% FBS in PBS, counted and resuspended at a concentration of 1000-1200 cells/ul. Cell viability 
was assessed with Trypan blue exclusion on a Countess II (Thermo Fisher Scientific) automated counter and only 
samples with >85% viability were processed for further sequencing. For scRNA-seq we considered one replicate for 
day 0, one for day 7, and two replicates for day 42 and for snATAC-seq we considered one replicate each day 0, day 
7, and day 42. Volumes corresponding to 5000 cell equivalents for scRNA-sequencing and 100,000 cell equivalents 
for snATAC-sequencing was removed for further processing. 5000 cells were processed for RNA libraries as 
described below. Before 10X library preparation, for snATAC-sequencing samples nuclei were extracted from 
100,000 cells following the Nuclei Isolation for Single Cell ATAC Sequencing protocol 
(https://support.10xgenomics.com/single-cell-atac/sample-prep/doc/demonstrated-protocol-nuclei-isolation-for-
single-cell-atac-sequencing) according to the manufacturer’s guidelines. Library generation was performed using the 
10x Genomics Chromium GEM Single Cell 3’ Reagents kit v3.1 following the manufacturers protocol. Sequencing 
was performed on the Novaseq 6000 (Illumina, San Diego, CA, USA) S4 flowcell 300 cycle kit. This was loaded in 
order to target 500M reads/sample (5000 cells, 100K reads/cell), at 300pM (these were shared flowcells). The read 
length configuration was 150 x 8 x 150 cycles for Read 1, Index and Read 2, respectively. Cell Ranger Single Cell 
Software Suite 1.3 was used to perform sample de-multiplexing, barcode processing, and single cell gene counting 
(Alignment, Barcoding and UMI Count) at the University of Michigan Biomedical Core Facilities DNA Sequencing 
Core. For single ATAC sequencing, libraries were generated using the 10X Chromium Next GEM Single Cell 
ATAC kit v1.1; Chemistry with NextGEM Chip H. The sequencing was performed on the NovaSeq 6000 using the 
SP flowcell 100 cycle kit. Read lengths: 50 x 8 x 16 x 49.  
 
Bioinformatics Analysis of Single Cell Sequencing Data  
Seurat 3.1.1 (Butler et al., 2018) was used for downstream analysis. Cells with total expressed genes in the range of 
[500, 5000], [500, 6000], or [500, 7500], depending on the replicate, were retained. Cells with a fraction of 
mitochondrial gene UMIs higher than 0.25 were discarded. Filtered replicates were processed as Seurat objects. 
Seurat’s FindVariableFeatures function was used with default parameters to determine highly variable genes, 
considering 2000 genes. Replicates were integrated according to the standard Seurat 3 workflow. Counts were 
normalized and variable genes were calculated (vst method) on each single replicate. The first 50 dimensions were 
considered for both finding integration anchors and integrate the replicates. The integrated set was then scaled, 
regressing out cell cycle gene scores and fraction of the mitochondrial gene UMIs. Unsupervised clustering was 
applied to the integrated set to find the cell communities (Louvain algorithm, resolution 0.35), leading to 25 clusters. 
The code to generate the Seurat object is available at https://github.com/smarini/Single-Cell-Downstream-analysis-
Pagani-et-al.-2020. Markers for each cluster were calculated with FindMarkers using the negative binomial 
generalized linear model and ranked according to the difference in the fractions of cells expressing each marker 



within cluster versus the rest of the considered cells. Clusters were labeled as cell type according to characteristic 
genes. After this, gene expression from all clusters were used to align the snATAC sequencing data using Signac 
3.1.5 (https://github.com/timoast/signac). Briefly, snATAC data from the three conditions - day 0, day 7, and day 42 
were merged after limiting the dataset to those cells that have at least 100 features. The resulting combined Seurat 
object was then normalized using default parameters and top variable features (peak accessibility) using a minimum 
cutoff of 20 cells were calculated. Dimension reduction was done using UMAP using dimensions 2 through 30 as 
input features. Unique clusters were determined using a shared nearest neighbor modularity optimization-based 
clustering algorithm with a resolution of 0.4. scRNA-seq data was used to guide the cluster labeling using `cca` 
reduction using the FindTransferAnchors function. This resulted in 9 cell-type based clusters in the snATAC data. 
Cells present in cluster 0 were extracted and bigWig files were generated for each condition (day 0, day 7 and day 
42) using sinto (https://timoast.github.io/sinto/basic_usage.html#create-scatac-seq-fragments-file) and deeptools 
(Ramirez et al., 2016). Cells that had a least one count of TdTomato fluorophore transcript were included to create 
Figure 4E. Cells were characterized as Sox9, Runx2, or Sox9 and Runx2 if they had at least one count of the 
respective gene transcript. 
 
Cell Trajectories  
Clusters 0, 2, 14, and 16 were used for cell trajectory analysis. Only cells with at least one count of TdTomato 
fluorophore transcript were included in the analysis. Cell trajectories were calculated with Monocle 2.13.0 (Trapnell 
et al., 2014), based on the top 2000 overall variable genes, ranked by scaled dispersion, obtained from Seurat. 
Further analysis using Monocle 3 0.2.3.0 confirmed that SkMusc:6 cluster formed a separate trajectory (Cao et al., 
2019). The first 100 dimensions were considered. CytoTrace analysis were performed on the same cells through the 
internet application “Run Cytotrace” (https://cytotrace.stanford.edu/). The aligned bam files were subjected to 
Velocyto pipeline to obtain the counts of unspliced and spliced reads (La Manno et al., 2018). Cluster, cell features, 
and embedding information were extracted from the Seurat object in R and output to Python to integrate with the 
count matrix. The matrix was subsequently piped into the scVelo for RNA velocity estimation ((Bergen et al., 
2020)). Genes were filtered by setting a minimal count threshold as 20 and a minimal unspliced count threshold as 
10, and selected the top 2000 genes. The matrix was normalized and log-transformed. The first and second order 
moments for each cell were computed based on the top 30 principal components and the nearest 200 neighbors. 
RNA velocity was estimated by using the dynamical model and constructed the stream velocity graph. The latent 
time of each cell was calculated using the tl.latent_time function. The stream plot and latent time scatter plot were 
shown with cells embedded on top of the previously computed UMAP coordinates. 
 
 
Immunofluorescence Histology and Confocal Microscopy  
Mouse hind limb samples were harvested at one, three, and nine weeks after BT injury. The uninjured right leg 
served as an internal control and was harvested one week following left leg injury. Legs were fixed in 4% 
paraformaldehyde for 24 hours, washed with phosphate-buffered saline (PBS, Gibco, Waltham, MA), and then 
decalcified for 5 weeks in 17% EDTA (Sigma Aldrich, St. Louis, MO). Tissues were flash frozen in optimal cutting 
media for sectioning. Samples were oriented in blocks for sagittal sectioning. Tissue was cut into 7 μm sections and 
stored at -80°C. Sections were thawed, washed in 1X tris-buffered saline with tween-20 (TBST: 90% H2O, 10% 10x 
tris-buffered saline (Bio-Rad, Hercules, CA), 0.05% tween-20, Sigma Aldrich, St. Louis, MO)) in preparation for 
immunofluorescence staining. Sections were blocked with donkey-serum block (10 ml solution: 0.1g BSA powder, 
0.2 ml serum, 0.1 ml 10% cold water fish skin gelatin, 0.05 ml 20% TritonX-100, 0.05 ml 10% Tween-20, 3.0 ml 
1M glycine, 1.0 ml 10x TBS pH 8.4, 5.6 ml Milli-Q water) for 2 hours at room temperature or Mouse-On-Mouse 
Blocking Kit (Vector Laboratories, Inc, Burlingame, CA) and stained with primary antibodies (Supplemental Table 
2) diluted in antibody diluent (10 ml overnight at 4°C). Slides were then washed in TBST and incubated with 
secondary antibodies for 2 hours at room temperature. Slides were counter stained with Hoechst 33342 nuclear stain 
(Supplemental Table 1) for 5 minutes, washed in TBST, and mounted using ProLong Glass Antifade Mountant 
(Invitrogen, Carlsbad, CA) and #1.5 Slip-Rite cover glass (Richard-Allan Scientific, San Diego, California). Images 
were acquired using a Leica TCS SP8 microscope using the Leica LAS X software (Wetzlar, Germany). A White 
Light Laser with 20x objective (air) was used to capture full section tiled images, 20x magnification images, and 
3.15x optical zoom images of regions of interest equivalent to 63x magnification.  
 
Image Quantification  
High resolution 20x lens, 3.15x zoom, images were counted by skilled operator for cell number quantification 
(Hoxa11-CreERT2;ROSA-TdTomato n=2 mice/antigen of interest, n=3 regions of interest/mouse). Hoechst 33342 

https://cytotrace.stanford.edu/


stained channel nuclei were first counted to select whole cells within the image frame. Number of Hoxa11- lineage 
and antigen of interest expressing cells were counted for quantification. Mean and standard error was calculated, and 
graphs were created in GraphPad Prism 8 (GSL Biotech LLC, Chicago, IL). 
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