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Supplemental Figures

Figure S1. Quality control for scRNA-seq data. (A) Average error rate distribution of base
pair. x-axis represents position of base pair along reads while y-axis represents the error rate.
Dashed line at 150 bp separates Read1 and Read2 (barcode and RNA sequence, representative).
The average error rate of Read2 (RNA sequence) was less than 1×10-4. (B) Base content
distribution. x-axis represents position of base pair along reads while y-axis represents the
proportion of different nucleotides (A, T, G, C, N stands for uncertain). Dashed line at 150 bp
separates Read1 and Read2. All the bases were determined to A, T, G, or C with no
undetermined bases, and difference between A and T, or G and C is less than 10% in any
position. Combined with (A), it suggests a good quality of raw sequencing data. (C) Distribution
of the number of detected genes (features), RNA molecules, and proportion of mitochondrial
genes (left to right). Mean Reads per Cell: 5,458; Mean Genes per Cell: 1,339. In less than 20%
of cells that proportion of mitochondrial genes is over 20%, therefore in the majority of the cells,
most of the detected reads and genes are from the genome. (D) t-SNE dimension reduction,
colored by different subjects (sub1, osteoporosis, red, n = 7,498; sub2, osteopenia, blue n =
6,996). (E) Correlation of gene expression between two subjects. Each dot represents an
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individual gene. Axis measure the average gene expression level in the indicated subject (axis is
log-scaled). Correlation was tested by Pearson correlation coefficient (R = 0.96, p < 0.01).
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Figure S2. Cluster and marker gene identification for scRNA-seq data. (A) t-SNE dimension
reduction, colored by different clusters. (B) Gene expression profile of CD271+ BM-MNCs,
based on the relative gene expression level of top 10 most-significant markers for each cluster.
(C) Gene expression of known BM-MSC markers, embedded on t-SNE dimension reduction
map, and colored by gene expression level. (D) Gene signature of BM-MSCs, based on the
relative gene expression level of top 10 most-significant DEGs for each cluster (z-score). (E)
Gene expression of LEPR and PTPRC (CD45) in BM-MSCs, embedded on t-SNE dimension
reduction map, and colored by gene expression level (logFC).
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Figure S3. GO enrichment for BM-MSC. (A) Enriched GO terms in cluster 3 to 5 (left, middle,
right, respectively). Bar chart shows the number of enriched genes in each term. (B-C) Gene
expression pattern in enriched pathways for osteoblast (B) and chondrocyte (C) precursors.
Squares showing enrich DEGs in the corresponding terms (rows). Color indicating the gene
expression level (average logFC). (D) Common genes shared between biological processes and
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pathways. Width of curves connecting different terms indicating the relative proportion of the
shared genes. (E) Individual channel for Fig 4b. Top: low magnification; Bottom: high
magnification.
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Figure S4. Comparison of gene expression profile between hBM-MSCs and mBM-MSCs.
(A) Correlations of gene expression among different BM-MSC datasets after CCA integration.
Each dot represents an individual gene. The average gene expression level (logFC) are plotted
for each subject. Correlations were measured by Pearson correlation coefficients (R) (p < 0.01).
(B) Comparison of differentially expressed CD markers between human and mice BM-MSCs. (C)
Table comparing enriched genes in osteogenesis- and adipogenesis- related terms between
human and mice BM-MSCs.
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Supplemental Tables
Table S1. Differential gene expression analysis.
Sheet 1: Cluster-specific DEGs of each cluster in CD271+ BM-MSCs. Sheet 2: DEGs in
LEPRhiCD45low BM-MSCs when comparing with other CD45hi BM-MNCs. Sheet 3: Clusterspecific DEGs for BM-MSC clusters. Sheet 4: Relative gene expression between hBM-MSCs
and mBM-MSCs. Average log-transformed fold change (logFC) was calculated on averaging the
expression value of all single cells in each cluster against other clusters using Wilcoxon ranksum test.
Table S2. Enriched GO and KEGG terms for BM-MSCs.
Sheets 1-2: Enriched GO and KEGG terms of cluster-specific DEGs six identified clusters in
BM-MSCs, respectively. Sheets 3-4, Enriched GO and KEGG terms of DEGs between hBMMSCs and mBM-MSCs, respectively.
Table S3. Expression pattern of enriched genes in related biological processes. Sheets 1-2:
Enriched genes in osteoblast and chondrocyte precursors, respectively.
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