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Figure S1 
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Figure S1 – Embryonic development of the mouse interscapular depot 
Related to Figure 1 and Table S1 
 
A – Schematic representation of cell isolation strategy for single cell RNA sequencing. 
Dorsal interscapular region was dissected out with intact dermis and epidermis for 
embryonic day (E) 13.5 and 14.5. For E15.5, skin and underlying dermis was removed 
before cell dissociation. For each stage, tissues were isolated from two embryos. 
Tissues were digested with enzymes followed by encapsulation using inDrops platform. 
Bar chart showing number of cells isolated from each stage from developing mouse 
embryos. The number represents sum of two replicates from each time point. E = 
embryonic day. 
B – UMAP embedding of the single cells isolated from E11.5, E12.5, E13.5, E14.5 and 
E15.5 mouse embryos 50 PC dimensions, 28244 cells). Colors indicate embryonic 
days. 
C – UMAP embedding showing cell clusters identified using Leiden based clustering on 
E11.5, E12.5, E13.5, E14.5, E15.5 mouse embryonic single cell data. Colors indicate 
identified cell cluster (BA=BAs, BApre=BA precursors, SkM=skeletal muscle, 
SkMpre=skeletal muscle precursors). 
D – Normalized confusion matrix showing contribution of cells from different time point 
to identified clusters. 
E – UMAP embedding showing expression of a curated list of cluster-specific genes. 
Scale represents log-normalized transcript counts. 
F – Dotplot showing expression of a curated list of cluster-specific genes. Scale 
represents log-normalized transcript counts. 
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Figure S2 
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Figure S2 - Gata6 is expressed by developing BA precursors 
Related to Figure 1 and Figure 2 
 
A – UMAP embedding showing expression of a curated list of cluster-specific genes. 
UMAP plots are colored by log-normalized transcript counts. 
B – Graph showing the probability mass flows from the progenitor cluster to the other 
indicated clusters as time increases based on waddington-OT transition matrix. 
C – Graph showing how probability mass flows from the BAs precursors cluster to BA 
cluster as time increases based on waddington-OT transition matrix. 
D – UMAP plot generated from mouse single cell transcriptomics data from the 
developing perivascular adipose tissue on embryonic day 18 described in Angueira et 
al. 2021. Cells were clustered using Leiden clustering.  
E – UMAP plot generated from mouse single cell transcriptomics data from the 
developing mouse perivascular adipose tissue on embryonic day 18 described in 
Angueira et al. 2021. Cells were clustered using Leiden clustering and cell clusters 
representing the adipocyte lineage were selected.  
F – UMAP plot showing gene expression patterns in adipogenic cells sub-setted from 
the single cell transcriptomics data from the developing perivascular adipose tissue on 
embryonic day 18 described in Angueira et al. 2021. Scale represents log-normalized 
transcript counts. 
G – Heatmap showing gene expression patterns in adipogenic cells sub-setted from the 
single cell transcriptomics data from the developing perivascular adipose tissue on 
embryonic day 18 described in Angueira et al. 2021 and mouse datset generated in this 
study. Scale represents log-normalized transcript counts. 
H – Classifier based machine-learning classification of perivascular adipose cells. A 
kNN-classifier trained on mouse single cell clusters was used to predict identities of cell 
clusters described in Angueira et al. 2021 study. Heatmaps depict fraction of mouse 
cluster assignments for adipocyte, preadipocytes and progenitors identified in the 
perivascular adipose tissue. BA= BAs and BApre=BA precursors identified in this study. 
I – Transverse section at the forelimb level of a E15.5 embryo stained for Dpp4 and 
Keratin 14 (Krt14) antibody to detect cells from BApre cluster. NT= Neural tube, n≥4, 
scale bar=100µm (upper panel), scale bar=20µm (lower panel). 
J –Transverse section from the interscapular region of a E15.5 embryo showing 
coexpression of Ly6a/Sca1 and Cd34 using antibody staining. NT= Neural tube, n≥4, 
scale bar=100µm (upper panel), scale bar=20µm (lower panel). 
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Figure S3
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Figure S3 - Gata6 is expressed by developing BA precursors 
Related to Figure 2 
 
A – Transverse section of Gata6-CreERT2:Rosa26-tdTomato E15.5 embryo at the 
forelimb level showing contribution of Gata6-Cre tdTomato positive cells in brown fat 
and muscle area, n≥3, scale bar=100µm (left panel), scale bar=50µm (inset panel). 
B – Two representative images of RFP positive Gata6-tdTomato and Myh11 positive 
smooth muscle cells in E15.5 embryo at the forelimb level, scale bar=100µm. Inset 
shows magnified image, scale bar=20µm, n≥3.  
C – Transverse section of Gata6-CreERT2:Rosa26-tdTomato embryo at the forelimb 
level showing tdTomato and Dpp4 double positive cells at E13.5 and E15.5 n≥3, scale 
bar=100µm (left panel), scale bar=20µm (inset panel). 
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Figure S4 
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Figure S4 - Development of human BA precursors in vitro 
Related to Figure 4 
 
A – Flow cytometry analysis of day 2 of differentiating iPSC cultures to measure fraction 
of Mesogenin-Venus positive cells. Mean ± SD, n=4. 
B – Schematic illustrating gene targeting strategy to generate PAX3-Venus knock-in 
iPSC line. 
C – Representative flow cytometry plots showing gating strategy for quantifying PAX3-
Venus positive cells on day 8 of differentiation. 
D – UMAP embedding showing expression of a curated list of cluster-specific genes in 
human culture at day 20. 
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Figure S5 
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Figure S5 - Differentiation of human mature BA in vitro 
Related to Figure 4 
 
A – List of KEGG signaling pathway analysis using EnrichR. Differentially expressed 
genes in BApre cluster in mouse transcriptomics data were used as an input. 
B – UMAP plots showing expression patterns of genes involved in BMP/Tgfb, Wnt, 
thyroid hormone and FGF/IGF signaling in mouse temporal single cell data. Scale 
represents log-normalized transcript counts. 
C-Dot plots showing expression patterns of genes involved in BMP/Tgfb, Wnt, thyroid 
hormone and FGF/IGF signaling in mouse temporal single cell data. 
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Figure S6 
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Figure S6 - ScRNAseq analysis of human BA generated in vitro 
Related to Figure 6 
 
A – UMAP embedding showing cell clusters identified using Leiden based clustering on 
human culture at d40. Colors indicate identified cell cluster. 
B – UMAP embedding showing expression of a curated list of cluster-specific genes in 
human culture at d40. 
C – Machine-learning classification of human in-vitro cultured cells and mouse embryo. 
A k-NN classifier trained on clusters of mouse clusters was used to predict identities of 
the human in-vitro cultured progenitors and BAs precursors. 
D – UMAP embedding showing expression of a curated list of cluster-specific genes in 
human culture at d60. 
E – Projection of the cell identities obtained from clustering analyses of individual time 
points onto the UMAP of the dataset combining the three time points. 
F – UMAP embedding showing cell clusters identified using Leiden based clustering on 
the human in-vitro cultured cells at d20, 40 and 60 merged. Colors indicate identified 
cell cluster in individual time point analysis. 
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Figure S7 

 



   
 

   
 

15 

Figure S7 - Human BA generated in vitro are functional  
Related to Figure 7 
 
A – Merged UMAP embedding of the single cells isolated from day 20, 40 and 60 of 
human culture and E11.5, E12.5, E13.5, E14.5, E15.5 mouse embryos. Colors indicate 
both human and mouse clusters. 
B – Merged UMAP embedding of the single cells isolated from day 20, 40 and 60 of 
human culture and E11.5, E12.5, E13.5, E14.5, E15.5 mouse embryos. Colors indicate 
mouse clusters (left) and human clusters (right). 
C – Merged UMAP embedding of the single cells isolated from day 20, 40 and 60 of 
human culture and E11.5, E12.5, E13.5, E14.5, E15.5 mouse embryos. Colors indicate 
mouse embryonic days (left) and human culture days (right). 
D – Comparison of tracksplots showing expression of marker genes of the BA lineage in 
the mouse embryo at different stages (left) and in human cultures at different days 
(right) in the clusters identified in Figure 1A and Figure 6C respectively.   
E – Matrix plot showing transcriptional overlap between brown adipose specific genes in 
iPSC derived BAs (iPSC-BA), human fetal BAT (fBAT), human embryonic stem cell 
derived BAs in Zhang et al (H9-d50) and iPSC derived BAs in Carobbio et al (KOLF2-
C1-d25). 
 
 
 
 
 


