
 

Supplementary Figure 1: Desmin colocalizes with fused myotubes (related to Figure 1)  

Overlay of brightfield and desmin-stained immunofluorescence microscopy images. Scale bar, 300 µm.  



 

Supplementary Figure 2: Single-nuclei RNA-sequencing quality control (related to Figure 1)  

A: UMAP of nuclei from all five time points prior to quality control, where nuclei are coloured according to 

clusters identified through shared nearest neighbour (SNN) modularity optimisation. 

B: Number of single-nucleotide polymorphisms (SNPs) identified per nucleus, which were used to assign 

genetic background, where nuclei are grouped and coloured by identified clusters. 

C: Average number of unique molecular identifiers (UMIs) overlapping a SNP per nucleus for each 

cluster. 

D: Total number of counts (reads) per nucleus for each cluster. 

E: Total number of features (genes) per nucleus for each cluster.  



 



Supplementary Figure 3: Identification and characterisation of SC subpopulations (related to 

Figure 2) 

A: Heatmap showing normalised expression of 50 most significantly upregulated genes per SC 

subpopulation. 

B: Heatmap showing average normalised expression of 15 most differentially expressed genes between 

timepoints within each subpopulation, sorted by UPGMA clustering. 

C: Quantification of subpopulation sizes over all five timepoints of the snRNA-seq dataset.  



 

Supplementary Figure 4: Analysis of cell cycle and quiescence in SC subpopulations (related to 

Figure 2) 

A: UMAP of nuclei from all five timepoints, coloured by average expression of cell cycle genes related to 

S (left) or G2M phase (right), as assigned by the CellCycleScoring() function in Seurat.  

B: UMAP as in A, coloured by expression of a ‘quiescence signature’ score calculated by averaging over 

all 597 significantly upregulated genes in a quiescent subpopulation of proliferating SCs (Messmer et al., 

2023). 

C: Violin plots showing normalised expression of 15 most upregulated genes in quiescent SCs (Messmer 

et al., 2023), separated and coloured by subpopulation. 

D: Scatter plots comparing expression of MYOD1/MYOG with cell cycle genes in individual nuclei, 

separated and coloured by subpopulation.  



 

Supplementary Figure 5: Differentiation compound screening (related to Figure 3) 

A: Mean desmin areas after 72 h differentiation with indicated compounds (targeting MEK/ERK, RXR, 

NOTCH and TGF-β pathways) tested at the indicated range of concentrations, n = 3.  

B: Representative fluorescence images for compound screening shown in Fig. 3a. Red, desmin; blue, 

Hoechst. Scale bar, 500 µm. 

C: Nuclei counts for the images in Fig. 3C. Error bars show s.d., n = 3. 

*p<0.01, **p<0.001, ***p<0.0001.  



 



Supplementary Figure 6: Analysis of SFDM v2 for cultured meat bioprocesses (related to Figure 3) 

A: Representative fluorescence images after 72 h myogenic differentiation after proliferation in a 40 L 

stirred-tank bioreactor. Blue, Hoechst; red, desmin. Scale bar, 500 µm. 

B: Mean desmin areas for images in A. Error bars indicate s.d., n = 4. 

C: Mean desmin areas after 72 h myogenic differentiation for SCs at different PDs. Error bars show s.d., n 

= 6. 

D: Representative fluorescence images after 72 h of myogenic differentiation on indicated extracellular 

matrix (ECM) protein coatings. Scale bar, 500 µm. 

E: Mean desmin areas for images in D. Error bars show s.d., n = 4. 

F: Mean desmin areas after 72 h myogenic differentiation for SCs from three different donor cattle. Error 

bars show s.d., n = 3.  

G: Representative fluorescence images stained for non-desmin muscle-related proteins after 72 h of 

myogenic differentiation. 

H: Quantification of the images in G. Error bars show s.d., n = 3. 

*p<0.01, **p<0.001, ***p<0.0001.  



 

  



Supplementary Figure 7: Mechanistic understanding of SFDM v2 components (related to Figure 4) 

A: Representative fluorescence images after 72 h myogenic differentiation with the indicated treatments. 

Blue, Hoechst; red, desmin. Scale bar, 500 µm. 

B: Mean desmin areas for images in A. Error bars indicate s.d., n = 3. 

C:  Representative fluorescence images corresponding to Fig. 4d. Target proteins are indicated next to 

their respective panels. Scale bar, 500 µm. 

D: Representative fluorescence images corresponding to Fig. 4e. Blue, Hoechst; red, desmin. Scale bar, 

500 µm. 

*p<0.01, **p<0.001, **p<0.0001. 

  



 
Supplementary Figure 8: Uncropped western blots (related to Figures 3 & 5) 

A: For Fig. 3d. 

B: For Fig. 5f. 

C: For Fig. 5g.  



Supplementary Table 1: Medium formulations used in this study 

 



Supplementary Table 2: Antibodies used in this study

 

  



Supplementary Table 3: Small molecule compound screening 

  



Supplementary Video 1: Live imaging of differentiating SCs (related to Figure 3) 

Representative phase holographic microscopy videos of 2D myogenic differentiation over 96 h with 

indicated treatments. Scale bar, 500 µm. 


