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Suppl. Fig. 1. snRNA-seq analysis of EOM and TA. (A-B) Number of detected genes (A) and reads (B) 
per sample. (C) Percentage of reads of mitochondrial genes detected per nuclei. (D) Number of nuclei per 
cell type per sample after filtering. (E-F) Uniform manifold approximation and projection (UMAP) 
visualization of adult TA (E) and EOM (F) colored by cell type. Two independent EOM preparations were 
sequenced. (G-H) Dot plots of marker genes for each cell type in TA and EOM samples. (I-J) Dot plots of 
marker genes for each myonuclear subpopulation in TA (I) and EOM (J) samples. (K) Relative expression 
of myosin heavy chain (MyHC) transcripts among skeletal and cardiac mouse muscle tissues (re-analysis 
of (21)). EDL, extensor digitorum longus; EOM, extraocular muscles; FAPs, fibroadipogenic progenitors; 
FDB, flexor digitorum brevis; MuSC, muscle stem cells; SMC, smooth muscle cells; TA, tibialis anterior; 
UMIs, unique molecular identifiers.  
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Suppl. Fig. 2. Mybphl expression across myofiber types. (A) Immunostaining of adult mouse EOM 
cryosections labelled with Myh13 and Dystrophin, Mybphl and Myh4. (B) Adult EOM muscle cryosections 
labelled with Myh3 (embryonic), Myh7 (slow fibres) and Mybphl. Higher magnification views in (B1) 
highlight mutually exclusive staining for Mybphl and Myh3/Myh7. The orbital layer (OL) and global layer 
(GL) are delimited with a yellow line. (C) Bar plot of intensity of fluorescence measurements of different 
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myosin heavy chain proteins (in arbitrary units, A.U) in the distinct EOM layers relative to TA intensity 
(set to 1). N=4 biological replicates. (D) Immunostaining of adult mouse ILM cryosections labelled with 
Myh13 and Dystrophin, Mybphl and Myh4. TAM and PCA as insets. (E) RNAscope using intronic probes 
for Myh4 and Mybphl in adult TA, TAM and recti EOM. Dystrophin was used to label fiber membranes 
and nuclei stained with Hoechst and shown as iso-surfaces in Imaris. ILM ( thyroarytenoid muscle) as 
longitudinal section, EOM and TA as cross-section. (F) Box plot of the percentage of Mybphl+ nuclei 
amongst all Myh4+ nuclei. N=3 biological replicates. (G) Immunostaining of adult Macaca fascicularis 
TA, EOM and TAM cryosections labelled with human Mybphl and Dystrophin antibodies. (H) 
Quantification of Mybphl intensity of fluorescence from the immunostainings in (G). N=3 female biological 
samples. (I) Immunostaining of adult human EOM cryosections labelled with human Mybphl antibody. 
N=2 biological replicates per group. CT, cricothyroid; EOM, extraocular muscles; ESO, esophagus striated 
muscle; GL, global layer; Hg, Harderian gland; IO, inferior oblique; IR, inferior rectus; LCA, lateral 
cricoarytenoid; ILM, intrinsic laryngeal muscles; LR, lateral rectus; MR, medial rectus; OL, orbital layer; 
ON, optic nerve; PCA, posterior cricoarytenoid muscle; RB, retractor bulbi; SO, superior oblique; SR, 
superior rectus; TA, tibialis anterior, TAM, thyroarytenoid muscle. Scale bars are 500µm in A, D, G, H, I; 
100µm in A1, B, B1, D1; 15 µm in E, 250µm in insets in G, I.  
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Suppl. Fig. 3. Molecular and histological characterisation of Mybphl knockout mice. (A) Relative 
abundance of myosin heavy chains (MyHC) proteins in adult wildtype (WT) and MybphlKO/KO mouse EOM 
and ILM (thyroarytenoid muscle) by mass spectrometry-based proteomic analysis. (B-C) Immunostaining 
of adult WT and MybphlKO/KO mouse EOM and ILM (thyroarytenoid muscle) cryosections labelled with 
the indicated antibodies. (D) MyBP abundance normalized on total MyHCs in EOM. Adjusted p-
value=0.141 (Mybph), p-value=0.490 (Mybpc1), p-value=0.301 (Mybpc2). (E) Relative abundance of 
MyBPs in adult control and MybphlKO/KO mouse EOM by mass spectrometry-based proteomic analysis. (F) 
MyBP abundance normalized on total MyHCs in ILM (thyroarytenoid muscle). Adjusted p-value=1.38e-9 
(Mybph), p-value=0.613 (Mybpc1), p-value=5.45e-6 (Mybpc2). (G) Relative abundance of myosin binding 
proteins in adult WT and MybphlKO/KO mouse EOM by mass spectrometry-based proteomic analysis. A, D-
G, values are average of 4 biological replicates for each genotype. MyBP, myosin binding protein. Scale 
bars are 100µm in B,C.   
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Suppl. Fig. 4. Experimental data and modeling of decreased strain-induced crossbridge detachment. 
(A) Trace of a representative single myofibril force measurement from wildtype (WT) or MybphlKO/KO ILM 
(thyroarythenoid muscle). pCa changes correspond to force activation (kACT), redevelopment (kTR) and 
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relaxation. (B) Expanded trace of the relaxation phase in A) composed of linear (T,KREL, LIN) and 
exponential (KREL, EXP) phases. (C-D) Quantification of single myofibril force measurements from EOM 
(N=5 for each group) and ILM (N=5 for each group). Linear mixed model was used with day of experiment 
as an independent random factor. For EOM, p-values = 0.292 (FMAX), 0.976 (KACT), 0.801 (KEXP), 0.587 
(KTR). For ILM, p-values = 0.886 (FMAX), 0.333 (KACT), 0.013 (KEXP), and 0.012 (KTR). (E) Scheme of 
strain-induced crossbridge detachment. (F) Function of crossbridge detachment rate relative to the distance 
from actin binding site. (G) Trace of a simulated single myofibril force measurement with high and low 
strain-induced crossbridge detachment sensitivity. (H) Expanded trace of the relaxation phase in G). High 
strain-induced crossbridge detachment condition leads to shorter and more efficient relaxation while not 
affecting maximal force or other rate constants. (I) Immunostaining for Mybphl on EDL cryosections 3 
weeks post post injection of AAV-Mybphl or AAV-GFP (control). Scale bar in I, 200µm.   
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Suppl. Fig. 5. Multiome analysis of EOM and ILM. (A) Number of detected genes per sample using 
exonic and intronic sequences. (B) Number of gene expression reads per sample using exonic and intronic 
sequences. (C) Percentage of reads of mitochondrial genes detected per nuclei. (D) Number of ATAC-seq 
reads per sample. (E) Fraction of ATAC-seq reads in peaks per sample. (F) Number of nuclei per cell type 
per sample after filtering. (G-H) Uniform manifold approximation and projection (UMAP) visualization of 
EOM and ILM colored by cell type. (I) Dot plots of marker genes for each cell type in EOM. (J) Dot plots 
of marker genes for each myonuclear subpopulation in EOM and ILM samples. EOM, extraocular muscles; 
FAPs, fibroadipogenic progenitors; ILM, intrinsic laryngeal muscles; MTJ, myotendinous junction; NMJ, 
neuromuscular junction; SMC, smooth muscle cells, UMIs, unique molecular identifiers. 
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Suppl. Fig. 6. Inference of Mybphl regulators. (A) Track of ChIP-seq H3K27ac marks in human skeletal 
muscle myoblasts (ENCODE database). (B) Gene Regulatory Network inference of Mybphl regulators 
using Spearman correlation between transcription factor (TF) expression and chromatin accessibility at 
peaks 1, 2, 3, and 5, across tissues (trend over pooled metacells, global regulators) and within tissues 
(residual trend over each tissue’s metacells, averaged, secondary regulators). (C) UMAP plot of RNA 
expression in all three datasets. (D) Correlation between expression of Maf (top lane) and Tbx15 (bottom 
lane) and Mybphl peak 1, 2, 3 and 5 chromatin accessibilities. The Pearson correlation coefficient (r) is 
indicated on the plot. (E-F) UMAP plot of chromVAR score (E) and regulon score (F) in all three datasets. 
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Suppl. Fig. 7. Validation of Mybphl regulators. (A) Immunostaining of adult MafaKO/KO and Tg:HsaCre; 
Maffl/fl;Mafbfl/fl;MafaKO/KO (TKO) EOM and ILM cryosections labelled with Mybphl antibody. (B-C) 
Relative expression levels of Mybphl and Tbx15 by RT-qPCR in the same muscles as in (A). N=4 biological 
replicates per condition. Mann-Whitney U two-sided test, with p-value = 0.029 (Mybphl) and p-value = 
0.343 (Tbx15) for EOM, and p-value = 0.886 (Mybphl), p-value = 0.886 (Tbx15) for ILM. (D) 
Immunostaining for Mybphl and the indicated myosin heavy chain antibodies on EDL cryosections 3 weeks 
post injection of AAV-Tbx15 or AAV-GFP (control). (E) Quantification of fiber type abundance in injected 
EDL muscles from (D). (F) Immunostaining for Mybphl and Myh4 on EDL cryosections 3 weeks post 
injection of AAV-Tbx15 or AAV-Mybphl. (G-H) Quantification of Mybphl abundance in Myh4-positive 
and negative fibers in (F). Note that almost all Mybphl-positive fibers are stained with Myh4 in the AAV-
Tbx15 condition but not in the AAV-Mybphl condition. (H) Force-frequency curve of AAV injected EDL 
muscles. Force is relative to the maximal force elicited at 150 Hz. A sigmoid function is fitted on the mean 
points per condition. (I) Frequency eliciting half of the maximal force (Kf). N=9 AAV-GFP and N=5 AAV-
Tbx15. Mann-Whitney U two-sided test with Benjamini-Hochberg correction with p-value = 0.0420. Same 
AAV-GFP control samples as in Figure 2I. EDL, extensor digitorum longus; EOM, extraocular muscles; 
ILM, intrinsic laryngeal muscles.   
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Suppl. Fig. 8. MyBP-H is expressed in vertebrate superfast muscles. (A) Relative abundance of myosin 
binding proteins in male zebra finch syrinx mass spectrometry based proteomics (reanalyzed from (38)). 
(B) Relative expression of myosin binding proteins in zebra finch bulk RNA-seq. N=3 for each group. (C) 
Expression levels of Tbx15 in zebra finch bulk RNA-seq. Counts are displayed as Length-scaled Transcripts 
per Million based on Salmon output. EOM, extraocular muscles. 
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Suppl. Table 1. 
List of primers used for genotyping  
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Suppl. Table 2. 
List of primers used for RT-qPCR. 
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Suppl. Table 3. Key resources table  
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Extended Data Table 1. (separate file) 
Differentially expressed genes between EOM and TA myonuclei in sn-RNAseq. 
 

Extended Data Table 2. (separate file) 
Markers genes of EOM and TA myonuclear subpopulations in sn-RNAseq.  
 

Extended Data Table 3. (separate file) 
Markers genes of EOM, ILM and TA myonuclear subpopulation from sn-multiome. 
 

Extended Data Table 4. (separate file) 
Inference of putative Mybphl regulators. Peak, putative enhancer, peak_score, Spearman 
correlation between enhancer accessibility and target gene (single-cell level, average over 
significant tissues), peak_zscore, score corrected for accessibility (z-score against background 
peaks with similar accessibility, single-cell level, average over significant tissues), pct_peak, 
fraction of cells where peak was detected, tissue, tissues with significant enhancer-target 
association (pct_peak>0.01, z-score>1.5), tf, putative regulatory transcription factor, motif, motif 
of TF in JASPAR2024, motif_score, best motif score in enhancer, tf_peak_pooled, Spearman 
correlation between TF expression and enhancer accessibility (metacell-level, all tissues pooled), 
tf_peak_within, Spearman correlation between TF expression and enhancer accessibility 
(metacell-level, one correlation value per tissue, averaged), tf_target_pooled, Spearman 
correlation between TF expression and target expression (metacell-level, all tissues pooled), 
tf_peak_within, Spearman correlation between TF expression and target expression (metacell-
level, one correlation value per tissue, averaged). 
 
Extended Data Table 5. (separate file) 
Regulon inference by Pando using the XGB method. Tf, transcription factor for which regulon 
was inferred, target, genes belonging to regulon, estimate, XGB score (sum of scores if multiple 
enhancers) for tf-enhancer-target association (higher is better), regions, putative enhancers in 
target vicinity (<100kb) containing transcription factor motif. 
 


