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Abstract

determination. Ectopic expression of MyoD in fibroblasts is sufficient to induce transdifferentiation into myoblasts.

MyoD is a myogenic lineage-specific transcription factor essential for skeletal muscle cell fate

However, the temporal regulatory features of MyoD-mediated transdifferentiation, particularly the systematic
downregulation of fibroblast-associated genes, remain poorly understood. This bioinformatic reanalysis of publicly
available multi-omics datasets aimed to characterize, at single-cell resolution, the temporal dynamics and molecular
mechanism underlying MyoD-mediated transdifferentiation of MEFs (mouse embryonic fibroblasts) into skeletal
muscle cells. This article analyzed publicly available GEO datasets including scRNA-seq (single-cell RNA-se-
quencing) data, MyoD CUT&RUN data, and chromatin accessibility (SHARE-seq) data from MyoD-mediated
MEF transdifferentiation. Pseudo-time analysis using Monocle2 revealed three sequential stages along the transdif-
ferentiation trajectory: early myoblasts (Cdhl5/Mef2a"), myocytes (Myog'/Actcl”), and terminally differentiated
myocytes (Myh3'/Ckm"). At 24 h post-induction, early myoblasts represented approximately 60% of cells, whereas
by 72 h, terminally differentiated myocytes accounted for 60% of the population. Integrative analysis of MyoD
CUT&RUN and SHARE-seq data showed that MyoD directly binds to E-box elements in promoters of skeletal
muscle differentiation genes, leading to chromatin opening and activation of myogenic gene expression. In contrast,
silencing of MEF-related genes correlated with reduced chromatin accessibility at their promoter regions but lacked
direct MyoD binding, suggesting an indirect, E-box-independent repression mechanism. Collectively, this study
delineates an ordered three-stage transdifferentiation process from MEFs to terminally differentiated myocytes and
demonstrates that MyoD employs distinct epigenetic pathways to activate myogenic cell fate and repress fibroblast
identity. The finding reveals a dual regulatory mechanism underlying transcription factor-driven cell reprogram-
ming.

Keywords  MyoD:; fibroblast; transdifferentiation; single-cell RNA-seq; chromatin accessibility
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(A) MyoD induced transdifferentiation
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Top 100 DEGs

Pseudotime

A: MyoD/15:MEFZH [ e 43 AL B SRk 8 . B: MyoDBHPEZR R A FEZIMEFZAH B ITUMAPIE . C: BT 40 TG i B 23 5 41 I T RE FTUMAP
K. D: A AN AE LS P E0E oA 1, AR R AN . B: 4N AR AN oAb B B o34 [, of B LD BT AT 41 A 4 L )8
WEREREAT 7> CubRiE o F: BT100 22 57 235 5k K (DEGs) 72 400 F (40 i rh 28 2R K], S A KR My oD BH Y291 ffd 5 0 FE 2L 490 ffd 2 1 22 53 d K AT T
10022 57t 4 J: T, B AR B3 9B AN IR UL 15 2047 o

A: dataset source of MyoD-mediated fibroblast transdifferentiation. B: UMAP plot of MyoD-positive cells and control fibroblasts. C: UMAP plot show-
ing subpopulations by unsupervised clustering of all cells. D: distribution of all cells along the pseudotime trajectory. Cell colors represent pseudotime
values. E: distribution of cell subpopulations along the differentiation trajectory. Each cell in fig.1D is colored according to its subcluster identity. F:
heatmap of the top 100 DEGs (differentially expressed genes) ordered by pseudotime. The y-axis lists the top 100 genes showing the largest expression
differences between MyoD-positive cells and fibroblast control. The x-axis represents cells arranged in increasing pseudotime order.

E1 #BETFS L2 MMyoD T SMEF4REE 73 L & H3NB EL
Fig.1 MyoD-mediated fibroblast transdifferentiation proceeds through three stages by pseudotime analysis
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A: heatmap showing DEGs (differentially expressed genes) among four cell subpopulations. The set of genes includes the union of DEGs identified
by comparing cluster 0 versus clusters 1, 2, and 3 (DESeq2, ¢<0.01, [log.FC|>0.5). B: GO term enrichment analysis of the DEGs shown in fig.2A,
performed using gProfiler2 (¢<0.05). C: bubble plot depicting the expression levels of marker genes for each of the four cell subpopulations, together
with their corresponding enriched GO terms. D: UMAP plots comparing cell subclusters before and after biological annotation. Left: Louvain clustering
(unannotated clusters). Right: UMAP with biologically annotated cell identities. E-H: UMAP plots showing the expression levels of fibroblast marker
genes Thyl and Fbin2 (E), early myoblast marker genes Mef2a and Cdhl5 (F), myocyte marker genes Myog and Actcl (G), and terminally differenti-
ated myocyte marker genes Myh3 and Ttn (H).
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Fig.2 Cell fate annotation of three stages based on marker genes



1806
(A) 24h 48h 72h
B ' . Committed . . Committed Terminal
. - Committed erminal
% L myoblast . myoblast ditilg'girexrlllg:tled E 2 ..myoblast differentiated|
= 5 . A Lt .. myoblast | |Fibroblast : e TYOSYE
D | Fibroblast b AR I S PRATI. -
T 4L L Myocyte 5 &
- ":__:._.y- .y.- Myocyfe =~ -
UMAPI UMAPI UMAPI
(B)
0.6
L
=
2< 05
3 % B Fibroblast
g g 04 B Committed myoblast
3 é\ 0.3 B Myocyte
i)
& . . .
<5 [ Terminal differentiated
£5 02 myocyte
g% g 0.1
0
24 48 72
( C) Time /h
Fbin2 (24 h) Fbin2 (48 h) Fbin2 (72 h)
¥ :
Wi 20
E ) S - 15
= *
2 10
5
UMAPI1 UMAPI UMAPI 0
(D) Cdhl5 (24 ) Cdhl5 (48 h) Cdhl5 (72h) "
¥
. 8
o
a -
§ .
5 4
0
UMAPI UMAPI1 UMAPI1
(E) Myog (24 h) Myog (48 h) Myog (72 h)
" 80
E 0
o
=z
= 0
=} c
20
0 0
UMAPI UMAPI1
(F Myh3 (24 h) Myh3 (48 h) Myh3 (72 h)
,v 80
) 60
o
z
S 0
j=)
20

UMAPI1

A:24h. 48 h. 72 hEE3ANR 8] £ 520 M T 23 A UMAP (788 MyoD R 4 i) . B: MyoD A4 20 i r 4% S0 F EL A9 G IS 10 1428 £k FrO AR 1
C~F: UMAP K 7R 21 440 fu b i B I FBIn2(C) S LA M bR AC FE K Cah 15(D) LA B bR ic 5 I Myog(E) 28 R 43 AL LA ML b 1 i K]
Myh3(F)#E24 h. 48 h. 72 h#& A 5 F A1 .

A: UMAP plots showing the distribution of 4 cell subclusters at 24 h, 48 h, and 72 h during MyoD-mediated transdifferentiation (n=788 MyoD-positive
cells). B: bar chart showing the proportional changes of the 4 cell subcluster over time. C-F: UMARP plots displaying the expression profiles of marker
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Fig.3 Pseudotime analysis reveal temporal patterns of three myocyte subpopulations during transdifferentiation
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A: pie chart showing the genome-wide distribution of MyoD binding peaks. B: bubble plot displaying GO term enrichment analysis of genes with
MyoD binding peaks in their promoter regions. All genes showing MyoD binding at promoter regions were subjected to GO enrichment analysis. C-F:
MyoD binding peaks at the promoter regions of myogenic differentiation-related genes (upper panels: IGV visualization of peak profiles), and their
expression levels across four cell subclusters (lower panels, violin plots) in fig.4C for MyoD gene, fig.4D for Myog gene, fig.4E for Mybph gene, and
fig.4F for Myll gene.
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Fig.4 MyoD regulates MEF cell transdifferentiation by binding to promoters of myogenic differentiation-related genes
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Fig.5 MyoD regulates the chromatin accessibility of myogenic differentiation-related genes
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A: heatmap showing MyoD binding peaks at promoter regions of upregulated and downregulated genes. Upregulated and downregulated genes were
defined as those differentially expressed during MyoD-mediated transdifferentiation compared with cluster 0 (fibroblasts). B: heatmap showing MyoD
binding peaks at promoter regions of myogenic differentiation-related genes and fibroblast-related genes. C-E: MyoD binding peaks at the 7hyl (C),
FbIn2 (D), and Collal (E) loci (upper panels) and the expression levels of these genes across four cell subclusters (lower panels). F: violin-boxplot
showing the distribution of MyoD CUT&RUN signals at promoter regions (TSS+1 Kb) of 191 upregulated genes (red) and 267 downregulated genes
(blue) identified using ¢<0.01 and |[log:FC[>0.5. Black diamonds and error bars indicate X¥+s. Mann-Whitney U test: P=1.06x10"", effect size =0.37.
G: overlap percentage (%) of SHARE-seq ATAC-seq peaks with promoter regions of the myogenic and fibroblast genes. Error bars represent 95% con-
fidence intervals, x> test: P=0.035. H: proportion distribution of myogenic differentiation-related genes and fibroblast genes within quartiles (Q1-Q4)
of MyoD binding signal intensity at promoters. The overall distribution was tested by a 2x4, y? test; each quartile was further tested using Fisher’s exact
test with FDR correction, and Q1 and Q4 remained significant after correction. ***P<(.001.
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Fig.6 MyoD represses fibroblast gene expression but does not directly bind to their promoters



By g ARYL -t R D5 R 55 S 5 s 20 B4 7 My oD 5 BT 48 40 i 2 704 Dy LA L FF) I P R ALE 1811

(A) (B)
0.6
2 0.5
1 0.4
0.3
0
0.2
-1 0.1
0
-2
© D)
Gene expression ATAC signal Gene expression ATAC signal
8 6
Bt 6 =
‘g %4 4
P 3 :
o = s
£ =2
£2 = |
0 0
N NS & ¢ DD
NG KT O & & S
) SIS S &S
& S oSS & o o e
[OX\ &0 & &
N RS (S

A: A JE7RSHARE-seqZ5 110, 1. 24 3VUBFANAI Y 2 e RIATE N . 2 S RIAFEUAOBEAM ML > Ml 51 24 TR (522 5 0 W 19 38 1 430
Z B SE R I AN B #A R R SHARE-seqZ SR 0. 1. 20 VUM A 1) 22 57 b J RIS B2 A J G (0 ST TR AR A . C: /N BRI IR
Fbin23:FFRIE(Fe) S FbIn2 1R & 3l 1 X B QL 4 ST IEATACAS 5 (F) - D: /MEZEEIRIR Thy I3 FIRIA(Fe) 5 Thyl JEBH & 37 X I s €5 T
T ATACTS 5 (£7)-

A: heatmap showing differentially expressed genes among clusters 0, 1, 2, and 3 from SHARE-seq data. The gene set includes the union of all DEGs
identified by comparing cluster 0 with clusters 1, 2, and 3, respectively. B: heatmap showing changes in chromatin accessibility at loci corresponding to
the differentially expressed genes shown in fig.7A from SHARE-seq data. C: violin plots showing Fbin2 gene expression (left) and chromatin accessi-
bility (ATAC signal) at the Fbln2 gene promoter (right). D: violin plots showing T/y/ gene expression (left) and chromatin accessibility (ATAC signal)
at the Thy! gene promoter (right).
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Fig.7 MyoD represses fibroblast gene expression by reducing chromatin accessibility
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