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Simple and efficient differentiation of human iPSCs into contractible skeletal muscles for muscular disease modeling
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Supplementary Figure Legends
Supplementary Fig. S1 Expression of pluripotent stem cell markers in MYOD1-hiPSCs.
a, b. ICC analysis of the clonal MYOD1-hiPSCs established with G418 (a) or puromycin selection (b) for pluripotent stem cell markers (Oct3/4 and Nanog). The nuclei were stained with Hoechst 33258. All MYOD1-hiPSCs retained the expression of pluripotent stem cell markers. Scale bar, 50 m.

Supplementary Fig. S2 Dox-inducible expression of 3HA-hMYOD1 under undifferentiated conditions.
a. Schematic of the analysis of transgene expression under undifferentiated conditions with or without Dox. MYOD1-hiPSCs were cultured in the presence of Dox from day 2 to day 5 or in the absence of Dox under undifferentiated conditions. Samples were collected at the times indicated by the closed triangles.
b-e. ICC analysis of the expression of transgenes (HA) and MyoD1 in cells cultured without Dox (b) or with Dox (c). Scale bar, 200 m. Quantitative analyses of HA+ and MyoD1+ cells are shown in d and e, respectively. The G418-bulk line exhibited lower expression of transgenes (HA) and MyoD1 than the G418-clones, whereas the Puro-bulk line showed expression of transgenes (HA) and MyoD1 similar to that of the Puro-clones.
f. Transgene expression in bulk and clonal MYOD1-hiPSCs established with G418 or puromycin selection in the presence of Dox as examined by qRT‒PCR and compared with that in control 409B2-MYOD1-hiPSCs. The amount of cDNA was normalized to that of human-specific -ACTIN.
The data are presented as the mean ± SEM, n = 3. *, p < 0.05, **, p < 0.01. ANOVA followed by post hoc Bonferroni test.
g. Relative copy numbers of integrated transgenes in the genomic DNA of bulk and clonal 201B7-MYOD1-hiPSCs established with G418 or puromycin selection as examined by qPCR. The amount of genomic DNA was normalized to that of -ACTIN. The data are presented as the mean ± SEM.

Supplementary Fig. S3 Time course of myogenic differentiation of clonal MYOD1-hiPSCs established with G418 or puromycin selection.
a, b. ICC analysis of myotubes derived from clonal MYOD1-hiPSCs established by G418 or puromycin selection for the expression of MyoG and MHC at day 9 of differentiation. The nuclei were stained with Hoechst 33258. Scale bar, 200 m.
c, d. Brightfield images showing the time course of myogenic differentiation of the established clonal MYOD1-hiPSCs with G418 selection. All clonal MYOD1-hiPSCs morphologically differentiated into myoblasts, subsequently formed myotubes, and achieved a myotube-like aligned structure by day 7. Scale bar, 100 m.

Supplementary Fig. S4 Time course gene expression analysis in bulk and clonal MYOD1-hiPSCs with G418 or puromycin selection.
Time course gene expression analysis of bulk and clonal MYOD1-hiPSCs with G418 or puromycin selection as well as control 409B2-MYOD1-hiPSCs along with myogenic differentiation. Compared with the Puro-clones and 409B2-MYOD1-hiPSCs, the Puro-bulk line showed similar or average expression, whereas the G418-bulk line showed lower expression levels than other MYOD1-hiPSCs throughout the differentiation process. Moreover, in contrast to the large clonal variations observed in differentiating Puro clones, the Puro-bulk line showed average expression of the six Puro clones or expression similar to that in the G418 clones for all the genes associated with skeletal muscle differentiation during the differentiation processes. The amount of cDNA was normalized to that of human-specific -ACTIN and is presented as the expression relative to that in undifferentiated hiPSCs (NANOG and OCT3/4), the human myoblast cell line Hu5/KD3 differentiated for 3 days (CD56, total and endogenous MYOD1, MYOG, MYF6, MEF2C, MYH2, MYH7, and TMEM8C), and EKN3-MYOD1 iPSCs differentiated for 5 days (Tg MYOD1). The data are presented as the mean ± SEM, n = 3. *, p < 0.05, **, p < 0.01.

Supplementary Fig. S5 Bulk MYOD1-iPSCs established by puromycin selection showed higher transgene expression than those established by G418 selection.
a. ICC analysis of the expression of transgenes (HA) and MyoD1 in cells cultured under differentiating conditions in the presence of Dox. Scale bar, 200 m.
b, c. Quantitative analyses of HA+ and MyoD1+ cells are shown in b and c, respectively. The expression levels of transgenes (HA) and MyoD1 were lower in the G418-bulk line at any concentration than in the Puro-bulk line.
d. Relative copy numbers of integrated transgenes in the genomic DNA of bulk MYOD1-hiPSCs (201B7, 409B2, EKN3, YFE16, YFE19, TIGE9, TIGE22) established by selection with puromycin or various concentrations of G418 as examined by qPCR. The amount of genomic DNA was normalized to that of -ACTIN. The data are presented as the mean ± SEM, n = 3. *, p < 0.05, **, p < 0.01. ANOVA followed by post hoc Bonferroni test.

Supplementary Fig. S6 Bulk MYOD1-hiPSCs established by puromycin selection showed more efficient differentiation potential than those obtained by G418 selection.
a, b. Quantitative analysis of the parameters for skeletal muscle differentiation, including the proportions of MyoG+ cells among total cells (a) and the proportions of MHC+ nuclei among total nuclei (b). All the Puro-bulk MYOD1-hiPSCs exhibited higher differentiation potential than the MYOD1-hiPSC lines generated by selection with different concentrations of G418.
c-e. The expression of MYH7, MYF6, and MYOG in bulk MYOD1-hiPSC lines established from seven hiPSC clones by selection with puromycin (0.5 g/ml) or various concentrations of G418 (100 g/ml, 300 g/ml, 500 g/ml) at day 9 of differentiation. The amount of cDNA was normalized to that of human-specific -ACTIN and is presented as the relative expression in the human myoblast cell line Hu5/KD3 differentiated for 3 days. The data are presented as the mean ± SEM, n = 3. *, p < 0.05, **, p < 0.01. ANOVA followed by post hoc Bonferroni test.

Supplementary Fig. S7 Bulk MYOD1-hiPSCs established by puromycin exhibited differentiation into more mature myotubes than those established by G418 selection.
a-c. Quantitative analysis of the parameters for myotube maturation, including the myotube thickness (a), number of nuclei per myotube (b), and MHC+ area per myotube (c). All the Puro-bulk MYOD1-hiPSCs exhibited myotube maturation potential higher than that of G418-bulk MYOD1-hiPSCs. The data are presented as the mean ± SEM, n = 3. *, p < 0.05, **, p < 0.01. ANOVA followed by post hoc Bonferroni test.
d. ICC analysis indicating the maturation of all the Puro-bulk MYOD1-hiPSC-derived myotubes according to the sarcomere structure as shown by -actinin staining. The arrowheads indicate sarcomere formation. Scale bar, 50 m.

Supplementary Fig. S8 GO and pathway GSEA between Puro-bulk and Puro-clones
a. GO enrichment analysis. The top 10 upregulated gene sets in Puro-bulk and Puro-clones with FDR q-values < 0.01 are shown. The red bar indicates muscle-related gene sets, and the blue bar indicates non-muscle-related gene sets.
b. Pathway gene set enrichment analysis. The top 10 pathways significantly enriched in Puro-bulk and Puro-clones with FDR q-values < 0.01 are shown. The red bar indicates muscle-related pathways, and the blue bar indicates non-muscle-related pathways.

Supplementary Fig. S9 3D muscle tissues fabricated from six Puro-bulk MYOD1-hiPSCs and their sarcomere formation.
a. Brightfield top-view images of 3D muscle tissues derived from six Puro-bulk MYOD1-hiPSCs at days 11 and 17. Scale bar, 500 m.
b. IHC analysis of fabricated muscle tissues from six Puro-bulk MYOD1-hiPSCs for Titin and α-Actinin at day 17 of differentiation. Sarcomere formation was clearly observed in all muscle tissues. The nuclei were stained with Hoechst 33258. Scale bar, 50 µm.

Supplementary Fig. S10 Time course gene expression analysis of 3D muscle tissues derived from hiPSCs.
Time course gene expression analysis of the various myogenic markers, including MYOD1 (total, transgene and endogenous), MYF6, MYOG, MYH2, MYH7, and TMEM8C, was performed using 3D muscle tissue derived from Puro-bulk 201B7-MYOD1-hiPSCs. n = 3 for days 11 and 13; n = 2 for days 15 and 17.
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