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Supplementary figure S1. Representative morphology and surface antigen expression profiles of 

CHA-hESC-15-Direct-MPCs during subculture. Over time, the morphologies of subcultured hPSC-

Direct-MPCs were similar regardless of the number of passages. Bars, 100 μm (magnification, 40×). 

Additionally, FACS analysis showed that the markers for MPCs (CD29, CD44, CD90 and CD105) were 

highly expressed, but neither the pluripotent stem cell markers (TRA-1-60 and SSEA4) nor the 

hematopoietic markers (CD34 and CD45) were highly expressed, regardless of the number of passages. 



Supplementary figure S2. Representative morphology and surface antigen expression profiles of 

CHA-SCNT-hPSC-17-Direct-MPCs during subculture. Over time, the morphologies of subcultured 

hPSC-Direct-MPCs were similar regardless of the number of passages. Bars, 100 μm (magnification, 

40×). Additionally, FACS analysis showed that the markers for MPCs (CD29, CD44, CD90 and 

CD105) were highly expressed, but neither the pluripotent stem cell markers (TRA-1-60 and SSEA4) 

nor the hematopoietic markers (CD34 and CD45) were highly expressed, regardless of the number of 

passages. 



Supplementary figure S3. Representative morphology and surface antigen expression profiles of 

CHA-SCNT-hPSC-18-Direct-MPCs during subculture. Over time, the morphologies of subcultured 

hPSC-Direct-MPCs were similar regardless of the number of passages. Bars, 100 μm (magnification, 

40×). Also, FACS analysis showed that the markers for MPCs (CD29, CD44, CD90 and CD105) 

were highly expressed, but neither the pluripotent stem cell markers (TRA-1-60 and SSEA4) nor the 

hematopoietic markers (CD34 and CD45) were highly expressed, regardless of the number of 

passages.  



Supplementary figure S4. Differentiation ability of hPSC-derived MPCs (passages 5 to 7) 

into adipocytes, chondrocytes, and osteocytes. The lipid droplets in adipocytes were stained with Oil 

Red O. The calcium deposits at the intracellular region in osteocytes were stained with Alizarin Red. 

Cells that differentiated into chondrocytes were fixed and then embedded in paraffin. The sectioned 

samples were stained with Alcian Blue. Bar size, 100 µm.



Supplementary figure S5. Ideogram illustrating the genome-wide distribution of DNA 

amplifications and deletions (copy number variation) on each chromosome of hPSC and hPSC-

derived MPCs at early and late passages. Each line next to a chromosome represents one sample. 

Amplifications and deletions are mapped onto the chromosome. Each individual CNV is marked: 

blue triangles pointing upward indicate amplification, red triangles pointing downward indicate 

deletion. Variation size > 100 kbp. 



Supplementary figure S6. Array-based comparative genomic hybridization analysis of hPSC-

derived Direct-MPCs after the addition of RS1. Human PSCs were used as the control cells in an 

analysis of array-CGH results for genomic variation. CNV results are presented as the means of 

MPCs derived from three cell lines: CHA-hESC-15, CHA-SCNT-hPSC-17, or CHA-SCNT-

hPSC-18. The data are presented as the means ± SE. *p<0.05. (A) Variation size > 100 kbp and (B) 

variation size > 50 kbp. 



Supplementary figure S7. Copy number variation results for each hPSC-derived-MPC lines related 

to Figure 4.  



Supplementary figure S8.  Nontumorigenic properties of CHA-SCNT-hPSC-18-derived MPCs. 

CHA-SCNT-hPSC-18-EB-MPCs and CHA-SCNT-hPSC-18-Direct-MPCs were transplanted into 

the left testis of immunodeficient mice. No teratomas in either the CHA-SCNT-hPSC-18-EB-MPC 

or CHA-SCNT-hPSC-18-Direct-MPC (p5~p6) injected mice were observed after 15 weeks. Bar size, 

50 µm.  



Supplementary Table S1. CNV size and related genes in hPSC-derived EB-MPCs and Direct-

MPCs (variation size >100 kbp) 


