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Materials and Methods Cell culture. Human ES cells and iPS cells were maintained on irradiated mouse embryonic fibroblasts (MEF) in DMEM/F12 culture medium supplemented with 20% KnockOut serum replacer, 0.1 mM non-essential amino acids (all from Invitrogen, Carlsbad, CA), 1 mM L-glutamine, 0.1 mM ß-mercaptoethanol and 100 ng/ml zebrafish basic fibroblast growth factor (zbFGF) as previously described (S1-S3). The feeder-free culture on matrigel (BD Biosciences, Bedford, MA) with conditioned medium was carried out as previously described (S4) except with 100 ng/ml zbFGF. The feeder-free culture on matrigel with chemically defined TeSR medium was previously described (S5). Human OCT4 knock-in H1 ES cell line was previously described (S6). This line was maintained under neomycin selection (geneticin: 100 µg/ml, Invitrogen). IMR90 cells (Cat# CCL-186™, ATCC, Manassas, VA) were cultured in Minimum Essential Medium (Eagle) (Invitrogen) supplemented with 10% heat-inactivated fetal bovine serum (FBS, HyClone Laboratories, Logan, UT), 0.1 mM non-essential amino acids, and 1.0 mM Sodium pyruvate (Invitrogen). Newborn foreskin fibroblasts (Cat# CRL-2097™, ATCC) were maintained in the same culture medium as that for IMR90 cells. Myeloid cell derivation from human OCT4 knock-in H1 ES cell line. The derivation of myeloid cells from human OCT4 knock-in H1 ES cells was described previously (3, 4). The percoll-purified cells were CD45+ (>95%). To obtain adherent cells that support robust lentiviral transduction, CD45+ cells were further cultured on matrigel-coated 10cm dish in α-MEM medium (Invitrogen) supplemented with 10% non-heat-inactivated defined FBS, 100 µM monothioglycerol (Sigma, St. Louis, MO) and 100 ng/ml GM-CSF (Leukine; Berlex Laboratories Inc., Richmond, CA) (10 ml/dish) for an additional 7 days. Mesenchymal cell derivation from human OCT4 knock-in H1 ES cell line. Differentiation of human OCT4 knock-in H1 ES cells (p64) by coculture with mouse OP9 stromal cells was carried out as previously described (S7, S8). On day 2 of coculture, cells were dissociated by successive enzymatic treatments with collagenase IV (1 mg/ml in DMEM/F12) for 20 min at 37°C and 0.05% trypsin/0.5 mM EDTA for 15 min at 37°C (all from Invitrogen). Dissociated cells were washed three times in PBS/5% heat-inactivated FBS, and filtered through 70 μm cell strainers (BD Biosciences, San Jose, CA). Mouse OP9 cells were removed through MACS using anti-mouse specific CD29-PE antibody (table S6), anti-PE microbeads, MidiMACS magnet and LD depletion columns (Miltenyi Biotec, Auburn, CA). The purity of human ES cell derivatives following OP9 depletion was greater than 99% as determined by flow cytometry analysis
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with pan-human antibody TRA-1-85-APC (table S6 and fig. S3A). To generate mesenchymal colonies, individualized human cells were resuspended at 2 5 104 cells/ml in the colony-forming semisolid medium containing 40% ES-Cult M3120 methylcellulose (Stem Cell Technologies, Vancouver, BC, Canada), 40% StemLine™ II Mesenchymal Stem Cell Expansion Medium (Sigma), 20% BIT 9500 (Stem Cell Technologies), 1/100 dilution of GlutaMAX (Invitrogen), 1/500 dilution of EX-CYTE growth enhancing supplement (Celliance, Kankakee, IL), 1 mM lithium chloride, 10 ng/ml PDGF-BB and 20 ng/ml bFGF (Peprotech, Rocky Hill, NJ). The cell suspension was plated on low-adherence 35-mm dishes (Stem Cell Technologies) at 1 ml/dish. After 14 days of culture in the colony-forming semisolid medium, compact spherical colonies (>100 μm in diameter) were picked under microscope and transferred to individual wells of 96-well plate pre-coated with collagen I in serum-free (SF) expansion medium (StemLine™ II Mesenchymal Stem Cell Expansion Medium supplemented with 20% BIT 9500. EX-CYTE at 1/1000 dilution, GlutaMAX at 1/100 dilution and 10 ng/ml bFGF). After 2 days, colonies that showed extensive outgrowth were subcultured into collagen I-coated 6-well plates and 10-cm dishes using TrypLE detachment solution (Invitrogen). Individual colony-derived mesenchymal cells at the first confluence culture in 10-cm dishes were denoted as passage 1 (p1). These cells were either frozen or expanded for additional experiments. For reprogramming experiments, mesenchymal cells were maintained in serum-containing (S) expansion medium (StemLine™ II Mesenchymal Stem Cell Expansion Medium supplemented with 5% heat-inactivated FBS, 4 mM GlutaMAX and 10 ng/ml bFGF) on gelatin-coated 6-well plates. Lentiviral transduction and reprogramming culture. The cDNAs for the open reading frames (ORFs) of human OCT4, SOX2, NANOG and LIN28 genes were obtained by direct PCR of human ES cell cDNA. After sequence verification, the cDNAs for each gene were cloned into a lentiviral vector modified from those previously described (S9) (fig. S1). The 293FT cell line (Invitrogen) was used to produce transgene-expressing lentivirus. Lentiviral transductions of human somatic cells were carried out with cells either in suspension (0.3 5 106 cells/2ml/well of 6-well gelatin-coated plate) or in attachment (0.2 5 106 cells/2ml/well of 6-well gelatin-coated plate seeded the day before transduction) in the respective somatic cell culture medium in the presence of polybrene (0.6 µg/ml final concentration, Sigma). For adherent cells obtained from human OCT4 knock-in H1 ES cell-derived CD45+ cells, following overnight incubation, the lentiviral transduction mixtures were replaced with TeSR (chemically defined medium that supports the self-renewal of human ES cells in the absence of any feeder (1)). Geneticin selection (50 µg/ml) for an active endogenous OCT4 promoter started at 7 days posttransduction. For mesenchymal cells derived from human OCT4 knock-in H1 ES cells, IMR90 cells and foreskin fibroblasts, following overnight incubation with lentivirus, human somatic cells were completely trypsinized, and transferred to 10-cm dishes seeded with irradiated MEF (from 1 well of 6-well plate transduced cells to 1 (or 2, for foreskin fibroblasts only) 10-cm MEF dish). After 10 days in human ES cell culture medium, human ES cell culture medium conditioned with irradiated MEF (CM) was used to support cell growth. Geneticin selection (50 µg/ml) was carried out for mesenchymal cells derived from human OCT4 knock-in ES cells from day 10 to day 13
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posttransduction. Colonies with human ES cell morphology (iPS colonies) were generally picked for expansion on day 20 posttransduction. Karyotyping and DNA fingerprinting. Standard G-banding chromosome analysis was carried out in the Cytogenetics Lab at WiCell Research Institute (Madison, WI). To confirm the IMR90 and foreskin fibroblast origins of iPS clones, short tandem repeat (STR) analysis was performed in the Histocompatibility/Molecular Diagnostics laboratory at University of Wisconsin Hospital and Clinics (Madison, WI). Telomerase activity assay. Telomerase activity analysis was carried out essentially as described in the TRAPEZE® RT telomerase detection Kit (Chemicon, Temecula, CA) with Titanium™ Taq polymerase (BD Clontech®, Mountain View, CA). About 0.2 µg total protein from each sample were added to each reaction. Population doubling time. To calculate the population doubling time for iPS clones, equal number of cells for each iPS clone and control human H1 ES cells grown in human ES cell culture medium preconditioned with MEF (CM) supplemented with 100 ng/ml zbFGF were seeded to 12-well plates precoated with matrigel following partial trypsinization (~ 0.15 million/well). The number of cells in each well (triplicates for each time point and each cell line) were counted at 24, 48, 72 and 96 hours following plating with daily exchange of fresh medium. Flow cytometry analysis. Adherent cells were individualized by trypsin treatment (0.05% Trypsin/0.5 mM EDTA, Invitrogen), which were either processed directly for antibody staining, or fixed in 2% paraformaldehyde for 20 min at room temperature (RT). The cells were filtered through a 40-µm mesh, and resuspended in FACS buffer (PBS containing 2% FBS and 0.1% sodium azide). About 100 µl of cell suspension containing 5 5 105 cells was used in each labeling. Both primary and secondary antibody incubation (where applied) were carried out at room temperature for 30 min, or 40 min at 4ºC. Control samples were stained with isotype-matched control antibodies. After washing, the cells were resuspended in 300-500 µl of the FACS buffer, and proceeded for analysis on a FACSCalibur flow cytometer (BDIS, San Jose, CA) using the CellQuest acquisition and analysis software (BDIS), or a FACSAria using FACSDiva Software. A total of 20,000 events were acquired. In some experiments, 7-aminoactinomycin D (2 μg/ml, Sigma) was added 15 min before analysis for dead cell exclusion. All the antibodies used are listed in Table S6. The final data and graphs were analyzed and prepared in FlowJo software (Tree Star, Inc., Ashland, OR). Quantitative RT-PCR. Total RNA was prepared as described in the RNeasy Mini Kit (Qiagen, Valencia, CA) with on-column DNase I digestion. About 1 µg total RNA from each sample was used for Oligo(dT)20 – primed reverse transcription, which was carried out as described in the product protocol (SuperScriptTM III First-Strand Synthesis System for RT-PCR, Invitrogen). Quantitative PCR reactions were carried out with Power SYBR®Green PCR Master Mix (Applied Biosystems, 7300 Real-Time PCR System, Foster City, CA). The cDNA from human H1 ES cells was used as a relative standard for GAPDH, OCT4 and NANOG, while the cDNA from human H1 ES cell-derived embryoid
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bodies was used as a relative standard for all lineage-specific primer pairs (table S7). For each sample, 1 µl of diluted cDNA (1:8) was added as template in PCR reactions. The expression of genes of interest was normalized to that of GAPDH in all samples. Microarray analysis. Custom arrays containing 60-mer probes were manufactured by NimbleGen Systems (Madison, WI), which tiled 47,633 transcripts from the Homo sapiens genome (HG18, NCBI Build 36) and transcripts corresponding to an additional 126 genes expressed in human ESCs. mRNA was purified from total RNA using Qiagen Oligotex kit and labeled with Cy5 using the amino allyl method. The Cy5-labeled RNA sample (2 µg) was hybridized to each array, together with Cy3-labeled genomic DNA (4.5 µg) used as the common reference. After hybridizations for 17 hours at 42ºC, the slides were washed following NimbleGen’s protocol and scanned using a GenePix 4000B scanner. The gene expression raw data were extracted using NimbleScan software v2.3. The signal intensities from the mRNA channel in all the arrays were normalized together using the Robust Multiple-chip Analysis (RMA) algorithm (S10). Separately, the signal intensities from the genomic DNA channel in all arrays were also normalized using RMA. For each gene, we calculated its relative expression level using the above normalized intensity values according to the following formula: RNA signal/(gDNA signal+median signal of all genes from the gDNA channel). The Pearson Correlation Coefficient (PCC or R) (S11) was then calculated for each pair of samples using the relative expression level of all 47,759 (47,633 + 126) transcripts. Hierarchical cluster analyses were carried out with 1-PCC as the distance measurement. The maximum distance between cluster members was used as the basis to merge lower-level clusters (complete linkage) into higher-level clusters. To assess the certainty of the existence of a cluster, we applied multiscale bootstrap resampling (10,000 bootstraps) to the hierarchical clustering of fifteen samples and calculated p-values of hypotheses as well as bootstrap probabilities for each cluster (S12) (fig. S4). Heatmap generation and data visualization. For each gene, we calculated its average expression level across all five normal human ES cell lines, and then calculated the fold change of gene expression level in IMR90 cells and foreskin fibroblasts over the corresponding average in human ES cells. The expression levels (log scale) of the top 25 genes most specifically expressed in IMR90 cells and top 25 genes most specifically expressed in foreskin fibroblasts together with 30 well-known human ES cell-enriched genes were reordered and displayed in a heat map, with the spectrum ranging from green (low level) to red (high level) (fig. S5). All the analyses and data visualization were done with packages available in open source R (http://www.r-project.org). Provirus integration. To examine the presence of transgenes in iPS(IMR90) and iPS(foreskin) clones, primers specific for each transgene were used to amplify four provirus. Specifically, primers OCT4-F1 and SP3 (vector-specific) amplified the OCT4 transgene, NANOG-F2 and SP3 for the NANOG transgene, SOX2-F1 and SP3 for the SOX2 transgene, and LIN28-F1 and SP3 for the LIN28 transgene (table S7). PCR reactions were carried out with the pfx DNA polymerase (Invitrogen) with amplification
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buffer used at 2X and enhancer solution used at 3X: initial denaturation for 5 min at 95ºC; 38 cycles of 95ºC for 30 sec, 55ºC for 30 sec, 68ºC for 1 min; and followed by 68ºC for 7 min. Primers OCT4-F2/R2 (table S7), which amplified the endogenous OCT4 gene, were used as a positive control. Additionally, nested PCR reactions were carried out to confirm the presence or absence of the SOX2 and LIN28 transgenes. The first round of PCR used the vector-specific primers EF-1aF and SP3 (table S7), which amplified all four transgenes using the same PCR conditions as above. About 1 µl of diluted first round PCR reactions (1:10) was used as template in the second round PCR reactions with the SOX2-F1/SP3 and LIN28-F1/SP3 primers. Bisulfite sequencing analysis. Conversion of unmethylated cytosines to uracil of purified genomic DNA was carried out as described in EZ DNA Methylation-Gold Kit (ZYMO, Orange, CA). About 1 µg genomic DNA was treated in each reaction, and 4 µl of elution was used for each PCR reaction. Primers OCT4-mF3/R3 (table S7) were used to amplify a genomic DNA fragment in the human OCT4 promoter using the following conditions (Titanium™ Taq polymerase, BD Clontech®): initial denaturation for 1 min at 95ºC; 38 cycles of 95ºC for 1 min, 58ºC for 1 min, 72ºC for 1 min; and followed by 72ºC for 10 min. The resultant PCR products were cloned into pGEM-Teasy vector (Promega, Madison, WI) and sequenced. Teratoma formation. To examine the developmental potential of reprogrammed clones in vivo, cells grown on MEF were collected by either trypsin or collagenase treatment, and injected into hind limb muscle of 6-week-old immunocompromised SCID-beige mice (approximately 1 5 6-well plate at 50 to 70% confluence for each mouse) (Charles River Laboratory, Wilmington, MA). Two or three mice were injected for each iPS clone. For controls, IMR90 cells (p19, ~12 5 106 cells/mice) and foreskin fibroblasts (p14, ~16 5 106 cells/mice) were also injected (2 mice each). After five to ten weeks, teratomas were dissected and fixed in 4% paraformaldehyde. Samples were embedded in paraffin and processed with hematoxylin and eosin staining at the Histology Lab at the School of Veterinary Medicine, University of Wisconsin-Madison, WI.
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Supplementary Figures



Fig. S1. Vector map of lentiviral construct used for reprogramming experiments.
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Fig. S2. Reprogramming CD45+ cell-derived adherent cells from human OCT4 knock-in H1 ES cells. (A) EGFP expression in reprogrammed clones from CD45+ cell-derived adherent cells using 14 genes (table S2). Scale bars, 0.1 mm. (B) Flow cytometry expression analyses of human ES cell-specific markers in reprogrammed clones (p7). (C) Hematoxylin and eosin staining of teratoma sections of one reprogrammed clone (10 weeks after injection). Scale bars, 0.1 mm. These reprogrammed clones were obtained using chemically defined TeSR medium that supports human ES cells in the absence of MEF (see Materials and Methods).
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Fig. S3. Mesenchymal cell derivation from human OCT4 knock-in H1 ES cells and their phenotypic characterization. (A) Approach for mesenchymal cell derivation. (B) Brightfield images of typical mesenchymal cell morphology. Scale bar, 0.1 mm. (C) Flow cytometry analyses of marker expression in mesenchymal cells.
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Fig. S4. Multiscale bootstrap resampling (10,000 bootstraps) of the hierarchical clustering of fifteen samples. AU: approximately unbiased p-value; BP: bootstrap probabilities.
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Fig. S5. Expression of genes that are most differentially expressed between human ES cells, IMR90 cells and foreskin fibroblasts. Top panel: 30 well-known human ES cellenriched genes; middle panel: top 25 IMR90 cell-enriched genes; bottom panel: top 25 foreskin fibroblast-enriched genes. 11



Fig. S6. Analysis of the methylation status of the OCT4 promoter in iPS(IMR90) and iPS(foreskin) clones using bisulfite sequencing. Open circles indicate unmethylated, and filled circles methylated CpG dinucleotides.
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Fig. S7. Quantitative RT-PCR analyses of 9-day embryoid bodies derived from iPS(IMR90) clones (p18+p8), and human H1 ES cells (p50). The data are presented as mean+/-SD (N=3).



13



Fig. S8. Morphology and karyotype of iPS(foreskin) cells. (A) Bright-field images of foreskin fibroblasts (p16) and iPS(foreskin)-3 (p10+p10(6)). An enlarged view of iPS(foreskin)-3 (boxed) is shown on the bottom right. Scale bars, 0.1 mm. (B) Gbanding chromosome analysis of iPS(foreskin)-3 (p10+p7(3)).



14



Fig. S9. Pluripotency of iPS(foreskin) cells. Hematoxylin and eosin staining of teratoma sections of iPS(foreskin) clones (5 weeks post-injection). Two 6-well plates of iPS(foreskin) cells for each of four clones on MEF (~50% confluent) were injected into the hind limb muscle of two mice. All eight mice (two for each of four clones) formed tumors at 5 weeks post-injection. Control mice injected with ~16 5 106 foreskin fibroblasts (p14) failed to form teratomas (two injected). (A) Neural tissue (ectoderm). (B) Bone (mesoderm). (C) Primitive gut (endoderm). (D) Undifferentiated columnar epithelium. Scale bars, 0.1 mm.
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Fig. S10. Quantitative RT-PCR analyses of 9-day embryoid bodies derived from iPS(foreskin) clones (p10+p5). The data are presented as mean+/-SD (N=3).
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Supplementary Tables Table S1. List of human ES cell-enriched genes. GENE



UNIGENE ID



ENTREZ ID ACCESSION



POU5F1



Hs.249184



5460



NM_002701



NANOG



Hs.329296



79923



NM_024865



SOX2



Hs.518438



6657



NM_003106



FOXD3



Hs.546573



27022



NM_012183



UTF1



Hs.458406



8433



NM_003577



DPPA3



Hs.131358



359787



NM_199286



ZFP42



Hs.335787



132625



NM_174900



ZNF206



Hs.334515



84891



NM_032805



Sox15



Hs.95582



6665



NM_006942



PHB



Hs.514303



5245



NM_002634



Mybl2



Hs.179718



4605



NM_002466



LIN28



Hs.86154



79727



NM_024674



BCL2



Hs.150749



596



NM_000633



DPPA2



Hs.351113



151871



NM_138815



DPPA4



Hs.317659



55211



NM_018189



DPPA5



Hs.125331



340168



NM_001025290



DNMT3B



Hs.570374



1789



NM_006892



DNMT3L



Hs.517326



29947



NM_013369



GBX2



Hs.184945



2637



NM_001485



TERF1



Hs.442707



7013



NM_017489



HESX1



Hs.171980



8820



NM_003865



SALL4



Hs.517113



57167



NM_020436



SALL1



Hs.135787



6299



NM_002968



SALL2



Hs.416358



6297



NM_005407



SALL3



Hs.514980



27164



NM_171999



TDGF1



Hs.385870



6997



NM_003212



GDF3



Hs.86232



9573



NM_020634



NODAL



Hs.370414



4838



NM_018055



LIN28B



Hs.23616



389421



NM_001004317



MGC27016



Hs.133095



166863



NM_144979



PRDM14



Hs.287532



63978



NM_024504



USP44



Hs.506394



84101



NM_032147



PHC1



Hs.305985



1911



NM_004426



PIWIL2



Hs.274150



55124



NM_018068



POU3F2



Hs.182505



5454



NM_005604



POU6F1



Hs.594817



5463



NM_002702



NPM2



Hs.131055



10361



NM_182795



NPM3



Hs.90691



10360



NM_006993



ACRBP



Hs.123239



84519



NM_032489



AKT



Hs.515406



207



NM_005163



C10orf96



Hs.233407



374355



NM_198515



17



C14orf115



Hs.196530



55237



C9orf135



Hs.444459



138255



NM_001010940



CCNF



Hs.1973



899



NM_001761



CER1



Hs.248204



9350



NM_005454



CLDN6



Hs.533779



9074



NM_021195



CTSL2



Hs.660866



1515



NM_001333



DDX25



Hs.420263



29118



NM_013264



157285



XM_291277



DKFZp761P0423 Hs.29068



NM_018228



ECAT1



Hs.128326



154288



NM_001017361



ECAT11



Hs.562195



54596



NM_019079



ECAT8



Hs.130675



91646



XM_117117



EMID2



Hs.131603



136227



NM_133457



FLJ35934



Hs.375092



400579



NM_207453



FLJ40504



Hs.371796



284085



NM_173624



FLJ43965



Hs.120591



389206



NM_207406



FOXH1



Hs.449410



8928



NM_003923



GAP43



Hs.134974



2596



NM_002045



GPC2



Hs.211701



221914



NM_152742



GPR176



Hs.37196



11245



NM_007223



GPR23



Hs.522701



2846



NM_005296



HES3



Hs.532677



390992



NM_001024598



HRASLS5



Hs.410316



117245



NM_054108



LHX5



Hs.302029



64211



NM_022363



LIN41



Hs.567678



131405



NM_001039111



LOC138255



Hs.444459



138255



NM_001010940



LOC389023



Hs.97540



389023



BC032913



LOC643401



Hs.533212



643401



BC039509



MDK



Hs.82045



4192



NM_001012334



MIRH1



Hs.24115



407975



XM_931068



MIXL1



Hs.282079



83881



NM_031944



NHLH2



Hs.46296



4808



NM_005599



NR0B1



Hs.268490



190



NM_000475



NUT



Hs.525769



256646



NM_175741



OTX2



Hs.288655



5015



NM_172337



PRTG



Hs.130957



283659



NM_173814



PUNC



Hs.567396



9543



NM_004884



RABGAP1L



Hs.495391



9910



NM_014857



RKHD3



Hs.104744



84206



NM_032246



RPGRIP1



Hs.126035



57096



NM_020366



SCGB3A2



Hs.483765



117156



NM_054023



SLITRK1



Hs.415478



114798



NM_052910



SOX10



Hs.376984



6663



NM_006941



SOX11



Hs.432638



6664



NM_003108



SOX21



Hs.187577



11166



NM_007084



SP8



Hs.195922



221833



NM_198956



SPANXC



Hs.558533



64663



NM_022661



SYT6



Hs.370963



148281



NM_205848



18



T



Hs.389457



6862



NM_003181



TCL1A



Hs.2484



8115



NM_021966



TDRD5



Hs.197354



163589



NM_173533



TSGA10IP



Hs.350671



254187



NM_152762



UNC5D



Hs.238889



137970



NM_080872



ZNF124



Hs.421238



7678



NM_003431



ZNF342



Hs.192237



162979



NM_145288



ZNF677



Hs.20506



342926



NM_182609



ZNF738



Hs.359535



148203



BC034499



Table S2. List of 14 human ES cell-enriched genes. GENE UNIGENE ID ENTREZ ID ACCESSION NM_002701 Hs.249184 5460 POU5F1 NM_003106 Hs.518438 6657 SOX2 NM_024865 Hs.329296 79923 NANOG NM_012183 Hs.546573 27022 FOXD3 NM_003577 Hs.458406 8433 UTF1 NM_199286 Hs.131358 359787 STELLA NM_174900 Hs.335787 132625 REX1 NM_032805 Hs.334515 84891 ZNF206 NM_006942 Hs.95582 6665 SOX15 NM_002466 Hs.179718 4605 MYBL2 NM_024674 Hs.86154 79727 LIN28 NM_138815 Hs.351113 151871 DPPA2 NM_001025290 Hs.125331 340168 ESG1 NM_172337 Hs.288655 5015 OTX2
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Table S3. Pearson correlation coefficient table.



iPS(IMR90)



iPS(IMR90)



ESC



iPS(foreskin)



1



2



3



4



IMR90



H1



H7



H9



H13



H14



1



2



3



4



Foreskin



1



1



0.93



0.98



0.95



0.69



0.94



1



0.9



0.95



0.9



0.97



0.92



0.93



0.97



0.68



2



0.93



1



0.93



0.96



0.67



0.95



0.9



0.9



0.89



0.86



0.93



0.97



0.97



0.95



0.68



3



0.98



0.93



1



0.96



0.69



0.94



1



0.9



0.95



0.92



0.97



0.91



0.92



0.97



0.67



0.95



0.96



0.96



1



0.68



0.98



1



1



0.92



0.91



0.94



0.95



0.95



0.96



0.66



IMR90



0.69



0.67



0.69



0.68



1



0.67



0.7



0.7



0.69



0.66



0.71



0.66



0.67



0.72



0.91



H1



0.94



0.95



0.94



0.98



0.67



1



1



1



0.92



0.91



0.92



0.94



0.94



0.95



0.65



H7



0.97



0.94



0.97



0.96



0.7



0.95



1



1



0.96



0.93



0.97



0.92



0.92



0.97



0.68



H9



0.93



0.94



0.94



0.97



0.68



0.98



1



1



0.93



0.93



0.93



0.93



0.93



0.95



0.65



H13



0.95



0.89



0.95



0.92



0.69



0.92



1



0.9



1



0.96



0.96



0.87



0.87



0.95



0.64



H14



0.9



0.86



0.92



0.91



0.66



0.91



0.9



0.9



0.96



1



0.91



0.84



0.84



0.91



0.59



1



0.97



0.93



0.97



0.94



0.71



0.92



1



0.9



0.96



0.91



1



0.91



0.92



0.98



0.69



2



0.92



0.97



0.91



0.95



0.66



0.94



0.9



0.9



0.87



0.84



0.91



1



0.98



0.93



0.68



3



0.93



0.97



0.92



0.95



0.67



0.94



0.9



0.9



0.87



0.84



0.92



0.98



1



0.94



0.69



4



0.97



0.95



0.97



0.96



0.72



0.95



1



1



0.95



0.91



0.98



0.93



0.94



1



0.71



Foreskin 0.68



0.68



0.67



0.66



0.91



0.65



0.7



0.7



0.64



0.59



0.69



0.68



0.69



0.71



1



iPS(foreskin)



ESC
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Table S4. STR analysis of human iPS clones from IMR90 and foreskin fibroblasts. Locus



D16S539



D7S820



D13S317



D5S818



CSF1PO TPOX



Amelogenin TH01



vWA



STR Genotype Repeat # iPS(IMR90)-1



5, 8-15



6-14



7-15



7-15



6-15



6-13



NA



5-11



11, 13-21



10,13



9,12



11,13



12,13



11,13



8,9



X,X



8,9.3



16,19



iPS(IMR90)-2



10,13



9,12



11,13



12,13



11,13



8,9



X,X



8,9.3



16,19



iPS(IMR90)-3



10,13



9,12



11,13



12,13



11,13



8,9



X,X



8,9.3



16,19



iPS(IMR90)-4



10,13



9,12



11,13



12,13



11,13



8,9



X,X



8,9.3



16,19



IMR90



10,13



9,12



11,13



12,13



11,13



8,9



X,X



8,9.3



16,19



iPS(foreskin)-1



9,11



12,12



11,12



11,12



12,13



10,11



X,Y



6,9.3



17,18



iPS(foreskin)-2



9,11



12,12



11,12



11,12



12,13



10,11



X,Y



6,9.3



17,18



iPS(foreskin)-3



9,11



12,12



11,12



11,12



12,13



10,11



X,Y



6,9.3



17,18



iPS(foreskin)-4



9,11



12,12



11,12



11,12



12,13



10,11



X,Y



6,9.3



17,18



Foreskin



9,11



12,12



11,12



11,12



12,13



10,11



X,Y



6,9.3



17,18



H1



9,13



8,12



8,11



9,11



12,13



8,11



X,Y



9.3,9.3



15,17



H7



12,13



10,11



11,12



11,13



12,12



8,11



X,X



6,6



14,15



H9



12,13



9,11



9,9



11,12



11,11



10,11



X,X



9.3,9.3



17,17



H13



9,11



10,11



11,12



11,13



12,12



8,11



X,Y



6,6



14,15



H14



11,13



10,11



11,11



11,13



11,12



8,8



X,Y



6,7



15,16
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Table S5. Population doubling time of iPS(IMR90) clones in human ES cell culture medium preconditioned with MEF supplemented with 100 ng/ml zbFGF. Cell line Passage # dT(h) H1 ESC p65(15)* 18.1 + 0.4 + iPS(IMR90)-1 p18+p24(22) 24.1 + 6.4 iPS(IMR90)-2 p18+p23(15) 17.3 + 0.8 iPS(IMR90)-3 p18+p24(22) 17.1 + 0.2 iPS(IMR90)-4 p18+p24(22) 17.1 + 2.4 *



Total 65 passages with 50 on MEF and 15 on matrigel in human ES cell culture medium conditioned with MEF (CM). + p18 refers to the passage number of IMR90 fibroblasts, while p24(22) means that the reprogrammed clones underwent 24 passages with 2 on MEF and 22 on matrigel in CM.



Table S6. Antibodies used in the flow cytometry analyses. Antigen Label Catalog # Isotype Manufacturer SSEA-3 SSEA-3 SSEA-4 SSEA-4 Tra-1-60 Tra-1-81 CD29 Tra-1-85 CD140a CD56



None None None APC None None PE APC PE PE



CD73 CD105 CD31 CD34 CD43 CD45 goat@rat IgM goat@mouse IgG goat@mouse IgM



PE PE FITC FITC FITC FITC PE PE PE



MAB4303 14-8833-80 MAB4304 FAB1435A MAB4360 MAB4381 MCA2298PE FAB3195A 556002 340724 550257 MHCD10504 557508 555821 555475 555482 302009 M35004-1 M31604



ratIgM ratIgM mIgG3 mIgG3 mIgM mIgM IgG mIgG1 mIgG2a mIgG2b



Chemicon1 eBioscience2 Chemicon R&D systems3 Chemicon Chemicon AbD Serotec4 R&D Systems BD Pharmingen BDIS



mIgG1 mIgG1 mIgG1 mIgG1 mIgG1 mIgG1 NA NA NA



BD Pharmingen Caltag5 BD Pharmingen BD Pharmingen BD Pharmingen BD Pharmingen AbD serotec Caltag Caltag



1



Temecula, CA San Diego, CA 3 Minneapolis, MN 4 Raleigh, NC 5 Carlsbad, CA 2
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Table S7. Primer sets for PCR reactions. Genes



Accession



Position



Size (bp)



Sequences (5' to 3')



For quantitative PCR GAPDH



NM_002046



CDR



152



F GTGGACCTGACCTGCCGTCT R GGAGGAGTGGGTGTCGCTGT



OCT4



NM_002701



CDR



161



F1 CAGTGCCCGAAACCCACAC R1 GGAGACCCAGCAGCCTCAAA



3UTR



113



F2 AGTTTGTGCCAGGGTTTTTG R2 ACTTCACCTTCCCTCCAACC



NANOG



NM_024865 CDR/3UTR 194



F1 TTTGGAAGCTGCTGGGGAAG R1 GATGGGAGGAGGGGAGAGGA



CDR



111



F2 CAGAAGGCCTCAGCACCTAC R2 ATTGTTCCAGGTCTGGTTGC



PAX6



NM_001604



162



F TGTCCAACGGATGTGTGAGT R TTTCCCAAGCAAAGATGGAC



BRACHYURY NM_003181



165



F ACCCAGTTCATAGCGGTGAC R CCATTGGGAGTACCCAGGTT



AFP



NM_001134



182



F AGCTTGGTGGTGGATGAAAC R TCTGCAATGACAGCCTCAAG



CDX2



NM_001265



183



F GCAGAGCAAAGGAGAGGAAA R CAGGGACAGAGCCAGACACT



For provirus integration PCR OCT4-F1



656



CAGTGCCCGAAACCCACAC



NANOG-F2



732



CAGAAGGCCTCAGCACCTAC



SOX2-F1



467



TACCTCTTCCTCCCACTCCA



LIN28-F1



518



AAGCGCAGATCAAAAGGAGA



SP3



AGAGGAACTGCTTCCTTCACGACA



EF-1aF



TCAAGCCTCAGACAGTGGTTC



For bisulfite-sequencing PCR OCT4



221 mF3 ATTTGTTTTTTGGGTAGTTAAAGGT mR3 CCAACTATCTTCATCTTAATAACATCC
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