SUPPLEMENTARY MATERIALS AND METHODS

Primers and PCR conditions used for qRT-PCR and the detection of pVI.

Table S1: Primers used for qRT-PCR.

	Transcript
	Gene bank accession 
	Forward primer
	Reverse primer
	Product 

	Nanog
	NM_028016
	cctccagcagatgcaagaa
	gcttgcacttcatcctttgg
	91

	Sox2
	NM_011443
	tctgtggtcaagtccgaggc


	ttctccagttcgcagtccag
	253

	Rex1
	NM_009556
	ggaagaaatgctgaaggtggagac
	agtccccatccccttcaatagc
	261

	Oct4
	NM_013633
	ccaacgagaagagtatgaggc
	gtgcttttaatccctcctcag
	307

	Gfp
	
	caactacaacagccacaacgtct
	agttcaccttgatgccgttcttc
	65

	GAPDH
	NM_008084
	caatgaatacggctacagcaaca
	gtggtccagggtttcttactcct
	79

	Klf4
	NM_010637
	ggcgagaaaccttaccactgt


	tactgaactctctctcctggca
	225

	c-myc
	NM_010849
	tcaagcagacgagcacaagc
	tacagtcccaaagccccagc
	241

	pVI
	
	ggaaacgtcatggacctgat


	ggaaggtgtttgtgcgtctt
	311


The primers for Klf4, cMyc, Oct4, Sox2, Rex1, and Nanog were described in Woltjen et al. 2009 


1 ADDIN EN.CITE . The primers for Oct4, Sox2, Klf4, and cMyc are directed only against the endogenous transcripts, not the plasmid-encoded ones. PCR conditions were 95°C for 15 min, 40 cycles of 94°C for 10 sec, 57°C for 20 sec, 72°C for 30 sec. The program ended with a melting curve from 65°C to 95°C in 0.5°C/cycle increments.

PCR conditions for the pVI PCR were 94°C for 1 min, 30 cycles of 94°C for 30 sec, 55°C for 30 sec, 72°C for 10 sec, and final 72°C for 1 min. 

Differentiation of ASC. To differentiate ASC isolated from the inguinal fat pads of adult mice into the mesodermal adipogenic and osteogenic lineages, cells were grown in differentiation media. Osteogenic differentiation was induced by adding 1nM dexamethasone, 50 µM ascorbic acid, and 20 mM beta-glycerol phosphate to the culture medium for two weeks. To induce adipogenic differentiation, 1µM dexamethasone, 500 nM IBMX, 50 µM indomethacine, and 5 µg/ml insulin were added to the culture medium. It was used as induction medium for five days, followed by a two-day period with maintenance medium containing 5 µg/ml insulin for a total of two cycles. Calcification was assessed by Alizarin Red staining after two weeks of differentiation. Cells were washed with PBS three times, followed by a fixation period in 70% Ethanol at -20° C. Upon rehydration with water, cells were stained with a 40 mM Alizarin Red S (Spectrum, Gardena, CA) solution (pH 4.1) for 10 minutes. Lipid vacuoles obtained after two weeks in adipogenic differentiation media, were assessed via Oil Red O staining. Fixation of the cells was performed by a 30-minute incubation period in formalin fixative. Upon rehydration with water cells were stained with Oil Red O (Sigma) staining solution (dilute 0.3% Oil Red O in isopropanol stock solution 3:2 in water) for 30 minutes at 37° C and subsequently washed with PBS two times.

Flow cytometry. To analyze the surface marker expression on ASC, antibodies against CD29 (BioLegend, San Diego, CA), Sca-1 (BioLegend), and CD34  (Scbt, Santa Cruz, CA) were used. Cells were trypsinized and resuspended in FACS buffer (HBSS, 2% FBS) for staining for 20 minutes at 4°C. All antibodies including the isotype control (BioLegend) were directly conjugated to FITC. To determine the nucleofection efficiency, cells were trypsinized 48 – 72 hours after nucleofection and analyzed using a Scanford flow cytometer (Custom Stanford and Cytek upgraded FACScan) which was also used to detect the expression of the proteins. The flow cytometer was used in the shared FACS facility at Stanford University. 
Chromosome counts.  Metaphase spreads were prepared according to standard protocols (http://web.mit.edu/ki/facilities/transgenic/methods/karyotyping.html). Analysis was performed using ImageJ software, counting an average of 50 spreads per clone. 
SUPPLEMENTARY RESULTS

LM-PCR results for iPSC clones.

Table S2: Overview of the 14 integration events analyzed by LM-PCR and sequencing.

	iPSC Clone
	Chromosome
	Within Intron
	Within Exon

	ASC-iPSC-26-6
	14
	ABcc4 (NM_00103336)
	

	MEF-iPSC-15-3
	10
	MMP11 (NM_008606)
	

	MEF-iPSC-15-3
	6
	Podxl (NM_013723)
	

	MEF-iPSC-18-2
	2
	Ptpn1 (NM_011201)
	

	MEF-iPSC-21-7
	10
	
	Traf3ip2 (NM_134000)

	MEF-iPSC-22-5
	17
	
	Ndc80 (NM_023294)

	MEF-iPSC-22-6
	14
	Gata 4(NM_008092)
	

	MEF-iPSC-24-4
	7
	2310022A10Rik (NM_175107)
	

	IPSC Clone
	Chromosome
	Intergenic

	
	
	Distance to start site of upstream gene


	Distance to start site of downstream gene

	ASC-iPSC-23-1
	1
	80.3kb to Pik3c2b (NM_001099276.2)
	4.5kb to Ppp1r15b (NM_133819.3)

	ASC-iPSC-23-9
	11
	12.5kb to Rnmtl1 (NM_183263)
	142.3kb to Nxn (NM_008750)

	ASC-iPSC-26-1


	4


	602.4kb to Psip1 (NM_133948.4)
	457.5kb to Bnc2 (NM_172870.4)

	ASC-iPSC-26-7
	15
	39.8kb to Myh9 (NM_022410)
	46.9kb to Txn2 (NM_019913)

	MEF-iPSC-22-6


	2


	196.3kb to Kcng1 (NM_001081134)
	124.2kb to Nfatc2 (NM_010899.2)

	MEF-iPSC-24-2
	14
	35.1kb to Tkt (NM_009388)
	41.7kb to Prkcd (NM_011103)


LM-PCR was performed on 14 different iPSC lines and the results are shown in Table S2. The chromosome associated with each site is indicated. In the upper half, the intronic and exonic integration sites are further described with the gene name and the gene bank accession number. The lower half shows the six intergenic sites and indicates the distance of each integration site to the promoters of the respective upstream and downstream genes. The two iPSC lines shaded in gray are located more than 50 kb from the start site of any gene, upstream or downstream of the integration site.  Moreover, these two integration sites meet all the criteria outlined in Papapetrou et al. 


2 ADDIN EN.CITE , as described in the text, and represent genomic safe harbors. 

Table S3: ΦC31-mediated integration into the human genome.
	Chr: Position
	Genomic Locus
	At least 50kb from start site of upstream and downstream gene*


	At least 300kb from any cancer related gene
	300kb from any microRNA


	Outside a transcription unit


	Outside UCR


	SAFE HARBOR



	chr1:69904939
	1p31.1
	yes (320.9kb from LRRC7)
	yes
	yes
	yes
	yes
	yes

	chr1:161474759
	1q23.3
	no (upstream of FCGR2A)
	n/d
	n/d
	yes
	n/d
	no

	chr1:181158262
	1q25.3
	yes (100.6kb from IER5)
	yes
	yes
	yes
	yes
	yes

	chr1:240117140
	1q43
	yes (324.8kb from CHRM3)
	yes
	yes
	yes
	yes
	yes

	chr2:150529128
	2q23.2
	yes (84.8kb from MMADHC)
	yes
	yes
	yes
	yes
	yes

	chr2:143500020
	2q22.2
	yes (135.2kb from KYNU)
	yes
	yes
	yes
	yes
	yes

	chr2:166148437
	2q24.3
	no
	n/d
	n/d
	no
	no
	no

	chr3:164153870
	3q26.1
	yes (642.4kb away from SI)
	yes
	yes
	yes
	yes
	yes

	chr3:171559010
	3q26.31
	no
	n/d
	n/d
	yes
	yes
	no

	chr3:186371201
	3q27.3
	no
	n/d
	n/d
	yes
	yes
	no

	chr4:49263128
	4p11
	yes (274.9kb fromCWH43)
	yes
	yes
	yes
	yes
	yes

	chr4:82182231
	4q21.21
	yes (56.0kb from PRKG2)
	yes
	yes
	yes
	yes
	yes

	chr5:122349079
	5q23.2
	no (downstream of PPIC)
	yes
	yes
	yes
	yes
	no

	chr5:179125185
	5q35.3
	no (upstream of CANX and CBY3)
	n/d
	n/d
	yes
	yes
	no

	chr6:2973894
	6p25.2
	no (upstream of SERPINB6)
	n/d
	n/d
	yes
	yes
	no

	chr6:41286549
	6p21.1
	no (upstream of NCR2)
	n/d
	n/d
	yes
	yes
	no

	chr7:27219888
	7p15.2
	no (upstream of HOXA10-HOXA9 and downstream of HOXA11)
	n/d
	n/d
	yes
	no
	no

	chr7:39604485
	7p14.1
	no (upstream of c7Orf36)
	n/d
	n/d
	yes
	no
	no

	chr7:52399480
	7p12.1
	yes (703.9kb from POM121L12)
	yes
	yes
	yes
	yes
	yes

	chr7:128754251
	7q32.1
	no (upstream of TSPAN33)
	n/d
	n/d
	yes
	yes
	no

	chr8:138633226
	8q24.23
	yes (875.8kb from FAM135B)
	yes
	yes
	yes
	yes
	yes

	chr8:6622839
	8p23.1
	es (57.0kb from AGPAT5)
	yes
	yes
	yes
	yes
	yes

	chr8:8113999
	8p23.1
	yes (125.3kb from SGK223)
	yes
	yes
	yes
	yes
	yes

	chr9:6101756
	9p24.1
	yes
	yes
	no (MIR4665)
	yes
	yes
	no

	chr10:72780166
	10q22.1
	yes (131.6kb from PCBD1)
	yes
	yes
	yes
	yes
	yes

	chr10:108107168
	10q25.1
	yes (817.3kb from SORCS1)
	yes
	yes
	yes
	yes
	yes

	chr11:4164900
	11p15.4
	no (downstream of RRM1)
	yes
	yes
	yes
	yes
	no

	chr11:7995126
	11p15.4
	no
	n/d
	n/d
	yes
	yes
	no

	chr11:19126263
	11p15.1
	no (upstream of ZDHHC13)
	no
	no
	yes
	yes
	no

	chr13:72751231
	13q21.33
	yes (309.9kb from DACH1)
	yes
	yes
	yes
	yes
	yes

	chr14:34483256
	14q13.1
	yes (63.0kb from EGLN3)
	yes
	yes
	yes
	yes
	yes

	chr14:49919015
	14q21.3
	yes (134.1kb from RPS29)
	yes
	yes
	yes
	yes
	yes

	chr14:38075385
	14q21.1
	no (upstream of Foxa1)
	yes
	yes
	yes
	yes
	no

	chr15:80530515
	15q25.1
	yes
	no (BCL2A1)
	yes
	yes
	yes
	no

	chr17:30422694
	17q11.2
	no (upstream of RHOT1)
	n/d
	n/d
	yes
	yes
	no

	chr17:60697323
	17q23.3
	no (upstream of MRC2)
	yes
	yes
	yes
	yes
	no

	chr20:38027493
	20q12
	yes (436.5kb from DHX35)
	yes
	yes
	yes
	yes
	yes

	chr21:16951662
	21q21.1
	yes (150.8kb from USP25)
	yes
	yes
	yes
	yes
	yes

	chr1:101839976
	1p21.2
	yes (137.7kb from S1PR1)
	yes
	yes
	yes
	yes
	yes

	chr1:107131533
	1p21.1
	yes (467.7kb from PRMT6)
	yes
	yes
	yes
	yes
	yes

	chr1:165059233
	1q23.3
	yes
	no (PBX1)
	yes
	yes
	yes
	no

	chr10:36764587
	10p11.21
	yes (650.2kb from ANKRD30A)
	yes
	yes
	yes
	yes
	yes

	chr10:44008873
	10q11.21
	yes (55.0kb from ZNF239)
	yes
	yes
	yes
	yes
	yes

	chr12:91271147
	12q21.33
	no (upstream of C12orf37)
	yes
	yes
	yes
	yes
	no

	chr2:174301924
	2q31.1
	yes (82.4kb from CDCA7)
	yes
	yes
	yes
	yes
	yes

	chr5:12919727
	5p15.2
	yes (344.8kb from TAG)
	yes
	yes
	yes
	yes
	yes

	chrX:7955257
	Xp22.31
	yes
	yes
	no(MIR651)
	yes
	yes
	no


* if yes, distance to nearest start site.

The build of the human genome used for this analysis was Human Feb. 2009 (GRCh37/hg19), assembly using the UCSC Genome Browser. In this analysis, we used the RefSeq track, including genes with a status of provisional, reviewed, or validated for protein-coding genes and a status of reviewed or validated for non-coding genes.

Verification of ASC origin. By using flow cytometry, ASC were confirmed to be >90% CD29+ and Sca-1+ and >95% CD34- (Fig. S1a). Furthermore, the capacity to differentiate along the mesodermal lineage into osteogenic and adipogenic cells was verified. Calcification (Fig. S1b, left panel) during the osteogenic and formation of lipid vacuoles (FIG. S1b, right panel) during the adipogenic differentiation, were visualized by Alizarin Red and Oil Red O staining, respectively. 

Nucleofection efficiency of p4FLR. Flow cytometry was performed 48 – 72 hours after nucleofection of MEF and ASC. Nucleofection efficiencies were quantified via the percentage of GFP positive cells and ranged between 35 – 64% (Fig. S2).

Analysis of integration events. By using Southern blots, single, double, and triple integrants were identified (Fig. S3)
Chromosome counts of iPSC. Metaphase spreads of MEF- and ASC-lines were counted and compared to ES cells (Fig. S4)

Analysis of Oct4 and Nanog promoter methylation status. A quantitative evaluation of the methylation of CpG sites within the promoter regions of Oct4 and Nanog was performed using bisulfite pyrosequencing. The methylation status of iPSC and iPSC-X was revealed to be comparable to pluripotent ES cells and different from the starting populations of MEF and ASC (Fig. S5). 

Pluripotency of iPSC before and after Cre-mediated excision.  Immunofluorescence staining for the ESC/iPSC-characteristic proteins Nanog, and Sox2 revealed their expression (Fig. S6).
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SUPPLEMENTARY FIGURE LEGENDS

Figure S1. Verification of ASC origin.  (A) Flow cytometry plots showing the expression of Sca-1, CD29, and CD34 on ASC. All antibodies used, including the isotype control, were directly conjugated with FITC. (B) ASC two weeks after being differentiated into the osteogenic lineage and stained with Alizarin Red (left panel) and into the adipogenic lineage shown by Oil Red O staining (right panel). Scale bars represents 50 µm.

Figure S2. Nucleofection efficiency by flow cytometry. MEF and ASC were nucleofected with p4FLR and pVI and subjected to flow cytometry 48 hours after nucleofection. The percentage of GFP-positive cells is shown in the right upper corner of each plot. nt = non transfected.

Figure S3. Southern blot analysis of MEF- and ASC-iPSC clones. Examples of MEF- and ASC-clones analyzed by Southern blot. p4FLR plasmid, as well as ES cells from GFP transgenic mice, were used as controls for the GFP probe. Genomic DNA samples were digested with HindIII. 

Figure S4. Chromosome counts. Representative chromosome spreads from MEF- and ASC-iPSC, as well as ES cells. Scale bars represent 25 µm.

Figure S5. Bisulfite pyrosequencing of Oct4 and Nanog promoter. Quantitative methylation status of Oct4 promoter (left panel) and Nanog promoter (right panel) in iPSC and iPSC-X lines and the respective controls. Five different CpG sites as indicated in the legend were subjected to bisulfite pyrosequencing. Methylation status is shown as a percent. 

Figure S6. Protein expression of Nanog and Sox2 in MEF- and ASC-iPSC before and after excision.  Scale bars represent 50 µm.
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