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Glioblastomas are composed of genetically divergent clones with distinct tumorigenic potential and variable stem cell-associated phenotypes 
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Electronic supplementary material includes 4 Figures and 3 Tables. Suppl. Fig. 1: Gating strategy for ploidy analysis. Suppl. Fig. 2: array CGH profile of purified tumor fractions. Suppl. Fig. 3: Analysis of chromosomal breakpoints in polygenomic tumors. Suppl. Fig. 4: Hoechst-based ploidy analysis in patient biopsies and orthotopic xenografts. Suppl. Table 1: List of GBM patient biopsies analysed at the ploidy level; Suppl. Table 2: Ploidy analysis of patient biopsies and their respective xenografts; Suppl. Table 3: List of antibodies. 

SUPPLEMENTAL FIGURE LEGENDS
Suppl. Fig. 1 Gating strategy for ploidy analysis (Related to Fig. 1-5). The step by step gating strategy for ploidy analysis is shown for the intracranial T16 xenograft in NOD/SCID mice. The same strategy was used for all subsequent experiments. a Gating strategy for ploidy analysis in isolated nuclei. (1) Intact nuclei were distinguished from debris and erythrocytes on the flow cytometric profile based on positive DAPI staining. (2) Nuclei doublets and aggregates were gated out based on their properties displayed on the DAPI area (DAPI-A) versus height (DAPI-H) dot plot. (3) In xenografts, human tumor cells were recognized as the human-specific lamin A/C positive population (‘black’) (4) Tumor nuclei displayed different levels of ploidy (blue = 2N and red = AN nuclei). For the aneuploid clones overlapping with the diploid peaks in the G1 (2N) or G2/M (4N) cell cycle phase only the non-overlapping fraction of the peaks was gated for sorting. b Gating strategy for ploidy analysis in viable cells. (1) Cells were distinguished from debris on the flow cytometric profile based on the Forward Scatter (FSC) and Side Scatter (SSC). (2) Cell doublets and aggregates were gated out based on their properties displayed on the SSC area (SSC-A) versus height (SSC-H) dot plot. (3) For cell suspensions from primary tissues and tumors, erythrocytes were excluded based on the negative signal in the Hoechst blue channels. (4) Dead cells were discriminated by a dead cell marker. (5) In xenografts, human tumor cells were recognized as the eGFP- population compared to the eGFP+ mouse stromal host cells. (6) Tumor (black) and host (green) cell population display on the Hoechst dot plot shows that tumor cells can display different levels of ploidy: diploid (2N, blue) and aneuploid (AN, red) cells. Mouse stromal cells were used as a diploid control. As a subpopulation of eGFP+ stromal cells is able to efflux the Hoechst dye [1] the first clear distinct Hoechst peak was used as the diploid control. (7) Tumor cells with different ploidies were discriminated for sorting based on the Hoechst signal detected in Hoechst red versus Hoechst blue channels


Suppl. Fig. 2 aCGH profile of purified tumor fractions (Related to Fig. 1b). Genome View aCGH profiles were obtained for sorted nuclei of each DAPI peak detected in patient biopsies. a aCGH profiles of monogenomic patient biopsies. b aCGH profiles of sorted diploid (blue) and aneuploidy (red) fractions of polygenomic patient biopsies. Each fraction displayed glioma specific tumor rearrangements, confirming the presence of tumor cells in each sorted population

Suppl. Fig. 3 Analysis of chromosomal breakpoints in distinct clones of polygenomic tumors (Related to Fig. 2e). Analysis of chromosomal breakpoints in polygenomic tumors. Chromosomal breakpoints present in divergent clones within the same patient biopsies were identical. a Examples of focal amplicons (MDM2 in T101; EGFR in T208). b Examples of homozygous deletions (CDKN2A/B and PTEN in T113)

Suppl. Fig. 4 Hoechst-based ploidy analysis in patient biopsies and orthotropic xenografts (Related to Fig. 2a and Fig. 3). a Related to Fig. 2a, Hoechst-based profiles of EGFR+ tumor cells (‘black’) and CD45+ hematopoietic stromal cells (‘grey’) are shown for GBM patient biopsies. Ploidy analysis of EGFR+ tumor cells showed a pseudodiploid peak with a significant shift in the DNA content compared to the CD45+ diploid control. b Related to Fig. 3, DNA content analysis in human peripheral blood mononuclear cells (PBMCs) and mouse brain is comparable. The DNA-index (DI) compared to chicken erythrocytes was 0.36 in both cases. c Ploidy analysis of monogenomic tumors in respective xenografts. d Ploidy analysis of polygenomic tumors in respective xenografts. For c-d eGFP+ NOD/SCID mice were used. eGFP+ mouse cells (green) were used as a diploid control for ploidy calculations of eGFP- tumor cells (black)



SUPPLEMENTARY TABLES 
Suppl. Table 1 List of GBM patient biopsies analysed for ploidy level. Ploidy levels were detected by DAPI-based staining in nuclei isolated from primary GBM patient biopsies. Assuming that stromal cells were present in each patient biopsy the first peak recognised was considered as 2N control

	GBM patient biopsy
	Diploid
	Aneuploid 1
	Aneuploid 2
	Recurrence
	Sex
	Age

	T16
	2N
	
	
	
	F
	76

	T101
	2N
	4,6N
	
	
	M
	60

	T106
	2N
	
	
	
	M
	57

	T113
	2N
	3,2N
	3,8N
	
	M
	56

	T117
	2N
	
	
	
	M
	57

	T130
	2N
	
	
	
	M
	62

	T141
	2N
	3,3N
	
	
	F
	35

	T145
	2N
	4,8N
	9,3N
	
	M
	64

	T159
	2N
	
	
	
	M
	69

	T168
	2N
	
	
	
	M
	58

	T176
	2N
	3,6N
	
	
	M
	50

	T182
	2N
	3.9N
	
	
	M
	46

	T185
	2N
	
	
	
	F
	76

	T188
	2N
	
	
	
	M
	68

	T192
	2N
	
	
	
	F
	42

	T200
	2N
	
	
	
	M
	52

	T207
	2N
	
	
	
	F
	66

	T208
	2N
	2,4N
	
	
	M
	66

	T221
	2N
	2,6N
	
	
	M
	71

	T226
	2N
	
	
	*T188
	M
	69

	T233
	2N
	
	
	*T192
	F
	42

	T238
	2N
	3,5N
	
	
	M
	42

	T239
	2N
	
	
	
	M
	80

	T251
	2N
	
	
	*T192/T233
	F
	43

	T265
	2N
	3,6N
	
	
	F
	80

	T291
	2N
	
	
	
	M
	77

	T293
	2N
	
	
	
	M
	42

	T304
	2N
	3,9N
	
	
	M
	53

	T316
	2N
	
	
	
	M
	51

	T328
	2N
	
	
	
	F
	71

	T330
	2N
	
	
	
	M
	70

	T331
	2N
	
	
	
	M
	81

	T341
	2N
	3,2N
	
	
	F
	75

	T344
	2N
	
	
	*T316
	M
	51

	T346
	2N
	4N
	
	*T304
	M
	53

	T400
	2N
	
	
	*T200
	M
	56



* Biopsies from recurrent GBM tumors 

Suppl. Table 2 List of xenotransplanted patient biopsies. A number of patient biopsies were used for subsequent spheroid-based xenotransplantations in NOD/Scid mice. Ploidy was analyzed in tumor cells of the xenografts and compared to the ploidy profile in equivalent patient biopsies. With exception for T16 patient biopsies all clones were detected at the same level in xenografts compared to biopsies. As T16 patient biopsy used for the analysis was relatively small we assumed that the aneuploid clone was present only in the tissue used for spheroid derivation.

	Patient biopsy 
	Patient biopsy ploidy

	Xenograft tumor cell /Cell line ploidy
	Mean xenograft development (days)

	Spheroid-based xenografts

	T16
	2N 
	2N + 3.4N

	140 +/- 15 (G1) – 74 +/- 2 (G5); n=16

	T101
	2N + 4.6N 

	2N + 4.6N

	111 +/- 2.4 (G1) – 91 +/ 0.4 (G6); n=10

	T185
	2N 
	2N 
	142 +/- 0.5; n=6

	T233
	2N 
	2N 
	129 +/- 10; n=6

	T238
	2N + 3.7N 

	2N + 3.7N 

	139 +/- 1 (G1) ; n=3 – 84.4 +/5 (G3); n=5

	T239
	2N 
	2N 
	140 +/- 6; n=6

	T251
	2N
	2N 
	103 +/- 7.5; n=7

	T331
	2N  
	2N 
	142 +/- 8 ; n=3

	T341
	2N + 3.65N
	2N + 3.65N
	59.5 +/- 0.3 ; n=4

	P3
	na
	2N 
	37 +/- 4; n = 8

	P8
	na
	2N 
	64.5 +/- 0.5; n = 8

	Glioma stem-like cell lines

	NCH421k
	na
	3.46N
	71 +/- 0.8; n = 21

	NCH465
	na
	3N
	na

	NCH601
	na
	3.7N
	na

	NCH660
	na
	3.3N
	na

	NCH644
	na
	3.5N
	31.5 +/- 1; n = 14

	TB101
	na
	3.1N
	na

	TB107
	na
	2N + 3.6N
	na

	Classical glioma adherent cell lines

	U87
	na
	3.7N
	24.4 +/- 0.8 ; n=9

	U251
	na
	2.26N
	41.8 +/- 0.2 ; n=5

	U373
	na
	2.84N
	na


na= non-assessed
G= xenograft generation during serial transplantation

Suppl. Table 3 List of antibodies used in the study

	Epitope
	Conjugate
	Clone
	Supplier
	Concentration used/test*

	A2B5
	APC/PE
	105-HB29
	Miltenyi
	10µl/test

	CD15/SSEA-1
	Alexa Fluor 647
	MC-480
	Biolegend
	5µl/test

	CD15/SSEA-1
	PE
	MEM-158
	Immunotools
	10µl/test

	CD44
	PE-Cy7
	IM7
	eBioscience
	1.2µl/test

	CD45
	FITC
	15D9
	Immunotools
	10µl/test

	CD56
	PE-Cy7
	N-CAM
	BD Bioscience
	5µl/test

	CD133
	PE /APC
	293C3/AC133
	Miltenyi
	10µl/test

	EGFR
	PE
	EGFR.1
	BD Bioscience
	20µl/test

	NG2
	PE
	LHM-2
	R&D
	10µl/test

	laminA/C
	PE
	sc-7292 
	Santa Cruz
	20µl/test


*Flow cytometry test: 106 cells/100µl	
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