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Fig.S1. ChRO-seq in 11 canine tissue samples.  ChRO-seq libraries were prepared from 
canine samples isolated from fetal gonadal tissues from female (XX) or male (XY) embryos, 
fetal liver, or adult mitral valves.  Samples were clustered using complete-link clustering 
based on Spearman’s rank correlation.  



Fig.S2. Bioanalyzer analysis of RNA isolated from GBM-2.  The plot reported by the Bioanalyzer software shows the size of 
RNA isolated from GBM-2 in units of nucleotides (nt, X-axis) as a function of the relative fluorescence units (RFU, Y-axis).  RNA 
Quality Number (RQN = 1) shown in the trace denotes extensive RNA degradation.  The mode of the distribution of RNA sizes is 
shown (125 nt).  
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Fig.S3.  Correlation between ChRO-seq and leChRO-seq.  (a-f) Scatterplots show the density of reads mapping in 
the gene bodies (+1000 to gene end) (a, c, e) or in the promoter proximal pause near the transcription start site (b, d, f) 
of RefSeq genes.  All axes are in units of reads per kilobase per million mapped (RPKM).  Spearman’s rank correlation 
(ρ) is shown in each plot.  The color scale denotes the density of points.
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Fig.S4 Brain biopsies display immunohistochemical markers of high grade glioma in GBM-1. (A) Pseudopali-
sading borders with necrotic centers. (B) Actively mitotic cells (arrow). (C) Neovascularization. (D) Active prolifera-
tion stained by ki67+. (E) IDH1 staining is negative. (F) GAFP is stained as positive.  (G) Additional markers of high 
grade glioma between the tumor include p53-/- and IDH-/- using an IDH-1 positive glioblastoma as a positive 
control.
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normalized transcription levels in gene bodies. (b) Mutual information between TREs discovered independently in the four 
tumor regions.
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Fig.S7 HOXA, HOXC and EN1 loci show strong differential expression in primary GBM and 
PDX. Browser tracks of ChRO-seq signal in primary GBM and PDX, normal astrocyte and nonma-
lignant brain samples, DNase-I hypersensitivity and in normal adult and fetal brain tissues, and 
H3K27Ac peaks in normal adult brain tissues near (a) HOXA, (b) HOXC, and (c) EN1 loci. 
ChRO-seq signal signals are normalized by RPM, and summarized by the mean+whiskers func-
tion for display. DNase-I hypersensitivity signal is summed across bigWig files of biological repli-
cates from the ENCODE source.
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Fig.S17 Transcription factor binding motifs enriched in TREs in the indicated regulatory program 
compared with normal brain. Motif enrichment is analyzed on all taTREs (a), and regulatory program-spe-
cific taTREs (b, c, and d) for each GBM sample. Motifs are ordered by the four categories in Fig.4c. The 
false discovery rate is represented by the radius of the circle and enrichment (red) or depletion (blue) are 
represented by the color.  
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Fig.S18 taTREs show enrichment of POU3F2 and SOX2 binding in tumor propagating cells.  Heat-
maps show ChIP-seq signals for POU3F2 (green) and SOX2 (red) in tumor propagating cells ±5kb 
surrounding the center of taTREs. Data was from (26).  Rows were ordered by the sum of ChIP-seq 
signals. Plots are made using the R pheatmap package (49).
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Fig.S19 Stem program taTREs enriched for POU3F2 and SOX2 ChIP-seq peaks. The height of bars 
shows the percentage of POU3F2 (a) and SOX2 (b) ChIP-seq peaks found intersected with taTRE in 
each of the primary GBM / PDX samples. taTREs from differentiated and stem programs are colored in 
red and green respectively. Primary GBM / PDX samples in which ChIP-seq peaks were enriched in stem 
program taTREs are marked by asterisk (p < 0.05).


