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Supplementary Figures 

 

 

 

 

 
 
 
 
Supplementary Fig. S1: Mutation frequency of tumor suppressor genes in human glioblastomas 
in CGGA dataset  
Graphical representation of the top 7 genes mutated in human high-grade gliomas in CGGA (Chinese 
Glioma Genome Atlas) dataset (n = 54). 
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Supplementary Fig. S2: Knock out of Pten and Trp53 does not induce glioma formation in Nestin+ 
progenitors in embryological or adult-onset models. 
(A) Schematic representing breeding strategy for Ptenfl/fl; Trp53fl/fl; Nestin-Cre. 
(B) Survival graph representing control (Ptenfl/fl;Trp53fl/fl; n = 5) and Ptenfl/fl;Trp53fl/fl; Nestin-Cre (n = 
4), latter of which do not survive infancy. P < 0.0001, log rank test. 
(C) Schematic depicting Tamoxifen induction for knocking out Pten and Trp53 in Trp53fl/fl; Nestin-
CreERT done at age of 3-4 weeks for 5 consecutive days once daily. 
(D) Agarose gel electrophoresis of PCR products of genomic DNA isolated from the ventricular 
/subventricular zone regions (VZ/SVZ) of wildtype, flox/+ heterozygous, and Ptenfl/fl;Trp53fl/fl; Nestin-
CreERT mice as well as tail tissue, liver, peripheral tumor tissues as indicated shows loss of WT allele and 
presence of truncated Trp53 and Pten in the brain of Ptenfl/fl;Trp53fl/fl;Nestin-CreERT mice. 
(E) Immunofluorescence image showing tamoxifen induced expression of GFP in the VZ/SVZ of 
NestinCreERT2;ccGFP-reporter mice. Scale bar, 50μm 
(F) Survival Kaplan-Meier graph of control (n = 8) and Ptenfl/fl;Trp53fl/fl;Nestin-CreERT after TAM 
injection (n = 7).  
(G and H) The H/E sections of peripheral tumors of Ptenfl/fl;Trp53fl/fl;Nestin-CreERT in (G) abdomen and 
(H) thigh. 
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Supplementary Fig. S3: Loss of Pten and Trp53 in mature OPCs marked by PDGFRA does not 
induce glioma formation. 
(A) Schematic depicting breeding strategy for Ptenfl/fl; Trp53fl/fl;Pdgfra-CreERT 
(B)Schematic depicting tamoxifen induction of double knockout of Pten and Trp53 in Ptenfl/fl; Trp53fl/fl; 
Pdgfra-CreERT induced by tamoxifen given intraperitoneally at 100 mg/kg once daily for 5 days. 
(C) Photograph of mouse Ptenfl/fl; Trp53fl/fl; Pdgfra-CreERT treated with tamoxifen. Soft tissue masses 
are marked with black arrows. 
(D) H/E-stained section image of non-neuronal tumor in image showing high grade sarcoma appearance. 
Scale bar, 50 µm. 
(E) Kaplan Meier survival graph comparing survival of control (n = 6), Ptenfl/fl; Trp53fl/fl; PdgfraCreERT- 
intraperitoneal (IP) injection (n = 6). The IP model with control, P < 0.0001, log rank tests. 
(F) Cartoon depicting single OH-Tamoxifen stereotactic injection in Ptenfl/fl; Trp53fl/fl; PdgfraCreERT at 
P4. 
(G) Image of the corpus callosum of Pdgfra-CreERT;ccGFP mouse treated with a single intracranial 
Injection of 4OH-tamoxifen. Scale bar, 50 µm. 
(H) Kaplan Meier survival graph comparing survival of control (n = 10), Ptenfl/fl; Trp53fl/fl; 
PdgfraCreERT- intracranial injection (IC) (n = 10).  
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Supplementary Fig. S4: Knockout of Pten and Trp53 in OPCs directed by Ng2-Cre does not induce 
glioma formation. 
(A) Representative image of the H/E-stained brain of Ptenfl/fl;Trp53fl/fl;Ng2-Cre mice at P117. Scale bar, 
1,000 µm 
(B) Kaplan Meier survival curve of control (n = 5) and Ptenfl/fl;Trp53fl/fl;Ng2-Cre (n = 5) mice. log-rank 
test. 
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Supplementary Fig. S5: Single-cell RNA-Seq shows that Olig1/2+ pri-OPCs are actively cycling 
comparing to OPCs, radial glia, and astrocytes in the neonatal mouse brain. 
(A) UMAP clustering of single-cell RNA-Seq of hGFAP-GFP cells in neonatal developing cortices. 
(B) UMAP plots of G1/S (left) and G2/M (right) cell cycle signature expression from single-cell RNA-
Seq of hGFAP-GFP cells in neonatal developing cortices. 
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Supplementary Fig. S6: Pten and Trp53 knockout using Olig1- or Olig2-Cre results in multifocal 
glioma lesions and chromosomal abnormalities. 
(A) Agarose gel electrophoresis of PCR products of genomic DNA isolated from brain, liver, and tail in 
triplicate shows loss of WT allele and presence of truncated Trp53 and Pten only in brain tissue. 
(B) H/E-stained whole brain section of Trp53fl/fl;Olig2-Cre with no tumor formation or morphological 
change. Scale bar, 1000 µm. 
(C) Upper: Images of H/E-stained brains of three PPO1 mice at low power magnification. The glioma 
lesions are outlined with black dotted lines. Scale bars, 1000 µm. Lower: High magnification of the 
regions indicted in upper panels. 
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(D) Karyotype analysis of PPO1 (left) and PPO2 (right) tumors. Extra-chromosomal chromatin is 
indicated by a yellow arrowhead. Scale bar, 5 µm.  
(E) Special stain image of PPO2 glioma negative for Reticulin. Scale bar, 50 µm. 
(F) Immunofluorescence image Smooth muscle antigen of PPO2 which marks only blood vessel smooth 
muscle cells. Scale bar, 50 µm. 
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Supplementary Fig. S7: Pten and Trp53 ablation in Olig2+ progenitors at early postnatal stages 
leads to the formation of high-grade gliomas 
(A) Schematic depicting tamoxifen induction of double knockout of Pten and Trp53 in 
Ptenfl/fl;Trp53fl/fl;Olig2-CreERT2 induced by tamoxifen given intraperitoneally at 100 mg/kg once daily 
for 5 days. 
(B) Image of H/E-stained whole brain section from Ptenfl/fl;Trp53fl/fl;Olig2-CreERT2 treated with 
tamoxifen. Rectangle marks representative hypercellular peri-necrotic area. Scale bar, 1000 µm. 
(C) Magnified image of region indicated by rectangle in panel B hypercellular, hyperchromatic high-
grade glioma. Scale bar, 50 µm. 
(D) Kaplan Meier survival graph comparing survival of Ptenfl/fl;Trp53fl/fl;Olig2-CreERT2  (n = 5) and 
PPO2 (n = 39).Survival comparison, log rank tests p Value is not significant. 
(E-F) DAB staining of Ptenfl/fl;Trp53fl/fl;Olig2-CreERT2 glioma with Nestin and OLIG2. Scale bar, 50 µm. 
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Supplementary Fig. S8: Trp53 and Nf1 knockout results in high-grade glioma with morphology 
similar to tumors in PPO1 and PPO2 mice. 
(A) Images of H/E-stained whole brains of Nf1fl/fl; Trp53fl/fl; Olig1-Cre mice. Scale bar, 1000 µm. 
(B) Kaplan Meier survival comparing Ptenfl/fl; Trp53fl/fl; Olig1-Cre (PPO1 n = 19) and Nf1fl/fl; Trp53fl/fl; 
Olig1-Cre (OPN n = 27). Survival Comparison of PPO1 and OPN mice show the difference of 5 weeks 
in median survival (PPO1 12.7 wks and OPN 17 wks.) p < 0.0001, log-rank test. 
(C) Images of DAB-stained tumors from Nf1fl/fl; Trp53fl/fl; Olig1-Cre mice stained for OLIG2, SOX2, p-
ERK, and p-AKT. Scale bars, 50 µm.  
(D) Images of DAB-stained tumors from Nf1fl/fl; Trp53fl/fl; Olig1-Cre mice stained for type-1 markers 
SOX9 and EGFR and type-2 markers SOX10 and ERBB3. Scale bars, 50 µm.  
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Supplementary Fig. S9: PPO2 forms secondary allograft tumors in wild-type C57BL/6 mouse. 
(A) H/E-stained image of whole brain showing allografted PPO2 glioma. Scale bar, 1 mm. 
(B) Magnified image of tumor in image A showing high-grade glioma with hypercellular, hypermitotic 
and hyperchromatic morphology. Scale bar, 50 µm 
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Supplementary Fig. S10: Deconvolution of PPO1 tumors shows increased immune score  
Bar graph among control tissue, early phase glioma and late phase glioma after Xcell deconvolution 
(https://xcell.ucsf.edu/). M1 to M2 polarization of macrophages appears to be more abundant in late 
phases of the gliomagenesis 
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Supplementary Fig. S11: Upregulation of Notch signaling in PPO tumors 
Representative western blot for HES5 expression in wildtype cortex, peripheral tumor tissue, and tumor 
lesions in PPO2 mice. n = two independent experiments. 
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Supplementary Fig. 12: Transcriptomic comparison of PPO1 tumor cells with OPC and NSC 
shows upregulation of Yap/Taz and PI3K-AKT pathways. 
A and B) Volcano plots of comparison of RNA-seq data from PPO1 cells with A) NSCs and B) OPCs. 
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Supplementary Fig. S13: Distinct chromatin accessibility in PPO1 and PPO2 cells from OPCs.  
Principal component analysis (PCA) of ATAC-seq profiles shows separate clustering of PPO1 and PPO2 
from OPCs. 
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Supplementary Fig. S14: OPCs are not sensitive to PX-866 or verteporfin 
A and B) Dose-response curves for primary mouse OPCs, PPO1 and PPO2 cells treated with (A) PX-
866 and (B) Verteporfin (n = 3 independent experiments), with cell viability measured by WST-1 assay. 
Data are presented as mean ± SEM. 
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Supplementary Materials and Methods 
 
Cell culture 
 
The end-stage tumor was dissected from the brain and dissociated using Accutase (StemCell #07920) 
into single cell suspension at 370C. The cell suspension is filtered with 40μm strainer (CellTreat #229481) 
to remove larger clumps of cells/tissue. Following isolation, tumor cells were cultured in SFM (Serum 
free media) composed of DMEM/F12 (Thermo-Fisher Scientific #11320033), 2.7mg/ml D-(+)-glucose 
(G8729, Life Science), 20nM progesterone  (Sigma P6149), 60μM putrescine dihydrochloride (Sigma 
P5780), 2ng/μl Heparin (StemCell 07980), HEPES 5mM (ThermoFisher #15630080), 0.1% bovine 
serum albumin, Insulin-Transferrin-Selenium (ITS) supplement (1×)  (Sigma I3146), human EGF 20 
ng/mL (Shenandoah Biotech 100-26),  human bFGF 10 ng/mL (Shenandoah Biotech 100-146)  and 
Pencillin/Streptomycin 1U/ml. Tumor cells were passaged by removing media, washing with DPBS and 
dissociating tumorspheres into single cell suspensions using Accutase for 5-10 min at 37⁰C  and 
replating in SFM above. 

Neurospheres with GFP from NestinCre;GFP mice at P7 were harvested and cultured as Nestin+ 
neural stem cells. Single cell suspension made in Neurobasal-A medium (Thermo-Fisher Scientific 
#10888022) with B27 supplement (Thermo-Fisher Scientific #12587) containing 10 mg/ml Bovine 
Serum Albumin (Sigma A9647) and resuspended in Neurobasal with B27 containing bFGF and EGF 
growth. factors.  

HEK 293T cells were cultured in D10 media for lentivirus packaging composed of DMEM 
(Thermo-Fisher Scientific, catalog number: 11960044), 10% v/v fetal bovine serum (FBS) (Atlanta 
Biologicals, S11550), 2mM L-Glutamine (Thermo Fisher Scientific #25030081), 1mM sodium pyruvate 
(Thermo Fisher Scientific, #11360070) supplemented with pencillin and streptomycin (1 U/ml) (Thermo 
Fisher Scientific, #15140122). 
 
In-vivo drug combination assay 
PPO2 Luciferase cell line is injected intracranially using the stereotactic device (100000 cells per mouse 
at coordinates AP -1mm, 0.5mm laterally, and -2mm dorsoventrally) in 4 to 6-week-old NSG mice. The 
mice are monitored for successful tumor implantation and noticed to have a successful IVIS luciferase 
signal. They were randomized into 4 groups for different therapy protocols: 1) Vehicle, 2) PX866, 3) 
Verteporfin, and 4) a combination of PX866 and Verteporfin. Mice were weekly imaged for luciferin 
activity and weight measurements. The end stage is defined as the loss of 20% of body weight harvested 
and analyzed for histomorphology. The individual drug preparation is as follows: 
 
Taz/Yap inhibitor, verteporfin preparation, and dosage 
Taz/Yap inhibitor Verteporfin (Adooq Bioscience, Catalog No.: A12658) was dissolved in DMSO and 
stored at a stock concentration of 40 mg/ml in aliquots at −20 °C. The working solution was prepared 
freshly before use at a final concentration of 2mg/ml in 10% drug, 10% Tween 80, and 80%PBS. Mice 
were administered daily intraperitoneal injections of either verteporfin (10 mg/kg) for in vivo treatment, 
or vehicle once per day from P14 to end-stage.  
 
PI3K-Akt PX866 inhibitor treatment 
PI3K-Akt Inhibitor PX-866 (Cayman chemicals Item no.) was dissolved in Ethanol and stored at a stock 
concentration of 20 mg/ml in aliquots at −20 °C. The working solution was prepared freshly before use 
at a final concentration of 0.4 mg/ml in PBS. Mice were either administered drug daily by oral gavage 
2mg/kg/day for five days per week or vehicle or in combination with verteporfin. 
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Stereotactic injections and allograft 
Cells were dissociated as described above and concentration/viability were assessed through Trypan 
Blue (Thermo Fisher Scientific #15250061) exclusion using a Neubauer chamber. A working cell 
suspension of 100,000 cells/µl in SFM was prepared for injection. Mice were anaesthetized using 2-3% 
isoflurane in oxygen. They were then set up on a stereotactic device (RWD Life Science, #68010) and 
ear and nose holders were firmly applied to avoid any movement. Mouse head was then disinfected using 
chlorhexidine (BactoShield® CHG 2% Surgical Scrub) and isopropanol (Priority Care®, Isopropyl 
Alcohol 70%) sequentially 3x each. The scalp was incised at midline, exposing the skull and a hole was 
made using a micro drill at the appropriate location.  Approximately 100,000 tumor cells in 2 µl were 
injected in the cortex (AP -1 mm, LM 0.5 mm, DV -2 mm) using a Hamilton 30G syringe (Hamilton, 
7659-01) at 0.2-0.3µl /min using an automated injector (Stoelting #53312). After completion of the 
injection the syringe was slowly retracted and scalp at incision site was glued together using tissue 
adhesive, GLUture® (Abbott 32046-04-01). The mice were transferred to an incubator for recovery from 
anesthesia and were returned to their home cage. Mice received 0.1 mg/kg buprenorphine per day for 
next 2-3 days for post-operative pain management. 
 
Tamoxifen preparation and administration 
For inducible Cre induction, 100mg/kg intraperitoneal tamoxifen (Sigma Aldrich, T5648) was given in 
Nestin-CreER and Pdgfra-CreER mice for 5 consecutive days at age of P5-P10. The tamoxifen was 
prepared in working concentration of 20mg/ml by dissolving tamoxifen in 1ml of absolute alcohol and 
then diluting it with 4ml of sunflower oil. The solution was then incubated in a water bath at 42C until 
it dissolved completely to colorless solution. For intracranial Pdgfra-CreER activation, the SVZ of mice 
were injected with 5µl of 2 mM 4-OH-tamoxifen in 2% ethanol/PBS (Sigma Aldrich H6278). 
 
Luciferase bioluminescence assay 
Mice were injected subcutaneously with D-Luciferin (130μl of 30 mg/ml per mouse, Caliper Life 
Science). The bioluminescence signal was measured within 15 minutes using the Xenogen IVIS Lumina 
system (Caliper LS, Hopkinton, MA) and image analysis was done by the Living Image® software 
(Caliper LS).  
 
Tissue harvesting for RNA-seq 
Tumor-bearing mice were harvested when they had end-stage disease. The animal was perfused prior to 
the tissue harvest with cold phosphate buffered solution (PBS) and tumor tissue was dissected and either 
processed for RNA extraction or stored at -80 ⁰C for later processing. Cortex tissues from control mice 
were isolated and processed along with the tumor samples. RNAs from mouse tumor tissues, normal 
cortex and tumor cell lines were extracted using RNeasy Kits (Qiagen, Mini and Midi Cat. Nos. 74104 
and 75144) following manufacturer’s protocol and preserved at -80C.  
 
Tissue and tumor sphere fixation  
For vibratome sections, mice were perfused with PBS and brains were fixed with 4%(w/v) 
paraformaldehyde (PFA) overnight. Samples were embedded in 4% agarose gel (w/v) in PBS and cut to 
produce 35µm sections using a Leica VT1000 S vibrating blade microtome.  Prior to staining sections 
were stored in PBS with sodium azide (0.02%) 

For paraffin sections, mice were perfused with PBS and brains were fixed with 4% (w/v) PFA 
overnight. Samples were embedded in paraffin blocks by the CCHMC Research Pathology Core. A 
microtome (Leica) was used to produce 5 µm sections.  

For cryosections, mice were perfused as above, and brain tissue was short-fixed for 1 hour. Brains 
were equilibrated overnight in 20% glucose in PBS, were embedded in Polarastat Embedding Medium 
and frozen using dry ice. Samples were sectioned using a cryostat to produce 15 µm sections. 
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Fixation of spheres was performed by centrifuging them, removing media and fixing them in 
PFA for 15-30 minutes in a 1.5 ml Eppendorf tube. Spheres were then equilibrated with 20% glucose in 
PBS until they were submerged. Samples were transferred to Polarastat Embedding Medium (Stat Lab 
#CRYO-4) and frozen using dry ice. Cells grown on a coverslip had media removed and were also fixed 
with 4% PFA for 15-30 min prior to staining.  
 
Limiting dilution assay: The isolated PPO1 and PPO2 cell lines are made single cell suspension, the 
viable cell count is done by trypan blue staining method. The cells are seeded into 96 well plate in four 
different dilutions in total volume of 200μl (1000cells/well in 24 cells, 10cells/well in 192 wells, 
100cells/well in 96 wells, 1cells/well in 288 wells). The plates are centrifuged at 2000rpm for 5minutes 
and then examined under microscope for presence of cells. The wells without cells should be marked 
and be excluded from the experiment. The cells are cultured for 2-3 weeks and then checked for presence 
of sphere in the well. Then use ELDA software which is publicly available 
(https://bioinf.wehi.edu.au/software/elda/) for calculating cancer stem cell frequency and significance 
 
siRNA Knockdown 
For siRNA knockdown using si-Yap1 and si-Taz in PPO1 and PPO2 cell lines, we use Lipofectamine 
RNAiMAX (Life Technologies) and followed the manufacturer’s protocol. Cells were processed after 
72 hours for qRT-PCR verification and immunofluorescence.  
 
Immunofluorescence of Cryosections and Vibratome Sections 
Cryosections or vibratome sections were permeabilized and blocked-in blocking buffer (0.3% Triton X-
100 and 5% normal donkey serum (Sigma, Inc.) in PBS) for 1 h at room temperature and overlaid with 
primary antibodies overnight at 4ºC. 

For BrdU staining, before blocking, cells or tissue sections were denatured with 1 N HCl for 
30min - 1hr at 37 C. Sections were neutralized with 0.1 M Borax pH 8.5 (Sigma) for 10 min, washed 
with PBS and then followed with blocking with 5% normal donkey serum (Sigma, Inc.) for 1 hr. at room 
temperature. 

Following primary antibody incubation, sections were washed with PBS. Secondary antibody 
was added and was incubated for 1 hour at room temperature. Slides were then washed with PBS for 3X 
for 5 min each and stained with DNA fluorescent stain DAPI for 5-10 minutes (Life sciences). Sections 
were mounted with Fluoromount-G (Southern Biotech). Immunofluorescence images were acquired 
using confocal inverted laser scanning confocal microscope (Nikon, C2+) and images are saved as raw 
ND2 format which are analyzed using ImageJ.  
 
Immunohistochemistry 

For immunohistochemistry of paraffin tissues, slides with paraffin sections were kept at 40 ºC 
overnight. Slides were deparaffinized using xylenes and alcohol. After de-paraffinizing and hydration, 
sections were subject to antigen retrieval in the buffer either (1) Sodium citrate buffer (10 mM Sodium 
citrate, 0.05% Tween 20, pH 6.0) or (2) Tris-EDTA buffer (10 mM Tris base, 1 mM EDTA solution, 
0.05% Tween 20, pH 9.0). The slides were washed and treated with 0.3% hydrogen peroxide for 30 
minutes to block endogenous peroxidase activity. Primary antibodies were applied for overnight at 4C 
and washed with PBS 3X for 5 minutes and incubated with secondary antibody for 2 hours at room 
temperature, followed by application of Vectastain Elite ABC Kit (Vector Laboratories) according to 
the manufacturer’s protocol with DAB Substrate Kit (Vector Laboratories). The sections were 
counterstained with hematoxylin. They were then dehydrated with increasing concentrations of alcohol 
and xylene before being mounted with Permount mounting medium (EMS # 17986) and imaged by 
Nikon Eclipse microscope. Hematoxylin and Eosin and Immunohistochemistry images are acquired by 
using light microscope Nikon Eclipse and analyzed with ImageJ software. 
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Following antibodies were used: Rabbit anti-Olig2 (Millipore Cat#AB9610; RRID: 
AB_10141047 IF/IHC Dilution 1:500), Mouse anti-Olig2 (Millipore Cat#MABN50; RRID: 
AB_10807410 IF/IHC Dilution 1:500), Rat anti-PDGFRa (BD Bioscience Cat#558774; RRID: 
AB_397117 IF/IHC Dilution 1:200), , Goat anti-MBP (Santa Cruz biotechnology Cat#sc-13914; RRID: 
AB_648798 IHC Dilution 1:200), Mouse anti-GFAP (Sigma Cat#G3893; RRID: AB_477010 IF/IHC 
Dilution 1:500), Rabbit anti-Ki67 (Thermo Fisher Scientific Cat#RM-9106; RRID: AB_2335745 IF/IHC 
Dilution 1:200), Mouse anti-BrdU (BD Biosciences Cat#374580; RRID: AB_400327 IF Dilution 1:200), 
Goat anti-GFP (Novus Biologicals Cat#NB100-1770; RRID: AB_10128178 IF Dilution 1:500), Goat 
anti-Sox2 (Santa Cruz Biotechnology Cat#sc-17320; RRID: AB_2286684 IF/IHC Dilution 1:200), 
Rabbit Anti-Phospho S6 Ribosomal Protein (Ser235/236) (Cell Signaling #4858, RRID:AB_916156 
IHC Dilution 1:100), Rabbit Anti-Akt (Cell Signaling #9272 RRID: AB_329827 IHC Dilution 1:100), 
Rabbit anti-Phospho Akt (Ser473) (736E11) (Cell Signaling #3787 RRID: AB_331170 IHC Dilution 
1:100), Rabbit p44/42 MAPK (Erk1/2) (Cell Signaling Antibody #9102 RRID: AB_330744 IHC 
Dilution 1:200), Rabbit Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) (20G11) (Cell Signaling 
mAb #4376 RRID: AB_331772 IHC Dilution 1:400), Goat Anti-Hes5 (Santa Cruz (sc-13859) (A-17) 
RRID: AB_2233041 IHC Dilution 1:100 WB 1:500), Rabbit Anti-Yap (Cell Signaling Antibody #4912 
RRID: AB_2218911WB Dilution 1:1000), Rabbit Anti-Yap/Taz (D24E4) (Cell Signaling #8418 RRID: 
AB_10950494 WB Dilution 1:1000), Rabbit Anti-Sox10 (EPR4007-104 (ab180862) Abcam RRID: 
AB_2721184 IHC Dilution 1:200), Rabbit Anti Sox9 (D8G8H) (Cell Signaling #82630 RRID: 
AB_2665492 IHC Dilution 1:300), Rabbit Anti-HER3/ErbB3 (D22C5) (Cell Signaling #12708 RRID: 
AB_2721919 IHC Dilution 1:200), Rabbit Anti-EGFR (Cell Signaling #4267 RRID: AB_2246311 IHC 
Dilution 1:200), Mouse Anti-Actin (Clone AC-40, Sigma Aldrich RRID: AB_476730 WB 1:1000). 
 
Western Blotting  
Cultured cell lines or tissues were harvested and flash frozen on dry ice. Protein extraction was done by 
homogenization and use of RIPA buffer with anti-protease cocktail (Roche) and phosphatase inhibitors 
(phosphatase inhibitors cocktail, Millipore Sigma). Protein estimation was done by using Bradford 
method (Bio-Rad protein assay dye reagent concentrates). Lysates (10-20 micrograms) were separated 
on SDS-PAGE and immunoblotted on PVDF membrane. Membranes were blocked with 5% Bovine 
Serum Albumin in PBST (Phosphate buffered Saline with 0.05% Tween-20) for 2hours and the exposed 
to primary antibody at 4C overnight. Following additional washing with PBST, secondary HRP 
conjugated antibody was added for 2 hours. Visualization was done using chemiluminescent substrate 
(SuperSignal™ West Pico PLUS Chemiluminescent Substrate, Thermo Fisher) in ChemiDoc MP 
(Biorad). 
 
DNA Extraction 
For plasmid isolation from transformed E. coli, QIAprep Spin Miniprep Kit (Qiagen, Cat. No # 27104) 
was used following manufacturer’ protocols. The genomic DNA extracted from mouse tissues DNeasy 
Blood and Tissue Kit (Qiagen, Cat #69504). 
 
RNA Sequencing and Data Analysis 
The RNAseq processing was done by Cincinnati Children’s Bioinformatic Core. The RNAseq reads in 
FASTQ format were checked for quality control and adapter trimming was done if needed. The programs 
used in these steps were FastQC v0.11.7 (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/), 
Trim Galore! v0.4.2 (https://www.bioinformatics.babraham.ac.uk/projects/trim_galore/) and cutadapt 
v1.8.1 (https://cutadapt.readthedocs.io/en/stable/index.html). The trimmed reads were aligned to the 
reference mouse genome version GRCm38/mm10 with the program STAR v2.6.1e 
(https://github.com/STAR-Fusion/STAR-Fusion/wiki/STAR-Fusion-release-and-CTAT-Genome-Lib-
Compatibility-Matrix). Aligned reads were stripped of duplicate reads with the program sambamba 

https://www.bioinformatics.babraham.ac.uk/projects/trim_galore/
https://cutadapt.readthedocs.io/en/stable/index.html
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v0.6.8 (5). Gene-level expression was assessed by counting features for each gene, as defined in the 
NCBI's RefSeq database (RefSeq: NCBI Reference Sequence Database (nih.gov). Read counting was 
done with the program featureCounts v1.6.2 (https://subread.sourceforge.net/featureCounts.html) from 
the Rsubread package (https://bioconductor.org/packages/release/bioc/html/Rsubread.html). Raw 
counts were normalized as transcripts per million (TPM).  

The differential expression analysis was done by R using DESeq2 package 
(https://bioconductor.org/packages/release/bioc/html/DESeq2.html) using raw counts as input. 
Significant genes were defined as genes with at least a 4 four change and FDR <0.05 value. Heatmaps 
were drawn by using R and AltAnalyze (http://www.altanalyze.org). Volcano plots were made using 
Prism (Graphpad). For GSEA analysis, the normalized counts from DESeq2 were used as input in GSEA 
4.0.3 software.  

Mutation enrichment analysis was performed using cBioPortal (cBioPortal for Cancer Genomics) 
based on TCGA, the cancer genome atlas (https://portal.gdc.cancer.gov/), COSMIC, (Catalogue of 
somatic mutations in cancer (https://cancer.sanger.ac.uk/cosmic/browse/tissue), and CGGA, Chinese 
glioma genome atlas (http://www.cgga.org.cn/). 

 
Karyotyping Analysis 
Cells were washed and sequentially treated with Colcemid 10 μg/ml (Life Technologies, Gibco®: 
15212-012) and then hypotonic solution (0.075 M KCl). Then they were fixed with freshly prepared 
methanol and glacial acetic acid (3:1) mixture. Cells were washed and incubated with fixative again and 
concentrated in 50μl. Then 2-3 drops of the cells were dropped from 30cm onto slide. Multiple slides 
were prepared per sample and air-dried for 3 hours and then trypsinized. Slides were stained with 
Giemsa/DAPI using CellServ kit#4(SKU: CSK4). The slides were then imaged with a 100X Oil-
immersion lens. 
 
Xcell deconvolution 
xCell is a web tool that helps in deconvoluting the tumor samples and performs enrichment analysis for 
64 immune and stroma cells. The normalized combined expression file (FPKM) of 5 PPO1 gliomas with 
3 normal brain samples is uploaded to the xCell site (https://xcell.ucsf.edu/) and results are obtained in 
relative fractions for each cell which we plotted as a bar graph. 
 
CUT& RUN and ATAC-seq assays and analyses 
For Cut&Run-seq assay, the ~300000 cells were harvested, washed, and bound to activated 
Concanavalin A-coated magnetic beads. They were then permeabilized with wash buffer (20 mM 
HEPES, pH7.5, 150 mM NaCl, 0.5 mM spermidine and a ROCHE cOmplete™ Protease Inhibitor 
Cocktail tablet per 50 ml) containing 0.05% Digitonin (Dig-Wash). The bead-cell mix was incubated 
with antibody (Anti-H3K27ac, rabbit, Active motif, 39135) in a 50–100 µL volume at 4°C overnight on 
a rotator. They were washed 3X in 1ml Dig-wash and then beads are resuspended in 50–100 µL 
pA/MNase or pAG/MNase and incubated for 1 hr at room temperature. Next, they were washed again 
2X in Dig-wash, beads were resuspended in low-salt rinse buffer (20 mM HEPES, pH7.5, 0.5 mM 
spermidine, a Roche mini-complete tablet per 10 ml and 0.05% Digitonin). Tubes were chilled to 0°C 
and magnetic stand was employed to remove the liquid, and ice-cold calcium incubation buffer (3.5 mM 
HEPES pH 7.5, 10 mM CaCl2, 0.05% Digitonin) was added while vortexing gently. Tubes were replaced 
on ice during the incubation for times indicated in each experiment, and within 30 s of the end of the 
incubation period the tubes were replaced on the magnet, and upon clearing, the liquid was removed, 
followed by immediate addition of EGTA-STOP buffer (170 mM NaCl, 20 mM EGTA, 0.05% Digitonin, 
20 µg/ml glycogen, 25 µg/ml RNase A, 2 pg/ml S. cerevisiae fragmented nucleosomal DNA). Beads 
were incubated at 37°C for 30 min, replaced on a magnet stand and the liquid was removed to a fresh 
tube. Cleaved fragments were liberated into the supernatant by incubating the nuclei at 4°C for 1 hr, and 

https://www.ncbi.nlm.nih.gov/refseq/
https://subread.sourceforge.net/featureCounts.html
http://www.cbioportal.org/
https://portal.gdc.cancer.gov/
https://cancer.sanger.ac.uk/cosmic/browse/tissue
http://www.cgga.org.cn/
https://xcell.ucsf.edu/
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nuclei were pelleted by centrifugation as above. DNA fragments were extracted from the supernatant 
and used for the construction of sequencing libraries. 

For ATAC-seq assays, we isolated nuclei of 30,000 cultured cells made cell suspension and 
counted in a cold lysis buffer. Immediately after the nuclei preparation, we performed the transposase 
reaction for 30 min at 37ºC. The samples were purified using a Qiagen MinElute kit. After purification, 
we amplified library fragments using 1X NEBnext PCR master mix. The libraries were purified using a 
Qiagen MinElute kit and then submitted for sequencing to run on the Illumina sequencer HS2500. 

The reads in FASTQ format were first subjected to quality control to assess the need for trimming 
of adapter sequences or bad quality segments. The programs used in these steps were FastQC v0.11.7, 
Trim Galore! v0.4.2 and cutadapt v1.9.1. The trimmed reads were aligned to the reference mouse genome 
version mm10 with the program BOWTIE v2.3.4.1 (https://bowtie-
bio.sourceforge.net/bowtie2/index.shtml). Aligned reads were stripped of duplicate reads with the 
program sambamba v0.6.8 (https://lomereiter.github.io/sambamba/). Peaks were called using the 
program MACS v2.1.2 (https://pypi.org/project/MACS2/) using the narrow and broad peaks mode. 
 
 
 
 


