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SUPPLEMENTARY RESULTS

Association of glioma molecular groups with acquired genetic alterations

Table S3 provides a list of all copy number and point mutations that were available for the Mayo Clinic, UCSF
AGS, and TCGA glioma cases. Figures S3 and Figures S4 compare the glioma groups with these acquired

mutations and the TCGA GBM RNA expression subtypes.

Triple-positive gliomas nearly uniformly had a proneural RNA expression pattern with few, but noteworthy,
mutations and copy-number alterations: monosomy 4 (31%), CIC mutations (mapped to 19q; 58%), FUBP1
mutations (mapped to 1p; 27%), NOTCH1 mutations (33%), PIK3CA mutations (19%), and PIK3R1 mutations

(9%). CDKN2A/B was often hemizygously deleted in triple-positive gliomas (21%).

IDH—mutated-only gliomas frequently acquired ATRX alterations (86%) and TP53 mutations (88%). These
gliomas frequently had copy-number gain of 8924 (which always included MYC and rs55705857; 31%), lost all
or a portion of 19q alone (30%), gained all or portions of 7q (22%), and co-amplified CDK4 and GLI1 (7%) but
rarely MDM2 (<1%). CDKN2A/B was frequently hemizygously deleted (30%) and had a low prevalence of

homozygous deletion (7%). Gliomas in this group mainly had a proneural RNA expression pattern.

TERT-mutated-only gliomas harbored all of the known common alterations associated with primary GBM.
These include gain of chromosome 7 (78%), amplification of EGFR (49%), presence of EGFRvIII (18%), loss
of CDKN2A/B (73%) and PTEN (94%), and RB1 mutations (7%). Unlike IDH-mutated-only gliomas, this group
frequently co-amplified CDK4 and GLI1 (22%) as well as amplified MDM2 (12%). Unlike triple-positive and
IDH-mutated-only gliomas, CDKN2A/B was frequently homozygously deleted (54%). Similar to triple-positive
gliomas, this group also acquired frequent mutations in PIK3CA (11%) and PIK3R1 (7%). TERT-mutated-only

gliomas generally had either a mesenchymal or classical RNA expression pattern.

In general, the patterns of alterations in triple-negative gliomas were similar to that of TERT-mutated-only

gliomas. However, the prevalence of the alterations in triple-negative gliomas was usually lower than in TERT-



mutated-only gliomas. For example, chromosome 7 gain, EGFR amplification, EGFRvIII, CDKN2A/B loss, and
PTEN loss were observed in 48%, 26%, 7%, 57%, and 60% of tumors, respectively. There were some
differences compared to TERT-mutated-only gliomas. For example, PIK3CA and PIKR1 mutations were
notably absent in triple-negative gliomas. The prevalence of MYC gain was 15% (compared to 5% in the
TERT-mutated-only gliomas). Triple-negative gliomas had all four of the RNA expression patterns (classical,

mesenchymal, neural, and proneural).

TERT- and IDH-mutated gliomas were a small group. Like the TERT-mutated-only gliomas and the triple-
negative gliomas, this group often homozygously deleted CDKN2A/B (24%), lost PTEN (40%), and amplified
PDGFRA/KIT (20%). Like the IDH-mutated-only group, a significant proportion of this group gained all or part

of 7g (20%), gained 8924 (20%), and acquired TP53 mutations (32%) and ATRX mutations (28%).

Association of glioma molecular groups with MGMT methylation

MGMT methylation was only available for TCGA cases, where it varied substantially among the groups.
MGMT methylation was observed in TCGA cases at a frequency of 100% (64/64) in triple-positive, 91%
(125/138) in IDH-mutated-only, 100% (6/6) in TERT- and IDH-mutated, 44% (56/128) in TERT-mutated-only,

and 33% (13/39) in triple-negative gliomas.

Association of glioma molecular groups with tumor location

Tumor location data was only confirmed and analyzed in the Mayo Clinic cases (Table S2B). There was a
significant association between group and tumor location (p=0.014). While approximately 80% of triple-
positive and IDH-mutated-only tumors occur in the frontal lobe, approximately 50% TERT-mutated-only and

TERT- and IDH-mutated tumors and 60% of triple-negative tumors occur in the frontal lobe.

Association of TCGA GBM RNA expression subtypes with germline variants
Using the Mayo Clinic case-control study, we evaluated the association between risk of the TCGA GBM RNA

expression subtypes and nine regions previously shown via GWAS to be associated with glioma risk: TERC



(3926), TERT (5p15), EGFR (7p12; containing two independent regions), CCDC26 (89g24), CDKN2A/B (9p21),
PHLDB1 (11g23), TP53 (17p13), and RTEL1 (20q13)."® Of note, while there have been candidate
genes/SNPs (e.g., ERCC1) prior to GWAS that have been published, these genes were not validated in our
population and thus were not considered herein.® The CCDC26 and TERT SNPs were associated with risk of

developing proneural gliomas (Table S6).



SUPPLEMENTARY METHODS

Mayo Clinic case-control study

The Mayo Clinic glioma case-control study has been described previously.™* This study was approved by the
Mayo Clinic Office for Human Research Protection and informed written consent was obtained from all
participants. Briefly, all cases were identified at diagnosis (diagnosed at Mayo Clinic) or at the time of
pathologic confirmation (diagnosed elsewhere and treated at Mayo Clinic), were at least 18 years of age, and
had a surgical resection or biopsy between 1989 and 2012. Patient clinical data were extracted from the
electronic medical record. Pre-operative radiographic images were reviewed to confirm tumor size and
location. Postoperative radiographic images were also reviewed to determine the extent of resection. Controls
were at least 18 years of age, underwent a general medical examination at Mayo Clinic between 1989 and
2012, and had no previous history of a brain tumor. Controls were matched to cases by gender, age, ethnicity,
and residence. Consenting participants provided blood, buccal, and/or saliva specimens and information during

in-person or telephone interviews. A total of 317 cases and 789 controls were used as the discovery set.

UCSF adult glioma case-control study

The UCSF case-control study includes participants of the San Francisco Bay Area Adult Glioma Study (AGS).
This study was approved by the UCSF Committee on Human Research and informed written consent was
obtained from all participants. Most details of subject recruitment for AGS have been reported previously.>>"*
Briefly, all cases were adults (>18 years of age) with newly diagnosed histologically confirmed

glioma. Population-based cases diagnosed between 1991 and 2009 (Series 1-4) and residing in the six San
Francisco Bay Area counties were ascertained using the Cancer Prevention Institute of California’s early case
ascertainment system. Clinic-based cases diagnosed between 2002 and 2012 (Series 3-5) were recruited from
the UCSF Neuro-oncology Clinic, regardless of place of residence. From 1991 to 2010, population-based
controls from the same residential area as the population-based cases were identified using random digit

dialing and were frequency matched to population-based cases on age, gender, and ethnicity. Between 2010

and 2012, all controls were selected from the UCSF general medicine phlebotomy clinic. Clinic-based controls
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were matched to clinic-based glioma cases on age, gender, and ethnicity. Consenting participants provided
blood, buccal, and/or saliva specimens and information during in-person or telephone interviews. A total of 351
cases and up to 4504 controls (including 3390 iControls') were used as the first replication set in this study.
Extent of surgery was determined from SEER registry data for the population-based cases and from
abstraction from medical records and pathology reports for cases not in the SEER registry. Extent of surgery

was coded as either biopsy only or resection.

The Cancer Genome Atlas (TCGA)

TCGA Glioblastoma Multiforme (GBM) and TCGA Brain Lower Grade Glioma (LGG) data were downloaded as
detailed in Supplemental Table 1. Clinical and pathological data for TCGA GBM and LGG cases were
downloaded from the corresponding TCGA Data Matrix. As detailed below, if available, MGMT methylation,
gene expression subtypes, IDH mutation, and 1p/19q codeletion status were obtained from Supplementary

Table S7 of Brennan et al.*°

Mayo Genome Consortia (MayoGC) controls

In order to perform a SNP association analysis using the TCGA GBM and LGG cases, the MayoGC Phase 1
controls were utilized as the corresponding control data.'! Phase 1 included 6297 controls across three

studies.

Pathology review

Two pathologists (CG and TT) reviewed pathology as described previously for the Mayo Clinic and UCSF AGS
cases, respectively.’ Given historical practices at the Mayo Clinic, a few gliomas were classified as grade IV
mixed oligoastrocytomas or oligodendrogliomas (Table S2A in Supplementary Appendix). Because these

tumors behave as if they were lower grade, for the purpose of this paper they were grouped with grade II-11|
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mixed oligoastrocytomas or grade lI-1ll oligodendrogliomas, respectively. Pathology for the TCGA cases was

obtained from the clinical data available in the TCGA Data Matrix.

IDH1 and IDH2 mutation

IDH1 and IDH2 mutation analysis was performed as described previously for the Mayo Clinic and UCSF AGS

51213 1DH1 and IDH2 mutation status for TCGA cases was obtained from Brennan et al.,*° for GBM

cases.
subjects, when available, or from the somatic mutation data downloaded from the TCGA Data Matrix for TCGA

LGG cases and the remaining GBM cases. IDH mutated denotes that the subject was IDH1 or IDH2 mutated.

1p/19q codeletion

1p/19q codeletion testing was performed as described previously for the Mayo Clinic and UCSF AGS cases,
unless noted below.'**® Briefly, 1p/19q codeletion status was determined in all Mayo Clinic cases either by
FISH as a clinical test or by array comparative genomic hybridization (aCGH) utilizing an Agilent custom 8x60K
array. 1p/19q codeletion was determined using a clinical FISH assay in the UCSF AGS cases. Because the
rate of 1p/19q codeletion was rare in pure astrocytomas in both TCGA and Mayo Clinic cases, 1p/19q
codeletion was not assessed in the UCSF AGS tumors classified as astrocytoma grades II-1V. Thus, UCSF
AGS tumors classified as astrocytoma grades II-IV were inferred to be 1p/19g non-codeleted, which might lead
to a very small misclassification of 1p/19q codeletion in the UCSF AGS data. 1p/19q codeletion status was
determined for TCGA cases by evaluating the Affymetrix 6.0 Level 1 data using Genotyping Console (version
1.2.0.26) and the Affymetrix ChAS 2.1 software (Affymetrix, Santa Clara, CA) using previously-published
methods.'**® The ChAS results were interpreted by four independent reviewers (RBJ, CEP, ARC, and TMK).
1p/19q codeletion for all Mayo Clinic and TCGA aCGH cases was defined as a translocation through the
centromere, which results in whole arm deletion without whole chromosome loss. Evidence of mosaic low-level

codeletion was considered positive.



TERT promoter mutation

TERT promoter mutation for the Mayo Clinic and UCSF AGS cases was based upon a previously-published
method’’ using reagents purchased from Life Technologies, Grand Island, NY, unless otherwise noted. A 244
base pair (bp) segment spanning the C228T and the C250T mutations in the TERT promoter was amplified
from ~200ng genomic DNA using 2 pmol of the primers GCACAGACGCCCAGGACCGCGCT and
TTCCCACGTGCGCAGCAGGACGCA using 0.2 mM dNTPs, 0.5X PCR Enhancer and 1.5U of Platinum Taq
DNA Polymerase in a total volume of 20 ul. Cycling conditions were set at 94°C for 1 minute and 72°C for 1
minute for 35 cycles. 1ul of the amplified DNA from the above PCR was then used as template for a second
PCR in a volume of 20 ul with 2 pmol of the primers
CAGGAAACAGCTATGACCATGATTACGGCACAGACGCCCAGGACCGCGCT and
CGTTGTAAAACGACGGCCAGTGAATTGTTCCCACGTGCGCAGCAGGACGCA, 0.5X PCR Enhancer and a
10XdNTP mix that contained 1.5 mM dGTP and 0.5mM deaza-GTP (Sigma-Aldrich, St. Louis, MO). The
cycling condition was as described above. 12 ul of the amplified DNA from the 2nd PCR was mixed with 5.4 ul
of EXoSAP-IT (Affymetrix, Santa Clara, CA), incubated at 37°C for 15 minutes, and then 7 minutes at 94°C. 5
ul of ExoSAP-treated DNA was then Sanger sequenced using 1 pmol of the primer

CAGGAAACAGCTATGACCATGATTACG or CGTTGTAAAACGACGGCCAGTGAATTG.

For the TCGA GBM and LGG cases, TERT promoter mutation was obtained from the RNAseq data. As shown
in Figure 4C of Brennan et al.,"* TERT mRNA expression is highly correlated with TERT promoter mutation
and thus we inferred TERT promoter mutation from the RNAseq data. Specifically, TERT was called mutated if
the RSEM'® normalized RNAseq value was larger than 5e-8. Of the 19 TCGA LGG subjects with known TERT
promoter mutation data, this threshold resulted in 100% sensitivity (10 of the 10 known TERT mutated
subjects were predicted to be mutated from the RNAseq data) and 89% specificity (1 of the 9 known TERT

wild-type subjects was predicted to be mutated from the RNAseq data).
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ATRX status

ATRX immunostaining of the Mayo Clinic cases was performed at MSKCC (by JH) or at the Mayo Clinic (by
CG) using previously-published methods.™® ATRX immunostaining of the UCSF AGS cases was performed at
the UCSF Brain Tumor Research Center Tissue Core (by MP, using the same methods as JH). ATRX status in
TCGA cases was obtained from the sequencing-based somatic mutations downloaded from TCGA Data

Matrix.

MGMT methylation

Only TCGA glioma cases had MGMT methylation data available. MGMT methylation status was obtained for
387 (125 GBM and 262 LGG) TCGA cases that were assigned to one of the five glioma molecular groups. All
262 LGG cases and 54 of the 125 GBM cases had data from the lllumina 450K methylation array, and 74 of
the 125 GBM cases had data from the Illumina 27K methylation array data (3 GBM cases had data on both
arrays). For both the 450K and 27K platform we used a two-probe model (probes cg12434587 and
€g12981137)% to call MGMT methylation. Specifically, the non-normalized methylated values (M-values) were
extracted using Bead Studio and the probability of being methylated was determined from the two-probe model
described by Brady et al.?® Subjects with a probability larger than 0.358 were classified as being MGMT

methylated.

Additional molecular markers

In the Mayo Clinic cases, aCGH (Agilent custom 8x60K array) was used to ascertain commonly-acquired copy-
number alterations. Mutations in TP53 and amplification of EGFR were performed in the UCSF AGS cases as
previously described®* and p16 analyses were performed using CDKN2A FISH with Spectrum probes (Abbott
Laboratories). For TCGA cases, Affymetrix 6.0 Level 1 data were examined using Affymetrix ChAS 2.1
software and interpreted by four independent reviewers (RBJ, CEP, ARC, and TMK) for chromosomes 1, 4, 7,

8,9, 10, 12, and 19. The deletion, gain, duplication, and amplification status of PDGFRA, KIT, EGFR, MYC,
11



CDKN2A/B, PTEN, GLI, CDK4, and MDM2 was specifically examined. The Level 2 TCGA data were used to
ascertain the presence of somatic mutations in TP53, ATRX, CIC, FUBP1, NOTCH1, PIK3CA, PIK3R1, PTEN,
EGFR, NF1, PDGFRA, and RB1. TCGA EGFRuvIII calls were obtained from Supplemental Table S5 in

Brennan et al.'%; EGFRVIII allele fractions (delta 2-7) > 0.01 were called EGFRvIII positive.

DASL expression profiling

For the Mayo Clinic and UCSF AGS cases, RNA was extracted from formalin-fixed, paraffin-embedded blocks
using the AllPrep DNA/RNA Mini Kit (Qiagen, Valencia, CA). The expression profiles of the resulting RNAs
used the lllumina DASL method (HumanRef-8 v3 BeadChip, lllumina, San Diego, CA), as previously
described.?? Quality-control metrics were evaluated® and subsequently, the data were normalized for the Mayo

Clinic and UCSF AGS cases separately using quantile normalization.

Genotyping

Custom genotyping on the Mayo Clinic cases and controls, as well as on the UCSF cases and controls, was
done using the lllumina GoldenGate assay (San Diego, CA), as described previously.*® For the analyses
described herein, we were particularly focused on evaluating germline associations of nine regions that have
been previously shown to be associated with glioma. Specifically, we evaluated 22 SNPs within or near TERC
(3g26), TERT (5p15), EGFR (7p12 — two regions), CCDC26 (8q24), CDKN2A/B (9p21), PHLDB1 (11q23),
TP53 (17p13), and RTEL1 (20913). Quality control of the Mayo Clinic and UCSF case-control custom SNP

data were performed as described previously.*®

Statistical methods

Five glioma molecular groups were defined based on TERT promoter mutation, IDH mutation, and 1p/19q

codeletion. Molecular groups with a prevalence <4% were not analyzed for associations with age at diagnosis,
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outcome, or germline variants due to the small sample size associated with these groups (lack of statistical
power to detect associations). As such, groups with a prevalence <4% were grouped together and classified
as “other”. Age at diagnosis was compared across the five groups using contrast estimates from an analysis of
variance model. Comparisons were made both within each dataset separately (Mayo Clinic, UCSF AGS, and
TCGA) as well as for the combined dataset. Both unadjusted and adjusted Kaplan-Meier survival curves were
used to estimate overall survival for each of the five groups. The adjusted survival curves adjusted for gender
and age at diagnosis (based on the 2010 US white population) using the reweighted (direct adjustment)
method.?* For grade II-1ll and grade IV gliomas separately, comparisons were made both within each dataset
(Mayo Clinic, UCSF AGS, and TCGA) as well as for the combined (Mayo Clinic + UCSF AGS + TCGA)
dataset. A stratified (by dataset) Cox proportional hazards model was used to determine if the molecular
groups were associated with overall patient survival after adjustment for gender, age at diagnosis, histology,
and grade. The stratified Cox model was first applied to the combined grade 1I-IV data with the following
independent variables: gender, age at diagnosis, grade, molecular group, and a grade-by-molecular group
interaction. Since the grade-by-molecular group interaction was statistically significant, all subsequent Cox
models were generated separately within grade II-1ll and within grade IV gliomas. Hazard rates (HRs) and 95%
confidence intervals (95% Cls) were obtained for both unadjusted and age-, gender-, and grade-adjusted

stratified Cox proportional hazard models.

TCGA and MayoGC SNP data were phased using shapeit2®® and imputed using Impute2”® with 1000
Genomes®’ as the reference population. Prior to imputation, duplicates were removed and SNPs with more
than 5% missing data were removed. Genotypes were forward-strand aligned to the 1000 genome reference
and for ambiguous SNPs the Browning strand checking utility was used
(http://faculty.washington.edu/sguy/beagle/strand_switching/strand_switching.html). For the SNP association
analyses, we utilized the 207 Mayo Clinic cases that had TERT mutation, IDH mutation, 1p/19q codeletion, and
SNP data available and these cases were compared to 789 controls. Similarly, 351 UCSF AGS cases had all
required data available and these were compared with up to 4504 controls. The TCGA/MayoGC case-control

study contained 402 TCGA cases that had all required data available and these were compared to the 6297
13



MayoGC controls. An additive logistic regression model was used to assess the association between each
SNP and disease status, with genotype coded as 0, 1, or 2 copies of the minor allele. For the primary analysis,
the three case-control studies were combined and analyzed adjusted for case-control study and associations
were stratified by glioma molecular group. The combined analysis used the data across all three case-control
studies. The exception was for the chromosome 8 and 17 SNPs, where only the Mayo Clinic and UCSF AGS
case-control studies were combined (these SNPs have low minor allele frequency and thus we did not trust the
estimated odds ratios that were obtained from the imputed results in the TCGA/MayoGC data). For the
combined analysis of chromosome 8 and 17 SNPs, the logistic models were adjusted for age, gender, and
case-control study; age and gender were available for the Mayo Clinic and UCSF AGS case-control studies but
were not for the MayoGC control subjects. Overall, the primary analysis entailed evaluation of 22 SNPs that
represented nine regions across eight genes that have been previously shown via GWAS to be associated with
glioma risk. These nine regions were evaluated for association with risk of each of the five molecular groups
and therefore a Bonferroni correction (0=.05/45=0.0011) was used to determine statistical significance in the

combined analysis. Secondarily, analyses were performed separately for each case-control study.

One-hundred-sixty-six Mayo Clinic and 62 UCSF AGS cases were assigned to the four TCGA GBM RNA
expression subtypes using ClaNC.? To verify that the ClaNC algorithm had suitable classification accuracy,
using the TCGA GBM expression data we developed a classification model using 80% of the TCGA GBM data
and then applied this model to the remaining 20%, which resulted in 97% classification accuracy. The final
classification model was built using all of the TCGA GBM expression data. For the SNP associations stratified
by the TCGA GBM RNA expression subtypes, we utilized the 149 glioma cases from the Mayo Clinic case-
control study that had both SNP data as well as DASL gene expression data available and these were

compared to 789 controls.
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SUPPLEMENTARY FIGURES

Figure S1: Prevalence of TERT promoter mutation, IDH mutation, and 1p/19q codeletion in the Mayo Clinic, UCSF AGS, TCGA, and combined
cases. Data are stratified by histologic type for the oligodendrogliomas and mixed oligoastrocytomas, and for astrocytomas by grade (grade II-11I
and grade 1V). Abbreviations: Oligo=oligodendroglioma, MOA=mixed oligoastrocytoma, Astro=astrocytoma, GBM=glioblastoma.
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Figure S2: Prevalence of the glioma molecular groups as defined by TERT promoter mutation, IDH mutation, and 1p/19q codeletion status in the
Mayo Clinic, UCSF AGS, and TCGA cases. The prevalence of the molecular groups for grade ll-1ll (astrocytomas, mixed oligoastrocytomas and
oligodendrogliomas) and grade IV (glioblastoma multiforme or GBM) gliomas are shown. The key indicates how to interpret the different colored
bars that represent the results for the different groups.
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Figure S3: Pattern of TERT promoter mutation, IDH mutation, and 1p/19q codeletion status among 317 Mayo Clinic gliomas. The data are
organized by histologic type. Displayed are track summaries of selected copy-number results as well as the presence or absence of ATRX
expression by immunohistochemistry. The inset key indicates how to interpret the tracks. Colored boxes indicate the glioma molecular group:
Red=triple-positive (TERT promoter mutated, IDH mutated, and 1p/19qg codeleted) gliomas; Blue=TERT- and IDH-mutated gliomas; Pink=IDH-
mutated-only gliomas; Aqua=triple-negative gliomas; and Green=TERT-mutated-only gliomas. Abbreviations: MOA=mixed oligoastrocytoma,
GBM=glioblastoma, Mut=mutated; Wt=wild type; Amp=gene amplification; Dup=gene duplication; Codel=codeletion; Del=deletion;
hemi=hemizygous; homo=homozygous; IHC=immunohistochemistry; ND=not done/failed/equivocal.
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Figure S4: Molecular characterization of the glioma molecular groups defined by TERT promoter mutation, IDH mutation, and 1p/19q codeletion
status for (A) Mayo Clinic, (B) UCSF AGS, and (C) TCGA cases. The data are organized by glioma molecular group: Red=triple-positive (TERT
promoter mutated, IDH mutated, and 1p/19q codeleted) gliomas; Blue=TERT- and IDH-mutated gliomas; Pink=IDH-mutated-only gliomas;
Aquas=triple-negative gliomas; and Green=TERT-mutated-only gliomas. Also displayed are track summaries of selected copy-number results, point
mutations, and the presence or absence of ATRX expression by immunohistochemistry (Mayo Clinic and UCSF AGS) or ATRX mutation by
sequencing (TCGA), as available for each case series. The inset key indicates how to interpret the tracks. Abbreviations: MOA=mixed
oligoastrocytoma, GBM=glioblastoma, Mut=mutated; Wt=wild type; Amp=gene amplification; Dup=gene duplication; Codel=codeletion;
Del=deletion; hemi=hemizygous; homo=homozygous; IHC=immunohistochemistry; ND=not done/failed/equivocal.
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Figure S5: Comparison of the glioma molecular groups defined by TERT promoter mutation, IDH mutation,
and 1p/19q codeletion status versus the TCGA GBM RNA expression subtypes for (A) 166 Mayo Clinic cases
and (B) 62 UCSF AGS cases. The cases were assigned to TCGA GBM RNA expression subtypes as
described in the Supplementary Methods. The top track illustrates the glioma molecular group as defined by
TERT promoter mutation, IDH mutation, and 1p/19q codeletion status: Red=triple-positive (TERT promoter
mutated, IDH mutated, and 1p/19q codeleted) gliomas; Blue=TERT- and IDH-mutated gliomas; Pink=IDH-
mutated-only gliomas; Aqua=triple-negative gliomas; and Green=TERT-mutated-only gliomas. The second
track provides the TCGA GBM expression subtypes: Pink=Classical; Green=Mesenchymal; Blue=Neural; and
Red=Proneural. The inset Key defines the remaining tracks. The heat map was created using the genes TCGA
used to define the GBM RNA expression subtypes.
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Figure S6: Unadjusted Kaplan-Meier estimates of overall survival of the glioma molecular groups defined by TERT promoter mutation, IDH
mutation, and 1p/19q codeletion status. Survival curves are provided for groups with a prevalence of 8 or more glioma cases. Overall survival for
the triple-positive, IDH-mutated-only, and TERT-mutated-only grade II-1ll gliomas in the (A) Mayo Clinic, (B) UCSF AGS, and (C) TCGA cases.
Overall survival for the IDH-mutated-only, triple-negative, and TERT-mutated-only grade IV gliomas in the (D) Mayo Clinic, (E) UCSF AGS, and (F)
TCGA cases.

MAYO Grade lI-lll UCSF AGS Grade II-lil TCGA Grade lI-lll
- Q 3 Q 4
: E——H_\_; : E—H ]
c 7 c 7| c 7
= 2.4 - <@ . — 9
g o —— Triple-positive (n=69) ‘;’ = g <
s IDH-mutated-only (n=96) S e
=1 TERT-mutated-only (n=13) =1 —— Triple-positive (n=48) =
LA @ L IDH-mutated-only (n=49) A
TERT-mutated-only (n=14) —— Triple-positive (n=64)
IDH-mutated-only (n=130)
o~ o~ ~ | TERT-mutated-only (n=32)
[~ o 7 <}
o | o | o ]
=] =} =1
[ T T T T 1 T T T T 1 T T T T 1
0 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
Years Years Years
MAYO Grade IV (GBM) UCSF AGS Grade IV (GBM) TCGA Grade IV (GBM)
o o o
-~ = IDH-mutated-only (n=8) - IDH-mutated-only (n=16) ~— IDH-mutated-only (n=8)
Triple-negative (n=19) Triple-negative (n=40) Triple-negative (n=21)
TERT-mutated-only (n=83) TERT-mutated-only (n=142) TERT-mutated-only (n=122)
« | x @
=1 =] =]
© © ©
T o 7| T o T ©
= 2 2
= < 2
> 3 =3
o < ] o ¥ o
=] (=} =]
o o o
o 7 o o
o o o
[T o S}
[ T T T T 1 T T T T 1 T T T T 1
0 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
Years Years Years

24



Figure S7: Odds ratios for case-control SNP associations of nine regions with development of the five glioma
molecular groups as defined by TERT promoter mutation, IDH mutation, and 1p/19q codeletion status. Each
subfigure (from top-to-bottom) indicates one molecular group: Red=triple-positive (TERT promoter mutated,
IDH mutated, and 1p/19q codeleted) gliomas; Blue=TERT- and IDH-mutated gliomas; Pink=IDH-mutated-only
gliomas; Aqua=triple-negative gliomas; and Green=TERT-mutated-only gliomas. Vertical solid colored lines
indicate 95% confidence intervals associated with the odds ratios. Between each pair of dashed lines are the
results for each associated gene region and associated chromosomal band. SNPs with p-value < 0.0011
(Bonferroni corrected p-value for testing nine regions in each of the five molecular groups) are denoted in color
whereas SNPs with p-value > 0.0011 are denoted in grey. The asterisk indicates that there were too few cases
in the triple-negative group to assess the rs78378222 variant. For this figure the cases and controls from Mayo
Clinic, UCSF AGS, and TCGA/MayoGC were combined. See Table S6 in Supplementary Appendix for a
complete summary of the data for all 22 SNPs evaluated.
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SUPPLEMENTARY TABLES!1448:293

Table S1: TCGA data downloaded for this project

GBM LGG

Download Download
Data Type Source Platform TCGA Level* # GBM** # LGG** Date Date
Germline SNPs
Imputed germline variants (LGG & GBM)  Mayo Clinic repository (BORA!) Affymetrix 6.0 512 297 28-Feb-13 23-Dec-13
Copy Number and EGFRvVIII
Probe level copy number on tumors TCGA Data Matrix?° Affymetrix 6.0 Lewels 1 & 2 538 387 13-Nov-13 13-Nov-13
EGFRuvIII Brennan et al.® 164 0
MGMT Methylation Status
MGMT methylation Brennan et al.1° 351
Methylation Broad firehose sttdata° lllumina 450K Lewel 3 135 408 10-Dec-13 10-Dec-13
Methylation Broad firehose sttdata° lllumina 27K Lewel 3 285 10-Dec-13 10-Dec-13
TERT Promoter Mutation Status
RSEM®* normalized & raw gene counts*** Broad firehose sttdata®® RNAseq Lewel 3 166 275 15-Oct-13 15-Oct-13
Somatic Mutations
Somatic mutations TCGA Data Matrix?° Sequencing Lewel 2 291 296 18-Feb-14 18-Feb-14
Clinical Data TCGA Data Matrix?° 583 421 28-08-14 28-08-14

* TCGA levels range from Lewel 1 (raw data) to Lewel 3 (highest platform-specific preprocessed data). https://tcga-data.nci.nih.gov/tcga/tcgaDataType.jsp

** The number of samples does not include duplicates, i.e., it denotes the number of independent subjects. The numbers provided above denote the number of
samples that were downloaded. Howewer, only 153 GBM and 266 LGG cases could be assigned to one of the five molecular groups and thus were analyzed in this
manuscript.

** RSEM: RNA-Seq by Expectation Maximization'®, is an algorithms adopted by the Broad TCGA group to quantify RNA-Seq transcript counts using reference
transcript. This method accounts and corrects for uncertainties in mapping due to highly homologous sequences in the reference transcript set.
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Table S2A: Distribution of histologic type and grade in the Mayo Clinic, UCSF AGS, and TCGA cases

stratified by molecular group

TERT- TERT-
Triple-  and IDH- Triple- = mutated-

All Cases positive mutated negative only Other
TERT Promoter Mutated Yes Yes No No Yes
IDH Mutated Yes Yes Yes No No
1p/19qg Codeleted Yes No No No No
Mayo Clinic Cases
N 317 70 15 27 96 5
All 12 (4%)  1(1%) 2 (13%) 1 (4%) 2(2%) | 0 (0%)
Alll 40 (13%) 0(0%) 3 (20%) 3(11%)  9(9%) 0 (0%)
AlV 117 (37%) 1(1%) 6 (40%) 19 (70%) = 83 (86%) 0 (0%)
MOAII 39 (12%) 10 (14%) 0 (0%) 0 (0%) 1(1%) 0 (0%)
MOAIII 38 (12%) 18 (26%) 1 (7%) 2 (7%) 0(0%) 0 (0%)
MOAIV 16 (5%) 5 (7%) 1 (7%) 0 (0%) 1(1%) 0 (0%)
oll 37 (12%) 23 (33%) 2 (13%) 1 (4%) 0(0%) 1 (20%)
ol 16 (5%) 11 (16%) 0 (0%) 0 (0%) 0(0%) 4 (80%)
oIv 2 (1%) 1 (1%) 0 (0%) 1 (4%) 0(0%) 0 (0%)
UCSF AGS Cases
N 351 48 21 52 156 9
All 32(9%) 0(0%)  8(38%) 1 (2%) 5(3%) 0 (0%)
Alll 16 (5%) 0(0%) 3 (14%) 1 (2%) 2(1%) | 0 (0%)
AlV 202(58%) 0 (0%) 4 (19%) 40 (77%) | 142 (91%) 0 (0%)
MOAII 26 (7%) 5(10%) 3 (14%) 2 (4%) 2(1%) | 2 (22%)
MOAIII 8 (2%) 1 (2%) 0 (0%) 3 (6%) 1(1%) 0 (0%)
MOAIV 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%)
oll 50 (14%) 35 (73%) 2 (10%) 2 (4%) 2(1%) | 3(33%)
ol 17(5%) 7(15%) 1 (5%) 3 (6%) 2 (1%) | 4 (44%)
oIv 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) | 0 (0%)
TCGA Cases
N 419 64 6 42 154 14
All 30(7%)  1(2%) 0 (0%) 5(12%) = 0(0%) = 0 (0%)
Alll 63 (15%) 0 (0%) 0 (0%) 4(10%) 21 (14%) 2 (14%)
AlV 153 (37%) 0(0%) 1 (17%) 22 (52%) 122 (79%) 0 (0%)
MOAII 36(9%) 5(8%)  1(17%) 1 (2%) 0(0%) | 2 (14%)
MOAIII 32(8%) 2(3%)  1(17%) 4(10%) 5(3%) @ 1(7%)
MOAIV 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%)
oll 61 (15%) 31 (48%) 2 (33%) 3 (7%) 2(1%) | 4 (29%)
ol 43 (10%) 25 (39%) 1 (17%) 3 (7%) 4 (3%) | 5(36%)
oIv 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%)
Missing 1(0.2%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%)
All Cases
N 1087 182 42 121 406 28
All 74(7%) 2 (1%) 10 (24%) 7 (6%) 7(2%) | 0 (0%)
Alll 119 (11%) 0(0%) 6 (14%) 8(7%) = 32(8%) 2 (7%)
AlV 472 (43%) 1(1%) 11 (26%) 81 (67%) 347 (85%) 0 (0%)
MOAII 101 (9%) 20 (11%) 4 (10%) 3 (2%) 3(1%) | 4 (14%)
MOAIII 78 (7%) 21 (12%) 2 (5%) 9 (7%) 6 (1%) @ 1(4%)
MOAIV 16 (1%) 5 (3%) 1 (2%) 0(0%) = 1(0.2%) 0 (0%)
oll 148 (14%) 89 (49%) 6 (15%) 6 (5%) 4(1%) | 8 (29%)
ol 76 (7%) 43 (24%) 2 (5%) 6 (5%) 6 (1%) 13 (46%)
oIv 2(02%) 1(05%)  0(0%) 1 (1%) 0(0%) | 0 (0%)
Missing 1(0.1%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%)

Abbrewviations: A = Astroctoma, MOA = Mixed Oligoastrocytoma; O = Oligodendrogliomas
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Table S2B: Age at diagnosis, gender, tumor location, and extent of resection for the Mayo Clinic, UCSF

AGS, and TCGA cases stratified by molecular group

TERT- TERT-
All Triple- and IDH- Triple- = mutated-
Cases positive mutated negative only Other

TERT Promoter Mutated Yes Yes No No Yes
IDH Mutated Yes Yes Yes No No
1p/19q Codeleted Yes No No No No
Mayo Clinic Cases
N 317 70 15 27 96 5
Median age 45 41 39 48 59 38
Mean age + SD 46114  43+11 48+17 46+15 58+11 42+13
% Male 63 56 73 56 65 40
Extent of resection

% Biopsy 5 14 7 7 2 0

% STR/GTR* 95 86 93 93 98 100
Tumor location**

% Frontal lobe 68 83 53 63 52 80

% Parietal lobe 11 7 20 11 16 20

% Temporal lobe 19 9 27 26 30 0

% Other 1 1 0 0 2 0
UCSF AGS Cases
N 351 48 21 52 156 9
Median age 51 43.5 44 52 57 48
Mean age + SD 50+13  44+10 44+11 52+14 57+10 49+13
% Male 64 69 62 62 65 56
Extent of resection

% Biopsy 3 4 10 2 2 0

% STR/GTR* 97 96 90 98 98 100
TCGA Cases
N 419 64 6 42 154 14
Median age 49 46 438 49 61.5 45.5
Mean age + SD 49+16  45+13 4916 49+18 61+11 47+15
% Male 60 56 50 48 64 64
Extent of resection

% Biopsy 6 2 17 5 10 0

% STR/GTR* 94 98 83 95 90 100
All Cases
N 1087 182 42 121 406 28
Median age 48.5 42.5 44.5 51 59.5 455
Mean age + SD 49+15  44+11 46+13 50+16 59+11 47+14
% Male 62 59 64 55 64 57
Extent of resection

% Biopsy 5 7 10 4 5 0

% STR/GTR* 95 93 90 96 95 100

*STR denotes subtotal resection and GTR denotes gross total resection.
**Tumor Location data were consistently available and quality checked only for the Mayo Clinic gliomas
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Table S2C: Association between molecular group and age at diagnosis for the Mayo Clinic, UCSF AGS, and

TCGA cases*
Pairwise Comparison Site

Mayo Clinic UCSF AGS TCGA All Cases

Triple-positive TERT- and IDH-mutated 0.1223 0.8474 0.5436 0.2043
Triple-positive 0.0014 0.003 <0.0001 <0.0001
Triple-positive Triple-negative 0.3037 0.0003 0.1165 <0.0001
Triple-positive TERT-mutated-only <0.0001 <0.0001 <0.0001 <0.0001
TERT- and IDH-mutated 0.0008 0.0142 0.0295 <0.0001
TERT- and IDH-mutated Triple-negative 0.5199 0.008 0.9037 0.1626
TERT- and IDH-mutated] TERT-mutated-only 0.003 <0.0001 0.0132 <0.0001
Triple-negative 0.0008 <0.0001 <0.0001 <0.0001

TERT-mutated-only <0.0001 <0.0001 <0.0001 <0.0001

Triple-negative TERT-mutated-only <0.0001 0.0017 <0.0001 <0.0001

* P-values are reported for each pairwise comparison. Mean ages are provided in Supplemental Table S2B. Pvalues were obtained
from contrast statements created from an ANOVA model that was run for each site separately. P-values < 0.005 are highlighted in
yellow and 0.005<p-values<0.05 are highlighted in orange.
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Table S3: Summary of common glioma alterations within molecular groups in the Mayo Clinic, UCSF AGS, and TCGA cases*

Mayo Clinic
Selected aCGH Alterations Immunohistochemistry (IHC) Alterations
Whole
or CDKN2A/B  CDKN2A/B = PTEN GLIV/ PDGFRA/ MYC
Partial EGFR Homozygous Hemizygous Lossor CDK4 MDM2 KIT Amp/Dup/ 19q- ATRX
Molecular Group 1p/19q IDH TERT N +7 79+  Amp/Dup EGFRvIl _ Deletion Deletion _ Deletion Amp/Dup Amp/Dup Amp/Dup -4 Gain +19  without 1p- Loss
Triple-positive X X X 70 5/58 2/58 0/65 0/65 1/59 15/59 5/57 1/65 0/65 0/65 15/61 1/59 0/57 0/70 3/64
TERT- and IDH-mutated X X 15 7114 2/14 4/14 0/14 6/14 0/14 7114 114 0/14 2/14 0/14 3/14 114 114 7114
X 104 7182 16/81 0/101 0/101 5/95 25/95 20/87 5/101 0/101 11/102 0/97 23/93 1/96 20/97 86/98
Triple-negative 27 1021 3/21 5/24 124 5/22 6/22 13/22 2/24 2124 7123 3/24 3122 124 124 4124
TERT-mutated-only X 96 73/93 5/93 46/95 11/95 43/94 25/94 87/94 22/95 13/95 10/95 8/93 0/92 18/94 7194 3/92
Other 5 0/5 0/5 0/5 0/5 0/5 15 15 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/4
Triple-positive X X X 70 8.6% 3.4% 0.0% 0.0% 1.7% 25.4% 8.8% 1.5% 0.0% 0.0% 24.6% 1.7% 0.0% 0.0% 4.7%
TERT- and IDH-mutated X X 15 50.0% 14.3% 28.6% 0.0% 42.9% 0.0% 50.0% 7.1% 0.0% 14.3% 0.0% 21.4% 7.1% 7.1% 50.0%
X 104 8.5% 19.8% 0.0% 0.0% 5.3% 26.3% 23.0% 5.0% 0.0% 10.8% 0.0% 24.7% 1.0% 20.6% 87.8%
Triple-negative 27 47.6% 14.3% 20.8% 4.2% 22.7% 27.3% 59.1% 8.3% 8.3% 30.4% 12.5% 13.6% 4.2% 4.2% 16.7%
TERT-mutated-only X 96 78.5% 5.4% 48.4% 11.6% 45.7% 26.6% 92.6% 23.2% 13.7% 9.6% 8.6% 0.0% 19.1% 7.4% 3.3%
Other 5 0.0% 0.0% 0.0% 0.0% 0.0% 20.0% 20.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
UCSF AGS
Copy Number Alterations by Fluorescence In Situ Hybridization (FISH) Point Mutations and IHC Alterations
CDKN2A/B  CDKN2A/B
EGFR Homozygous Hemizygous
Molecular Group 1p/19q IDH TERT N Amp/Dup Deletion Deletion TP53 ATRX
Triple-positive X X X 48 1/42 2/38 5/38 4/44 0/46
TERT- and IDH-mutated X X 21 1/16 113 0/13 3/16 0/16
X 65 2/59 6/45 11/45 38/57 55/63
Triple-negative 52 15/49 2/10 4/10 15/44 11/48
TERT-mutated-only X 156 56/139 5/13 2/13 26/128 0/13
Other 9 0/6 u7 0/7 2/9 2/8
Triple-positive X X X 48 2.4% 5.3% 13.2% 9.1% 0.0%
TERT- and IDH-mutated X X 21 6.3% 7.7% 0.0% 18.8% 0.0%
X 65 3.4% 13.3% 24.4% 66.7%  87.3%
Triple-negative 52 30.6% 20.0% 40.0% 34.1%  22.9%
TERT-mutated-only X 156 40.3% 38.5% 15.4% 20.3% 0.0%
Other 9 0.0% 14.3% 0.0% 22.2%  25.0%
TCGA
Selected aCGH Alterations Point Mutations and InDels
Whole
or CDKN2A/B  CDKN2A/B  PTEN GLIV/ PDGFRA/ MYC PIK3CA
Partial EGFR Homozygous Hemizygous Lossor CDK4 MDM2 KIT Amp/Dup/ 19q- or
Molecular Group 1p/19q IDH TERT N +7 7q+ Amp/Dup EGFRuvIIl Deletion Deletion  Deletion Amp/Dup Amp/Dup Amp/Dup -4 Gain +19 without 1p-  TP53 ATRX CIC FUBP1 NOTCH1 PIK3CA PIK3R1 PIK3R1 PTEN EGFR NF1 PDGFRA RB1
Triple-positive X X X 64 5/64 6/64 0/64 0/0 0/64 14/64 4/64 164 0/64 3/64 24/64 2/64 0/64 0/64 3/64 2/64 37/64 17/64 21/64 12/64 6/64 16/64 0/64 1/64 2/64 0/64 0/64
TERT- and IDH-mutated X X 6 0/6 2/6 0/6 0/1 16 1/6 16 0/6 0/6 2/6 0/6 16 0/6 2/6 4/6 3/6 0/6 0/6 16 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
X 139 14/135  31/138 3/138 0/7 7/138 48/138 21/138 11/138 2/138 8/138 3/138 49/138 0/137 50/138 135/139 116/139 1/139  0/139 4/139 4/139 8/139  12/139  0/139 0/139 2/139 2/139 0/139
Triple-negative 42 19/39 2/40 9/40 2122 12/38 12/40 24/40 4/40 1/40 2/40 0/40 6/40 6/40 2/40 8/42 2/42 0/42 0/42 0/42 0/42 0/42 0/42 14/42  8/42 8/42 142 3/42
TERT-mutated-only X 154  117/152 20/152 88/152 27/118 90/148 22/151 145/152 33/152 16/152 26/152  13/151 13/149  53/150 10/151 39/149  2/149 0/149  0/149 0/149 16/149  11/149 27/149 47/149 56/149 16/149  9/149  11/149
Other 14 114 2/14 0/14 0/0 114 114 114 0/14 0/14 0/14 0/14 114 0/14 0/14 114 2/14 5/14 5/14 2/14 3/14 2/14 5/14 0/14 0/14 4/14 114 0/14
Triple-positive X X X 64 7.8% 9.4% 0.0% 0.0% 21.9% 6.3% 1.6% 0.0% 4.7% 37.5% 3.1% 0.0% 0.0% 4.7% 31% 57.8% 26.6% 32.8% 18.8% 9.4% 25.0% 0.0% 16% 3.1% 0.0% 0.0%
TERT- and IDH-mutated X X 6 0.0% 33.3% 0.0% 0.0% 16.7% 16.7% 16.7% 0.0% 0.0% 33.3% 0.0% 16.7% 0.0% 33.3% 66.7%  50.0% 0.0%  0.0% 16.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
X 139 10.4% 22.5% 2.2% 0.0% 5.1% 34.5% 15.2% 8.0% 1.4% 5.8% 2.2% 35.5% 0.0% 36.2% 97.1% 835% 0.7% 0.0% 2.9% 2.9% 5.8% 8.6% 0.0% 0.0% 14% 1.4% 0.0%
Triple-negative 42 48.7% 5.0% 22.5% 9.1% 31.6% 29.3% 60.0% 10.0% 2.5% 5.0% 0.0% 15.0% 15.0% 5.0% 19.0% 4.8% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0%  33.3% 19.0% 19.0% 2.4% 7.1%
TERT-mutated-only X 154 77.0% 13.2% 57.9% 22.9% 60.8% 14.4% 95.4% 21.7% 10.5% 17.1% 8.6% 8.7% 35.3% 6.6% 26.2% 1.3% 0.0%  0.0% 0.0% 10.7% 7.4% 18.1% 31.5% 37.6% 10.7% 6.0% 7.4%
Other 14 7.1% 14.3% 0.0% 7.1% 7.1% 7.1% 0.0% 0.0% 0.0% 0.0% 7.1% 0.0% 0.0% 7.1% 14.3%  35.7% 35.7% 14.3% 214% 14.3% 357% 0.0% 0.0% 28.6% 7.1% 0.0%
All Cases (Mayo Clinic + UCSF AGS + TCGA)
Selected aCGH Alterations and Copy Number Alterations by FISH Point Mutations, InDels, and IHC Alterations
Whole f
or CDKN2A/B  CDKN2A/B  PTEN GLIV/ PDGFRA/ MYC PIK3CA
Partial EGFR Homozygous Hemizygous Lossor CDK4 MDM2 KIT Amp/Dup/ 19g- without or
Molecular Group 1p/19q IDH TERT N +7 79+ Amp/Dup EGFRvIIl Deletion Deletion  Deletion Amp/Dup Amp/Dup Amp/Dup -4 Gain +19 1p- TP53 ATRX CIC FUBP1 NOTCH1 PIK3CA PIK3R1 PIK3R1 PTEN EGFR NF1 PDGFRA RB1
Triple-positive X X X 182 10/122 8/122 171 0/65 3/161 34/161 9/121 2/129 0/129 3/129 39/125 3/123 0/121 0/134 7/108 5/174 37/64 17/64 21/64 12/64 6/64 16/64 0/64 1/64 2/64 0/64 0/64
TERT- and IDH-mutated X X 42 7120 4/20 5/36 0/15 8/33 /33 8/20 120 0/20 4/20 0/20 4/20 120 3/20 7122 10/36 0/6 0/6 16 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
X 308 21/217  47/219 5/298 0/108 18/278 84/278 41/225 16/239 2/239 19/240 3/235 72/231 1/233 70/235 173/196 257/300 1/139  0/139 4/139 4/139 8/139  12/139  0/139 0/139 2/139 2/139 0/139
Triple-negative 121 29/60 5/61 29/113 3/46 19/70 2272 37/62 6/64 3/64 9/63 3/64 9/62 7/64 3/64 23/86 17/114 0/42 0/42 0/42 0/42 0/42 0/42 14/42  8/42 8/42 142 3/42
TERT-mutated-only X 406  190/245 25/245  190/386 38/213 138/255 49/258 232/246 55/247 29/247 36/247  21/244 13/241  71/244 17/245 65/277  5/254 0/149  0/149 0/149 16/149  11/149 27/149 47/149 56/149 16/149  9/149  11/149
Other 28 119 2/19 0/25 0/5 2/26 2/26 2/19 0/19 0/19 0/19 0/19 /19 0/19 0/19 3/23 4126 5/14 5/14 2/14 3/14 2/14 5/14 0/14 0/14 4/14 114 0/14
Triple-positive X X X 182 8.2% 6.6% 0.6% 0.0% 1.9% 21.1% 7.4% 1.6% 0.0% 2.3% 31.2% 2.4% 0.0% 0.0% 6.5% 29% 57.8% 26.6% 32.8% 18.8% 9.4% 25.0% 0.0% 16% 3.1% 0.0% 0.0%
TERT- and IDH-mutated X X 42 35.0% 20.0% 13.9% 0.0% 24.2% 3.0% 40.0% 5.0% 0.0% 20.0% 0.0% 20.0% 5.0% 15.0% 31.8% 27.8% 0.0% 0.0% 16.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
X 308 9.7% 21.5% 1.7% 0.0% 6.5% 30.1% 18.2% 6.7% 0.8% 7.9% 1.3% 31.2% 0.4% 29.8% 88.3% 857% 0.7% 0.0% 2.9% 2.9% 5.8% 8.6% 0.0% 0.0% 14% 1.4% 0.0%
Triple-negative 121 48.3% 8.2% 25.7% 6.5% 27.1% 30.1% 59.7% 9.4% 4.7% 14.3% 4.7% 14.5% 10.9% 4.7% 26.7% 14.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  33.3% 19.0% 19.0% 2.4% 7.1%
TERT-mutated-only X 406 77.6% 10.2% 49.2% 17.8% 54.1% 18.8% 94.3% 22.3% 11.7% 14.6% 8.6% 5.4% 29.1% 6.9% 23.5% 2.0% 0.0%  0.0% 0.0% 10.7% 7.4% 18.1% 31.5% 37.6% 10.7% 6.0% 7.4%
Other 28 5.3% 10.5% 0.0% 0.0% 7.7% 7.7% 10.5% 0.0% 0.0% 0.0% 0.0% 5.3% 0.0% 0.0% 13.0% 15.4% 35.7% 35.7% 14.3% 214% 14.3% 357% 0.0% 0.0% 28.6% 7.1% 0.0%

*Blank cells indicate analyses not performed in that cohort. The demoninators within individual groups and/or alteration cells may not match the total N in that group (see column E), because for some alterations the test was not done, failed, or was equivocal.
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Table S4: Hazard rate (HR) and 95% confidence interval (95% CI) for all pairwise molecular group
comparisons from a stratified (by dataset) Cox proportional hazards model

Molecular Group 1

Molecular Group 2

Unadjusted HR*
(95% CI)

Age-Adjusted

HR* (95% CI)

Age- and Grade-

Adjusted
HR* (95% CI)

Grade lI-lI
TERT-mutated-only
TERT-mutated-only
TERT-mutated-only
TERT-mutated-only
Triple-negative
Triple-negative
Triple-negative

TERT- and IDH-mutated

Grade IV
TERT-mutated-only
TERT-mutated-only
TERT-mutated-only
Triple-negative
Triple-negative

Triple-negative
TERT- and IDH-mutated

Triple-positive
TERT- and IDH-mutated

Triple-positive
TERT- and IDH-mutated

Triple-positive
Triple-positive

Triple-negative
TERT- and IDH-mutated
TERT- and IDH-mutated

TERT- and IDH-mutated

5.41 (2.88 - 10.18)
13.36 (6.01 - 29.67)
10.34 (6.64 - 16.1)
21.92 (12.75 - 37.70)
2.47 (1.04 - 5.88)
1.91 (1.08 - 3.39)
4.05 (2.13 - 7.71)
1.29 (0.6 - 2.76)
2.12 (1.33 - 3.37)
1.64 (0.73 - 3.69)

1.25 (0.95 - 1.63)
2.19 (1.03 - 4.67)
2.12 (1.40 - 3.21)
1.76 (0.80 - 3.85)
1.7 (1.07 - 2.70)
1.03 (0.44 - 2.40)

3.17 (1.64 - 6.18)

9.50 (4.24 - 21.28)
6.12 (3.73 - 10.02)
15.18 (8.66 - 26.59)

2.99 (1.25 - 7.13)
1.92 (1.07 - 3.44)
4.77 (2.48 - 9.17)
1.55 (0.72 - 3.36)
2.48 (1.56 - 3.96)
1.60 (0.71 - 3.61)

0.99 (0.75 - 1.31)
1.59 (0.74 - 3.41)
1.27 (0.82 - 1.97)
1.60 (0.73 - 3.51)
1.28 (0.80 - 2.05)
1.25 (0.54 - 2.91)

3.64 (1.85 - 7.17)
9.06 (4.02 - 20.43)
5.83 (3.56 - 9.57)
14.26 (8.12 - 25.07)
2.49 (1.03 - 6.02)
1.60 (0.88 - 2.92)
3.92 (2.0 - 7.67)
1.55 (0.72 - 3.37)
2.44 (1.53 - 3.90)
1.57 (0.70 - 3.56)

*Hazard Rate (HR) denotes the hazard of molecular group 1 relative to molecular group 2. A HR with a 95% CI that does not
include one is denoted in bold font.
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Table S5: Association of 22 SNPs in 9 independent regions known to be associated with glioma in the Mayo Clinic, UCSF AGS, and TCGA/MayoGC case-control studies, stratified by molecular group*

Mayo Clinic (controls n=789)

chr snp bp al
3 rs1920116 169579971 A
5 52736100 1286516 A
7 rs2252586 54978924 A
7 rs6969537 55082418 A
7 rs1015793 55114316 G
7 rs11979158 55150349 G
8 [rs72714236 130468065 A
8 rs891835 130491752 C
8 [rs72714295 130569398 A
8 rs72714302 130588045 C
8 rs72716319 130599332 G
8 rs72716328 130606932 A
8 rs147958197 130631395 G
8 rs55705857 130645692 G
8 rs4295627 130685457 C
9 rs1063192 22003367 G
9 rs2157719 22033366 G
9 rs4977756 22068652 G
11 rs498872 118477367 A
17 rs78378222 7571752 C
20 rs6010620 62309839 A
20 rs2297440 62312209 A

UCSF AGS (controls n=up to

4504)

chr snp bp al
3 rs1920116 169579971 A
5 rs2736100 1286516 A
7 rs2252586 54978924 A
7 rs6969537 55082418 A
7 rs1015793 55114316 G
7 rs11979158 55150349 G
8 [rs72714236 130468065 A
8 rs891835 130491752 C
8 [rs72714295 130569398 A
8 rs72714302 130588045 C
8 rs72716319 130599332 G
8 rs72716328 130606932 A
8 rs147958197 130631395 G
8 rs55705857 130645692 G
8 rs4295627 130685457 C
9 rs1063192 22003367 G
9 rs2157719 22033366 G
9 rs4977756 22068652 G
11 rs498872 118477367 A
17 rs78378222 7571752 C
20 rs6010620 62309839 A
20 rs2297440 62312209 A

TCGA (controls n=6297)

chr snp al
3 rs1920116 169579971 A
5 rs2736100 1286516 A
7 rs2252586 54978924 A
7 rs6969537 55082418 A
7 rs1015793 55114316 G
7 rs11979158 55150349 G
8 [rs72714236 130468065 A
8 rs891835 130491752 C
8 [rs72714295 130569398 A
8 rs72714302 130588045 C
8 rs72716319 130599332 G
8 rs72716328 130606932 A
8 rs147958197 130631395 G
8 rs55705857 130645692 G
8 rs4295627 130685457 C
9 rs1063192 22003367 G
9 rs2157719 22033366 G
9 rs4977756 22068652 G
11 rs498872 118477367 A
17 rs78378222 7571752 C
20 rs6010620 62309839 A
20 rs2297440 62312209 A

Combined

(Mayo+UCSF+TCGA)

(controls n=up to 11590)

chr snp bp al
3 rs1920116 169579971 A
5 rs2736100 1286516 A
7 rs2252586 54978924 A
7 rs6969537 55082418 A
7 rs1015793 55114316 G
7 rs11979158 55159349 G
8 [rs72714236 130468065 A
8 rs891835 130491752 C
8 [rs72714295 130569398 A
8 rs72714302 130588045 C
8 rs72716319 130599332 G
8 rs72716328 130606932 A
8 rs147958197 130631395 G
8 rs55705857 130645692 G
8 rs4295627 130685457 C
9 rs1063192 22003367 G
9 rs2157719 22033366 G
9 rs4977756 22068652 G
11 rs498872 118477367 A
17 rs78378222 7571752 C
20 rs6010620 62309839 A
20 52297440 62312299 A

MAF_co

MAF_co

MAF_co

0.049
0.212
0.061
0.043
0.043
0.039
0.037
0.046
0.171

0.012

0.75
1.06
0.99
0.64
0.62
2.83
1.92
2.26
2.74
2.69
2.74
4.11
3.35
2.37
118
117
1.08
0.99
0.78
0.92
0.87

0.79
1.05
0.71
0.76
112
4.12
1.60
4.22
6.25
6.25
713
8.27
8.82
2.65
0.81
0.79
0.84
178
118
1.02
1.00

0.92
0.83
1.08
116
0.93
0.87
7.49
151
8.65
17.04
17.03
17.18
17.54
15.83
174
0.66
0.66
0.77
101
2.00
0.61
0.66

0.83

Triple-positive (n=43)

0.30 092 0.0250
0.47 118 0.2069
065 1.74 0.8132
055 179 0.9704
032 130 0.2186
032 120 0.1543
147 547 0.0020
121 3.06 0.0059.
122 421 0.0098
144 521 0.0021
141 512 0.0026
140 538 0.0034
210 8.07 3.95E-05.
182 6.15 0.00010
146 3.85 0.0005
0.76 184 0.4613
0.75 182 0.4998
068 171 0.7462
0.63 156 0.9691
0.10 594 0.8085
055 154 0.7543
052 148 0.6161

Triple-positive (n1=48)

0.66 162 0.8965
052 119 0.2528
0.68 1.64 0.8134
036 142 0.3317
039 147 0.4194
0.65 193 0.6754
202 843 0.00010
103 250 0.0387

220 811 1.52E-05
292 13.38 2.40E-06
292 13.38 2.40E-06
3.26 15.56 8.36E-07
3.86 17.72 5.41E-08
4.27 18.22 4.04E-09
172 407 8.70E-06

053 124 0.3305
051 122 0.2923
055 1.30 0.4446
119 266 0.0052
0.15 9.44 0.8749
0.63 165 0.9453
061 163 0.9965

Triple-positive (n1=62)

061 137 0.6676
058 1.18 0.3041
0.74 159 0.6773
073 185 0.5240
056 155 0.7893
053 143 0.5896
4.20 13.37 9.43E-12
105 218 0.0273

5.14 14.56 4.36E-16
9.24 31.39 9.85E-20
9.24 31.38 1.02E-19
9.35 31.59 5.59E-20
10.03  30.69 1.01E-23
9.12 27.48 9.35E-23

121 250 0.0030
0.45 0.96 0.0285
0.45 0.96 0.0307
053 112 0.1743
069 148 0.9764
0.65 6.20 0.2284
0.37 099 0.0437
0.41 1.06 0.0884

Triple-positive (n=153)

.147996749
0.65 1.02 0.074030943
0.83 137 0.592226568
0.72 1.38 0.989830655
0.57 1.14 0.219048523
0.64 120 0.403196599
212 548 4.15€E-07
132 250 0.00025
193 457 7.97E-07
239 6.15 2.54E-08
235 6.04 3.71E-08
250 6.60 1.49E-08
345 9.14 3.77E-12
318 7.72 1.70E-12
184 348 1.20E-08
0.66 1.05 0.121264911
0.65 1.04 0.108646437
0.68 1.10 0.250866787
0.96 154 0.106200508
023 412 0.9623
0.62 1.09 0.164584737
0.62 110 0.189268602

0.179
0.465
0.286
0.151
0.105
0.116
0.140
0.349
0.151
0.140
0.140
0.128
0.151
0.174
0.337
0.465
0.454
0.405
0.326
0.012
0.233
0.221

0.287
0.435
0.309
0.098
0.109
0.170
0.174
0.304
0.207
0.185
0.185
0.185
0.217
0.255
0.351
0.359
0.348
0.337
0.447
0.011
0.234
0.217

0.157
0.326
0.180
0.163
0.163
0.157
0.185
0217
0.344

0.011

0.70
0.33
0.30
1.19
1.70
0.98
1.07
0.78
1.63
1.01
0.99
1.07
4.35
3.20
0.89
2.20
2.32
3.30
1.06
4.85
0.59
0.60

TERT- and IDH-m utated (n=9)

0.24
011
0.07
0.35
055
0.28
0.14
022
0.36
0.14
013
0.14
116
0.90
0.26
0.84
0.88
121
0.40
056
017
017

210
0.98
134
4.02
5.26
341
791
273
729
759
7.44
7.98
16.31
11.37
3.05
5.74
6.10
9.01
277
41.66
2.08
210

0.5278
0.0469
0.1160
0.7848
0.3545
0.9737
0.9512
0.6988
0.5264
0.9890
0.9927
0.9447
0.0291
0.0725
0.8474
0.1071
0.0875
0.0197
0.9101
0.1504
0.4101
0.4229

0.222
0.278
0.111
0.167
0.222
0.167
0.056
0.167
0.111
0.056
0.056
0.056
0.167
0.167
0.167
0.611
0.611
0.667
0.333
0.056
0.167
0.167

TERT- and IDH- mutated (n=21)

1.27
0.92
0.74
1.15
0.89
0.74
1.23
1.76
2.92
4.95
4.95
5.54
5.43
4.40
1.97
0.78
0.80
1.00
112
8.65
0.55
0.53

0.94
0.52
0.31
1.21
1.19
0.52
0.49
0.53
2.73
1.73
1.72
1.90
1.77
1.74
0.28
1.34
1.30
1.59
2.28
0.00
0.66
0.67

067
0.50
0.37
0.48
0.35
0.29
0.29
091
1.08
165
165
182
179
150
1.01
0.40
041
052
059
224
0.23
021

242
170
151
276
228
1.88
517
3.40
7.92
14.82
14.82
16.89
16.43
12.89
3.86
149
154
1.89
211
33.35
132
133

0.4655
0.7932
0.4138
0.7494
0.8096
0.5229
0.7778
0.0952
0.0348
0.0043
0.0043
0.0026
0.0028
0.0068
0.0478
0.4492
0.5027
0.9905
0.7264
0.0017
0.1817
0.1742

0.333
0.475
0.238
0.150
0.125
0.119
0.056
0.325
0.139
0.139
0.139
0.139
0.139
0.132
0.286
0.350
0.350
0.375
0.333
0.071
0.143
0.125

TERT- and IDH-m utated (n=6)

0.26
0.16
0.05
0.28
0.27
0.08
0.00
012
0.25
0.02
0.02
0.03
0.04
0.04
0.03
043
0.42
051
0.73
0.00
0.15
0.15

3.36
173
1.90
522
5.28
351
177.58
240
29.56
122.16
121.59
114.03
87.80
75.11
219
418
4.05
492
7.10
0.00
3.00
3.06

0.9188
0.2867
0.2080
0.8002
0.8180
0.5003
0.8122
0.4071
0.4094
0.8001
0.8038
0.7581
0.7746
0.7735
0.2233
0.6137
0.6528
0.4248
0.1539
0.9244
0.5910
0.6074

TERT- and IDH- mutated (n=36)

.63
0.42
031
0.62
059
0.38
0.37
0.80
1.09
127
124
135
219
171
0.90
0.70
0.71
091
0.77
223
031
0.30

177
1.08
1.02
222
215
151
3.87
256
5.54
7.42
729
7.88
11.61
8.59
2.89
181
1.85
234
201
21.04
113
113

0.845364843
0.101464136
0.057973991
0.628837565
0.718598582
0.43239464
0.7648
0.2211
0.0298
0.0129
0.0147
0.0085
0.00014
0.0011
0.1120
0.62549769
0.566662766
0.116525383
0.365862565
0.00079
0.110247969
0.111594198

0.056
0.276
0.130
0.111
0.111
0.111
0.148
0.143
0.250

0.067

OR 195 u9% [
118 080 1.72 0.4062
059 040 0.88 0.0084
118 080 1.74 0.4164
104 065 1.64 0.8793
094 057 153 0.7886
0.84 052 1.36 0.4816
399 224 7.12 2.68E-06
169 113 252 0.0105
292/172| 4.98 8.04E-05
335189 5.96 3.62E-05
3.18/1.79 5.65 7.58E-05
343193 6.10 2.63E-05
311171 564 0.00019
342202 578 4.68E-06
156 1.04 2.35 0.0337
151 105 217 0.0269
154 107 222 0.0217
164 114 237 0.0084
170120 2.42 0.0029
3.93/1.50  10.29 0.0054
095 062 1.45 0.8149
0.85 055 1.30 0.4476

OR 195 u95 P
0.85 057 1.28 0.4447
0.67 047 0.96 0.0280
0.80 053 1.20 0.2803
141 087 227 0.1617
148 094 2.36 0.0936
150 097 2.30 0.0662
2.34/1.09 5.04 0.0290
187 128 2.73 0.0012
309 153 6.24 0.0017
4.66 2.09 10.39 0.00017,
5.08 2.30 11.24 6.08E-05
5.79) 2,56 13.09 2.50E-05
5.90 2.64/ 13.19 1.58E-05
8.04 3.88 16.67 2.11E-08
2.32/158 3.40 1.81E-05
116 081 1.66 0.4309
111 077 1.60 0.5634
108 0.75 156 0.6779
189133 2.68 0.00034,
164 030 8.83 0.5646
056 0.34 0.92 0.0224
059 0.35 0.98 0.0421

OR 195 u95 P
0.82 062 1.08 0.1634
1.10 087 1.40 0.4215
099 0.76 1.29 0.9583
097 070 135 0.8577
0.84 059 1.19 0.3206
0.71 050 1.02 0.0613
556 344 9.00 2.82E-12
119 092 154 0.1754
471306 7.27 2.28E-12
9.62/ 5.66/ 16.38 7.00E-17
9.66 5.68 16.43 6.126-17
9.67 5.69 16.42 4.58E-17
8.70 5.26) 14.37 3.17E-17
8.22/5.04]13.43 3.70E-17
101 077 133 0.9558
089 070 1.14 0.3644
089 070 1.13 0.3289
096 0.75 1.22 0.7339
141110 1.80 0.0066
2.18/1.04 458 0.0384
0.90 067 1.20 0.4643
093 069 1.24 0.6025

OR

87
0.88 0.74 0.137229246
0.99 0.82 0.945717671
111 088 0.373910716
1.00 0.79 0.976467274
092 0.73 0.510354994
336 211 3.47E-07
1.831.40 0.00001,
3.041.99 2.60E-07
3.88 245 8.34E-09
3.85 2.44 6.08 7.79E-09
422 265 6.69 1.07E-09
404 253 6.45 5.15E-09
471311 7.6 3.326-13
193146 254 3.136-06
107 090 1.27 0428496317
106 089 1.26 0506219461
111 093 1.32 0.233749315
158133 1.88 1.87E-07
312 136 7.17 0.0072
0.84 068 1.03 0.097604356
0.84 0.68 1.04 0112924993

MAF_ca

MAF _ca

0.139
0.324
0.169
0.152
0.154
0.154
0.147
0.202
0.288

0.033

0.72
0.68
0.66
0.81
0.56
0.66
059
1.02
0.92
0.62
061
0.66
0.75
056
1.07
175
181
1.80
0.81
0.00
057
0.45

0.96
0.66
131
063
0.77
0.79
5.80
161
458
8.94
8.94
10.48
10.95
6.05
135
143
148
153
0.93
0.00
061
0.70

0.90
059
0.94
171
167
182
1.00
067
233
251
3.73
261
272
3.26
0.66
168
1.60
184
0.81
177
054
0.60

.89
0.64
1.06
1.08
1.06
114
233
149
217
233
228
252
293
218
128
159
159
1.69
0.87
0.00
059
0.62

Triple-negative (n=16)

031 166 0.4365
032 141 0.2977
0.27 165 0.3775
029 228 0.6846
017 186 0.3432
023 188 0.4392
0.08 437 0.6054
0.43 240 0.9666
022 389 0.9117
0.08 461 0.6421
0.08 450 0.6243
0.09 489 0.6847
0.10 5.70 0.7805
0.07 4.18 0.5706
0.43 265 0.8906
0.86 3.56 0.1236
0.89 3.70 0.1029
0.89 3.68 0.1043
038 175 0.5939
0.00 inf 0.9971
022 149 0.2488
016 1.28 0.1344

Triple-negative (n=52)

0.62 149 0.8632
0.44 098 0.0418
0.87 197 0.1958
032 127 0.1967
0.41 144 0.4137
0.44 141 0.4243
1.87 17.93 0.0023
105 247 0.0292
156 13.46 0.0057
231 34.67 0.0015
2.31 34.67 0.0015
2.69 40.86 0.00071
2.80 42.79 0.0006
1.92 19.06 0.00211
084 216 0.2209
096 213 0.0746
100 221 0.0523
103 227 0.0366
061 142 0.7300
0.00 inf 0.9973
036 1.05 0.0762
041 119 0.1879

Triple-negative (n1=40)

055 149 0.6826
0.37 094 0.0246
057 154 0.8056
103 285 0.0390
099 281 0.0553
111 297 0.0179
0.18 5.60 0.9973
039 116 0.1504
0.87 6.26 0.0931
0.59 10.66 0.2140
1.07 13.05 0.0393
0.63 10.80 0.1862
0.74 993 0.1305
1.03 10.31 0.0445
037 118 0.1625
1.08 263 0.0224
102 249 0.0388
118 286 0.0072
0.49 134 0.4078
040 7.78 0.4511
029 1.02 0.0567
033 111 0.1036

Triple-negative (n=108)

.65 1.21 0.451488339
0.49 0.85 0.001760354
0.79 142 0.689603742
0.74 157 0.706252125
0.73 155 0.743900754
0.80 161 0.466721062
099 550 0.0531
102 218 0.0395
098 4.82 0.0566
089 6.10 0.0847
0.87 5.99 0.0930
096 657 0.0597
109 7.90 0.0332
0.89 532 0.0869
0.84 195 0.2473
121 2.09 0.000869612

121 209 0.00084666
129 222 0.000150989
0.65 1.18 0.374926676
0.00 inf 0.9960
0.40 0.85 0.005332201
0.43 091 0.013214732

0.233
0.438
0.200
0.125
0.094
0.125
0.031
0219
0.063
0.031
0.031
0.031
0.031
0.031
0.188
0.563
0.563
0531
0.281
0.000
0.156
0.125

0.275
0.390
0.353
0.090
0.110
0.128
0.250
0.310
0.250
0.200
0.200
0.200
0.200
0.156
0.216
0.500
0.500
0.480
0.294
0.000
0.157
0.160

0.115
0.288
0.135
0.096
0.096
0.096
0.096
0.094
0.209

0.000

0.86
0.81
1.23
1.10
0.87
0.94
0.80
0.89
0.83
0.63
0.78
0.72
1.05
1.19
0.89
1.61
1.59
1.47
1.06
0.45
0.51
0.50

0.78
0.63
1.15
0.81
0.74
0.61
1.00
0.74
4.50
3.29
3.29
3.69
1.53
1.22
1.02
1.60
1.66
1.61
0.95
2.20
0.64
0.67

0.67
0.83
111
0.89
1.20
1.03
1.93
0.88
2.79
2.99
2.92
2.68
1.88
2.10
0.84
131
127
1.38
0.94
3.16
0.54
0.56°

0.73
0.74
1.14
0.89
0.95
0.85
0.81
0.78
117
0.85
0.98
0.96
1.06
112
0.97
1.50
1.49
1.50
0.98
1.46
0.58'
0.59

TERT- mutated-only (n=65)

0.57 130 0.4753 0.262
0.56 1.16 0.2469 0.454
0.83 1.83 0.2939 0.323
0.66 1.83 0.7125 0.146
0.51 150 0.6225 0.131
0.58 153 0.7933 0.162
0.32 197 0.6226 0.038
0.55 142 06174 0.185
0.38 1.83 0.6483 0.055
0.23 173 0.3661 0.031
0.31 196 0.5969 0.038
0.26 199 05322 0.031
041 270 09172 0.038
0.54 262 0.6684 0.055
0.54 147 0.6445 0.154
111 234 0.0114 0.547
1.10| 2.30 0.0146 0.531
1.02| 213 0.0397 0.492
0.73 154 0.7653 0.346
0.06 3.41 0.4367 0.008
0.31 0.86 0.0105 0.146
0.30 0.84 0.0087 0.139

TERT-mutated-only (n=156)

0.59 1.02 0.0726 0.236
0.50 0.80 0.0002 0.383
0.90 147 0.2755 0.319
0.56 117 0.2629 0.114
0.51 1.07 0.1134 0.107
0.42 0.89 0.0111 0.103
0.13 7.62 0.9973 0.045
0.54 101 0.0544 0.172
1.40 14.47 0.0117 0.182
0.68 16.02 0.1397 0.091
0.68 16.02 0.1397 0.091
0.76 18.06 0.1065 0.091
0.19 12.49 0.6891 0.045
0.35 4.19 0.7564 0.043
0.75 138 0.9110 0.171
1.26) 2.02 9.46E-05 0.526
1.31] 2.09 2.63E-05 0.526
1.27| 2.03 7.26E-05 0.490
0.74 122 0.7084 0.300
0.87 5.58 0.0955 0.021
0.47 0.88 0.0054 0.161
0.49 0.92 0.0139 0.152

TERT- mutated-only (n=150)

0.51 0.89 0.0052
0.66 1.04 0.1100
0.87 142 0.4070
0.64 125 0.5084
0.88 1.62 0.2469
0.76 139 0.8645
0.97 3.83 0.0607
0.67 114 0.3287
1.71 456 4.14E05
145 6.15 0.0030
141 6.04 0.0038
1.27 5.66 0.0096
0.86 4.11 0.1142
1.02 431 0.0436
0.64 111 0.2206
1.04) 165 0.0222
1.01 1.60 0.0410
1.09 173 0.0065
0.73 122 0.6575
1.73 575 0.0002
0.39 0.75 0.0002
0.40 0.77 0.0004

TERT-mutated-only (n=371)

0.61 0.87 0.000469603
0.63 0.85 5.11679E-05
0.97 1.33 0.108715066
0.72 111 0.306455498
0.77 118 0.634222406
0.69 1.04 0.118139005
0.35 185 0.6097 0.039
0.61 101 0.0607 0.176
0.62 220 0.6360 0.073
0.37 196 0.6959 0.039
045 215 0.9662 0.046
041 220 0.9149 0.039
0.45 250 0.8899 0.039
0.57 217 0.7468 0.051
0.75 126 0.8282 0.166
129 174 1.21E07

1.28| 1.73 1.39E-07
129 174 7.79E-08
0.84 115 0.810306498
0.65 3.30 0.3637 0.017
0.47 0.71 2.03E07
0.48 0.73 5.90E-07

OR
0.83
0.70
1.09
1.05
0.87
0.84
2.05
135
179
185
1.88
195
2.32
2.36
139
150
1.49
149
121
164
0.74
0.69

OR
0.89
0.68
1.05
0.89
0.89
0.87
2.86
123
3.76
5.14
5.28
6.00
5.87
4.88
1.56
129
131
132
121
184
0.66
0.70

OR
0.79
0.88
1.03
1.04
107
0.95
3.97
1.04
4.30
7.04
7.16
6.94
6.27
6.17
0.99
1.06
1.04
115
110
2.44
0.67
0.70

OR

.82
0.77
1.05
1.00
0.96
0.90
2.32
131
231
2.67
2.70
2.88
329
311
153
123
122
127
117
176
0.69
0.70

All Mayo Gliomas (n=207)

195 u95 P MAF _ca
0.65 1.06 0.1399 0.261
056 0.88 0.0026 0.440
0.85 140 0.4785 0.293
078 141 0.7603 0.155
063 119 0.3732 0.133
062 113 0.2429 0.150
137 3.05 0.00042 0.101
104 174 0.0222 0.266
125 258 0.0017 0.119
124 277 0.0027 0.094
126 280 0.0020 0.097
129 295 0.0016 0.092

154 351 6.47E-05 0.097
163 341 4.98E-06 0.126

106 181 0.0165 0.234
120 187 0.00042 0.522
119 187 0.00046 0.512
119 187 0.00047 0.485
097 152 0.0886 0.374
0.77 350 0.2035 0.024
057 0.98 0.0334 0.201
052 091 0.0087 0.186

All UCSF Gliom as (n=342)

195 u95 P MAF _ca
0.74 1.07 0.2019 0.257
058 0.81 5.10E-06 0.399
0.88 1.25 0.5684 0.306
070 114 0.3603 0.121
070 113 0.3357 0.124
069 1.10 0.2444 0.138
167 489 0.00012 0.132
102 149 0.02917 0.251

229 619 177607 0.184
288 9.16 2.92E-08 0.164
297 939 1.50E-08 0.167
3.31 10.88 3.69E-09 0.167
3.28 10.50 2.45E-09 0.177
297 803 407610 0.184
129 188 5.53E-06 0.237

110 152 00021 0473
111 155 00012 0.468
112 155 00010  0.443
103 143 00222 0.352
087 3.87 01104  0.018
054 082 000017  0.166
056 0.87 00011  0.159
All TCGA Gliomas (n=397)
195 u95 P MAF _ca
066 093 0.0049
076 1.02 0.0843
088 121 0.6920
086 127 0.6707
083 130 05167
078 115 05917
282 561  415E15
089 122 06102

324 570 4.04E-24
4.88 10.14 1.26E-25
4.98 10.30 2.65E-26
4.82 10.00 267E25
445 884 1.13E25
442 862 1.27E-26

084 117 0.8902
092 122 0.4359
090 1.20 0.5990
099 133 0.0623
095 129 0.2121

159 3.76 5.04E-05
055 081 3.70E-05
0.58 0.85 0.00023

All Gliom as (n=946)
195 g5 P MA
.73 0.
070 085 178507
095 117 0.356847182
087 115 0976557072
084 110 0584607087
079 1.03 0.129830743
170 316  104E07 0.114
113 152 0.0004 0257
175 305  400E09  0.146
195 364  760E10  0.123
198 369 353610 0.125
200 396  761E1L  0.123
239 453  309E13  0.130
233 413 712615  0.153
131 178 853508  0.236
111 135 3.59349E05
111 134 5.15039E05
116 140  8.88E07
106 129 0.001966601
103 299 00379 0021
061 078 523500
062 080  351E08

For the data displayed for the individual Mayo Clinic, UCSF AGS, and TCGA/MayoGC case-control studies,

the bold cells indicate SNPs that are significant inat least 2 ofthe 3individual case-control studies at the 0.05 level (i.e., Mayo + UCSF + TCGA; Mayo +UCSF; Mayo + TCGA; or UCSF + TCGA). For the data displayed in the

combined analysis, the bold cells indicate p-values<0.0011 (Bonferroni correction 0.05/45). The combined analysis used the data for all 3 case-control studies except for the chromosome 8 and 17 SNPs, where only the Mayo Clinic and UCSF AGS case-control studies were combined (these SNPs have low minor allele frequency
and thus we did not trust the estimated odds ratios thatwere obtained from the imputed results in the TCGA/MayoGC data). Because the TGGA/MayoGC case-control data were imputed and the resultant gene dosage was analyzed, the TCGA/MayoGC MAF is not reported. OR, 195 and u95 denote odds ratioand the lower and

upper 95%

limits foreach

parison; infindicates that the upper 95% Clwas infinity. MAF_ca and MAF_co denote the minor allele frequencies for the cases and controls, respectively, in the Mayoand UCSF AGS case-control studies.
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Table S6: Association of 22 SNPs in 9 independent regions known to be associated with glioma in the Mayo Clinic cases, stratified by TCGA GBM RNA expression subtypes*

Mayo Clinic (controls n=789)

Classical (n=22)

Mesenchymal (n=52)

Neural (n=13)

Proneural (n=62)

chr snp bp al MAF co OR 195  u95 p MAF cal] OR 195  u95 p MAF ca OR 195 u95 p MAF ca OR 195  u95 p MAF ca
3 rs1920116 169579971 A 0.298( 0.52 0.24 1.13 0.09934 0.182( 121 079 1.85 0.3906 0.337( 1.00 0.41 2.39 0.9933 0.292( 0.73 0.48 1.13 0.1568 0.234
5 rs2736100 1286516 A 0.518( 1.01 055 1.85 0.9819 0.523( 0.93 0.62 1.40 0.7233 0.490( 1.40 0.60 3.26 0.4318 0.615( 0.47 0.32 0.71 0.0003166 0.363
7 rs2252586 54978924 A 0.276( 1.00 0.51 1.94 0.9914 0.273( 093 059 147 0.7517 0.265( 0.80 0.32 2.01 0.6309 0.231 129 0.86 1.93 0.2169 0.328
7 rs6969537 55082418 A 0.145( 1.81 0.88 3.72 0.1061 0.227( 053 0.26 1.10 0.08882 0.077( 0.70 0.21 2.28 0.5542 0.115( 1.46 093 2.29 0.0984 0.210
7 rs1015793 55114316 G 0.151| 1.45 0.68 3.08 0.3374 0.205( 0.49 0.24 1.03 0.0601 0.077( 0.00 0.000f 1.34 0.83 214 0.2293 0.194
7 rs11979158 55159349 G 0.174 1.39 0.69 281 0.3593 0.227( 059 031 111 0.09897 0.106( 0.18 0.02 1.36 0.09755 0.038( 117 0.74 1.85 0.5049 0.202
8 rs72714236 130468065 A 0.051| 1.45 046 4.58 0.5292 0.068( 0.95 0.38 2.38 0.9191 0.048( 2.29 0.66 7.89 0.1907 0.115( 3.10 1.76 5.45 0.00008439 0.145
8 rs891835 130491752 C 0.208( 1.47 074 2.93 0.2767 0.273[ 125 0.78 2.02 0.3494 0.240( 0.92 0.34 2.50 0.8698 0.208( 1.80 119 271 0.005207 0.325
8 rs72714295 130569398 A 0.066 0.79 0.19 3.28 0.7447 0.048( 131 0.64 2.65 0.4583 0.087( 2.24 0.77 6.50 0.1375 0.154 2.46 1.44 4.23 0.00106 0.153
8 rs72714302 130588045 C 0.049( 1.02 0.25 4.13 0.9812 0.045( 155 0.73 3.29 0.2517 0.077( 2.27 0.68 7.55 0.18 0.115( 3.09 1.76 5.42 0.00008043 0.145
8 rs72716319 130599332 G 0.050( 1.02 0.25 4.3 0.9826 0.045( 154 0.73 3.27 0.2595 0.077 2.20 0.66 7.34 0.202 0.115( 3.02 1.73 5.30 0.0001101 0.145
8 rs72716328 130606932 A 0.046( 0.60 0.08 4.19 0.6034 0.023( 1.71 0.81 3.62 0.1607 0.077 234 0.71 7.76 0.1638 0.115( 291 161 5.25 0.000384 0.129
8 rs147958197 130631395 G 0.041( 1.38 0.32 5.93 0.667 0.045( 1.73 0.76 3.93 0.192 0.067 3.98 1.30 12.20 0.01568 0.154 3.12 169 5.75 0.0002768 0.121
8 rs55705857 130645692 G 0.052( 1.04 0.26 4.20 0.9604 0.045( 154 0.73 3.27 0.2608 0.077 2.85 0.95 8.54 0.06109 0.154( 357 211 6.05 2.31E-06 0.177
8 rs4295627 130685457 C 0.176( 0.79 0.33 1.91 0.6041 0.136( 1.05 0.62 1.76 0.8589 0.183( 1.35 0.53 3.44 0.5327 0.231| 1.64 107 250 0.02258 0.266
9 rs1063192 22003367 G 0.427( 2.66 137 5.16 0.003997 0.667 1.66 1.10 2.50 0.01476 0.548( 2.22 0.99 4.98 0.05335 0.615( 1.03 0.71 1.50 0.8677 0.427
9 rs2157719 22033366 G 0.419( 241 127 457 0.00708 0.636( 1.82 120 274 0.004524 0.558 2.74 1.19 6.29 0.01747 0.654 1.07 0.73 1.56 0.727 0.427
9 rs4977756 22068652 G 0.392( 2.39 128 4.49 0.006501 0.614( 1.83 121 275 0.003899 0.539( 2.24 1.00 5.02 0.04906 0.577 0.96 0.65 1.43 0.8502 0.375
11 rs498872 118477367 A 0.329( 1.24 0.67 2.29 0.4885 0.386( 1.03 0.68 1.55 0.8968 0.337 1.28 0.58 2.79 0.5406 0.385( 1.33 0.92 1.92 0.13 0.395
17  rs78378222 7571752 C 0.016( 0.00 0.000( 0.64 0.08 4.86 0.6662 0.010( 2.76 0.34 2267 0.3438 0.038( 1.68 0.49 5.81 0.4129 0.024
20 rs6010620 62309839 A 0.247( 031 011 0.88 0.02808 0.091 0.58 0.34 1.00 0.04937 0.164( 1.12 0.46 2.72 0.8063 0.269( 1.10 0.72 1.67 0.6735 0.266
20 rs2297440 62312299 A 0.243( 0.33 012 0.92 0.03438 0.091 0.56 0.32 0.96 0.03674 0.154( 0.92 0.36 2.33 0.8563 0.231| 1.02 0.66 1.56 0.9419 0.250

*Colored cells indicate SNPs that had a p-value<0.0014 (=.05/36; Bonferroni correction for testing 9 regions across 4 groups). OR, 195 and u95 denote odds ratio and the low er and upper 95% confidence limits for each comparison. MAF_ca and
MAF_co denote the minor allele frequencies for the cases and controls, respectively.
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