
Figure S1: Inference of Aneuploid Genome Proportion and its goodness-of-fit measures. A. BAF-LRR plot for an
idealized sample with 100% aneuploid cells. The axes are as defined as in Figure 1. Canonical positions representing
integer combinations of (NB, NA+NB) are marked with red stars, with red dashed lines indicating the contraction
paths when AGP is less than 100%. B. A hypothetic sample with AGP=0.6, with canonical points showing concerted
contraction toward (1,2), the position of a normal diploid segment. C. AGP versus the PoP (Percent-on-Point), i.e.,
the fraction of CNA segments accounted for by canonical positions in the optimal mixing model. D. AGP versus the
CI (Confidence Interval), defined as the range between the 2.5- and 97.5- percentiles in repeated runs of AGP
estimates. Values were for GBM1 samples.



Figure S2: Histolopathological estimates of tumor purities versus AGP. Comparison of AGP and clinically recorded
"percent tumor cell"(upper panel) and "percent tumor nuclei" (lower panel) showing large deviations in manypercent tumor cell (upper panel) and percent tumor nuclei (lower panel), showing large deviations in many
samples and generally higher estimates of tumor content in clinical records.



Figure S3: Relationship between AGP and gene expression pattern in ovarian cancer (OV).  TCGA OV samples 
(n=504) were analyzed and the gene expression PC1-PC2 plot showed an AGP gradient similar to that in Figure 1C(n=504) were analyzed, and the gene expression PC1 PC2 plot showed an AGP gradient similar to that in Figure 1C. 



Figure S4: PCA plots for CNA and CNA-MicroRNA joint analysis. A. PC1-PC2 plot of average DNA copy number in
811 cytobands, with AGP indicated by bubble size and samples colored by the four-class assignment in Verhaak et al.,
showing the split of the Proneural subtype (purple). B. Scatter plot of PC1 of CNA (y) and PC2 of microRNA
expression data (x).



Figure S5: Principal component analyses of gene expression and CNA data for GBM2. A. PC1-PC2 plot for total DNA
copy number data of 154 samples in GBM2, averaged in each of 811 cytobands, with AGP indicated by bubble size. B.
PC1 PC2 plot for expression profiles in 1740 genes for the same samples in A Patterns for both CNA and genePC1-PC2 plot for expression profiles in 1740 genes for the same samples in A. Patterns for both CNA and gene
expression data were similar to the corresponding plots for GBM1 as shown in Figure 1C and Figure 2C. C. Joint use
of DNA and gene expression data identified 15 ANon-Proneural tumors in the GBM2 cohort, similar to the results for
GBM1 as shown in Figure 2C-D.



Figure S6: Clustering pattern of three data types: PC1 of copy number data, PC1 of expression data, and PC2 of
methylation data.



Figure S7: Classification of Non-Proneural GBM tumors. A-B. Heatmaps of the cross-correlation matrices between
samples in GBM1 (left to right) and samples in GBM2 (top to bottom), for all Non-Proneural GBM tumors used in the
first stage (A) and for one of the two subclasses discovered in the first stage (B) Consensus clustering wasfirst stage (A), and for one of the two subclasses discovered in the first stage (B). Consensus clustering was
separately performed on both datasets with K = 2, with K = 3, 4 shown in Figure S8. Samples were ordered by the
two-class assignment, as indicated by the two-color segments in the sidebar: vertical bar for GBM2, and horizontal
bar for GBM1. The original four-class assignment from Verhaak et al. (2) was indicated in the four-color sidebar at
the bottom. C-D. Three-dimensional PC1-3 plots of gene expression data for Non-Proneural samples in GBM1 (C)
and GBM2 (D), showing coherent grouping of the three classes defined in A and B.



Figure S8: Cross-correlation analysis of GBM1-GBM2 at K=3 and 4. These plots complement Figure S5A-B, which
showed k=2. Shown are heatmaps of the cross-correlation matrices between samples in GBM1 (left to right) and
samples in GBM2 (top to bottom), for all Non-Proneural GBM tumors used in the first stage at k=3 (A) and k=4 (B),
and for the non-Mesenchymal class discovered in the k=2 first stage analysis, at k=3 (C) and k=4 (D). Samples were
ordered by the three-class or four-class assignment, as indicated by the colored segments in the vertical bar for
GBM2, and horizontal bar for GBM1. The original four-class assignment from Verhaak et at. was indicated in the
four-color sidebar at the bottom. These plots revealed no clear one-to-one mapping between GBM1and GBM2 for
either K=3 or K=4. C-D). The quality of mapping between batches can be quantified by the difference of average
Pearson’s r for diagonal and off-diagonal sample pairs, which are 0.428, 0.362 and 0.242 for K=2, 3, 4, respectively,
for the first step analysis of all Non Proneural tumors and 0 442 0 313 and 0 256 for K=2 3 4 respectively for thefor the first step analysis of all Non-Proneural tumors, and 0.442, 0.313 and 0.256 for K=2, 3, 4, respectively, for the
second step analysis of Non-Mesenchymal samples.
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Figure S9: Comparison between the revised and the previous GBM classification systems. A. Cross-tabulation
("Confusion matrix") of samples between the current four-class assignment and that reported in Verhaak et al. (2)
for TCGA samples. B. Cross-tabulation between the current four-class assignment and that reported in Phillips et al.
(7). C. Correspondence of different classes across two datasets and the revised and previous classifications. Arrow
width is proportional to the number of samples matched.



Figure S10: Cross-correlation analysis between GBM1 and Phillips' dataset at K=2, 3 and 4. Correlation matrices for
the first stage classification (A, B, and C, for k=2, 3, 4 respectively) and second stage (D, E, and F, for k=2, 3, 4
respectively), with procedures and sidebar labels similar to those shown in Figure S7.



Figure S11: PCA plots for 46 Non-Proneural GBM samples in Phillips' dataset. The same PC1-PC2 scatter plot,
generated using 584 genes highly correlated with survival time was shown in both A and B and colored by thegenerated using 584 genes highly correlated with survival time, was shown in both A and B, and colored by the
three-class assignment defined in this work (A) or the original Proliferative-Mesenchymal assignment by Philipps et
al. (B), showing more coherent separation in A.
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Figure S12: Survival time differences between GBM subtypes, compared between the current and previous
classification systems. P values of pairwise survival time comparisons among the four classes defined in this work
(upper table) and those defined in Verhaak et al. (lower table) were calculated from the log-rank test, showing
greater differences in outcome among the revised classes.

CL 0.18
ME -



Original (n=128), PN as reference
HR p

Age 1.030 0.0001
KPS 0 925 0 043

Revised (n=128), PN-G-CIMP+ as reference
HR p

Age 1.017 0.042
KPS 0 957 0 26

A B

KPS 0.925 0.043
Classical 0.898 0.68

Mesenchymal 1.118 0.67
Neural 0.738 0.33

KPS 0.957 0.26
Classical 1.478 0.25

Mesenchymal 2.279 0.016
Proliferative 3.293 0.0018

C D
Revised (n=108), Classical as reference

HR p
Age 1.025 0.013
KPS 0.946 0.17

Mesenchymal 1.393 0.22
Proliferative 1.958 0.029

Original (n=98), Classical as reference
HR p

Age 1.037 0.000015
KPS 0.932 0.044

Mesenchymal 1.071 0.73
Neural 0.68 0.12

Figure S13: Cox proportional hazard regression analysis with GBM subtypes as covariates, along with age
and Karnofsky performance scores (KPS). A. Hazard ratios (HR) and P-values (P) reported for Cox regression
on 4 revised subtypes, 128 GBM1 samples, with Proneural/G-CIMP+ as the reference category. B. Similar
analysis as in A, but using the 4 previously reported subtype assignments, with the former Proneural group
as reference. C. Restricting the analysis in A to the 3 non-Proneural subtypes (i.e., excluding Proneural/G-

) f l h l l f l l hCIMP+), for 108 GBM1 samples, with Classical as reference. D. Similar analysis as in C, restricting to the 3
previously designated non-Proneural subtypes (excluding the former Proneural group), 98 GBM1 samples,
with the former Classical group as reference.



Figure S14: Four clusters formed by the 38 reference samples in the Cahoy’s dataset. Principal component analysis
revealed four well-separated clusters for the 38 samples, corresponding to the four known cell types. OL:
Oligodendrocyte; NE: Neuron; AS: Astrocyte; CA: Cultured Astroglia.


