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Figure S1B
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Figure S1C
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Figure S1 related to Figure 1: Cluster analysis of tumor mRNA, miRNA, and IncRNA

A. An mRNA consensus membership heatmap for 11,000 most variable genes identified
kmeans consensus matrix for a 6-cluster solution. Clusters 1 and 2 were enriched for
ccRCC, cluster 3 and 6 were enriched for PRCC, and cluster 5 was enriched for ChRCC.
Cluster 4 contained a mixture of histologies including ccRCC, Type 2 PRCC, ChRCC,
and the majority of CIMP-RCC. Overall survival was compared between clusters using a
Log-rank test.

B. Unsupervised consensus clustering of miRNA expression profiles for 811 Pan-Kidney
primary tumor samples. The input was RPMs taken from from a batch-corrected Pan-
Cancer dataset of 734 mature strands, for 367 miRNA-seq mature strands that were the
union of the most-variable 25% in freeze members from each original primary tumor
cohort. A consensus membership heatmap for an 6-cluster solution, with a “‘delta’ plot,
was used to produce a normalized abundance heatmap for the 6-cluster solution. Below
the heatmap is a silhouette width profile (Wcm) calculated from the consensus
membership, then covariate tracks, then a table of cluster membership. miRNAs listed to
the right are a subset of the 213 in the heatmap. Association p values to the right of the
covariate tracks are Chi-square or Fisher exact, uncorrected for multiple testing. A
Kaplan-Meier plot for overall survival is shown. Comparison of miRNA profiles across
the ~9,000 PanCanAtlas samples demonstrated a distinct separation of RCC samples
from other cancers.

C. An unsupervised consensus clustering of IncCRNA expression profiles for 833 pan-kidney
tumor samples was produced using IncRNA profiles calculated from RNAseq data using
Ensembl v82 (Sept 2015) gene annotations. A selection of 499 highly variant IncRNAs
were used to create a consensus membership heatmap for an 8-cluster solution, with a
‘delta’ plot. A normalized abundance (FPKM) heatmap for the 8-cluster solution was
produced for 178 highly variant IncRNAs with mean FPKM > 5. Below the heatmap is a
silhouette width profile calculated from the consensus membership, and a covariate track
showing tumor types, with KIRC=blue, KICH=yellow and KIRP=red.
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Figure S2A
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Figure S2C

p-value = 0.0254

p-value <0.0001 p-value <0.0001

1300 1
1100 1 °
900 1 .
700 o ° °
500 1
300 1

00000
000
oo
-]

250 1 o °

Mutations

200 1

150 1

100 1

50 1

s

Type 1 Type 2 CIMP Uncl.
PRCC PRCC RCC PRCC

ccRCC PRCC ChRCC

Figure S2D

HIF Pathway mutation in ccRCC

e i

TCEBL i
HIF1A ||

EPAS1 | | | 0.6%
TCEB2 | | 0.4%
EGLN2 | 0.2%

O =<
A+ -1

0.9%
0.9%

CUL2
EGLN1
RBX1

Page 7

| 0.2%
| 0.2%
0.0%
56.8%

Figure S2



Figure S2D (cont.)
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Figure S2D (cont.)
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Figure S2F
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Figure S2 related to Figure 2: Somatic and Mitochondrial Mutation Analysis

A. An oncoprint for the 16 significantly mutated genes identified across the three individual
analyses of the TCGA KIRC (indicated in green), KIRP (indicated in blue), and KICH (indicated
in purple) projects. Mutations were colored blue for missense mutations and in-frame
insertion/deletions, crimson for splice mutations, and red for nonsense and frameshift
insertion/deletions. Number and percentage of mutation are shown for each RCC subtype and in
total. The PRCC samples are sub-classified into Type 1 PRCC (light blue), Type 2 PRCC
(orange), CIMP-RCC (red), and unclassified PRCC (gray).

B. Overall survival comparing samples with and without SMG mutation both within the major RCC
subtypes and across the cohort were calculated using a Log-rank test and tabulated.

C. Abox and whisker plot of the mutation number per tumor for the three major RCC subtypes,
ccRCC (green), PRCC (blue), and ChRCC (purple) and the PRCC subtypes, Type 1 PRCC (light
blue), Type 2 PRCC (orange), CIMP-RCC (red), and unclassified PRCC (gray). Mutation
number was compared between RCC subtypes using a T-test.

D. Oncoprints for the HIF pathway, HIPPO signaling pathway, NRF2/ARE pathway, PI3K/AKT
pathway, and the chromatin remodeling pathways. Mutations were colored blue for missense
mutations and in-frame insertion/deletions, crimson for splice mutations, and red for nonsense
and frameshift insertion/deletions. The three major RCC subtypes were color-coded green for
ccRCC, blue for PRCC, and purple for ChRCC and the PRCC samples were sub-classified into
Type 1 PRCC (light blue), Type 2 PRCC (orange), CIMP-RCC (red), and unclassified PRCC
(gray).

E. Overall survival comparing samples with and without PISBK/AKT pathway mutation within the
major RCC subtypes was calculated using a Log-rank test.

F. Somatic mitochondrial mutations were categorized by amino-acid change, frequency, and degree
of heteroplasmy. Piecharts were produced to demonstrate the breakdown of mtDNA mutation
classes within the three major RCC subtypes and the percentage of significant mutations.
Comparisons of mitochondrial genome copy number between mutated and non-mutated samples
were performed using unpaired T-tests and demonstrated significantly higher amounts of mtDNA
within the mutated samples.
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Figure S3A
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Fisher's exact test in ccRCC for stage vs. methylation

Stage I-1l Stage IlI-IV Total

Cluster 1 70 112 182
Cluster2& 3 204 84 288
Total 274 196 470
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Fisher's exact test in PRCC

han 0.0001

Stage I-1l Stage IlI-IV Total
Cluster 1 7(6) 33(24) 40(30)
Cluster2& 3 178 31 209
Total 185 (184) 64 (55) 249 (239)

The two-tailed P value is less tl

Fisher's exact test in ChRC

han 0.0001 both with and without CIMP

C for stage vs. methylation

Stage I-1l Stage IlI-IV Total
Cluster 1 3 13 16
Cluster2& 3 52 12 64
Total 55 25 80

The two-tailed P value is less tl

Fisher's exact test in ccRCC for SETD2
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SETD2 Mt. | SETD2 Wt. Total

Cluster 1 43 134 177
Cluster2 & 3 17 257 274
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Fisher's exact test in Type 2 PRCC for PBRM1 mutation vs. methylation

PBRM1 Mt. PBRM1 Wt. Total
Cluster 1 7 23 30
Cluster2& 3 1 45 46
Total 8 68 76

The two-tailed P value equals 0.0053

for stage vs. methylation (without CIMP samples) Fisher's exact test in Type 2 PRCC for SETD2 mutation vs. methylation

SETD2 Mt. SETD2 Wt. Total
Cluster 1 9 21 30
Cluster2& 3 4 42 46
Total 13 63 76

The two-tailed P value equals 0.0270

Fisher's exact test in Type 2 PRCC for SETD2/PBRM1 mutation vs. methylation

SETD2/PBRM1 Mt. SETD2/PBRM1 Wt. Total
Cluster 1 10 20 30
Cluster2& 3 4 42 46
Total 14 62 76

The two-tailed P value equals 0.0133

Fisher's exact test in ChRCC for

TP53 mutation vs. methylation

TP53 Mt. TP53 Wt. Total
Cluster 1 9 7 16
Cluster2& 3 14 50 64
Total 23 57 80

The two-tailed P value equals 0.0119
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Figure S3C
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Figure S3 related to Figure 3: Methylation Cluster Analysis

A

Overall survival comparing samples within methylation cluster 1 to samples in other methylation

clusters for PRCC and the Type 1 and Type 2 PRCC subtypes using a Log-rank test.
B. Association of stage and somatic mutation of SETD2, PBRM1, and TP53 with methylation
cluster patterns using Fisher’s exact testing.
C. Box and whisker plots of the p—values for two selected Illumina probes within the CpG islands of
the DKK1 and SFRP1 genes across the three methylation clusters, cluster 1 (light blue), cluster 2
(yellow), and cluster 3 (light purple). Comparison of B—values across clusters was performed

using a T-test.

D. Overall survival comparing samples with and without DKK1/SFRP1 methylation within the
PRCC tumors minus the CIMP-RCC samples calculated using a Log-rank test.
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Figure S4A
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Figure S4A (cont.)
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Figure S4A (cont.)
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Figure S4 related to Figure 5: RCC Tumor

Metabolic Analysis

A. Box and whisker plots for metabolic gene
signatures for the three major RCC subtypes,
ccRCC (green), PRCC (blue), and ChRCC
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B. Overall survival comparing the higher 50% expressing samples with the lower 50%
expression samples for the AMPK, PDC activation and Ribose Sugar Metabolism gene
signatures in ccRCC and PRCC were calculated using a Log-rank test.
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Figure S5A
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Figure S5B

Histology for ChRCC Metabolic Outliers (Cancer Digital Slide Archive)
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Figure S5 related to Figure 5: ChRCC Metabolic Analysis

A. Clinical, metabolic, and copy number data for the metabolically divergent ChRCC (Pink) in
comparison to the remaining ChRCC samples (purple). The metabolic gene signatures
demonstrated lower expression (blue) for the Krebs and ETC complex signatures. For copy
number analysis, blue represents loss and red represents gain of chromosomal copy number

B. Pathology images downloaded from the Cancer Digital Slide Archive
(http://cancer.digitalslidearchive.net/) for the the metabolically divergent ChRCC tumors.
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Figure S6A

TCGA_KIPAN by Classification
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Figure S6B

TCGA Papillary Subtypes
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Figure S6C

Figure S6D
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Figure S6E
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Figure S6 related to Figure 6: Immune Expression Profile Analysis

A. Expression of immune gene signatures were calculated from the RSEM (RNA-seq by expectancy
maximization) upper quartile normalized gene expression data for ccRCC, PRCC, and ChRCC
samples. Differential expression for each gene signature was analyzed between the major kidney
cancer subtypes by 1-way analysis of variance and p-values were adjusted for multiple testing
using the Benjamini-Hochberg procedure. Differentional expression of immune gene signatures
demonstrated nearly ubiquitous upregulation in ccRCC compared to PRCC and ChRCC, except
for the Th17, IL-8, and CD56bright NK cell gene signatures.

B. Differential expression for each gene signature was additionally analyzed between four defined
PRCC subtypes consisting of 10 CIMP-RCC, 160 Type 1 PRCC, 69 Type 2 PRCC, and 34
Unclassified PRCC samples.

C. T cell receptor (TCR) profiling software MiXCR v1.7.1 was used to identify TCR clonotype
expression in ccRCC, PRCC, and ChRCC samples. Differentially expressed TCR clonotypes
(Fisher’s exact testing) which were expressed in at least 2 samples are shown. Analysis
demonstrated patterns of subtype specific TCR clonotype expression, suggesting possible
variation in T cell response among ccRCC, PRCC, and ChRCC.

D. To determine the prognostic value of each immune gene signature, Cox proportional hazards
(coxph) models were fit with signature expression value as the predictor and overall survival as
the response variable. In accordance with previous findings, gene signatures which were
significantly correlated with survival were largely associated with reduced survival, including
those signatures which represented T cells, B cells, macrophages, dendritic cells, and NK cells.

E. Overall survival comparing the higher 50% expressing samples with the lower 50% expression
samples for the Th17 immune gene signatures in ccRCC and ChRCC were calculated using a
Log-rank test.
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