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Supplementary Figure Legends

Supplementary Figure S1: Graphical representation of the ExInAtor workflow. The objective of this
algorithm is the creation of a local background region with identical trinucleotide content to the
exons of a given gene. As an example we take a hypothetical single-exon IncRNA gene. (A)
Upstream and downstream regions within the window size are defined as background regions. All
the trinucleotides in the exon region are counted. The mutations (indicated by *) in the central
nucleotide positions of each trinucleotide are counted. Colours indicate the four nucleotides in the
exon. Background region nucleotides are not coloured. For brevity, only four trinucleotide
combinations are shown. (B) Next, an iterative sampling is performed. A set of trinucleotides,
identical to the exonic trinucleotide set, are randomly sampled from the background region. This
operation is repeated, without replacement of the central nucleotide (red “X”), until it is no longer
possible to extract the appropriate set of trinucleotides. (C) The total number of nucleotide positions
and mutations are counted for the exon region and the sampled background region. These values are
used for the contingency table analysis shown in Figure 1.

Supplementary Figure S2: Ratio of exonic to background mutation density.

Supplementary Figure S3: Quantile-quantile (“QQ”) plots for all analyses. Grey dots represent the P
values obtained in the two simulations. The black and coloured dots correspond to the P values
calculated in the real dataset.

Supplementary Figure S4: Histogram of predicted candidates in Breast across the 100 iterations of
shuffling analysis. First, all IncRNAs randomly placed in a new position within the whole genome,
while maintaining exon-intron structure. Then ExInAtor was run, with same settings as described,
using real mutations from Breast. Shown are the number of predicted candidates at a cutoff of
FDR<0.1. The number of predicted candidates using real gene locations is 3, greater than 97% of
simulations.



Supplementary Figure S5: Quantile-quantile (“QQ”) plot of “intronic gene” simulation in Breast.
Acrtificial “intronic” gene models were constructed, where the exons of every gene were replaced by
equally-sized, randomly-selected fragments of introns from the same gene. These genes were used
as the input for ExInAtor and run (with same settings as for real data) on Breast samples.

Supplementary Figure S6: Expression of SAMMSON in Stomach (in which is detected by
ExInAtor), and skin, sun-exposed or not (in which has been previously implicated in Melanoma).

Supplementary Figure S7: Exon-level mutational density of all IncRNAs candidates against the
background regions.

Supplementary Figure S8: Intersection between ExInAtor, MiTranscriptome and Du et al
candidates.

Supplementary Figure S9: Performance of ExInAtor compared MutSig, OncodriveFM and
OncodriveClust in the Pancancer Alexandrov dataset. (A) Percentage of CGC candidates amongst
predicted drivers for each method across different cutoffs (-log10 Q value) in all the Alexandrov
cancer files. (B) As for (A), but displayed by ranked number of top predicted drivers.

Supplementary Figure S10: The overlap of predicted protein-coding drivers between methods. The
percent of predicted drivers of each method on Pancancer Alexander mutations that are also
predicted by at least one of the other methods displayed by (A) cutoff or by (B) ranked number of
candidates.

Supplementary Figure S11: QQ plots of each method on the Pancancer Alexandrov dataset. Grey
dots represent the P values obtained in a simulation. The black and coloured dots correspond to the
P values calculated in the real dataset.

Supplementary Figure S12: Tumour specificity of IncRNA and protein coding genes. The figure
shows the percent of genes of each biotype that are mutated in one or more distinct tumour samples.

Supplementary Figure S13: Screenshots of the 12 candidate’s mutations analysed with IGV.

Supplementary Figure S14: Replication timing of cancer IncRNAs, ExInAtor predictions and other
IncRNAs. Cumulative distribution are shown for S50 values in HelLa cells assigned to IncRNA gene
sets. S50 ratio is defined as the fraction of the S phase at which 50% of the DNA is replicated (see
Materials and Methods). Low ratios indicate early replication timing. Genes are grouped by:
literature-reported cancer CRL IncRNAs; all ExInAtor candidates (both CRL and not); non-CRL
novel ExInAtor candidates; non-CRL non-candidates, being all other GENCODE lincRNAs.
Candidates here were defined at a threshold of Q<0.2. Dashed vertical lines indicate the mean value
of each group.

Supplementary File Legends

Supplementary File S1: CRL IncRNAs.

Supplementary File S2: Non-CRL IncRNAs.

Supplementary File S3: The full set of IncRNA drivers predicted by ExInAtor in CRL.
Supplementary File S4: The full set of IncRNA drivers predicted by ExInAtor in non-CRL.
Supplementary File S5: The full set of protein-coding drivers predicted by ExInAtor.



Supplementary File S6: The full set of results for IncRNAs and protein-coding genes described in
this study.

Supplementary File S7: Candidates identified by Du et al. that are also considered in our study.

Supplementary File S8: Candidates identified by MiTranscriptome that are also considered in our
study.

Supplementary File S9: The full set of CGC drivers analysed in this study.
Supplementary File S10: The set of IDs for protein-coding genes used in this study.
Supplementary File S11: Protein-coding overlap with CGC across all cancers and both datasets.

Supplementary File S12: Effects on ExInAtor predictions of various filtering schemes.



Supplementary Figure S1

Example: Single-exon INcRNA
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Supplementary Figure S2 Exon/Background Mutation/Kb
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Supplementary Figure S3
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LNncRNA Lung_adeno — 2073 genes
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NCcRNA Lymphoma_B-cell — 136 genes
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LncRNA Medulloblastoma — 154 genes
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_NCRNA Superpancancer — 5583 genes
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Supplementary Figure S4
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Supplementary Figure S5
Breast QQplot — 694 genes
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Supplementary Figure S6
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Mutations/Kb

Supplementary Figure S7
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Mutations/Kb
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Supplementary Figure S8
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Supplementary Figure S9
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Supplementary Figure S10
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Supplementary Figure S11
MutSig Breast — 34659 genes
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Real Pvalues
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Real Pvalues

MutSig Liver — 34248 genes
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Real Pvalues

MutSig Lung adeno— 35211 genes
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Real Pvalues

MutSig Lymphoma B-cell — 21158 genes

Qval Cutoffs

0 >0.2

0 <=0.2

0 <=0.1

<=0.01

O . <=0.001

0 <=0.0001
<

000

QNI @®
O

0 1 2 3
Theoretical Pvalues

ENSGO00000067560
ENSG00000138081
ENSG00000182162
ENSG00000141510
ENSG00000215301
ENSG00000122574
ENSG00000120158
ENSG00000105929
ENSG00000120063
ENSG00000184260
ENSG00000143556
ENSG00000171786
ENSG00000150907
ENSG00000127616



MutSig Medulloblastoma — 24518 genes
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Real Pvalues

MutSig Pancancer — 35544 genes
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Real Pvalues

MutSig Pancreas — 22319 genes
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Real Pvalues

MutSig Stad — 35513 genes
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OncodriveClust Breast — 47 genes
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Real Pvalues

OncodriveClust Liver — 66 genes
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Real Pvalues

OncodriveClust Lung adeno — 213 genes
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OncodriveClust Lymphoma B-cell — 11 genes
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OncodriveFM Medulloblastoma — 203 genes
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OncodriveFM Pilocytic astrocytoma - 4 genes
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Supplementary Figure S14

Replication Timing (S50)
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