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Supplementary Method

MuAt architecture

The architecture of MuAt is shown in Figure 1, and detailed in Figure S1. Input to MuAt is
a set of [ genomic variants. These variants are described with respect to their mutation type
and sequence context (mutation motif), genomic position and mutational annotations. Each
modality is one-hot encoded using a respective dictionary, resulting in [ x m, [ X p, and [ X ¢
one-hot matrices, where m, p and g are the numbers of unique motifs, genomic positions per
1-Mbp bins, and mutation annotations, respectively. These one-hot encoded matrices are then
multiplied with embedding matrices ({m, p, g} x k), resulting in three [ x k embedding matrices.
Embedding matrices are concatenated to obtain an [ x 3k matrix Xg, which is the input to the
MuAt attention module.

Query, key and value matrices are computed by multiplying the input embedding matrix
X with respective 3k x 3k weight matrix, ) = XgWq, K = XgWgk and V = XgWy. The
attention mechanism Eq. 1 is then applied h times, where A is the number of attention heads.
The resulting [ x 3k feature matrix is then combined with X g via skip connections, and fed to
batch normalization and fully connected (FC) layers. Finally, the [ x 3k matrix is average-pooled
into a 3k-vector and processed in a fully connected layer to yield f sample-level features (Fig.
4). In our experiments, we used f = 24. To obtain the final tumor type predictions, sample-level
features are inputted to a fully connected layer, and its outputs are normalized with softmax

o(z); = Ze_z;z]. to obtain probabilities over tumor types.
J

MuAt model ensembling

To create MuAt ensemble models, we took the best model for each fold found in a 10-fold cross-
validation procedure. MuAt ensemble model predictions were obtained by summing tumor type
class logit scores, and choosing the tumor type with the maximum value as the predicted type.

There are 24*10=240 tumour-level features obtained from a MuAt ensemble model.

Association of MuAt features with driver events and somatic mutation patterns

Driver events identified in PCAWG tumours [38] were associated with principal components of
MuAt ensemble model features with least-squares regression. For each pair of MuAt feature
principal component (n=240) and driver (n=298), a least-squares linear model p ~ d + age +
sex + histology + g1 + ... + gio was fitted, where p is the feature principal component, d is

an indicator whether the driver event was detected in the tumour, and g; is the ith principal



component of patient genotypes computed in PCAWG [38]. Association was computed only for
drivers with at least three tumours harboring the driver, resulting in 7,128 models. P-values
from all tests were adjusted for multiple testing with Benjamini-Hochberg method. Figure S11
shows the driver coefficients for all feature principal components from all models, as well as a
histogram and a quantile-quantile plot of unadjusted p-values against a uniform distribution
showing relatively small degree of inflation.

To analyse correspondence of MuAt features with COSMIC signatures, we carried out least-
squares linear regression for each signature separately to predict the log-transformed signature
value s based on MuAt factors, i.e., log(s + 1) ~ M1 +...4+ M50. We corrected p-values with
the Benjamini-Hochberg method and reported results with false discovery rate (FDR) <10%
(Figure S18). For each signature, the variance explained by MuAt factors as adjusted R? value
is given. This analysis was performed for both COSMIC version 2 and version 3 signatures.

Association of MuAt features with mutation counts stratified by type was quantified with
negative binomial model to predict mutation count based on MuAt factors M1 +...+ M50,
showing results with FDR<5% in Figure S17. Association with MSI levels was performed by
predicting the fraction of mutated microsatellites computed previously [38] from MuAt factors,

i.e., MSI ~ M1, ..., M50 with a least-squares regression model.

Programming environment

We implemented MuAt with PyTorch 1.8.0 deep learning framework in Python 3.7. To evaluate
the model of Jiao et al. [20], we used the code provided at https://github.com/ICGC-TCGA-PanCancer/
TumorType-WGS, and ran it with TensorFlow 2.0 in Python 3.6. For the random forest model, we
used scikit-learn 0.21.3. Statistical modelling was done with scipy 1.5.3 and statsmodels 0.12.1
packages. Packages used for data analysis and visualization included pandas 1.3.4, seaborn
0.11.2 and umap-learn 0.5.1. All deep neural network models were trained on NVidia Tesla

V100 GPUs with 16 GB memory.


https://github.com/ICGC-TCGA-PanCancer/TumorType-WGS
https://github.com/ICGC-TCGA-PanCancer/TumorType-WGS
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Figure S 1: Architecture of MuAt.
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Figure S 2: Top-1, top-3 and top-5 accuracy, precision, recall and F1 scores of MuAt models
trained with different mutation types in PCAWG (top) and TCGA (bottom) data. Tests where
negative examples were injected into data (see Methods) are denoted with "Neg". Tests where

genic, exonic and strand attributes (Methods) were used are denoted with "ges".
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Figure S 3: Transfer learning performance. Top: PCAWG-MuAt on TCGA data. Bottom:
TCGA-MuAt on TCGA data. X-axis: maximum number of mutations sampled from each

tumour, Y-axis: prediction accuracy.
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Figure S 6: Calibration curve of MuAt trained with PCAWG data showing the binned predicted
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Figure S 7: Confusion matrix for MuAt and DNN ensemble models trained on PCAWG data
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axis: target GEL tumour types. Results shown for the best ensemble models.
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BREAST/ADENOCARCINOMA (<5) - 0.0 [} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.oo.c 0.0 0.0
BREAST/DUCTAL (1926) -0.01[J8d 0.0 0.010.01 0.0 0.0 0.0 0.010.01 0.0 0.0 0.0 0.0 0.0 0.0 0.010.010.020.04 0.0 0.0 0.0 0.01
BREAST/LOBULAR (375) - 0.0 (81 0.0 0.010.01 0.0 0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.010.010.03 0.0 0.0 0.0 0.01
BREAST/LOW_GRADE_SEROUS_ADENOCARCINOMA (<5) - 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BREAST/MEDULLARY (9) -0.11[8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.11

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BREAST/MIXED_TUMOUR_TYPE (66) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.080.030.02 0.0 0.0 0.02
BREAST/MUCINOUS_CARCINOMA (48) - 0.0 U] 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.020.150.21 0.0 0.0 0.02 0.0
BREAST/NEUROENDOCRINE (<5) - 0.0 it 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BREAST/NOT_AVAILABLE (19) - 0.0 0.0 0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.050.0 0.0 0.0 0.0 0.0 0.0 0.0 0.050.0 0.0 0.0 0.0
BREAST/OTHER (150) -0.01 [} 0.0 0.030.01 0.0 0.010.020.01 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.01 0.0 0.030.030.01 0.0 0.0 0.02
BREAST/PAPILLARY (17) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.06 0.0 0.060.18 0.0 0.0 0.0 0.0
BREAST/TUBULAR_CRIBFORM (14) - 0.0 (58} 0.0 0.07 0.0 0.0 0.0 0.0 0.07 0.0 0.0 0.07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.14 0.0 0.0 0.0 0.07
BREAST/UNKNOWN (350) -0.01(]El 0.0 0.010.01 0.0 0.0 0.0 0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.010.020.06 0.0 0.0 0.010.01
COLORECTAL/ACRAL_LENTIGINOUS (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 u.uoo 0.0 0.0 0.0
COLORECTAL/ADAMANTINOMA_OF_BONE (<5) - 0.0 0.0 0.0 0.0 0.0 B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
COLORECTAL/ADENOCARCINOMA (2381) - 0.0 0.0 0.0 0.010.01fK#0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.0 0.01 0.0 0.06 0.0 0.05
COLORECTAL/NEUROENDOCRINE_CARCINOMA (25) - 0.0 0.0 0.0 0.0 0.16 0.0 0.0 0.0 0.0 0.0 0.04 0.0 0.0 0.0 0.04 0.0 0.0 uuooa 0.0 0.0 00 0.0

COLORECTAL/NOT_AVAILABLE (31) - 0.0 0.03 0.0 0.0 0.03(& 0.0 0.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.030.030.03 0.0 0.06 0.0 0.03

COLORECTAL/OTHER (39) -0.03 0.0 0.0 0.03 0.0 [URE] 0.0 0.03 0.0 0.0 0.0 0.0 0.0 0.03 0.0 0.0 0.0 0.030.08 0.0 0.0 0.05 0.0 0.03

COLORECTAL/UNKNOWN (207) - 0.0 0.01 0.0 0.010.01(8f0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.010.010.04 0.0 0.05 0.0 0.02
LUNG/ADENOCARCINOMA (716) - 0.0 0.04 0.0 0.010.020.02 0.0 0.020.010.010. 030.16 0.0 0.0 0.0 0.0 0.040.060.01 0.0 0.0 0.0 0.01
LUNG/LARGE_CELL (20)- 0.0 0.0 0.0 0.0 0.05 0.0 0.05 0.0 0.0 0.0 0.0 0.3 ﬁ 0.0 0.0 0.0 0.0500 0.0 0.0 0.0 0.0 0.0 0.0
LUNG/MESOTHELIOMA (31) - 0.0 0.06 0.0 0.06 0.0 0.0 0.0 0.0 0.060.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0000 0.0 0.0 00 0.0
LUNG/MIXED_TUMOUR_TYPE (22) - 0.0 0.05 0.0 0.0 0.0 0.0 0.0 0.09 0.0 0.0 0.0 0.27H 0.0 0.0 0.0 0.0 0.050.0 0.0 0.0 0.0 0.05 0.0
LUNG/NEUROENDOCRINE_CARCINOMA (33) - 0.0 0.0 0.0 0.030.03 0.0 0.0 0.03 0.0 0.0 0.0 0.24#.42 0.0 0.0 0.0 0.0 0.00.24 0.0 00 0.0 0.0 0.0
LUNG/NOT_AVAILABLE (30) - 0.0 0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 lo.ssuos 0.0 0.0 0.0 00301 0.0 0.0 0.0 0.0 0.03

LUNG/OTHER (69) -0.010.04 0.0 0.040.04 0.0 0.0 0.0 0.0 0.040.030.190.17 0.0 0.010.030.01 0.0 0.280.040.010.01 0.0 0.01

LUNG/SMALL_CELL (31) - 0.0 0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.03 0.1 (&% 0.0 0.0 0.0 0.0 0.0 0.06 0.0 0.0 0.0 0.0 0.0
LUNG/SQUAMOUS_CELL (380) - 0.0 0.01 0.0 0.0 0.01 0.0 0.0 0.04 0.0 0.0 0.020.03{¥H 0.0 0.0 0.0 0.0 0.0 0.02 0.0 0.01 0.0 0.0 0.0

LUNG/UNKNOWN (228) - 0.0 0.02 0.0 0.020.020.01 0.0 0.03 0.0 0.020.060.330.32 0.0 0.0 0.01 0.0 0.0 0.110.020.01 0.0 0.0 0.0

MALIGNANT_MELANOMA/ACRAL_LENTIGINOUS (5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
MALIGNANT_MELANOMA/ANORECTAL_MUCOSAL_MELANOMA (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MALIGNANT_MELANOMA/CONJUNCTIVAL_MELANOMA (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 300 0.0 0.0
MALIGNANT_MELANOMA/DESMOPLASTIC_MELANOMA (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MALIGNANT_MELANOMA/GENITAL_MUCOSAL_MELANOMA (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
% MALIGNANT_MELANOMA/LENTIGO_MALIGNA (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MALIGNANT_MELANOMA/MELANOMA (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
MALIGNANT_MELANOMA/NODULAR (54) - 0.0 0.02 0.0 0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.0 0 0.0 00
MALIGNANT_MELANOMA/NOT_AVAILABLE (41) -0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.0 0.0 0.0
MALIGNANT_MELANOMA/OROMUCOSAL_MELANOMA (<5) - 0.0 m 0.0 0.0 m 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MALIGNANT_MELANOMA/OTHER (49) - 0.0 0.02 0.0 0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.0 0.0 0.0 0.0
MALIGNANT_MELANOMA/SUPERFICIAL_SPREADING (31) - 0.0 0.0 0.0 0.0 0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MALIGNANT_MELANOMA/UNKNOWN (132) -0.020.01 0.0 0.010.03 0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.0
MALIGNANT_MELANOMA/UVEAL_MELANOMA (10) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 00 0.0
PROSTATE/ADENOCARCINOMA (497) - 0.0 0.0 0.0 0.030.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.0 0.01
PROSTATE/NOT_AVAILABLE (5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
PROSTATE/OTHER (7) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.14 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
PROSTATE/UNKNOWN (65) - 0.0 0.0 0.0 0.0 0.080.02 0.0 0.03 0.0 0.0 0.02 0.0 0.0 0.0 0.0 0.02 0.0 0.0 00 0.0

RENAL/ADENOCARCINOMA (5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 u.oou 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02 0.0 0.0 0.0 0.0 0.0
RENAL/CHROMOPHOBE (60) - 0.0 0.08 0.0 0.030.02 0.0 0.0 0.0 [J££]0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.020.020.080.15 0.0 0.0 0.0 0.0
RENAL/CLEAR_CELL (737) - 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.01[¥] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.020.01 0.0 0.0 0.0 0.0
RENAL/COLLECTING_DUCT (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 n.nHao 0.0 00 0.0

RENAL/NEUROENDOCRINE_CARCINOMA (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 f¥ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

RENAL/NON_SPECIFIED_RENAL_CARCINOMA (90) - 0.0 0.02 0.0 0.0 0.0 0.01 0.0 0.020.02[(RE0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.010.090.07 0.0 0.0 0.0 0.0
RENALNOT_AVAILABLE (22) - 0.0 0.0 0.0 0.05 0.0 0.0 0.050.050.05(84] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.05 0.0 0.0 0.0 0.0 0.0

RENAL/ONCOCYTIC (23) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.04022 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ooﬁn.zz 0.0 0.0 0.0 0.0

RENAL/OTHER (82) - 0.0 0.11 0.0 0.0 0.01 0.0 0.0 0.020.05[XH0.04 0.0 0.0 0.01 0.0 0.0 0.02 0.0 0.070.04 0.0 0.0 0.0 0.02
RENAL/PAPILLARY_TYPE_1 (54) -0.020.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (& 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.070.04 0.0 0.0 0.0 0.0
RENAL/PAPILLARY_TYPE_2 (30) - 0.0 0.07 0.0 0.07 0.0 0.0 0.0 0.03 0.0 [RE] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.07 0.0 0.0 0.0 0.0

RENAL/TRANSITIONAL_CELL_CARCINOMA (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 033 0.0 [(F] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 00

RENAL/UNKNOWN (262) - 0.0 0.04 0.0 0.010.01 0.0 0.0 0.020.03(8H 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.010.060.03 0.0 0.0 0.0 0.0

RENAL/UROTHELIAL_INVASIVE (16) - 0.0 0.38 0.0 0.0 0.0 0.0 0.0 n 0.0 0.0 0.0 0000600 0.0 0.0 0.0 0.06 0.0 0.0 0.0 0.0 0.0 0.06

RENAL/UROTHELIAL_IN_SITU (7) - 0.0 0.14 0.0 0.14 0.0 0.0 0.0 0.29 0.0 0.29 0.0 0.0 0.0 00 0.0 0.0 0.0 0.14 0.0 0.0 0.0 0.0 0.0 0.0

UPPER_GASTROINTESTINAL/ADENOCARCINOMA (140) - 0.0 0.01 0.0 0.010.01 0.1 [M30.01 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.050.01 0.0 0.0 0.12 0.0 0.02
UPPER_GASTROINTESTINAL/GASTRIC_ADENOCARCINOMA (63) -0.020.02 0.0 0.0 0.0 0.06[k40.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.160.02 0.0 0.0 011 0.0 0.0
UPPER_GASTROINTESTINAL/GASTRIC_CARCINOMA_WITH_LYMPHOID_STROMA (<5) - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 n 00 00 00 00 00
UPPER_GASTROINTESTINAUNEUROENDOCRINE_CARCINOMA (8) -0.120.12 0.0 0.12 0.0 0.0 0.12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 038 0.0 0.0 012 0.0 0.0
UPPER_GASTROINTESTINAL/NOT_AVAILABLE (<5) - 0.0 0.0 0.0 0.0 0.0 o.omoc 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 H 00 00 00 00 00
UPPER_GASTROINTESTINAL/OTHER (19) - 0.0 0.0 0.0 0.110.05 0.0 0.210.16 0.0 0.05 0.0 0.0 0.0 0.0 0.0 0.05 0.0 0.110.160.05 0.0 0.05 0.0 0.0

UPPER_GASTROINTESTINAL/POORLY_COHESIVE_INCLUDING_SIGNET_RING_CELL TYPE (<5) - 0.0 0.0 0.0 0.0 cvcuu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00

UPPER_GASTROINTESTINAL/SQUAMOUS_CELL (16) - 0.0 0.06 0.0 0.0 0.06 0.0 0.0 [& 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.06 0.0 0.060.06 0.0 0.0 0.0 0.06
UPPER_GASTROINTESTINAL/UNKNOWN (15) - 0.0 0.0 0.0 0.0 0.0 0.270.07 0.0 0.0 0.0 0.07 0.0 0.0 0.0 0.0 0.0 0.070.270.13 0.0 0.07 0.0 0.07
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Figure S 9: Confusion matrix for MuAt trained on PCAWG WGS data and evaluated on GEL

annotated somatic mutations. X-axis: predicted PCAWG tumour types, Y-axis: target GEL

tumour types/subtypes. 1
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evaluated on somatic mutations called with MuTect v1.1.4 in whole genomes of 256 CRCs

Results shown for

predicted PCAWG tumour types.

X-axis:

(genome reference GRCh37).

models trained on SNVs only, and SNVs+genomic positions.

12



a)

. SPoOP

10

1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
2 !
1
1
i
1
: .PIVISZ
G ERG H sPoOP
o . .
= 1
= 1
2 1
' BRCA2 |
o +TP53
. SMO . D.DX3X I . PRDM6
44 1
,DYNC1L ER
i
-4 -2 0 2 4
Coefficient
b)
- fpcl
. - fpc6
- -fpc5 G
-:pc7 é
- fpc8 g
-fpcd ©
-fpc13_§
-fpc3 2
—fpcll%
-fpcl0 5
-fpc2 §
—fpclﬁg
- fpc19 2
- fpc22
- fpc24
G
A O o4 N @ T W QT O0 4 X T O 44NN NNONRKM®
OG’:‘““-DEEM_-—'EU—MQQ:(I~‘§¥<(<(>~'~Ln:'-”
3088858 gapvgRe g TR
RS Q 53 Q3 q Q Faad
a o x X
A Q
c) d)
250 14 1
200
124
150
§10-
100 =]
o
° 8-
50 °
54 P
E .
0 g 61
T T T T T | a
0.0 0.2 0.4 0.6 0.8 1.0 o
p 41
24

Expected log10(p)

Figure S 11: Linear association of PCAWG driver events with MuAt tumour-level feature prin-
cipal components (FPCs). Least-squares regression model was corrected with patient age and
sex, tumour histology, and first ten principal components of patient genotype. a) Volcano plot
showing coefficients of all gene-FPC pairs (X-axis) and log;(q) values (Y-axis). FDR<1%
associations are indicated with blue colour, and top 15 associations are labeled. b) A clus-
tered heatmap of FDR<1% association coefficigqts. Enhancer/chr7:86M denotes an enhancer at
chr7:86,865,600-86,866,400 (GRCh37). c¢) Histogram and d) quantile-quantile plot of p-values.
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Figure S 12: Prostate cancers with SPOP driver events. X- and Y-axis: UMAP components of
tumour-level features in the MuAt PCAWG model (coordinates are the same as in Figure 4).

Colouring indicates structural variant burden in a log scale.

14



Genes
PRDM6
SMO
DDX3X
PTCH1
BRPF1
KBTBD4

< X + P %

Medulloblastoma
Subtypes

WNT
SHH
G3
G4

Figure S 13: MuAt tumour-level feature UMAP showing medulloblastomas in the PCAWG
dataset (coordinates are the same as in Figure 4). Tumours with driver events associating with

MuAt features are highlighted.
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Figure S 14: Pancreatic endocrine tumours of four patients cluster in MuAt tumour-level feature
UMAP (coordinates are the same as in Figure 4). These four patients carry germline mutations

of MUTYH, with loss-of-heterozygosity observed in all four tumours.
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Figure S 15: UMAP of PCAWG and GEL tumour-level features obtained from the MuAt
SNV-pos ensemble model trained on PCAWG WGS data. a) PCAWG tumours coloured by

tumour type. b) GEL tumours coloured by tumour type (Cancer Type). ¢) PCAWG and GEL

tumours. d) GEL tumours coloured by tumour subtype (Cancer Sub Type).
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Figure S 16: A clustered heatmap of MuAt tumour-level factors in each PCAWG tumours.
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Figure S 17: Association of MuAt tumour-level factors (Y-axis) with mutation counts by type
(X-axis). A negative binomial model was used to predict counts of each mutation type given
MuAt factors M1,...,M50 in PCAWG data. FDR<5% results shown as non-grey colours. a) All
somatic mutation types. b) indels only. c¢) SVs only. d) association to mutation type counts.
Event size of SV deletions and duplications is denoted by xs (<1 kb), s (1-10 kb), m (10-100
kb), 1 (100-1000 kb) and x1 (>1000 kb).
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Figure S 18: Association of MuAt PCAWG model tumour-level factors (Y-axis) with COSMIC
mutational signatures (version 2; X-axis). Log-transformed number of mutations attributed
to each signature was predicted with least-squares regression given MuAt factors. FDR<10%

associations shown in non-grey colours. Variance of each signature explained indicated on the

top row.
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Figure S 19: Variance in the number of mutations attributed to signatures (COSMIC version 3)

explained by MuAt tumour-level factors.

Figure S 20: Mean attention values of genomic positions (X-axis) per tumour type (Y-axis) in
the MuAt PCAWG model. Genomic positions given as "chromosome b", where b is the 1-Mbp
bin starting at chromosome position b x 10°. Genomic positions with the highest 5% variability
in attention across tumours are shown. Many genomic position bins appear characteristic to
specific tumour types. Genomic region chr14:106,000,000-107,000,000 contains the IGH region

(leftmost bin), which is recurrently mutated in B cells.
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