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Methods

Samples and sequencing

All human material was obtained from patients enrolled in the study, “Investigating how
childhood tumors and congenital disease develop” (approved by a UK NHS National Research
Ethics Service; reference 16/EE/0394). DNA was extracted from fresh frozen tumor samples
or blood samples. Prior to extraction of DNA from blood, plasma was removed. Short insert
(500bp) genomic libraries were constructed and 150 base pair paired-end sequencing clusters
were generated on the Illumina HiSeq X platform according to Illumina no-PCR library
protocols. An overview of samples, including the average sequence coverage is shown in
Table S1.

Data and materials availability

Raw sequencing data have been deposited in the European Genome-phenome Archive (EGA)
under study ID EGAD00001005770.

DNA sequence processing and mutation calling

DNA sequences were aligned to the GRCh37d5 reference genome by the Burrows-Wheeler
algorithm (BWA-MEM)*.

Single-nucleotide variants (SNVs) and short insertion and deletions (indels) were called
against the reference genome using CaVEMan? and Pindel®, respectively. Beyond the
standard post-processing filters of CaVEMan, we removed variants affected mapping
artefacts associated with BWA-MEM by setting the median alignment score of reads
supporting a mutation as greater than or equal to 140 (ASMD>=140) and requiring that fewer
than half of the reads were clipped (CLPM=0). Across all samples from one patient and their
parents, we recounted the SNVs and indels that were called in either blood or tumor from the
patient, using a cut-off for read mapping quality (30) and base quality (25). Germline variants
were removed by filtering out any variants supported in the parents, allowing one supporting
read per parent for SNVs to accommodate sequencing noise. Variants were also filtered out
if they were called in a region of consistently low or high depth across all non-tumor samples
from one patient. This amounted to an average depth of between 75 and 200 for PD34954,
and an average depth of between 30 and 90 for autosomes, and between 15 and 45 for sex
chromosomes in PD36812 (Figure S1).

Using a beta-binomial model of a site-specific error rate as previously employed®, we
distinguished true presence of somatic variants from support due to noise. All shared SNVs
and indels were further visually inspected using the genome browser, Jbrowse®. Within the
remaining subset of variants that were present in more than one sample from the same
patient, we further distinguished between de novo germline variants and true somatic
variants. For this we used a one-sided binomial exact test on the number of variant reads and
depth present in the matched blood sample to test whether the observed counts were
consistent with a true VAF of 0.5 (or 0.95 for XY chromosomes in PD36812). Resulting p-values
were corrected for multiple testing with the Benjamini-Hochberg method* and a cut-off was



set at q < 10°. Please see Table S2 and Table S3 for indel and SNV calls of PD34954 and
PD36812, respectively.

In PD34954a and PD34954c, we discovered a small region (chr12: 69Mb-70.7Mb) with many
SNV and indel calls, most of which (16/22) were present in dbSNP. In addition, SNPs with
informative parental genotypes in this region exhibited VAFs inconsistent with a true gain of
either maternal or paternal chromosome (Figure S2). The MDM2 gene lies in this region,
which frequently forms double minutes in human cancers and can be present in many copies’.
Therefore, a very small contamination (~0.1%) with tumor DNA containing such a high
number of MDM?2 double minutes would explain this very focally observed contamination.
SNVs, indels, structural variants, and copy number changes from this region were excluded
from further analysis in these samples.

Copy number variants (CNVs) were called using ASCAT® and Battenberg®. In addition, the
sequenced parental DNA allowed for full phasing of the copy number variants and assessing
whether the maternal or paternal chromosome was affected. Structural variants (SVs) were
called using BRASS!? and SVs were retained if having a paired end read support of at least 30
or where reconstruction of the breakpoint via assembly was possible. SV calls were further
validated using SVABA!! (see Table S4).

Classification of SNVs and Indels

To distinguish subclonal from clonal mutations in the tumor samples, we employed a binomial
mixture model to deconvolve the mutation counts into separate components. For each
component, the optimal binomial probability and mixing proportion is estimated using an
expectation-maximisation algorithm. The optimal number of components is determined by
the Bayesian information criterion. If the binomial probability of a component approximates
the expected VAF (0.5 for diploid regions) adjusted for tumor purity, the mutations assigned
to that cluster are classified as clonal. If the estimated binomial probability for a component
is lower, it is classified as subclonal. With the exception of regions affected by copy number
changes or male sex chromosomes, a higher than expected binomial probability was not
observed.

Timing of CNVs

Large-scale copy number duplications can be timed by comparing the number of mutations
before and after the copy number gain. For 2:1 or 2:0 configurations, this relation takes the
following form:

Cy +C
T = M P

max(Cy, Cp) + PPI)V—D
D

Where C,, and Cp are the maternal and paternal copy number, respectively, and P, and Pyp
the proportion of mutations assigned to the duplicated or non-duplicated copy number. The
timepoint of duplication will be a number between 0 and 1, the former representing the
zygote and the latter the most recent common tumor ancestor.



We estimated the proportion of duplicated and non-duplicated mutations using the
previously mentioned binomial mixture model on the variant supporting counts and total
counts in the region of the gain, fitting the estimated binomial probability of the components
to the expected VAFs resulting from the different copy number states (Figure S3). The
expected VAFs were corrected for the purity of the tumor sample as reported by Battenberg.

To obtain a confidence interval around the single timepoint estimate, we employed an exact
Poisson test on the rounded duplicated and non-duplicated mutation counts. These were
obtained by multiplying the estimated proportion of duplicated and non-duplicated
mutations with the total number of mutations in the region.

To discern the likelihood of two gains occurring at the same time, we used the Poisson test
again to compare the sets of duplicated and non-duplicated counts from two different copy
number gains in the same patient.

Results for this analysis can be found in Table S5.

Code availability

All bespoke code used and described in this paper can be found online at
https://github.com/TimCoorens/BilateralNeuroblastoma.
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Figure S1: Exclusion of areas with low or high coverage

Histograms of the total depth of variant loci from CaVEMan calls, including rare germline
variants, with the used lower and upper bound for acceptably covered sited for PD34954 (a),
autosomes (b) and sex chromosomes in PD36812 (c).
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Figure S2: Allele frequency imbalance in contaminated region

Paternal allele frequency of heterozygous informative SNPs in the region affected by a focal
contamination. While no copy number change was detected by Battenberg using full phasing,
the parental VAF distribution shows a bimodality that is inconsistent with a true normal
diploid copy number state. Instead, this indicates a contamination from a different individual,
who happens to share a proportion of germline SNPs with one parent or the other, resulting
in higher- and lower-than-expected VAFs. As discussed in the methods, this observation is
consistent with a very low-level contamination of an independent tumor with a largely
amplified double minute carrying MDM2.
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Figure S3: Proportion estimation for CNV timing

Histogram of VAF of mutations located on chromosome 7 in PD36812a. This tumor has a
duplication of the maternal chromosome. Hence, the mutations pre-duplication on the
duplicated allele will have a VAF of 2/3. All other mutations in this region will have a VAF of
1/3. Mutations with a lower VAF will be subclonal. These estimates will be influence by the
estimated purity of the tumor, which is 0.92 in this case. The binomial mixture model extracts
three components for mutations in this region: one clonal and duplicated copy number (red),
one clonal and non-duplicated copy number (blue), and one subclonal component (green).
The ratio between the proportion of the red and blue component is then used to time the
copy number gain.
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Figure S4: Early somatic variants in PD34954
Heatmap of variant allele frequencies of all shared somatic variants, i.e. variants present in
more than one sample. All of these variants are present in the blood sample.
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Overview of supplementary tables

Tables S1 to S5 are contained in file “Supplementary_Tables_S1-S5.xlsx”.

Table S1. Overview of study cohort.

Table S2. SNVs/Indels in PD34954

Table S3. SNVs/Indels in PD36812

Table S4. Structural variants

Table S5. Clonal Copy Number Variants and Timing of Gains
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