Supplementary Text

Whole exome sequencing

Matched diagnostic and remission DNA was available for eight iAMP21 patient samples.
Exomes were captured using 3-5ug of DNA per sample and the Sureselect Human All Exon
50Mb V2 (patient 1) or V4 Kit (patients 3, 5, 7, 9, 21, 43 and 44), as recommended (Agilent
Technologies, Santa Clara, USA). Each library was prepared for sequencing using the
Paired-End Library Preparation Kit (lllumina, San Diego, California, USA). The diagnostic
and remission exomes of patient 1 were each sequenced on two lanes of one flowcell on the
lllumina Genome Analyzer 11X (GAIIX) using 75bp paired-end chemistry (Newcastle
University, Newcastle upon Tyne, UK). The libraries of the remaining samples were
sequenced on the lllumina HiSeq 2000 using 100bp paired-end chemistry (AROS Applied
Biotechnology AS, Aarhus, Denmark). Average coverage was 60-fold (range, 28-fold to
100-fold) per patient sample, calculated using DepthOfCoverage (Genome Analysis Toolkit

(GATK), Broad Institute).

Paired end reads of the diagnostic and remission sample were aligned to UCSC hg19 with
appropriate read groups set using BWA MEM algorithm of Burrows-Wheeler Aligner
(version 0.7.10-r789)." The resultant SAM alignments were then converted to co-ordinate
sorted and indexed BAM files and de-duplicated using Picard tools (version 1.137)

(http://picard.sourceforge.net/). Standard GATK sample preparation was used to perform

indel realignment and base quality score recalibration on the BAM files (GATK version 3.4).%
% Haplotype Caller (HC) (GATK) was used to call variants in the BAM file of each sample
according to the current GATK 3.4 JointGenotyping gVCF workflow. Individual de-duplicated
and indel realigned matched diagnostic/remission BAM files were then merged into one BAM
file which underwent a second round of indel realignment, followed by base quality score
recalibration (using GATK 3.4), before undergoing joint tumour/normal variant calling using

MuTect to identify diagnostic variants.*


http://picard.sourceforge.net/

Diagnostic-specific variants were annotated using Variant Effect Predictor (VEP).® Variants
within coding exons or splice site regions were selected for further analysis. The functional
effect of individual mutations was assessed using PolyPhen2 and SIFT, for which the scores
were derived by VEP, and/or Mutation Taster.®® COSMIC (Catalogue of Somatic Mutations
in Cancer (COSMIC), version 66) and DBSNP (version 137) were used to characterise the
variants which was outputted from VEP.* *° Supplementary Table 4 contains a list of somatic
mutations that were predicted to damage the function of the protein by the majority of
prediction tools, when available for analysis (indels and splice site variations could often not
be assessed using PolyPhen2 or SIFT). DBSNP variants with <1% minor allelic frequency

(MAF) were included.
Code availability

The pipeline and associated scripts are available online through GitHub

(https://github.com/MattBashton/MB-GATK-SGE).
Validation of putative mutations

53% (106/199) of candidate somatic mutations were validated using targeted sequencing

approaches or Sanger sequencing (Supplementary Table 4).

Sanger sequencing validations were performed using WGA DNA of the diagnostic and
remission sample. PCR products were generated using specific primers (Supplementary
Table 3) and standard PCR conditions (AmpliTag Gold® DNA polymerase, Applied
Biosystems, Paisley, UK). Samples with a visible band by gel electrophoresis were purified
using the QIAquick PCR Purification kit (Qiagen, Manchester, UK) and sent for Sanger
sequencing (DBS Genomics, Durham University, Durham, UK). Sequencing traces were
interpreted using FinchTV (Geospiza, Inc, Seattle, USA) and alignment was performed using

BLAT (UCSC) and BLAST (NCBI).'**®



Targeted sequencing was performed using Haloplex Target Enrichment technology (Agilent
Technologies). The assay was designed to capture regions surrounding the putative
mutation using SureDesign (Agilent Technologies). Libraries were prepared using WGA
DNA of the diagnostic and remission material from the eight iAMP21 patient samples, as
recommended (Agilent Technologies). 16 samples were pooled together at equimolar
concentrations and sequenced on the lllumina HiSeq 2000 using 100bp paired-end
chemistry (Edinburgh Genomics, University of Edinburgh, UK). Data analysis and variant
annotation was performed using the protocol that was established to analyse the whole
exome sequencing libraries (read alignment using BWA, mutation calling following the GATK

Best Practices workflow (HC, MuTect) and VEP to annotate the variants).

100% (106/106) of the putative mutations were validated and demonstrated to be somatic
(i.e. no mutant reads were detected in the remission sample). None of the putative mutations

that were selected for validation were undetected by the assay.
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Whole exome sequencing
8 X IAMP21-ALL matched diagnostic and remission samples

1) Screening for RAS pathway mutations

y

42 iIAMP21-ALL diagnostic samples
7 iIAMP21-ALL relapse samples

38 diagnostic
4 relapse 4 diagnostic

v 3 relapse
Screen A) Roche 454 technology
Hotspot regions of KRAS, NRAS, and BRAF and all coding exons of FLT3 (24 exons),
PTPN11 (16 exons) and NF1* (57 exons)

A 4

Screen B) lllumina MiSeq technology
B1l) Failed genes/exons in samples from screen A)
B2) Validation of putative mutations from screen A) in diagnostic samples and matched remission (if available) and 2 relapse samples
B3) Investigative sequencing of all hotspot mutation exons identified from screen A) in 4 diagnostic and 1 relapse sample**

2) Screening for RAS pathway copy number abnormalities (CNAS)
v v

a) SALSA MLPA P335-IKZF1 kit b) SNP 60 array
38 diagnostic samples < > 28 diagnostic samples
6 relapse samples 2 relapse samples
3) The downstream implications of RAS pathway abnormalities 2 diagnostic

A 4

Western blot analysis of pERK expression
2 diagnostic

Western blot analysis of pERK expression
4 positive controls: 3 ALL patient samples and 1 cell line
2 negative controls: 1 ALL patient sample and 1 cell line

1 diagnostic 1 diagnostic
v v

Cytotoxicity assay using RAS/MEK/ERK inhibitors
Xenograft cells from 2 RAS mutant iAMP21-ALL diagnostic patient samples***




Supplementary Figure 1. RAS pathway investigations in iAMP21-ALL. Whole exome sequencing was carried out on 8 matched
diagnostic and remission samples, in which RAS pathway mutations were identified at an incidence of 75% (6/8).

(1) IAMP21-ALL samples (n=49, 42 diagnostic and 7 relapse) were subsequently screened for RAS pathway abnormalities. Two
mutation screens were carried out: (A) screen A was performed using genomic DNA from 38 diagnostic and 4 relapse samples to
investigate the mutational hotspot regions of KRAS (exons 2 and 3), NRAS (exons 2 and 3), and BRAF (exons 11 and 15) and all coding
exons of PTPN11, FLT3, and NF1 using Roche 454 sequencing technology. *Apart from patient 1, no other NF1 mutations were
identified in an additional 20 samples, thus no further cases were screened. Individual exons were amplified using a 4-primer PCR
method; custom-made primers and Access Array Barcode Library primers (Fluidigm Technologies, San Francisco, California, USA) were
used to generate individual PCR products using the Access Array System (Fluidigm Technologies) or ABI 2700 Thermocycler (Applied
Biosystems, Foster City, California, USA). Amplicons were assessed on the Agilent Bioanalyser (DNA 1000 Assay, Agilent
Technologies, Santa Clara, USA) and PCR products were pooled at equimolar concentrations. Data analysis was performed using
version 3-4-0 SegNext (JSI Medical Systems, Kippenheim, Germany) and mutations were identified by manual assessment. The average
read coverage achieved for screen A was 418 reads (349-577 per gene). Putative mutations were selected for validation (screen B) if: i)
present at a similar variant allele frequency (VAF) (% of mutated reads) and in 210 reads in both sequencing directions (forward and
reverse) or ii) previously reported in COSMIC (http://cancer.sanger.ac.uk/cancergenome/projects/cosmic/) and iii) not in a region of
homopolymer sequence. (B) Screen B was performed using whole genome amplified (WGA) DNA and employed lllumina MiSeq
sequencing technology to: (B1) repeat any exons or genes that failed to sequence in screen A, (B2) validate the putative mutations
identified in patient samples from screen A and (B3) identify mutations in the hotspot regions of NRAS (exons 2 and 3), KRAS (exons 2
and 3), BRAF (exons 11 and 15), FLT3 (exons 5, 14, 15 and 20), and PTPN11 (exons 3, 9, and 13) in an additional 4 diagnostic and 1
relapse iIAMP21-ALL patient sample. Matched remission (n=9) and/or relapse (n=3) material was sequenced if sufficient material was
available to confirm the somatic or diagnostic-specific nature of the mutations identified in Screen A. The average read coverage
achieved for screen B was 35,280 (30,250-48,550 per gene). Mutations were confirmed/validated in screen B if present in 2500 reads
and at a similar VAF (%) to screen A. WGA DNA was representative of the original patient material, the VAF (%) and pattern of RAS
mutations was similar for both sample derivatives. ** Genomic DNA of B-other (n=66) and high hyperdiploid (n=48) patient samples were
screened for mutations in the hotspot regions of NRAS (exons 2 and 3), KRAS (exons 2 and 3) and FLT3 (exons 4, 14, 15 and 20) using
the same targeted sequencing approach. These genes/exons were selected due to their high mutation rate in iIAMP21-ALL, to enable a
comparison of mutational profiles between the three cytogenetic subgroups. Mutations were identified in the B-other and hyperdiploid
patient samples if present in 250 reads and at a similar VAF (%) in both sequencing directions (forward and reverse).

(2) Copy number profiling was performed to assess the association between copy number abnormalities (CNAs) and mutations in the
RAS pathway genes using (a) SALSA MLPA P335-IKZF1 kit on 38 diagnostic and 6 relapse iIAMP21-ALL samples and (b) SNP6-0
analysis in 28 diagnostic and 2 relapse cases.

(3) The downstream functional effect of RAS pathway mutations was assessed in two patient samples and 4 positive controls (patient
samples and cell lines) by western blot analysis of pERK expression. The cytotoxic effect of selumetinib (MEK1/2 pathway inhibitor) was
tested using viable cells from the xenografts of primary cells from two IAMP21-ALL samples with RAS pathway mutations and positive
PERK expression. *** Two iAMP21-ALL samples (patients 45 and 46b), in which the xenograft material was screened for RAS mutations,
were used as controls in the cytotoxicity assay (Supplementary Figure 6). The results of these studies are reported in the manuscript.
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Supplementary Figure 2: The mutational landscape of iIAMP21-ALL. The exome of 8 IAMP21-ALL
patient samples harboured 186 nucleotide substitutions and 13 insertions or deletions (indels). (A)
Transitions were more common than transversions (0.62:0.32) or indels (0.62: 0.06). (B) Mutations
were predominantly composed of C:G>T:A substitutions (60%) with C:G>G:C and C:G>A:T mutations
representing a smaller proportion (27%) of substitutions. (C) Most C>T substitutions tended to arise at
CpG or TpC sites, a mutational signature that has previously been described in ALL and is associated
with DNA methylation, an established process in genome evolution and cancer.?
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Supplementary Figure 3: The highly variable nature of RAS pathway mutations in iAMP21-ALL. 44
mutations were identified in components of the RAS pathway (KRAS, NRAS, FLT3, PTPN11, NF1, and BRAF) in
26 patient samples (25 diagnostic and 1 relapse (marked by *). Each RAS pathway gene is colour/pattern-coded
as depicted in the respective figure. (A) The variant allele frequency (VAF (% of mutated reads / total reads at
the base position)) of each RAS pathway mutation (n=44) identified in the iIAMP21-ALL samples can be highly
variable, ranging from 2-52%. Each bar represents a single mutation (x-axis) and the corresponding VAF is
represented on the y-axis. (B) A tabular summary of the (ii) number of mutations reported for each gene, (iii)
average VAF (%) of the mutations per gene and iv) proportion of cases that harboured =22 mutations (co-existent
mutations) per mutated gene. PTPN11, NF1 and BRAF were often mutated at a higher VAF (%) than other RAS
pathway genes and FLT3 mutations were present as single mutations more often than the other RAS pathway

genes, however, the significance of these findings could not be assessed due to the small cohort size.
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Supplementary Figure 4. RAS pathway mutations were often present in distinct read populations. Images were taken from
SeqgNext software (JSI Medical Systems) to demonstrate the subclonal nature of RAS pathway mutations in iAMP21-ALL patient
samples 5 (A) and 19 (B). Reference genomic sequence and patient sample genomic sequence are shown. Mutations are highlighted in
red text and the number of sequencing reads with a specific gene/exon sequence are depicted. (A) NRAS p.G12S and p.G12V
mutations were detected in two individual read populations in patient 19; 2962 reads harboured the G->A substitution at base position
34 and 3316 reads had a G->T nucleotide change at base position 35, resulting in the p.G12S and p.G12V mutations, respectively.
These two mutations were therefore present in different read populations and represented individual alleles or subclones, the latter of
which would increase the mutational burden of RAS pathway mutations to 45% in this patient sample. Approximately half of the
sequencing reads (n=5699) contained the normal sequence for NRAS exon 2. Similar findings were reported for 89% (8/9) of iIAMP21-
ALL samples, in which multiple mutations were identified within the same exon/amplicon. (B) PTPN11 p.N58S (A->G at base position
173) and p.A72T (G->A at base position 214) were identified in the same read population (4907 reads) in patient 5, demonstrating that
both mutations were present within the same allele.
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Hyperdiploidy IAMP21 B-other
Gene # of Incidence Average Co-occurring # of Incidence Average Co-occurring # of Incidence Average Co-occurring
mutations (%) VAF (%) mutation rate mutations (%)* VAF (%) mutation rate mutations (%) VAF (%) mutation rate
KRAS 34 71% 18% 74% 8 19% 15% 100.0% 14 21% 10% 50%
NRAS 27 56% 15% 85% 20 48% 18% 69% 23 35% 15% 65%
FLT3 20 42% 16% 55% 9 21% 9% 22% 6 9% 18% 50%

Supplementary Figure 5: The co-occurring nature of RAS pathway mutations in high hyperdiploid and B-other ALL. (A, B) KRAS, NRAS and FLT3 mutations were investigated in
patient samples with high hyperdiploid ALL (n=48) (A) or B-other ALL (n=66) (B). Each sample is labelled on the x-axis and the y-axis defines the variant allele frequency (VAF (%)) of each
mutation. The pattern/colour of each bar represents the mutated gene, as depicted by the key. Subclonal mutations of KRAS, NRAS and FLT3 were identified in hyperdiploid and B-other
ALL. (C) The mutational profile of RAS pathway genes in ALL subgroups. The average VAF (%) and co-existence nature of KRAS, NRAS and FLT3 mutations in high hyperdiploid (n=81),
iIAMP21- (n=37) and B-other ALL (n=43) that represent each gene are shown. Co-occurring mutation rate represents the % of gene mutations that co-occurred with another RAS pathway
mutation. The incidence of gene mutations in the diagnostic sample of patients with high hyperdiploid (n=48) iAMP21- (n=42 (*not including relapse samples) and B-other (n=66) ALL; the
co-existence of other RAS gene mutations in the same sample is not represented in this column. FLT3 mutations tend to arise independently of other RAS pathway gene mutations in
IAMP21-ALL (Fisher’s exact test, isolated or co-existent FLT3 mutations in iAMP21 and non-iAMP21-ALL, p=0.14).



Mutation Sample Diagnostic Primary Secondary Tertiary
ID VAF(%) xenograft VAF xenograft VAF xenograft VAF
(%) (%) (%)
NF1 1 39% 45% 48% 44%
p.P1667S
NRAS 1 5% 6% 2% 7%
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Supplementary Figure 6: RAS pathway mutations are maintained in 1°, 2°, and 3° xenograft
models. (A) Summary of the sequencing data from the NGS targeted sequencing method. Mutations
were assessed as discussed in Methods, Targeted Sequencing Approaches, of the main article.
Three RAS pathway mutations were identified in the diagnostic material of patient 1 (n=2) and 14
(n=1). Variant allele frequency (VAF) represents the proportion of combined forward and reverse
reads that harbour the mutation at the respective base position. Mutations were confirmed in the 1°,
20, and 3° xenograft material and at similar variant allele frequencies to the diagnostic sample.
NRAS (exons 2 and 3), KRAS (exons 2 and 3), FLT3 (exons 14, 15 and 20) and PTPN11 (exons 3,
9 and 13) mutations were not identified in the xenograft material of patients 45 or 46b. These RAS
pathway genes/exons were specifically selected for sequencing as they were recurrently mutated in
IAMP21 ALL patient samples. Xenograft cells from these patients were used as a control to assess
the sensitivity of unmutated cells to selumetinib. (B) Cytotoxicity assays were performed using the
MEKZ1/2 inhibitor, selumetinib, on viable cells from the xenografts of patients 1, 14 , 45 and 46b.
Reduced cell viability was observed in response to selumetinib in vitro in patient 1 and 14 only,
comparable to levels observed in other RAS mutant ALL samples (red) from our previous study.!
Similarly, the response seen in patients 45 and 46b was equivalent to other non-mutated ALL
samples (green). (C) pERK expression was assessed in patient 7 (bold text), relative to three RAS
mutant samples. pERK was observed in the positive control samples and absent in patient 7, which
harboured FLT3-ITD (p.P606_R607ins10, VAF=4%), demonstrating that this FLT3 mutation did not
activate the RAS/RAF/ERK pathway, or at least not to detectable levels .
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Supplementary Figure 7: The RAS/RAF/ERK and PI3K/AKT/mTOR pathways — a complex network. FLT3 receptor (blue) dimerisation
and anchorage at the cell membrane encourages FLT3 ligand (dark red) binding, which leads to auto-phosphorylation of the receptor (‘P’
hexagon symbol), and activation of the RAS/RAF/MEK (green) and PI3K/AKT/mTOR (red) pathways. Mutant FLT3 receptor can directly
activate STATS5, usually regulated by the cytokine receptor/JAK/TYK2 pathway.! RAS activity is regulated by NF1, and the active state is
represented with the yellow explosion symbol. Some genes can co-activate components of both pathways, i.e. RAS can activate RAF and
PI3K, and inhibition of one pathway may therefore lead to activation of the other.2 Furthermore, mechanisms of drug resistance can evolve in
a sample treated with one form of inhibitor, though the acquisition of mutations in genes involved in the alternative pathway.® The
administration of multiple inhibitors that target a number of key cell-signalling pathways, or in combination with chemotherapeutic agents,
may overcome the issue of pathway co-activation or drug resistance. Mutations were detected in FLT3, SHP2 (PTPN11l), GRP3
(RASGRP3), RAS, NF1, and BRAF (highlighted by the red lightning bolt) in our iIAMP21-ALL cohort. Several components of the
RAS/RAF/MEK and PI3K/AKT/mTOR pathways are the current focus of novel targeted therapeutic development; examples of targetable
genes (numbered stars) and developed therapies are shown in the white box (http://www.mycancergenome.org/content/other/molecular-
medicine/anticancer-agents/). *Therapeutic agents that exhibit multi-gene inhibition.
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15 o222 |43  [iAMP21 |Diagnosis v Y 54 |44 |44 454|454 v
15 Remission v
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03 |22387 Bother | Diagnosis v Y v
0a [20388 B-other | Diagnosis v 2 Y
05 [z2a08 Bother | Diagnosis Y Y v
96 [z200 Beother | Diagnosis v 2 Y
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105 [22036 Bother | Diagnosis v Y v
106 [20064 Bother | Diagnosis v Y Y
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11 214 Bother | Diagnosis Y Y Y
112 [20399 Bother | Diagnosis Y Y Y
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115 [10069 Het Diagnosis v Y v
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120 10576 Heh Diagnosis Y Y Y
121 10626 HeH Diagnosis Y Y. Y
122 10631 Heh Diagnosis v Y Y
123 10720 HeH Diagnosis Y Y. Y
124 10740 Heh Diagnosis Y Y, [
125 10837 HeH Diagnosis Y Y. Y
126 Heh Diagnosis Y Y, [
127 [12308 HeH Diagnosis Y Y. Y
128 |11154 Heh Diagnosis Y 7 [
120 13301 HeH Diagnosis Y Y. Y
130 11407 Heh Diagnosis Y Y, [
131 11570 HeH Diagnosis Y Y. 2
132 11635 Heh Diagnosis Y 7 Y
133 |11674 HeH Diagnosis Y Y. v
134 11735 Heh Diagnosis Y Y Y
135 HeH Diagnosis Y Y v
136 |12325 HeH Diagnosis Y Y Y
137 12376 HeH Diagnosis Y Y v
138 12628 Heh Diagnosis Y Y Y
139 10728 HeH Diagnosis Y Y i
140 12747 Heh Diagnosis Y Y Y
141 19646 HeH Diagnosis Y Y. Y
142 19764 Heh Diagnosis Y Y, [
143 19994 HeH Diagnosis Y Y Y
144 |20 Heh Diagnosis Y Y, [
15 |o0712 HeH Diagnosis Y Y. Y
146 |20781 HeH Diagnosis Y Y, [
147 21346 HeH Diagnosis Y Y. 2
148 21635 Heh Diagnosis Y 7 [
149 |21750 HeH Diagnosis Y Y. Y
150 |21998 Heh Diagnosis Y 7 [
151 20147 HeH Diagnosis Y Y. v
152 22238 HeH Diagnosis Y Y Y
153 HeH Diagnosis Y Y. v
154 |22420 HeH Diagnosis Y Y Y
155 |22 HeH Diagnosis Y Y v
156 |22468 HeH Diagnosis Y Y, Y
157 |20676 HeH Diagnosis Y Y i
158 |22799 HeH Diagnosis Y Y Y
150 |20028 HeH Diagnosis Y Y. Y
160 23031 HeH Diagnosis v Y v

Supplementary Table 1: A summary of genetic studies per patient sample used in this study. Studies were approved by the relevant institutional ethics committee(s)
‘and written informed consent was obtained for each patient from parents, legal guardians or themselves. The cohort was comprised of 46 samples from patients with iAMP21-
44 were derived from patient material which was used to investigate the incidence of RAS mutations in iAMP21-ALL, *Patients 45 and 46b refers to the xenograft
mateial of the paient sample; viable cels were used as acontrol 1 assess th efectof seumetini in AMP21-ALL (Supplementary Figure €). Matched remission and for
relapse material was available for select iAMP21-ALL cases (highlighted in grey). Clinical and cytogenetic data is available from our previous studies 2 iAMP21-ALL was
confirmed in each case through the acquisition of muliple RUNX1. signals (relative to ETVS) on interphase cells or metaphase spreads hy FISH. 66 (patients 47-112) and 48

(patients 113-160) mples with no recurrent as B-other) or high hype , respectively, were used in this study.
Genetic studies performed in this study are mgmugmea inyellow and incuded SNP.0 artay, MLPA analysi (P335-KZFL ki) and targeted sequencing (using Roche 454 or
llumina MiSeq technology). formed; 454, Roche 454 technology; IM, llumina MiSeq sequencing; F, failed.
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1 Diagnosis |Y 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2|BRAF loss, chr7:138489883-141615098, CN=1
1b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 Diagnosis |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3[MAPK1 gain, chr22, CN=3
2b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
4 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
4b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
5 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
5b Remission [Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
6 Diagnosis |Y 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2|BRAF loss, chr7:123075091-159117317, CN=1
6b Relapse
7 Diagnosis |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
7b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
8 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
8b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
FLT3 gain chr13:28577688-28653242, CN=3
Y NF1 and GRB2 gain, chr17:21524160-81049726, CN=3
9 Diagnosis 2 2 2 2 2 2 2 2 3 2 2 1 3 3 2 2|CRK loss, chr17:21524160-81049726, CN=1
9b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
v CBL loss, chr11:101085126-128054642, CN=1
10 Diagnosis 2 2 2 2 2 1 2 2 2 2 2 2 2 3 2 2|GRB2 gain, chr17:40024271-80907559, CN=3
11 Diagnosis |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
11b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
12 Diagnosis |Y 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2|CBL loss, chr11:96439395-134944770, CN=1
12b Relapse Y 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2|CBL loss, chr11:96439395-134944770, CN=1
13 Diagnosis |Y 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2|NF1 loss chr17:27671072-30298842, CN=1
13b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
14 Diagnosis [Y 2 2 2 2 2 2 2 2 2 2 2 3 3 3 2 2|NF1, GRB2 and CRK gain, chr17, CN=3
14b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
15 Diagnosis |Y 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2|CBL loss chr11:103700452-122725504, CN=1
15b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
16 Diagnosis |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
16b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
17 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 4 2 2 2 2 2 2|MAP2K1 gain chr15:60309674-68683575, CN=4
18 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
19 Diagnosis _|Y 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2|CBL loss, chr11:78035832-134944770, CN=1
20 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
21 Diagnosis |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
21b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
22 Diagnosis |Y 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2|FLT3 gain, chr13:21197493-46080684, CN=3
23 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
24 Diagnosis |Y 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2|BRAF loss chr7:120150796-159119708, CN=1
24b Relapse Y 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2|BRAF loss chr7:120150796-159119708, CN=1
25 Diagnosis |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
26 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
26b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
CBL loss chr11:89850834-134944770, CN=1
2 2| MAP2K1 gain chr15:62606091-71815395, CN=3
43 Diagnosis _|Y 2 2 2 2 2 1 2 2 3 2 1 2 2 2|CRK loss chr17:0-16571504, CN=1
43b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
44 Diagnosis _|Y 2 2 2 2 2 2 2 2 2 2 2 2 2| 2 2 2
44b Remission |Y 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Supplementary Table 2: Copy number status of RAS pathway genes in iAMP21-ALL. SNP6.0 copy number profiling was performed on 28 diagnostic and 2 relapse iAMP21-ALL patient samples. Matched remission material was available for 17 cases. Arrays
were prepared by The Paterson Institute Microarray Service (Manchester, UK) or AROS Applied Biotechnology AS (Aarhus, Denmark). Copy number and segmentation analysis was performed using Genotyping Console version 4.1.4 (Affymetrix, Santa Clara,
Callifornia, USA). Regions of genomic gain and loss were confirmed by manual assessment. Matched remission samples facilitated the exclusion of germline copy number variants (CNV) and were used to eliminate potential germline variants in unmatched
diagnostic samples, in addition to the list of CNV reported in the Toronto Database of Genomic Variants (DGV). Regions of CNA were mapped in relation to the Genome Reference Consortium Human genome build 37 (GRCh37). The copy number status of 16
genes that represent components of the RAS pathway is shown. Most deletions formed part of a larger abnormality (T) which was often visible by karyotype analysis.




Supplementary Table 3: Primer sequences used to screen and validate RAS pathway mutations. A) Primers were used to screen for RAS pathway mutations using the Roche 454 FLX and / or lllumina MiSeq. RAS pathway primers were composed of the consensus sequence (red text) for binding of the Access
Array Barcode Library primers and the target-specific sequence (black text). NRAS , KRAS , BRAF , and NF1 primers have been described previously.1-3 Primers targeting NRAS exon 2 and FLT3 exon 16 were used to validate putative mutations identified by whole exome sequencing using Sanger sequencing. B)
Primers used to amplify FLT3 transcripts that harbour ITD mutations, designed to bind to exons 13 (forward primer) and 16 (reverse primer). CS1 - tag, consensus sequence 1; CS2 - tag, consensus sequence 2.

A) Sequencing Primers for RAS Pathway Analysis

Gene Name Chromosome
KRAS 1
KRAS 1
NRAS 12
NRAS 12
BRAF 1

RAF 1
PTPNI1L 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNIL 12
PTPNI1L 12
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
FLT3 13
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17
NFL 17

B) RT-PCR Primers to amplify FLT3 ITD
Gene Name osome

FLT3 13
FLT3 13
References

Exon #

cavonswnbiEbEEBoovonrunhEeonen

rward primer seauence (+ CS1 - taa)
ACACTGACGACATGGTTCTACACGTCTGCAGTCAACTGGAAT

Illumina MiSeq Sequencing Primers for RAS Pathway Analysis (f different)
everse primer seauence (+ CS2 - tac) Forward primer seauence (+ CS1 - taa) Reverse primer seauence (+ CS2 - taa)

TACGGTAGCAGAGACTTGGTCTAGAATGGTCCTGCACCAGTAA

ACACTGACGACATGGTTCTACAGGCCGATATTZ

TGTGTTTCTCC TTGGTCTCAGGGATATTACCTACCTCATAAACA
TTGGTCTTCCGAC/
TIGGTCTCAATGTCAAACAACCTAARACCA

TTCTACH TAC

TGGTTCTACATCTICCTGTATCCCTCTCAGG

TIGGTCTAGTTTATIGATGCGAACAGTGA

TGGTTCTACATTGACTC

TTGGTC TCTCAGG

TTCT
ACACTGACGACATGGTTCTACACGTTCCTIGGGTTTCTTTCA
ACACTGACGACATGGTTCTACATIGATCAATCCCTIGGAGGA

TIGGT
TACGGTAGCAGAGACTTGGTCTCACAAGGGAGCAGCAGACTT
TIGGTCTACATCTTGCCAGACCK

CATTT
A TOACGACATOG T ICTACAGAGAGTGCT IGAARRCACTAATGTAA TAGGOTAGCAGAGACTTGGTCTTGATAGTTGAAGGIGGAATSG

TGTGTCAATCAATGGCCGAAT

TGGTTG Y TTGGTCTCCGATGTGCTAACAAGAGCA
ACACTGACGACATGGWCTACACATCAGGCAGTGTTCACGTT TTGGTCTCTTTCAGGAC G
TTGCTTT TTGGTCTTTCC TGGCCAATCTG
ACACTGACGACATGGTTCTACAAGATGCGAAACAGGCCATT TTGGTC
ACACTGACGACATGGTTCTACATAGAACCGGGTGATTCCTCA TTGGTCTTGCAGTTGCTCTATGCCTC)
TTCT TTGGTCTCCCACCACCTCAATACCTACA
TGGTTCTACACAGGCACGT TTGGTCTCGT TTTCCTTCCAT
TGGTTCTACACTGTAGCCATTG X TTGGTCTCCAAGAGGCCTAGCAAGAGA

ACACTGACGACATGGTTCTACACCCTCACATGTGCACTCTTC
TGGTTCTAC

TACGGTAGCAGAGACTTGGTCTCCTGGCCAGCTTAGGAAA

TTGGTCTCCAAATTIGCTIGCCTGCTTA

TGGTTCTACATGGTTC/ AGC TIGGTCT TIGCCACAA
ACACTGACGACATGGTTCTACATTTGGTCATGCATTTGGAAG TACGGTAGCAGAGACTTGGTCTAGCGTGAACCGTGACTICTT
TTCTACAGCACC TTGGTCTCCTTTC
TGGTT T TTGGTCTTCCATCACC
TTCTACATTTGGC/ 166 TTGGTCTIGGCT TCCCATA
ACACTGACGACATGGTTCTACAAAAACTTTTGCATTCATITCCATT  TACGGTAGCAGAGACTTGGTCTAGACTGGCAAGCCCAGTTAC
cTT TIGGTCTC <
TTCTACAC/ TICTCTCATAA TTGGTCTGCAAACATCCTCTTTGTCATCA
ACACTGACGACATGGTTCTACATGCATCTTTGTTGCTGTCCT TTGGT X
ACACTGACGACATGGTTCTACAGCAACCTGGATTGAGACTCC TTGGTCTTC CTATTCCT
X cret TTGA TTGGTCTTCTGTTTCATCK
TGGTTCTACATCACAC/ \TACTCTC! TTGGTCTTTCCAATCTGATGACAGCTCAC
ACACTGACGACATGGWCTACAGGATWCTGCAGCGAGTTCT TTGGTCTCCCAGCCAGTGAGCTTATTT
TICTAAGCCATT TTGGTCTCCAGTGAACTTTZ
X ‘TCTACAAACTC TIGCTICCA ™ GTCWCWCTCMTACGTWCCCTATGA
TTCT TTGGTCTGGCTC
ACACTGACGACATGGTTCTACATCTCAAAGTAGTTGCCCTAGGTTT TACGGTAGCAGAGACWGGTCTMAGTCTWGTTCAGAATGWCAGG
\GAACCGGTCACTGAAA TTGGTCTICTGAGCTCT
TGGTT TTGGTCTGACACTGCAGCCACAGCT
TGGTTCTACACTGGTCY TTGGTCTGGCACATGAC!
TGGTTCT: TCCTCCACT TTGGTCTTCCAGCT
ACACTGACGACATGGTTCTACATTTAGCCATGGTAGGCTTCAA TACGGTAGCAGAGACWGGTCTAGTGGCCMTWCCTCTGAW
TTGGTCTGCATCCT cT

ACACTGACGACATGGTTCTACATIGGAGGTTGATIGAARATCG
ACACTGACGACATGGTTCTACATGCCATTTCTGTTTGCCTTAG

TIGGT A
TACGGTAGCAGAGACTTGGTCTTTCTCAAGATCAAATICACAAAGC

ACACTGACGACATGGTTCTACATCATTATTTTTGT TTGGTCTTTCATATTACTTC
TTGCTATGTTGC TTGGTCTTTCATGATACTAGTTTTTGACCCAGT
TGGTTCT: TIGCTG TTGGTCTTGATTC!
TGGTT TIGGT X AATCGTATCC
ACACTGACGACATGGTTCTACATTTTAAAAATGTTGCCCTTGG TTGGT TTGA
TICTACAGCTAC/ TIC TIGGT \LWGAGTCAGMCWMTGTTAGC
TGGTTCT: T TIGGT \CATCAATA(

ACACTGACGACATGGTTCTACAAATCTGCTTTTTTTTTTCTITITC
ACACTGACGACATGGTTCTACAGACGTTGTTTGAAGACTTTGGA

TACGGTAGCAGAGACWGGTCTWCCMAGCATCTTAWMCTCCA
™

ACACYGACGACATGGWCTACAACCTTATGCTTACTATTGAGTGTWCT TACGGTAGCAGAGACTTGGTCTCGTTTCAGCTAAACCCAATTAAC

TTGGTCTTTTCC \TCTACCTG
TIGGTCTY Y/ CTTTGGA
ACACTOACGACATCGTTCTACATGCATIAGGTTATIGATGATGC TACGGTAGCAGAGACTIGGTCTTTGCCAGTCATTGTCCTCTG
TACACTTGGTTGTCAGTGCTICAG TTGGTCTCC

ACACTGACGACATGGTTCTACATTTATACATAAAATTACCCAAGTTGC

TTGGTCTTGTGCTTTGAGGC!

ACACTGACGACATGGTTCTACATCCTGTGAGGT

HOOTCATGCACOTATCTTGGATITACITC

TAGCTTTTGA TISOTCTIOTITACTITACTGAGCOACTCTTG
A TGGTTCTAC TTGGA
B TGGTTG TTGGTCH
B TGGTTCTAC TATTTTATCAAT
I TGGTTCTACATGCCTICTCTTT TTGGTCTAGGCACAAAGCWAGGGAAA
I TGGTT c TAGGTTATCTGG TTACATATTTCAAACACAAA
B TG TTGGTCTGCAAA T TACTT
ACACTGACGACATGGTTCTACACCATY AC TIGGTCTTGCTICTCT GTIC
TACACTTCAGC/ TAGT TIGGTCTTAT T
A TGGTTCTACATAT’ TTGCCTT, T \GCACACACATACACACA
TACAGACTCTCT
ACACTGACGACATGGTTCTACAACGWGCACWGGCWAATG TACGGTAGCAGAGACTIGGTCTCCACACACCATCAGCAGCTA
TIGGTCTAACAAATGCCCACAAATTGE
GTCAT A TG TIGGTCTAAAGCTGAAAATTTAGTTGGAAGG
ACACTGACGACATGGTTCTACATTGGGAAGGTIAGAAACACTACCT TIGGTCTTGGATTT:
TAATCT CATGACCAATAA
A TGGTT TTTTGG TTGGTCT TeT
A TGGTTCTAC cTe cre T
TIGGTCT/ TTGGT ACACTGACGACATGGTTCTACACATACCGGGCCTAGCAATC TACGGTAGCAGAGACTTGGTCTGTGTACTCCCTGACCCAGGA
ACACTGACGACATGGTTCTACAWCCTGGC'H’TGCTIACGAC TIGGTCT GAT/
TIGGTCTTGCGATAT
ACACTGACGACATGGTTCTACATCACCTIAACCATTGCAAACC TCTCCAAC T
AATTGTATGTTZ TIGGTCTAA TTTCTTTGAATTCTCTTA
ACACTGACGACATGGTTCTACATTGATGTGATTHCATTGACCA T TG
ACACTGACGACATGGTTCTACATTGAWAGGCTGTTCCAATGAA TACGGTAGCAGAGACTTGGTCTGGGACTCAAAGTTTTAGCACAA
TecTTICe
A TIGGTCTCAAAATAGCACAATAAACCAATATTTC
B TGGTTCTAC TTGGTCT
ACACTGACGACATGGTTCTACAATGCATATTGT GTCTATATTTCATIGACCTCAAATITAAACG

ACACTGACGACATGGTTCTACATCCTGAATTCATICCGAGATTC
I \TGGTTCTACACCCC

TACGGTAGCAGAGACTTGGTCTACTICAAACAACTAAACTTTAAGAGG

ACACTGACGACATGGTTCTACATGTTCTGTGGTTTTCTGCAGTC
B TGGTTCTACACCTCAGCH

TACGGTAGCAGAGACTTGGTCTTCACTTATICAAATTACTICTGGTTTC
TCCACCACTAAY

GTTC
AcAcmAcsAcAmsm:chrrcnccmrrrrAAchcAcns

ACACTGACGACATGGTTCTACAGGTGTHGATCACGTIAATICC

GTCTTCTACT

ACACTGACGACATGGTTCTACAATCTCCCTHAATTHGGCACA

ACACTGACGACATGGTTCTACAWAATATH’HGGCTICAGATGG
B TGGTTCTACAAGCGACH T

TIGGTCTTCACTTACTCT GGCCATC
T

T T

T

TIGGTCT/ AAACCTACTGTCTCA
TIGGTCTAGTC

T TeT
TIGGTCTGTTGGTGTCTTATATIGTTGCTC
TIGGTCTC) TCATT

TCCCTTTCATCCAAGACAACA
TGAGTGCCTCTCTTTCAGAGC
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official journal of the Leukemia Society of America, Leukemia Research Fund, UK. 2012 Apr;26(4):834-9.
3 Grossmann V, Bacher U, Artusi V, Kohlmann A, Nadarajah N, Kem W, et al. Molecular analysis of RAS-RAF tyrosine-kinase signaling pathway alterations in patients with plasma cell myeloma. Blood cancer journal. 2012;2:€85.




No. ©p) allele allele DBSNP site VAF (%) VAF (%) osition -amino acid acid Type of mutation Pr Pr prediction | Pr prediction validation validation
1 chrl 17085006 MSTP9 1115 c T DBSNP 8 3 490 G E Missense Probably damaging -
1 chrl 215345428 KCNK2 c T NOVEL 60 o 227 A N4 Missense Possibly damaging Disease-causing mutation Yes
1 chr2 33768636 RASGRP3 1217 G A NOVEL 39 0 445 E K Missense Probably damaging Disease-causing mutation Yes
1 chr3 33558652 CLASP2 34/38 G A NOVEL 51 o 1267 H Y Missense Possibly damaging Disease-causing mutation Yes
1 chr3 44929267 GM4 3/14 c T NOVEL 50 0 94 Q . Frameshift Probably damaging Disease-causing mutation Yes
1 chré 5613493 FARS2 67 G A NOVEL 11 o 386 R [} Missense Probably damaging Disease-causing mutation
1 chr9 125054104 MRRF 57 G A NOVEL 50 0 179 R Q Missense Possibly damaging Disease-causing mutation
1 chr12 6697096 CHD4 24140 c G CosmIC a4 o 1162 R P Missense Probably damaging Disease-causing mutation Yes
1 chr12 26808679 ITPR2 20057 G A NOVEL a1 o 851 P S Missense Probably damaging Disease-causing mutation
1 chr12 62778031 USP15 10/21 G A NOVEL 10 o 445 R H Missense Probably damaging Disease-causing mutation
1 chr12 79837985 1 9/10 A c NOVEL 43 0 354 Q P Missense Possibly damaging Disease-causing mutation Yes
1 chr12 85257259-85257260 SLCBA1S 1112 cc 1T NOVEL a7 o 593 G R Missense Possibly damaging Disease-causing mutation Yes
1 chr16 784854 NARFL 5/11 c T NOVEL 59 o 153 D N Missense Probably damaging Disease-causing mutation Yes
1 chr16 24580488 RBBP6 17/18 G A COSMIC 9 0 826 R H Missense Probably damaging Disease-causing mutation
1 chrl7 NF1 37/58 c T NOVEL 35 0 1667 P S Missense Probably damaging Disease-causing mutation Yes
1 chr17 45234397 cbpc27 719 G A DBSNP 13 o 242 P S Missense Benian Disease-causing mutation
1 chr20 32996513 ITCH 4125 G A NOVEL 67 o 43 v 1 Missense Probably damaging Disease-causing mutation Yes
1 chr20 55803435 BMP7 27 c T CcosmIC a7 0 154 R Q Missense Benign Disease-causing mutation Yes
1 chrX 102977125 GLRA4 6/9 G A DBSNP 58 o 225 R w Missense Probably damaging Benian Yes
L [ | | |
I I | I A A |
5 chri2 112888198 G A DBSNP 67 0 72 A T Missense Probablv damaaina Disease-causina mutation Deleterious Yes
N A N S S | |
! [ ! [ | | | I
9 chrlg 49982165 FLT3LG 1/68 G GC COSMIC. 28 0 [} X Frameshift Disease-causing mutation.
N N A S S |

2
N I A A R




e 153 LOR 28 A ACTCTGG COSMIC 2 o 189 Solice site Disease-causina mutation
a3 cheo 230456417 DNER na ¢ A cosmic a o 155 P L Missense Benian Disease-causina mutation__ Deleterious Yes
a3 cha 126329626 EAT4 a7 c T 8 o 1866 T [0 Missense Probably damacina Disease-causina mutafion
a3 chrs ARAPE . c A NOVEL 29 o Solice site Disease-causina mutafion
a3 chrs 178416050 GRM6 610 G T NOVEL a o aa A T Missense Probably damacina Disease-causina mutation__ Deleterious Yes
a3 cht 108100021 ATM w63 T A NOVEL 7 o 101 v ) Missense Probably damacina Disease-causina mutafion Yes
a3 chrio 53680313 ESPL wwE G NOVEL a2 o 1265 R G Missense Possibly damanina Disease-causina mutation __ Deleterious Yes
a3 chna 28602340 FLT3 1604 C T cosmic % ) 676 N K Misser Probably damacina Disease-causina mutation _ Deleterious Yes
a3 chria 93301915 GOLGAS 1113 C T VEL 36 [ 653 R - Truncation Disease-causina mutafion Yes
a3 chria 100604072 EwL - c T DBSNP. 24 o Solice site Disease-causina mutafion
a3 7 7577003 16 c cosmic 78 o 282 R P Missense Probably damacina Disease-causina mutation__ Deleterious Yes
a3 7 76082940 TNRCEC 1321 C T NOVEL a o 1187 [ c Missense Probably damacina Disease-causina mutation__ Deleterious Yes
a3 chrig 42860512 MEGFB o541 G A DBSNP. aa o 1443 [ H Missense Probably damacina Disease-causina mutation___ Deleterious Yes
a3 oo 43085982 EFCABG 2432 G T cosmic a o 1002 3 K Missense Possibly damanina Benian Deleterious Yes
43 chix 47836179 7NF18> c A NOVEL o 436 3 v Vissense Probably damacing Disease-causina mutation __ Deleterious.

o ————————— | R
a4 chrl 63877638 ALGH o5 C T NOVEL o a1 s 3 Missense Possibly damanina Disease-causina mutation___ Deleerious.
a4 chn 115258748 o [ T cosmic 29 ) 13 s Missense Benian Disease-causina mutation eleterious. Yes
a4 cheo 84934670 DNAH6 5477 C T NOVEL 13 [ 2960 R c Missense Probably damacina Disease-causina mutation___ Deleterious
a4 ch3 724 DIRC2 c T DBSNP. 9 o 172 T M Missense Benian Disease-causina mutation__ Deleterious Yes
a4 cha 125850318 ALDHILL 1323 C A cosmic 50 o 521 A v issense Possibly damanina Disease-causina mutation__ Deleterious Yes
a4 cha 147560457-147560466 | POUAE? 112 TGGCGG( TGGCGG( NOVEL a o 5658 Solice site.indel Disease-causina mutafion
a4 chrs 140769385 PCOHGBA 14 A OVEL £ o 645 H Missense Benian Disease-causina mutation__ Deleterious
a4 chre 1632791516327918  ATXN1 ATGC | ATGCTGC NOVEL 100 o 208200 | OH 000H Inframe indel Disease-causina mutafion
a4 chro 1939566119395669 | HRCTL n CTCCTTC | CTCCTTC NOVEL 100 o 100-101 Solice site. indel Disease-causina mutation
a4 chrio 11214601 TASORAE 111 T 3 NOVEL 8 o 8 L 2 Missense Possibly damanina Disease-causina mutation__ Deleterious
a4 [chria ATXNG w0m ¢ ce NOVEL a5 o 315 3 AxX Erameshift Disease-causina mutafion
a4 chnis DET1 E c T NOVEL 8 o 161 ) E Missense Possibly damanina Disease-causina mutation__ Toleratet
44 chrio 33490585 RHPN? 10115 C A DBSNP_COSMIC 17 o 378 o - Truncation Disease-causina mutation

Supplementary Table 4: A list of mutations in eight iAMP21 patient samples. WES was performed on the matched diagnostic and remission material of eight iAMP21 patient samples (patients 1,3, 5, 7, 9, 21, 43 and 44). Somatic mutations that were predicted to alter protein function by the majority of protein-damaging predition tools (PolyPhen2,
SIFT and Mutation Taster) are listed. DBSNP variants with <1% minor allelic frequency (MAF) were included. Mutations in components of the RAS pathway are highiiahted in arey.




Supplelmentary Table 5: RAS pathway mutations in iAMP21-ALL. 44 mutations were identified in 26 (25 diagnostic and 1 relapse) iAMP21-ALL patient samples (column A); relapse samples are depicted by 'b’, as shown in Supplementary Table 1.
Details of the mutation (columns B-D, F), genomic location of the variation (column E) and the predicted functional consequence of the mutation, as predicted by Mutation Taster and Polyphen2 (columns G-I), are shown. Mutations previously identified in
cancer are highlighted (column J); yes* defines FLT3-ITD mutations that have been previously reported but the number of inserted amino acids is different.

Mutation Polyphen2 MutationTaster
Patient # Gene - amino acid change Variant allele frequency (%) | Genome position [ Nucleotide change | Type of mutation | Protein-damaging Protein-damaging Reported in COSMIC

1 NRAS Q22K 5% chr1:115258718 CIA Missense Probably damaging |Disease-causing mutation  |Yes
1 NF1 P1667S 39% chr17:29653001 CIT Missense Probably damaging |Disease-causing mutation  |No
3 KRAS L19F 2% chr12:25398262 G/C Missense Probably damaging |Disease-causing mutation  |Yes
3 NRAS E49K 3% chr1:115256566 CIT Missense Benign Disease-causing mutation Yes
3 NRAS R68T 3% chr1:115256508 CIG Missense Probably damaging |Disease-causing mutation |Yes
3 PTPN11 |E76Q 4% chr12:112888210 [G/C Missense Probably damaging |Disease-causing mutation Yes
4 NRAS G13D 29% chr1:115258744 CIT Missense Benign Disease-causing mutation  [Yes
5 PTPN11 |N58S 48% chr12:112888157 [A/G Missense Possibly damaging |Disease-causing mutation Yes
5 PTPN11 |A72T 44% chr12:112888198 |G/A Missense Probably damaging |Disease-causing mutation |Yes
6 FLT3 L610>WAREYEYDLKWEFPRENL 13% chr13:28608251 51bp insertion Indel NA NA Yes
7 FLT3 P606>IWEYDLKWEF 4% chr13:28608239 30bp insertion Indel NA NA Yes
8 NRAS R68fs 6% chr1:115256506 GAGA/TTCC Indel NA Disease-causing mutation No
8 FLT3 D835V 3% chr13:28592641 TIA Missense Probably damaging |Disease-causing mutation  |Yes
9 NRAS G12S 8% chr1:115258748 CIT Missense Possibly damaging |Disease-causing mutation Yes
9 NRAS Gl12C 2% chr1:115258748 CIA Missense Possibly damaging |Disease-causing mutation  |Yes
9 NRAS G12D 2% chr1:115258747 CIT Missense Benign Disease-causing mutation Yes
9 NRAS G13D 5% chr1:115258744 CIT Missense Benign Disease-causing mutation  [Yes
10 KRAS G12D 37% chr12:25398284 CIT Missense Possibly damaging |Disease-causing mutation Yes
10 KRAS G12D 5% chr12:25398284 CIT Missense Possibly damaging |Disease-causing mutation  |Yes
11 FLT3 F605>SRRYEYDLKWEF 9% chr13:28608242 33bp insertion Indel NA NA Yes*
12 FLT3 F590fs 9% chr13:28608287 10bp insertion Frameshift NA Disease-causing mutation  [Yes*
12b NRAS G12D 48% chr1:115258747 CIT Missense Benign Disease-causing mutation Yes
12b PTPN11 [R351Q 48% chr12:112915779 |G/A Missense Benign Disease-causing mutation  [No
14 NRAS Q61H 31% chrl:115256528 T/A Missense Benign Disease-causing mutation Yes
17 PTPN11 [E76K 35% chr12:112888210 |G/A Missense Probably damaging |Disease-causing mutation  |Yes
18 NRAS Y64 _S65insGQEE 42% chr1:115256521 12bp insertion Indel NA Disease-causing mutation No
19 NRAS G12s 21% chr1:115258748 CIT Missense Benign Disease-causing mutation  [Yes
19 NRAS G12v 24% chr1:115258747 C/A Missense Possibly damaging |Disease-causing mutation Yes
20 NRAS G13V 5% chr1:115258744 CIA Missense Probably damaging |Disease-causing mutation  |Yes
20 NRAS Y64N 3% chrl:115256521 AIT Missense Probably damaging |Disease-causing mutation Yes
21 KRAS Gl2v 11% chr12:25398284 CIA Missense Probably damaging |Disease-causing mutation |Yes
21 FLT3 K602>LADEYFYVDFREYEYDL 13% chr13:28608252 51bp insertion Indel NA NA Yes
22 KRAS G12R 26% chr12:25398285 CIG Missense Possibly damaging |Disease-causing mutation  |Yes
22 KRAS Gl2v 10% chr12:25398284 CIA Missense Possibly damaging [Disease-causing mutation  [Yes
24 FLT3 1836del 6% chr13:28592637 3bp deletion Indel NA Disease-causing mutation Yes
26 FLT3 F612>LDFREYEYDLKWEFPRENLEF 16% chr13:28608220 60bp insertion Indel NA NA Yes*
29 NRAS G12S 48% chr1:115258748 CIT Missense Benign Disease-causing mutation Yes
30 NRAS G13D 12% chr1:115258744 CIT Missense Benign Disease-causing mutation  [Yes
30 NRAS G13V 6% chr1:115258744 C/A Missense Probably damaging |Disease-causing mutation Yes
31 KRAS G13D 52% chr12:25398281 CIT Missense Possibly damaging |Disease-causing mutation  |Yes
31 KRAS F78L 2% chr12:25380226 AIG Missense Possibly damaging |Disease-causing mutation No
37 FLT3 N609>RVLSGHVDFREYEYDLKWEFPREN 9% chr13:28608230 69bp insertion Indel NA NA Yes*
39 NRAS Q61L 2% chr1:115256529 T/A Missense Probably damaging |Disease-causing mutation Yes
39 BRAF V600E 44% chr7:140453136 AT Missense Probably damaging |Disease-causing mutation |Yes




Patient Diagnostic lesion Relapse lesion
sample
RB1 deletion (CN=1)
680 IKZF1 deletion (CN=1) IKZF1 deletion (CN=1)
FLT3 ITD (L610>E611ins18) (VAF, CRLF2 rearrangement
13%)
IKZF1 deletion (CN=1)
IKZF1 deletion (CN=1) EBF1 gain (CN=3)
10A8BC CRLF2 gain (CN=3) CRLF2 rearrangement
FLT3 F590_D593fs (VAF, 9%) NRAS G12D (VAF, 48%)
Ch11:96439395-134944770 (CN=1) PTPN11 R351Q (VAF, 48%)
Ch11:96439395-134944770 (CN=1)
FLT3 1836>M
24AD . i _
Ch7:120150796-159119708 (CN=1) Ch7:120150796-159119708 (CN=1)
33°¢ RB1 deletion (CN=1)
34°¢ ETV6 deletion (CN=1)
35°%¢ ETV6 deletion (CN=1) IKZF1 deletion (CN=1)
3650 RBL deletion (CN=0) RB1 deletion (CN=0)
CRLF2 gain (CN=3) -

Supplementary Table 6: Summary of genomic abnormalities in 7 matched diagnostic
and relapse iIAMP21-ALL samples. Seven diagnostic and relapse matched pairs were

interrogated by SNP6-0 array (%) (to identify copy number abnormalities (CNA) of RAS
pathway gene loci), MLPA (°) (to identify CNAs of recurrently deleted ALL genes), and
targeted sequencing approaches (Screen A (°) and Screen B (°)) (Supplementary Figure 1).
All cases were confirmed as iIAMP21-ALL at diagnosis and relapse (Supplementary Table 1).
The genomic aberrations that were similar at diagnosis and relapse are highlighted in red
text. Mutations and CNA identified by MLPA were not detected in the diagnostic sample of
patient 34 or the relapse material of patient 33. A single CNA or somatic mutation was not
consistent or specific to diagnostic and/or relapse iIAMP21-ALL. The genomic profile was
frequently different between the 7 matched diagnostic and relapse samples. Abbreviations:
VAF, variant allele frequency; CN, gene copy number.
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