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1. Supplementary Methods 

Sample preparation and high-throughput sequencing 

WES: Briefly, one µg of genomic double stranded DNA of matched samples from 19 cases 

(UPN 715, A, 545, Y, 842, C, 399, B, 430, 460, 818, 1021247, 786, X, 592, 314, 446, 792, 

and D) was sheared with Covaris S210 to an average size of 270bp, end-repaired, A-tailed, 

ligated to barcoded adaptors, amplified by PCR, and quantified using Illumina TruSeq DNA 

Sample Prep and TruSeq Exome Enrichment kits (Illumina) according to the manufacturer´s 

recommendations. Six samples were then pooled into one library and hybridized to Capture 

Target Oligos, and PCR amplified. 100bp paired-end sequencing was performed on three 

lanes on a Illumina HiSeq 2000 (Illumina) with ≈80x coverage. 

Targeted sequencing: In brief, 50 ng of genomic double stranded DNA was enzymatically 

sheared to an average size of 200bp. Further processing was performed using Illumina 

Nextera Rapid Capture Custom Kit (Illumina) and 100bp paired-end sequencing was 

performed on 24 samples per lane on a Illumina HiSeq 2000 (Illumina) to reach a coverage 

of 100-1 000x. 

Read alignment and variant calling in relapsing cases 

Read alignment and variant calling were performed following best practices established at 

the Broad Institute. Specifically, data demultiplexing and initial quality control were performed 

using Picard (http://picard.sourceforge.net). After demultiplexing, high-quality (pass-filter, PF) 

reads were aligned to human reference genome hg19/NCBI37 using BWA version 0.5.9.1 

Prior to somatic mutation calling, aligned BAM files were processed using the GATK 2.4-9 

software2, 3 to mark likely PCR duplicates, to realign reads around indels and to recalibrate 

base quality scores based on common variation. Somatic point mutations were called using 

MuTect v1.1.44 with COSMIC v54 as reference database. Somatic indel calling was 

performed using IndelGenotyper2 (http://www.broadinstitute.org/cancer/cga/indelocator). For 
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targeted sequencing, mutation calling was restricted to targeted regions (= coding exons plus 

splice sites) to reduce the number of spurious detections in non-targeted regions due to 

insufficient sequencing depth. Alignments in recurrently mutated genes were also inspected 

manually, which led to the identification of 13 additional somatic mutations falsely rejected by 

MuTect (six in CREBBP, three in NRAS, two in KRAS, one in PTPN11, and one in TP53).  

Variant annotation 

Variant annotation was performed using SnpEff version 3.3h.5 PolyPhen2,6 SIFT,7 SiPhy8, 9 

and G1K variant annotations were obtained by SnpSift10 using dbNSFP v2.111 as annotation 

source.  

We considered non-silent variants as variants with predicted SnpEff-effects STOP_GAINED, 

STOP_LOST, SPLICE_SITE_DONOR, SPLICE_SITE_ACCEPTOR, FRAME_SHIFT, 

CODON_CHANGE_PLUS_CODON_INSERTION, CODON_DELETION, 

NON_SYNONYMOUS_CODING, CODON_INSERTION, 

CODON_CHANGE_PLUS_CODON_DELETION, NON_SYNONYMOUS_START, and 

START_LOST. Deleterious variants included variants with predicted SnpEff effects 

FRAME_SHIFT, SPLICE_SITE_ACCEPTOR, SPLICE_SITE_DONOR, and STOP_GAINED 

as well as variants with SnpEff effect NON_SYNONYMOUS_CODING if this non-

synonymous variant was predicted to be deleterious by at least two of three methods, 

including PolyPhen2, SIFT, and SiPhy. PolyPhen2 directly outputs deleteriousness, whereas 

for SIFT and SiPhy we considered variants deleterious if they had a score <0.05 and ≥12, 

respectively. In addition, we considered mutations impacting extremely well conserved 

nucleotides (SiPhy score >20) as deleterious, regardless of PolyPhen2 and SIFT predictions.  

Post-calling variant filtering 

Following variant calling and annotation, somatic point mutations and indels were further 

filtered to reduce false-positives. Removed variants included (a) variants overlapping with 

repetitive regions, segmental duplications, or blacklisted regions (as annotated in 

UCSC/hg19 tables “rmsk”, “simpleRepeat”, “genomicSuperDups”, and 

“wgEncodeDacMapabilityConsensusExcludable”); (b) variants corresponding to common 

SNPs without known medical impact 

(http://www.ncbi.nlm.nih.gov/variation/docs/human_variation_vcf/#common_no_known; 

version Sept 30, 2013); (c) variants detected in phase 1 of the 1000 Genomes Project;12 (d) 

variants present in remission samples of at least two exome sequencing cases, if in 

remission these variants had (1) an allelic frequency >5% to not erroneously remove true 

somatic variants that are detected in remission due to minimal residual disease and (2) were 

supported by at least 3 reads to not erroneously exclude true somatic variants because of 
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sequencing errors in remission; and (e) exome sequencing variants with allelic frequencies 

<10%. This last filter was only applied to exome sequencing variants and not to targeted 

sequencing variants. 

Identified indels were subjected to additional filtering, because manual inspection revealed 

many questionable calls in the raw output of IndelGenotyper2. Called indels were rejected if 

(a) the total read depth in tumor was <10x (= low coverage filter); (b) the fraction of reads 

supporting the consensus indel among all reads supporting any indel was below 70% (= low 

consensus filter); (c) the indel was not supported by reads from both strands (= strand bias 

filter); (d) indel supporting reads had a higher fraction of mismatching bases than reads 

supporting the reference allele (= misalignment filter); or (e) the average mapping quality of 

consensus indel-supporting reads was below 40 (= mapping quality filter). 

Post-calling filtered variants were removed from all downstream analyses. 

Variant calling in non-relapsing cases 

For non-relapsing cases, only diagnostic samples without matched remission were 

sequenced, which necessitated a different variant calling strategy. Reads were first aligned 

with BWA and processed with GATK as described previously. SAMtools (version 0.1.19)13 

was then used to pileup reads (‘samtools mpileup -q 40’), followed by VarScan v2.3.614 to 

call non-reference variants (‘VarScan mpileup2cns --variants --strand-filter 1 --min-coverage 

10 --min-avg-qual 15 --P-value 1 --min-var-freq 0.1 --min-reads2 4 --output-vcf 1’). 

Subsequent variant annotation and post-calling filtering were performed as described 

previously for MuTect-called variants, which removed all known common germline 

polymorphisms. Only variants impacting CREBBP and RTK/Ras pathway genes (KRAS, 

NRAS, PTPN11, and FLT3) were kept for further analysis (Supplemental Table S8).  

Pathway analysis 

Pathway analysis was performed with Genome MuSiC version 0.415 and its integrated 

PathScan module.16 Input gene sets were compiled from various sources, including 199 gene 

sets from KEGG,17 10,295 gene sets from MSigDB version 4.0,18 224 gene sets from the 

National Cancer Institute (NCI) Pathway Interaction Database19, 240 gene sets from 

WikiPathways,20 314 gene sets from BioCarta (http://www.biocarta.com/),21 119 gene sets 

from BBID (http://bbid.grc.nia.nih.gov/), 10,440 Gene Ontology annotations,22 7,309 InterPro 

domain assignments,23 4,670 OMIM disease associations 

(http://www.ncbi.nlm.nih.gov/omim), 3,554 PIR superfamilies,24 604 SMART motifs,25, 26 and 

70 COG ontology assignments.27 KEGG, BioCarta, BBID, GO, InterPro, OMIM, PIR, SMART, 

and COG gene sets were obtained through the DAVID Bioinformatics Resources, version 
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6.7.28 To enter the analysis, gene sets were required to have at least two and a maximum of 

400 genes. 

PathScan input mutations were provided in MAF file format containing only predicted 

deleterious variants with allelic frequency ≥20%. Enrichment analysis was performed 

independently for diagnosis and relapse samples. In addition, for each leukemia occasion, 

two separate analyses were conducted: one where all mutated genes were considered, and 

one where the highly recurrently mutated genes CREBBP and RTK/Ras pathway genes 

(KRAS, NRAS and PTPN11) were excluded. Mutations in the following (mostly large 

cytoskeletal and olfactory) genes were excluded from all pathway analyses: MESP2, TTN, 

TBP, CSMD3, DNAH5, RYR1, RYR2, RYR3, DNAH1, DNAH8, DNAH9, MUC2, MUC16, 

MUC12, MUC5B, OR5H2, OR5H2, OR11H4, OR6F1, OR52R1, OR2T12, OR6V1, OR51I2, 

OR5I1, OR9Q1, OR9Q1, PDZD7. These genes have elevated local background mutation 

rates that cause them to be found as recurrently mutated in many large-scale mutational 

screens, although they are most likely not functionally relevant in cancer development or 

progression.29 

Enriched gene sets, identified at each leukemia occasion (i.e. at diagnosis and relapse) and 

by each analysis (i.e. including and excluding RTK/RAS pathway/CREBBP genes), are 

provided in Supplemental Table S3. The 144 gene sets, significantly enriched at relapse and 

excluding RTK/RAS pathway/CREBBP genes, were clustered to produce Supplemental 

Figure S4, using the following procedure. First, a binary gene-pathway matrix was 

constructed, with rows representing mutated genes and columns representing significantly 

enriched pathways (12 gene sets from MSigDB belonging to categories ‘c1_positional’ and 

‘c3_motif’ were excluded in this step). Presence and absence of a gene in a pathway was 

encoded with 1 and 0, respectively. The binary matrix was then clustered independently in 

both dimensions with R functions ‘dist’ (distance measure ‘binary’) and ‘hclust’ 

(agglomeration method ‘average’), resulting in a matrix in which pathways sharing the same 

genes and genes sharing the same pathways are grouped together. The clustered matrix 

was color-coded (1=black, 0=white) and plotted alongside hierarchical trees for visual 

interpretation. 

Functional groups identified in Supplemental Figure S4 were then used as scaffold to 

manually construct an extended gene-case mutation matrix containing both recurrently and 

non-recurrently mutated genes (Supplemental Figure S5). Recurrently mutated genes were 

put at the top and non-recurrently genes were put into their corresponding functional groups 

as identified by pathway analysis. The matrix was manually augmented by genes carrying 

missense mutations not predicted to be deleterious, which were assigned to functional 

groups based on manual review of GeneCards annotations (http://www.genecards.org).30 
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Identification of hot-spot mutations in RTK/Ras pathway genes 

Mutational hotspots in KRAS, NRAS, and PTPN11 genes were identified by first searching 

the COSMIC database for genomic positions impacted most frequently by somatic mutations. 

This search identified seven clear mutational hotspots for both KRAS and NRAS and 17 for 

PTPN11. Using a custom R script, BAM files from targeted sequencing were then inspected 

at these 31 hotspot positions to find reads supporting non-reference alleles. A mutation was 

called if (a) it was supported by at least two reads from both strands and (b) the mean base 

quality of the non-reference allele was at least 22 on both strands. Because FLT3 mutations 

were much less clustered than KRAS, NRAS, and PTPN11 mutations, we augmented KRAS, 

NRAS, and PTPN11 hotspot mutations with FLT3 mutations previously identified by MuTect. 

All RTK/Ras pathway mutations identified by this procedure are provided in Supplemental 

Table S7. In a control experiment, we searched 82 remission samples for non-reference Ras 

pathway alleles using the exact same procedure, but did not call any mutation. This suggests 

that the false-positive rate of the mutation hotspot caller is very low, at least below one error 

per 2 500 investigated hotspots. 

 

2. Supplementary Results 

Transition versus transversion ratio 

The average transition/transversion (Ti/Tv) ratio of mutations at diagnosis and relapse was 

similar (1.6 and 1.4; P=0.14) and thus not indicative of a genotoxic drug effect or mutator 

phenotype.  

Frequency and description of mutated genes from targeted sequencing 

Recurrent targets of sequence mutations were RTK/Ras pathway genes (63%), CREBBP 

(24%), TP53 (5%), ATM (4%), TRAPP (3%), MLL2 (3%), WHSC1 (3%), ZNF516 (3%), JAK2 

(2%), PI3KCB (2%), TLX3 (2%), FBXL7 (2%), GDPD2 (2%), MAGI1 (2%), NDC80 (2%), and 

USP9X (2%).  

The chromatin modifier group comprises genes mediating acetylation (CREBBP, ATM, and 

TRRAP) and methylation (WHSC1, MLL2). While all of them, except TRRAP, are known 

players in the pathogenesis of various leukemias or have previously been associated with 

childhood ALL,31-36 TRRAP mutations have only recently been described in colon cancer and 

lymphoma.37 All three cases carried the same novel TRRAP mutation (E3107K) affecting the 

tetratricopeptide repeat (TPR) domain that is responsible for ligand binding. Considering the 

similar function of TRRAP and CREBBP, they both acetylate histone and non-histone 
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proteins, and their mutually exclusive presence of TRRAP mutations thus might substitute for 

CREBBP mutations in these cases at relapse.   

The signaling cohort comprised not only mutations in genes of the RTK/Ras pathway, but 

also in JAK2, PI3KCB, USP9X, and MAGI1. JAK2 is a non-receptor tyrosine kinase involved 

in regulation of cell growth, development, and differentiation. One case harbored a gain of 

function mutation (R683) at relapse that affects the pseudokinase domain and was 

previously identified in 10% of pediatric cases with high risk ALL and in about 20% of Down 

Syndrome-associated ALL.38-40 The second case had a conserved mutation (D1128G), 

annotated in COSMIC, that targets the tyrosine kinase domain. The other mutated signaling 

genes were found in solid and hematopoietic malignancies and were, in part, associated with 

resistance to treatment.41-47 

The third category, termed "others", contains genes that are associated with oncogenesis 

such as TP53 and TLX3,48 and potential novel players FBXL7,49 ZNF516, GDPD2, and 

NDC80. TP53 mutations are particularly frequent in childhood low-hypodiploid ALL50 and, 

less often though, in relapsed ALL and seem to confer poor prognosis.51, 52 We detected two 

TP53 mutations already at diagnosis and three additional mutations at relapse. Four of these 

five TP53 mutations target the DNA binding domain including one reported before in 

hypodiploid ALL.52 

Altered pathways at diagnosis and relapse 

Pathway analyses revealed enrichment of deleterious mutations in genes implicated in 

transcription, cell signaling, cytoskeleton, cell cycle, development or differentiation (P<1e-6) 

(Supplemental Table S3 and Figure S4). Together with pathways responsible for drug 

resistance and hypoxia regulation, they were significantly more common at relapse. When 

we performed the analyses without CREBBP and RTK/Ras, the central hubs in many of 

these pathways,53, 54 the most prominent of the remaining ones at diagnosis was MSigDB 

gene set prostaglandin E2 DN (P=2.4e-8), while at relapse all other pathways remained 

statistically significant. These findings may suggest that other relapse-specific mutations in 

these pathways either substitute for mutated RTK/Ras and/or CREBBP genes, or when they 

co-occur, even synergize in their function and progression towards relapse (Supplemental 

Figure S5). 
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3. Supplementary Tables  

Supplementary Table S1. Clinical characteristics of relapsing and non-relapsing HD 

ALL cases at diagnosis 

           

                                       Diagnosis 
  Relapsing cases    Non-relapsing cases* P 

 Total n=66 (100%)   n=51 (100%)   
Gender (%)        0.36 
   Male 37 (56.1)   24 (47.1)   
   Female 29 (43.9)   27 (52.9)   
Age, y (%)        0.04 
   1-10. 55 (83.3)   49 (96)   
   ≥10 11 (16.7)   2 (4)   
WBC count (%)        0.76 
   < 50 000/µL 60 (91)   45 (88.2)   
   ≥ 50 000/µL 6 (9)    6 (11.8)   
Mod. no. chrom. (%)          0.001 
   51-53     8 (14.5)     3 (6.1)    
   54-57 22 (40)    37 (75.5)    
   58-66   25 (45.5)     9 (18.4)    
   NA 11    2    
Pred response (%)       0.1 
   Poor 1 (1.9)   5 (9.8)   
   Good 53 (98.1)   46 (90.2)   
   Na 11        
MRD risk (%)        0.17 
   Standard  10 (16.4)     11 (33.3)   
   Intermediate /SER  33/16 (54.1/26.2)   19/2 (57.6 /6.1)   
   High  2 (3.3)   1 (3)   
   NA 5    18    
Time to relapse (%)         
   Very early 5 (7.7)       
   Early 18 (27.7)       
   Late 42 (64.6)       
   NA 1       

Mod. no. chrom., modal number of chromosomes; NA, not available; na, not applicable;  
SER, slow early responder; *, median follow up 103.6 months (range, 67.2-251.6 months). 
Associations between categorical variables were examined using Fisher's exact test. 
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Thus, relapsing HD ALL cases tended to be older at initial diagnosis and had a higher modal 

number of chromosomes than non-relapsing cases. The latter finding contrasts data from a 

recent EORTC study suggesting that children with a higher modal number of chromosomes 

have a superior outcome.55 

Supplementary Table S2. Somatic variants identified by whole exome sequencing in 

19 relapsing HD ALL cases.  

Supplementary Table S3. Enriched pathways identified by pathway analysis. The Excel 

file contains two sheets, one showing the results considering all recurrently mutated genes 

and the second one the results after excluding RTK/RAS pathway and CREBBP genes. 

Supplementary Table S4. Genes and their genomic regions selected for targeted 

sequencing. The panel comprises genes identified by WES as recurrently mutated in 19 HD 

ALL relapsing cases, (non-recurrently) mutated genes also annotated in the COSMIC 

database, and genes manually curated from the literature. 

Supplementary Table S5. Targeted sequencing variants identified in the entire 

relapsing cohort. List of somatic mutations identified by MuTect in the 60 targeted genes of 

the relapsing cohort. 

Supplementary Table S6. Mutation clusters from case UPN 715. List contains mutated 

genes in various clusters. 

Supplementary Table S7. RTK/Ras pathway mutations in relapsing cases. This list 

combines mutations found by the RTK/Ras pathway hotspot mutation caller and FLT3 

mutations identified by MuTect.  

Supplementary Table S8. RTK/Ras pathway and CREBBP variants identified by 

targeted sequencing in the non-relapsing cohort.  
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Supplementary Table S9. MRD risk and outcome of HD ALL cases after first relapse 

 Relapsed Cases (n=84)* 
MRD risk n (%) 
   Standard 33 (53.2) 
   High 29 (46.8) 
   NA 22  
Outcome (%)   
   2nd CCR 56 (70) 
   Death after treatment     5 (6.25) 
   TRM     7 (8.75) 
   Subsequent relapse 12 (15) 
   NA 4  
*, median follow up 113.9 months (range, 38.5-192.5). 
NA, not available; CCR, continuous complete remission;  
TRM, treatment related mortality. 
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Supplementary Table S10. Relation of relapse-specific CREBBP and RTK/Ras pathway 

mutations with clinical features at first relapse 

 
     

 

  Characteristics 

Mutational status 
of genes 

Time of relapse*                 MRD risk                   
Very early/ 

early Late   Standard  High  

No. of cases (%)  22 (27) 61 (73)   33 (53) 29 (47) 
CREBBP           

M  9 (41)   15 (24.6)      7 (21) 12 (41) 
Wt 13 (59)   46 (75.4)    26 (79) 17 (59) 
P 0.18   0.1 

RTK/Ras pw           
m 17 (77) 37 (61)      18 (54.5)  20 (69) 
wt  5 (23) 24 (39)      15 (45.5)    9 (31) 
P 0.2   0.3 

KRAS           
m   10 (45.5)   9 (15)   3 (9)     10 (34.5) 
wt   12 (54.5) 52 (85)    30 (91)     19 (65.5) 
P 0.0065   0.026 

NRAS           
m  5 (23) 14 (23)     5 (15)     8 (27.6) 
wt 17 (77) 47 (77)    28 (85)   21 (72.4) 
P 1   0,35 

PTPN11           
m   1 (4.5)  12 (20)     8 (24)   2 (7) 
wt   21 (95.5)  49 (80)    25 (76)   27 (93) 
P 0.17   0.088 

FLT3           
m   1 (4.5)   4 (6.6)    3 (9)    1 (3.4) 
wt   21 (95.5)   57 (93.4)     30 (91)     28 (96.6) 
P 1   0,62 

CREBBP/KRAS  
          

double mutant 
pos    7 (31.8)   5 (8.2)     3 (9.1)      5 (17.2) 
neg  15 (68.2)   56 (91.8)     30 (90.9)     24 (82.8) 
P 0.012   0.45 

*, based on first remission duration: very early, ≤18 months; early, between 19-30 month; 
late, >30 months; m, mutated; wt, wild type; pw, pathway; pos, positive; neg, negative. 
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460_dia
ZA16211_rem
446_rel
399_rel
K_dia
HS6_dia
1020583_dia
PJ13414_rel
1025409_dia
K_rem
1017005_rel
1010781_dia
HS6_rem
944_rem
1020583_rel
1023392_dia
FB11_rel
314_rel
SKR1_rem
933_dia
MJ1_rem
1010661_dia
1187_rem
MJ16441_rel
1019357_rel
592_rel
1019357_rem

1020583_rem
1025409_rel
MV16_rel
1026662_dia
1009302_dia
SJM16_rem
1004564_dia
792_dia
BL16_rel
KA17_rem
FS1_rel
KA14651_dia
1023056_rem
243_dia
MV16_rem
HS6_rel
1187_rel
X_rel
GD1_rem
1020076_rem
818_rel
1023392_dia
BM18_rel
A_rel
A_dia
K_rel
MB2_dia
HJ15_rel
1023616_dia
818_dia
HJA15_rem
G_dia
NH17331_dia
KJ17_rem
786_dia
MJ1_rel
HJ15_rem
SL1_rem
HL1_rel
460_rel
PC16_rem
SL1_rel
FB11_dia
LM18_rem
DM1_rem
RT15_rem
KE12025_dia
944_dia
ZA16211_dia
FE1_rel
FS1_rem
ZA16211_rel
Y_rel
RT15_rel
BM18_rem
PC16_rel
1023392_rem
NH17331_rem
243_rel
592_dia
GD18_rel
933_rel
GD1_rel
1020076_dia
944_rel
GD18_rem
933_rem
HL1_rem
446_dia

4. Supplementary Figures

Supplementary Figure S1. Unique coverage achieved by whole exome sequencing (left, 

n=57) and targeted sequencing (right, n=285). For each sample, the plot shows the percent-

age of target bases (y-axis) covered by a certain minimum number of reads (x-axis), not count-

ing reads with mapping quality 0 and duplicate reads. Samples in the legend are sorted 

column-wise by their y-axis value at coverage 50 (whole exome sequencing) and 250 

(targeted sequencing).
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Supplemental Figure S2. Correlation of allelic frequency (AF) estimates from exome 

sequencing vs. targeted sequencing. Allelic frequency estimates obtained by exome and 

targeted sequencing are highly correlated (R=0.76, P=9.6e-33), suggesting that allelic 

frequencies obtained by both sequencing approaches provide a good estimate of true allelic 

frequencies. Plotted are AFs of mutations detected by both exome and targeted sequencing 

with a minimum total coverage of 10 reads. 
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Supplemental Figure S3. Number of non-silent somatic mutations identified in the 

discovery cohort (n=19) by exome sequencing. Left: Overall number of non-silent somatic 

mutations identified per case. The median number of mutations is 12 at diagnosis and 25 at 

relapse (P=5.4e-05, Kruskal-Wallis test). Right: Number of non-silent somatic mutations per 

case stratified by conserved, diagnosis-specific, and relapse-specific mutations.  
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Supplementary Figure S4. Deleterious mutations are enriched in signaling genes, 

genes involved in development and differentiation, cell cycle genes, and GPCR/chanel/

transporter/ECM genes. The matrix shows significantly (P<1e-6) enriched pathways at the 

right and genes impacted by deleterious mutations at the top. Individual black dots indicate 

which genes are assigned to which pathways. Genes and pathways were hierarchically 

clustered as described in the method section, resulting in clusters of black dots (“blobs”) 

representing groups of genes and pathways with similar biological functions. The pathway 

identifier to the right consists of multiple entries separated by '|', including the source data-

base, the pathway name, the size of the pathway in genes, and the enrichment P-value.
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Supplementary Figure S5. Extended mutation matrix with both recurrently and non-

recurrently mutated genes identified by WES. The matrix shows selected mutated genes 

(rows) from all cases in the discovery cohort at diagnosis and relapse (columns). A mutated 

gene was included if it was recurrently mutated or if it belonged to a significantly enriched 

functional cluster as identified by pathway analysis. Numbers represent allelic frequencies in 

percent. Red squares indicate predicted deleterious mutations, grey squares non-silent 

predicted benign mutations, and underscores indicate mutations conserved between 

diagnosis and relapse. Genes are ordered by their mutation status at relapse. 
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Supplementary Figure S6. Patterns of mutational kinetics in relapse evolution. Three 
cases (UPN B, 818 and 446) follow the clonal progression pattern and in two cases (UPN C 
and 592) the relapse is derived from a pre-diagnostic ancestral clone. Plotted are AFs of 
non-silent mutations with AF ≥10% at either diagnosis or relapse. AFs were adjusted to the 
copy number of the respective gene obtained from SNP array analysis. Diagnosis and 
relapse samples contained ≥90% blasts. 
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Supplementary Figure S7. Multiple somatically acquired CREBBP mutations in case 

UPN KD20493. (A) Selected reads aligning to exon 27 of CREBBP in diagnostic (Dx), 

relapse (Rel), and remission (Rem) samples (top to bottom), indicating five clustered somatic 

mutations at diagnosis and relapse. For each time point, the upper track shows summarized 

coverage information and the lower track selected aligned reads from both strands in 

different colors. The five mutations are present on ~35% of reads and always co-occur within 

the same read, providing evidence they impact a single allele. Image generated with Golden 

Helix GenomeBrowse. (B) Sanger sequence traces confirming the five mutations (indicated 

by an arrow) in diagnostic (top) and relapse (middle) samples compared to matched 

remission sample (bottom). Four of these mutations have a predicted deleterious outcome.  
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Supplementary Figure S8. Verification of somatic CREBBP mutations in leukemic 
samples of non-relapsing HD ALL cases. Sanger sequencing was performed to confirm 
the somatic nature of CREBBP mutations with a predicted deleterious outcome. UPN, 
position of the respective mutation in the diagnostic sample (Dx; top) and their absence in 
the remission sample (Rem; bottom) are shown. 
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