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Supplementary Figure S1: Validation of the prognostic performance of risk-score models in 
the Kocak and Versteeg cohorts. (a) Heatmaps showing the performance (AUC) of the overall 
survival prediction by risk scores of genes with prognostic value computed for the SEQC cohort, in 
the Kocak cohort [1]. The risk-score models were generated by different approaches on c-
MYC/MYCN targets using the SEQC cohort [2-4]. AUC values were computed for time-dependent 
ROC curves. The AUCs are displayed as both values and colors of cells in the heatmap. A higher 
AUC value represented with bolder blue indicates a better performance of the risk score in 
predicting patient survival for the Kocak cohort (n=649, GSE47774) [1]. (b) Survival prediction 
power of the median risk score computed for genes with prognostic value in the Kocak cohort [1]. 
The risk-score models were generated by different approaches on c-MYC/MYCN targets. The color 
scale displays the difference in the number of observed and expected deceases in each group of 
patients with high- and low-median risk score, approximated by χ2 (Chi-square). Bold red indicates 
a larger difference. Expected values are computed assuming that the number of deceases is the same 
for both groups. FDR-corrected p-values [5] indicate the significance of this difference, and the 
power of the median risk score to predict patients with different outcomes. (c) Validation using the 
Versteeg cohort (n=88, GSE 16476) [6], heatmaps display the AUC values and color-coded cells to 
show the effectiveness of prognostic gene-based risk scores in predicting overall survival. AUC 
values were computed for time-dependent ROC curves. The AUCs are displayed as both values and 
colors of cells in the heatmap. (d) The survival prediction power of the median risk score is displayed 
for the Versteeg validation cohort [6]. AUC = Area Under the Curve, ROC = Receiver Operating 
Characteristic, PPI= protein-protein interaction reported by the STRING database [7].  
 
Supplementary Figure S2: Kaplan-Meier curves illustrate the predictive ability of the risk-
score models for different targets in the SEQC, Kocak and Versteeg cohorts. The figure 
illustrates the survival differences observed between various risk groups, which were determined 
by dividing the cohort based on the median risk score calculated using three different target genes: 



"c-MYC", "c-MYC ChIP", and "MYCN" targets.  
 
Supplementary Figure S3: t-SNE illustration of the transcriptional similarities between 
patients for genes with prognostic value. t-SNE depicting the transcriptional similarities between 
patients for genes with prognostic value generated by different approaches on c-MYC ChIP target 
genes. Dots representing patients are colored following the SEQC clinical risk classification  [6]: 
high-risk patients are in INSS stage 4 and were at least 18 months at diagnosis or with MYCN-
amplified tumors. Patients were separated into two risk groups using the median risk-score (as detail 
in Material and Methods), or otherwise in the top and bottom risk score quartiles. Note that in insert 
(a), the distribution pattern of patients is based on the clinical risk category defined by SEQC, while 
in the inserts (b) and (c) the distribution follows the computed risk score category generated by the 
LASSO-cox model. 
 
Supplementary Figure S4: Violin-/boxplots of the risk-scores computed with the “Full gene 
set” of c-MYC/MYCN targets on patient groups with different clinical variables. Mann-
Whitney U tests were used to assess statistical differences between groups of patients based on 
clinical risk factors: INSS stages (contrasting 1,2,4s with 3,4), MYCN amplification presence, 
progression status, patient outcomes, age, and gender. When comparing across the full spectrum of 
INSS stages (1,2,3,4, and 4s), the Kruskal-Wallis test was utilized for multi-group analysis 
 
Supplementary Figure S5: Violin-/boxplots of the risk-scores computed for c-MYC/MYCN 
targets filtered with the “Without PPI” approach on patient groups with different clinical 
variables. Significance was computed using Mann-Whitney U or Kruskall-Wallis test (for multiple 
groups). 
 
Supplementary Figure S6: Violin-/boxplots of the risk-scores computed for c-MYC/MYCN 
targets filtered with the “With PPI” approach on groups of patients with different clinical 
variables. Significance was computed using Mann-Whitney U or Kruskall-Wallis test (for multiple 
groups). 
 
Supplementary Figure S7: c-MYC/MYCN directly binds to the Transcription Start Site (TSS) 
of c-MYC, c-MYC ChIP, and MYCN target genes. Genome-browser representation of c-MYC 
ChIP-Seq at the TSS of the ODC1 (a) and RAD50 (b) in the MYCN-non-amplified NB69 and 
SKNAS cell lines. (c) Genome-browser representation of MYCN ChIP-Seq at TSS of the DKC1 
(MYCN target gene) in the MYCN-amplified KELLY and NGP cell lines. (d) Multiple occurrence 
of E-boxes in the promoter region of ODC1 (c-MYC target gene), RAD50 (c-MYC ChIP-Seq target 
gene), DKC1 (MYCN target gene) are highlighted.  ODC1= Ornithine Decarboxylase 1; RAD50= 
RAD50 Double Strand Break Repair Protein; DKC1 = Dyskerin pseudouridine synthase 1; 
TSS=transcription start site. The Figure was adapted from the R2 genome browser (http://r2.amc.nl), 
using Maris et al., 2019 data set [8] on the human genome assembly hg19. 
 
Supplementary Figure S8: Overlapping proportion of c-MYC/MYCN target genes (obtained 
from the SEQC dataset) and markers for different cell clusters during sympathoadrenal 
development and in NB. Proportion (i.e., frequency) of overlapping genes with prognostic power 



obtained by 1) c-MYC/MYCN gene targets (“Full gene set”, x-axis), and 2) markers of different 
cells clusters during (a) mouse and (b) human sympathoadrenal development, and (c-e) in NB tumor. 
The number of genes with significant prognostic value in each cluster is displayed in parentheses. 
The cells display in colors the pairs of gene sets for which the number of patients is significantly 
higher than expected by chance (Fisher’s exact test, one-tail, FDR<0.05 in red, and FDR<0.01 in 
yellow). * = Significance obtained with less than three overlapping genes. 
 
Supplementary Figure S9: Overlapping proportion of c-MYC/MYCN target genes (obtained 
from the SEQC dataset) and markers with predictive power for different cell clusters during 
sympathoadrenal development and in NB. Proportion (i.e., frequency) of overlapping genes with 
prognostic power by 1) c-MYC/MYCN targets (“Full gene set”, x-axis), and 2) markers of different 
cells clusters during (a) mouse and (b) human sympathoadrenal development, and (c-e) in NB tumor. 
The number of genes with significant prognostic value in each cluster is displayed in parentheses. 
The cells display in colors the pairs of gene sets for which the number of genes is significantly 
higher than expected by chance (Fisher’s exact test, one-tail, FDR<0.05 in red, and FDR<0.01 in 
yellow). 
 
Supplementary Figure S10: Signature scores of c-MYC/MYCN targets with prognostic value 
during mouse sympathoadrenal development at E13.5. Signature scores of c-MYC/MYCN 
targets with worse (β<0) and better (β>0) prognostic value in cells of the murine developing 
sympathodarenal anlagen at E13.5: B (bridge), C (chromaffin), S (SCPs), and Sy. (Sympathoblast) 
[9]. A greater signature score indicates a larger average expression of c-MYC/MYCN targets than 
expected by chance. Boxplots illustrate the distribution of signature scores for targets in single-cell 
clusters. Significance in pairwise comparisons is displayed in the adjunct matrix plots. Filled cells 
indicate that clusters in the y-axis present a significantly higher signature score than those in the x-
axis (Mann-Whitney U test, one-tail, FDR). FDR values < 0.05 are displayed in gray and < 0.01 in 
black. 
 
Supplementary Figure S11: Expression of c-MYC/MYCN targets with favorable (β<0) and 
poor prognostic (β>0) value during mouse sympathoadrenal development at E13.5. (a, b) 
Average expressions of MYC (encoding c-MYC) and c-MYC targets with prognostic value were 
calculated for single cell clusters during sympathoadrenal development. The heatmaps illustrate the 
average normalized expression magnitude as computed by PAGODA [10] for  c-MYC targets with 
favorable (β<0) and poor prognostic (β>0) value during mouse sympathoadrenal development. 
Cells surrounded by a red square indicates genes significantly upregulated in cell clusters during 
development (Welch t-test, one-tail, FDR<0.01). A red arrow signals the enrichment of target genes 
with favorable (β<0) or poor (β>0) prognostic value in cell clusters during development. The 
expression magnitude displayed is truncated to ranges between -0.4 and 0.4. 
 
Supplementary Table S1: Unfiltered c-MYC/MYCN target sets included for the analysis. The 
gene lists comprise c-MYC [11], c-MYC ChIP [12], and MYCN target sets [13]. 
 
Supplementary Table S2: Target genes before LASSO-cox screening. The gene lists were 
generated after differential expression screening or uniCox regression screening, as illustrated in 



Figure 1 and detailed in Methods. 
 
Supplementary Table S3: Target genes from different approaches. The gene lists were generated 
after different filtered approaches illustrated in Figure 1 and detailed in Methods. Genes without 
expression reported for the Kocak validation cohort are indicated with a star (*)[1], and for Versteeg 
validation cohort are indicated with dollar sign ($) [6]. Genes lacking high-confidence 1:1 
orthologue between human and mouse are indicated with a plus (+). Genes absent in E12.5/E13.5 
murine developing data set are indicated by a section sign (§). Genes with prognostic value also 
found after correcting for response to therapy, as well as for other clinical variables (as detailed in 
Materials and Methods). 
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