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Figure 4: Expression of genes with recurrent allele-specific expression that is not associated with 

somatic copy number alterations.  A hierarchically clustered heatmap of gene expression z-scores from 498 

neuroblastoma tumors in the SEQC/MAQC-III Consortium. Of the 335 NB-ASE genes that were not associated 

with somatic copy number alterations (SCNAs), 294 were covered by at least one expression probe. Samples 

are labeled by clinical characteristics: MYCN amplification status (amplified, non-amplified and unknown); high-

risk tumor (yes or no);  International Neuroblastoma Staging System (INSS) (1, 2, 3, 4 and 4S). Difference in 

gene-expression between stage 4 and all other stages is indicated as log2 fold-change (log2FC). The 35 

genes with absolute log2FC ≥ 0.5 and FDR corrected p-value ≤ 0.05 from Student’s t test are labelled. 
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Figure 5: Genomic profiling of PTPRH. A)  ASE (aRNA)  of PTPRH in neuroblastoma and adrenal gland 

tissues.  PTRPH has detectable ASE in 5 out of 68 neuroblastoma patients and 1 out of 139 Adrenal gland 

tissues (Fisher Exact test p-value = 0.015). B) Spearman’s correlation between ASE (aRNA) for PTPRH and 

SCNA score for the overlapping genomic segments. C) Reference and alternate allele proportions for RNA-seq 

and exome-seq reads at heterozygous sites within the PTPRH gene in 5 samples with significant ASE. D) 

Spearman’s correlation between ASE (aRNA) and gene expression for PTPRH. E) Normalized gene expression 

of PTPRH across different disease stages for 498 neuroblastoma patients from the SEQC/MAQC-III 
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Consortium data. F) Kaplan Meier survival analysis for MYCN non-amplified patients from the SEQC/MAQC-III 

Consortium data set.  

 

Figure 6: PTPRH knockdown in neuroblastoma cell lines increases cellular proliferation and migration. 

A) Change in relative confluence (i.e., confluence at each time point normalized to confluence at time 0) for 

parental and PTPRH knockdowns (KDs) in SK-N-BE(2) and SK-N-SH cells. 6 replicates for each condition 

were used for the SK-N-BE(2) cell line and SK-N-SH cell line. B) Left panels: Representative images for 

scratch wound assays used to measure cellular migration for parental and PTPRH-KD in SK-N-BE(2) and SK-

N-SH cells. Right panels: Wound closure percentage for parental and PTPRH-KD in SK-N-BE(2) and SK-N-SH 

cells over 48 hours. Each time point had 9 replicates. In both A and B error bars indicate +/- one standard 
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deviation around the mean across replicates at each time point. The lines are fits from cubic spline regression 

using 3 knots, and the  P-value is from an F-test for a difference in splines between parental and KD cells. 

Supplementary Figures 

 

Supplementary Figure S1: Validation of SCNA scores using SNP-array data. A) SCNA predictions based 

on DNA allelic imbalance compared to SNP-array predictions. Left panel: SCNA scores across chromosome 1 

estimated from DNA allelic imbalance from 33 neuroblastoma patients. Right Panel: Corrected Log R ratio (or 

Corrected LRR) calculated from SNP array data for the same 33 patients. Corrected LRR is defined as 

aneuploidy corrected total probe intensity of a given genomic segment relative to a canonical set of normal 

controls. B) Spearman’s rank correlation between SCNA score and absolute Corrected LRR for chromosome 1 

(Spearman’s correlation coefficient = 0.64, p-value = 1.19e-06). Exome-seq and SNP arrays may use slightly 

different set of SNPs to predict SCNAs. Therefore, the Circular Binary Segmentation (CBS) algorithm tends to 

output segments which do not share the same genomic start and end positions. To be able to directly compare 

SCNA detection using DNA allele imbalance and SNP array, we first calculated the fraction overlap between 

genome segments identified by the respective methods. Next, we performed pairwise Spearman’s correlation 

between SCNA score and absolute Corrected LRR for genomic segments with fraction overlap ≥ 0.5 or 50%. 

The points in the correlation scatter plot are colored by fraction overlap. The two points labelled PANRVJ 

correspond to two disjointed SCNAs spanning chr1:1922327-9171333 and chr1:49201909-120298048. These 

regions showed absolute Corrected LRR < 0.5 and were annotated as copy neutral by SNP array. We suspect 
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that these segments may be copy-neutral loss of heterozygosity regions, which are not detectable using direct 

analysis of SNP-array intensities. 

 

Supplementary Figure S2: SCNA predictions for chromosome 11. A) Comparison between DNA-

imbalance SCNA predictions and CNVkit predictions for chr11. Panel 1: Heatmap of difference in DNA allele-

imbalance between tumor and normal tissue (i.e., δa) for 96 neuroblastoma patients. Panel 2: Log2 fold-

change in normalized read coverage between tumor and normal tissues estimated using CNVkit. B) 

Comparison between DNA-imbalance predictions and SNP-array predictions for chr11. Panel 1:  SCNA score 

across 33 neuroblastoma patients with SNP-array data in TARGET. Panel 2: corrected LRR calculated array 

SNP-array available through TARGET. C) Spearman’s rank correlation between SCNA score and absolute 

corrected LRR for chr11 (Spearman’s correlation coefficient = 0.68, p-value = 3.03e-08). The points in the 

correlation scatter plot are colored by fraction overlap.  D) Spearman’s rank correlation between ASE (aRNA) 

and SCNA score for MTMR2, a gene located within a common deletion segment on cytoband 11q21 

(Spearman’s correlation coefficient = 0.65, p-value= 1.81e-05).  
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Supplementary Figure S3: Detection of SCNAs on chromosome 16. A) Log2 fold-change in normalized 

read coverage between tumor and normal tissues estimated using CNVkit for chromosome 16. These 

predictions are noisy and it difficult to separate true signal from background. B) Heatmap of δa for chromosome 

16. Chromosome 16q SCNAs are observed in 18 samples and 16p SCNAs are observed in 4 samples. C) 

Comparison between DNA-imbalance and SNP-array predictions for chromosome 16 for 33 neuroblastoma 

samples indicates good concordance between our predictions and SNP-array predictions. D) Spearman’s rank 

correlation between SCNA score and absolute corrected LRR for chromosome 16 (Spearman’s correlation 

coefficient = 0.54, p-value = 6.7e-05). The points in the correlation scatter plot are colored by fraction overlap.  

E) Spearman’s rank correlation between ASE (aRNA)  and SCNA score for CDT1, a gene located in distal 

region of the q-arm (i.e. 16q24.3) (Spearman’s correlation coefficient = 0.64, FDR corrected p-value= 6.77e-

08). 
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Supplementary Figure S4: Haplo-insufficient tumor suppressors within common SCNAs may be 

dysregulated by secondary mechanisms. A-C) Spearman’s correlation between ASE (aRNA) and SCNA 

score for 1p deletion genes CHD5 (A) and UBE4B (B), and 11q deletion genes CADM1 (C) and ATM (D). 

Several samples show ASE in the absence of SCNAs. 
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Supplementary Figure S5: TFAP2B expression in neuroblastoma is regulated by promoter methylation. 

A) ASE (aRNA)  of TFAP2B in neuroblastoma and adrenal gland tissues. B) Reference and alternate allele 

proportion for RNA-seq and exome-seq reads at heterozygous sites which were used to estimate ASE for 

TFAP2B. C) Spearman’s correlation between ASE (aRNA) and gene expression for TFAP2B. D) Spearman’s 

correlation between ASE (aRNA)  and promoter methylation for TFAP2B. DNA methylation data was missing for 
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1 neuroblastoma sample (PAMVRA). E) Genomic distribution of HM450K β-values for TFAP2B locus. The 

TFAP2B promoter is highlighted (yellow box). F) Expression profile of TFAP2B across different stages of 

disease for 498 neuroblastoma patients obtained from SEQC/MAQC-III Consortium data set. We observed 

loss of expression of TFAP2B in stage 4 or metastatic disease suggesting this gene might act as a tumor 

suppressor. G) Kaplan Meier survival analysis for MYCN non-amplified patients from the SEQC/MAQC-III 

Consortium data set. 
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Supplementary Figure S6: Quantile-quantile plot for Spearman’s correlation analysis between ASE (aRNA) and 

promoter methylation for 1,049 NB-ASE genes. Under an FDR of 10% only 6 genes were significantly 

correlated. 
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Supplementary Figure S7:  Regulation of MAP7 gene-expression in neuroblastoma. A) ASE (aRNA) of 

MAP7 in neuroblastoma and adrenal gland. B) Reference and alternate allele proportion for RNA-seq and 

exome-seq reads at heterozygous sites which were used to estimate ASE for MAP7. C) Spearman’s 

correlation between ASE (aRNA) and SCNA score for MAP7. D) Spearman’s correlation between absolute aRNA 

and gene expression of MAP7. E) Comparison between our DNA allelic-imbalance predictions and CNVkit 

predictions for chromosome 6 for 3 neuroblastoma patients which showed significant ASE of MAP7 (FDR 

corrected p-value ≤ 10%). Panel 1 shows the log2 fold-change in normalized coverage between tumor and 

normal samples estimated using CNVKit. Panel 2 shows normalized B-allele-frequencies (BAF) also calculated 

using CNVkit. Panel 3 shows SCNA scores measured using our method. Results from CNVKit and our method 
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confirm the presence of a 6q SCNA in sample PAPVXS. F) Boxplot of normalized gene-expression of MAP7 

across different disease stages for 498 neuroblastoma patients from the  SEQC/MAQC-III Consortium data. G) 

Kaplan Meier survival analysis for MYCN non-amplified patients from the SEQC/MAQC-III Consortium data 

set. 
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Supplemental Figure S8: Knockdown of PTPRH in neuroblastoma cell lines. A-B) qPCR to measure 

PTPRH expression in SK-N-SH (A) or SK-N-BE(2) (B) neuroblastoma cell lines stably transfected with 5 

different shRNAs targeting PTPRH. Gene expression is plotted as 2-Ct normalized to HPRT1 expression. C-

D) Western blot of PTPRH and GAPDH protein expression for the same SK-N-SH (C) and SK-N-BE(2) (D) cell 

lines. shRNA shPTPRH-373 consistently reduced gene and protein expression of PTPRH in both SK-N-SH 

and SK-N-BE(2) cells and was used for all downstream experiments. 
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Supplementary tables 

Supplementary table 1: Results from Allele-Specific Expression (ASE) analysis of RNA-seq data for 96 

neuroblastoma samples from TARGET. 

Supplementary table 2: Number of significant (FDR ≤ 0.1 or 10%) and testable (i.e. at least 1 heterozygous 

site with ≥ 10 reads) samples for neuroblastoma tumors, adrenal gland, and whole-blood tissues for all 

significant ASE genes. Genes were considered to have neuroblastoma-specific ASE if they met these criteria; 

a) testable in ≥ 10 neuroblastoma and normal (i.e., adrenal-gland and whole-blood) samples and b) significant 

in ≥3 neuroblastoma and significant ≤ 1 normal sample. 

Supplementary table 3: Top 20 Gene Ontology (Biological processes) categories enriched for 1,049 NB-ASE 

genes. 

Supplementary table 4:  SCNA scores for 96 neuroblastoma patient samples. 

Supplementary table 5: Spearman’s correlation between ASE (aRNA) for 1,049 NB-ASE genes and SCNA 

score for overlapping genomic segment.  

Supplementary table 6: Annotated table of high-impact somatic mutations detected using exome-seq data in 

96 neuroblastoma tumor-normal pairs. 

Supplementary table 7: Spearman correlation between ASE (aRNA)  and gene expression (z-score normalized 

FPKM ) for 1,049 NB-ASE genes. 

Supplementary table 8: Spearman correlation between ASE (aRNA)  and mean promoter methylation for 1,049 

NB-ASE genes. 
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