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SUPPLEMENTAL METHODS 

Selection and Preparation of cryopreserved primary ALL cells from St. Jude patients 

Cases were selected based on biological and technical considerations because of limited access to 

cryopreserved primary ALL cell biospecimens. We focused on 3 common ALL subtypes that are driven 

by distinct types of malignant driver events (aneuploidy= hyperdiploid, gene fusion= ETV6-RUNX1 and 

complex rearrangement= DUX4/ERG). This allowed our results to be extensible to a large number of 

ALL cases and further allowed us to assess how distinct malignant transformation events impact open 

chromatin accessibility. In addition, we were limited by the total number of vials available in cryo (i.e. 

each sample needed to have >=2 cryopreserved vials to ensure the these same biospecimens was 

available for additional/future leukemia studies at St. Jude), as well as the total number of 

cryopreserved cells per vial (i.e. >1 million cells to ensure enough viable cells/volume after cell sorting 

for technical replicate Fast-ATAC experiments and/or >5 million cells to ensure enough viable cells for 

ATAC-seq and RNA-seq experimentation). Cryopreserved samples were thawed using pre-warmed 

high glucose Dulbecco’s Modified Eagle’s Medium (DMEM) containing 60% fetal bovine serum (FBS). 

Cells were then spun down at 300xg for 10 minutes at 4°C. After centrifugation, the cell pellet was 

resuspended in 1 mL of high glucose DMEM containing 20% FBS. To remove dead primary ALL cells 

and to ensure only viable cells are used as input for functional genomic assays, cells were flow sorted 

for viable cells using DAPI staining at the St. Jude Children’s Research Hospital Flow Cytometry and 

Cell Sorting Core.  
 

ATAC-seq in primary ALL cells  

We performed open chromatin mapping using the ATAC-seq FAST-ATAC protocol as previously 

reported (1). We used 10,000 cells for ATAC-seq and all samples were sequenced on the Illumina 

HiSeq next-generation sequencing (NGS) platform at the Hartwell Center for Bioinformatics and 

Biotechnology at St. Jude Children’s Research Hospital. We used paired-end 100-basepair NGS and 

sequencing reads were mapped to the human hg19 reference genome using bowtie2 (2). After aligning 

the sequencing reads to the genome, we removed PCR duplicates and reads that mapped to 

mitochondrial DNA, and identified open chromatin sites using the MACS2 peak caller (3) by using the 

BAMPE setting and a default q value of 0.05. We identified high-confidence open chromatin sites that 

were reproducibly identified in two or more primary ALL cell samples for analyses comparing accessible 

chromatin between ALL cells and B-cells, or in each ALL subtype for analyses comparing accessible 

chromatin between ALL subtypes, and we merged all reproducible open chromatin sites using bedtools 

(4). To identify enriched open chromatin sites, we assessed for differences in open chromatin 
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accessibility using DESeq2 (5) on NGS read depth at the union of all reproducible open chromatin 

sites. Sex and batch were used as covariates for DESeq2 (5) analyses. Principal component analysis 

(PCA) using normalized read depth at open chromatin sites was performed using the prcomp function 

in R. Spearman rank correlations of normalized read depth at the union of open chromatin sites was 

calculated from pair-wise comparisons, and this was used as input for unsupervised hierarchical 

clustering using the heatmap.2 function from gplots v3.0.1 in R.  HINT-ATAC (6) was used to map TF 

footprints and to generate TF activity scores. To identify TF footprints in each ALL subtype using HINT-

ATAC, we merged BAM files for samples in each subtype and used open chromatin sites that were 

reproducibly identified in each ALL subtype. Patient ATAC-seq data has been deposited to NCBI Gene 

Expression Omnibus (GSE161501). 
 

RNA-seq in primary ALL cells  

Stranded RNA-seq on primary ALL cell samples from patients were performed by the Hartwell Center 

for Bioinformatics and Biotechnology at St. Jude Children’s Research Hospital on the Illumina HiSeq 

platform. Total RNA was purified from 19 of 24 primary ALL cell samples using Norgen Total RNA 

Purification Kits (ETV6-RUNX1= 6, DUX4/ERG= 2, Hyperdiploid= 11). We obtained fragments per 

kilobase of transcript per million mapped reads (FPKM) and raw NGS read counts for all genes using 

the St. Jude WARDEN pipeline on DNAnexus (https://www.dnanexus.com). Gene counts for DUX4 

were identified as previously described (7, 8). DESeq2 (5) was used to identify DEGs among ALL 

subtypes using NGS read gene counts. PCA using normalized gene counts was performed using the 

prcomp function in R. Spearman rank correlations of normalized gene counts were also calculated from 

pair-wise comparisons of primary cell samples and this was used as input for unsupervised hierarchical 

clustering using the heatmap.2 function from gplots v3.0.1 in R. Gene set enrichment analysis (GSEA) 

was used to identify biological pathways of DEGs associated with differentially accessible sites 

identified between ALL cells and normal B-cells (9). We generated cumulative distribution functions 

(CDFs) in R using the ecdf function. To generate CDFs, we compared the distances of DEG 

transcription start sites (TSS) to the nearest differentially accessible open chromatin site. As 

background, we computed the distances of TSS of all expressed genes in each subtype to the nearest 

differentially accessible open chromatin site. To identify expressed genes in each ALL subtype, we 

used NGS read gene count cutoffs of >20 for all cell samples within an ALL subtype. Patient RNA-seq 

data has been deposited to NCBI Gene Expression Omnibus (GSE161501). Stranded RNA-seq on 

WT/parental (n=3) and TCFL5 KO (n=3) REH cells were also performed by the Hartwell Center for 

Bioinformatics and Biotechnology at St. Jude Children’s Research Hospital on the Illumina HiSeq 

platform. Total RNA was purified from REH cells using Norgen Total RNA Purification Kits. The St. 
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Jude WARDEN pipeline was used to obtain gene FPKM and to identify differentially expressed genes 

between WT and TCFL5 KO REH cells. 
 

ChIP-seq in Nalm6 cells 

ChIP-seq was performed as previously described (10). Briefly, 20 million Nalm6 were crosslinked using 

1% formaldehyde for 10min and sonicated on a Diagenode Bioruptor Plus instrument. Chromatin 

immunoprecipitation was performed using 5µg anti-DUX4 antibody (Abcam, ab124699). Samples were 

run on an Illumina NovaSeq next-generation sequencing (NGS) machine using single-end 100bp 

sequencing. Following NGS, reads were mapped to the hg19 reference genome using BWA (11) and 

binding sites were called using MACS2 peak caller (3) using a default q value of 0.05. 
 

Publicly available functional genomic datasets 

Raw ATAC-seq and RNA-seq data from Corces et al. (1) and from Calderon et al. (12) was 

downloaded from the NCBI Gene Expression Omnibus for normal hematopoietic cells (GSE74912 and 

GSE118189), and analyzed in an identical manner as primary ALL cell samples. For comparisons of 

ATAC-seq between B-cells and ALL cells, high-confidence open chromatin sites that were reproducibly 

identified in two or more B-cells were used for analysis, and we assessed for differences in open 

chromatin accessibility using DESeq2 (5). PCA using normalized read depth at open chromatin sites 

was performed using the prcomp function in R. Spearman rank correlations of normalized read depth at 

the union of open chromatin sites was calculated from pair-wise comparisons, and this was used as 

input for unsupervised hierarchical clustering using the heatmap.2 function from gplots v3.0.1 in R. To 

measure and identify differences in gene expression between B-cells and ALL cells we used DESeq2 

(5). ChromHMM data (13, 14)  from GM12878 B-cell lymphoblastioid cell line was downloaded from the 

UCSC genome browser (https://genome.ucsc.edu/). Chromatin ChIP-seq data for primary B-cells was 

downloaded from the Blueprint Epigenome consortium (https://www.blueprint-epigenome.eu/). Publicly 

available DNA methylation data from Nordlund et al. (15, 16) was downloaded from NCBI GEO 

(GSE49031). 
 

ATAC-seq in human ALL cell lines 

The ATAC-seq FAST-ATAC protocol (1) was performed on 697, Nalm6, REH, SEM, SUPB15 and 

UOCB1 human ALL cell lines and analyzed as described above, and these data can be found on the 

NCBI Gene Expression Omnibus (GSE129066).  
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DNA methylation analyses  

Illumina Infinium HumanMethylation450K BeadChIP CpG DNA methylation array data (17) from Total 

Therapy XVI (TOTXVI) were available for 19 of the 24 primary ALL cells analyzed in this study (ETV6-

RUNX1= 4, DUX4/ERG= 7, Hyperdiploid= 8), and these data were obtained from NCBI Gene 

Expression Omnibus (GSE66708). We determined DNA methylation beta values at all CpG sites and 

performed PCA of DNA methylation beta values using the prcomp function in R. To determine DNA 

methylation beta-values at differentially accessible open chromatin sites, we utilized bedtools (4) to 

identify DNA methylation probes that mapped to differentially accessible open chromatin sites. For each 

DNA methylation probe, we calculated the median DNA methylation beta-value across primary ALL 

cells samples within each ALL subtype or within pooled ALL cell samples from opposing subtypes. To 

test for significant differences in DNA methylation at differentially accessible open chromatin sites, we 

performed Wilcoxon rank-sum tests on median DNA methylation beta values between ALL subtypes 

and their two opposing subtypes. 
 

Gene regulatory network analysis 

Gene regulatory networks for 19 ALL patient samples with both ATAC-seq and RNA-seq data was 

generated by PECA (18) using ATAC-seq BAM files and RNA-seq TPM (transcripts per million) count 

files. “TF-target gene” connections across all samples within each ALL subtype were combined and 

redundant connections were removed, and the number of connections to each target gene within each 

ALL subtype were calculated in Linux. We compared network target genes between subtypes by 

subtracting the number of target gene connections between two subtypes and ranking them. We set 75 

network connections as the threshold for enriched target genes in each subtype compared to opposing 

subtypes. The gene regulatory network maps of enriched target genes was generated by Cytoscape 

(19) and the nodes with less than 150 neighbors within distance one of enriched target genes were 

filtered.       
 

CRISPR/Cas9 genome editing  

TCFL5 knockdown pools were generated using CRISPR-Cas9 technology.  Briefly, 400,000 REH cells 

were transiently transfected with precomplexed ribonuclear proteins (RNPs) consisting of 100pmol of 

chemically modified sgRNA (5’ – AAGCAUUUGUAGUAAACAGU- 3’, Synthego) and 35pmol of Cas9 

protein (St. Jude Protein Production Core) via nucleofection (Lonza, 4D-Nucleofector™ X-unit) using 

solution P3 and program CA-137 in a small (20ul) cuvette according to the manufacturer’s 

recommended protocol. Targeted amplicons were generated using gene specific primers with partial 

Illumina adapter overhangs (hTCFL5.F – 5’-AGCCAGAGCCATGGGAGTGGGATGG-3’ and hTCFL5.R 
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– 5’-GCCTTGGCGCCCGGCTTAAAAGGTT-3’, overhangs not shown) and sequenced as previously 

described (20). Briefly, cell pellets of approximately 10,000 cells were lysed and used to generate gene 

specific amplicons with partial Illumina adapters in PCR#1.  Amplicons were indexed in PCR#2 and 

pooled with targeted amplicons from other loci to create sequence diversity. Additionally, 10% PhiX 

Sequencing Control V3 (Illumina) was added to the pooled amplicon library prior to running the sample 

on an Miseq Sequencer System (Illumina) to generate paired 2 X 250bp reads.  Samples were 

demultiplexed using the index sequences, fastq files were generated, and NGS analysis was performed 

using CRIS.py (21).  

DSC3, IGF2BP1 and KCNN1 enhancer deletion REH cell pools were generated using CRISPR-Cas9 

technology.  In brief, one million REH cells were transiently transfected with precomplexed ribonuclear 

proteins (RNPs) consisting of 100pmol of each chemically modified sgRNA (Synthego), 35pmol of Cas9 

protein (St. Jude Protein Production Core), and 3ug of ssODN (Alt-R modifications, IDT) via 

nucleofection (Lonza, 4D-Nucleofector™ X-unit) using solution P3 and program CA-137 in a small 

(100ul) cuvette according to the manufacturer’s recommended protocol.  Three days post-

nucleofection, genomic DNA was harvested via crude lysis and used for PCR amplification.  The 

presence of the desired deletion was confirmed via gel electrophoresis and sequencing.  Editing 

construct sequences and relevant primers are listed in the table below. 

Name Sequence (5’ to 3’) 

KCNN1 reagents 

CAGE888.KCNN1.g7 sgRNA spacer UGGAGGUGGGAACUGUGGCG 

CAGE889.KCNN1.g1 sgRNA spacer GCCAAGUUCAGCCUGGGUGC 

CAGE888.g7.CAGE889.g1.sense.ssODN GGGGAACAGCAAGTGCAAAGGCCTGGAGGTGGGAACTGTGG
AATTCTGCTGGGGGAAGGAGCACAGTTTTGGGGACCCCCAG
CCCT 

CAGE888.KCNN1.F AGCTGTCAGGGGCCAGGAGCATTGA 

CAGE889.KCNN1.R TGGGAGGAGAGACGCCCGTC 

DSC3 reagents 

CAGE883.DSC3.g7 sgRNA spacer AGUUUUCAGAAUUGUCCGUA 

CAGE884.DSC3.g1 sgRNA spacer UCUAUCAUCUACAUUAUGAG 

CAGE883.g7.CAGE884.g1.sense.ssODN GGATTTATTACCATTTATTAAAGAGTTTTCAGAATTGTCCGAAT
TCGAGAGGACACTGTAGAAGGAAAATGAAACAGATATTGAGC 

CAGE883.DSC3.F ACAGCCTCCCATCTCAATTAGCAGGG 

CAGE884.DSC3.R TCTCAATAAAATGCACCTATTCCAA 
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IGF2BP1 reagents 

CAGE879.IGF2BP1.g25 sgRNA spacer GUCGGGUUUCGACCGGCCGG 

CAGE880.IGF2BP1.g44 sgRNA spacer AGGACACACGCUCAGGCACU 

CAGE879.g25.CAGE880.g44.anti.ssODN CACTGCACTCCAGCCTGGGCGACAGGACACACGCTCAGGCG
AATTCGCCGGTCGAAACCCGACCCCATGGCGAAGCCAGGCA
GCCG 

CAGE879.IGF2BP1.F CCTGGTGCAGGCGGGAAGC 

CAGE880.IGF2BP1.R GGCCAACATGGTGAAACCCCGTCTC 

 

DNA sequence variant analyses 

SNP genotyping data from patient ALL samples was obtained from published studies (17). ALL subtype 

caQTLs were identified by WASP (22) using ATAC-seq and SNP genotyping data from 24 primary ALL 

cell samples (n=6 for ETV6-RUNX1-specific caQTL analyses, n=7 for DUX4/ERG-specific caQTL 

analyses and n=11 for Hyperdiploid-specific caQTL analyses). We ran WASP on 932,868 genotyped 

SNPs and 9,539,719 imputed SNPs (R2>0.6, MAF>1%; using Michigan Imputation Server). We further 

ensured that all genotypes SNPs were in Hardy-Weinberg Equilibrium, and we further only used 

polymorphic (i.e. heterozygous) SNPs in each patient biospecimen (6,627,136 polymorphic SNPs on 

average identified in each subtype). Somatic variants found in ETV6-RUNX1, DUX4/ERG and 

hyperdiploid subtypes were obtained from the Pediatric Cancer Genome Project (PCGP) (23). 

Pathogenicity scores were determined using Combined Annotation Dependent Depletion (CADD) (24). 

A general linear model was used to determine statistical significance in pathogenicity scores between 

groups of somatic variants.  
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SUPPLEMENTAL FIGURES 

 

 

 

Supplemental Figure 1. Differences in chromatin state between ALL and normal B-cell open 

chromatin sites. Boxplots show differences in the percentage of overlapping open chromatin sites 

between ALL cells (n=24) and normal B-cells (n=15) with chromatin sites from normal B-cells from the 

Blueprint Epigenome consortium. Data for H3K4me3 (A), H3K4me1 (B), H3K27ac (C), H3K27me3 (D) 

and heterochromatin (E) is provided. Regions of heterochromatin were determined by identifying 

overlapping sites not mapping to H3K4me3, H3K4me1, H3K27ac, H3K27me3 and H3K36me3 sites in 

normal B-cells. 
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Supplemental Figure 2. PCA of all open chromatin sites. PCA plot of normalized read depth at all 

identified open chromatin sites in the ALL genome is shown.  
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Supplemental Figure 3. Open chromatin landscapes of primary ALL cells and immortalized ALL 

cell lines. Above, unsupervised hierarchical clustering heatmap of primary ALL cells and immortalized 

ALL cell lines of normalized read depth at all overlapping open chromatin sites between primary ALL 

cell sand B-ALL cell lines (76267 sites) is depicted.  ALL cell lines are depicted in green and locations 

of ETV6-RUNX1 REH cells and DUX4/ERG-like Nalm6 cells are provided. Below, PCA plot of 

normalized read depth at all overlapping open chromatin sites between primary ALL cell and B-ALL cell 

line sites (76267 sites) is shown below.  
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Supplemental Figure 4. Significant transcription factor activity score motif. JASPAR 

(http://jaspar.genereg.net/) motifs from TFs exhibiting significant TF activity scores from pairwise ALL 

subtype comparisons.  Motifs for TF families that are consistently enriched in hyperdiploid (A), 

DUX4/ERG (B) and ETV6-RUNX1 (C) are shown. 
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Supplemental Figure 5. TF activity score comparisons at ALL subtype-accessible sites (A) Dot 

plots show ALL subtype comparisons of TF activity scores (x-axis; p<0.05) at ALL subtype-accessible 

sites for all pairwise analyses. TF families and corresponding colors are given at the bottom right. 
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Supplemental Figure 6. Expression levels of candidate bHLH TF gene. Average transcripts per 

million (TPM) for TCFL5 is shown among ALL subtypes (E=ETV6-RUNX1, D=DUX4/ERG, 

H=Hyperdiploid). 
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Supplemental Figure 7. DUX4 ChIP-seq in Nalm6 cells. (A) Western blot identifies DUX4 protein 

expression in Nalm6 cells. (B) DUX4 ChIP-seq was significantly enriched in canonical DUX4 motif 

(JASPAR MA0468.1, E-value = 3x10-24, 8143 sites). (C) 373 of 1367 DUX4/ERG subtype-accessible 

sites that were preferentially accessible in Nalm6 cells (i.e. Nalm6 DUX4/ERG subtype-accessible sites; 

see Fig. 2D) were bound by DUX4. 749 total DUX4/ERG subtype-accessible chromatin sites with 

evidence of DUX4 binding in Nalm6 cells. (D) Examples of DUX4/ERG-accessible sites bound by 

DUX4 (outlined in green). 
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Supplemental Figure 8. Principal component analysis of DNA methylation. Principal component 

analysis using CpG DNA methylation beta-values on DNA methylation array. 
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Supplemental Figure 9. Correlation of CpG DNA methylation at subtype-accessible chromatin 
sites. Plots depict the correlation between average CpG probe beta values from Diedrich et al. and 30 

randomly selected ALL biospecimens from an independent cohort (Nordlund et al., GEO ID: 

GSE49031) for two distinct ALL subtypes, ETV6/RUNX1 (left) and Hyperdiploid (right). In each plot the 

grey data points represent individual CpG probes, the red dashed line shows perfect correlation, and 

the blue line shows the fitted linear correlation. Below, a table displays the total number of datasets 

used, and provides Spearman rho correlations and significance.  
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Supplemental Figure 10. Principal component analysis of gene expression. Principal component 

analysis using normalized gene counts from RNA-seq experiments. 
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Supplemental Figure 11. Enrichment of subtype-depleted sites near down-regulated DEGs. 
Cumulative distribution functions display the fraction (y-axis) and distance (x-axis) of ALL subtype 

down-regulated gene transcription start sites to the nearest subtype-depleted site. Data is provided for 

ETV6-RUNX1-depleted sites, DUX4/ERG-depleted sites and hyperdiploid-depleted sites (left-to-right). 

For each set of subtype-depleted sites, distances to genes down-regulated >2-fold (fc2) or >1.5-fold 

(fc1.5) within the same subtype are provided, as well as genes down-regulated >1.5-fold in opposing 

subtypes. Background distance distributions use transcription start sites of all expressed genes in each 

subtype. Kolmogorov-Smirnov (K-S) test p-values are provided for each plot. In the upper left are K-S 

p-values showing enrichment for the same subtype, while the bottom right are K-S p-values showing 

deletion for opposing subtypes. For DUX4/ERG, only hyperdiploid down-regulated genes showed a 

significant depletion (p = 0.049) with DUX4/ERG-depleted sites. 
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Supplemental Figure 12. CRISPR/Cas9 KO of ETV6-RUNX1 subtype-accessible sites. (A) Images 

of DSC3, KCNN1 and IGF2BP1 gene loci. ETV6-RUNX1 subtype-accessible sites are shown (black 

boxes flanked by scissors). (B) PCR validation of ETV6-RUNX1 subtype-accessible site deletion using 

PCR validation. (C) RT-qPCR from RUNX1 subtype-accessible sites knockout REH (KO) and parental 

REH (WT) cells are shown. P-values are given. 
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Supplemental Figure 13. TF connection ranking in ALL subtypes. Distribution of top TFs ranked by 

enrichment in target gene connections in ETV6-RUNX1 ALL (left) and hyperdiploid ALL (right). 

Locations of TCFL5 (in red) and JDP2 (in gray) are denoted in the TF ranking.  
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Supplemental Figure 14. TCFL5 and JDP2 upregulated DEG target genes. Gene regulatory 

network map of TCFL5 (left) and JDP2 (right) TF connections to target genes that are subtype-specific 

up-regulated DEGs in ETV6-RUNX1 ALL and hyperdiploid ALL respectively. Target gene names are 

provided for DEGs with an average log2 fold change greater than 2.  Target genes that also act as TFs 

are shown as hexagons. 
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Supplemental Figure 15. CRISPR/Cas9 disruption of TCFL5 in REH cells. CRISPR/Cas9 genome 

editing was used to disrupt TCFL5.  (A) Next-generation sequencing (NGS) was used to determine the 

percentage of wild-type (WT, 0-bp; red) in-frame mutations (gray) and out-of-frame mutations (black) in 

WT parental REH cells and TCFL5 disrupted (TCFL5 KO) cells. (B) Next-generation sequence 

alignment of mutant alleles from hTCFL5 knockdown pool (left).  The TCFL5 gene locus and location of 

disruption is highlighted. Below, the sgRNA target sequence is underlined and bolded and the PAM 

sequence is in red.  Deletions are represented by dashes and insertions are highlighted in turquoise.  

The size of each indel is shown on the right. Sanger sequencing results in WT and TCFL5 KO cells are 

provided in the right panel. (C) Boxplot showing a significant difference in gene expression (fpkm) 

between parental and TCFL5 KO cells for expressed genes and predicted TCFL5 target genes from 

gene regulatory network analyses is shown. (D) A significant fraction of differentially expressed genes 

between parental and TCFL5 KO REH cells (FDR<0.01) are predicted TCFL5 target genes (in red; 

36%; Fisher’s Exact Test p=1.45x10-14; 2.2-fold enriched). (E) Cellular proliferation assays in WT and 

TCLF5 KO cells show significant decreases in proliferation after TCFL5 disruption. Cell count data was 

normalized to the 0hr timepoint to test for significance (*p<0.05, **p<0.01). 
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Supplemental Figure 16. ETV6-RUNX1 gene regulatory network of target genes. Gene regulatory 

network map of enriched ETV6-RUNX1 ALL target genes is provided. Gene names highlight enriched 

target genes that reproducibly exhibited >=75 connections in ETV6-RUNX1 ALL compared to the two 

opposing subtypes. The network was further pruned to only show network hubs with >150 total network 

interactions that were directly connected to these enriched target genes. TF interactors are shown as 

circles, target genes are presented as squares and TFs identified as both TF interactors and target 

gene interactors are shown as hexagons. Arrows stem from TFs and point to gene targets. 
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Supplemental Figure 17. Hyperdiploid gene regulatory network of target genes. Gene regulatory 

network map of enriched hyperdiploid ALL target genes is provided. Gene names highlight enriched 

target genes that reproducibly exhibited >=75 connections in hyperdiploid ALL compared to the two 

opposing subtypes. The network was further pruned to only show network hubs with >150 total network 

interactions that were directly connected to these enriched target genes. TF interactors are shown as 

circles, target genes are presented as squares and TFs identified as both TF interactors and target 

gene interactors are shown as hexagons. Arrows stem from TFs and point to gene targets. 
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Supplemental Figure 18. DUX4/ERG gene regulatory network of target genes. Gene regulatory 

network map of enriched DUX4/ERG ALL target genes is provided. Gene names highlight enriched 

target genes that reproducibly exhibited >=75 connections in DUX4/ERG ALL compared to the two 

opposing subtypes. The network was further pruned to only show network hubs with >150 total network 

interactions that were directly connected to these enriched target genes. TF interactors are shown as 

circles, target genes are presented as squares and TFs identified as both TF interactors and target 

gene interactors are shown as hexagons. Arrows stem from TFs and point to gene targets. 
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Supplemental Figure 19. Chromatin accessibility QTL analyses (FDR<0.1). (A) Log distribution of 

allele-specific accessibility ratios (reference versus alternative allele count) at caQTLs (FDR<0.1) in 

ALL cell samples (REF=reference, ALT=alternative). (B) Comparison of log2 allele-specific accessibility 

read count ratios (REF/ALT) between overlapping ALL subtype caQTLs (FDR<0.1). Hyperdiploid (X-

axis) and ETV6-RUNX1 (Y-axis) overlapping caQTLs are shown in pink, hyperdiploid (X-axis) and 

DUX4/ERG (Y-axis) overlapping caQTLs are shown in light blue and ETV6-RUNX1 (X-axis) and 

DUX4/ERG (Y-axis) overlapping caQTLs are shown in purple. 
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Supplemental Figure 20. CADD score comparisons at accessible sites and TF footprints. Box 

plots show raw CADD scores for somatic variants in closed versus accessible chromatin in each ALL 

subtype (A), and for somatic variants in TF footprints versus outside of TF footprints in each ALL 

subtype (B). Not ATAC = closed chromatin; ATAC = accessible chromatin; Not FP = not in TF footprint; 

FP = in TF footprint. Significant differences (marked by asterisk; p<0.002) are shown for all subtypes. 
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