Supplementary Figure S1. ATRX correlates with H3K9me3 genome-wide in K562 cells. (A) Correlation plot of ATRX ChIP-seq enrichment with re-analyzed ENCODE datasets for histone modifications, TFs and histone variants in K562 cells. (B) Distribution of ATRX significant peaks in genes (TSS-TES), promoters (-3 kb to TSS), intergenic and repetitive (regions masked by repeat masker) sequences in K562.

Supplementary Figure S2. Independent antibodies for ATRX ChIP-seq analysis show similar enrichment patterns in K562 cells. (A) Correlation of enrichment over ZNF genes for two independent antibodies in K562. Each dot represents one ZNF gene. X axis = average enrichment over input for the ATRX Santa Cruz (SC) antibody; Y axis = average enrichment over input for the ATRX Abcam antibody. Antibodies show a high enrichment correlation. (B) Average enrichment ChIP-seq profile of ATRX Abcam over all ZNF gene bodies +/- 1kb shows enrichment at the 3’ region in K562. The pattern is very similar to the one observed for ATRX SC (see Fig. 1G, left). (C) UCSC Genome browser screenshot of a typical ZNF cluster in chromosome 19 (blue genes). The enrichment over input signals for both ATRX antibodies are shown. Significant peaks are shown as bars below enrichment tracks. (D) Zoomed in snapshot of two genes contained in the ZNF cluster shown in (C).

Supplementary Figure S3. ATRX is enriched at atypical chromatin regions genome-wide in K562 cells. (A) Metagene plots of ATRX enrichment over input in atypical chromatin (left), H3K9me3-only (middle) and H3K36me3-only (right) peaks. The regions are sorted by ATRX enrichment from high to low from top to down, respectively. (B) Average enrichment ChIP-seq profile from the plots shown in (A). (C) Observed over expected enrichment of ATRX peaks in atypical, H3K9me3-only and H3K36me3-only regions in K562.

Supplementary Figure S4. ATRX-bound ZNFs show particular genetic and epigenetic features. (A) K562 Repli-seq average enrichments over ZNFs at distinct points of the cell cycle. S1 and S2 are early S phase, whereas S3 and S4 represent the late stages of S phase. Genes are sorted by Class (ATRX enrichment from high to low, top to bottom, respectively). (B) Enrichment of ZNF274 binding motifs in different ZNF Classes (top). Logos of the three identified ZNF274 binding motifs (bottom). (C) Metagene plots over ZNFs of ZNF274 and H3K9me3 in different cell lines show that the pattern observed in K562 is maintained in most cell lines. The genes are sorted as in (A). (D) ATRX ChIP-seq metagene profiles of ATRX enrichment over ZNFs in K562 cells and human erythroblasts. (E) ATRX and H3K9me3 ChIP-seq metagene profiles over ZNFs in two mouse cell types. Mouse ZNF genes were sorted from top to bottom by their ATRX enrichment in Embryonic Stem Cells (mESC) from high to low. See Table S6 for ChIP-seq data sources.

Supplementary Figure S5. Characterization of ATRX KO K562 cell lines. (A) Mutations observed in the ATRX KO K562 cell lines. The brown diagrams show the ATRX gene with exons as boxes and introns as lines. The black lines show the zoom in to the exons that are mutated in the KO1 cell line (top) and the KO2 (bottom) cell line. The WT sequence is shown as comparison to the KO sequences. The pink bases in the WT depict the region targeted by the sgRNA, the red dashes show the bases that were deleted in the mutant clones of ATRX. Each allele indicates the type of mutation and the consequence at the protein level. Blue upper case bases are exonic; grey lower case bases are intronic. (B) Chromatin immunoblots in control V2 and ATRX KO K562 cell lines of proteins that interact with ATRX. Amido black staining of histones is shown for loading. 

Supplementary Figure S6. ATRX KO K562 cells have higher percentage of DNA damage and defects in cell cycle. (A) Representative slides of the comet assay performed in WT, control V2, ATRX KO1 and ATRX KO2 K562 cells. (B) Quantification of 4 independent comet assay replicates (>100 cells analyzed per replicate). Asterisks show significant differences compared to the V2 control (*P-value < 0.05; **** P-value < 1x10-4). (C) Chromatin immunoblot of γH2A.X in ATRX KO K562 cells. Histones are shown as a loading control. (D) Representative K562 cell cycle profiles of control V2 and ATRX KO1 and KO2 cells assessed by BrdU/PI staining profiles. The numbers show the average of at least 5 independent experiments. (E) Quantification of at least 5 independent BrdU/PI profile replicates. The bars show the average % of cells in each phase, error bars depict SEM. Asterisks show significant changes compared to the control V2 (*P-value < 0.05; ** P-value < 0.01).

Supplementary Figure S7. Effect of ATRX KO at ZNFs in K562 cells. (A) Native ChIP-qPCR of H3K36me3 over the 3’ exon region of ZNF genes in control V2 and ATRX KO K562 cell lines. (B) RT-qPCR of the panel of ZNFs from (A) in V2, KO1 and KO2 cells. (C-E) ChIP-qPCR of ZNF274 (C), TRIM28 (D) and SETDB1 (E) in V2, KO1 and KO2 cell lines using the same ZNF panel as in (A). All graphs show the average of at least three independent biological replicates. Error bars represent SEM. For details about statistical comparisons see Table S3.

Supplementary Figure S8. H3K9me3 loss in ATRX KO K562 cell line. (A) UCSC genome browser screenshot of a typical ZNF cluster in chromosome 19 (blue genes). The enrichment over input signals for ATRX and H3K9me3 in control V2 and ATRX KO2 cells is shown. Significant peaks are shown as bars below the enrichment tracks. (B) Zoomed in screenshot of two genes contained in the ZNF cluster shown in (A). (C) Metagene plot of H3K9me3 ChIP-seq enrichment in H3K9me3-bound genes in control V2 and ATRX KO2 cells. The genes are ordered by their H3K9me3 enrichment from high to low from top to bottom, respectively.

Supplementary Figure S9. DAXX KD does not affect H3K9me3 levels at ZNF genes in K562 cells. (A) Immunoblot of K562 whole cell extracts in control (Rnd) and DAXX single KD and double DAXX KD/ATRX KO cells. GAPDH is used as a loading control. (B) H3K9me3 ChIP-qPCR over ZNF genes in control and DAXX KD and ATRX KO single and double mutant K562 cells. Bars show the average of at least two biological replicates; the error bars depict SEM.

Supplementary Figure S10. Characterization of ZNF274 KO K562 cell lines. Mutations observed in the ZNF274 KO K562 cell lines. The brown diagrams show the ZNF274 gene with exons as boxes and introns as lines. The black lines show the zoom in to the exon that is mutated in the single ZNF274 (Z274) KO cell line (top) and the double ZNF274 + ATRX KO (bottom, Z274/ATRX KO) cell line. The WT sequence is shown as comparison to the KO sequences. The pink bases in the WT depict the region targeted by the sgRNA, the red dashes show the bases that were deleted in the mutant clones of ATRX. Green bases indicate insertions. Each allele indicates the type of mutation and the consequence at the protein level.
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