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1 Supplementary Data 

1.1 Sequencing analyses 

1.1.1. Nucleic acids extraction 

Bone marrow (BM) mononuclear cells were separated by Ficoll density centrifugation. Genomic 

DNA (gDNA) and total RNA used in all molecular analyses were extracted using the QIAamp DNA 

Blood Mini Kit and RNeasy Mini Kit (Qiagen, Hilden, Germany), respectively, and quantified by a 

Qubit 2.0 Fluorometer (Thermo Fisher Scientific, Waltham, MA). One µg of total RNA was reverse 

transcribed in complementary DNA (cDNA) using the QuantiTect reverse transcription kit (Qiagen, 

Hilden, Germany). 

 

1.1.2. Targeted Next Generation Sequencing (NGS) 

For Ion Torrent sequencing (Thermo Fisher Scientific, Waltham, MA), a customized panel, 

encompassing the full coding regions or specific exons of 26 target genes involved in the 

pathogenesis of myeloid malignancies, was used; library preparation and data analysis were 

performed as previously reported (1). 

 

 1.1.3. Long-read sequencing (LRS) 

In order to phase all variants detected, the entire region spanning from exon 14 to exon 23 of the 

DNMT3A gene was amplified in a single amplicon of 10536 bp and prepared for nanopore 

sequencing (NS). A long-PCR was performed using the PrimeSTAR GXL DNA polymerase (Takara 

Bio Inc.), a specific primer pair (DNMT3A_F: tgtttgtttgtttaactttgtgtcgct and DNMT3A_R: 

gggtcatgtcttcagggcttag), 200 ng of gDNA, in a final volume of 50 μl. Thermal-cycling conditions 

were 98 °C for 10 s, 60 °C for 15 s, 68 °C for 10 min (30 cycles) and 4 °C hold. The PCR product, 

visualized on an agarose gel (1%), were purified using the QIAquick PCR Purification Kit (Qiagen) 

and quantified (Nanodrop, Thermo Fisher Scientific). In accordance with the Ligation Sequencing 

Kit 1D (SQK-LSK108) protocol, the amplicons were prepared for sequencing. After the Platform QC 

run and priming of the flowcell, the sequencing mix was loaded, and the 

NC_48Hr_sequencing_FLO-MIN107_SQK-LSK108 protocol was run (MinIONflowcell: FLO-

MIN107) on a MinION device (Oxford Nanopore Technologies). 

Basecalling of the resulting fast5 files was performed with Guppy toolkit, NanoPlot tool (2) was 

employed to evaluate nanopore data quality. Reads were aligned on the GRCh37 human reference 
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genome with minimap2 alignment tool (3) using specific nanopore platform parameters. For phasing 

analysis, only the reads with a mean read quality greater than 8 and covering the whole genomic 

interval between the DNMT3A variants identified were considered. Phasing analysis was performed 

as previously described (4), as well as the comparison of the identifiers of the reads supporting each 

DNMT3A mutation. The resulting filtered bam files were visualized on the IGV software (5). 

NS data from this study have been submitted to the National Center for Biotechnology Information 

(NCBI) Short Read Archive (https://www.ncbi.nlm.nih.gov/sra/) under accession Number 

PRJNA836270. 

 

1.1.4. Direct sequencing 

To rule out the occurrence of nonsense-mediated mRNA decay, the cDNA region of interest was 

amplified by Polymerase Chain Reaction (PCR) using Platinum Taq DNA Polymerase (Invitrogen, 

Carlsbad, CA, USA), with 200 ng of gDNA (or cDNA), a specific primer pair (exon17_F: 

gtccccgacgtacatgatcttc and exon14_R: tctggagtgtgcgtaccagta), in a final volume of 50 uL. Thermal 

cycling conditions: an initial denaturation of 95 °C for 3 min, 95 °C for 30 s, 60 °C for 30 s, 72 °C 

for 30 s (35 cycles), 72 °C for 5 min and 4 °C hold. The PCR products were visualized on a 2% 

agarose gel, purified using the QIAquick PCR Purification Kit (Qiagen, Hilden, Germany), 

quantified with a Qubit 2.0 fluorometer (Thermo Fisher Scientific, Waltham, MA), and prepared for 

direct sequencing using the BidDye Terminator v1.1 Cycle Sequencing Kit and a SeqStudio Genetic 

Analyzer (Thermo Fisher Scientific, Waltham, MA). Electropherograms were then analyzed by 

visual inspection with the FinchTV software (v.1.4.0; Informer Technologies, Inc.).  

 

1.2. 3D modelling analysis  

 

The human protein sequence encoded by the DNMT3A gene was queried against the non-redundant 

reference RNA sequence database using the tblastn version implemented in the NCBI website 

(https://blast.ncbi.nlm.nih.gov/). For sequence similarity search, 14 eukaryotic model organisms were 

selected, i.e. two fungi species (S. cerevisiae and S. pombe), two plant species (A. thaliana and Z. 

mays), two nematode species (C. elegans and C. briggsae), two insect species (D. melanogaster and 

A. gambiae), two fish species (D. rerio and S. formosus), two amphibian species (X. laevis and X. 

tropicalis), and two mammalian species (M. musculus and H. sapiens). Results were filtered for e-

value (≤10−40) and coverage (≥80%), and only one isoform per gene, i.e. the longest, was retained 

for subsequent analysis. Finally, ClustalW was employed for multiple homologous sequence 

alignment.  

The molecular editor PyMOL was used for investigating the 3D structure of the available crystal 

structures of the C-terminal domain of DNMT3A-DNMT3L in complex with DNA containing 2 CpG 

sites (6) (PDB_ID: 5YX2) or in complex with histone H3 (7) (PDB_ID: 4U7T) and for generating 

the four investigated mutants (R899C; G707C; Y536*; D531Gfs*15), starting from the above cited 

structures (4U7T and 5YX2), in accordance with our validated protocols (8). 

 

1.3. DNA methylation analyses 

 

1.3.1. Droplet Digital PCR (ddPCR) assay 

To evaluate the global DNA methylation status, a ddPCR assay for the quantification of Alu 

methylation pattern was performed (9). Alu repeats, belonging to the Short Interspersed Repetitive 

Elements (SINEs) class, contain about 25% of CpG sites in the human genome. Alu sequences reside 

mainly in gene-rich regions and are therefore suitable for evaluating the global DNA methylation 
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status (10). For each sample a total of 500 ng of gDNA input was prepared (digestion/ligation) for 

ddPCR EvaGreen assay and 5 pg of the digested/ligated gDNA were used in each ddPCR reaction, as 

previously reported (9). Each evaluation was replicated five times and the mean value considered to 

calculate the percentage of methylated consensus Alu sequences for each sample. The replicates 

performed on diagnosis, remission and relapse samples were compared using the ANOVA test. A p-

value <0.05 was considered significant. 

 

1.3.2. Methylation array hybridization  

A more detailed genome-wide methylation analysis was conducted using the Illumina Infinium 

MethylationEPIC BeadChip arrays, which simultaneously quantify approximately 4% of all CpG 

dinucleotides. Genomic DNA (500 ng) was bisulfate converted using the EZ DNA Methylation Kit 

(ZymoResearch, Irvine, CA, USA) according to the manufacturer's recommendations for the Illumina 

Infinium Assay. Bisulfite-treated samples were processed using the EPIC array (Illumina, San Diego, 

CA, USA), following manufacturer’s instructions. Two technical replicates of diagnosis, remission 

and relapse samples were included in the MetylationEPIC assay. Microarrays were scanned using an 

IScan scanner (Illumina). Primary data were acquired by Genome Studio V2011.1 and Methylation 

Module 1.9.0. The resulting data have been deposited in the Gene Expression Omnibus (GEO) 

database under the accession number GSE202488. 

Methylation data analysis was performed by R4.0.3 using missMethyl, minfi, limma and DMRcate 

packages (11–14). In brief, from the raw IDAT files sample-specific quality control was performed 

by plotQC function in the minfi package, confirming that all samples and replicates were of good 

quality (data not shown). IlluminaHumanMethylationEPIC hg19 annotation files were used for 

mapping to the human genome. PreprocessFunnorm function (15) was employed for between-array 

data normalization. Among all 865,859 CpG probes, 1186 probes failed in one or more samples 

based on detection p-value (p>0.01) were filtered out, as well as 30016 probes with SNPs at CpG site 

and 126,839 cross-reactive probes, mapping to multiple places in the genome (16,17). Totally, 

707818 CpG probes were retained for subsequent analysis. For each CpG probe, M-values and beta 

values were calculated (18). After normalization and filtering, the relationship between the samples 

was evaluated by MDS plot (Additional figure 3). Beta values of Cpg probes were sorted according 

to standard deviation and unsupervised hierarchical clustering analysis of the samples and replicates 

was performed with the 25000 most variably methylated probes, as established by standard deviation, 

applying the Euclidean distance as distance metric (Figure 2B).  

For pairwise CpG differential methylation analysis, a robust moderated t-test implemented in the 

R/Bioconductor package limma was used. Resulting p-values were adjusted for multiple comparisons 

by controlling the False Discovery Rate (FDR) using the Benjamini-Hochberg method; a FDR cut-

off of 0.05 was considered for subsequent analyses. 

GenomicFeatures and Annotatr (19) R packages were used to annotate all the 707818 filtered CpG  

sites on the genomic location with respect to CpG and genic annotations. Briefly, CpG shores are 

defined as 2 kb regions flanking CpG islands, and CpG shelves as the 2 kb regions flanking the 

respective upstream and downstream shores. Probes not belonging to any of these regions are defined 

as non-CpG island or open sea. Each probe was assigned to only one category.  Genic annotations  

included 1-5Kb upstream of the transcription start site (TSS), the promoter (< 1Kb upstream of the 

TSS), 5’UTR, exons, introns, exon/intron boundaries, 3’UTR, and intergenic regions. For genic 

annotation, if a probe was annotated to multiple exons, it was counted once toward the exons, but if it 

was annotated to multiple regions for different transcripts (for example an exon and an intron), it 

would be counted towards both. 
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A 2 × 2 contingency table was performed for each class of annotated probes in order to study the 

association between the given subset and the different CGI categories and the genic location.  Fisher 

exact test with alternative “greater” was used to look for enrichment of specific classes of CpGs in 

hyper- and hypomethylated CpGs compared to the null hypothesis (no enrichment). A significance 

level of 0.05 was considered for all tests. The odds ratio (OR) for each of the individual tests was 

used to estimate the enrichment . Odds ratio (OR) and adjusted p-values of Fisher exact tests of all 

CpGs categories for the three comparisons are reported in Additional table 2. 

Annotatr R package was also used to visualize the distribution of differentially methylated CpGs 

relative to CGIs and across different genomic regions (Figure 2C). From DMPs, region-based 

analysis to identify differentially methylated regions (DMRs) associated with the three different 

conditions was performed with DMRcate R package (11). 

Methylation profiling of diagnosis and DR samples was also compared to in silico methylation data 

of U937 cells with overexpression of wild-type DNMT3A, DNMT3A mutant R882C or DNMT3A 

mutant R882H using the Illumina MethylationEpic array (GSE90933). 

 

1.4. Functional Analysis 

 

For each comparison, from the differentially methylated regions ranked by Fisher’s multiple 

comparison statistic, the first 600 genes were retrieved and functional analysis was performed with 

Ingenuity Pathway Analysis (IPA) (IPA, http://www.ingenuity.com). In order to evaluate the 

enriched pathways between the three analyses, the IPA comparison analysis function was used, and 

heatmap was evaluated to visually find trends and similarities across the three comparisons; log p-

value was used as statistical measure of similarities across analyses (Figure 2D). 
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2 Supplementary Figures and Tables 

File format: .xls 

Title of data: Additional table 1 

Description of data: Number of differential methylated CpG sites for multiple comparisons. (FDR < 

0.05). 
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File format: .xls 

Title of data: Additional table 2 

Description of data: Enrichment analysis results for all the three comparisons compared to the null 

distribution of CpG probes. For each class of CpGs, the Odds Ratio (OR) and adjusted p-values of 

Fisher exact tests are shown. 

 

File format: .xls 

Title of data: Additional table 3 

Description of data: Top 20 differentially methylated regions (DMRs) resulting for each comparison 

from region-based analysis with the DMRcate R package. 

 

File format: .xls 

Title of data: Additional table 4 

Description of data: Top networks list resulting from the Ingenuity Pathway Analysis (IPA) for each 

comparison, with the specific scores associated with each network. 

 

File format: .pdf 

Title of data: Additional figure 1 

Description of data: Direct sequencing to rule out the occurrence of the nonsense-mediated mRNA 

decay mechanism. The DNMT3A exons 14-15 junction is shown, highlighting the two truncating 

variants.  

 

File format: .pdf 

Title of data: Additional figure 2 

Description of data: Multiple Sequence Alignment (MSA) of DNMT3A C-terminal domains 

sampled from 6 eukaryotic model organisms and the 2 crystallized structures used to build the 

investigated mutants. The MSA was built  using ClustalW implemented in JalView. The Zappo style 

was used to highlight conservation along the aligned sequences. 

 

File format: .pdf 

Title of data: Additional figure 3 

Description of data: Multidimensional scaling (MDS) plot showing relations between technical 

replicates and samples. (R1: replicate 1; R2: replicate 2). 

 


