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SUPPLEMENTAL METHODS 

Whole-exome sequencing 

DNA samples were collected from whole blood and exome capture was performed using a modified 

version of the IDT xGen probe library (Integrated DNA Technologies, Boulder, CO, USA). Samples 

were sequenced on the Illumina NovaSeq 6000 (Illumina Inc., San Diego, CA, USA) platform to a mean 

depth of 55x using a 75 base-pair paired-end protocol. Sequencing reads were aligned to the hg38 

human reference genome using BWA-MEM (1). Samples with low sequence coverage (<80% of target 

bases with ≥20x coverage), discordance with microarray genotyping data or reported sex, high rates of 

heterozygosity/contamination (FREEMIX score >5%), or duplication were removed. Polymerase chain 

reaction duplicate reads were filtered using Genome Analysis Toolkit (GATK) MarkDuplicates v2.21.2 

(2). 

SNP array 

Genotyping was performed by Affymetrix using the UK BiLEVE Axiom (~50,000 participants) and UK 

Biobank Axiom (~450,000 participants) arrays. The genotype data contains a total of 805,426 unique 

variants from both arrays. Quality control and imputation (with IMPUTE4 using the Haplotype 

Reference Consortium and UK10K data as imputation reference panels) were performed as previously 

described (3). 

CH variant calling 

After base quality score recalibration [GATK BQSRPipelineSpark, v4.2.0.0 (2)], single-nucleotide 

variants (SNVs) and insertions/deletions (indels) were called using Mutect2 v4.2.1.0 (4) and 

VarDictJava v1.6.0 (5). Variants were retained that were supported by both variant callers. We only 

retained variants with an alternative allele frequency (VAF) ≥2% and with ≥2 supporting reads including 

at least one from both the forward and reverse strands. 

CH post-processing filtering criteria  

We used the sequencing data from 50 individuals under the age of 41 from the UKBB without known 

CH hotspot mutations as an internal panel of normals (PON). Variants that were found with a VAF of 

>2% in two or more samples from the PON were removed. For every variant that passed consensus 

variant calling, we used the PON samples to empirically estimate the sequencing error at that position 

through the following approach. First, we interrogated each PON sample for the presence of an 

alternative allele supporting the putative CH mutation. Second, we summed the total number of 

alternative counts across the PON, then tested for an enrichment in the alternative alleles supporting 

the CH mutation in the sample compared to the PON using Fisher’s exact test. We adjusted for multiple 
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hypothesis testing using a Bonferroni correction based on the size of the WES capture region, including 

splice site acceptor and donor sites (since CH variants could have been called at every position on the 

panel of 39.5 Mbps) yielding a p-value of 1.3x10-9. Variants where the VAF was significantly greater in 

the sample compared to the PON were retained.  

We removed variants as possible artifacts if they met the following criteria: 

1) Variants with <2 reads supporting the call or variants not supported by both forward and reverse 

reads 

2) Any variant recurrent in >1% of samples that had never been previously reported in large-scale CH 

sequencing studies 

3) Variants with evidence from only the forward or reverse strand 

To filter possible germline polymorphisms, we removed the following variants: 

1) Any variant reported in the gnomAD database [exome v2.1.1 and genome v3.1.2 (6)] that has a 

population allele frequency > 5×10-4 or maximum sub-population allele frequency > 5×10-3 

2) All variants with a VAF ≥35% unless it was a clear somatic hotspot in hematologic malignancies with 

no or minimal evidence of the variant being seen as a germline mutation (e.g., SRSF2 P95H) 

3) Given the low depth of the UKBB data and coverage variation, we removed recurrent variants having 

VAF ≥25% where the median VAF for that variant was >35%; we also removed variants with a VAF of 

>25% that were not previously reported in large CH studies [Bolton et al. (7) and Bick et al. (8)] or 

COSMIC v95 (9). 

We exempted loss of function variants in DNMT3A, TET2, ASXL1 and PPM1D from the second and 

third germline filters given that loss of function variants in these genes have not been previously 

reported as germline. 

CH variant annotation  

Variants were annotated with Ensembl Variant Effect Predictor v109 (10) using the canonical transcript. 

Putative driver (PD) mutations were annotated according to prior evidence for functional relevance in 

hematologic cancer as previously described (7). We included 939 genes with known relevance to 

cancer (Supplemental Table 11). In brief variants were classified as PD if they met the following criteria:  

1) Truncating variants (nonsense, essential splice site or frameshift indel) in tumor suppressor genes 

(Supplemental Table 11) 
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2) Truncating mutations within exon 6 of PPM1D 

3) Missense mutations at amino acid positions 95 (SRSF2); 622-626, 662, 663-666, 700-704, 740-742 

(SF3B1); 132 (IDH1); 140, 172 (IDH2); or in exon 6 (PPM1D) 

4) Any variant reported as somatic in the COSMIC at least 10 times or in ‘hematopoietic and lymphoid’ 

tumors at least 5 times 

5) Variants previously reported as a CH-PD mutation by Bick et al. (8) or Bolton et al (7).  

6) Any variant noted as oncogenic or likely oncogenic in OncoKB v3.10 (11). 

7) Missense mutations within 3 amino acid residues or within 9 nucleotides of hotspot variants from 

Bolton, et al. (7), OncoKB (11), Bick, et al. (8), or COSMIC (9) and were predicted as deleterious by 

SIFT v6.2.1 (12) and PolyPhen v2.2.3 (13). 

8) Splice variants within 2 nucleotides of an intron in tumor suppressor genes 

9) Variants reported as pathogenic in ClinVar (April 30, 2023 release) (14). 

Mosaic chromosomal alteration calling 

We used MoChA v10.2.0 (15) to identify acquired (i.e. mosaic) chromosomal alterations (mCAs) in the 

UKBB genotyping array data. The analysis was performed using non-imputed data with default 

parameters, and limited to autosomal chromosomes. Genotypes were phased using SHAPEIT (v4.2) 

prior to calling chromosomal alterations with MoChA. We followed the recommended post-processing 

steps outlined on the MoChA GitHub repository (https://github.com/freeseek/mocha) to filter likely 

germline copy number events and artifacts. 
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