Enhancing germline variant calling: adjustment with tumor samples
to filter low-confidence variants from clonal hematopoiesis
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Introduction

High-quality germline variant calling is crucial for accurate
genetic reporing; yet, certain factors can lead to false identifi-
cations. Clonal hematopoiesis (CH) of indeterminate potential

(CHIP), caused by somatic mutations in blood cells, can mimic
germline variants, while pseudogenes and mosaic mutations
generate low variant allele frequency (VAF) signals that can
be misinterpreted. Current methods for addressing these arti-
facts use only non-tumor samples, limiting their use in clinical
settings for generating genetic reports for tumor samples’.
To expand the capability of germline variant calling, we devel-
oped a filtering method to identify and eliminate low-confi-

dence variants from CH, pseudogenes, and mosaicism within
both non-tumor and tumor samples.

Methods

We analyzed whole-exome sequencing (WES) data from 2,078
patients (55.2% females and 44.8% males; mean age 58.7
years, range: 6-99) with 175 unique oncological diagnoses.

Patients gave informed consent to share their sequencing
data for research purposes. From each patient, a tumor biopsy
along with non-tumor samples (whole blood (71.4%), saliva
(25.3%), and buccal swabs (3.3%)), were obtained. Strelka?
v2.9.10 was used for variant calling; precise VAF values were

calculated using SAMtools mpileup® v1.10. The VAF values
were compared between tumor and non-tumor samples.
Copy number alterations (CNAs) detected with Sequenza*
v2.1.2 were used to evaluate expected VAF values adjusted
for gene dosage in tumor samples (Scheme 1A-C). Mappa-
bility metrics were estimated using bigwig reference files
for hg38 with various read lengths (75 bp, 100 bp, 150 bp,
and 200 bp) and pyBigWig® v0.3.22. The binomial distribution
model was calculated based on CNAs and sample purity
to determine expected VAF range and identify low-confidence
variants (Scheme 1D-E). Variants with VAFs outside the 99.9%
confidence interval were flagged as potential non-germline
variants, including CHIP.
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A schematic of the developed approach for filtering out putative CHIP variants. A-C. Possible CNA events in tumor cells: deletion
of allele with germline variant (A), unchanged CNA (B), amplification of allele with a variant (C). D-E. Illustration of confidence
intervals (D) for normal and tumor VAFs. The expected Tumor VAF (E) is calculated according to formula (Purity x (Altered - 1) +1) /
(Purity x (Total — 2) + 2). The expected range for germline variants is set as 99.9% confidence interval of the binomial distribution.

Figure 2. Cohort overview
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Overview of patient samples with low-confidence variants for genes associated with CHIP (N = 121 out of 2,078) . A. Distribution of CHIP-
associated (blue) and non-CHIP-associated (gray) genes across different age groups. Number of patients with CHIP associated
variants (blue) out of total number (black) are indicated for each age group. B. Proportion of low-confidence variants in normal whole
blood, saliva, and buccal swab samples. C. Variant frequencies across different diagnoses (left) and total number of samples in each

diagnosis (right).

Figure 1. Characteristics of germline variants
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A. Binominal percentile distributions for normal (N) and tumor (T) VAFs for 9,311 variants. B. Scatter plot showing normal and tumor
VAF percentile values. Variants with mappability values below 0.95 (low mappability) are colored with red. C. Observed vs Expected
tumor VAF values, calculated using the formula from Scheme 1. Variants within CHIP genes are shown. Dot colors represent different
tumor percentile values. D. Scatter plot showing the difference in normal and tumor VAF values between CH variants (blue dots) and

true germline variants (red areas).

Figure 3. Overview of case variants
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IGV plots illustrating genomic data for patient 1 (A-B) and patient 2 (C-D) with CHIP in clinically significant genes. A-B. Normal
sample (A) with germline variants on allele A and a putative CHIP on allele B. Tumor sample (B) had a copy-neutral loss
of heterozygosity (cnLOH) of TP53, where allele A was lost and allele B was duplicated. Typically, if a putative CHIP located in allele B
is a true germline variant, we expect its VAF to reach ~90%. However, in this case, the observed VAF of 5% is much lower than
expected even though allele B was duplicated. As such, it is unlikely that this observation is a true germline variant; rather,
it is indicative of a true CHIP. C-D. In normal tissue (C), the true germline variant and the CHIP are located on different alleles.
The VAF of the presumed CHIP is 28%. In tumor sample (D), the heterozygosity of the germline variant is preserved while the CHIP
frequency decreases to 2%, confirming the CHIP origin of the variant.

Results

In total, 3,591 unique low-confident variants (beyond 99.9%
CI, Fig 1A) were found in 1,428 patients, with about 29% being
associated with low mappability (value < 0.95). Notably, most
low-mappability variants were concentrated near percentiles
value =0 (Fig 1B). In total, 64 unique variants were found in 42
CH-associated genes in 121 patients (5.8%), including clin-
ically actionable genes ATM, BRCA1, TP53, and RB1. The mean
VAF for CH mutations was 30% (standard deviation, SD = 5%)
iIn non-tumor samples, compared to 6% (SD = 3%) in tumor

samples (Fig 1D). The occurrence of filtered-out CH variants
was higher among older patients (Fig 2A), consistent with
a higher CH probability in older individuals'. In non-tumor
samples, CH variants were found in 6% of whole blood sam-
ples (Fig 2B). Breast cancers and sarcomas were the main
diagnoses with observed CH variants (Fig 2C).

Some of the detected variants exhibited overlapping reads with
adjacent true germline variants, rendering it possible to deter-
mine their origin with greater confidence in some cases (Fig 3).
Furthermore, these CH variants are associated with clinically
significant mutations, as indicated by OncoKB®’, underscoring

the importance of our approach as a quality-control measure
for identifying germline variants.

Conclusions

Our unique filtering strategy integrates WES data from both

tumor and non-tumor samples, including CNA profiles, which
improves the accuracy of germline reports. By minimizing
the impact of CH-associated variants and other artifacts, this
method can streamline the quality control of genetic reports
for cancer patients, consequently improving treatment deci-
sion-making and patient outcomes.
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