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Introduction
Liquid biopsies hold great promise to revolutionize the 
field of clinical oncology testing. Cell-free DNA (cfDNA) can 
be extracted from a routine patient blood sample and used 
to determine the genetic profile of a solid tumor located 
elsewhere within the body. This facilitates more informative 
disease management for the clinician, without the need for 
invasive surgery for the patient. With new cfDNA NGS assays 
being able to detect variants from as little as 2-10ng DNA, 
assay validation to ensure sufficient accuracy has never been 
so critical. Reference materials that closely mimic real cfDNA 
samples are essential to support this effort. Here we present 
results from a comparative study of DNA fragmentation 
methods applied during the production of cfDNA reference 
standards. We show a comparison between enzymatic 
fragmentation and mechanical shearing (sonication), and  
the benefit of including a size selection step for data 
accuracy and performance of NGS gene panel workflow.

Conclusion
Results show good 
performance of 
both sonicated and 
enzymatically sheared 
cfDNA material, where 
all variants present 
above the LOD could 
be detected on the 
Illumina TST-15 assay.

Whilst enzymatically 
sheared cfDNA did not 
show any increase in 
NGS library yield, it did 
display slightly more 
accurate variant calling, 
in addition to a more 
defined tapestation 
profile – centred 
around 168bp, which 
was further enhanced 
when combined with 
a size selection step 
(Fig 1A yellow trace).

This highlights the 
potential of these 
alternative techniques 
to produce cfDNA 
that is highly 
commutable to patient 
samples and suitable 
for the validation 
of ddPCR and NGS 
liquid biopsy assays.

Methods
DNA extracted from engineered cancer cell lines,  
representing the Multiplex 1 blend at 5% or 0.1%, was  
fragmented by mechanical or enzymatic shearing.  
In addition, a size selection step was included to obtain a 
fragment size distribution profile that closely mimics real  
cfDNA samples. The allele frequency of specific variants  
was confirmed by ddPCR. The eight-sample cfDNA 
material experimental set was externally tested on 
the Illumina TruSight Tumor15 (TST-15) panel and 
the Oncomine Breast cfDNA Assay v2 (OBA v2) to assess 
library preparation and variant calling performance.

NGS: Sequencing was performed on the MiSeqDx 
system in RUO mode and the Ion S5 for the TST-15  
and OBA v2 assays respectively. MiSeqDx system filter  
settings for analysis with Variant Studio (and automatic 
analysis) were: Read depth >500 and MAF >2%.

Results
Tapestation analysis confirmed 
that both sonication and 
enzymatic fragmentation 
produced cfDNA with a peak size 
in line with real clinical samples 
(Fig 1). Proof of principle variant 
detection by ddPCR confirmed 
the presence of three of the 
eight mutations across 2 of four 
genes (EGFR, KRAS, NRAS and 
PIK3CA) at either 0.1% or 5% 
variant allele frequency (Fig 2). 
Library preparation using both 
Illumina TST-15 gene panel and 
OBA v2 showed good library 
yield across all eight samples 
(Fig 3). NGS sequencing results 
showed good and comparable 
variant calling ability between 
both sonicated and enzymatically 
sheared samples (Fig 4). Whilst 
enzymatically sheared cfDNA did 
not show a significant increase 
in NGS library yield, it did display 
slightly more accurate variant 
calling on the TST-15 assay, 
in addition to a more defined 
tapestation profile – centred 
around 168bp, which was further 
enhanced when combined with 
a size selection step (Fig 1A 
yellow trace, Fig 3 and Fig 4). In 
addition, due to a lower limit of 
detection, the OBA v2 was able 
to detect many of the variants 
at 0.1% allele frequency (Fig 4).
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Figure 3: NGS Library YieldFigure 2: Representative ddPCR QC analysis on three of the 
eight mutations at either 0.1% or 5% variant AF

Figure 4: NGS results from 5% and 0.1% AF cfDNA test samples run on both the Illumina TST-15 assay and Oncomine Breast cfDNA Assay v2

Figure 1: Size Distribution
(A) TapeStation analysis of size distribution of all 
sample conditions (B) Table listing peak size and 
average fragment length 


