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INTRODUCTION
The use of NGS to detect chromosomal aneuploidies from cfDNA oﬀers numerous
advantages compared to conven:onal methods, however, access to this tes:ng is
limited by its high cost and complex workﬂow. Digital PCR (dPCR) is a powerful tool
for the quan:ta:on of nucleic acids that oﬀers a simpliﬁed workﬂow compared to
NGS, but oJen poses performance limita:ons due to variance of high and low
sample inputs. ChromaCode’s HDPCR™ chemistry and soJware enable detec:on of
mul:ple targets per channel by diﬀeren:a:ng signal intensity using a probe-limited
approach to encode mul:ple targets into a single-color channel. Virtual Par::on
dPCR (VPdPCR) leverages HDPCR technology to eﬀec:vely increase template input
concentra:on by interroga:ng a chromosome mul:ple :mes. By crea:ng virtual
par::ons, VPdPCR breaks through the fundamental noise ﬂoor of dPCR resul:ng
from par::on satura:on and allows for precise quan:ta:on. This study describes a
demonstra:on assay capable of detec:ng ten loci each from chromosomes 18 and
21 as the ﬁrst step in the development of a cost-eﬀec:ve and user-friendly cfDNA
chromosomal aneuploidy assay. This demonstra:on assay is for research use only
(RUO) and not for use in diagnos:c procedures.

METHODS
Assay Design: Ten primer and TaqMan probe sets were designed to conserved
regions of chromosome 18 in Channel 1 and an additional ten primer and probe sets
for chromosome 21 in Channel 2.
Samples: Contrived samples were prepared to mimic cfDNA, sheared euploid cellline DNA was spiked with 0, 5, 10, or 20% sheared cell-line DNA with a
chromosome 21 trisomy at 7000 total haploid genome copies per sample.
dPCR Testing: Testing was performed on the Bio-Rad QX200. Droplet quantity per
sample ranged between approximately 14,000 droplets and 20,000 droplets.
Droplets were thermally cycled on the Bio-Rad C1000 with the following protocol:
95°C hotstart for 10 min; 45 cycles at 95°C denature for 30 seconds and 58°C
annealing/extension for 120 seconds; 95°C deactivation step for 10 minutes.
Droplets were measured on the Bio-Rad QX200 Droplet Reader and processed with
the ChromaCode analysis pipeline.
Analysis: Analysis consists of two stages: 1) determining the number of targets
present in each partition and 2) converting these results into a total copy number of
each chromosome. Stage 1 takes advantage of the power of HDPCR chemistry,
which generates a distinct peak in the probability density function (PDF) of partition
amplitudes for each number of targets. We analyze these multi-peaked probability
density functions by fitting a Gaussian function to each peak, allowing each partition
to be assigned to a peak based on the highest-magnitude Gaussian at that point. In
stage 2, a partition with n/10 targets present is divided into 10 “virtual” partitions, of
which n are positive and 10-n are negative. Once this is done, traditional Poisson
analysis can be applied to convert the fraction of positive virtual partitions into a
total number of target copies. This VPdPCR method increases the number of
effective partitions by a factor of 10 compared to traditional analysis, substantially
reducing the partitioning noise floor.

HDPCR™ ENABLED VIRTUAL PARTITION DIGITAL PCR

ChromaCode reagents and soJware expand the mul:plexing capability of dPCR instruments without hardware altera:on. The ability to
generate dis:nct clusters with HDPCR allows the analysis soJware to discriminate droplets containing diﬀerent numbers of target
regions. VPdPCR breaks the fundamental noise ﬂoor of dPCR as par::ons are saturated by increasing the eﬀec:ve number of par::ons
using virtual par::ons.
Figure 2. Fundamental Noise Floor of dPCR vs. VPdPCR

Figure 1. HDPCR Workflow

RESULTS

Receiver operating characteristic (ROC) analysis based on the ratio of chromosome 21 to chromosome 18 calculated in the virtual
partitions generated an area under curve (AUC) of 0.9977, effectively distinguishing euploid DNA from as little as 5% aneuploid DNA
(Figure 4). The optimal threshold yielded 99.1% sensitivity and 98.2% specificity (Figure 4). The ratio of Chromosome 21 to Chromosome
18 across a range of euploid and trisomy 21 DNA spiked into euploid background DNA with 7000 haploid genomic equivalents of
chromosome 18 per reaction. The dashed line is the optimal threshold of 1.0668 as determined by ROC analysis (Figure 3).
Table 1. Results of contrived aneuploid pregnancy samples.
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Figure 3. Ratio of Chromosome 21 to Chromosome 18

Figure 4. ROC Analysis

CONCLUSION

Expanded use of cfDNA for chromosomal
aneuploidies hinges on the development of a
cost-effective and user-friendly test. This study
demonstrates the potential of VPdPCR to provide
a low cost and scalable approach to cfDNA
chromosomal aneuploidy testing.
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