Droplet Digital PCR

Abstract
This application note introduces the Vericheck ddPCR™ HEK293 Res DNA Size Kit for Droplet Digital
PCR as a test for residual host cell HEK293 genomic DNA (gDNA) contamination and compares it to a
microfluidic chip—based electrophoresis method to determine the median size, percentage greater than
200 bp, and mass of partially degraded HEK293 DNA samples. The Vericheck ddPCR HEK293 Res
DNA Size Kit is a powerful alternative to using a microfluidic chip—based electrophoresis assay and has
many advantages, such as greater throughput, sample matrix compatibility, and dynamic range.

Introduction

HEK293 cells are the dominant producer cell type for cell and gene
therapy viral vector products like recombinant adeno-associated
virus (rAAV) and lentivirus. These products initially contain residual
DNA from the host cell and vectors or plasmids from which they
are produced. Cell lysate may be treated with endonucleases prior
to downstream purification. Residual host cell DNA may also be

a contaminant in other sample types, such as chimeric antigen
receptor (CAR) T cells, if lentivirus is used for gene transfer. Residual
DNA contaminant regulatory guidelines require less than 10 ng per
parenteral dose and that the fragment size be less than 200 bp for
patient safety, due to the risk of oncogenic DNA (U.S. Department
of Health and Human Services Guidance for Industry 2010). The
Vericheck ddPCR HEK293 Res DNA Size Kit effectively provides
quality control for estimating the size of contaminating DNA.

ddPCR technology uses a water-oil emulsion technology. A sample
is partitioned into 20,000 droplets, and PCR amplification of the
template molecules occurs in each individual droplet. ddPCR
technology provides an absolute count of target DNA copies per
input sample without the need for running standard curves, making
this technique simpler, highly sensitive, and precise. The Vericheck
ddPCR HEK293 Res DNA Size Kit generates estimates of median
size, and total mass and mass percentage of fragments greater than
200 bp in each sample.
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One method for quantitatively monitoring the size of residual host
cell DNA is microfluidic chip—based electrophoresis. This generates
an electrophoretogram on which a smear analysis is performed

to determine the concentration of each size region. A side-by-
side comparison of this method and Droplet Digital PCR was
conducted in this study. This ddPCR Assay is designed to replace
this step of the quality control workflow, and provides higher
sensitivity, dynamic range, and throughput than the alternative
method. A key difference between each method is that the
chip-based electrophoresis method is not HEK293 specific. This
means that when determining the amount of oncogenic HEK293
DNA in a sample (for example, CAR T cells), any contaminating
plasmid or viral or human gDNA will obfuscate the result. In
contrast, this kit is HEK293 specific and detects only the host cell
DNA. Full-length DNA may clog microfluidic channels. To avoid
clogging, this sizing kit is compatible with restriction enzymes and
in-well digestion allows the user to process samples containing
full-length DNA without compromising the results. The ddPCR
platform demonstrates tolerance to reagents in rAAV and lentiviral
production and formulation, whereas the electrophoretic products
used for this purpose are limited to water or Tris-EDTA buffer.

This may require the user to extract the sample or attempt buffer
exchange. The dynamic range of the Vericheck ddPCR HEK293
Res DNA Size Kit Assay is 25 pg—300 ng, and 30 samples can be
tested per plate using ddPCR instruments.
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Materials and Methods

Three samples (S1, S2, and S3) containing 1 pg of gDNA from
HEK293 cells (American Type Culture Collection [ATCC], catalog
#CRL-1573) were fragmented by 0.1 U Benzonase (Millipore
Sigma, #706643), 0.2 mM Mg?, and 0.1 mg/ml of bovine serum
albumin in 50 mM Tris for 4 (S3), 12 (S2), and 25 (S1) minutes at
37°C. The reaction was quenched with ethylenediaminetetraacetic
acid (EDTA) and purified with the Monarch PCR & DNA Cleanup
Kit (New England Biolabs, Inc., #T1030S) according to the
manufacturer’s protocol. The purified DNA concentrations were
measured with a Qubit 4 Fluorometer (Thermo Fisher Scientific Inc.
#Q33238) using the Qubit dsDNA BR Assay (#Q32850) and diluted
serially. Each sample was tested (n = 3) using the chip-based
electrophoresis kit, following the manufacturer’s protocol.

A smear analysis was performed for each replicate and a region
between 40 bp and 9 kb was selected to find the mass of the
sample from the given concentration. A second region was chosen
that divided the area of the curve into equal parts, which indicated
the median size of the sample. A third region from 200 bp to the
upper marker was selected to obtain the percentage greater than
200 bp from the percentage of total column.

Three tests (three wells per test) were performed using the Vericheck
ddPCR HEK293 Res DNA Size Kit (Bio-Rad™ Laboratories, Inc.,
#12016183) on a single plate. The input volume and mass per test
were kept constant on each platform and the same sample dilution
was used to control for variance in pipetting and to remove the risk
of error in dilution. The data exported from QX Manager Software,
Regulatory Edition, version 1.2 (Bio-Rad, #12012172), was analyzed
with the Sizing Worksheet, which generates five outputs. The Sizing
Worksheet determines whether the sample is less than 200 bp,
estimates median size and percentage greater than 200 bp, and
calculates mass in pg/ul of each target. This value is multiplied by
the total volume of the three wells to determine the input total mass.
The study workflow is shown in Figure 1.

ATCC HEK293 gDNA
Degraded with Benzonase

Column Purification

Fluorometric Quantification
+
Serial Dilution

1 ddPCR Plate:
1 pl per 3-well test
(n=3)

1 Chip per Sample:
1 pl per 1-well test
(n=23)

Fig. 1. Study workflow.

Results and Discussion

The electrophoretograms for each sample are shown in Figure 2.
The fragment sizes increase as incubation time in Benzonase
decreases, where the peak shifts toward the upper marker at

10 kb. The 2-D plots from each sample tested using the Vericheck
ddPCR HEK293 Res DNA Size Kit Assay are shown in Figure 3.
As the fragment population increases in size, the HEX-positive
green and orange clusters increase in density.

The Sizing Worksheet provides three outputs that will be compared
to the microfluidic chip—based electrophoresis method. The
percentage greater than 200 bp is defined as the mass percentage
from DNA fragments greater than 200 bp. In Droplet Digital PCR,
the mass is determined from concentration (copies/ul) with a
correction factor based on the copy number of the target and the
mass of the entire genome. In samples containing other sources of
DNA, these values would greatly vary between platforms.
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Fig. 2. Electrophoretograms (n = 3, overlaid) from each sample. A, S1; B, S2;
C, S3. Replicate 1 (—); replicate 2 (—); replicate 3 (—).
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Fig. 3. 2-D plots of the ddPCR Assay readout from each sample. Droplet clusters are small fragments (FAM, blue cluster), medium fragments (HEX, green cluster),
double-positive large fragments (FAM + HEX, orange cluster), and negative fragments (gray cluster). As the fragments increase in size the green and orange clusters increase in
density. A, S1; B, S2; C, S3.

Table 2. Comparison of values determined for percentage greater than
200 bp. Averaged values (n = 3) for each platform and the absolute difference
between each average.

The results of each platform for each sample were compared and
reported in Tables 1-3 and shown in Figures 4A—C. Samples were
unknowns, and no conclusions should be made as to accuracy.

Percentage difference between experimental averaged values are

Droplet Digital PCR Electrophoresis

. . Average % Standard Average % Standard Absolute
reported in Tables 1 and 3, where the electrophoresis method was Sample 5200 gp ° Deviation 200 gp ° Deviation  Difference
treated as the reference. S 16.8 708 347 115 17.84

S2 68.1 1.74 76.7 0.58 8.57
94.4 2.54 95.3 0.58 0.89

roplet Digital PCR - Electrophore3|s> x100 S8

Percentage Difference = (D .
Electrophoresis

Table 3. Comparison of total mass detected. Averaged values (n = 3) for each

The ddPCR measurements Corresponded well with the platform and the percentage difference between each average.

electrophoresis method, with less than 20% difference between

Droplet Digital PCR Electrophoresis

median sizes predicted, which is below the inherent error expected Average Standard  Average  Standard
for the chip-based kit. In highly degraded samples, greater Sample  Mass,pg  Deviation  Mass,pg Deviation Difference, %
e , o S1 569 7.83 685 84.36 16.94
sensitivity is demanded to detect and quantify the remaining I 996 o615 1101 178.00 115
signal from fragments grgater than 200 bp apd accuracy may be s3 240 45.41 842 95.63 12.09
reduced. This may contribute to the larger discrepancy between
the percentage greater than 200 bp in sample S1, which is more A
L 100
fragmented (Table 2). The mass of each sample was within the
expected range and variation between samples tracked across 80 —
- : 800 — 2
platforms. Droplet Digital PCR detected less mass in each sample. g s
. . N . - o
More replicates are needed to determine the significance of any of g N 607
the observed differences in each instance. § %
3 200 g 40
Table 1. Comparison of values determined for median size. Averaged values = E
(n = 3) for each platform and the percentage difference between each average. 20 —|
Droplet Digital PCR Electrophoresis
50 — 0 —
Average Average
Median Standard Median Standard S1 82 S8 S1 82 S3
Sample Size, bp Deviation Size, bp Deviation Difference, % c
S1 138 8.50 156 2.65 11.32 1,500
S2 309 16.44 353 3.06 12.48
S3 1,350 375.31 1,217 90.89 10.90
gmoo N Fig. 4. Comparison of electrophoresis
g and ddPCR methods. A, average
< median size determined for each
500 — sample; B, average percentage greater
than 200 bp determined for each
sample; C, average mass detected for
each sample. Droplet Digital PCR (m);
0 electrophoresis (). The values are given
S1 S2 S3 in Tables 1-3.
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Conclusions

This application note provides a side-by-side comparison and
introduction to transitioning from a microfluidic chip—based
electrophoresis workflow to Droplet Digital PCR for HEK293 DNA
sizing analysis. The primary advantages of Droplet Digital PCR
are its sensitivity, dynamic range, throughput, and specificity to
HEK293 DNA. With the Vericheck ddPCR HEK293 Res DNA
Size Kit, one can quantify mass and determine median size and
percentage DNA greater than 200 bp, addressing the U.S. Food
and Drug Administration guidance for residual HEK293 DNA
fragment size.
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Visit bio-rad.com/ddPCR-Vericheck-HEK-Size for
more information.

BIO-RAD, DDPCR, and DROPLET DIGITAL are trademarks of Bio-Rad Laboratories, Inc. in
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© 2022 Bio-Rad Laboratories, Inc.

Purchase of Digital PCR and/or Single-Cell NGS Sample Preparation products (the
“Products”) from Bio-Rad Laboratories is subject to Bio-Rad Laboratories, Inc. Standard
Terms and Conditions of Sale, which can be accessed at https://www.bio-rad.com/en-us/
terms-conditions. Unless we expressly state otherwise in additional Terms and Conditions,
no rights are granted for you to distribute or resell the Products. Unless we expressly state
otherwise in additional Terms and Conditions, no rights are granted for the development
or commercialization of diagnostic assays for use with the Products without a license from
Bio-Rad. The Products and/or their use are covered by U.S. and foreign patents and/or
pending patent applications owned by or under license to Bio-Rad Laboratories, Inc.

See https://www.bio-rad.com/en-us/trademarks.
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