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This technical note highlights the intermediate precision of DNA
analysis using the DNA 20kb Plasmid and Linear kit on the multi-
capillary BioPhase 8800 system from SCIEX, covering both
plasmid and linear double-stranded DNA (dsDNA). The kit
overcomes the limitations of agarose gel electrophoresis and
microchip-based capillary electrophoresis (CE). It provides a
high-resolution, high-throughput, and reliable workflow to analyze
plasmid topological isoforms distribution and linearized dsDNA

size and purity.

The repeatability, reproducibility, and intermediate precision of
the workflow were demonstrated using the plasmid test mix from
the kit (Figure 1) and 1 kb Plus DNA Ladder with multiple

cartridges (Figure 3), systems, and reagent lots. (Table 1)
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Key benefits of the DNA 20 kb Plasmid and
Linear kit on the BioPhase 8800 system

v e)

Rel. Fluorescence Units (RFLD

High-resolution separation of plasmid topological
isoforms and linear dsDNA: This capability enables
efficient analysis of plasmid purity and stability (2—19 kb) and
linear DNA sizing and purity (0.1-20 kb).

Great assay repeatability and reproducibility: When data
from multiple cartridges, systems, analysts, and reagent lots
are combined, the results show less than 1% relative
standard deviation (RSD) for repeatability and less than 3%
RSD for intermediate precision in both peak migration time
and %purity of a sample for both plasmid and linear dsDNA
purity analysis.

One ready-to-use kit suitable for pre-built BFS
cartridges for plasmid topology analysis and tunable
linear DNA analysis: Streamlining the operations ensures
consistent results and saves time and money.
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Figure 1. Representative electropherograms for plasmid topology analysis using the plasmid test mix (PTM, 5.4 kb) as a sample
demonstrating the assay repeatability. Panel A shows overlay electropherograms of PTM in single injections across eight capillaries in a BioPhase
BFS capillary cartridge - 8 x 30 cm. Panel B shows overlay electropherograms of PTM on a single capillary over 12 consecutive injections.



Introduction

Plasmids are small, extrachromosomal circular DNA
molecules capable of replicating autonomously, separate
from nuclear DNA and independent of cell division. They
have become critical materials in biopharmaceutical
manufacturing and production. The global demand for
plasmid DNA has surged significantly in recent years,
driven by advancements in cell and gene therapy and
nucleic acid vaccines.! Consequently, the demand for
analytical tools for characterizing and controlling the purity
of plasmid samples has also increased.

Traditional agarose gel electrophoresis has limitations in
resolution and automated quantitation. Microchip-based
capillary electrophoresis (CE) faces challenges in
obtaining high resolution between different plasmid
topological isoforms.2 The DNA 20 kb Plasmid and Linear
kit on the BioPhase 8800 system offers a solution by
providing fast and convenient analysis of both plasmid
topological isoforms and linearized plasmid fragments.
This work highlights the repeatability and reproducibility of
the solution on the multi-capillary electrophoresis
BioPhase 8800 system using a 5.4 kb plasmid test mix
and a group of linear dsDNA ladders ranging from 0.1 to
20 kb as standard samples.

Methods

Materials: The DNA 20 kb Plasmid and Linear kit (P/N
5311708), the BioPhase BFS capillary cartridge - 8 x

30 cm (P/N 5080121), BioPhase BFS capillary cartridge -
8 x 50 cm (P/N 5080123), BioPhase sample and reagent
plates (4,4,8) (P/N 5080311) were from SCIEX
(Framingham, MA). The DNA 20 kb Plasmid and Linear kit
contains DNA 20 kb Plasmid and Linear gel, DNA 20 kb
Plasmid and Linear sample buffer, DNA 20 kb Plasmid test
mix, SYBR™ Gold Nucleic Acid gel stain, DNA 20 kb
Plasmid and Linear conditioning solution, Acid
wash/regenerating solution and CE Grade water. 1 kb Plus
DNA Ladder (P/N 10787018) was obtained from Thermo
Fisher Scientific (Waltham, MA). All instrument methods
were downloaded from the SCIEX website and used
without modification for all the results shown here.3

Sample preparation: Plasmid test mix sample was
prepared according to the kit application guide.?
Specifically, for each sample column (8 sample wells), one
vial of the plasmid text mix was diluted with 800 yL DNA
20 kb Plasmid and Linear sample buffer. Linear dsDNA
Ladder sample was prepared by diluting 5 uL of the 1 kb
Plus DNA Ladder with 800 uL DNA 20 kb Plasmid and
Linear sample buffer. Samples are mixed well using a
vortex and aliquoted into the sample plates at 90 uL/well.

Reagent preparation: Separation gel was prepared
according to the kit application guide. For every 20 mL of
the DNA 20 kb Plasmid and Linear gel, 80 pyL of SYBR™
Gold Nucleic Acid gel stain was incorporated. The specific
volume of gel prepared is adjusted based on the reagent
plate layout map generated by the BioPhase software for
each sequence.

Instrument and software: The BioPhase 8800 system
(P/N 5089278), equipped with a LIF detector (excitation
488 nm, emission 520 nm) controlled via BioPhase
software, was used to perform all testing with the
downloaded methods and to process all data.

Results and discussion for high-resolution

plasmid analysis

The kit separates plasmids based on their topologies,
resolving supercoiled (SC), linear, open circular (OC) and
multiple aggregates of the SC species in one assay. This
allows for the reporting of the purity of a given plasmid
sample for process control. To evaluate the intermediate

Table 1. Experimental design to access intermediate precision for
plasmid purity analysis with a BioPhase BFS capillary cartridge - 8 x
30 cm.

Analyst/Cartridge* System Kit lot
Test #1 Analyst #1 System #1 Lot 1
Test #2 Analyst #1 System #2 Lot 2
Test #3 Analyst #2 System #1 Lot 3

*Each analyst holds one cartridge. When the analyst changes, the
cartridges also change. For each test, 8-well x 2-column samples were
prepared. Six injections were run for each sample column, generating a
total of 8 x 12 = 96 runs.



Table 2. Plasmid analysis repeatability within a single test for intra- and inter-capillary variation.

Average purity ,

Average migration time, MT (min) % RSD for MT (%SC) %oRSD for purity
Capillary SC Linear ocC SC Linear oC SC SC
Capillary A 4.39 4.77 5.59 0.5 0.6 0.6 57.92 0.5
Capillary B 4.40 4.79 5.61 0.5 0.6 0.6 57.48 0.7
Capillary C 4.28 4.66 5.47 04 0.5 0.5 58.85 0.7
Capillary D 4.39 4.78 5.59 0.4 0.5 0.6 59.28 0.8
Capillary E 4.40 4.79 5.60 0.3 04 0.4 59.57 0.8
Capillary F 4.41 4.79 5.61 04 0.5 0.5 58.63 0.5
Capillary G 4.39 4.78 5.59 0.3 0.4 0.5 58.00 0.7
Capillary H 4.42 4.81 5.62 0.2 0.3 0.3 57.71 1.0
Inter-capillary %RSD 4.39 4.77 5.58 1.0 1.0 0.9 58.43 1.1

Intra-capillary average and %RSD were calculated with results from N = 12 for each capillary. Inter-capillary average and %RSD were calculated with

results from N = 96 runs (12 x 8).

precision, the 5.4 kb plasmid was used as the
representative sample, and three tests with various factors
were performed as described in Table 1, generating results
from 288 runs.

The plasmid test mix in the kit is an equal-ratio mixture of
supercoiled plasmid and a controlled digestion sample of
the same plasmid. The supercoiled plasmid’s main peak is
reported as the purity, while all other species are combined
and reported as impurity. The linear and OC peaks are
used as representative impurity species to assess the
repeatability in migration time.

Representative electropherogram

MS of PTM in a single injection across eight capillaries
(Figure 1A) and twelve consecutive injections on a single
capillary (Figure 1B) are shown in Figure 1.

The assay repeatability was determined by calculating the
average and %RSD for peak migration time and sample
purity (%SC) within a capillary (N = 12) and for the entire
data set within a test (N = 12 x 8 = 96), as shown in Table
2. The intra-capillary %RSD for peak migration is less than
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Figure 2. The intermediate precision for plasmid test mix (PTM)
analysis using the DNA 20 kb Plasmid and Linear kit. Panel A:
supercoil (SC), linear, and open circular (OC) peak migration time of all
288 runs with the average and %RSD shown in the inserted Table; Panel
B: %SC as sample purity for all 288 runs with the average and %RSD
shown in the inset.



0.6%, while the inter-capillary %RSD for peak migration
time is no greater than 1.0%. The average %SC reported

for all samples is about 58%, which is very close to the
theoretical range of 50-60%, considering the yield of
controlled digestion.

The intermediate precision for plasmid analysis was
calculated by combining the results from all 288 runs.
Critical values like peak migration time and %SC as
sample purity were plotted in Figure 2, with the average
and %RSD shown as an insert. The %RSD across three
lots, with three system and cartridge combinations, is less
than 3% for peak migration time and sample purity (%SC).

Results and discussion for high-resolution

linear dsDNA analysis

The same DNA 20 kb Plasmid and Linear kit can also be
used for size-based linear dsDNA separation, achieving 5-
10% size resolution when using a BioPhase BFS capillary
cartridge - 8 x 50 cm under the optimized separation
conditions outlined in the kit application guide.® The 1 kb
Plus Linear dsDNA Ladder was used as the testing
sample, containing 18 markers of different sizes ranging
from 0.1 to 15 kb. The same experimental design shown in
Table 1 was performed.

High-quality linear dsDNA samples generally have a
minimal purity of 60%.* In the sample, the % corrected
area (%CA) for each marker is less than 10%, indicating
these values are closer to the amount of impurity species
in a sample than to the main peak. To evaluate the
reliability of the assay in reporting linear DNA purity,
markers sizing 0.1-1 kb are grouped and reported as lower
markers (LM), and markers sizing 1.5 — 15 kb are grouped
and reported as higher markers (HM). The intra- and inter-
capillary average and %RSD for both groups is calculated
and reported in Table 3.

Another common aspect of linear dsDNA analysis is size
estimation, for which reproducible peak migration time is
very important. The average and %RSD for migration time
were calculated for all markers. Four of these markers—
the smallest (0.1 kb), biggest (15 kb), and two additional
markers in the lower (1.5 kb) and higher (6 kb) size ranges
are shown in Table 4. All other markers (not shown) show
very similar repeatability.

Table 3. Linear dsDNA repeatability within a single test for intra- and
inter-capillary variation.

Average %CA %RSD

Capillary LM HM LM HM
Capillary A 52.18 47.82 0.2 0.3
Capillary B 52.46 47.54 0.5 0.6
Capillary C 52.67 47.33 0.6 0.7
Capillary D 53.01 46.99 0.7 0.8
Capillary E 52.61 47.39 0.7 0.8
Capillary F 53.17 46.83 0.6 0.6
Capillary G 52.28 47.72 0.3 0.3
Capillary H 52.25 47.75 0.2 0.2
Inter-capillary 52.58 47.42 0.8 0.9
average

Intra-capillary average and %RSD were calculated with results from

N =12 for each capillary on a BioPhase BFS capillary cartridge - 8 x 50
cm. Inter-capillary average and %RSD were calculated with results from
N =12 x 8 =96 runs.

Table 4. Representative marker migration time (MT) repeatability
within a single test for intra and inter-capillary variation in linear
DNA analysis with a BioPhase BFS capillary cartridge - 8 x 50 cm.

Average MT (min)*

Capillary 01kb 1.5kb 6kb 15 kb %I\Igg)l(D*
Capillary A 13.6 17.12 19.02 20.17 0.6
Capillary B 13.56 17.06 18.95 20.09 0.7
Capillary C 13.58 17.08 18.97 20.11 0.7
Capillary D 13.65 17.16 19.06 20.21 0.6
Capillary E 13.63 17.15 19.05 20.20 0.5
Capillary F 13.64 1717 19.07 20.23 0.6
Capillary G 13.69 17.23 19.14 20.30 0.4
Capillary H 13.68 17.23 19.16 20.32 0.3
Inter-capillary

average 13.63 17.15 19.05 20.20 0.7

# The intra-capillary repeatability was calculated with N = 12; the inter-
capillary repeatability was calculated with N = 12 x 8 = 96. * The intra-
capillary max %RSD is the %RSD for the capillary among all 18 marker
peaks. The inter-capillary %RSD is calculated with N = 96.



Representative electropherograms of a single injection
across eight capillaries (Figure 3A) and twelve consecutive
injections on a single capillary (Figure 3B) are shown in
Figure 3. These electropherograms demonstrate the assay
repeatability and consistency in peak migration times
across multiple capillaries and injections.
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Figure 3. Representative electropherograms for linear dsDNA
separated with a BioPhase BFS capillary cartridge - 8 x 50 cm using
1 kb Plus Linear DNA Ladder as a sample demonstrating the assay
repeatability. Panel A shows overlay electropherograms of the1 kb Plus
Linear DNA Ladder in single injections across eight capillaries in one
cartridge. Panel B shows overlay electropherograms of the 1 kb Plus
Linear DNA Ladder on a single capillary over 12 consecutive injections.

The intermediate precision for linear dsDNA analysis using
a BioPhase BFS capillary cartridge - 8 x 50 cm was
calculated by combining data from all 288 runs, as
described in Table 1. The average and %RSD on migration
time for all 18 markers, and the %CA for the two peak
groups, were calculated and summarized in Table 5 and

Table 6. The workflow demonstrates less than 2% RSD in
migration time and %purity for DNA analysis.

Table 5. Intermediate precision for all 18 linear dsDNA markers
using either a BioPhase BFS capillary cartridge - 8 x 50 cm or a
BioPhase BFS capillary cartridge - 8 x 30 cm.

Peak 50 cm* 30cm*
name Average MT %RSD Average MT %RSD
(min) (min)

0.1 kb 13.75 1.0 7.5 2.7
0.2 kb 14.03 1.0 7.6 2.6
0.3 kb 14.44 1.0 7.8 25
0.4 kb 14.8 1.0 8 25
0.5 kb 15.16 1.0 8.2 2.4
0.65 kb 15.55 1.0 8.3 24
0.85 kb 16.06 1.0 8.6 2.3
1 kb 16.37 1.0 8.7 2.3
1.5 kb 17.27 1.0 9.2 2.1
2 kb 17.74 1.0 9.4 2.1
3 kb 18.33 1.0 9.7 2.0
4 kb 18.7 1.0 9.8 2.0
5 kb 18.92 1.1 9.9 1.9
6 kb 19.18 1.1 10.1 1.9
8 kb 19.41 1.1 10.1 2.0
7 kb 19.48 1.1 10.2 1.9

*The average and %RSD for 50 cm BFS cartridges are calculated with

N = 288 runs from the experiment design shown in Table 1. “The average
and %RSD using BioPhase BFS capillary cartridge - 8 x 30 cm are
calculated with N = 144 runs following the experimental design shown in
Table 7.

Table 6. Intermediate precision for %CA using either a BioPhase
BFS capillary cartridge - 8 x 50 cm or a BioPhase BFS capillary
cartridge - 8 x 30 cm.

50 cm* 30 cm*

Average of %RSD of Average of %RSD of

Peak group o/ ~p %CA %CA %CA
LM 53.08 1.4 51.09 1.2
HM 46.92 1.6 48.91 1.3

*The average and %RSD for using BioPhase BFS capillary cartridge - 8 x
50 cm are calculated with N = 288 runs from experiment design shown in
Table 1. #The average and %RSD using BioPhase BFS capillary
cartridge - 8 x 30 cm are calculated with N = 144 runs from experimental
design shown in Table 7.



Results and discussion for high-speed linear

dsDNA analysis

While 5-10% size resolution (resolution no less than 1) can
be achieved in the range of 0.1-15 kb by using a BioPhase
BFS capillary cartridge - 8 x 50 cm with the DNA 20kb
Plasmid and Linear kit, a 30 cm cartridge can also be used
when higher speed is needed, and the impurity species
have larger size differences from the main peak. Similar
Table 7. Experimental design to access intermediate precision for

linear dsDNA marker using a BioPhase BFS capillary cartridge - 8 x
30 cm.

Analyst/Cartridge* System Kit lot
Test #1 Analyst 1 System #1 Lot 1
Test# 2 Analyst 1 System #2 Lot 2
Test#3 Analyst 2 System #1 Lot 3
Test#4 Analyst 2 System #1 Lot 4
Test#5 Analyst 3 System #2 Lot 5
Test#6 Analyst 3 System #1 Lot 6

*Each analyst holds one cartridge, when the analyst changes,
the cartridges also change. For each test, 8-well x 1 column
samples were prepared. Triplicate injections were run for the
column generating 8 samples x 3 injections x 6 lots = 144 runs.
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Figure 4. Representative electropherograms for 1 kb Plus Linear
dsDNA Ladder. The figure includes electropherograms in a single test
with triplicate injections from 8 capillaries in a cartridge. Eighteen different
markers ranging from 0.1-15 kb can be readily resolved.

size estimate accuracy can be achieved by both
workflows.”

Table 8. Intra- and inter-capillary repeatability for linear DNA marker
migration time with BioPhase BFS capillary cartridge - 8 x 30 cm in
a single test.

Average MT (min)*

Max
Capillary 01kb 15kb 6kb 15kb  %RSD*
Capillary A 7.3 9 9.9 10.5 0.1
Capillary B 7.4 9.1 10 10.5 0.2
Capillary C 7.5 9.2 101 10.7 0.2
Capillary D 7.4 9 10 10.5 0.2
Capillary E 7.4 9.1 10 10.6 0.3
Capillary F 7.4 9.1 101 10.6 0.1
Capillary G 7.5 9.2 10.1 10.6 0.2
Capillary H 7.6 94 10.3 10.8 0.1
Z’f:r’a;p illary 5 4 91 101 106 13

#The intra-capillary repeatability was calculated with N = 3; the inter-
capillary repeatability was calculated with N = 24. *The intra-capillary
maximum %RSD is the %RSD for the capillary among all 18 marker
peaks. The inter-capillary %RSD is calculated with N = 24,

Table 9. Intra- and inter-capillary repeatability for linear DNA marker
group peak %CA with BioPhase BFS capillary cartridge - 8 x 30 cm
in a single test.

Average %CA %RSD

Capillary LM HM LM HM
Capillary A 50.08 49.92 0.5 0.5
Capillary B 50.54 49.46 0.7 0.7
Capillary C 50.54 49.46 0.4 0.4
Capillary D 51.06 48.95 0.3 0.3
Capillary E 50.92 49.08 0.1 0.1
Capillary F 50.59 49.41 0.3 0.3
Capillary G 50.75 49.25 0.2 0.2
Capillary H 51.04 48.96 0.1 0.1
Inter-capillary 50.69  49.31 0.7 0.7
average

Intra-capillary average and %RSD were calculated with results from N =
3 for each capillary. Inter-capillary average and %RSD were calculated
with results from N =3 x 8 = 24 runs.



The intermediate precision for linear DNA analysis on a
BioPhase BFS capillary cartridge - 8 x 30 cm was
evaluated following the experimental design shown in
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Conclusions

e The remarkable assay repeatability using the DNA 20 kb
Plasmid and Linear kit for plasmid and linear dsDNA analysis
was demonstrated.

linear DNA sizing analysis. SCIEX technical note, MKT-
32622-A

e One versatile kit can be used for both plasmid topology
analysis and linear dsDNA size-based analysis on the multi-
capillary BioPhase 8800 system. Two different cartridge
options allow tunable peak resolution, making it easy to
develop fit-for-purpose analytical methods. Improved size
resolution can be achieved when using the BioPhase BFS
capillary cartridge - 8 x 50 cm while maintaining similar
repeatability.
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