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ABSTRACT
Liquid biopsy testing requires the blood collection tubes to
preserve the integrity of the cell-free DNA (cfDNA) population
while minimizing the chance of wild-type genomic DNA
contamination. Preservatives are usually added to the blood
samples to stabilize blood cells and cfDNA allowing convenient
sample collection, transport and storage. However, with highly
sensitive mutation detection technology, low frequency
mutations from DNA damage caused by preservative reagents
often leads to increased false positives in clinical research
samples.
To evaluate the performance of cfDNA blood collection tubes,
venous blood from healthy donors was collected in BD
K2EDTA, Streck Cell-Free DNA BCT®, Biomatrica LBgard®,
CEE-Sure, and Norgen cf-DNA Preservative tubes. cfDNA was
extracted using MagMAXTM cfDNA extraction kit from plasma.
Yield and size distribution were evaluated followed by library
preparation using Oncomine Lung cfDNA Assay. Multiplexed
libraries were sequenced on Ion TorrentTM S5 using Ion 530TM
chips.
All the tubes with preservatives showed lower gDNA
contamination as compared to the control K2 EDTA tube.
However, the size distribution of cfDNA peaks and cfDNA yield
vary between tubes, which are likely due to different
preservatives used in the tubes. OncomineTM Lung cfDNA
Assay interrogating 176 hotspot variants across 11 genes was
used to evaluate the quality of cfDNA obtained from different
tubes. Slightly higher false positive rate was observed on
cfDNA extracted from Streck cfDNA, CEE-Sure, and Norgen
cf-DNA tubes, suggesting potential DNA damage in these
tubes. Biomatrica LBgard tube retained a large portion of the
cfDNA peaks with no false positive observed. Our data
suggests that reliable and accurate variant detection results
can be achieved by choosing the blood collection tube that
stabilizes but not damages the cfDNA for downstream
applications.

RESULTS
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Figure 1. Workflow for cfDNA analysis using
Oncomine Lung cfDNA Assay
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A set of 6 matched blood samples collected in Streck Cell-Free DNA (A)
and BD K2 EDTA tubes (B) . Slightly lower gDNA contamination can be
observed on samples collected in Streck Cell-Free DNA tubes.

single blood
tube

• All tested blood collection tubes that contain preservatives
to stabilize blood cells are able to reduce gDNA
contamination in the cfDNA prep.
• Preservatives used in some tube types slightly affect the
size distribution of cfDNA peak on Bioanalyzer.
• Streck and Biomatrica collection tubes show the best
cfDNA recovery among all the tested tubes.
• 0-2 false positives at SNV hotspot positions can be
observed on samples collected in tubes with preservatives.
No false positive was observed on control K2EDTA
samples.
• Short sample storage time and low storage temperature
most likely help reduce false positives in plasma samples
with preservatives.
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TRADEMARKS/LICENSING
A: Complete workflow for cfDNA analysis includes blood collection,
plasma preparation, cfDNA extraction from plasma using MagMax
cell-free DNA Iaolation kit, library preparation using OncomineTM
cfDNA Lung Assay, sequencing on Ion Torrent S5 instrument and
data analysis in Torrent Suite software. B: cfDNA Lung Assay
includes 35 amplicons covering 176 key hotspot mutations in 11
genes listed here.

13 uL of cfDNA was used for library preparation. Library yield
variability reflects variable input amount where the highest input
is from EDTA and lowest from Norgen. 8-plex libraries were
pooled and sequenced on S5 530 chips.

Table 3. Variant calls identified in the samples
Table 2. Experiment Design for Blood Collection Tube
Testing
Blood Collection Tube
Type

Donor 1

Donor 2

Donor 3

Donor 4

BC

Input

Median
Read Cov

Median Mol
Cov

LOD%

Hotspot
Variants

1

B1

38,679

4,474

0.0335 - 0.0403

0

2

B2

44,384

3,654

0.0411 - 0.0533

0

3

B3

37,538

3,502

0.0428 - 0.0529

0

4

B4

45,059

4,978

0.0301 - 0.0373

0

5

C1

37,080

2,982

0.0503 - 0.0626

2

6

C2

37,048

3,110

0.0482 - 0.0631

0

7

C3

31,578

2,827

0.0531 - 0.0676

0

Biomatrica LBgard Blood
Collection Tube

B1
10 mL

B2
10 mL

B3
10 mL

B4
10 mL

CEE-Sure Blood Collection Tube

C1
8 mL

C2
8 mL

C3
8 mL

C4
8 mL

BD K2 EDTA Blood Collection
Tube

E1
10 mL

E2
10 mL

E3
10 mL

E4
10 mL

8

C4

40,329

4,408

0.034 - 0.0425

0

9

E1

59,832

4,657

0.0322 - 0.0389

0

Norgen cf-DNA Preservative Tube

N1
10 mL

N2
10 mL

N3
10 mL

N4
10 mL

10

E2

56,603

4,588

0.0327 - 0.0384

0

11

E3

51,268

4,739

0.0317 - 0.0374

0

12

E4

37,087

5,352

0.028 - 0.0331

0

13

N1

38,881

1,382

0.1085 - 0.1391

0

14

N2

37,949

1,434

0.1046 - 0.1428

1

15

N3

25,352

662

0.2266 - 0.3224

0

16

N4

43,306

2,094

0.0716 - 0.1125

0

Blood collection tube types used in the test and the volume of blood
from each healthy donor for each different blood tube type. Samples
names were also indicated in the table. A total number of 16 blood
samples from 4 healthy donors were collected for this test.
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Results from variantCaller 5.4 suggested that there are 3 potentially
false positive calls from all the samples. 2 of them are from sample
C1 and 1 from sample N2. The rest of the samples have no false
positive calls at hotspot positions indicating very low level of DNA
damage caused by blood collection tubes.

Figure 2. Bioanalyze traces for cfDNA samples isolated
from different Blood Collection Tubes

MATERIALS AND METHODS
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MagMax
cell free DNA
extraction

INTRODUCTION
Accurate detection of low-frequency somatic mutations in
circulating cell-free DNA (cfDNA) using blood samples from
subjects previously diagnosed with cancer provides a potential
non-invasive approach to monitor cancer status and evaluate
cancer evolution in the future. In the past few years, a variety
of improvements on sample preparation, library preparation,
and next-generation sequencing technology allow ultra-rare
mutation detection in circulating DNA population with increased
sensitivity and specificity. Ultra-sensitive mutation detection
technology enables detection of a few copies of circulating
tumor DNA (ctDNA) in the presence of thousands of copies of
wild type DNA released by normal cells. With such a high
sensitive detection method, low frequency DNA damage on
wild type DNA during blood collection, transportation, storage,
and sample preparation often lead to false positive variant
calls. A blood collection method to stabilize blood cells without
damaging the circulating DNA is required for accurate and
reliable variant detection in liquid biopsy samples.
We have established a highly sensitive and reliable research
workflow to detect rare somatic mutations (0.1%) in circulating
cfDNA samples using Oncomine cfDNA assays. Research
plasma samples collected in different blood collection tubes
were tested using this workflow.

CONCLUSIONS

Figure 3. Bioanalyzer traces of cfDNA isolated from
Streck DNA and K2EDTA plasma

Figure 3. False positive SNV calls in 2 samples

A
Plasma preparation: Blood samples were collected into BD K2
EDTA tubes, Biomatrica LBgard Blood Collection tubes, CEESure Blood Collection tubes, Norgen cf-DNA Preservative
Tubes, and Streck Cell-Free DNA BCT tubes following
manufacturer’s instructions by a third-party vendor. Blood
samples were shipped overnight on cold gel packs to the lab.
Immediately after receiving the samples, plasma from blood
sample was obtained by centrifugation at 1600 x g for 10 min
at 4°C, followed by another spin at 6,000 x g for 30 min at 4 °C
to remove any residual blood cells.
cfDNA isolation: cfDNA was isolated from ~4-mL of plasma
using MagMAX Cell-Free DNA Isolation Kit following
alternative protocol in User Guide. Proteinese K treatment was
used in all the samples except for K2 EDTA samples. Size
distribution of cfDNA was evaluated using Agilent 2100
Bioanalyzer system on High Sensitivity DNA Chips.
Library preparation: Oncomine Lung cfDNA Assay was used to
prepare libraries from cfDNA following standard user guide.
Templating and Sequencing: Ion ChefTM System and Ion
520TM& Ion 530TM Kit-Chef were used for template preparation,
followed by sequencing on Ion S5 system using Ion 530 chips.
Generally, 8-plex library pool ran on one Ion 530 chip.
Data analysis: Data analysis was performed in Torrent SuiteTM
5.4 using variantCaller 5.4 plugin.

B
C

D
A: False positive calls from sample C1. Both calls are below 0.1%
MAF. B: False positive call from sample N2.

Overlay of traces from cfDNA samples isolated from same donor using
different blood collection tubes. A: donor 1 B: donor 2 C: donor 3 D:
donor 4 Light blue color line is for K2 EDTA tube. Dark blue line is for
Biomatrica LBgard tube. Red line is for Norgen cf-DNA tube. Green line
is for CEE-Sure tube. Expected cfDNA peak (~167 bp, or ~60s) can be
observed in all the samples. However, there are slight size change
between samples. When compared to K2 EDTA samples (light blue),
cfDNA from CEE-Sure tubes (green) showed most significant size shift,
indicating preservative used in the tube caused slightly delayed
migration on the chip. All the tested tubes with preservatives are able to
reduce gDNA contamination (reduced high MW peak).

Table 4. Variant calls from EDTA and Streck samples.

Comparison of plasma samples collected in K2EDTA tubes (top 8
samples) and Streck Cell-Free DNA tubes (bottom 8 samples) suggests
slightly increase of false positive rate for Streck plasma samples.
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