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Liquid biopsy and cfDNA sequencing allow for rapid analysis 
of cancer progression in the field of precision medicine. 

In our approach, a single library made from a blood sample is 
surveyed for percentage of circulating tumor DNA using 
ultra-low coverage whole genome sequencing. 

The same library can be repurposed for multiple downstream 
applications depending on percent tumor purity as determined 
by ichorCNA (copy number alteration) analysis.

Due to this approach, it is critical to obtain the most pure 
cfDNA possible from a blood sample. A blood sample is at risk 
of cell lysis (and genomic DNA contamination) from the 
moment it’s collected until it is separated into buffy coat and 
plasma through fractionation. This time period, along with the 
preservative in the vacutainer used, critically impacts the 
degree of gDNA contamination in cfDNA samples. 

Therefore, we tested how different blood vacutainers perform 
across multiple fractionation timepoints. Blood samples can 
be gathered from the local clinic as well as via direct to patient 
initiatives. Due to the wide range of shipment times in these 
scenarios, it is important to maintain sample stability for as 
long as possible. 

In this experiment, blood was collected from four healthy 
donors across seven different vacutainer types. Samples 
were fractionated at 6 time points over 28 days for a total of 
140 tubes and evaluated for cfDNA purity.

Importance of Sample Collection Methods Mean Insert Size of a sample increases in 
relation to fractionation date

Increased concentration over time 
indicates gDNA contamination

gDNA masquerades as cfDNA as 
large fragments begin to degrade

This comparison demonstrated that choice of vacutainer is 
critical in obtaining high purity cfDNA. The presence of gDNA in 
a cfDNA sample can dilute the representation of cfDNA in a 
sequencing library, and therefore, impact the percent tumor 
purity of the sample as evaluated by ichorCNA.

It is clear that some vacutainers do a superior job of reducing 
gDNA contamination and degradation over an extended period 
of time. 

Going forward we hope to repeat this experiment utilizing 
matched samples that contain cell free material from a cancer 
patient, collected in different vacutainer types, that can be 
analyzed using ichorCNA. This will allow for a direct 
comparison of tumor purity, and a better understanding of how 
these different vacutainers influence it. 

Conclusion

Seven blood vacutainers types were filled with approximately 9 mL of blood per 
vacutainer from four healthy donors. Fractionation time points were set in days from 
blood draw: 1, 4, 8, 12, 20, and 28. All samples were processed using a 
standardized workflow:

● Fractionation
○ Centrifugation to separate components (Figure 5)
○ Robotic or manual separation of layers (Figure 6)
○ Centrifugation to remove impurities from plasma

● Library construction (LC)
● Picogreen Quantification 
● Ultra-Low Pass Whole Genome Sequencing (ULP WGS)

In addition to that standard workflow, quality control was done on both pre- and post- 
LC sample using a gDNA caliper assay to assess location and quantity of any 
cfDNA and gDNA. 

Figure 5: diagram of separate of 
three separate layers post first 
centrifugation.

Figure 9: A cfDNA sample showing majority of fragment size above 1000 base pairs, an 
indication of gDNA contamination. This sample is an EDTA vacutainer fractionated 12 days 
after sample collection. 
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Figure 4: Example of vacutainer 
protection against hemolysis and 
extensive hemolysis.

Vacutainer 
Manufacturer

Specified 
Longevity 

Number of 
tubes tested

Biomatrica 14 Days 12

CellSave 4 days 36

EDTA 24 hours 36

Norgen Biotek 14 days 12

PAXgene 7 days 36

Roche 7 days 12

Streck 14 days 36

Table 1: Vacutainer types tested paired with 
manufacturer-recommended cfDNA stability 
in days after blood collection at room 
temperature and number of replicants.

Figure 6: Hamilton 
Robotics easyBlood 
STARlet imaging 
analysis of three 
separate layers for 
fractionation.

Table 2: The average concentration between replicate samples across an early 
(day 1), middle (day 12), and late (day 28) time point, reflecting an increase in 
concentration over time.

Figure 8: Example of a high quality cfDNA sample with no gDNA contamination pre LC with 
it’s matched post LC pair. This sample is a Norgen Biotek vacutainer fractionated 12 days 
after collection.

Post Extraction 
Electropherograms

Post Library Construction
Electropherograms

For most blood collection tubes, we observed a positive 
correlation between DNA concentration after purification and the 
number of days between the blood draw and fractionation. This 
increase is indicative of gDNA contamination. 

Typically, larger gDNA fragments (1-400kB) are washed away 
during library construction. However, we observed that in some 
blood collection tubes, larger fragments begin to degrade into 
cfDNA sized (0.1-0.6kB) pieces. 

Tumor purity 0.013

Figure 2: ichorCNA figure 
showing low tumor purity.

Tumor purity 0.92

Figure 3: ichorCNA figure 
showing high tumor purity. 
Having a high purity cfDNA 
sample is critical in 
successful deep sequencing. 

Figure 1: workflow of blood collection through deep sequencing.

Table 3: Mean insert size in base pairs for day 1, 12, and 28. Average was 
calculated across 6 time points from day 1 to day 28.

Figure 10: Mean Insert 
Size of cfDNA libraries 
after ULP WGS over 
multiple time points (1, 4, 
8, 12, 20, and 28 days) by 
vacutainer tube type. 

Most vacutainers tested did a sufficient job at controlling 
degradation, indicated by their steady MIS across all 
timepoints.  

Vacutainer Type
Day 1 
Concentration 
(ng/uL)

Day 12 
Concentration 
(ng/uL)

Day 28 
Concentration 
(ng/uL)

Average 
Concentration 
(ng/uL)

Biomatrica 0.22 0.28 1.70 0.66

CellSave 0.25 0.27 0.43 0.34

EDTA 0.30 35.32 51.79 27.67

Norgen Biotek 0.16 0.12 0.153 0.16

PAXgene 0.25 0.44 0.82 0.50

Roche 0.26 0.66 2.12 0.96

Streck 0.30 2.24 29.67 10.57

Figure 7: Cell-free DNA composition over time as measured by the percentage of a 
sample between 100 and 600 base pairs (the size range of cell-free DNA) over a 
32-day window.

Data used in this poster was generated at the Broad 
Institute, for more information please visit: 
http://genomics.broadinstitute.org/ 

When this degradation happens, it becomes difficult to 
differentiate between cfDNA and gDNA in library construction 
and sequencing. 

Figure 9 shows the infiltration of degraded gDNA into the 
cfDNA size range. This contamination would likely dilute the 
overall tumor purity, which could affect a sample’s suitability for 
deep sequencing. 

The majority of tubes showed a change in the ratio between the 
cfDNA and gDNA region as day fractionated progressed, 
indicating contamination of the cfDNA region with highly 
degraded gDNA.

Degraded gDNA fragments in the size range of cfDNA are 
carried through ULP WGS. The mean insert size (MIS) can be 
used as an indicator of gDNA presence, with a higher score 
likely correlating to presence of degraded gDNA material. 

Vacutainer type Day 1 Day 12 Day 28 Average mean 
insert size

Biomatrica 170.0 167.5 169.5 169.4

CellSave 170.8 169.3 175.3 170.9

EDTA 170.8 238.5 261.0 226.8

Norgen Biotek 168.5 166.5 168.5 167.3

PAXgene 169.0 168.5 185.5 172.1

Roche 170.0 166.5 170.0 169.1

Streck 171.0 203.5 323.8 220.4


