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DNA extraction for prenatal diagnostics using prepGEM Universal

Introduction

Prenatal diagnostic tests are routinely performed on pregnant 
women to identify aneuploidy or genetic inherited disorders of 
the foetus. The most common (and less invasive) test is the 
ultrasound exam, however, since  sequencing techniques have 
become widely available, genetic tests are also commonly 
performed on maternal blood and amniotic fluid.

Foetal DNA circulates in the maternal blood (less than 3% in 
early pregnancy) and it can be analyzed for identifying genetic 
disorders. Highly efficient DNA extraction is crucial in these 
settings, where the low abundant material coming from the 
foetus needs to be efficiently extracted to detect genetic 
sequences that are not present in the mother.

The amniotic fluid surrounds and provides nutrients to the 
growing foetus and constantly interchanges materials with it. 
Therefore, collection of the amniotic fluid (collected from the 
15th week of pregnancy) provides cells from various parts of the 
foetus. Usually, for genetic testing and chromosome analysis, 
foetal cells in the amniotic fluid are cultured and grown for   
several days in vitro in the laboratory, then are analysed. Thus, 
having a reliable method able to produce high amounts of DNA 
from the collected sample (without needing in vitro expansion) 
would be highly beneficial in providing fast results without  
extensive labour and/or  specific technical skills.

In this application note, we evaluate the quality of the extracts 
done with the MicroGEMTM technology, using as comparison 
extracts obtained with the commonly used QIAcube® (Qiagen). 
We used the nucleic extractor PDQeX (Fig. 1A) in combination 
with the PDQeX prepGEM® Universal kit (#XUH0050). 

Figure 1: (A) PDQeX extractor, a pen is reported in figure as a reference 
for size. (B) PDQeX cartrdige (not in scale).
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The MicroGEM approach is based on the unique characteristics 
of the prepGEM enzyme, a thermophilic proteinase which 
activates at 75°C, thus denaturing proteins in the absence of 
ionic detergents. Further, the use of the PDQeX cartridges 
(Fig. 1B) allows the removal of contaminants, while leaving 
the double-stranded structure of the DNA (dsDNA), making it 
an indispensable tool for next-generation sequencing         
analysis. Here, we provide the optimized protocol, which  
reduces time, plastic consumption, and costs, for extraction  
of dsDNA from amniotic fluid and maternal blood. 

Methods and Results

Amniotic fluid collected at the 20th week was provided in a 20 
ml syringe and was transferred to a 50 ml Falcon tube.
This protocol was followed for all the samples processed for 
the amniotic fluid:

- Vortex the falcon tube for 20 seconds to resuspend and 
distribute the material, specifically:
Sample A1: 2 ml
Sample A2: 3 ml
Sample A3: 4 ml

- Centrifuge at 4,500 rpm for 7 minutes at RT.

- The supernatants were removed and the obtained pellets 
were all resuspended in the same extraction mix (as   
reported below).

Samples were then transferred into the PDQeX cartridges (Fig. 
1B) and loaded into the PDQeX.
The following custom program was used for the extraction:

10 minutes at 75°C
2 minutes at 95°C

Extraction Mix

Nuclease-free Water

10X BLUE Buffer

prepGEM

Volume

88 µl

10 µl

2 µl

A B
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The concentration of the extracted samples was read at:
- Qubit®(Qubit dsDNA BR Assay Kit)
- NanoDrop

Table 1: Comparison of concentration readings for the 3 samples of 
amniotic fluid tested with the indicated instrument.

Blood was provided in an EDTA-tube.
- 400 µl of whole blood was mixed with 2 ml of nuclease-free 
water and incubated for 5 minutes at RT.

- The sample was centrifuged at 4,500 RPM for 7 minutes 
and the supernatant was removed.

- The sample was washed twice with 1 ml of nuclease-free 
water.

The pellet was resuspended in the extraction mix as detailed 
in the table.

Samples were transferred into the PDQeX cartridges and 
loaded into the PDQeX.
The following custom protocol was used for the extraction:

10 min 75°C
2 min 95°C

The concentration of the sample was read at:
- Qubit (Qubit dsDNA BR Assay Kit)
- NanoDrop

Table 2: Comparison of concentration readings for the the sample 
of blood tested with the indicated instrument.

Extracted samples from amniotic fluid and blood were used to 
run a qPCR with the SolisFAST® SolisGreen® qPCR Mix with 
UNG (no ROX) (cat # 28-42-00001) by Solis BioDyne (Tartu, 
Estonia) for RNAse P with the following mix. 

This ready-to-use mix combines in-silico designed DNA 
polymerase, which is fast and resistant to PCR inhibitors 
(SolisFAST® DNA Polymerase), optimized buffer solution, DNA 
binding dye SolisGreen®, and uracil-N-glycosylase (UNG), thus 
providing sensitive and specific qPCR results. Ice-free 
shipping and reaction set-up with SolisFAST® SolisGreen® 
qPCR mix with UNG (no ROX) adds an extra layer of user 
convenience and robustness.

In addition, samples of known concentration (extracted with 
the QIAcube according to manifacturer’s instructions) from 
blood and amniotic fluid were provided and were used to build 
a standard curve to quantify the MicroGEM’s extracts.

All the samples were run in the same plate with the following 
program on a MyGo Pro instrument (as shown in Fig. 2).

Figure 2: Amplification curves obtained for amniotic fluid (A) and 
blood (B) of the sample from Qiagen (in red) and the sample from 
MicroGEM (in green).

The average Ct values obtained by the serial dilutions of the 
Qiagen samples were used to generate the standard curves to 
then  extrapolate the concentration of MicroGEM’s samples.

Two independent standard curves (Fig. 3) were generated for 
blood and amniotic fluid, using:
- On the x axis: Log of the concentration of the standard for 
amniotic fluid/blood;

- On the y axis: average of the Ct for those standards.

Figure 3: Correlation curves obtained for the known sample of 
amniotic fluid (A) and blood (B). In figure the equations of the linear 
correlation and the R squared values are also reported.

These correlation curves were used to extrapolate the 
concentration of the MicroGEM’s samples.
 
 
 

Reagents

5xSolisFAST SolisGreen qPCR mix

10 µM RNase P Forward Primer

10 µM RNase P Reverse Primer

Nuclease-free Water

DNA template

Amount

4 µl

0.8 µl

0.8 µl

13.4 µl

1 µl
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Heat activation DNA polymerase 
Denaturation
Annealing-Extension
Melting curve

3 min
5 sec

20 sec
0.05°C/sec

95°C
95°C
60°C

60-97°C

40x

Sample ID

A1
A2
A3

Qubit
ng/µl
3.30
3.85
6.55

ng/µl
163.6
215.9
234.9

A260/280
0.84
0.80
0.83

A260/230
0.33
0.45
0.51

NanoDrop

Extraction Mix

Nuclease-free Water

10X RED+ Buffer

prepGEM

Volume

88 µl

10 µl

2 µl

Sample ID

B1

Qubit
ng/µl
5.78

ng/µl
135.6

A260/280
0.91

A260/230
0.29

NanoDrop
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Sample ID

A1

A2

A3
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Extrapolated concentration (ng/µl)

20.206

30.995

24.398

93.340
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spectrum of users to both employ and benefit from molecular techniques. The first 
step is the simplification of sample preparation. Our temperature-driven, single-tube 
process simplifies and reduces the number of steps for traditional nucleic acid 
extraction, resulting in high-quality extracts with reduced contamination and high 
yields - all in minutes, not hours.
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Conclusion

Nowadays, prenatal genetic diagnostic tests are widely used. 
While the collection of peripheral maternal blood does not 
represent a risk factor and the low efficiency of the DNA 
extraction can be overcome by the collection of a higher 
volume, in the case of amniotic fluid the situation is more 
sensitive. Per se, amniocentesis (the procedure used for 
amniotic fluid sampling) may lead to abortion (0.5-1% of 
cases), thus, being able to perform a faster and simpler  
procedure, where a small amount of amniotic fluid is collected 
is of vital importance.

In this application note, we show how to extract DNA from a 
low input of both amniotic fluid and blood.

To efficiently quantify the obtained extracts, we leveraged an 
indirect approach by qPCR using a reference standard curve. 
Even if the absorbance ratios (260/280 and 260/230) 
obtained at the NanoDrop should indicate low quality of the 
extracted material, the amplification curves  highlighted the 
good quality and concentration of the DNA extracted with the 
MicroGEM approach.

In conclusion, using the nucleic extractor PDQeX  in combination 
with the PDQeX prepGEM Universal kit (#XUH0050) allows:

-  Lower hands-on-time per reaction.
-  Lower plastic consumption (both tubes and filtered tips).
-  Lower time of analysis due to the high performance of the 

prepGEM proteinase approach.
-  Lower input material.
- Lower costs for plastic consumables associated with the 

extraction.
-  No chemical waste and its associated costs.
-  Shorter turn-around-time.

Samples in one run

Time for one extraction

Amount of plastic

Chemical waste

Hands-on-time

UV decontamination

QIAcube

12

1 hour

Abundant

Present

Minimal

Present

PDQeX

24

12 minutes

Low

Absent

Minimal

Present


