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Rapid DNA extraction with prepGEM® Universal and 
PDQeX nucleic acid extractor from human saliva and 
blood for SNP calling using Oxford Nanopore 
sequencing technology 

Introduction

Zinc is an essential micronutrient, which plays a crucial role in growth, development, reproduction, and immune response1. Zinc 
deficiency can be caused by a low zinc intake or by certain diseases. During pregnancy, the fetus can get this necessary mineral 
only through the mother and thus maternal zinc depletion is commonly observed in expectant women. An adequate amount of 
zinc during pregnancy, but also in maternal milk, is fundamental for the newborn’s growth and immune system. Therefore, having 
an adequate supply of maternal zinc during pregnancy and lactation is crucial for infant development, especially in countries 
where malnutrition is prevalent.

The ZNT2 zinc transporter, encoded by the SLC30A2 gene, is expressed in various tissues including kidney and mammary glands 
where it regulates zinc excretion. Our group is interested in the SNP rs3121763 variant found in the SLC30A2 gene. The allelic 
frequencies of this SNP show large differences in populations from different parts of the world. It can be hypothesized that this 
SNP is correlated with the amount of zinc excreted in urine and maternal milk. Our interest lies in whether a correlation exists 
between this SLC30A2 variant and zinc maintenance during pregnancy and neonatal development.

In this application note, we demonstrate that MicroGEM’s PDQeX prepGEM® Universal kit (#XPU1000), combined with the PDQeX 
Nucleic Acid Extractor (#XMA), provides a faster and more efficient way to extract DNA from a small amount of saliva and blood 
compared to QIAGEN Gentra Puregene Blood Kit and is suitable for genotyping of the rs3121763 SNP via targeted sequencing 
with Oxford Nanopore technology. In addition to its speed and efficiency, prepGEM Universal extraction requires extremely small 
amounts of starting material making possible analysis of limited samples, such as blood taken from infants.

Materials and Methods

DNA extraction from human blood and saliva using PDQeX Nucleic Acid Extractor

Blood samples were drawn into heparinized tubes (BD vacutainer). Samples were processed as follows: 200μl human whole blood 
was mixed with 2ml Red Blood Cell (RBC) lysis buffer (155mM NH4Cl, 12mM NaHCO3, 0.1mM EDTA, pH 7.4) and incubated for 5 
minutes at room temperature (RT). The mix was centrifuged at RT for 3 minutes at 2000g and the supernatant was discarded. The 
pellet was again washed with 0.5ml RBC lysis buffer and centrifuged at RT for 3 minutes at 2000g. The pellet was resuspended in 
100μl of prepGEM extraction mixture as reported in Table 1, vortexed for 1 minute and spun down briefly. 

DNA from saliva was extracted with the following protocol: saliva was collected into 50ml tubes (Falcon). 400μl of PBS was added 
to 300μl human saliva and centrifuged at RT for 3 minutes at 16,000g. The pellet was resuspended in 50μl of prepGEM 
extraction mixture as shown in Table 1.  
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WHOLE BLOOD SALIVA

Reagents 100μl Reagents 50μl

RED+ Buffer

Histosolv

prepGEM

Water

10μl

10μl

3μl

77μl

BLUE Buffer

prepGEM

0.9% NaCl

10μl

1.5μl

38.5μl

Table 1. Extraction mix for whole blood and saliva for 1 sample. 

WHOLE BLOOD SALIVA

Degrees Time Degrees Time

52°C

75°C

85°C

5 min

10 min

2 min

75°C

95°C

10 min

2 min

Table 2. Incubation steps for the PDQeX nucleic acid extractor.. 

The extraction mixes were loaded into PDQeX cartridges and incubated in the PDQeX Nucleic Acid Extractor (Figure 1). Incubation 
programs differed for whole blood and saliva samples as shown in Table 2:
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Figure 1. Workflow of the extraction with PDQeX prepGEM Universal (cat #XPU1000) in the PDQeX nucleic acid extractor (cat #XMA). Samples 
and reagents are loaded into a PDQeX cartridge and the cartridge is placed in the extractor along with collection tubes. The extraction occurs at 

52°C and 75°C. At 95°C, the thermo-responsive cartridge shrinks and pushes the lysate through a purification column that retains the 
proteinase and releases the lysate in a new collection tube. This allows the DNA to preserve the double strand configuration suitable for 

PCR-based applications and sequencing.. 

DNA concentration and purity for all samples were assessed with Quantus fluorimeter (Promega) and UV-Vis spectrophotometer 
(Nanodrop).

DNA extraction from human blood and saliva using Puregene Blood Core Kit A (QIAGEN)

DNA was extracted from 10ml human blood and 1ml human saliva using the Puregene Blood Core Kit A (QIAGEN, #158445) 
according to supplied instructions. 

End-point PCR and AMPure bead purification

Two sets of PCRs were performed, the first to amplify the SLC30A2 gene and the second to add the barcoding adaptor primers 
needed for subsequent sequencing.

Primers for SLC30A2 were designed using NCBI primer blast tool: 

5’ TTTCTGTTGGTGCTGATATTGCTGTGTGTTCAGTAATTGGGGCT-3’
5’ ACTTGCCTGTCGCTCTATCTTCGCACCTCCGCATTTGCCATC-3’

The bases highlighted in red are a specific 5’ tail that allows priming with outer barcoded primers.

The first PCR amplification (PCR1) was carried out in a thermocycler in a 50µl mixture containing 25μl of LongAmp Hot Start Taq 
2x Mastermix (NEB), 1μl of forward and reverse primers (10μM), PDQeX or Puregene extracted genomic DNA (about 100ng to 
150ng) and nuclease-free water. The PCR conditions were adapted from the Nanopore “4-primers PCR barcoding kit” protocol: 
enzyme activation and full denaturation at 94°C for 30 seconds, followed by 30 cycles of denaturation at 94°C for 20 seconds, 
annealing at 61°C for 30 seconds, and extension at 65°C for 1 minute. The final extension was performed at 65°C for 7 minutes.
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Ten microlitres of PCR1 product were mixed with 2μl of 6x Blue/Orange loading dye (Promega). This was loaded together with 1kb 
DNA ladder (Promega) on a 1.5% agarose gel in 1x TE buffer stained with GelRed (Biotium) as a visualizing agent and run for 45 
minutes at 90V. 

The remaining 40µl of the PCR1 product was purified using Agencourt AmpureXP beads (Beckman Coulter). In a DNA LowBind 
tube (Eppendorf), 40µl of AMPure XP beads at RT were added to the 40μl of PCR1 product and incubated on a rotator mixer for 10 
minutes. The samples were centrifuged for 15 seconds at 200g and placed on a magnetic rack. The supernatant was removed 
and 150μl of freshly prepared 70% ethanol was added. The ethanol was removed and the washing step was repeated. The mix 
was pulse centrifuged and placed back on the magnetic rack to remove any residual traces of ethanol. The beads were 
resuspended in 12μl of 10mM Tris-HCl pH 8.0, 50mM NaCl and incubated for 3 minutes at RT before being placed back on the 
magnetic rack. The eluate was retained and the concentration and purity were determined with Quantas fluorimeter (Promega) 
and UV-Vis spectrophotometer (Nanodrop).

The second PCR amplification (PCR2) was carried out using the barcoding adaptor primers in a thermocycler as reported above. 
Ten microliters of the obtained PCR2 products were mixed with 2μl of 6x Blue/Orange loading dye (Promega). This was loaded 
together with 1kb DNA ladder (Promega) on a 1.5% agarose gel in 1x TE buffer stained with GelRed as a visualizing agent and run 
for 45 minutes at 90 V. 

The remaining PCR2 product (40μl) was purified using Agencourt AmpureXP beads (Beckman Coulter) as above except using 32μl 
beads/sample (0.8x) to size select for longer fragments.

Library preparation

Library preparation was performed using the SQK-PBK004 kit from Oxford Nanopore Technology following their instructions. 
Basically, 100 to 150 fmol of purified PCR2 in a final volume of 5μl were mixed with 0.5μl RAP (rapid adaptor) in a DNA LowBind 
tube (Eppendorf), incubated for 5 minutes at RT and put on ice.

A Flongle Flow Cell (FLG001) was prepared starting with the QC check to ensure sufficient numbers of working sequencing pores. 
Priming was performed following kit manufacturer’s instruction: 3μl of FLT (Flush Tether) was mixed with 117μl FB (Flush Buffer). 
The priming mix was loaded into the flow cell via the priming port. 15μl of SQB (Sequencing Buffer) and 10μl LB (Loading Beads) 
were added to the 5.5μl DNA prepared library and loaded into the flow cell via the priming port.

Sequencing

All samples were sequenced using a MinION Mk1C Sequencer for 24h, using a Fongle Flow Cell (FLG001). We used the MinKNOW 
software with active channel selection, basecalling enabled and barcoding activated. 

Bioinformatic tools

Read quality was summarized and visualized with NanoPlot2.

Sequence reads in fastq format were aligned to the Homo sapiens reference genome GRCh38 using Minimap2 v2.173 with the 
option -x set to “map-ont”. Alignments were sorted and indexed with SAMtools v1.94. Variants were called at the genomic region to 
which the generated sequence reads were expected to align (chr1:26044956-26045748) using P.E.P.P.E.R/deepVariant5,6,7.

Results

Assessing concentration and yield of extracted gDNA

Genomic DNA from human blood and saliva were extracted either with PDQeX prepGEM combined with PDQeX Nucleic Acid 
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Extractor or using the Gentra Puregene kit from QIAGEN. The DNA concentration, yield and purity were assessed by both Qubit and 
Nanodrop. prepGEM extracts are complex lysates containing nucleic acids and peptides. For this reason, OD260 methods for yield 
estimation, such as Nanodrop and UV-Vis spectrophotometry, are not suitable for quantifying prepGEM DNA extracts. For accurate 
yield assessment, florescence methods such as qPCR, Qubit, Pico Green etc. are recommended.

Table 3 confirms that the prepGEM extraction method is not compatible with Nanodrop quantification. This is demonstrated by 
the lack of concordance between the spectrometer and fluorimeter readings as compared with the Puregene Kit. Therefore, the 
OD260:OD280 and OD260:OD230 ratios observed were not comparable between the two extraction methods. Although the amount of 
DNA was superior for samples prepared with the Puregene kit due to the higher amounts of starting material, the yields produced 
by the prepGEM Universal kit with 50 times less blood and 3.3 times less saliva were excellent for down-stream applications. This 
represents a great advantage when it is not possible to access high input sample volumes as in the case for infants.

Sample 
Name

Starting 
Volume

Elution 
Volume

Spectrophotometer Fluorimeter

ng/μl A260/A280 A260/A230 ng/μl Total yield

B_prepGEM

B_kit

S_prepGEM

S_kit

200μl

300μl

10ml

1ml

1ml

100μl

50μl

200μl

21.1

387.3

65.2

153.9

0.71 ug

410 ug

2.55 ug

32.2 ug

7.1

410.0

51.0

161.0

0.25

1.82

0.24

2.32

1.15

1.87

1.17

1.89

Table 3. Quantification of genomic DNA extracted from human blood and saliva. Extraction was performed using prepGEM Universal or the 
Puregene kit from QIAGEN and quantification was determined using an UV-Vis spectrophotometer and a fluorimeter. B_prepGEM=blood extracted 

with prepGEM, B_kit=blood extracted with PureGene; S_prepGEM=saliva extracted with prepGEM, S_kit=saliva extracted with Puregene. 

Amplification and purification of the SLC30A2 locus

The extracted genomic DNA was used to amplify 900bp SLC30A2 amplicon using specific primers and analyzed on an agarose 
gel. Figure 2A shows a clear band at 900bp corresponding to the SLC30A2 amplicon. After purification with AMPure beads, a 
second PCR was performed to add a barcoded primer to permit multiplexing (sequencing multiple patient DNA samples on one 
sequencing cell). Bands at expected size (900bp) were detected for both DNA extraction kits and sample types as shown in Figure 
2B. After purification, DNA concentration was determined using a UV-Vis spectrophotometry (Nanodrop). Figure 2C shows that 
both methods of DNA extraction (QIAGEN kit or prepGEM Universal) give similar yields.
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-1000bp
1000bp-

Sample name A260/A280fmol/μl

B_prepGEM

B_kit

S_prepGEM

S_kit

2.64

2.5

3.0

2.85

1.92

1.92

1.92

1.92

200

270

130

150

116.3

162.1

78.2

88.4

ng/μl A260/A230

2C

Figure 2: Amplification of the SLC30A2 gene. 900bp amplicons of SLC30A2 locus were amplified from blood and saliva genomic DNA using specific primers. An 
extract was run on an agarose gel (2A) and bands were observed at the expected 900bp size with the help of a 1kb ladder. After purification, a subsequent PCR was 

performed to add a unique outer barcode primer/sample (B02 to B05). Extracts were analyzed by electrophoresis and clear bands were detected at 900bp (2B). 
After purification with AMPure beads, concentration and purity of the resulting amplicons were measured with a UV-Vis spectrophotometer (2C).

Rs3121763 SNP Calling and Genotyping

Genotyping for the SNP rs3121763 was done using the variant caller P.E.P.P.E.R (Fig 3A). We could identify that Individual 1 is 
homozygous A/A and Individual 2 is heterozygous G/A. Different methods were used to extract DNA from each individual’s blood 
meaning that, though we demonstrated variant calling was possible following both DNA extraction methods, the blood results 
could not be directly compared. However, the saliva sample provided by Individual 2 was extracted with both Puregene and

2A 2B
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prepGEM and is directly comparable. Nanopore sequencing of both saliva extracted DNA samples yielded the same genotype. 
Mean read length and sequence quality were consistent between the two sample types and methods of genomic DNA extraction 
followed by PCR amplification (Fig 3B).  

B_prepGEM S_prepGEMB_kit S_kit

Individual 1 Individual 2

Mean read length

Mean read quality

Read length N50

Number of reads

Median read quality

Median read length

Total bases

STDEV read length

933,9

8,9

1005

42652

8,8

1001

39832644

189,7

977,3

8,9

1008

46193

8,8

1007

45142554

125,6

805,9

8,9

998

53333

8,8

985

42981540

276,2

861,4

8,9

1000

45833

8,8

992

39479447

260,3

Figure 3: rs3121763 genotyping. Genotyping of rs3121763 using P.E.P.P.E.R. variant caller shows that Individual 1 is homozygous A/A as shown by the green 
box (green represents nucleotide A) at position of the SNP whereas boxes for individual 2 are half green half orange meaning that Individual 2 is heterozygous 

G/A (Fig 3A). Read quality and length is similar between the two methods used to extract genomic DNA as shown in Figure 3B.

3B

3A
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Discussion

Genomic DNA extraction was performed on blood and saliva samples from two individuals. Amplification of the region of interest 
in the zinc transporter gene via PCR was successfully obtained for all samples. The data showed that the purity and amplicon 
yields were similar from genomic DNA extracted with either the Puregene kit or the PDQeX Nucleic Acid Extractor from blood or 
saliva.

Genotyping was performed for the rs3121763 SNP of the zinc transporter using the P.E.P.P.E.R variant caller. Individual 1 was 
found to be homozygous A/A for this SNP, whereas Individual 2 is heterozygous G/A. Analysis of sequencing quality did not show 
differences in mean read length or mean quality score between the two blood or two saliva samples indicating both extraction 
methods result in comparable sequencing quality. This experiment also confirmed that variant calling is possible from both 
sample types using either DNA extraction method. Further within-sample validation is recommended to confirm absolute 
comparability of variant calling when using the prepGEM method.

Here we show that prepGEM Universal and the PDQeX Nucleic Acid Extractor represent a valid alternative to column-based 
extraction such as the Puregene kit for processing blood and saliva samples for SNP genotyping via targeted Nanopore 
sequencing (Table 4). This method is particularly valuable when sample quantity is extremely limited. 

The combination of the PDQeX extractor with prepGEM Universal is ideal for low to medium throughput DNA extraction and has 
been shown to be compatible with in-field applications8. As an alternative, for high-throughput analysis the prepGEM manual kit 
(#PUN1000) represents a more affordable and faster solution able to process up to 96 samples for amplicon sequencing 
simultaneously in a standard thermocycler9. 

PDQeX prepGEM 
Universal Kit

Puregene KitprepGEM Universal 
(for thermocycler)

Extraction Time

Input Range

Targeted-sequencing

Up to 24 samples in 
<30 min

Up to 96 samples in 
<30 min

30-60 (24 samples) 
and then overnight 

elution

10μl-200μl Blood/300μl 
Saliva 10μl-1ml Blood/1ml Saliva

300-10ml Blood/1ml 
Saliva

Yes YesYes

Figure 4: Comparison PDQeX prepGEM Universal Kit (#XPU1000), prepGEM Universal (#PUN1000) vs Puregene kit

In conclusion, the prepGEM Universal kit is a faster and more efficient method to extract gDNA fully suitable for PCR-based 
targeted sequencing using Oxford Nanopore Technology. In addition, the need for reduced input material, especially for blood, 
represents an advantage in situations where only a small amount of blood is available for downstream analysis, as is the case of 
blood drawn from infant patients.
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At MicroGEM, our goal is to democratize molecular biology, enabling a broader 
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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