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ABSTRACT

The intensive development of biological sciences, both in the field of medicine and broadly defined bio-
technology, created the need to improve the analytical techniques. Molecular biology methods based 
on the analysis of nucleic acids with high sensitivity and reproducibility deserve special attention. They 
facilitate precise identification of biological traces, assessing changes in gene expression profiles and 
complete evaluation of environmental niches biodiversity. The main factor determining effectiveness 
of analysis is a stage of genetic material isolation. There is a clear trend to increase the capacity and 
accuracy of DNA isolation. Currently it is possible to overcome the limitations associated with manual 
isolation techniques. Using of kits and automated robots facilitates working with hundreds of samples 
simultaneously. The aim of the study was to validate the selected genomic DNA isolation methods. 
Three commercial kits were used. Two of them, which are dedicated to the automatic platform BioRo-
bot M48 Robotic Workstation (Qiagen), are based on the DNA adsorption on silica beads convenient 
handling of magnetic particles: QIAsymphony Investigator DNA Kit (Qiagen) and MagAttract® DNA Mini 
M48 (Qiagen). A third kit Sherlock AX (A&A Biotechnology) for manual isolation of genomic DNA are ba-
sed on the mechanism of nucleic acin adsorption on ion exchange beads combined with the isopropa-
nol precipitation of DNA. The determination limit, reproducibility and repeatability were evaluated. The 
results indicate that all of the analysed methods allow the isolation of high-quality genetic material, 
which can be used in subsequent molecular testing procedures.
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Automatyzacja izolacji DNA z materiałów biologicznych

Słowa kluczowe: izolacja DNA, automatyzacja

STRESZCZENIE

Intensywny rozwój nauk biologicznych, zarówno w dziedzinie medycyny, kryminalistyki, jak i szeroko ro-
zumianych badań związanych z biotechnologią, stworzył potrzebę doskonalenia technik analitycznych. 
Na szczególną uwagę zasługują metody biologii molekularnej bazujące na analizie kwasów nukleino-
wych, charakteryzujące się wysoką czułością i powtarzalnością. Pozwalają one na precyzyjną identyfi-
kację śladów biologicznych, ocenę zmian w profilach ekspresji genów, a także pełną ewaluację bioróż-
norodności nisz środowiskowych. Kluczowym elementem determinującym efektywność przeprowadza-
nych analiz jest etap pozyskiwania (izolacji) materiału genetycznego. Wyraźnie dostrzega się tenden-
cje rozwoju technologii w kierunku zwiększenia przepustowości oraz dokładności izolacji DNA. Aktual-
nie możliwe jest pokonanie ograniczeń związanych z metodą manualnej izolacji poprzez zastosowanie 
gotowych zestawów oraz robotów automatycznych umożliwiających pracę z wieloma setkami prób jed-
nocześnie. Celem badań było przeprowadzenie walidacji wybranych metod izolacji genomowego DNA. 
Wykorzystano trzy komercyjne zestawy. Dwa z nich, dedykowane platformie automatycznej BioRobot 
M48 Robotic Workstation (Qiagen), bazowały na zjawisku immobilizacji DNA na złożach z cząstkami pa-
ramagnetycznymi: QIAsymphony DNA Investigator Kit (Qiagen) oraz MagAttract® DNA Mini M48 (Qia-
gen). Trzeci zestaw, Sherlock AX (A&A Biotechnology), przeznaczony był do manualnej izolacji genomo-
wego DNA i wykorzystywał mechanizm adsorbcji kwasów nukleinowych na membranach jonowymien-
nych połączonej ze strącaniem DNA izopropanolem.  Ocenie poddano wykrywalność, powtarzalność,  
i odtwarzalność. Wyniki wskazują, że wszystkie analizowane metody pozwalają na izolację materiału ge-
netycznego o wysokich standardach, który może być wykorzystany w dalszych procedurach badań mo-
lekularnych.

1. INTRODUCTION

The discovery of nucleic acids in the nineteenth 
century has initiated intensive development of 
research in the field of molecular biology which 
is nowadays widely used in medical and judicial 
diagnostic as well as biotechnology. Over the 
past 100 years there have been many crucial re-
search resulted in the obtaining full knowledge 
of the chemical and molecular structure of DNA. 
Modern genetic engineering which is characteri-
zed by high sensitivity and reproducibility facili-
tates efficient cloning, modifying and sequencing 
of DNA [1]. The step of nucleic acids isolation is  
a key factor in determining the quality of mole-
cular analyzes. It is essential to obtain the mate-
rial characterized by high quality, as well as pu-
rity and free from PCR inhibitors. Moreover, the 
selection of reagents with relatively low toxicity 
in order to ensure the safety of research workers 
and minimization the impact on the environment 
are also very important [2]. Each isolation proce-

dure requires cell lysis (mechanical, chemical or 
enzymatic), inactivation of exonucleases and the 
final purification of DNA.
Currently, there are many commercially available 
kits for the isolation and purification of genomic 
DNA that significantly increase the efficiency of 
the process, reduce the number of transfers and 
consequently the risk of contamination. One of 
the approach, is using technology based on the 
affinity of nucleic acid molecules to the parama-
gnetic beads with specific ligands [3]. The dia-
gram of this method is shown on the Figure 1. 
The isolation process begins with the enzymatic 
lysis of the cells using a proteinase k. Then para-
magnetic beads with ligands capable of binding 
to DNA are added to the solution. The system is 
washed in order to remove contaminants during 
the magnetic immobilization. The final step con-
sists in the elution of pure genetic material.
Another popular solution is based on ion exchan-
ge membranes capable of binding nucleic acids 
(Fig. 2). 
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Enzymatic cell lysis is the first step of the pro-
cess. Next, DNA adsorption on the silica membra-
nes and the filtration in order to remove conta-
minants are conducted. Then, the solution is sub-
jected to further filtration in the presence of cha-
otropic salts in high concentrations. In the next 
step, samples are washed several times in order 
to remove proteins, PCR inhibitors and other con-
taminants. Finally, the DNA is eluted with a solu-
tion characterized by high ionic strength. The ob-
tained eluate with nucleic acids is salted out and 
concentrated by alcohol precipitation.
Currently, automatic apparatus for nucleic acids 
isolation are becoming more and more popu-
lar. Modern workstations facilitate simultaneous 
work with several samples with minimum of in-
volvement in the direct operation of the process. 
Full automation reduces the risk of human error, 
external contamination and ensures high thro-
ughput of isolation. The possibility of adding in-
ternal standards allows full control of the quali-
ty and yield of genetic material. Moreover, bio-

Figure 1 Diagram of separation method based on the affinity of nucleic acid molecules 
to the paramagnetic beads with specific ligands

Figure 2 Diagram of DNA separation method using ion exchange membranes

robots with optimized procedures isolation from 
different matrices with optional possibility of mo-
dification in order to increase efficiency in proble-
matic experimental systems are also available. In 
addition, during one cycle of work, biorobots au-
tomatically dispense reagent volumes based on 
the amount of the analyzed samples, which signi-
ficantly reduces the burden of the environment 
compared to conventional methods and allows 
full control of costs [2, 4].  It is worth noticing that 
in the case of some platforms there is a risk of 
considerable variability in the quality of DNA iso-
lation due to the fact that they do not require the 
use of dedicated disposable materials which qu-
ality have a significant impact. 
The aim of this study was to validate the selected 
genomic DNA isolation methods: immobilization 
on paramagnetic beads using automatic platform 
with dedicated kits and DNA adsorption on ion 
exchange membranes using kit for manual isola-
tion.
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2. EXPERIMENTAL

2.1 The isolation of genetic material

The human blood and saliva samples were exam-
ined during experiments. Commercially availa-
ble kits for DNA isolation: working on the BioRo-
bot M48 Robotic Workstation (Qiagen): QIAsym-
phony DNA Investigator Kit (Qiagen) and MagAt-
tract® DNA Mini M48 (Qiagen) and also dedicated 
for standard, manual isolation: Sherlock AX (A&A  
Biotechnology) were used. The genomic DNA con- 
centrations in extracts were evaluated with the 
use of Quantifiler Human DNA Quantification Kit. 
Water for dilution was characterized by the hi-
ghest purity (Sigma).

2.2 Detection of method 

Three series of samples containing blood and sa-
liva in dilutions: 1:2, 1:10, 1:20, 1:100 and a ne-
gative control sample containing water were pre-
pared. Samples were prepared in a volume of 
10 ml using dilution water and applied to a cle-
an cotton cloth. Then isolation of genomic DNA 
and evaluation of concentration according to the 
procedures recommended by the manufacturer 
was performed in triplicate. The samples of cloth 
with applied blood were excised by sterile scalpel 
and placed in a DNA extraction basket (NAO Ba-
skets, Copan). This technology allowed all genetic 
material to recover from the absorbing material, 
and therefore the absorption capacity  don’t af-
fect the evaluation of DNA concentration.
The limit of genomic DNA detection was charac-
terized by the smallest amount of biological ma-
terial for which at least in one attempt the con-
centration of 0.007 ng/µl was obtained. This is 
the experimentally determined limit of quanti-
fication of PCR amplification polymorphism of 
multiplex STR loci typing systems, which is cur-
rently the most effective way to identify samples 
of human biological material [5]. 

2.3 Repeatability and reproducibility

Five FTA paper discs carrying the saliva of 3 mm 
and 1.2 mm diameters were prepared. Isolation 
of genomic DNA and evaluation of concentration 
were performed in five replicates. Reproducibility 
assay was carried out in different series of expe-
riments conducted at different times, as positive 
controls. Precision (repeatability and determina-
tion) of methods as a measure of agreement be-

tween individual results of the analyses was as-
sessed on the basis of the coefficient of variation 
(CV) [6], defined as:

where: SD – standard deviation,   – the average 
amount of DNA (   ≠ 0 )
 
3. RESULTS

Results of detection range for the isolation of 
DNA from blood and saliva by various methods 
are presented in Table 1.
The results indicate that the genomic DNA isola-
tion method based on the mechanism of nucle-
ic acids adsorption on ion exchange beads (Sher-
lock AX) provides the greatest efficiency in both 
variants of the matrix (blood and saliva). In the 
case of MagAttract® DNA Mini M48 isolation kit, 
detection levels are established on 1 µl (blood) 
and 0.5 µl (saliva). QIAsymphony DNA Investiga-
tor Kit and Sherlock AX are characterized by a le-
vel of detection equals 0.1 µl for both matrix. Lite-
rature reports confirm that the extraction of DNA 
based on the affinity to the magnetic beads has  
a slightly lower efficiency compared to the extrac-
tion by adsorption to a solid phase. This may be  
a consequence of intense flushing and washing 
out weakly adsorbed nucleic acids [7]. It is worth 
noting that the use of BioRobot M48 Robotic 
Workstation (Qiagen) based on affinity to para-
magnetic beads increases the amount of obta-
ined genetic material. High throughput and effec-
tive DNA isolation confirm the usefulness in rese-
arch requiring the rapid analysis of a large num-
ber of samples in the short time.
The results of  genomic DNA isolation precision 
are shown in Table 2 (reproducibility) and Table 3 
(determination).
Obtained results indicate that the method based 
on the paramagnetic beads is characterized by 
higher precision than the method based on ion 
exchange membranes. Studies conducted by Shy-
iang et al. (2013) concerning comparison of bac-
terial DNA isolation methods from human plasma 
samples, also show the highest reproducibility of 
the magnetic method [9]. Berensmeier (2006) 
emphasizes that elimination of the sample cen-
trifugation in a magnetic separation method re-
duces the nucleic acid degradation due to shear 
forces. This may determine the high repeatability  
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𝒙𝒙�
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Table 1 DNA detection with standard deviations (SD) of dilution series of human blood and saliva with selected isolation 
kits. Gray color highlights the results below prescribed level of detection

  MagAttract® 
DNA Mini M48

QIAsymphony DNA  
Investigator Kit Sherlock AX

  The average 
amount of DNA SD The average 

amount of DNA SD The average 
amount of DNA SD

  [ng]

Blood  

5 µl 0.1231 0.0827 1.9000 0.7118 2.9233 0.6984

1 µl 0.0090 0.0036 0.1400 0.0432 0.5247 0.1774

0,5 µl 0.0038 0.0033 0.0867 0.0262 0.2460 0.0193

0,1 µl 0.0008 0.0012 0.0153 0.0105 0.0413 0.0077

Saliva  

5 µl 1.0295 0.1014 0.7000 0.0000 4.3573 0.2318

1 µl 0.0525 0.0189 0.3333 0.1247 0.8457 0.1245

0,5 µl 0.0163 0.0057 0.1267 0.0249 0.4047 0.0859

0,1 µl 0.0000 0.0000 0.0087 0.0049 0.0713 0.0048

Table 2 Reproducibility of DNA isolation from human saliva using selected kits for isolation with a standard deviation (SD) 
and coefficients of variation (CV)

Automation of DNA isolation from biological materials

The diameter 
of filter [mm]

MagAttract® DNA Mini M48 QIAsymphony DNA  
Investigator Kit Sherlock AX

The average 
amount of 

DNA
SD CV

The average 
amount of 

DNA
SD CV

The average 
amount of 

DNA
SD CV

[ng/µl] [%] [ng/µl] [%] [ng/µl] [%]

3 3.600 0.157 4.347 0.640 0.102 15.938 8.7858 1.3289 15.126

1 0.516 0.034 6.552 0.268 0.0264 9.851 2.077 0.314 15.115

Table 3 Determination of DNA isolation from human saliva using selected kits, with standard deviations (SD) 
and coefficients of variation (CV)

The diameter 
of filter [mm]

MagAttract® DNA Mini M48 QIAsymphony DNA  
Investigator Kit Sherlock AX

The average 
amount of 

DNA
SD CV

The average 
amount of 

DNA
SD CV

The average 
amount of 

DNA
SD CV

[ng/µl] [%] [ng/µl] [%] [ng/µl] [%]

3 1.7266 0.0948 5.491 1.0234 0.1579 15.429 8.241 1.0759 13.055

1 1.208 0.1195 9.892 2.8392 0.2001 7.048 1.8972 0.2429 12.803
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of describing method [8]. Literature data indi-
cate that in the case of precision (repeatability 
and reproducibility), coefficients of variation sho-
uld achieve the smallest value. The result can be 
considered as a precise, when coefficient of va-
riation (CV) does not exceed 15%. The tolerance 
range up to 20% for samples with low concentra-
tions, such as systems used throughout the cur-
rently described experiments, is also acceptable 
[6]. Since the obtained analysis are characterized 
by the coefficient of variation smaller than 20%, 
it can be stated that all kits for the isolation meet 
the criteria for reproducibility and repeatability 
and thus have application potential in the mole-
cular sciences fields.

4. CONCLUSIONS

The validation has confirmed that all of the ana-
lyzed genomic DNA isolation kits are characteri-
zed by the application potential in the molecular 

sciences fields. The method based on ion exchan-
ge membranes represented by Sherlock AX kit 
indicates the highest efficiency of extraction. In 
addition, automatic MagAttract® DNA Mini M48 
and QIAsymphony DNA Investigator Kit based on 
paramagnetic beads are characterized by the hi-
ghest precision. Despite the less extraction effi-
ciency, isolation of DNA using automatic plat-
forms eliminates human errors during manual la-
bor. It is worth noticing that the use of BioRobot 
M48 Robotic Workstation (Qiagen) is described 
by high throughput, repeatability as well as effi-
ciency of isolation. It can be assumed that a wide 
range of commercially available DNA isolation 
kits contribute to the progress of intensive rese-
arch using molecular tools.
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