
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

Analytical
 Methods

www.rsc.org/methods

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Journal Name RSCPublishing 

ARTICLE 

This journal is © The Royal Society of Chemistry 2013 J. Name., 2013, 00, 1-3 | 1  

Cite this: DOI: 10.1039/x0xx00000x 

Received 00th January 2012, 

Accepted 00th January 2012 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

A rapid genomic DNA extraction method and its 

combination with helicase dependent amplification 

for the detection of genetically modified maize 

Eric Gonzalez Garciaa, Andreas H. Farnleitnerb, Robert L. Machb, Rudolf Krskac, 
Kurt Brunnera 

It is compulsory for many crop plants to be tested for genetic modifications when entering the 
European Union. In this regard, a DNA extraction is performed and later a qualitative or 
quantitative PCR to detect and quantify any artificial inserts into the genome. Unfortunately, 
PCR needs specialized equipment and skilled personnel. This disadvantage has been solved by 
using isothermal DNA amplification methods, which are as sensitive as the PCR itself and can 
be performed at constant temperatures and therefore PCR thermocyclers are not needed. 
Nonetheless, those methods require high quality DNA and the isolation of it is still considered 
to be an elaborate process. Conventional DNA extraction methods are highly time consuming 
and tedious. In addition, they cannot be performed on-site as a centrifuge is always required. 
With this work, the development of a rapid method for DNA extraction from maize was carried 
out to overcome these problems. The method is based on the employ of an aqueous buffer 
system in combination with a proteinase K digestion and followed by a later filtration over a 
polypropylene membrane. Detection was carried out by helicase dependent amplification, as an 
alternative to PCR for the detection of transgenic maize. Data obtained are similar to those 
achieved with the more complex standard CTAB extraction method or the Promega Wizard 
DNA purification Kit. The proposed DNA extraction method can be performed on-site, is 
inexpensive, simple and time saving. 

 

 

Introduction 

It is mandatory for many crop plants to be tested for genetic 
modifications when entering the European Union. In this sense, 
this international organization adopted the regulation (EC) No 
1829/2003 to set a limit of 0.9% for food containing authorized 
genetically modified organisms (GMOs); products exceeding 
this limit have to be declared (1). Generally, methods based on 
the polymerase chain reaction for nucleic acid detection are 
applied to quantify the GMO content of a sample. When 
compared to protein based techniques such as enzyme-linked 
immunosorbent assay (ELISA) and lateral flow devices, these 
techniques offer remarkable benefits, since DNA molecules 
show higher stability and better extraction yields than proteins 
(even from highly processed foods) (2,3). Moreover, the 
amplification by polymerase chain reaction (PCR) guarantees 
the required sensitivity, which makes it the gold standard for 
the analysis of nucleic acids (4). 
 
With the increasing commercialization of GMO events, their 
screening and identification has become a challenge for their 
monitoring and inspection, as they can be time consuming and 

their procedures tend to be complex. For this reason, on-site 
tests facilitating the screening process that can be carried out in 
a simple, fast and inexpensive ways are in great demand. 
Overall, there are three major steps in the GMO detection using 
a nucleic acid based approach. First, the DNA in the sample has 
to be extracted, so as to later amplify the sequence of interest 
and identify the amplified target. In this regard, an 
improvement to any of these steps would contribute to improve 
the entire testing procedure. The least common denominator 
still used in many GM plants is the cauliflower mosaic virus 
35S promoter. PCR assays targeting this promoter sequence are 
able to detect a wide range of GMOs, including many events of 
maize, rice, canola and cotton (5). 
 
When extracting DNA, commonly applied methods include the 
use of the surfactant cetyltrimethylammonium bromide (CTAB) 
(6, 7, 8) or commercial kits (9, 10). However, they have several 
disadvantages as they can be time consuming and laborious, 
including numerous pipetting and centrifugation steps. These 
steps make the methods prone to errors, while carrying a certain 
risk of cross-contamination. Furthermore, the use of laboratory 
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equipment, such as centrifuges, can considerably limit their 
usage for on-site applications. 
 
When amplifying the target sequence, PCR techniques such as 
real time PCR (qPCR) for quantitative analysis have been 
extensively employed (11, 12, 13, 14). Nonetheless, this 
technique has its limitations, as it requires expensive thermal 
cyclers and trained personnel to be performed. To overcome 
this problem, the use of other enzymes to mimic DNA 
replication in vivo has emerged as a solution to conventional 
PCR polymerases (15, 16), thus remarkably lowering the cost 
and time for target DNA amplification. Different isothermal 
amplification techniques such as loop mediated isothermal 
amplification (LAMP) (16, 17), helicase dependent 
amplification (HDA) (18, 19), rolling circle amplification 
(RCA) (20) and recombinant polymerase amplification (RPA) 
(21) have been developed.  
 
HDA uses the unwinding activity of the helicase to separate 
two complementary DNA strands into each single stranded 
DNA during replication (22). During this process, heat 
denaturation and subsequent thermocycling are not necessary, 
as the helicase is also able to displace DNA strands alongside 
the exponential amplification reaction. As a consequence, the 
entire HDA process can be performed at one temperature, 
which provides a very useful tool to amplify DNA under 
isothermal conditions. In addition, it offers all the advantages of 
PCR, such as high sensitivity, simple primer design and the 
possibility of multiplexing (23).  
 
In this work, a simple, inexpensive and efficient DNA method 
of extraction for GMO analysis has been developed. The 
method is then compared to a common CTAB protocol and a 
commercial genomic DNA purification kit for PCR efficiency 
and yield. In addition, its successful combination with a 
previously published HDA proved the applicability of the 
procedure with isothermal amplification methods for on-site 
applications. 
 

Experimental 

Materials 

 
The non-GM maize variety RWA38 was kindly provided by the 
Institute of Biotechnology in Plant Production at IFA-Tulln, 
Austria and ground to a fine powder with a Retsch ball mill 
MM301 (Haan, Germany). GM maize varieties NK-603, Bt-11 
and MON-810 were produced by the Institute for Reference 
Materials and Measurements of the European Union. Samples 
were stored at 4 °C when received until further usage. All 
chemicals were bought from Carl Roth (Karlsruhe, Germany), 
unless otherwise specified. 
 
DNA extraction methods 

 
Genomic DNA extraction from maize with phosphate buffer 

and proteinase K. A sample (100 mg) of maize powder was 
incubated at a defined time and temperature in 800 µL of 
sodium phosphate buffer (Na2HPO4/NaH2PO4, 50 mM, pH = 
8.5) with the addition of proteinase K (Sigma-Aldrich, St. 
Louis, USA) (20 mg/mL) while shaking at 1400 rpm. This was 
followed by an inactivation step at 95 °C for 10 min in order to 
denature coextracted enzymes that might inhibit the polymerase 
later when performing the PCR. Samples were then centrifuged 

at 12500 rpm for 10 min. The centrifugation step was later 
substituted by filtration over a polypropylene syringe filter 
(pore size  = 0.45 µm), as it was simpler and suitable for on-site 
testing. Afterwards, 100 µL of filtrated sample were retrieved 
and analyzed via PCR. All experiments were carried out in 
triplicates. 
 
Treatment of the samples with α-amylase before digesting 

with proteinase K. In a 2 mL Eppendorf vial containing 100 
mg maize powder, 800 µL phosphate buffer (pH=8.5, 50 mM) 
were added together with a heat tolerant α-amylase (1 mg/mL) 
(Sigma-Aldrich, St. Louis, USA). Incubation of the samples 
occurred at 90 °C, while shaking for 1400 rpm during 5, 10, 20 
and 30 min. At each of those times, digestion was made with 
either 10 or 100 µL of α-amylase to know if the concentration 
of this enzyme might have an effect on the amount of extracted 
DNA. After this, samples were cooled down to 70 °C and 10 
µL of proteinase K (20 mg/mL) were added to digest the 
protein fraction of the maize sample. After this step, 
coextracted enzymes like DNases were then inactivated for 10 
at 95 °C and afterwards centrifuged for 10 min at 13000 rpm. 
100 µL of supernatant were then transferred into a 1.5 mL 
Eppendorf vial and analyzed later via qPCR. 
 
Treatment of the samples with α-amylase after digesting 

with proteinase K. In a 2 mL Eppendorf vial containing 100 
mg maize powder, 800 µL phosphate buffer (pH=8.5, 50 mM) 
were added and incubated with 10 µL of proteinase K (20 
mg/mL) at 70 °C for 10 min. Coextracted enzymes like DNases 
and also the proteinase K itself were then inactivated for 10 min 
at 95 °C. Samples were cooled down to 90 °C and incubated for 
5, 10, 20 and 30 min at this temperature with 10 or 100 µl of a 
heat tolerant α-amylase (1 mg/mL). Another enzyme 
inactivation step at 95 °C for 10 min followed, after which the 
samples were centrifuged for 10 min at 13000 rpm. 100 µL of 
supernatant were then transferred into a 1.5 mL Eppendorf vial 
and analyzed later via qPCR. 
 
Extraction with conventional protocols. In order to compare 
the capabilities of the genomic DNA extraction method 
developed in this work, two other methods were taken into 
account for this purpose: the CTAB (cetyltrimethylammonium 
bromide) method (24) and the commercial Wizard® Genomic 
DNA Purification Kit (Promega, Madison, Wisconsin, USA) 
(see ESI for more details). 
 
Real-time PCR assays 

 
The real-time PCR was performed on a RotorGene-Q cycler 
(Qiagen, Hilden, Germany). For each reaction, 2 µL template 
DNA were mixed with 13 µL reaction mix containing 7.5 µL 
KapaTM Probe® Fast (PeqLab, Erlangen, Germany), 4.78 µL 
sterile and nuclease free water and 0.24 µL for JOE-labeled 
probe (Eurofins MWG Operon, Ebersberg, Germany) and 
forward and reverse primers (each at 100 pM/µL) (Sigma-
Aldrich, St. Louis; USA).   
 
Two genes were used as a target for amplification: the ADH1 
gene encoding for an alcohol dehydrogenase, which is present 
in GM and non-GM maize and the cauliflower mosaic virus 
(CaMV) promoter P35S for the detection of the genetically 
modified sequence in maize.  
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The real time PCR program for detecting the ADH1 gene 
contained a denaturation and polymerase activation step at 95 
°C for 2 min, followed by 45 cycles of 58.6 °C for 15 sec and 
66.3 °C for 25 sec. For the detection of the P35S promoter, the 
PCR program was performed according to the following 
cycling conditions: an initial step at 95 °C for 2 min and 45 
cycles of 95 °C for 15 sec and 60 °C for 60 sec. All PCR 
programs were optimized and published by the European Union 
Reference Laboratory for GM Food and Feed, 2011 (25). 
 
In addition, calibration curves with 4 points following five fold 
dilutions were performed and linearity and PCR efficiencies 
were calculated to assess the presence of inhibitors that might 
hinder the amplification process during the qPCR. qPCR 
efficiency was determined as: 
 

 
 
Where slope is the slope of the linear regression in the 
calibration curve. 
 
The concentration of the DNA extracts were photometrically 
measured in a NanoVue Plus spectrophotometer (GE 
Healthcare, Little Chalfont, USA). The yield was calculated as 
follows: 
 
Yield = 10c(DNA)·V 
 
Where c(DNA) is the concentration [ng/µl] of DNA 
photometrically measured and V is the total sample volume 
[µl]. Yield is expressed as µg DNA/g sample. 
 
HDA 

 
HDA assays were performed according to (18) with some 
modifications. The method followed a two steps protocol were 
12.5 µL of mix A (sterile and nuclease free water, 10X 
annealing buffer, 0.12 mM forward and reverse primers and 1 
µL DNA (40 ng/µl)) was overlaid with mineral oil and heated 
at 95 °C for 5 min for an initial DNA denaturation process. 
Reactions were afterwards temperature equilibrated at 63 °C for 
5 min, followed by an incubation at 63 °C for 90 min after 
adding mix B (sterile and nuclease free water, 1X annealing 
buffer, 8 mM MgSO4, 80 mM NaCl and 1.75 µL for both 
IsoAmp dNTP solution and IsoAmp Enzyme Mix) to the 
reaction. Finally, an enzyme denaturation step (95 °C for 10 
min) was carried out. HDA products were later analyzed in a 
2% agarose gel stained with Sybr Gold (Invitrogen, Oregon, 
USA). Primers used were as reported by (18). 
 

Results and discussion 

The protocol for the sodium phosphate buffer 
(Na2HPO4/NaH2PO4 buffer) based extraction was developed in 
different stages. The procedure was first optimized by using 
non GM-maize variety RWA38 and the ADH1 gene was used 
to assess the best extraction parameters. Lastly, the maize 
certified reference materials NK603, Bt11 and MON810 were 
used to screen for the 35S promoter by using helicase 
dependent amplification. A comparison of the method 
developed in this work with the more conventional protocol 
CTAB based extraction and the Promega Wizard® Genomic 
DNA Purification Kit was also carried out. 

 
Optimization of the best extraction conditions 

 
In order to keep the extraction protocol simple and efficient, the 
influence of different conditions was investigated. Initially, the 
effect of the incubation time was defined, so as to know if a 
digestion of the enzymes and proteins present in the maize 
samples could increase the extracted amount of DNA. Results 
show (figure 1 from the ESI) that no significant difference was 
seen when extracting at either of the times studied (10 min, 30 
min, 45 min and 60 min). Therefore, an extraction time of 10 
min was chosen. Furthermore, the amount of proteinase K for 
digesting the proteins in maize was also optimized. In this 
sense, extractions were carried out by adding 5, 10, 15 and 20 
µL of a 20 mg/mL solution while following the same protocol 
as before. No dependency on the volume was observed when 
extracting gDNA from maize, suggesting a further use of only 5 
µL of this enzyme to reduce costs of this protocol. In addition, 
the temperature at which the proteinase K during the extraction 
exerts its greatest activity was also optimized (table 2, ESI). A 
range of temperatures from 50 °C to 90 °C was evaluated, with 
80 °C being the temperature at which the lowest Cq values 
were obtained and therefore the highest amount of DNA was 
extracted. 
 
With the aim of optimizing the concentration of the sodium 
phosphate buffer, experiments were performed at 
concentrations of 10, 50, 100 and 500 mM while extracting for 
10 min at 80 °C in the presence of proteinase K (20 mg/mL) 
(figure 1). Best results were obtained when working at 50 mM. 
A lower concentration of 10 mM considerably increased the Cq 
value, probably due to a lesser extraction effect (the greater the 
Cq value, the lower the concentration of extracted DNA). 
Concentrations higher than 50 mM decreased the Cq values, 
which might be caused by an inhibition effect of the 
polymerase during the PCR. Additionally, the combination of 
the sodium phosphate buffer with proteinase K (20 mg/mL) 
considerably increased the amount of extracted DNA when 
compared to an extraction carried out with just buffer. 
 

 
Figure 1. Optimization of the concentration of the extraction 
buffer. A difference in one Cq value corresponds to double the 
concentration of extracted DNA with optimal PCR efficiency. 
 
In addition, a treatment with alpha amylase was also performed 
to investigate if a digestion of the maize polysaccharides could 
increase the amount of gDNA released in the extract. In this 
sense, 10 or 100 µl of this enzyme (1 mg/mL) were added 
before (pretreatment) and after (post-treatment) digesting with 
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proteinase K (20 mg/mL) while incubating for 5, 10, 20 and 30 
min (figure 2). Values obtained were kept almost constant when 
extracting up to 20 min in all cases. After 20 min, the Cq values 
decreased when performing a pretreatment with the addition of 
10 and 100 µL of alpha amylase as well as a post-treatment 
with 100 µL of alpha amylase, not so when adding 10 µL of 
this enzyme (1 mg/mL) after the digestion with proteinase K, 
where the Cq values increased, reducing the amount of DNA 
extracted that could later be amplified in the PCR. Best results 
were obtained when incubating for 5 min with 10 µl of alpha 
amylase (1 mg/mL) after digesting first with proteinase K (20 
mg/mL). However, as the Cq values did not considerably 
improve the results, the alpha amylase was not further used. 
 
 

 
Figure 2. Treatment with alpha amylase at different incubation 
times and volumes before and after digesting with proteinase K. 
 
Furthermore, different chemicals, including sodium chloride 
(NaCl), potassium chloride (KCl), sodium sulphite (Na2SO3), 
ethylenediaminetetraacetic acid (EDTA), guanidin 
hydrochloride (GuHCl), sodium dodecyl sulfate (SDS) tween 
20 and tween 80, were also added to the sodium phosphate 
buffer to enhance the results from the method (see ESI figure 
3). The salts NaCl and KCl were used for their salting out 
effect, while Na2SO3 prevents the oxidation of nucleic acid 
upon the release of sap from the cells (26, 27). GuHCl and SDS 
were employed as they can remove proteins and 
polysaccharides by complexations (28) and EDTA chelates 
metals in solution. Tween 20 and tween 80 were used for their 
detergent effects. Despite all of their potential effects, no 
improvement in the Cq values was seen with any of the added 
compounds when compared to the extraction carried out with 
the phosphate buffer in combination with proteinase K (20 
mg/mL). Hence, they were not further employed. Maize powder 
samples were also pretreated before extraction with chloroform 
(CH3Cl), ethyl acetate (EtoAc) and a mixture 1:1 of CH3Cl: 
EtoAc to remove fats in the sample. However, no influence of 
this pretreatment was observed (table 1 from the ESI). 
 
To simplify the method in order to make it applicable for on-
site testing, a syringe filtration over a polypropylene syringe 
filter (pore size = 0.45 µm), instead of centrifugation, was 
applied. The obtained results showed that the simple filtration 
step (Cq of 20.68 ± 0.21) performed equally well as the more 
tedious centrifugation step (Cq 20.62 ± 0.20). Hence, filtration 
was chosen for further works due to its simplicity and 
applicability for on-site testing. 
 

 
Applicability of the method developed to other maize varieties 

 
The suitability of the extraction method developed in this work 
was expanded to other maize varieties, such as the NK603, Bt-
11 and MON810. Two target sequences were studied; the 
ADH1 encoding for the alcohol dehydrogenase was used for the 
total amount of maize and the cauliflower mosaic virus (CaMV) 
P35S promoter for the detection of genetically modified 
sequences in maize. In this case, the DNA yield was calculated 
and calibration curves were used to check for the presence of 
inhibitors coextracted with the gDNA. Two other conventional 
methods, the CTAB method and the Promega Wizard® 
Genomic DNA Purification Kit were also used for comparing 
our new rapid method to well established protocols (table 1). 
The DNA yield when using the here developed buffer based 
extraction system was lower than the ones obtained when 
extracting with the CTAB method, but was still approximately 
three times higher than the ones obtained with the Wizard 
Promega kit. All PCR assays were found to have high linearity 
(R2 = 0.99) and efficiencies (>0.90), except for the NK603 
maize variety when analyzing the ADH1 gene (0.77). In 
addition, the linearity and PCR efficiency of the method 
developed in this work were comparable to those obtained with 
the CTAB method and the Promega commercial kit. These data 
indicated that there were few inhibitors coextracted with our 
method and the quality of DNA was good enough for PCR 
amplification. 
 
Moreover, the method of extraction developed here was 
combined with HDA to screen for the P35S promoter in the 
maize varieties NK603, Bt-11 and MON810 (table 2). For 
comparison purposes, gDNA extracted from these varieties 
with the commercial kit from Promega and the CTAB protocol 
were used. As it can be seen, all maize lines analyzed were 
reliably detected down to a concentration of 0.5 %, which is 
below the European threshold of 0.9 %. Results obtained with 
the method developed in this work were comparable with those 
from the CTAB and the commercial Promega kit at this 
concentration. These data confirm that this method is suitable 
for detecting GM maize with isothermal DNA amplification 
methods as sufficient sensitivity was achieved to be under the 
lowest acceptance limit of GM in foods. The combination of 
this method with the HDA also contributes to enhance its value 
for on-site testing, as isothermal amplification methods require 
no PCR cyclers. 
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Table 1. DNA yield, linearity and PCR efficiencies of real time PCR assays of extracted gDNA with the CTAB method, the 
Promega Wizard® Genomic DNA Purification Kit and the method developed in this work. All experiments were carried out in 
triplicates. 
  

Method of extraction Maize variety Target 
Yield (µg DNA/g sample) ± 

STD 
Slope Efficiency R2 

CTAB 

NK603 

ADH1 

310.6 ± 2.8 -3.37 0.98 0.99 

Bt-11 299.3 ± 4.8 -3.39 0.97 0.99 

MON810 235.2 ± 4.7 -3.22 1.04 0.99 

NK603 

P35S 

310.6 ± 2.8 -3.53 0.92 1.00 

Bt-11 299.3 ± 4.8 -3.49 0.93 0.99 

MON810 235.2 ± 4.7 -3.30 1.01 0.99 

Promega Wizard® Genomic 

DNA Purification Kit 

NK603 

ADH1 

47.5 ± 0.4 -3.44 0.95 0.99 

Bt-11 41.42 ± 2 -3.36 0.99 1.00 

MON810 55.7 ± 1.2 -3.49 0.94 1.00 

NK603 

P35S 

47.5 ± 0.4 -3.40 0.97 1.00 

Bt-11 41.42 ± 2 -3.37 0.98 0.99 

MON810 55.7 ± 1.2 -3.33 1.00 0.99 

Phosphate buffer method 

NK603 

ADH1 

138.7 ± 0.6 -4.02 0.77 1.00 

Bt-11 156 ± 1.2 -3.53 0.92 0.99 

MON810 133 ± 1.1 -3.54 0.92 0.99 

NK603 

P35S 

138.7 ± 0.6 -3.42 0.96 0.99 

Bt-11 156 ± 1.2 -3.50 0.93 1.00 

MON810 133 ± 1.1 -3.29 1.01 0.99 

 
 
Table 2. Screening for the P35S promoter in gDNA extracted in different maize varieties by different methods of extraction. Each 
sample (40 ng of extracted DNA per reaction) was tested in five replicates. Values indicate positive replicates out of total 
replicates. 
  

c(maize) 
% 

NK603 Bt-11 MON810 

CTAB Promega Our method CTAB Promega Our method CTAB Promega Our method 
2 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 
1 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 

0.5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 5/5 
0.1 4/5 3/5 2/5 4/5 5/5 0/5 3/5 4/5 3/5 
0 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

 

Conclusions 

In this work a simple, inexpensive and rapid method of DNA 
extraction from maize is proposed. Optimization of extraction 
parameters led to a simplified protocol where a high yield of 
gDNA could be extracted and the amount of coextracted 
inhibitors was kept low. The protocol developed showed 
comparable results to the conventional CTAB method and the 
commercial kit from Promega, while saving 3.5 h when 
comparing to the CTAB method and 5.5 h when comparing to 
the Promega kit while extracting 10 samples in parallel with 
these methods. Its combination with HDA for the detection of 

the P35S promoter in GM maize makes it suitable for reliable 
on-site detections of genetically modified sequences in maize  
 
 
 
 
containing this promoter with concentrations as low as 0.5 %. 
In addition, as HDA can be carried out using an inexpensive 
heating block instead of a thermal cycler, the costs of the assays 
can be remarkably decreased. 
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