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Abstract. We tested three methods for DNA isolation andfmation based on different principles: a
CTAB extraction protocol; the Maxwell™ 16 Tissue BNPurification Kit (Promega) which facilitates an
automated extraction using magnetic beads; andHiglh Pure GMO Sample Preparation Kit (Roche
Diagnostics) based on affinity separation. Sevifaés of food matrices derived from or containitytsean
were used to test the performance of the selecattiads. The experiment shows that the Maxwell™ E8ue
DNA Purification Kit is best suited for raw or loprocessed matrices such as seeds and flour. Tlee twth
methods are recommended for all types of samplesveier. further optimization of the CTAB protocal i
required in order to improve the quality and conion of the extracted DNA.

INTRODUCTION

The first commercial release of a GM crop tookcplan 1992. in China (Zhoet al.
1995). Since then transgenic plants are spreadioigg mapidly than any other agricultural
technology in history (Raney. 2006). Despite theeptial benefits of this new technology. to
improve the reliability and quality of the worlddd supply. public and scientific concerns
have been raised about the environmental and fatetysof GM crops (Nagt al. 2003).
These different views caused intense controversy.

In order to ensure transparency and to meet com®imeeds. EU legislation (e.g.
Regulation EC No. 1829/2003 and Regulation EC N&3012003) established new policies
such as labeling. traceability and post-market maooimg of GMO derived food products.

Labeling is very important because it allows caonets to make an informed choice.
Labels are applied based on results provided briedited laboratories which apply molecular
methods for DNA extraction. and qualitative and muative analysis. Qualitative analysis is
based on PCR techniques. while quantitative measmneis archived using real-time PCR.
technique considered to be the most powerful toolduantitative nucleic acids analysis
(Kubistaet al. 2006). These methods are also employed todststblish whether or not food
products contain only EU authorized GMOs. In cosidao. DNA extraction is important for
getting accurate and correct final results.

MATERIAL AND METHOD

Samples.All samples used for this experiment are derivednfsoybean or contain it as
ingredient. The samples are listed in Table 1.

DNA extraction. Genomic DNA was extracted using a CTAB-based paitothe
Maxwell™ 16 Tissue DNA Purification Kit (Promegahieh uses magnetic beads and the
High Pure GMO Sample Preparation Kit (Roche Diagjnsk based on affinity separation.
For all samples and methods. extractions were teg&a4 times.



Table 1
Samples used to test the performance of extraatiethods

Sample Type Degree of processing

Roundup Ready® soybeans Positive control Raw

Certified Reference Material 410R SBifigtitute

for Reference Materials and Measurem)en{:’soSltlve control Low processed
Flour Unknown Low processed
Textured soybeans Unknown Highly processed
Pate Unknown Highly processed
Cheese Unknown Highly processed

The employed CTAB protocol was described by Son{gt®4) and can be used for
isolation of DNA from raw and processed plant nta&si The protocol comprises the
following steps: 100 mg of homogenized sample aemsferred into a sterile 1.5 ml
microcentrifuge tube; 300l of sterile deionized water are added and theimhomogenized
with a loop; 500ul of CTAB buffer (20 g/l CTAB. 1.4 M NaCl. 0.1 M &-HCI. 20 mM
NaEDTA) are added and the mix is again homogeniz8dil Proteinase K (20 mg/ml) are
added. the tube is shaken and incubated at 65r°@0f@0 min; 20ul RNase A (10 mg/ml)
are added. the tube shaken and incubated at 6&6r %0 min; the tube is centrifuged for 10
min at about 16000 g; the supernatant is trangfdrex microcentrifuge tube containing 500
ul chloroform. the tube is shaken for 30 sec; theetis then centrifuged for 10 min at 16000 g
until phase separation occurs; 50®f upper layer are transferred into a new micnbdtige
tube containing 5001 chloroform; the tube is shaken and then centatltpr 5 min at 16000
g; the upper layer is transferred to a new microdege tube and 2 volumes of CTAB
precipitation solution (5 g/l CTAB. 0.04 M NaCl) earadded. the solution is mixed by
pipetting; the tube is incubated for 60 min at ro@mperature and then centrifuged for 5 min
at 16000 g; supernatant is discarded; the pretgpisadissolved in 3501 NaCl (1.2 M) and
350ul chloroform are added; the mix is shaken for 80 and then centrifuged for 10 min at
16000 g until phase separation occurs; upper lesy¢ransferred to a new microcentrifuge
tube; 0.6 volumes of isopropanol are added; the tstshaken and centrifuged for 10 min at
16000 g; the supernatant is discarded and @ 70% ethanol solution are added; the tube
is shaken carefully and then centrifuged for 10 atii6000 g; the supernatant is discarded.
the pellets are dried and DNA is re-dissolved il L0of sterile deionized water.

The Promega kit we used is designed for autom@iéd extraction from plant tissue
samples using the Maxwell™ 16 platform (Promega)prétreatment with the CelluACE™
XG System (Promega) is also recommended to imptioeegperformance of the extraction.
The procedure is designed for up to 50 mg of san@¥& Buffer and CXG Enzyme Mix are
added to each sample and then the tubes are iecutza65 °C for 2 hours. After incubation.
the whole mix is transferred in the Maxwell™ 16 DNPArrification Cartridge. The cartridge
is then loaded into Maxwell™ instrument and thetpeol is performed according to the
specifications in the Technical Manual. At the exidhe automated procedure. the DNA is
eluted into 300 pl of buffer provided with the Knitially. 100 ul of CXG Buffer and 5ul of
CXG Enzyme Mix were used for the pretreatment atheaample. We also tested other
volume combinations of CXG Buffer and CXG EnzymexMi

The third protocol used in this experiment wascglly designed for isolation of DNA
from raw material and food products of plant origiihe kit was used according to producer’s
instructions: 200 mg of homogenized sample is adided2 ml microcentrifuge tube; 1 ml of
Extraction Buffer is added. the tube is vortexed30 sec and than incubated at 80 °C for 30
min; during incubation the tube is mixed 2-3 tinbgsinversion; the tube is centrifuged for 10
min at 12000 g and the supernatant is transfeménl a new tube containing 400 pl of



Binding Buffer; 80 ul of Proteinase K are added #redtube is incubated at 72 °C for 10 min;
200 pul of isopropanol are added and 650 pl of theure are pipetted into the upper reservoir
of a combined High Pure filter tube-collection tumsembly; the assembly is centrifuged for
1 min at 5000 g and the flow-through is discardée; remaining mixture is applied to the
assembly and the previous step is repeated; 458 Wash Buffer are added to the upper
reservoir and the assembly is centrifuged for 1 ati®000 g; the flow-through is discarded
and the washing step is repeated one more timeyubeeis centrifuged for 10 s at maximum
speed in order to remove residual Wash Buffer;filker tube is inserted in a clean 1.5 ml
reaction tube; 50 ul of pre-warmed (70 °C) ElutBuffer is added onto the glass fiber fleece;
incubate at 15-25 °C for 5 min and then centrift@yel min at 5000 g; the 1.5 ml tube now
contains the eluted DNA.

DNA concentration. purity and fragmentation state. Extracted DNA was first
guantified using the BioPhotometer apparatus (EgpeénAG). Concentrations (ngl) and
A2sd/A2go readings were recorded for each sample.

Quality and quantity characteristics of the ested DNA were further checked by
electrophoresis on 1% (w/v) agarose gel (TAE busfgstem) and ethidium bromide staining
(0.5 pg/ml). The results were visualized on a BioSpec®uAC Imaging System (UVP)
using the Vision WorksLS software (UVP).

Table 2
Primers used for amplification of DNA extracts
Primers Target (Sblf;} Sequence 5'- 3’ Reference
trnL
CP3 GGG GAT AGA GGG ACT TGA AC :
CP4 crloroplast 1 >500| cG AAT CGG TAG ACG CTA CG Thionetal. 2002
GMO03 Lelgene 118 GCC CTC TACTCC ACCCCCATCC Meyeret al. 1996
GMO04 9 GCC CATCTGCAAGCCTTTTTGTG Queeci and Mazzarra. 2004
p35S-cf3 35S promoter 123 CCA CGT CTT CAA AGC AAG TGG Lipp et al. 2001
p35S-crd P TCC TCT CCA AAT GAAATG AACTTC C | Queeci and Mazzarra. 2004
CaMV1 GAA GGT GGC TCC TAC AAATGC C :
CaMV2 35S promoter 199 GTG GGA TTG TGC GTC ATC CC Thionet al. 2002
HA-nosr nosterminator | 118 GCA TGA CGT TAT TTA TGA GAT GGG Lipp et al. 2001
HA-nosf GAC ACC GCG CGC GAT AAT TTATCC Queeci and Mazzarra. 2004
RRO1 GTS 40-3-2 356 TGG CGC CCAAAG CTTGCATGG C Studeret al. 1998
RRO0O4 transf. event CCC CAA GTT CCT AAATCT TCA AGT Tengelet al. 2001
GMO7 GTS 40-3-2 169 ATC CCACTATCC TTC GCA AGA Meyer and Jaccaud. 1997
GMO8 transf. event TGG GGT TTATGG AAATTG GAA Querci and Mazzarra. 2004

PCR. The extracts were also tested for PCR using @iffeprimers specific for the

chloroplast DNA. the soybedactin geneLel the CaMV 35S promoter. theosterminator
and the GTS 40-3-2 transformation event (Table 2).

One PCR reaction contained 1X Green GoTaq® Readidfer (Promega). 2.5 mM
MgCl, (Promega). 0.2 mM of each dNTP (Promega). 0Mbof each primer. 0.03 Wl of
GoTag® DNA Polymerase (Promegajl f DNA solution with a concentration of less than
100 ng{l and nuclease free water up to a final volumeofil2 The reactions were performed
on a Palm Cycler™ thermalcycler (Corbett Reseatsing the amplification profile from
Table 3.

PCR results were evaluated by electrophoresis (DAHEer system) on 2% (w/v)
agarose gel and ethidium bromide staining (@&nl). To visualize the stained amplicons
BioSpectrum® AC Imaging System (UVP) with the VisigVorksLS software (UVP) was
employed.



Table 3
Amplification profile for PCR tests

Step Temperature (°C) Time (seconds| Repetition
Initial denaturation 95 180 1
Denaturation 95 30

Annealing 60* or 63** 30 40X
Extension 72 30

Final extension 72 180 1

* For RRO1/RR02 and GMO07/GMO08 primers.
** For CP3/CP4. GM03/GM04. p35S-cf3/p35S-crd andi¥d/CaMV2 primers.

RESULTS AND DISCUSSIONS

DNA extraction. concentration. purity and fragmentation state. Spectrophotometer
and electrophoresis results indicated poor conagoir and quality of extracts. However. the
protocols performed much better in the case of seetl flour samples. compared to the
highly processed ones (Table 4). No standard dewiatas calculated here because samples
were never extracted in more than two replicates.

Concentration and purity of DNA extracts

Table 4

. Maxwell™ 16 DNA High Pure GMO Sample
CTAB extraction. overall . : . .
Purification Kit. overall Preparation Kit. overall
Sample average of samples
type average of samples average of samples
Concentration Concentration Concentration
AzedA AzedA AzdA
(ng/lll) 260’ 280 (ng/ul) 260’ 280 (ng/lll) 26d 280
Soybeans 104.3 1.95 87.1 1.24 1543.3 1.83
CRM 410R SB 5 76.8 1.45 60.6 1.4 3035.5 2.04
Flour 90.1 1.32 75.4 1.35 1684.8 1.91
Textured 23.8 1.25 29.2 1.33 3444.0 1.97
soybeans
Pate <5 - <5 - 36.2 1.24
Cheese <5 - <5 - 23.8 1.18

We recommend that DNA extraction with Maxwell™ T&sue DNA Purification Kit
should be performed on samples pretreated withxéunai of 250ul of CXG Buffer and 25ul
of CXG Enzyme Mix. This volume prevents the complabsorption of the solution by the
sample and ensures better homogenization.

Good results were obtained with the High Pure GBinple Preparation Kit. In this
case concentrations were higher compared to ther etktraction methods. and the purities
were very good for seed. flour and textured soylszamnples.

The electrophoresis indicated low concentration®NA for soybeans and flour. and
even absence of DNA in case of other samples (€igyr For raw and low processed
samples. extracts also held DNA of high molecularght. DNA solutions obtained with the
High Pure GMO Sample Preparation Kit had a highceatration of nucleic acid. as indicated
by spectrophotometer readings. but most of the catds were highly fragmented (Figure 1).
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Figure 1. Gel electrophoresis of DNA extracts: Maxwell™ 1&3§te DNA Purification Kit (left). CTAB-based
protocol (middle). High Pure GMO Sample Preparaf@n(right). Samples: S - soybeans. 5 - CRM 41@ER5S
F - flour. P - pate. B- cheese. C - textured sogbekl - marker. NTC - negative control.

PCR (Figures 2 and 3PCR tests gave goods results for all sample tygeswsing
plant and species specific primers. For GMO speg@fimers. only the positive controls and
the flour unknown sample showed the expected aondicThe pate. cheese and textured
samples were negative. We concluded that in thesples the GM derived DNA was either
absent or in quantities below the LOD.
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CP3/CP4, 500 pb GMO3/GMO4, 118 pb HA-nos 118-fiHA-nos 118-r, 118 pb CaMV1/CaMV2, 199 pb GM07/GMO8, 169 pb

Figure 2. PCR results with the Maxwell™ 16 Tissue DNA Puafion Kit. Samples: S - soybeans. 5 - CRM
410R SB 5. F - flour. P - pate. B- cheese. C -ued soybeans. M - marker. NTC - negative control.
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CP3/CP4, 500 pb GMO03/GMO04, 118 pb  P35S-cf3/p35S-cr4, 123pb  CaMV1/CaMV2,199pb  RRO1/RR04,356pb  GMO7/GMOS, 169 pb

Figure 3. PCR results with the High Pure GMO Sample Prepardit. Samples: S - soybeans. 5 - CRM 410R
SB 5. F - flour. P - pate. B- cheese. C - textismgheans. M - marker. NTC - negative control.

CONCLUSIONS

For validation of results. absence of PCR inhiigitshould also be checked. This is
possible in a real-time PCR amplification experitnasing serial dilutions of the samples
spiked with a defined copy number of a referenogetasequence.

Only one of the analyzed samples was quantifiedasdy real-time PCR. using a
Rotor-Gene™ 3000 instrument (Corbett Research) Bindenics RoundUp™ Ready Soya
QT Kit (Biotools). specially designed to be usedhvihis apparatus. The sample was derived
from CRM 410R SB 5. which has a 5% content of GMuRtlup Ready® soybean. and was
extracted with the Maxwell™ 16 Tissue DNA Purificet Kit. We obtained a concentration
of 5.31%. The value indicates a good performancéhefintegrated protocol. but analysis
should be extended to all DNA extracts after optation of protocols.



The tests showed that all methods are suiteduftindr optimization. in-house validation
and implementation in our laboratory as part ofirdagrated protocol for GMO analysis of
foodstuffs. The manual CTAB-based method is the me®ding most refinements. Another
protocol. similar to this one. is available in SR 5O 21571:2005 and will also be tested.

We also concluded that the Maxwell™ 16 Tissue DRAification Kit is best suited for
low processed matrices. while CTAB extraction amal lligh Pure GMO Sample Preparation
Kit give good results for both categories.

Another aspect that we want to point out is thet er analyzed sample. The Maxwell
protocol is a little bit more expensive than theABTmethod. but compensates in terms of
time required for processing and ease of use. A@thdhe third kit probably delivers the best
results it is also much more expensive that therdiio methods.
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