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ABSTRACT

This work was conducted to compare between six methods for the extraction
of DNA from raw maize and its derived products. On the other hand, the method (s)
that given the highest levels of DNA yields and quality will be chosen to screen and
detect the genetic modification in the samples that collected from the Egyptian food
market. The methods were evaluated for the extraction of DNA from maize kernels
(no treatment), maize flour (mechanical treatment), maize snacks, canned maize
(sweet corn), frozen maize (sweet corn), maize starch, maize extruded, popcorn, corn
flacks, (mechanical, thermal and treatment). Maize snacks, corn flacks, bread with
corn flour and maize starch. The quality and quantity of DNA extracted from
standards, containing known percentages of GMO material and from different food
products. GMO Screen 35S/Nos test kit for qualitative detection of GMO varieties in
food, feed and seed was used to screen the genetic modification in the samples. The
positive samples for 35S promoter and or NOS terminator were identified by standard
methods that adopted by EU. All methods extracted a good DNA quality from raw
materials for most of the raw materials. High pure DNA extraction kit recovered the
highest levels of DNA. DNA yields for maize-derived foods generally decreased with
the extent that the product had been processed. The High pure DNA extraction kits
(Roch) was generally the best method for the extraction of DNA from most of the
maize-derived foods. The results from screening indicated that 17 samples from
investigated samples were positive for the presence of 35S promoter. 34% from the
samples positive for the genetically modified maize line Bt 176.
Keywords: GMO, DNA extraction, Screening, maize, PCR. High pure GMO

INTRODUCTION

After the approval and cultivation of various genetically modified crops
in united states and Europe in recent years, nucleic acid have become an
important tool in food analysis (Peano et al., 2004 & Smith et al., 2005)

Several identification methods were developed. These methods were
classified into different groups which focusing DNA, proteins, or other specific
analysis (Gachet et al., 1999, Ahmed, 2002, Elsanhoty et al., 2006). Most of
official identification method, which focused on the detection of the genetically
modified foods depended on DNA. Polymerase chain reaction (PCR), was
applied to identify the 35S promoter of the modified gene in Round up Ready
soy bean. A specific system was then applied to the identification of the
specific gene, epsps, gene of 5-enolpyruvyl-shikimate-3-phosphate synthesis
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(EPSPS), for samples with 35S positive PCR results. For samples with 35S
negative PCR results, the DNA check system was applied to identify the
soybean's specific lectin gene. No soybean was identified in the samples if
negative results were obtained. A specific system was then conducted for
those samples with positive results. When the result was positive, RRS was
identified; when negative, non-RRS soybean was identified (Elsanhoty et al.,
2005). Since the PCR method bases on DNA, when DNA level is low, DNA
integration is low. As the result, the present PCR inhibitors are hard to be
separated and the accuracy and sensitivity of PCR methods will be
dramatically interfered. This concern happens quite often in many processed
foods, e.g. salad oil, fine soybean lecithin, starch extractants (Elke et al.,
2002).

European Union consumers are mostly against the use of genetic
engineering in the agro food sector. According to the new European
Community regulations on genetically modified food and feed, it is necessary
to label food products when the concentration of the genetically modified
material is higher than 0.9% (Vodret et al., 2007). Compulsory labeling and
the introduction of new transgenic events highlight the need to develop new
analytical methods to quantify the different genetic modified organisms in
food. The quantitative real time Polymerase Chain Reaction is currently the
main technique used for this purpose and the extraction of DNA from food
samples represents the first step for its application. A large number of
protocols are currently available: in addition to the standard laboratory
techniques, other procedures based on specific kits with faster extraction
times can be applied. One of the problems to perform most of the proposed
method is the quantity and quality of the DNA extracted from genetically food
and their derived products. It has been shown that DNA suffers degradation
due to the thermal treatment to which the genetically modified foods are
subjected during the canning process (cooking and sterilization) but also the
type of liquid that is added may play a role in this degradation (Bauer et al.,
2003). Genetically modified derived products may present different liquid
media, like brine, oil, vinegar or tomato and other food ingredients these may
produce differences in the quantity and quality of the extracted DNA and lead
to severely reduce amplification efficiency in PCR or may render target
sequences undetectable, fat, salts, acid and other additives in food matrix
may also contribute to PCR inhibition (Terry et al., 2002). Many DNA
extraction protocols are available but they have been rarely compared
(Olexova et al., 2004; Peano et al., 2004 and Chapela et al., 2007). The
objective of this work was to analyze the effect of the different treatment and
willing media in the quantity and quality of the extracted DNA, and the
efficiency of different commercial DNA extraction methods from genetically
modified maize and some of its derived products. The DNA extraction
methods were evaluated for the amount of genomic DNA extraction, the
degradation of the DNA extracted, and the effect of DNA on PCR
performance and the ability to estimate if the quantity of GM maize lower than
1% in different processed foods in the Egyptian food market.
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MATERIALS AND METHODS

Food samples and reference standard:

Certified reference material (CRMs), produced by the institute for
reference material and measurements (Geel, Belgium) were used as
negative and positive controls for maize line Bt176. CRMs was purchased
from Fluka. Fifty food samples used for this experiment which derived from
maize or contain it as ingredient. The samples were collected from the
Egyptian food market. The samples are listed in Table 1.

Table 1. Samples used to test the performance of extraction methods

Samples Number | Degree of Number of [Presence| Number of
of processing samples of 35S samples
samples positive for |promoter| positive for
invertase Bt maize 176
gene

Certified Reference Material 2 Low proceed 2 2 2

(Institute For Reference|

Materials and Measurements)

Maize Kernel (yellow maize| 5 raw 5 4 4

USA)

Egyptian White maize 3 raw 3 3 3

Corn flour 2 Low processed 2 2 2

Maize snacks 5 Highly 5 2 2
processed

Canned maize (sweet corn) 5 Highly 5 3 3
processed

Frozen maize (sweet corn) 5 Highly 5 2 2
processed

Maize Starch 5 Highly 5 - -
processed

Maize extruded 5 Highly 5 - -
processed

Popcorn 5 Highly 5 - -
processed

Corn flacks 5 Highly 5 1 1
processed

Bread with corn flour toritale 5 Highly 50 17 17
processed

[Total samples 50 50 17 17

Samples pre-treatment:

The samples that contain oil and lipid were treated to remove the oil
and lipid. The samples were soaked in chloroform :methanol :water (1:2:0.8)
overnight. The defatted samples was recovered by filtration and stored frozen
until DAN will be extracted.

DNA extraction and purification:

Samples were homogenized with a mixer; then the DNA was
extracted using six different techniques: 1-CTAB extraction (Anonymus,
2002); 2-Genome R DNA Isolation kit (Qbiogene), 3- High pure GMO Sample
Preparation Kit, Roche Diagnostics, 4-Nucleospin (Clontech), Genomic Prep
(Amersham Pharmacia Biotech, Italy), 5- DNA extraction kits from plant
inveterogene (USA), pure link ™ plant total DNA purification kit for
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purification of DNA from plant, 6- Plant genomic DNA extraction from V gene
Biotechnology limited. DNA was extracted by different kits according to
producer's instructions. All types of products and certified reference material
were extracted in diplicate. The extracted DNA was stored at -20 °C until
using for subsequent steps.
Quantification of genomic DNA:

Spectrophotometric method. Spectrophotometric optical densities of
260 nm and 280 nm were used to investigate the DNA quantity (Sambrock et
al., & Maniatis, 1989). DNA purity was measured using the appropriate ratio
of OD260: OD280 (1.65-1.85). Concentrations (ng/ul) and A260/A280
readings were recorded for each sample. The extracted DNA concentration
was measured and adjusted by dilution to conc. 20-25 ng/ul prior to PCR,
using bi-distilled, deionized, sterile water (Fluka, Germany).
Oligonucleotide primers

Primers used in this section of study together with their target specific
part of the investigated DNA are listed in Table (2). All primers were
synthesized by Eurofins MWG, Germany and obtained in a lyophilized state.
All primers were solved before use to obtain a final concentration of 20
pmol/ul of each.

Table 2. The Primers used for amplification of DNA extracts

Primer| Sequence 5’- 3’ Target element Fragment References
length
IVR1-F/ | 5°- CCg CTg TAT CAC AAg Maize invertase 226 bp Ehlers et al.,
IVR1-R ggC Tgg TACC- 3’ gene. (1997)

5’-ggA gCC CgT gTA gAg
CAT gACgAT C-3’

Transition site from
Cry03/ | 5 -CTC TCg CCg TTC ATg [the CCDPK-promoter| 211 bp Anonymus

Cry04 TCCgT -3 into the amino (2002)
5’ -ggT CAg gCT CAg gCT [terminal sequence of
gATgT -3’ synthetic Cry1A(b)

gene in Bt 176 maize.

GMO screen 35S/NOS

The extracted DNA from the samples were screened for the
35S/NOS hy using of test kit for qualitative detection of GMO varieties in food
and feeds (GeneScan- Germany Cat nos.: 5221102210) according to
producerss instructions.
DNA amplification and PCR condition

PCR was carried out on a Gene Amp PCR system 2400 (Perkin
Elmer, Germany). For each series, a master mix was prepared. Each PCR
reaction mix had 25 pl total volume and contained 2.5 yl PCR buffer (10 x
concentrate, Perkin Elmer), 2 ul MgClz solution (25 mM), 1 ul dNTPs solution
(0.2 mM each of dATP, dCTP, dGTP and dTTP), 0.5 uM of each primer, 1
Unit AmpliTaq Gold polymerase (Perkin Elmer), 2 ul of template extracted
DNA and was completed to 25 pl with water.. Table (3) explains the
time/temperature profiles used in PCR for each primer pair. On the other
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hand, PCR was done for screening of 35S/NOS according to producers
instructions. All amplicons were stored at 4 °C until gel electrophoresis.

Table (3) Time / temperature profiles for qualitative PCR with DNA
extracted from maize samples using the primer pairs
described in Table (2)

Primer pair Initial Denaturatio[Annealing| Extension | Cycles Final
denaturation n elongation
IVR1-F /IVRY 12 min. at 30sec.at |30sec.at| 30sec.at 42 |10 min. at72°C
-R 95°C 95°C 64°C 72°C
Cry03 /Cry04 | 12 min. at 30sec.at |30sec.at| 30sec. at 38 [10min. at 72°C
95°C 95°C 63°C 72°C

Table 4. A260/ A280 ratios of DNA extracted from investigation DNA
extraction methods.

Commercial DNA extraction Kits

pure link™ plant| High pure | Genome® DNA Genomic
Samples CTAB total DNA GMO DNA extraction DNA

purification kit | Sample | Isolation | from V gene | Extraction

for purification |Preparation kit Biotechnology Kit

of DNA from | Kit, Roche [(Qbiogene) limited for Food
plant Samples

(invitrogene™) (Cartagen)
Certified 1.92 191 211 2.01 1.92 2.08
Reference
Material (positive
control)
Maize Kernel 1.83 1.90 2.09 2.01 1.96 2.02
Corn flour 1.86 1.88 2.10 1.98 1.89 1.99
Maize snacks 1.58 1.73 1.89 1.83 1.8 1.87
Canned maize| 1.76 1.82 1.92 1.84 1.86 1.85
(sweet corn)
Frozen maize| 1.82 1.86 1.94 1.87 1.81 1.82
(sweet corn)
Maize Starch 1.54 1.70 1.80 1.69 1.65 1.67
Maize extruded 1.61 1.68 1.89 1.71 1.74 1.75
Popcorn 1.55 1.69 1.88 1.73 1.70 1.77
Corn flacks 1.66 1.59 1.74 1.70 1.65 1.72
ﬁread with corn| 1.54 1.61 1.74 1.70 1.65 1.74

our

Agarose gel electrophoresis examination.

To confirm the existence of sufficient DNA to produce banding in
every specimen tested, agarose gel electrophoresis was employed. Quality
and quantity characteristics of the extracted DNA were further checked by
electrophoresis on 1% (w/v) agarose gel (TAE buffer system) and ethidium
bromide staining (0.5 pg/ml). The results were visualized on a UV
transillumination (254 nm) with a and documented using Fluorchem Imager
5500 system (Alpha Innotech, USA). Agarose gel preparation as well as
electrophoresis were carried out using Tris-base/borate (TBE) buffer solution
(pH 8.0), containing 45 mmol/L Tris-base / boric acid and 1 mmol/L EDTA
adjusted with hydrochloric acid. To determine the size of the DNA fragments,
DNA of known size (100 bp DNA marker, Gibco BRL, USA) together with the
different amplicons were separated on 2% w/v agarose gel (LE, Roche)/TBE
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buffer stained with 0.01% ethidium bromide solution (0.5 mg/L). 10 ul of all
amplicons and DNA marker were stained before gel electrophoresis by 2 pl
xylenecyanol dye solution (1 mg xylenecyanol, 400 mg sucrose and
completed to 1 ml with water), and then subjected to electrophoresis for 45
min. The amplicons were made visible by ethidium bromide staining and
documented using Fluorchem Imager 5500 system (Alpha Innotech, USA).

RESULTS AND DISCUSSION

DNA extraction, concentration, purity and fragmentation state:

DNA was extracted from foodstuffs chosen on the basis of the
complexity of their composition and technology treatment. Foodstuffs
containing maize ingredients used in this study were described before in the
materials and methods (Table 1) and the samples were the following: maize
kernels (no treatment), maize flour (mechanical treatment), maize snacks,
canned maize (sweet corn), frozen maize (sweet corn), maize starch, maize
extruded, popcorn, corn flacks, bread with corn flour (mechanical, thermal
and treatment. Maize snacks, corn flacks, and maize starch, moreover,
contain ingredients capable of inhibiting PCR such as fatty acid and oils. DNA
was extracted with the six methods and the quantity of obtained DNA was
evaluated by using spectrophotometer and electrophoresis. The
quantification of DNA on agarose was achieved with all samples and different
DNA extraction to detect the band corresponding to the genomic DNA
(Figure 1)

The data obtained from figure 1 indicated that there were differences in
DNA obtained from the foodstuffs that (mechanical, thermal and treatment)
by using different methods for extraction. It was impossible to perform
genomic quantification on agarose gel except for the samples that used the
High pure GMO Sample preparation Kit, Roche gave the highest yield of DNA
from complex foodstuffs such as maize snacks, canned maize (sweet corn),
frozen maize (sweet corn), maize starch, maize extruded, popcorn corn flacks
and bread with corn flour. The quality of the DNA extracted from food
samples is generally influenced by these factors: the grade of damage (e.g.,
depurination) of the DNA. the presence of PCR inhibitors in food matrices;
and the average fragment length of the DNA extracted. These factors are
dependent on the samples itself, the processes carried out during the
production of the food, physical and chemical parameters of extraction
method utilized (Peano et al., 2004). The exposure to heat is known to cause
fragmentation of high molecular weight DNA (Hupfer et al., 1998 & Toyota et
al., 2006), and physical and chemical treatments will cause random breaks in
DNA strands, thus reducing the average DNA fragment size. Many foods,
such as vegetables and fruits are characterized by their acidity, thus
accelerating the acid-catalyzed reactions in course in thermal treatments. On
the other hand, processing at alkaline pH is part of the production of other
foods; a typical example is use of strong alkaline and or acidity solution in
the initial stages of the prepration of bread, starch and other similar foods
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from maize. The DNA is very sensitive to acid and alkaline agents because of
mechanism of hydrolytic degradation of DNA. At acid pH, purines are
removed from the nucleic backbone due to the cleavage of N-glycosidic
bounds between deoxribose residues and bases.

12 34 5 6 7 8 9 123456 789 12 3 45 6 7 89 10

Figure 1. Agrose gels of total DNA extracted from 1-Plant genomic DNA
extraction from V gene biotechnology limited, 2-Nucleospin
(Clontech), GenomicPrep (Amersham Pharmacia Biotech,
Italy), 3- GenomeR DNA Isolation kit (Qbiogene), 4- CTAB
method, 5- DNA extraction kits from plant inveterogene (USA),
6- High pure GMO Sample Preparation Kit, Roche Diagnostics.
Lane 1: M 1 Kbp. Line 2: DNA extracted from bread with corn
flour toritale.; Lanes: 4. DNA from maize kernals from USA;
lane 5: DNA from maize flour; lane 6: DNA from cannend
maize); lane 7: DNA from frozen maize (sweet corn); lane 8:
DNA from starch; lane 9: DNA from extruded maize; line 10:
DNA from Popcorn; line 11: corn flacks, respectively in 1, 2, 3,
4,5 and 6.

Subsequently, adjacent 3-, 5- -phosphodiester linkage are hydrolyzed, leading
to the shortening of DNA strands (Anklam et al., 2002 & Yamaguchi et al.,
2003). The results indicated that good results were obtained with the High
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Pure GMO sample preparation Kit Roche diagnostics. DNA extraction with
High pure GMO Sample Preparation Kit, Roche diagnostics was given higher
concentrations when compared to the other extraction methods. and the
purities were very good. Similar results were obtained by Smith et al.,(2005),
Yohimitsu & Hori (2003) and Sisea & Pamfi (2007) who compared methods
for extraction of DNA from potatoes and potato derived products and found
that the yield and quality of DNA influenced by cooking and processing. They
concluded that Wizard method was the best methods for the extraction of
DNA from most potato-derived foods and Maxwell™ 16 Tissue DNA
Purification Kit is best suited for raw or low processed matrices such as
seeds and flour and CTAB methods not suitable. On the other hand, the
obtained results were not agreement with those obtained by Milia et al.,
(2008) who used three different extraction methods for detecting Roundup
Ready soybean in processed food from Italian market, and found that all the
methods that used (CTAB, Kit Prepman™ Ultra, ABI PRISM 6100) were
suitable to isolate the DNA from Processed food and that in all the analyzed
samples the quantity of RRS was less than 0.9%.

GMO Screen 35S/NOS:

Depending on the results obtained from the quantification and purity
of DNA. All extracted DNA from the samples by high pure GMO sample
preparation Kit Roche diagnostics were chosen to screen by using GMO
Screen 35S/NOS test kit for qualitative detection of GMO varieties in food,
feed and seed according to manufactures instruments. The control reaction
(chloroplast DNA) was done as indicate whether DNA of sufficient quantity
and quality has been isolated from the samples. A specific DNA sequence of
199 bp in length from chloroplast gene was amplified both from conventional
plant DNA and from genetically modified plant DNA. The GMO PCR indicates
the presence of genetically modified DNA (data not shown). The amplicon
was specific for a GMO specific genetic elements (35S promoter or NOS
terminator). 17 samples were positive results from GM) screen 35S/NOS at
the expected amplicon size of 123 bp (Figure 2)

materials with six DNA extraction methods, were evaluated as far as
their degradation levels were concerned. For this purpose the primer pair
IVR1-F/IVR1 (Ehlers et al., 1997 ) was used and able to amplifie 226 bp
fragments from invertase gene in maize DNA. All DNA from tested samples
were given positive vit IVR1-F/IVR1 (Figure 3). The results indicated that the
extracted DNA has high quality and free from any inhibitor beacuse these
primer pairs served as a control for the amplification of the isolated DNA and
PCR procedure. The primer pair Cry03/Cry04 able to amplifiy 211 bp from
Transition site from the CCDPK-promoter into the amino terminal sequence
of synthetic CrylA(b) gene in Bt 176 maize. (Anonymus (2002).

Specific detection and identification of genetically modified maize DNA:

All the positive samples results from GMOScreen 35S/NOS test kit
were positive for 35S promotor only, these may be one from these maize
varieties Maximizer™ Bt176, Libertylink™ corn, B16 corn, Bt-Xtra™ corn,
Pioneer-MS corn, Herculex TM ITC1507 Maiz and Herculex ™ Rootworm
DAS 59122-7. The positive samples were identified by using of PCR, the
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primer pair IVR1-F/IVR1 (Ehlers et al., 1997 ) was used and able to amplifie
226 bp fragments from invertase gene in maize DNA as a control . The
primer pair Cry03 /Cry04 able to amplifiy 211 bp from transition site from the
CCDPK-promoter into the amino terminal sequence of synthetic CrylA(b)
gene in Bt 176 maize. (Anonymus (2002).

1 2 3 4 5 6 10 11 12 13 14 15

r R & H-—-v -
oﬂﬂ“
“-- --¢~

Figure 2. Example for detection of the 35S Promoter in maize samples
collected from Egyptain market. Analysis was performed
and is documented as described in legend to figure 1 except
that the GMOScreen 35S/NOS test kit for qualitative
detection of GMO varieties in food, feed test kit was used for
PCR-analysis. Lane: 1-18 : lane 2: PCR control with DNA
positive provide with kit; lanes 3+4+5+6: DNA from USA
maize kernels; lane 7+8+9: DNA from Egyptian maize; lane
10+11 : DNA from corn flour; lane 12+13 DNA from maize
snacks; lines14: DNA from cannend (sweet maize); line 15:
DNA from frozen maize; line 16: DNA from corn flacks.

The amplicom results from the positive samples raised at 211 bp.
Figure (4) indicated the positive results obtained from the investigation maize
samples. 17 samples from 50 invesyigation samples were give positive
results for maize lines Bt 176. The obtained results indicated that the
presence of genetically modified foods in Egyptian food market. Similary
results were obtained by Zbigniew et al., (2006) and Milia et al., (2008) who
found that the Egyptian food market contained genetically modified food with
out any labllens, and found genetically modified Roundup Ready soybean in
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processed food that collected from Italian food market and found genetically
modified maize and sovbean in animal feedinastuffs in noland.

1 2 3 4 5 6 7 8 9 10 11

Figure 3. Detection of the of the maize invertase gene in different food
samples. The size and location of the expected amplification
product is indicated. DNA was extracted from different
samples and examined by PCR-analysis using primer pair
primer pair ivrl-f/ivrl-r was used for PCR-analysis. Lane 1-
12: 100 bp marker DNA ladder, lane 1: PCR positive control
DNA from 0.5% genetically modified Bt 176 maiz. Line 3:
bread with corn flour toritale.; lanes 4 -11; DNA from
different maize samples; Lanes: 4: DNA from maize kernals
from USA; lane 5: DNA from maize flour; lane 6: DNA from
cannend maize); lane 7: DNA from frozen maize (sweet
corn); lane 8: DNA from starch; lane 9: DNA from extruded
maize; line 10: DNA from Popcorn; line 11: corn flacks.

Sensitivity of detection:

By using specific primers (see Table 2). For the identification of
Bt176 maize using the respective primer pairs DNA 0.5 % GMO material
(CRM) was detectable using the present PCR set up as presented in Figure
(4) (lane 2).

In conclusion ,the extraction methods that used in extraction of
genomic DNA have a great influence in both quality and quantity of DNA
extraction. The selection and application of specific DNA extraction method in
the a practiculer labouratory must be taken in account in the requirerments of
experminetal work flow with respect to samples type and throughput, as well
as the cost and time. The choice for the method should be by understanding
the practical aspects of implementing a particular methods downstream
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aplication. The extraction and purification of DNA can decrease the amount of
inhibitory substances to avoid falsh negative especially in quality control of
genetically modified foods, feeds and crops. High pure GMO sample
preparation Kit Roche diagnostics, which showed the highest amplicon length
obtained with different investigation samples DNA. The results clearly
demonstrate the incidence of genetically modified maize on the Egyptian food
market in raw materials and processed products. The Egyptain maize
varieties were found positive for Bt 176 maize this results may be due to
genes flow from GM maize to another varieties. Further study will be
undertaken to detect unauthorised GMOs for food use in Egypt, and
determine the GMO % in the samples.

Figure 4. Detection of the of the maize invertase gene in different food
samples. The size and location of the expected amplification
product is indicated. DNA was extracted from different
samples and examined by PCR-analysis using primer pair
primer pair CRY03/CRY04 was used for PCR-analysis. Lane 1-
12: 100 bp marker DNA ladder, lane 2: PCR positive control
DNA from 0.5% genetically modified Bt 176 maiz; lanes 3 -11,
DNA from different maize samples. Line 3: cannend maize;
Lanes: 4: DNA from maize kernals from USA; lane 5: DNA from
maize flour; lane 6: DNA from bread with corn flour (toritale);
lane 7: DNA from frozen maize (sweet corn); lane 8: DNA from
corn flacks; lane 9: DNA from extruded maize; line 10: DNA
from Popcorn; line 11: starch.
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