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The 5S intergenic spacers were amplified using a common pair of primers and sequenced from four
species (Brassica napus, Zea mays, Helianthus annuus, and Glycine max). Crop-specific assays
were developed from primers designed from the spacers and tested to amplify corresponding DNAs
in both conventional end-point and real-time polymerase chain reactions (PCRs). The high copy
numbers of the 5S DNA in plants make it possible to detect very small amounts of DNA using this
marker. This sensitivity made it possible to compare different DNA extraction methods for highly
processed food products using 5S spacers, even allowing dilution of templates to overcome PCR
inhibition.
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INTRODUCTION

The authenticity of food products is an important issue in
the European Community, as judged by the projects in this area,
funded within EC Frameworks IV, V, and VI. Correct labeling
and traceability, the ability to trace and follow food, feed, and
ingredients through all stages of production, processing, and
distribution, safeguard the consumer against fraud and life-
threatening allergenic reactions and empower the consumer to
choose whether to eat genetically modified crops. Although
proteins and other chemicals have been used to identify certain
products, DNA markers are the best-suited for identification of
biological samples. This is because of the remarkable durability
of DNA, even in hostile environments that are encountered
during many of the processing steps (1).

The use of DNA markers as diagnostic tools for food
authenticity, provenance, and traceability of variety/type com-
position of complex food matrices has been investigated in an
increasing number of projects worldwide (2-5). However, some
processed food contains highly degraded DNA and/or poly-
merase chain reaction (PCR) inhibitors, both of which may affect
the subsequent PCRs used for the amplification of diagnostic
DNA sequences. These effects may be overcome by modifica-
tion of the DNA extraction process and PCR assay design and
conditions. It is sometimes possible to overcome these inhibitory
effects by extensive dilution of the DNA extract; however, this
may not be an option when the amount of DNA in the sample
is limited. In these cases, a sensitive method for the detection
of small amounts of highly degraded DNA is necessary.

Therefore, it is important to be able to optimize the DNA
extraction method as a means of assessing the extract.

Markers from the chloroplast genome are often used for
testing plant samples (1) because of their relatively high copy
numbers (6). However, these markers are often generic and
therefore not suitable for analyzing a food product containing
many plant species. In addition, the number of chloroplasts, and
hence markers, is variable in different tissues (7). An alternative
plant sequence in high copy numbers is the 5S DNA. These
genes are present in many thousands of copies per haploid
genome and arranged in tracts of tandem repeats in a few
locations (8-10). The repeats are several hundreds of base pairs
in length containing the 5S rRNA gene (approximately 120 bp)
and the nontranscribed spacer. The 5S rRNA gene sequence is
very well-conserved between plant species while the spacer is
species-specific and the sequence has been used for phylogenetic
studies (11-14) and species identification (15-17).

Here, we aim to exploit the conserved nature of these highly
repetitive sequences and their tandem arrangement to amplify
the 5S DNA spacers from four diverse crop speciessoilseed
rape (Brassica napusL.), maize (Zea maysL.), sunflower
(Helianthus annuusL.), and soy (Glycine maxL. Merrill) s
using a “common” primer pair. We show that the 5S spacer
from these four crop species can be used to develop crop-specific
assays, which are highly sensitive as a consequence of their
copy numbers, permitting evaluation of different DNA extraction
procedures even from highly processed foods such as oils, where
recovered DNA is expected to be very low in number and
quality.

MATERIALS AND METHODS

Development of a Sensitive PCR Assay for the Detection of Plant
DNA Using 5S DNA.Sequences of 5S rRNA gene of sunflower (http://
www.man.poznan.pl/5SData/), maize (AF242644-7), oilseed rape
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(ACX05060), and soy (ACX15199) were acquired through GenBank
at the National Centre for Biotechnology Information website (http://
www.ncbi.nlm.nih.gov). The sequences were aligned using Staden
Package software (18) and primers (Sigma-Genosys Ltd., Haverhill,
United Kingdom) designed in the conserved coding region using Oligo
6.45 (National Biosciences Inc., Plymouth, MN) to amplify the 5S DNA
spacer. DNAs from sunflower, maize, soy, and oilseed rape were
amplified using the primers 5SDNAF (5′-CTGGGAAGTCCTCGT-
GTTG-3′) and 5SDNAR (5′-TTAGTGCTGGTATGATCGCA-3′). All
PCRs were performed in 20µL volume containing 20 ng of DNA, 1
U of FastStartTaqDNA Polymerase (Roche Diagnostics Ltd., Lewes,
United Kingdom), 1× buffer (Roche), 2.5 mM MgCl2, 0.2 mM dNTPs,
and 0.5µM each forward and reverse primer. PCRs were carried out
in a thermocycler Perkin-Elmer 9700 (Applied Biosystems, Warrington,
United Kingdom) with the following profile: 95°C for 5 min, 35 cycles
at 95°C for 20 s, 60°C for 30 s, and 72°C for 30 s; final extension
at 72°C for 3 min. The bands were excised from the gel and purified
with QIAquick gel extraction kit (Qiagen, Crawley, United Kingdom)
following the manufacturer’s instructions. The PCR products were
sequenced using both forward and reverse PCR primers with BigDye
Terminator cycle sequencing in an ABI Prism 3100 Genetic Analyzer
(Applied Biosystems).

Primers to amplify the 5S spacer from each of the four crop species
were designed using the sequences obtained from the amplification with
5SDNA and 5SDNAR and were tested for specificity and cross-
reactions (Table 1). The primers were designed to amplify amplicons
of different lengths andTm values in order to be distinguishable using
agarose gels and in a real-time PCR platform. DNAs from sunflower,
maize, soy, and oilseed rape were amplified with the four primer pairs
using the same reaction conditions as above but a different cycling
profile: 95°C for 5 min, 35 cycles at 95°C for 30 s, and 60°C for 10
s. The primers were also tested using a Lightcycler v 1.0 (Roche);
reactions were carried out in a 10µL volume including 5 ng of DNA,
1× Fast Start DNA Master SYBR Green I Lightcycler (Roche), 2.5
mM MgCl2, and 0.5µM each forward and reverse primer as described
in Table 2.

DNA Extracts from Highly Processed Foods.Different food
products (soy milk, soy single cream, powdered soy milk for infant,
lecithin granules, and soy sauce) and sunflower and maize oils (Table

3) were purchased from local shops. Commercial kits and in-house
methods were applied for the extraction of DNA from these products.

Method 1: Wizard Magnetic for Food Protocol (Promega, Southamp-
ton, United Kingdom).The food products were extracted according to
the manufacturer’s instructions, except thatn-heptane was used in place
of n-hexane.

Method 2: NIAB Protocol A.One milliliter of each sample (0.4 g
for samples D and E) was mixed with 500µL of n-heptane and vortexed
vigorously for 1 min, and 400µL of digestion buffer (50 mM Tris, pH
8.5, 1 mM EDTA, and 0.5% Tween 20) and 20µg of proteinase K
were added and incubated for 30 min at 48°C. The aqueous phase
was recovered by centrifugation for 10 min at 11500g and transferred
to a new tube. Ice-cold isopropanol (500µL) was added and mixed,
and the reaction was left at 4°C for 1 h. After centrifugation (20 min
at 11500g), the supernatant was pipetted off and the DNA was
resuspended with 100µL of water and purified by using the QIAquick
gel extraction kit (Qiagen) according to the manufacturer’s instructions.

Method 3: NIAB Protocol B.This method was as above except that
the precipitated DNA was washed twice with 500µL of 70% ethanol,
air-dried, dissolved in 100µL of water, and then purified by using the
Gene Clean III kit, Bio 101, according to the manufacturer’s instruc-
tions.

Method 4: Hurst A.The samples were extracted according to Hurst
et al. (3) except that MagneSil PMPs (Wizard Magnetic for Food,
Promega) was used in place of Magyx suspension.

Method 5: Hurst B.The samples were extracted according to Hurst
et al. (3) except that glassmilk (Gene Clean III kit, MP Biomedicals,
Cambridge, United Kingdom) was used in place of Magyx suspension.

Method 6: Official Swiss Method for Lecithin and Oil DNA
Extraction A.The samples were extracted according toSwiss Food
Manual (19).

Method 7.This method was as above with a further purification
using Gene Clean III kit.

The specific primers were used to detect the presence of the
corresponding DNA in the extracted samples following the conditions
mentioned previously and by using 1µL of the elution as a template.

Furthermore, five samples (B, D, E, H, and I;Table 3) were chosen
and dilutions (10-, 100-, and 1000-fold) of the DNAs extracted with
the different protocols were amplified with the primers.

RESULTS AND DISCUSSION

Development of a Sensitive PCR Assay for the Detection
of Plant DNA Using 5S DNA. Primers designed on the
conserved region of the 5S gene were used to amplify sunflower,
maize, oilseed rape, and soy DNAs. Sequences of the DNA
fragments produced showed homology to sequences in the
NCBI database using the BLASTN program (http://www.
ncbi.nlm.nih.gov/BLAST/) for the oilseed rape (95% against
X60723), maize (98% against AF242644), and soy (98% against
X15199) spacers. No corresponding sequence was found for
the sunflower sequence. The sequences of 5S DNA spacers from
the sunflower and oilseed rape were submitted to the Genbank
database (accession numbers DQ865267-DQ865268, respec-
tively).

Table 1. Species-Specific Primers for Each Crop Based on the
Alignment of 5S Gene Sequences

name sequence (5′−3′)
amplicon

length (bp)
amplicon
Tm (°C)

Sun5S-F GTGAAAGGAAGGCTTTGACG 108 92.1
Sun5S-R CTTTCCACGCCTTGATCC

OSR5S-F GGCTGCGGAAAGTTATGG 90 81.2
OSR5S-R GTGCATCGAGGTTAACGG

Soya5S-F CTTTTTGCCCTTATTCTGAG 122 79.6
Soya5S-R CTACACCGAACGAGCCAC

Maize5S-F AATGGGTGACCGTTCTCG 75 78.1
Maize5S-R CCTCCGCACAAAGTACCC

Table 2. PCR Settings in the Lightcycler To Test Primer Specificitya

step
temp
(°C)

hold
time

acquisition
mode

slope
(°C/s) program

denaturation 95 10 min none 20 none

amplification 95 3 s none 20 quanti
(35 cycles) 60 5 s none 20

72 0 s single 20

melting curve 99 0 s none 20 melt
70 5 s none 20
99 10 s cont 0.1

cooling 40 30 s none 20 none

a Channel setting F1/1.

Table 3. Products Tested for the DNA Extraction

code base supplier/source product

A soy Alpro soy cream
B soy Tesco soy milk
C soy So good soy milk
D soy Cow & Gate soy infant formula
E soy Optima 100% lecithin granules
F sunflower Sainsbury’s pure sunflower oil
G maize Mazola pure maize oil
H soy Amoy light soy sauce
I soy Amoy dark soy sauce
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Four specific primer pairs were designed to amplify short
fragments to reflect the highly degraded templates expected from
processed material. The products ranged between 75 and 108
bp in lengths and were sufficiently different to be distinguishable
by using agarose gels (Figure 1) and also by putative melting
temperatures of the products for real-time PCR detection (Figure
2). The quality of the DNA present in the samples is of particular
significance in food diagnostics. Because recovered DNA is
expected to be highly degraded, short amplicons are preferable
for successful detection (20). The primers amplified the expected
sizes for each crop, and specificity for each species was
determined (Figure 1). The test for oilseed rape showed the
presence of DNA, even in the water controls (not shown).
Failure to control contamination, even after all components of
the reactions were completely changed, resulted in no more work
on this crop. The reason for contamination can be explained by
the extensive areas of oilseed rape grown nearby, resulting in
pervasive pollen during the flowering period. If this is correct,
“DNA testing” of oilseed rape is a major concern where the
crop is grown.

The amplifications, including cross-reactions, were conducted
in parallel in a real-time platform (Lightcycler version 1.0) by
using SYBR green detection (Figure 2). Three well-distin-
guished peaks were obtained for the three crops: 78°C for
maize, 79.6°C for soy, and 92°C for sunflower.

In PCR reactions containing all six primers, species-specific
products for each species are amplified when each DNA is added
singly (Figure 3A) or when individual primer pairs are used to
amplify mixed samples (Figure 3B).

DNA Extracts from Highly Processed Foods.Soy-, maize-,
and sunflower-derived products were purchased from com-

mercial sources and used in this study (Table 3). Various factors
may contribute to the degradation of DNA in food such as
hydrolysis of the DNA due to prolonged heat treatment,
enzymatic degradation by nucleases, and depurination and
hydrolysis of DNA at low pH. The degree of PCR inhibition is
to a great extent dependent on the food type. For example, heat
treatment continuously degrades DNA resulting in a strongly
reduced average fragment length (21). For instance, lecithin
undergoes heating and chemical treatments, soy sauce fermenta-
tion, and soy milk heating during their production. Furthermore,
PCR can be inhibited by various compounds present in foods:
Substances such as carbohydrates, phenols, fatty acids, or oils
contained in the food products can be carried forward in the
eluted DNA and would impair PCR (22).

The choice and optimization of the DNA extraction proce-
dures that eliminate potential inhibitory components is of
primary importance for the success of a given PCR method,
especially when dealing with processed material (23-25): the
purification step in DNA extraction protocols seems to be a
key step. For this purpose, different protocols and purification
alternatives including commercial kits and published methods
were applied to the tested products.

The extracted DNAs were not visible when loaded in an
agorose gel; this is consistent with previous studies carried out
in processed food products (3-5). The presence and amplifi-
ability of the DNAs were verified by using the species-specific
primers developed. Two protocols, one and three, were able to
amplify species-specific amplicons in all of the samples
analyzed (summarized inTable 4).

The Wizard Magnetic for food has already been applied for
the extraction of DNA from fatty matrix such as olive oil (4)
and maize- and soy-derived products (5). The latter compared
four different extraction protocols (Wizard, Promega; DNeasy
Plant Minikit and QIAamp DNA Stool Minikit, Qiagen; and
Nucleospin Food, Macherey-Nagel) from processed food such
as crackers, polenta, tacos, and tofu by evaluating the integrity
of the DNA based on amplification product length. Short
fragments (less than 200 bp) could be amplified in all samples,
while longer amplicons were dependent on product and extrac-
tion method.

Methods 4 and 5 were used for the DNA extraction from
maize- and soy-derived products such as lecithin, extruded
defatted soy, corn puff snacks, dried soybeans, maize grits, and
maize kernels (3). The authors found that reasonable DNA could
only be obtained from soybeans and maize kernels and that
overall the yields were low. Nevertheless, they were able to
amplify short DNA fragments (less than 200 bp), therefore
confirming the presence of DNA.

In general, soy milk products, soy cream, and lecithin-
extracted samples gave stronger amplification (more products

Figure 1. Agarose gel electrophoresis of PCR products obtained using
species-specific primers. The amplification of each specific product using
their respective primers is shown. No cross-reactions are detected between
the different species. Lane 1 contains PCR with sunflower (Ha)-specific
primers; lane 2 contains soy (Gm)-specific primers, and lane 3 contains
maize (Zm)-specific primers. L denotes marker (100 bp ladder; Invitrogen,
Paisley, United Kingdom).

Figure 2. Amplification and differentiation of three specific 5S spacer
amplicons using Lightcycler real-time PCR.

Figure 3. Agarose gel electrophoresis of (A) multiplexed primers with
sunflower (Ha), soy (Gm), and Zm (maize) DNA and (B) species-specific
primers with all three DNAs (mix) and each alone. Water control (W) and
100 bp ladder (L; Invitrogen) were loaded along the samples.

4642 J. Agric. Food Chem., Vol. 55, No. 12, 2007 Silvia and David



per unit of sample of template in PCRs) as compared to the
oils and soy sauce samples. This reflects the quality and amount
of DNA contained in the starting material. In some cases, the
simplest and possibly most effective way to avoid inhibition of
PCR is the dilution of the sample. To ensure that inhibition
was not responsible for failure of amplification, PCRs were
performed using three 10-fold dilutions of each sample. The
amplification of the more diluted DNAs leads to a decrease in
intensity of the amplification products consistent with less target
DNA (Figure 4). Nevertheless, in some cases, the failure to
amplify in the higher DNA concentrations is consistent with
PCR inhibition: some samples showed amplification only when
diluted DNA was used as the template; for example, sample B,
extraction method 7, and sample D, extraction method 3 (Figure
4). In fact, most DNA samples extracted from oils and soy
sauces did not give amplification with undiluted DNA. It is only
with the use of high-copy number markers that allows inhibition
to be assessed since single-copy targets will amplify once diluted
when starting with very small amounts of template.

The use of a sensitive test is of special importance when
verifying the presence of DNA in samples with a little amount
of template (especially extracted from foodstuffs). Quality
control measures include carrying out appropriate control PCR

reactions using DNA primers designed to recognize DNA from
the specific crop. Furthermore, from the study, it was evident
that the choice of the method can have a great influence in the
recovery of the DNA as highlighted also by Peano et al. (5). In
this work, the 5S DNA was successfully used to detect the
presence of DNA from soy-derived samples and vegetable oils.
The specificity and sensitivity of the DNA tests may make it
possible to identify adulteration of more expensive oils with
cheap oils.
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