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Abstract p35S promoter and tNOS terminator are the
two primary targets for genetically modified organism
(GMO) screening. An increasing number of genetic con-
structions do not contain p35S and tNOS elements; there-
fore, new screening assays are required. The use of a larger
number of screening methods provides a better coverage of
the EU-unapproved GMOs and is a cost-effective approach
due to the decrease of tests required for identification. In
the present study, new real-time PCR screening assays
were developed targeting 10 promoter and terminator ele-
ments used in genetically modified constructs: pFMV,
pNOS, pSSuAra, pTa29, pUbi, pRice actin, t35S, tE9,
tOCS, and tg7. Specificity was verified against different
plant species, and the limit of detection was determined on
plasmid and genomic reference materials. Criteria of per-
formance were successfully tested taking into account the
recommendations of international guidelines. It means that
these assays can be considered as ready for an inter-labo-
ratory validation.

Keywords GMO detection - Promoter - Terminator -
Real-time PCR - Screening

Introduction

The detection of a genetically modified organism (GMO)

or a product derived from a GMO can be performed by the
identification of a newly expressed protein or a fragment of
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the genetic construct integrated into the plant genome.
Proteins subject to degradation during a product transfor-
mation process (e.g., cooking) are not ideal targets; how-
ever, techniques based on DNA are typically less
dependent of alterations or damage. DNA is a relatively
robust molecule, even if damaged by physical processes
[1]. Segments to amplify must be of small size (<120 bp)
in order to allow efficient detection in processed products.

Screening is typically the initial step to be carried out
when searching for genetic modifications. Given a positive
result, further testing can be done to subsequently identify
and quantify the potential GM event(s) and for all these
steps, DNA-based methods can fit. Screening must span the
widest possible range of GM events that can be encoun-
tered on the market. To date, most screening tests are based
on the detection of the cauliffower mosaic virus (CaMV)
35S promoter (p35S) or the Agrobacterium tumefaciens
nopaline synthase terminator (tNOS). These targets have
been widely applied and thus cover a large number of GM
events. Controls must also be used to check that the signals
are not due to the presence of the donor organisms [2, 3].

Tests for the detection of p35S and/or tNOS were suc-
cessfully developed for classical PCR [4—7], real-time PCR
[4, 8-14], isothermal PCR [15], microarrays [16], and
biosensors [17]. In a first time, a majority of GM plants
were transformed with constructs containing the p35S
promoter and/or the tNOS terminator sometimes next to
other promoters or terminators. Now, however, the p35S
promoter and tNOS terminator are completely absent in
some new transgenic constructs. PCR assays based on
these new elements for screening are therefore essential.
Alternatives to p35S/tNOS screening have been available
for almost a decade but their interest in screening is more
recent. For example, the literature reports classical PCR
tests for the rice actin gene promoter [6], the CaMV

@ Springer



660

Eur Food Res Technol (2013) 236:659-669

terminator [6], a multiplex Microdroplet PCR test for the
figwort mosaic virus promoter [18], a real-time PCR test
for the maize Ubiquitin promoter [19], a duplex real-time
PCR test for the CaMV terminator and the nopaline syn-
thase promoter [20]. A commercial real-time PCR assay
was also developed for the figwort mosaic virus promoter;
however, the sequences used were not provided [21].

In this paper, we present new real-time PCR tests in
TaqMan® format with similar thermal cycling conditions
for the promoter of figwort mosaic virus (pFMV), A. tum-
efaciens Nopaline Synthase promoter (pNOS), Arabidopsis
thaliana SSU promoter (pSSuAra), tobacco TA29 pro-
moter (pTA29), maize Ubiquitin promoter (pUbi), rice
actin promoter (pRice actin), CaMV terminator (t35S), pea
E9 terminator (tE9), A. tumefaciens Octopine Synthase
terminator (tOCS), and A. tumefaciens g7 terminator (tg7).

Materials and methods
Samples

We obtained certified transgenic reference material (CRM)
as samples, sold by the Institute for Reference Materials and
Measurements (IRMM, Geel, Belgium), the American Oil
Chemists’ Society (AOCS, Urbana, Illinois, USA), and Ba-
yer CropSciences (Diegem, Belgium). Coop de Pau (France)
provided homozygous T25. The certified reference materials
used are described in Table 2. Plants used for specificity
testing were collected in gardens or fields. A. fumefaciens
strains DNA was provided by the Department of Agroenvi-
ronmental Sciences and Technologies (DiSTA-Plant
Pathology Unit) of the University of Bologna (Italy).

DNA extraction

Genomic DNA was extracted and purified from all samples
following the CTAB-based method described in the Annex
A.3.1 of the ISO 21571:2005 international standard [22].
The quality and quantity of DNA extracted from samples
were estimated spectrophotometrically using a Nanodrop
ND-1000 spectrophotometer at 260 nm (A260) and
280 nm (A280) absorbance. DNA purity was determined
using A260/A280 ratio.

Primers and probes

Eurogentec (Seraing, Belgium) synthesized primers and
probes. The probes were labeled with the reporter dye
FAM™ at the 5’end, and the quencher dye TAMRA™ at
the 3’ end. The primer and probe sequences are presented
in Table 1.
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Real-time PCR

Real-time PCRs (total reaction volume of 25 pl) were
performed on an ABI7000 and an ABI7500 fast (Applied
Biosystems, Foster City, CA, USA) using Real-Time PCR
Master Mix Diagenode (Universal Master Mix, GMO-UN-
A600, Seraing, Belgium) or Applied Biosystems (Tag-
Man® Universal Master Mix, 4324020). The reaction
mixture included 12.5 pl of Master Mix, 1.7 pl of each
primer (5 uM), 1.5 pl of probe (9 pM), 2.6 pl of bidistilled
water, and 5 pl of DNA. Reaction mixtures were distrib-
uted on 96-well reaction plates (Applied Biosystems)
developed for the specific thermocyclers. Wells were
covered with adhesive film and centrifuged (500 rpm, 10 s)
to eliminate possible air bubbles in the well bottoms. PCR
conditions were as follows: 2 min at 50 °C, 10 min to
95 °C, 50 cycles of 15 s at 95 °C, and 1 min at 60 °C.
Baseline (normalized fluorescent signal before exponential
PCR amplification occurs) was adjusted at three cycles
earlier than the most abundant sample, and a threshold
fluorescence level was fixed in the middle of the linear
region of the amplification curve represented in a semi-
logarithmic graph (Y-axis with log fluorescence level in the
function of PCR cycles).

Cloning into pCR2.1

The amplified fragments were ligated into the 3.9 kb
pCR®2.1-TOPO plasmid vector (Invitrogen, Merelbeke,
Belgium) following the TOPO® TA Cloning® kit instruc-
tions (Invitrogen, Merelbeke, Belgium). PCR results were
visualized on 2.5 % agarose gels and the concentration
estimated by visual comparison to a quantitative molecular
weight marker (Smart Ladder, Eurogentec, Seraing, Bel-
gium). Plasmid DNA was isolated from bacterial cultures
using the High Pure Plasmid Isolation kit (Roche Diag-
nostics, Mannheim, Germany).

Subcloning into pUC18

pUC18 (10 pg) vector was cut with 100 units of HindIIl
and Xbal (Roche Diagnostics, Germany) to prepare the
vector for the desired fragment insertion. The pCR®2.1
plasmid (10 pg), with integrated targets, was cut with 100
units of Hindlll and Xbal to retrieve the fragment for
insertion into pUCIS8.

Band purification and extraction on low melting point
gels was conducted using the QIAquick Gel extraction kit
(Qiagen, Hilden, Germany). DNA amounts were estimated
on gels by visual comparisons relative to a quantitative
molecular weight marker (Smart Ladder, Eurogentec,
Liege, Belgium); and 10 ng of the fragments was used to
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Table 1 Primer and probe Name

Sequences

sequences
P-FMV-F
P-FMV-R
P-FMV-P
P-NOS-F
P-NOS-R
P-NOS-P
P-SSuAra-F
P-SSuAra-R
P-SSuAra-P
P-TA29-F
P-TA29-R
P-TA29-P
P-Ubi-F
P-Ubi-R
P-Ubi-P
P-Rice actin-F
P-Rice actin-R
P-Rice actin-P
T-35S-F
T-35S-R
T-35S-P
T-E9-F
T-E9-R
T-E9-P
T-OCS-F
T-OCS-R
T-OCS-P
T-g7-F
T-g7-R
T-g7-P

CGAAGACTTAAAGTTAGTGGGCATCT
TTTTGTCTGGTCCCCACAA
FAM-TGAAAGTAATCTTGTCAACATCGAGCAGCTGG -TAMRA
GTGACCTTAGGCGACTTTTGAAC

CGCGGGTTTCTGGAGTTTAA
FAM-CGCAATAATGGTTTCTGACGTATGTGCTTAGC-TAMRA
GGCCTAAGGAGAGGTGTTGAGA
CTCATAGATAACGATAAGATTCATGGAATT
FAM-CCTTATCGGCTTGAACCGCTGGAATAA-TAMRA
GAAGCTGTGCTAGAGAAGATGTTTATTC
GCTCGAAGTATGCACATTTAGCAA
FAM-AGTCCAGCCACCCACCTTATGCAAGTC-TAMRA
GAGTAGATAATGCCAGCCTGTTAAAC

ACGCGACGCTGCTGGTT
FAM-CGTCGACGAGTCTAACGGACACCAAC-TAMRA
TCGAGGTCATTCATATGCTTGAG
TTTTAACTGATGTTTTCACTTTTGACC
FAM-AGAGAGTCGGGATAGTCCAAAATAAAACAAAGGTA-TAMRA
AGGGTTTCTTATATGCTCAACACATG
TCACCAGTCTCTCTCTACAAATCTATCAC
FAM-AAACCCTATAAGAACCCTAATTCCCTTATCTGGGA-TAMRA
TGAGAATGAACAAAAGGACCATATCA
TTTTTATTCGGTTTTCGCTATCG
FAM-TCATTAACTCTTCTCCATCCATTTCCATTTCACAGT-TAMRA
CGGTCAAACCTAAAAGACTGATTACA
CGCTCGGTGTCGTAGATACT
FAM-TCTTATTCAAATTTCAAAAGTGCCCCAGGG-TAMRA
ATGCAAGTTTAAATTCAGAAATATTTCAA
ATGTATTACACATAATATCGCACTCAGTCT
FAM-ACTGATTATATCAGCTGGTACATTGCCGTAGATGA-TAMRA

ligate into the pUC18 vector in a 4:1 molar ratio for the
insert toward the plasmid. Ligation was performed in a
final volume of 60 pl with two units of T4 DNA Ligase
(Roche Diagnostics, Germany) following the manufac-
turer’s recommendations (Cat no. 716359, Roche Diag-
nostics). Subsequent transformation to competent E. coli
One shot® TOP10 cells (Invitrogen, Merelbeke, Belgium),
and plasmid DNA extraction were completed as described
above. All cloned inserts in pUCI18 were verified by
sequencing.

Limit of detection (LOD) determination

Target sensitivity was evaluated following the recommen-
dations of the former (this standard no longer exists but the
principles detailed are still applicable) AFNOR XP V03-
020-2 standard [23], but adapted to plasmid targets. Based
on the standard, the absolute limit of detection (LOD) was
determined for the PCR assay (primers + probe +

amplification program) on the dilutions of homozygous
material (100 %) or reference material.

The subsequent dilutions must contain approximately
50, 20, 10, 5, 2, 1, and 0.1 copies of the target. Six PCRs
must be achieved for each dilution. The method’s LOD is
the smallest copy number for which the six PCRs are
positive, and only if PCR on the final dilution containing
the 0.1 copy generates a maximum of one positive signal
on the six replications. If more than one positive signal is
observed for the 0.1 copy, an evaluation of DNA quantities
must be revised. The highest acceptable absolute LOD
required for a test is 20 copies.

The zygosity of some reference material was not always
indicated by the provider. For the calculation purposes of
copy numbers of the target per haploid genome equivalent,
such material was considered as homozygous for the
transgenic trait. By doing so, the measured LOD remains
valid because it is expressed as “below or equal to (<)” a
figure of copy numbers. If the certified reference material
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would have been heterozygous, then the measured LOD is
overestimated but is indeed below the figure given. LOD
was also checked on the cloned target. This has the
advantage of better copy number control than on certified
reference material.

Dilutions

Dilutions for LOD determination were conducted in water
until reaching an estimate of 20,000 copies/5 pl. Further
dilutions below that estimated copy number used a solution
containing 5 ng/ul of salmon sperm DNA as background
DNA. Low binding tubes were chosen to minimize DNA
loss due to tube wall binding.

Estimated number of haploid genomes

The mean estimated DNA quantities necessary to obtain
20,000 target copies are based on the data of Arumuga-
nathan and Earle [24] about sizes of haploid genome per
plant species and were as follows: soybean: 23.00 ng,
rapeseed: 24.60 ng, maize: 52.00 ng, sugar beet: 15.70 ng,
potato: 35.85 ng, cotton: 46.55 ng, and rice: 8.00 ng. These
quantities can be used to estimate transgenic target number.
Here, it must be emphasized that the material used was
100 % GM, and the genetic modification was inserted once
per haploid genome. Calculations were based only on fig-
ures of Arumuganathan and Earle [24] and not on that of
other references [25-27] because the latter ones do not
cover all species handled in this article.

Results and discussion
Targets based on promoters and terminators

We assessed the occurrence of the p35S and tNOS targets
on 224 GM plants (stacked events excluded) listed in the
GMOSeek matrix [28, 29]. Among the most representative
genetically modified plant species, we note 16 soybean
events, 27 rapeseed events, 41 maize events, 30 cotton
events, 11 potato events, 7 sugar beet events, 18 tomato
events, 8 wheat events, and 42 rice events. The GMOSeek
Matrix sorting functionalities indicated that 87 events
possessed a p35S, 78 have tNOS, 117 p35S or tNOS, and
48 p35S and tNOS.

With p35S and tNOS tests functional on all plants, only
~52 % of the GM plants (stacked events excluded) can be
detected.

Therefore, the need for new screening tests is justified. On
the same event list, the most frequent alternative promoters
and terminators used were as follows (numbers between
brackets provide the screening element occurrence in
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absolute numbers): pPFMV35S (10), pNOS (16), pSSuAra
(10), pTA29 (11), pUbi from Zea mays (20), pRice actin
(19), t35S (27), tE9 (16), tOCS (11), and tg7 (7). This means
that in view of a matrix-based screening approach, it is
possible with the selection of a minimum set of tests to cover
a maximum number of GMOs, thereby reducing the number
of costly event-specific tests to be performed. Moreover, the
availability of a larger set of screening methods allows a
larger coverage of unauthorized GMOs [30].

Primers and probes (Table 1) were designed for PCR
assays to specifically detect these 10 targets, with primary
interest in the screening step. Size of the developed targets
(Table 2) did not exceed 120 bp, which increases the
potential to detect the targets in processed products.

The PCR assays developed in our study were selected
based on the occurrence of the corresponding targets in
GM plants. Testing all screening elements in addition to
p35S and tNOS is not necessary, as some co-occur, for
example, pSSuAra and pTA29 are in most cases introduced
in the same GM event. However, it is valuable to possess a
screening test that confirms a positive signal on co-occur-
ring targets. In addition, increasing the number of screen-
ing elements leads to a reduction in the number of positive
result candidates, and subsequently a decrease in the
number of identification tests required to determine the
presence of GM plants. Such strategy can be supported by a
decision support system (DSS) to help the analyst for
taking decision in front of the possible numerous results of
the screening tests [31-33].

A wide screening strategy is also one of the ways to face
the emerging challenge of detection of unknown GMOs: as
very few information is available on the GM construction,
a test with a large set of screening targets could give
indications on the elements in presence and give a start
point to apply sequencing strategies [34].

Target specificity

Target specificity was evaluated on 33 crop plants (see
Table 3). The plant list includes the donor organisms of
some developed targets (Arabidopsis: pSSuAra, tobacco:
pTA29, maize: pUbi, rice: pRice actin, and pea: tE9). DNA
extracts from the CaMV and A. tumefaciens were also
included in these specificity checks. DNA from the figwort
mosaic virus was not tested because we were unable to
obtain the extracts of this material. At least an equivalent of
2,500 haploid genomes of the tested DNA was used for the
specificity tests, as recommended in the GMOseek guide-
line D8/01 [35].

No aspecific signal was observed with the organisms
tested, but signals were generated with donor organisms.
Tobacco is absent in food products; consequently, there is
no interference risk with the pTA29 target and its donor
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Table 2 Tested GM reference material and obtained limit of detection (LOD)
Target Size  Positive material used for LOD Source Material LOD
(bp) provided
pFMV 79  MONI1445 Cotton (100 % GM) AOCS 0804-B (CRM) Ground 5
cotton seeds
GT73 rapeseed (100 % GM) AOCS 0304-B (CRM) Whole seeds 2
H7-1 Sugar beet (100 % GM) ERM-BF-419 (CRM) Dried sugar 5
beet powder
MONS89788 soybean (100 %) AOCS 0906-B (CRM) Ground soya 2
seeds
MON89034 maize (100 % GM) AOCS 0906-E (CRM) Ground corn 5
Target cloned from GT73 rapeseed into the CRA-W Plasmid DNA 5
pCR2.1 plasmid
Target cloned from GT73 rapeseed into pCR2.1 CRA-W Plasmid DNA 5
and subcloned into pUCI18
pNOS 79 MSI1 rapeseed (100 % GM) Bayer CropScience ACS-BN004-7 (CRM) Genomic 10
DNA
RF1 rapeseed (100 % GM) Bayer CropScience ACS-BN001-4 (CRM) Genomic 5
DNA
RF2 rapeseed (100 % GM) Bayer CropScience ACS-BN002-5 (CRM) Genomic 10
DNA
Topas 19-2 rapeseed Bayer CropScience ACS-BN007-1 (CRM) Genomic 5
DNA
EH92-527 potato (100 % GM) ERM- BF421B (CRM) Dried potato 1
powder
Target cloned from EH92-527 potato into the CRA-W Plasmid DNA 5
pCR2.1 plasmid
Target cloned from EH92-527 potato into CRA-W Plasmid DNA 5
pCR2.1 and subcloned into pUCI18
pSSuAra 95 MS8xRF3 rapeseed (100 % GM) Collected by CRA-W Dried leaf 10
powder
MST1 rapeseed (100 % GM) Bayer CropScience ACS-BN004-7 (CRM) Genomic 10
DNA
RF1 (100 % GM) Bayer CropScience ACS-BN001-4 (CRM) Genomic 5
DNA
RF2 (100 % GM) Bayer CropScience ACS-BN002-5 (CRM) Genomic 10
DNA
Target cloned from MS8xRF3 rapeseed into the CRA-W Plasmid DNA 10
pCR2.1 plasmid
Target cloned from MS8xRF3 rapeseed into CRA-W Plasmid DNA 5
pCR2.1 and subcloned into pUC18
pTA29 117 MS8xRF3 rapeseed (100 % GM) Collected by CRA-W Dried leaf 10
powder
MSI1 rapeseed (100 % GM) Bayer CropScience ACS-BN004-7 (CRM) Genomic 5
DNA
RF1 (100 % GM) Bayer CropScience ACS-BN001-4 (CRM) Genomic 5
DNA
RE2 (100 % GM) Bayer CropScience ACS-BN002-5 (CRM) Genomic 5
DNA
Target cloned from RF1 rapeseed into the CRA-W Plasmid DNA 5
pCR2.1 plasmid
Target cloned from RF1 rapeseed into pCR2.1 CRA-W Plasmid DNA 5
and subcloned into pUC18
pUbi 76 3,006 x 281 cotton (100 %GM) ERM-BF422B (CRM) Dried cotton 2
seed
powder
Target cloned from 3,006 x 281 into the pCR2.1 CRA-W Plasmid DNA 5

plasmid
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Table 2 continued

Target Size  Positive material used for LOD Source Material LOD
(bp) provided
Target cloned from 3006 x 281 into pCR2.1 and CRA-W Plasmid DNA 5
subcloned into pUCI18
pRice 95  NK603 maize (4.91 %) ERM-BF415C (CRM) Dried maize 1
Actin powder
GA21 maize (4.29 %) ERM-BF414F (CRM) Dried maize 2
powder
MONS88017 maize (100 % GM) AOCS 0406-D (CRM) Ground 5
maize seed
Target cloned from NK603 maize into the CRA-W Plasmid DNA 5
pCR2.1 plasmid
Target cloned from NK603 maize into pCR2.1 = CRA-W Plasmid DNA 10
and subcloned into pUC18
t35S 118 T25 maize (100 % GM) Coop de Pau Maize seeds 5
TC1507 maize (10 % GM) ERM-BF418C (CRM) Dried maize 5
powder
DAS59122 maize (1 % GM) ERM-BF424C (CRM) Dried maize 20
powder
Target cloned from T25 maize into the pCR2.1 CRA-W Plasmid DNA 5
plasmid
Target cloned from T25 maize into pCR2.1 and CRA-W Plasmid DNA 10
subcloned into pUC18
tE9 87 GT73 rapeseed (100 % GM) AOCS 0304-B (CRM) Whole seeds 2
MON1445 Cotton (100 % GM) AOCS 0804-B (CRM) Ground 5
cotton seeds
H7-1 Sugar beet (100 % GM) ERM-BF-419 (CRM) Dried sugar 10
beet powder
Target cloned from H7-1 sugar beet into a CRA-W Plasmid DNA 10
plasmid
Target cloned from H7-1 sugar beet into pCR2.1 CRA-W Plasmid DNA 5
and subcloned into pUC18
tOCS 85 MSI1 rapeseed (100 % GM) Bayer CropScience ACS-BN004-7 (CRM) Genomic 10
DNA
RF1 rapeseed (100 % GM) Bayer CropScience ACS-BN001-4 (CRM) Genomic 5
DNA
RF2 rapeseed (100 % GM) Bayer CropScience ACS-BN002-5 (CRM) Genomic 10
DNA
Target cloned from RF1 rapeseed into the CRA-W Plasmid DNA 5
pCR2.1 plasmid
Target cloned from RF1 rapeseed into pCR2.1 CRA-W Plasmid DNA 2
and subcloned into pUCI18
tg7 97 MSI rapeseed (100 % GM) Bayer CropScience ACS-BN004-7 (CRM) Genomic 10
DNA
RF1 rapeseed (100 % GM) Bayer CropScience ACS-BN001-4 (CRM) Genomic 5
DNA
RF2 rapeseed (100 % GM) Bayer CropScience ACS-BN002-5 (CRM) Genomic 5
DNA
MS8xRF3 rapeseed (100 % GM) Collected by CRA-W Dried leaf 5
powder
Target cloned from MS8 (AOCS 0306-F) CRA-W Plasmid DNA 20
rapeseed into the pCR2.1 plasmid
Target cloned from MSS8 rapeseed into pCR2.1 ~ CRA-W Plasmid DNA 5

and subcloned into pUC18
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Table 3 Test of method specificity for promoters and terminators against different plant species or donor organisms (+: positive and
—: negative)

Plant or Targets and Origin
organism tested

pFMV pNOS pTA29  pSSuAra pUbi  pRice 35S tE9 tOCS tg7
actin
Figwort  Agrobacterium Tobacco Arabidopsis Maize Rice Cauliffiower Pea Agrobacterium Agrobacterium
mosaic mosaic
virus virus

Brassicaceae

Rapeseed - - — - — — — — — —_

Cabbage - — — — _ _ _ _ _ _

Radish - — — - — — — — — —_

Arabidopsis — — — + — — — — — _
Alliaceae

Leek — — — — — — — — _ _
Apiaceae

Carrot — — - — — — — — _ _

Celery — — — - — — — - - —

Chervil - — — — — — — — _ _

Parsley — — — — — — — — — _
Asteraceae

Chicory — — — — — — — - - —

Lettuce — — — — — — — — — _

Sunflower — — - — — — — — _ _
Chenopodiaceae

Sugar beet — — — - — — — - - _

Spinach - - — - — — — — — —_
Fabaceae

Peanut — — — — - - — — — _

Bean — — — — — — — — — _

Pea — — — — — — — + — _

Soybean — — — — _ _ _ _ _ _
Cucurbitaceae

Melon — — — - — - — — — _
Liliaceae

Onion — — — — - - — — — _
Linaceae

Flax — — — — — - — — _ _
Malvaceae

Cotton — — - - — — — — — _
Poaceae

Oat — — — - — — — — — _

Wheat — — — - — - — — — _

Maize — — — — + — — - - —

Millet - - — — — — — — — _

Barley — — — — — — — — — —

Rice — — - — — + — — _ _

Rye — — — — - — — — — _
Solanaceae

Eggplant — — — - — - — — — _

Potato — — — — — — — - - —
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Table 3 continued

Plant or Targets and Origin
organism tested - -
pFMV pNOS pTA29  pSSuAra pUbi  pRice 35S tE9 tOCS tg7
actin
Figwort  Agrobacterium Tobacco Arabidopsis Maize Rice Cauliffiower Pea Agrobacterium Agrobacterium
mosaic mosaic
virus virus
Tomato - — — - - - - — — -
Tobacco - + — — — — - -
A. tumefaciens — — +? — — — — — - 4 +°
Caulimovirus
Cauliflower - - - - - - + - - -
mosaic virus
Positive control 4+ + + + + + + + 4+ +
(GM)
% (C58 and T37 (nopaline strains)
® B6 and Ach5 (octopine strains)
ti?l?lliieioffl?gste}i;talttgl\? i)?ants GM plant Length of the t35S (bp) Information on the t35S sequence (if available)
LL62 rice 190 JX139719 (NCBI)
T45 rapeseed 194 FJ154952 (NCBI)
Liberator L62 rapeseed 207 -
Rainbow papaya 193 FJ467933 (NCBI)
A2704 soybean 203 -
T25 maize 205 [6]
TC1507 maize 204 .
59122 maize 194 DL476424 (NCBI)
Event 3272 maize 70 Patent US8093453
MIR 162 maize 70 -
Bt176 maize 70 [6]

organism in food or feed. Conversely, the tE9 promoter
will result in positive results whenever peas are present in
the product, and it is not necessarily flagging a GM event
presence. The primers and probes for tE9 were tested on a
variety of plants close to pea from a taxonomic point of
view namely Arachis hypogaea (peanut), Phaseolus vul-
garis (bean), Glycine max (soybean), Faba vulgaris (broad
bean), Phaseolus mungo (green mung bean), Lathyrus
odoratus (sweet pea, flower), and Lens culinaris (lentil).
All these plants gave negative results on the contrary of
three types of pea that all gave positive results.

The problem is more of a concern for pRice actin, as
nine Asian Rice events listed in the GMOSeek Matrix
contain the pRice actin promoter in their GM construct.
Similarly, pUbi is present in eight GM maize events listed
in the GMOSeek Matrix. Indeed, pRice actin and pUbi
generate clear positive signals with their respective donor
organisms or taxonomically close relatives of them. A
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similar problem was already encountered with a classical
PCR pUbi target developed by Babekova [19].

Maize and rice are primary ingredients in food and feed.
Therefore, the application of pRice actin and pUbi is more
limited in screening as they do not necessary flag a genetic
modification. In this case, differential quantitative PCR
[3, 36] with maize and rice reference genes could be
applied to compare the number of copies of the screening
tests and of alternative endogenous reference systems and
this might extend the application range of the pRice actin
and pUbi screening PCR assays.

However, in the case of raw material devoid of rice or
maize, the targets maintain their interest as promoters are
successfully used in other GM plants. Moreover, the pUbi
promoter is frequently observed in Asian GM rice.

The screening targets were also successfully tested on
the available GM reference material that contained the
promoters and/or terminators we evaluated. One exception
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was t35S. Primer and probe establishment for t35S was
rather difficult because some GM plants have a very short
t35S of 70 bp (see Table 4). Moreover, the common
sequence of 70 bp (CTTAGTATGTATTTGTATTTGTAA
AATACTTCTATCAATAAAATTTCTAATTCCTAAAA
CCAAAATCCAG) is 78 % AT rich and does not permit
the selection of primers and probe. Therefore, a 118-bp
target was selected for t35S. This target was positively
tested on T25, TC1507, and DAS59122 maize but failed
to detect the Bt176 and event 3272 maize having a very
short t358S.

Determination of LOD

The limit of detection (LOD) for the different promoter and
terminator targets was determined following the former
AFNOR XP V03-020-2 standard. The minimal requirement
is to reach a 20-copy LOD. The LOD was determined on
DNA dilutions of available reference material, but also on
a cloned target in order to obtain better control of the copy
number. The minimal performance criteria of 20 copies as
highest acceptable absolute LOD was reached for all tested
sample material (Table 2). For some events obtained as
CRM, a LOD of one copy was reached, which suggested
the target might be present more than once per haploid
genome equivalent, or an underestimation of the DNA
copies was introduced to the PCR tubes. For the cloned
targets, the lowest estimated LOD reached was two copies.

Conclusion

Nine new PCR methods for GMO detection based on
promoters (pFMV, pNOS, pSSuAra, pTA29, pUbi, pRice
actin) and terminators (tE9, tOCS, tg7) were developed and
successfully tested for qualitative purposes. A tenth method
(t35S) was also developed, but its scope is more limited
due to observed variation in sequences and length for dif-
ferent GM plant constructions.

In order to provide convincing evidence for a pre-vali-
dation report, we included LOD experiments, we checked
specificity of the PCR assays, and we considered the rec-
ommended validation guidelines proposed in international
documents as follows: AFNOR XP V03-020-2 standard
[23], the Definition of minimum performance requirements
for Analytical Methods for GMO testing [37], the Codex
Alimentarius guidelines on performance criteria and vali-
dation [38], and the guidelines for qualitative methods
described in the deliverable D8/1 of the GMOSeek project
[35]. Next to specificity and sensitivity, another important
performance criterion considered by Codex Alimentarius is
robustness. This aspect was not thoroughly analyzed here,
as there is no real consensus on how to practically address

robustness. However, elements in favor of robustness [37,
38] were determined for pUbi and tE9 targets in the
framework of the GMOSeek project, but not for all the
targets.

Newly developed screening methods will permit greater
coverage of the possible GM ingredient in food or feed
products. The results of these tests can be compared with
results obtained with other existing PCRs targeting the
p35S and tNOS, and genes such as EPSPS and bar [39].

These methods will provide a better coverage of the
potential GM events that could be present in a sample and
constitute a step forward for the detection of the unautho-
rized/unknown GMOs. The reduction of subsequent iden-
tification tests is a cost-beneficial strategy. These methods
were developed for merely qualitative purposes. However,
differential quantitative PCR [3] might provide interesting
information. Copy numbers in the same range for different
screening targets might indicate the possibility of a single
GM event (or a mix of several GM events showing the
same screening elements), while important differences
among copy numbers suggest the presence of several GM
events in different concentrations.

This study provides an upgrade in useful screening ele-
ments targeting promoters and/or terminators. A second
upgrade is required to target coding regions of genes often
encountered in genetic constructs and taking into account the
targets already developed for EPSPS [9, 40], bar [40], gox
[41], pat [42], and the more complex cry family [43—-47].
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