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Abstract The detection of genetically modified (GM) materi-
als in food and feed products is a complex multi-step analytical
process invoking screening, identification, and often quantifi-
cation of the genetically modified organisms (GMO) present in
a sample. “Combinatory qPCR SYBR®Green screening”
(CoSYPS) is a matrix-based approach for determining the
presence of GM plant materials in products. The CoSYPS
decision-support system (DSS) interprets the analytical results
of SYBR®GREEN qPCR analysis based on four values: the
Ct- and Tm values and the LOD and LOQ for each method. A
theoretical explanation of the different concepts applied in
CoSYPS analysis is given (GMO Universe, “Prime number
tracing”, matrix/combinatory approach) and documented
using the RoundUp Ready soy GTS40-3-2 as an example.
By applying a limited set of SYBR®GREEN qPCR methods
and through application of a newly developed “prime
number”-based algorithm, the nature of subsets of corre-
sponding GMO in a sample can be determined. Together,
these analyses provide guidance for semi-quantitative estima-
tion of GMO presence in a food and feed product.


Keywords GMO . Screening . Prime number . qPCR .


SYBRGreen


Introduction


At a global level, more than 100 genetically modified
organisms (GMO) have received an authorization for com-
mercial usage as food or feed (http://www.gmo-compass.org,
http://www.agbios.com/dbase.php). As such, GMO represent
an important component of the global food and feed market,
and enforcement legislation has been put into place to verify
compliance with the local regulations. As an example, testing
of materials derived from food and feed materials is
regulated in Europe through the EC Regulations EC/2003/
1829 and 1830 [1, 2]. Due to existence of differences in local
GMO legislations and the global nature of the food and feed
market, asynchronously authorized GMO are more and more
appearing on the market, invoking specific decisions at the
local level in case of infringement (e.g., LL601 and Bt63 rice
in the EC) [3, 4]. With respect to the market introduction of
GMO, many countries, including the EC, have installed a
government policy supporting a strong commitment to
consumer protection and freedom of choice [1, 2]. For this,
the traceability and/or labeling of GM products along the
food chain are critical. At the EC level, two particular
concepts have been elaborated to support such policy: (1) the
amount of GMO is to be calculated per ingredient (defined
as a “taxon”, e.g. soy, maize, etc.), and (2) product labeling is
mandatory when exceeding a threshold level of GMO (above
0.9% GMO per ingredient) [2]. In view of the diversity of the
GM-market (from grain to pizzas), the EC recommended to
apply the “Haploid Genome Equivalent” (HGE) as the
standard DNA detection unit for all GM food/feed products
[5].
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Due to the broad range of authorized GMO on the
market, the first step in GMO analysis consists in general of
screening for presence of GMO. The establishment of a
GMO screening approach requires the availability of (1)
appropriate detection methods (with adequate performance,
scope, and legal basis), (2) suitable reference materials, and
(3) a DSS. Moreover, such an approach should preferen-
tially apply a familiar technology in GMO analysis (such as
“Polymerase Chain reaction” (PCR) [6]) and be suited for
flexible adaptation to the market reality and the client needs
in a cost-efficient way. The enforcement activities are, to
date, primarily focusing on DNA-based approaches of which
the vast majority applies PCR. Several GMO screening
approaches, mostly based on real-time PCR (qPCR) or
micro-arrays, have already been developed aiming at covering
such broad range of GMOwith a minimal number of analyses.
For a recent critical review of those technologies, we refer to
the article of Querci et al. [7]. To date, only the so-called
Dualchip array is readily commercially available [8–10].
Most of the enforcement laboratories have today already a
(costly) qPCR platform in place, but many of these novel
technologies may require additional investments in new
equipment, in technology validation, and in logistic support.
It is thus considered the most appropriate to exploit further
qPCR-based screening approaches (see also Querci et al. [7]
for a more elaborate discussion).


In setting up a GMO screening that meets the above
criteria, it was considered that SYBR®Green qPCR could
offer a good alternative with a number of advantages over
the other PCR-based approaches: (1) SYBR®Green qPCR
monitors the increase in total fluorescence throughout the
amplification, allowing to estimate the presence of non-
specific amplification, (2) the melting temperature analysis
allows post-PCR verification of the amplification of the
expected target and any closely related target(s), (3) the
SYBR®Green technology is more cost-effective as no dye-
labeled oligonucleotide probes are required [11].


For this, the “Combinatory SYBR®GREEN qPCR
Screening” (abbreviated as “CoSYPS”) was developed
for the commonly applied 96-well plate qPCR format,
supported by a matrix-based interpretation of the analyt-
ical results. Here, we present the theoretical background
to the key concepts as applied in CoSYPS: the “GMO
Universe”, the matrix-based screening, and the use of
“prime-number GMO tagging” in facilitating selection of
the possible GMO present in the sample. Next, the
combinatory interpretation of the analytical results based
on four analytical values (the Ct, the Tm, the “LOD6” and
the “LOQ6”) is explained. Each of these concepts is
documented by using the RoundUp Ready® soy GTS40-
3-2 as a model. Finally, future perspectives on the use, the
development, and the integration of CoSYPS into a
complete GMO detection platform are discussed.


General description of the field of application


GMO analysis for enforcement is a complex process
addressing the compliance of food and feed products with
the legal requirements for GMO use. To formally describe
the CoSYPS approach, the following elements needed
either to be newly developed, either to be described within
the context of the CoSYPS approach:


1. The formal description of a GMO in terms of their
detection targets,


2. The concept of a “Universe” for GMO,
3. An illustration of the matrix-based screening approach,
4. A mathematical GMO tagging, based on prime numbers,
5. The decision criteria applied in CoSYPS (Ct, Tm, LOD,


and LOQ)
6. The principles in combinatory decision taking


The first three items are considered to represent key
concepts that are driving the general understanding of the
principles in a matrix-based screening approach. These
concepts are presented in the glossary part below. The fourth
topic represents a novel developed mathematical way of
identifying the possible GMO present in a sample based on
the outcome of the screening results. In the last two points,
the experimental parameters used specifically as decision
criteria in CoSYPS are outlined and the principles in the
combinatory interpretation within CoSYPS are explained.


Glossary to general concepts in GM plants (GMP)
screening analysis


Concept 1: Description of a GMP in function of the
constituents of the genetic modification


All EU-authorized GMO for food and feed use, represent
plant or microbial transformation events that resulted from
the introduction of a specific DNA sequence into the
genome of a host species (1, 2, and 3). Here, we will only
discuss the genetically modified plants (GMP), but a similar
reasoning can hold for any other set of GMO (such as
bacteria or viruses). In the GMP engineering process, a
certain transformation vector with known molecular DNA
structure is being constructed and used for the introduction
of new traits in a host plant. The precise organization and
content of the newly introduced DNA sequences in the
GMP are determined through detailed molecular analysis of
each GMP (e.g., by Southern blot analysis, PCR analysis,
and ultimate DNA sequence analysis). All this information
is comprehensively documented in the official registration
files required to obtain an authorization of use of the GMP
in the EC (1, 2, and 3).


The DNA introduced after transformation (designated
as “TransDNA”) can be described in a “1×Zi” linear
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matrix format in which Zi represents the respective
(relevant) DNA elements of the transformation vector


and ai the number of copies of that element (see left
panel):


 
   


 


 


As an example, the TransDNA for the RoundUp Ready®
soy GTS40-3-2 is described as a function of three vector
elements (here the p35S, tNOS, and CP4-EPSPS; see right
panel). Typical relevant TransDNA elements can thus in
general be transcription regulatory sequences (e.g. the
CaMV 35S and Agrobacterium NOS promoter and termi-
nator …), “Open Reading Frames” (ORF) (e.g. CryIAB,
PAT/bar…) or so-called vector-specific elements compris-


ing sequences from two different kinds of elements (such as
the 35S-bar [3] or CryIAb-Nos [4]).


When combined with host plant taxon-specific elements
(e.g. lectin (soy), alcohol dehydrogenase (maize),…) and so-
called event-specific elements (e.g. junction fragments be-
tween transformation vector DNA and ‘flanking’ plant
genome DNA (http://gmo-crl.jrc.ec.europa.eu; CRL-GMFF)),
a unique linear matrix can be developed for each GMP.


Concept 2: Definition of the “EU-GMP Universe” in time
and space


Next, the set of GMP to be analyzed can be defined by the
mathematical concept “Universe”, being “a class that contains
(as elements) all the entities under consideration in a given
situation”. In Table 1, a general representation in a table
format is shown. The different GMP are represented by the
rows, the constituents are listed in the columns. In this
example, the GMP Universe comprises five GMP(X1–5),
while the targets (z1–4) represent DNA sequences within the
corresponding constituents Z1–4 detected by the methods m1–4.


With respect to the EU enforcement world, the most
relevant “Universe” would be the authorized GM plants to
be placed on the market (EC directive EC/2001/18) [12],
and authorized as GM food/feed (EC regulation EC/2003/
1829) [1]. This set of GMP will be further denoted as the
“EU-GMP Universe” (EU-GMP). An example of a repre-
sentation of this Universe is shown in Table 2. Herein, the
following constituents are listed: the species/taxon in


column A, the event-specific element in column B and
generic recombinant elements (such as transcription ele-
ments, vector-specific elements…) and GM-trait DNA
elements in columns C to S. Each GMP is then represented
as a single row in the table by a linear ‘1×19’ matrix and
the EU-authorized GM plant Universe-Anno 2009 (includ-
ing the legal decisions on some unauthorized GMP)


Table 1 GMP analysis interpretation according to a matrix-based
approach


Method 


m1


Method 


m2


Method 


m3


Method 


m4


Target z 1 Target z 2 Target z 3 Target z 4


GMP X1 x x 


GMP X2 x x 


GMP X3 x 


GMP X4 x x 


GMP X5 x x 


The formal logical decision path when screening a sample potentially
containing GMP X1–5 with "Method m2 is indicated in gray (“x”:
target is present in GMP Xi; “ ”: target is not present in GMP Xi)
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comprising 29 GMP (omitting any of the stacked events),
can be described by a “29×19” matrix.


Concept 3: “Matrix-based” GMP screening approach
by establishing a formal relation between
analytical results and GMP presence
through validated detection methods


In general, the first step in GMP analysis consists of a
generic screening for the presence of GMP in a sample (for
a review see, [13]). In the ideal situation, such screening
should allow to detect all GMP of the GMP Universe. In
setting up a minimal format (being the least number of
methods required to detect the most of the GMP in the best-
discriminating way), the matrix description of the GMP
Universe can serve in determining (1) the frequency of
presence of the different targets in the GMP (= “coverage”
power) and (2) the relative distribution of the respective
targets in the GMP (= “discriminative” power).


In GMP, the most commonly present GM targets are the
CaMV 35S promoter (p35S) and the Agrobacterium NOS


terminator (tNOS; see Table 2), which have accordingly
been very often used in GMP screening. Limiting the initial
screening to those common targets only, has the disadvan-
tage that the presence/absence of large numbers of GMP
needs to be confirmed in a second GM identification
analysis. Adding GMP discriminating targets (e.g. endog-
enous targets, GM-trait targets) to the initial screening can
however greatly reduce the number of possible GMP.


Having defined a set of targets suited to detect the GMP
in a particular Universe, the basic principle in matrix-based
screening analysis requires establishing a formal relation D
which stipulates the detection of a particular target in a
GMP by an analytical method (see Box below).


The formal relation D may contain, in principle, any
detection method used in GMP analysis that meets the
validation criteria set by the ISO norm 5275 [14] and/or, at
least in the EU, the ENGL guidelines [15]. Here, as an
example, the EU-GMPsoy Universe is described, which to
date contains three authorized GMP in casu GTS40-3-2,
A2704-12, and MON89788 (see Table 2).
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When applying such relationship in a GMP analysis (see
Table 1), any positive signal (target per definition present
“≥LOD”) obtained with a validated method for a particular
target indicates that GMP comprising this target could be
present in the sample, as indicated by the x correlation in the
matrix. If the target cannot be detected (<LOD), an “empty”
is annotated. When multiple GMP comprise the same target
(see, e.g. target z2 in Table 1), a positive result generated by
screening with method m2, indicates that the GMP X2 and
X4 could be present in that sample (see gray fields in
Table 1). This principle represents the key algorithm to the
matrix-based approaches developed in GMP screening. A
similar reasoning holds when multiple methods are being
used in a screening approach (see example below).


Mathematical GMP “tagging” and selection through “Gödel
Prime Product” modulation


The aim of COSYPS analysis is to obtain sufficient
information allowing predicting the set of GMP present in
a sample. Given the constant increasing number of GMP, a
numerical tag of each GMP would be an asset in
developing a simple mathematical way of identifying each
GMP. In most models, the presence of a target is
mathematically converted into “1”, while absence is
indicated by “0”. Although very simple and directly linked
to the binary computer system and logical truth functions,
the use of such description is limited to binary interpreta-
tion requiring handling large data arrays by informatics
programs for interpretation of the outcomes. In the
mathematical model supporting CoSYPS, a novel target
identifying concept based on prime numbers has been
introduced. Prime numbers have by definition only two
dividers, the prime number itself and “1”. As such, not only
can these numbers be used as a true/false function similar to
the binary “1/0” combination, the choice of a different
prime number for each element/target/method provides a
specific representation of each of them.


In CoSYPS analysis, a unique prime number PmK is thus
assigned to each particular screening qPCR method/target
combination (see Table 3). When the target is present in the
GMP and a positive signal is obtained when applying
qPCR method mk, instead of a x, the corresponding prime
number PmK is assigned to that relationship. When the
qPCR/target combination is absent in the GMP (“empty” in
Table 1), a “1” is assigned, “1” being the neutral element in
the multiplication.


GPPXi½ � ¼ Π PmK � PSp � PEvh ð1Þ
Wherein


PmK Prime number of the method mk recognizing a
vector element zk in Xi


PSp Prime number of the method recognizing the species
DNA element in Xi


PEvh Prime number of the method recognizing an event-
specific element in Xi


When a certain set of screening methods is then applied (in
the example in Table 3, the methods m1–4), each GMP can
be represented by product of the different PmK of the
respective methods that recognize a target comprised in this
GMP (see last column in Table 3). This product is
designated the “Gödel Prime Number” of the GMP Xi


(=GPPXi) and represents a “mathematical tag” for this GMP
in a particular GMP Universe [16]. From this GPPXi the
different elements present in a GMP Xi can be obtained
through factorization into it’s the dividers (= Central
theorem of natural numbers). Vice versa, dividing the
GPPXi by the primes of the respective qPCR/target
combinations used to compile the GMP Universe will, as
a consequence of the nature of prime numbers, always yield
an integer number whenever the target is present in that
GMP. If the target is not present, a non-integer number will
be obtained as the quotient. Thus, the presence of a target in
a GMP can be mathematically traced as generating an
integer quotient by the following division:


GPPXi=PmK ¼ integer : Target zk is present in GPPXi
GPPXi=PmK 6¼ integer : Target zk is absent from GPPXi


ð2Þ


In a similar way, when using multiple methods in a
screening approach, the product of the prime numbers of
the positively scored screening outcomes for a sample can
be represented by “GPPSample” product (see Table 4). This
number comprises the targets that are detectable (≥LOD) in
the sample, and the GPPSample can be used as a divider to
search for the GMP present in the sample in a similar way
as in Eq. 2:


GPPSample=GPPXi ¼ integer : GPPXi is possibly present in the sample
GPPSample=GPPXi 6¼ integer : GPPXi is not detected in the sample


ð3Þ
Thus, based on the GPPXi of the respective GMP present in
the EU-GMP and the outcome of the screening analysis,
expressed as the GPPSample, the possible presence of a GMP
can be easily determined by a simple division function.


In Table 4, the outcome of screening four different
samples S1–4 the methods m1–4 is shown. In S1, 2, and 4,
the GPPSample/GPPXi quotient yields an integer number for
some GMP, indicating that these GMP may be present in
that sample. In sample S3, none of the GPPSample/GPPXi
quotients yield an integer, indicating that none of these
GMP is detectable in this sample. Such a “prime number”-
based tagging of the respective GMP allows thus for an
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easy interpretation of the analytical results in terms of GMP
present in a sample. An example is shown in Tables 5 and 6
for the RR soy GTS40-3-2 using the {qPCR methods} =
{LEC, p35S, tNOS, CP4-EPSPS, PAT}. The EU-GMPsoy is
used as universe (see above). In the upper panel, a prime
description of this Universe is presented; in the lower panel,
the outcome of a “prime number” tracing analysis on three
(theoretical) samples is shown. In two samples, the
outcome shows that RRsoy can be present (integer quotient;
S2 and S3), in one sample no GMsoy can be detected (S1).


The four CoSYPS decision parameters: the Tm value, the Ct


value, and the LOQ6 and LOD6 values


Next to providing a mathematical tool for formal interpre-
tation of the outcome of a screening analysis, the criteria
allowing assigning a particular decision value to a
measurement are to be defined. CoSYPS analysis deter-
mines the presence of GMP, based on the presence of
(preferentially) multiple elements comprised in a GMP by
qPCR analysis. As these elements are linked in the
transformation event, each of the elements comprised in a
GMP should be positive in the qPCR profile in order to
conclude the presence of that particular GMP. In CoSYPS,
four values for each target are taken into consideration: the
Tm value, the Ct value, and the LOQ6 and LOD6 values.


Taking a correct Tm value as the primary criterion, a
qPCR measurement in a sample analysis is considered to be
matching the relationship D for a certain target in a sample


only when: (1) a peak upon melting analysis is obtained
with a Tm value corresponding to the nominal Tm value
obtained with the reference material as template DNA (with
an acceptable SD±1°C), and (2) an (exponential) amplifi-
cation above the threshold level can be measured (=a Ct


value). The nominal Tm value for each target has been
determined by melting curve analysis upon cloning the
amplicons into a uniform plasmid background, the “Syb-
ricon” plasmids [17]. In this way, the influence of
background surroundings is considered to be minimized in
comparison to genomic DNA backgrounds.


Next, the amount of target present in the sample,
represented by the Ct value in qPCR analysis, is taken as
the second decision criterion in CoSYPS. In this respect,
two quantity-based decision levels are defined: the “LOD6”
and the “LOQ6”. The lower level of detection (here
designated as the “LOD6”), is estimated essentially accord-
ing to the former AFNOR Norm XP V03-020-2 [18] and
the IUPAC guidelines [19]. The “LOD6” of a qPCR method
represents the minimal number of targets required in a
sample to obtain six of six positive signals at a sixfold
repetition of the qPCR analysis on that sample. This LOD6


represents, as such, the (estimated) HGE (measured in
qPCR by the Ct value), at which level, within a linear serial
dilution analysis, each of the 6 repeats provides a positive
signal (n=6; six of six positive signals). All qPCR methods
applied in a CoSYPS approach should (preferentially) yield
an LOD6 of about two to ten target copies in order to meet
the requirements of the ENGL [15].


Method m1 Method m2 Method m3 Method m4


Target z1 Target z2 Target z3 Target z4
3 5 7 11 GPP Xi


GMO X1 3 1 7 1 21


GMO X2 3 5 1 1 15


GMO X3 3 1 1 1 3


GMO X4 1 5 7 1 35


GMO X5 3 1 1 11 33


Table 3 Conversion of “x”/“ ”
Matrix into “Prime Number”
Matrix (as a basis the matrix in
Table 1 was taken)


GPP Xi Gödel prime product of
the GMP Xi


Table 4 Mathematical “Prime number"-based GMP tracing in samples S1–4


Sample GPPsample GMP X1 GMP X2 GMP X3 GMP X4 GMP X5


21 15 3 35 33


S1 15 0.71428571 1 5 0.42857143 0.45454545


S2 21 1 1.4 7 0.6 0.63636364


S3 77 3.66666667 5.13333333 25.6666667 2.2 2.33333333


S4 165 7.85714286 11 55 4.71428571 5


S1 possibly contains GMP X2 and 3


S2 possibly contains GMP X1 and 3


S3 does not contain any of the GMPs


S4 possibly contains GMP X2, 3 and 5
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In view of the necessity to obtain quantitative data on the
GMO presence for labeling purposes, an additional level of
quantity was determined the so-called “LOQ6”. In this case,
the minimal amount of copies of target (designated
“LOQ6”) present in 5 μl DNA extract in order to obtain a
consistent analytical result (accepted SD±0.5 Ct) for six
repeated measurements was determined for each qPCR
method. This LOQ6-based decision criterion applied in
CoSYPS is, as such, a more quantity-based threshold. The
LOQ6 was determined through SYBR®Green qPCR anal-
ysis on (low-bias) single-copy target genomic DNA (e.g.
gDNA from leaf tissue of homozygous/hemizygous seeds
with certified HGE for the target). All qPCR methods
should (preferentially) have an LOQ6 of about 20 target
copies in the CoSYPS set-up [15].


The Ct values corresponding to the LOD and LOQ6 as
determined on the single-copy target genomic DNA, are
retained per se as decision values in the CoSYPS decision-
support system.


Combinatory interpretations in CoSYPS analysis


In practice, sampling for enforcement purposes on GMO
presence is performed by government officials and a
laboratory sample is prepared according to standardized
protocols (such as described in [5]). This laboratory sample,
typically about 500 g to 1 kg, is at first homogenized by the
analyzing laboratory and at least two representative
analytical samples (between 250 mg to 1 g, depending on
the nature of the sample) are extracted and analyzed using a
set of SYBR®Green qPCR methods. Each subsample is
herein analyzed once for the presence of the respective
“CoSYPS” targets in the sample.


The combinatory data interpretation within CoSYPS lays
at three levels: (1) a combined evaluation of the Tm and Ct


values for the presence of a certain target in each analysis of
a subsample, (2) the combined evaluation of the outcome


for the presence of a certain target in two subsamples, and
(3) the combined evaluation of the presence of multiple
targets for the determination of the presence of a particular
GMP.


Level 1: Evaluating the Tm and Ct value for each target in
each subsample


The primary criterion in CoSYPS is the Tm value
obtained upon melting analysis of the PCR amplification
products. Any Tm signals falling out of the range of the
acceptance criteria for a particular qPCR method (set at the
a priori determined nominal value±1 °C), will not be
retained for further analysis. Applying the Ct values
corresponding to the LOQ6 and LOD6 (semi-quantitative)
scores for each method, allows establishing a semi-
quantitative decision for each target with an acceptable Tm
value.


Level 2: Combining the analytical results of for each
target in the two subsamples


The possible outcomes of the analysis of two subsamples
for each qPCR method using the CoSYPS decision criteria
LOD6 and LOQ6 are listed in Table 7. In principle, each
target that is present “≥LOD6” will be retained in the
CoSYPS evaluation and the corresponding prime number
of that target will be comprised in the GPPSample (see
Table 8 (upper panel)). For each qPCR method, three types
of outcome can thus be obtained based by the combined
interpretation of the analysis of the two subsamples: the
target is present in both subsamples “above or equal to
LOQ6” (≥LOQ), “above or equal to the LOD6” (≥LOD), or
“Below the LOD6” (<LOD). The interpretation of the
combined screening results may require additional verifi-
cation/confirmation if different outcomes are obtained for
different targets comprised in the same GMP (e.g. “≥LOQ”
in subsample A and “≥LOD” for the same marker). Such
verification is especially important when the result may


Target/Method RBCL LEC P35S CP4-EPSPS PAT


Prime 3 5 7 11 13 GPP XI


GTS40-3-2 3 5 7 11 1 1155


A2704-12 3 5 7 1 13 1365


MON89788 3 5 1 11 1 165


Table 5 Formal detection of
RR soy GTS40-3-2 presence in
a sample by “Prime Number”
tagging


Table 6 Formal detection of RR soy GTS40-3-2 presence in a sample by “Prime Number” tracing


RBCL LEC P35S EPSPS PAT GTS40-3-2 A2704-12 MON89788


Primes 3 5 7 11 13 GGP 1155 1365 165


Sample GPPsample


S1 3 5 7 1 1 165 0.14285714 0.12087912 0.0008658


S2 3 5 7 7 1 1155 1 0.84615385 0.00606061


S3 3 5 7 1 13 15015 13 11 0.07878788
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have an impact on the final legal decision (e.g. labeling
requirement (at LOQ), GMP presence (at LOD)). To date,
all samples with diverging decisions on combined targets
are re-analyzed and a decision is taken according ISO-
standard 24276 [20].


Level 3: Combinatory interpretation of the analytical
results for multiple targets present in a GMP


Finally, the combined outcome of the CoSYPS screening
is compared to the respective GMP of the EU-GMP
Universe, applying the “Prime number”-based GMP-
tagging algorithm. As all targets in a particular GMP are
linked, the outcome in each subsample sample should be
coherent for each target comprised in that GMP. “Coher-
ence” here means that for one GMP to be present, all targets
comprised in that GMP should be at least detectable at the
level of the least represented target in the sample. Indeed, as
some targets are present in multiple GMP or in multiple
copies in the same GMP, overrepresentation of certain targets
in a combined evaluation may occur.


For this, the CoSYPS algorithm retains all prime
numbers of the targets wherein all constituents are
present “≥LOD6”, and multiplies these to obtain the so-
called “GPPSample”. Dividing this GPPSample by the GPP
of each of the GMP of the EU-GMP Universe, allows
assessing the presence of the GMP based on the integer
nature of the quotient (see Table 8 (lower panel)). The
mathematical and logical combination of the outcome of
the respective qPCR methods based on the presence (Tm


value) and the amount (Ct value) can be organized in a
two-worksheet Excel-based model, that can be (relatively)
easily adapted to cover different scopes (at species level),
new GM-events and additional GM-screening elements
(data not shown).


The presence of each of the matching GMP is then in a next
step of the process to be confirmed by event-specific
identification (ID). All GMP detected in the ID analysis are
then to be tested for conformity with the labeling requirements
whenever all targets of a GMP are scored “≥LOQ” These
conditions are considered reflecting to the best the require-
ments imposed by the EC legislations to date. If none of the
GMP present in the universe can explain the presence of one
or more targets, it can be concluded that a sample contains
unassigned quantities/presence of that particular target.
Further analysis will then have to be conducted as to identify
the origin or the nature of the materials generating these
unassigned signals (e.g. originating from donor organisms
(bacteria, viruses, plant…) or unauthorized GMO). Especially
in the latter case, complex additional analyses might be
required which are outside the scope or capacity of enforce-
ment activities and will not be discussed here further (e.g.
genome walking, DNA sequencing…).


Conclusions and future perspectives


CoSYPS represents a novel real-time qPCR GMP
analysis approach based on SYBR®Green technology


Table 8 Combinatory “Level 3” evaluation according to CoSYPS analyses for Sample 2 in Table 4


Sample 1 Method m1 Method m2 Method m3 Method m4 GPP GGPSAMPLE1/GPP Conclusion


Prime 3 5 7 11


Screening outcome Target z1 Target z2 Target z3 Target z4
SB1 >LOQ <LOD >LOQ <LOD


SB2 >LOQ <LOD >LOQ <LOD


Conclusion >LOQ <LOD >LOQ <LOD


PRIME CONVERSION 3 1 7 1


GGPSAMPLE1 21


GPP EVALUATION:


GMP X1 21 1 Possibly present


GMP X2 15 1.4 No match


GMP X3 3 7 Possibly present


GMP X4 35 0.6 No match


GMP X5 33 0.63636364 No match


Sample Case 1 Case 2 Case 3 Case 4 Case 5 Case 6


Subsample A ≥LOQ ≥LOQ ≥LOQ ≥LOD ≥LOD <LOD


Subsample B ≥LOQ ≥LOD <LOD ≥LOD <LOD <LOD


Outcome ≥LOQ ≥LOD ≥LOD ≥LOD <LOD <LOD


Table 7 qPCR result “Level 2”
evaluation in CoSYPS for a
single target in the two
subsamples
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supported by a four-parameter DSS. CoSYPS is essen-
tially a matrix-based approach aiming to identify the
potential presence of GMP in a sample. CoSYPS
combines for this purpose the analytical results (Tm-
and Ct values) of a limited set of SYBR®Green qPCR
methods with preferentially similar performance under the
same conditions. While other technologies are also
suitable to be applied in a matrix-approach, SYBR®Green
detection offers the advantage of verification of the
amplification products (based on the outcome of the
melting analysis). Two decision thresholds, the LOD6


and the LOQ6, allow then to estimate the level of GMP
present in a sample in a semi-quantitative way. The
CoSYPS DSS can be developed in an Excel format
wherein all concepts are integrated through simple logical
and mathematical functions (own unpublished data).


As such, CoSYPS is considered a versatile, cost-
effective approach in assessing the presence of GMP,
particularly useful in routine analysis for enforcement.
Further improvement of the CoSYPS may be (1) stream-
lining the SYBR®Green technology with other qPCR
technologies (e.g., Taqman…), (2) adapting the DSS
format to enable statistically valid analysis at low-level
presence of GMP, and (3) developing a CoSYPS
informatics tool which can be (easily) updated and
electronically verified, and moreover made available to
a broad range of stakeholders.


An integrated DSS for COSYPS screening and GM-event
Taqman identification


To date, the confirmation on the final set of GMP identified
to be possibly present in a sample by CoSYPS is obtained
by identification analysis applying validated event-specific
Taqman qPCR methods (http://gmo-crl.jrc.ec.europa.eu;
CRL-GMFF). Recently, the so-called pre-spotted plates
were developed allowing detecting all EU-regulated GMP
using Taqman qPCR methods adapted from the official
event-specific methods [21]. Such approach could be
readily combined with a CoSYPS analysis, although the
statistical model (including the acceptance criteria) for
combining data obtained from Taqman qPCR and SYBR®-
Green qPCR analysis will have to be developed. Recently, a
strategy for the interpretation of such analysis using a so-
called “differential PCR approach” has been developed
[22]. Such analysis is, to date, not yet available for
CoSYPS and may require that the PCR amplification
efficiencies for the different qPCR methods are well
established and measurable in a single-well mode. Such
determination is not (yet) available in the standard PCR
programs of the PCR machines and requires considerable
time investment using other alternative PCR analysis
software [23].


GMP detection at low-level presence


A particular challenge for the EU legal system is the
asynchronous commercialization of GMP on the global
market. While segregation systems are put in place in the
GMP exporting countries, greatly reducing the probability
of escapes of non-EU authorized GMP in EU shipments,
accidents or occasional failure seem to be inevitable (e.g.
[3, 4]). Due to the zero-tolerance rules applied at the EU-
level for non-authorized substances, these escapes represent
illegal materials and are to be withdrawn from the EU
market. In most cases, these non-authorized substances are
present only as traces but are being observed in enforce-
ment and reported as such in the European RASFF system
(http://ec.europa.eu/food/food/rapidalert).


To monitor and manage the presence of substances at
such low levels, new screening strategies may have to be
implied based on analyzing more subsamples and more
targets within a single sample analysis. For a more detailed
discussion on some of the novel approaches that could be
applied for this purpose, we refer to Querci at al. [7]. It
remains, however, to be evaluated whether appropriate
validation schemes according to the ISO-standards can be
put into place for such low amounts of materials in a
sample applying these complex technologies.


To date, a combinatory matrix-based approach based on
simplex (eventually duplex or multiplex) qPCR methods in
a 96-well (or larger) format could also be envisaged for
such purposes as long as within the global GMP Universe,
common elements (such as the p35S, the GM-traits…) are
being applied in the transformation vectors. When GMP
become however more specialized using only unique DNA
sequences (as e.g., in the GM-maize LYO38 (1, 2, and 3)),
the advantage of a combinatory approach may become a
lesser efficient strategy.


An i-GMID platform: “twittering” technical tools
and decision support on the web


Finally, given the complexity of the GMP analysis, it is
preferred that a DSS such as that developed for CoSYPS,
be maintained and updated centrally (e.g., by the European
Commission or FAO) and made accessible through a web
application. Such on-line data interpretation of GMP
analytical results within a matrix-based DSS, should allow
for designing customized GMP-screening modules. Within
this set-up, access to DBases containing up-to-date infor-
mation on validated qPCR methods and available certified
reference materials should be included. Optimal combina-
tion of methods could be evaluated through “fuzzy logic”
principles as outlined by [24]. In addition, algorithms such
as the ‘GMOTrack” system recently developed by the
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National Institute of Biology that enable the choice of the
better set of methods according to a number of sample
parameters (presence of target elements, frequency of
occurrence, and a cost function) could also be incorporated
(http://kt.ijs.si/software/GMOtrack/). Applying all these
decision-support principles within a web-based manner to
a GMP detection system, such as CoSYPS, may assist in
harmonizing and enabling transparency in GMP screening
analysis for all stakeholders in the field of GMP production,
processing, distribution, and control.


Acknowledgments This work was supported by the Co-Extra EC-
project (Contract No. 007158) and by a grant from the “Belgische
Federale Overheidsdienst Volksgezondheid, Veiligheid van de Voed-
selketen en Leefmilieu” (GMODETEC project (RT-06/6): “Ontwikk-
eling van een algemene strategie voor detectie, identificatie en
kwantificatie van genetisch gemodificeerd materiaal in voedingspro-
ducten en veevoeder”)


Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.


References


1. Regulation (EC) No 1829/2003 of the European Parliament and of
the Council of 22 September 2003 on genetically modified food
and feed. Off J Eur Union L 268:1-23


2. Regulation (EC) No 1830/2003 of the European Parliament and of
the Council of 22 September 2003 concerning the traceability and
labelling of genetically modified organisms and the traceability of
food and feed products produced from GMOs and amending
Directive 2001/18/EC. Off J Eur Union L 268:24-28


3. Commission Decision No 162/2008 of 26 February 2008
amending Decision 2006/601/EC on emergency measures regard-
ing the non-authorised genetically modified organism ‘LL RICE
601’ in rice products. Off J Eur Union L 52/25


4. Commission Decision No 289/2008 of 3 April 2008 on
emergency measures regarding the unauthorised genetically
modified organism products. Off J Eur Union L 96/29


5. Commission Recommendation 2004/787/EC of 4 October 2004
on technical guidance for sampling and detection of genetically
modified organisms and material produced from genetically
modified organisms as or in products in the context of Regulation
(EC) No 1830/2003. Off J Eur Union L 348:18-26


6. Holland PM, Abramson RD, Watson R, Gelfand DH (1991)
Detection of specific polymerase chain reaction product by
utilizing the 5′ 3′ exonuclease activity of Thermus aquaticus
DNA polymerase. PNAS 88:7276–7280


7. Querci M, Van den Bulcke M, Žel J, Van den Eede G, Broll H
(2010) New approaches in GMO detection ABC in press


8. Leimanis S, Hernández M, Fernández S, Boyer F, Burns M,
Bruderer S, Glouden T, Harris N, Kaeppeli O, Philipp P, Pla M,
Puigdomènech P, Vaitilingom M, Bertheau Y, Remacle J (2006) A
microarray-based detection system for genetically modified (GM)
food ingredients. Plant Mol Biol 61:123–139


9. Leimanis S, Hamels S, Nazé F, Mbongolo Mbella G, Sneyers M,
Hochegger R, Broll H, Roth L, Dallmann K, Micsinai A, La Paz
JL, Pla M, Brünen-Nieweler C, Papazova N, Taverniers I, Hess N,
Kirschneit B, Bertheau Y, Audeon C, Laval V, Busch U, Pecoraro
S, Neumann K, Rösel S, van Dijk J, Kok E, Bellocchi G, Foti N,
Mazzara M, Moens W, Remacle J, Van den Eede G (2008)
Validation of a GMO multiplex screening assay by the use of
microarray. Eur Food Res Technol 227:1621–1632


10. Hamels S, Leimanis S, Mazzara M, Bellocchi G, Foti N, Moens
W, Remacle J, Van den Eede G (2007) Microarray method for the
screening of EU approved GMOs by identification of their genetic
elements http://mbg.jrc.ec.europa.eu/home/docs.htm


11. Bustin SA, Benes V, Nolan T, Pfaffl MW (2005) Quantitative real-
time RT-PCR: a perspective. J Mol Endocrinol 34:597–601


12. Directive 2001/18/EC of the European Parliament and of the
Council of 17.4.2001 on the deliberate release into the environ-
ment of genetically modified organisms and repealing Council
Directive 90/220/EEC. Off J Eur Union L 106/1


13. Marmiroli N, Maestri E, Gullì M, Malcevschi A, Peano C,
Bordoni R, De Bellis G (2008) Methods for detection of GMOs in
food and feed. Anal Bioanal Chem 392:369–384


14. International Standard (ISO) 5725 (1994) Accuracy (trueness and
precision) of measurement methods and results. International
Organization for Standardization, Genève, Switzerland


15. Definition of minimum performance requirements for analytical
methods of GMO testing, European Network of GMO Laborato-
ries (ENGL) (2008) http://gmo-crl.jrc.ec.europa.eu/


16. Gödel K (1931) Über formal unentscheidbare Sätze der Principia
Mathematica und verwandter Systeme. Monatsheft für Math und
Physik 38:173–198


17. Barbau-Piednoir E, Lievens A, Mbongolo-Mbella G, Roosens N,
Sneyers M, Leunda-Casi A, Van den Bulcke M (2010) SYBR(r)
Green qPCR screening methods for the presence of "35S
promoter" and "NOS terminator" elements in food and feed
products. Eur Food Res Technol in press


18. Norme AFNOR XP V03-020-2 (04/2005): Produits alimentaires -
Détection et quantification des organismes végétaux génétique-
ment modifiés et produits dérivés - Partie 2 : méthodes basées sur
la réaction de polymérisation en chaîne


19. Thompson M, Ellison SLR, Wood R (2002) Harmonized guide-
lines for single-laboratory validation of methods of analysis
(IUPAC Technical Report). Pure Appl Chem 74:835–855


20. International Standard (ISO) 24276 (2006) Foodstuffs—methods
of analysis for the detection of genetically modified organisms and
derived products—general requirements and definitions. Interna-
tional Organization for Standardization, Genève, Switzerland


21. Querci M, Foti N, Bogni A, Kluga L, Broll H, Van den Eede G
(2009) Real-time PCR based ready-to-use multi-target analytical
system for GMO detection. Food Analytical Methods.
doi:10.1007/s12161-009-9093-0


22. Cankar K, Chauvensy-Ancel V, Fortabat MN, Gruden K,
Kobilinsky A, Zel J, Bertheau Y (2008) Detection of non-
authorized genetically modified organisms using differential
quantitative polymerase chain reaction: application to 35S in
maize. Anal Biochem 376:189–199


23. Zhao S, Fernald RD (2005) Comprehensive algorithm for
quantitative real-time polymerase chain reaction. J Comput Biol
12:1045–1062


24. Bellocchi G, Bertholet V, Hamels S, Moens W, Remacle J, van
den Eede G (2009) Fuzzy-logic based strategy for validation of
multiplex methods: example with qualitative GMO assays.
Transgenic Res. doi:10.1007/s11248-009-9293-9


An introduction to “Combinatory SYBR®Green qPCR Screening” 2123



http://kt.ijs.si/software/GMOtrack/

http://mbg.jrc.ec.europa.eu/home/docs.htm

http://gmo-crl.jrc.ec.europa.eu/

http://dx.doi.org/10.1007/s12161-009-9093-0

http://dx.doi.org/10.1007/s11248-009-9293-9





ORIGINAL PAPER


SYBR�Green qPCR screening methods for the presence
of ‘‘35S promoter’’ and ‘‘NOS terminator’’ elements
in food and feed products


Elodie Barbau-Piednoir • Antoon Lievens • Guillaume Mbongolo-Mbella •


Nancy Roosens • Myriam Sneyers • Amaya Leunda-Casi • Marc Van den Bulcke


Received: 30 June 2009 / Revised: 28 September 2009 / Accepted: 11 October 2009 / Published online: 7 November 2009


� The Author(s) 2009. This article is published with open access at Springerlink.com


Abstract The Cauliflower Mosaic Virus ‘‘35S promotor’’


(p35S) and the Agrobacterium ‘‘Nopaline Synthase’’ ter-


minator (tNOS) are the most represented generic recom-


binant elements in commercial genetically modified crops


to date. A set of four new SYBR�Green qPCR methods


targeting the ‘‘p35S’’ and ‘‘tNOS’’ core elements have been


developed. These qPCR methods generate short amplicons


of 147 and 75 bp for the ‘‘p35S’’ element and 172 and


69 bp for the ‘‘tNOS’’ element. Single target plasmids


containing these amplicons were constructed and allow


determining the nominal melting temperature (Tm value) of


each amplicon. The four methods are specific for their


respective targets, and moreover, three of them are highly


sensitive (up to 1–2 copies detectable) at a PCR efficiency


ranging between 95 and 100%. The latter methods can


detect their respective targets at 0.1% (w/w) gDNA levels


and are suitable for detecting low levels of genetically


modified materials containing the ‘‘p35S’’ and/or ‘‘tNOS’’


elements.


Keywords Real-time PCR � Food and feed analysis �
GMO detection � 35S promoter � NOS terminator �
SYBR�Green


Introduction


In the European Union, the development of genetically


modified organisms (GMO) is subject to a complex legal


framework. The most important GMO EC legislations are


the environmental directive EC/2001/18 [1], the GM Food/


Feed regulations EC/2003/1829 [2] and EC/2003/1830 [3],


the EC Recommendation EC/787/2004 [4] and the


Enforcement regulation EC/882/2004 [5]. Within these


legislations, the detection of GMO represents an important


element for compliance with the conditions set in the


authorizations. Molecular characteristics (especially DNA


sequence information) represent the most important iden-


tification criterion and legal basis for the presence of a


particular GMO in a product [2–4].


Consequently, the EU enforcement framework is pri-


marily based on molecular DNA methodology. Within the


GM Food/Feed legislation, authorizations of new GM


products require the availability of validated (quantitative)


product-specific detection methods. Most elaborate in this


respect are the so-called event-specific detection methods


for GM crops validated by the Community Reference


Laboratory for Genetically Modified Organisms (CRL-


GMO) of the EC-JRC (Ispra, Italy) [6].
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Table 1 Specificity assessment of the four SYBR�Green qPCR methods: ‘‘p35S-long’’ and ‘‘p35S-short’’, ‘‘tNOS-long’’ and ‘‘tNOS-short’’


A. Determination of the nominal Tm value of each amplicon applying ‘‘Sybricon’’ plasmids as DNA template


Sample name Origin/BCCM number 200 copies


Ct Tm (�C)


Sybricon010 (p35S-long) LMBP5460 32.04 80


Sybricon017 (p35S-short) LMBP5662 29.81 76.5


Sybricon001 (tNOS-long) LMBP5451 28.56 73.3


Sybricon006 (tNOS-short) LMBP5456 29.51 72.5


B. Specificity assessment of the four SYBR�Green qPCR methods: ‘‘p35S-long’’ and ‘‘p35S-short’’, ‘‘tNOS-long’’ and ‘‘tNOS-short’’ using


gDNA from EU-authorized GM events as template


Sample name Species GM


percentage


(m/m)


Origin p35S-


target


presence


p35S long p35S-short tNOS-


target


presence


tNOS-long tNOS-short


Ct Tm Ct Tm Ct Tm Ct Tm


Sybricon010 (p35S-long) NA NA BCCM Yes ? ? ? ? No – – – –


Sybricon017 (p35S-short) NA NA BCCM Yes – – ? ? No – – – –


Sybricon001 (tNOS-long) NA NA BCCM No – – – – Yes ? ? – –


Sybricon006 (tNOS-short) NA NA BCCM No – – – – Yes – – ? ?


A 2704-12 Soyabean 100 AOCS Yes ? ? ? ? No – – – –


GTS40-3-2 Soyabean 5 IRMM Yes ? ? ? ? Yes ? ? ? ?


MON 89788 Soyabean 1 AOCS No – – – ? No – – – ?


Wt Maize Maize 0 IRMM No – – – – No – – – –


Bt11 Maize 5 IRMM Yes ? ? ? ? Yes ? ? ? ?


Bt176c Maize 5 IRMM Yes ? ? ? ? No – – – –


DAS59122 Maize 9.86 IRMM Yes ? ? ? ? No – – – ?


GA21 Maize 1 IRMM No –a ? –a ? Yes – ? ? ?


MIR 604b Maize 10 IRMM No – – – – Yes ? ? ? ?


Mon810 Maize 5 IRMM Yes ? ? ? ? Yes/no – – – ?


MON863 Maize 9.85 IRMM Yes ? ? ? ? Yes – ? ? ?


NK603 Maize 1 IRMM Yes ? ? ? ? Yes ? ? ? ?


T25 Maize 100 Bayer Yes ? ? ? ? No – – – –


TC1507 Maize 9.86 IRMM Yes ? ? ? ? No – – –a ?


Wt Oilseed rape Oilseed rape 0 AOCS No – – – – No – – – –


GT73 Oilseed rape 1 Bayer No – – – ? No – – –a ?


Rf1c Oilseed rape 100 Bayer No – – – ? Yes ? ? ? ?


Rf2c Oilseed rape 100 Bayer No –a ? –a ? Yes ? ? ? ?


Rf3 Oilseed rape 1 Bayer No – – – – Yes ? ? ? ?


T45 Oilseed rape 1 Bayer Yes ? ? ? ? No – – ? ?


MS1c Oilseed rape 100 Bayer No – – – – Yes ? ? ? ?


MS8 Oilseed rape 100 Bayer No –a ? –a ? Yes ? ? ? ?


Topas 19/2c Oilseed rape 100 Bayer Yes ? ? ? ? No – – –a ?


Wt Rice Rice 0 AOCS No – – – – No – – – –


LL62b Rice 100 Bayer Yes ? ? ? ? No – – – –


LL62b Rice 100 AOCS Yes ? ? ? ? No – – – –


Wt Cotton Cotton 0 IRMM No – – – – No – – –a ?


MON 1445 Cotton 100 AOCS Yes ? ? ? ? Yes ? ? ? ?


MON 531 Cotton 100 AOCS Yes ? ? ? ? Yes ? ? ? ?


MON 15985 Cotton 100 AOCS Yes ? ? ? ? Yes ? ? ? ?


LL25 Cotton 100 Bayer Yes ? ? ? ? Yes ? ? ? ?


Wt Sugarbeet Sugarbeet 0 IRMM No – – – – No – – – –
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In 2007 on a global basis, about 114.3 million hectares


GM crops were cultivated, especially soy, maize and oil-


seed rape [7]. The most common recombinant elements in


these GM crops are the so-called ‘‘35S’’ promoter and


‘‘NOS’’ terminator sequences [8]. The 35S promoter


(p35S) and NOS terminator (tNOS) are both transcription-


regulating sequences [9, 10]. To date, many EU-authorized


GMOs (17/24) contain either the ‘‘p35S’’ (15/24) or the


‘‘tNOS’’ (15/24) or both (9/24) [8, 11, 12] (for more details


see Table 1). In order to assess the presence of GM


material in a product, screening by ‘‘p35S’’ and/or ‘‘tNOS’’


PCR is very often performed [13]. Several detection


methods have already been published for ‘‘p35S’’ and


‘‘tNOS’’ detection in a broad range of matrices. In most


cases, either end-point detection on agarose gel or real-


time qPCR with TaqMan� probe technology is applied


[13–19].


In only a few cases, SYBR�Green qPCR methods


were developed for detecting GM targets [e.g., 20, 21].


‘‘SYBR�Green I’’, is an asymmetrical cyanine dye [22]


which has been reported to specifically detect the presence


of double-stranded (ds) DNA [23]. Two criteria are rou-


tinely taken into account when assessing the outputs of


PCR amplification by SYBR�Green qPCR analysis: the


threshold cycle value (Ct) and the melting temperature


(Tm). The Ct value of qPCR amplification represents the


time-point at which a PCR reaction reaches a prior-set


threshold level for the reaction. This threshold level takes


into account fluctuations in the background level during


early reaction steps and the start of measurable expo-


nential amplification [24, 25]. As such, the lack of a


measurable Ct value in a qPCR is to be interpreted as the


absence of any (exponential) amplification above back-


ground level. The Tm value represents the temperature at


which 50% of the SYBR�Green fluorescence is lost due


to denaturation and strand separation of the PCR end


product. The Tm is a physical parameter inherent to the


sequence of the amplified product (esp. the GC content)


and influenced by chemical factors that affect double-


strand DNA stability (e.g., salt concentration, DMSO,


formamide, etc.) [26].


In a GMO screening approach, SYBR�Green qPCR


offers a number of advantages over other fluorescence-


based PCR methods: (1) SYBR�Green qPCR monitors the


increase in total fluorescence throughout the amplification,


allowing to estimate the presence of non-specific amplifi-


cation, (2) the melting temperature analysis allows post-


PCR identification of the amplification not only of the


expected target but also scoring the presence of closely


related target(s), (3) the SYBR�Green technology is


(rather) cost-effective as no dye-labeled oligonucleotide


probes are required.


In this study, four SYBR�Green qPCR methods were


developed allowing detecting core ‘‘p35S’’ and ‘‘tNOS’’


DNA sequences. Representative amplicons for each


method were cloned in pENGLTM-like vectors and char-


acterized by DNA sequencing. The nominal Tm value of


the amplicons was determined by using these plasmids as


template DNA with each of the SYBR�Green qPCR


methods. The specificity of the methods was tested on a


range of commodity crop species and on all EU-authorized


GMO (date March 2009). Their respective sensitivity was


estimated by applying different low-level detection criteria


on various GM reference materials.


Materials and methods


Materials


Plant materials


To study the specificity of the different SYBR�Green qPCR


methods, genomic DNA (gDNA) from either Certified


Table 1 continued


Sample name Species GM


percentage


(m/m)


Origin p35S-


target


presence


p35S long p35S-short tNOS-


target


presence


tNOS-long tNOS-short


Ct Tm Ct Tm Ct Tm Ct Tm


H7-1 Sugarbeet 100 IRMM No – – – – No – – – –


Wt Potato Potato 0 IRMM No –a ? –a ? No – – – –


EH92-527-1b Potato 100 IRMM No – – – – Yes ? ? ? ?


NTC NA NA NA No – – – – No – – – –


Yes target is present, No target is absent, NA not applicable. For the Ct values: ‘‘?’’ means (exponential) amplification and a Ct value above the


LOD, ‘‘–’’ means no amplification or amplification below the LOD. For the Tm values: ‘‘?’’ means that the observed Tm value equals the Tm of


the complementary Sybricon ±1 �C, while a ‘‘–’’ means that the observed Tm value differs more than ±1 �C from the Tm of the complementary


Sybricon
a Weak-positive signal, b GM event not authorized in EU, c GM event only tolerated below 0.9% in EU
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Reference Materials (CRM) or from in-house grown plants


is used. The CRM are obtained from the Institute of Ref-


erence Materials and Methods (IRMM) (Geel, Belgium),


American Oil Chemists’ Society (AOCS) (Urbana, USA) or


Bayer CropScience (Ghent, Belgium). In-house leaf mate-


rial is produced from seeds obtained from the Biotech


Companies or from the local commercial market. All plants


are grown in a Snijders Scientific (Tilburg, The Nether-


lands) S1084 plant growth chamber under standard condi-


tions (16/8 h day/night regime at 25 �C/80% humidity). A


list of all applied materials is given in Table 1.


Chemicals, PCR reagents and PCR primers


All applied chemical products are analytical grade (NaCl,


EDTA, Tris, boric acid, HCl, CTAB, chloroform, isopro-


panol, ethanol). The applied enzyme products are: Ribo-


nuclase A (Sigma–Aldrich), Proteinase K (Sigma–


Aldrich), EcoRI (Invitrogen) and T4 DNA polymerase


(Invitrogen). DNase and RNase free water was purchased


from ACROS organics.


All kit-products were used according to the manufac-


turer’s recommendation: Quant-iTTM PicoGreen� dsDNA


Assay Kit, TOPO TA Cloning� Kit, pCR� 2.1-TOPO�


vector, TOP10F0 competent cells (Invitrogen); Genome lab,


Dye Terminator Cycle Sequencing (DTCS) kit (Beckman


Coulter), QIAGEN Plasmid Midi kit (QIAGEN).


Pre-casted ‘‘Ready AgaroseTM 96 Plus Gel (3%)’’


(BioRad) gels and ‘‘EZ Load HT molecular weight markers


(100 bp–2 kb)’’ (Biorad) were used for agarose gel


analysis.


In the PCR reactions, Amplitaq Gold DNA polymerase


(Applied Biosystems), Oligold� oligonucleotides (Euro-


gentec), and SYBR�Green PCR Mastermix [Diagenode


(ref: GMO-GS2X-A300)] were used.


Methods


The CTAB gDNA extraction, the qPCR analysis, the


agarose gel analysis methods, the applied criteria and the


analytical procedures were accredited under ISO-17025 by


the official Belgian ISO accreditation organisation ‘‘Belac’’


(2006)


Bioinformatic development of primer pair


All bioinformatic analysis of DNA sequences are per-


formed using the wEMBOSS software package [27–29].


Relevant DNA sequences were collected from public data


bases (NCBI and EMBL), patents and scientific literature


as well as from in-house DNA sequencing. A uniform


primer design approach was applied in the development of


primer pairs for the respective targets. A first step consists


of identifying regions with high DNA sequence homology


within the ‘‘p35S’’ and ‘‘tNOS’’ regions from the different


GM events or retrieved DNA sequences. Next, several


different primer pairs, comprised within the common target


region(s), are designed using the ‘‘Primer Express’’ pro-


gram from Applied Biosystems (version 3.0) using stan-


dard program configuration. An in silico specificity


analysis for each primer is performed by probing it against


several public and GMO DNA sequence dbases [30, 31] as


well as the available in-house sequence information. Any


primer showing homology with a non-relevant DNA


sequence is discarded from further analysis. The remaining


primers are organized in pairs, where as much as possible


the primer pairs proposed by Primer Express are retained,


and tested experimentally.


Extraction of genomic DNA


A CTAB-based extraction method was applied for the


extraction of genomic DNA from all test matrices.


Prior to extraction, leaf tissue is homogenized to powder


in a mortar and pestle after liquid nitrogen freezing. Small


amounts of seeds (\30 g) are homogenized by crushing in


a blender (Kika-Werke Corp.).


Genomic DNA (gDNA) is extracted using a CTAB-


based method adapted from Dellaporta et al. 1983 [32]. To


a particular powder mass, four volumes (w:v) of CTAB


extraction buffer (NaCl 1.4 M, EDTA 0.02 M, Tris–Hcl


0.1 M, CTAB 2%), supplemented with Ribonuclase A (at a


final concentration of 15 ng/ll) is added, mixed and


incubated for 30 min at 65 �C. Next, Proteinase K (at a


final concentration of 100 ng/ll) is added and incubated for


45 min at 65 �C. Upon centrifugation (20 min at 13,000g),


0.2 volume of chloroform is added to the supernatant.


After mixing and centrifuging (20 min at 13,000g), the


upper phase is collected and two volumes of CTAB pre-


cipitation buffer (NaCl 0.04 M, CTAB 0.5%) are added.


After gently mixing, the gDNA is precipitated by incuba-


tion at room temperature for 1 h. Upon centrifugation


(10 min at 13,000g), the gDNA pellet is resuspended in


700 ll NaCl (1.2 M) and 700 ll chloroform, mixed and


centrifuged for 15 min at 13,000g. The aqueous phase is


collected and 0.6 volume isopropanol is added, mixed and


centrifuged (10 min at 13,000g). The pellet is washed with


500 ll of 70% ethanol and centrifuged after washing


(10 min at 13,000g). Washing is repeated and the cleaned


pellet is dried for 30 min at 28 �C in a dry bath (Fisher


Bioblock). Finally, the pellet is resuspended in 200 ll of


DNase and RNase free water and allowed to dissolve


overnight at 4 �C under agitation. The extracted gDNA is


quantified using a VersaFluorTM Fluorometer (Biorad)


using the Quant-iTTM PicoGreen� dsDNA Assay Kit.


Finally, the gDNA is stored at -20 �C.
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Real-time PCR


All qPCR assays are performed on an ABI 7300 PCR


System (Applied Biosystems) in 25 ll reaction volume


containing 5 ll of template (10 ng/ll gDNA), 19


SYBR�Green PCR Mastermix, and 250 nM of each pri-


mer. The following thermal program is applied: a single


cycle of DNA polymerase activation for 10 min at 95 �C


followed by 40 amplification cycles of 15 s at 95 �C


(denaturing step) and 1 min at 60 �C (annealing-extension


step). Subsequently, melting temperature analysis of the


obtained amplification products is performed by gradually


increasing the temperature from 60 to 95 �C in 20 min


(±0.6�/20 s). The fluorescent reporter signal is normal-


ized against the internal reference dye (ROX) signal and


the threshold limit setting is performed in automatic


mode, according to the ABI Sequence Detection Software


version 1.4, unless manual adjustment is considered


necessary.


Amplicon cloning, sequencing and plasmid deposit


PCR fragments obtained by ‘‘classical’’ PCR amplification


using Bt11 leaf gDNA as template are cloned in a pUC18


plasmid applying common ‘‘Good Laboratory Cloning


Practices’’ [33]. The respective amplification products are


subcloned in pCR�2.1 TOPO using the TOPO TA


Cloning� Kit and characterized by restriction analysis.


Plasmid DNA from a correct clone is then prepared


(QIAGEN Plasmid Midi kit), and the corresponding gel-


separated EcoRI fragment isolated and T4-ligated into


pUC18 vector DNA (Invitrogen). These plasmids are


designated as ‘‘Sybricons’’, standing for ‘‘SYBR�Green


amplicon’’.


The respective amplicons are characterized by dideoxy-


sequence analysis on a CEQ8000 Genetic Analysis System


(Beckman Coulter) with the Genome lab, Dye Terminator


Cycle Sequencing (DTCS) Quick start Kit. Each obtained


sequence is verified by DNA sequence analysis using the


alignment ClustalW2 program [34].


The Sybricon plasmids are registered under ‘‘Safe


Deposit’’ or ‘‘Patent deposit’’ at the ‘‘Belgian Culture


Collection for Micro-organisms’’ in the ‘‘Plasmid and DNA


Library Collection’’ ([35] (BCCM/LMBP) (Ghent, Bel-


gium) (see Table 1). Authenticity testing for each plasmid


is performed by the BCCM/LMBP prior to acceptance and


certification.


SYBR�Green qPCR assay specificity assessment


Primer pair specificity is assessed by testing amplification


of reference materials for target-containing and target-


lacking GM events (for an overview see Table 1). Four


criteria were set to define what is considered as a ‘‘specific


signal’’ generated in SYBR�Green qPCR analysis: (1) an


(exponential) amplification above the threshold level is


obtained with template DNA comprising the target


sequence(s), while negative controls [the so-called ‘‘No


Template Controls’’ (NTC) and the gDNA from wild-type


crop plants] do not yield such amplification; with all target-


containing template DNA, the obtained PCR product(s)


represents (2) a single peak upon melting analysis with a


unique Tm value corresponding to the nominal Tm value


obtained with the respective Sybricon as template DNA


(with an acceptable SD ± 1 �C), while no specific peaks


are detectable in the negative controls, and (3) a single


band on agarose gel analysis with (4) a molecular weight


corresponding to the predicted size (SD ± 10 bp).


In each analysis, 50 ng of DNA template is applied. ‘‘No


Template’’ controls (NTC) are included in each assay to


assess primer dimers formation or specific background


fluorescence.


SYBR�Green qPCR assay sensitivity assessment


In this study the sensitivity of the assays was estimated


according to the former AFNOR Norm XP V03-020-2 [36]


and the IUPAC guidelines [37]. The so-called ‘‘LOD6’’ of a


qPCR method for detection of a particular target represents


the estimated haploid genome equivalent (HGE), at which


level within a linear serial dilution analysis, each of the six


repeats provides a positive signal (n = 6; 6/6 specific


signals).


In this study, gDNA obtained from leaf tissue of


Roundup Ready� soy GTS40-3-2 (RRS) is used as the


model system. The calculation of the target copy numbers


of ‘‘p35S’’ and ‘‘tNOS’’ in RRS genomic leaf tissue DNA


took into consideration the following: (1) an estimated


1.25 pg Haploid Genome Weight for soy as described by


Arumugunathan and Earle [38], (2) the homozygous status


for the GTS40-3-2 locus in the applied reference material


(gDNA from leaf tissue of homozygous seeds (Monsanto


Company)), and (3) the available information on the


inserted DNA present in RRS [8, 11, 12, 39, 40]. Based on


these data, the ‘‘Roundup Ready GTS 40-3-2’’ locus


comprises 1 copy of ‘‘p35S’’ and 1 copy of ‘‘tNOS’’ per


haploid genome.


The SYBR�Green qPCR assay sensitivity is assessed by


(1) serial dilution (in water) of leaf tissue DNA from


homozygous Roundup Ready� soy GTS40-3-2 (RRS)


(40.000–0.1 HGE), and (2) a dilution of the same leaf


tissue DNA RRS in leaf tissue DNA Wt Soybean at 100, 1


and 0.1% RRS. All analyses are repeated sixfold and the


LOD6 is determined. From these analyses, also the PCR


efficiency (E) for each of the methods can be calculated


according to: [41]
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E ¼ 10 �1=slope
� �


� 1


The PCR efficiency (E) could be expressed in percentage:


E ¼ 10 �1=slope
� �


� 1
� �


� 100


Agarose gel analysis


Agarose gel electrophoresis (3% precast gels, Biorad) is


performed using 0.59 TBE (45 mM Tris–borate–1 mM


EDTA) at 100 V for 15 min, including a 100 bp–2 kb


Molecular Marker (BioRad).


Results and discussion


Identification of core target DNA regions in the ‘‘p35S


and ‘‘tNOS’’ elements present in the ‘‘EU-authorized


GMO’’ Universe (March 2009), primer design and


selection


Most EU-authorized GMOs contain either the ‘‘p35S’’ or


the ‘‘tNOS’’ element, or both of them (see Table 1) [8, 11,


12]. In order to develop primer sets that specifically


amplify all the ‘‘p35S’’ or the ‘‘tNOS’’ elements as present


in the EU-authorized GM plants, a Bioinformatics DBase


was compiled containing all the available relevant DNA


sequences. Within both elements, a highly conserved core


region could be identified: a 366-bp sequence for the


‘‘p35S’’ (reference GenBank: V00141.1, position 7,072–


7,437) and a 256 bp for ‘‘tNOS’’ (reference GenBank:


V00087.1, position 1,844–2,099). A common strategy for


the development and selection of primer sets for both core


elements was then applied (see ‘‘Materials and methods’’).


Several primer pairs were developed and a limited


assessment of their amplification efficiency, selectivity,


and specificity on gDNA of several target-containing GMO


was performed (data not shown). The primer pairs listed in


Table 2 performed best in this assessment. The corre-


sponding qPCR methods are further designated as ‘‘p35S-


long’’, ‘‘p35S-short’’, ‘‘tNOS-long’’, and ‘‘tNOS-short’’,


respectively. To guarantee that these qPCR methods


amplified the correct target sequences, so-called ‘‘Sybr-


icon’’ plasmids containing the respective amplification


products are constructed using gDNA from Bt11 maize leaf


tissue as template DNA. The DNA sequences of the cloned


amplicons are shown in Fig. 1. The obtained sequences


match perfectly with the sequence from which the primers


were designed. ‘‘p35S-long’’ amplicon matches reference


GenBank: V00141.1 (position 7,249–7,395), ‘‘p35S-short’’


amplicon matches reference GenBank: V00141.1 (position


7,323–7,397), and ‘‘tNOS-long’’ amplicon matches refer-


ence GenBank: V00087.1 (position 1,850–2,021). The


‘‘tNOS-short’’ amplicon matches reference GenBank:


Table 2 Primer pairs and amplicon size for each SYBR�Green qPCR method


SYBR�Green qPCR


method name


Target Primer name Primer sequence Amplicon


size (bp)


References


‘‘p35S-long’’ CaMV 35S promoter 35S-3 GACAGTGGTCCCAAAGATGG 147 [42]


35S-6 GTCTTGCGAAGGATAGTGGG


‘‘p35S-short’’ CaMV 35S promoter 35S_N3Fwd AAAGCAAGTGGATTGATGTGATA 75 This study


35S_N3 Rev GGGTCTTGCGAAGGATAGTG


‘‘tNOS-long’’ tNOS trait specific tNOS NEW Fwd1 CGTTCAAACATTTGGCAATAAAG 172 This study


tNOS NEW Rev1 AAATGTATAATTGCGGGACTCTAATC


‘‘tNOS-short’’ tNOS trait specific tNOS_NN_Fwd GATTAGAGTCCCGCAATTATACATTTAA 69 This study


tNOS D REV TTATCCTAGKTTGCGCGCTATATTTa


a K represents a degenerate nucleotide equaling a G or T at that position


C 


B 


A 


D 


Fig. 1 DNA sequence of the ‘‘p35S-long’’, ‘‘p35S-short’’, ‘‘tNOS-


long’’ and ‘‘tNOS-short’’ amplicons obtained by SYBR�Green qPCR


using ‘‘Sybricon’’ reference plasmids as template DNA. a Sybr-


icon010 (p35S-long qPCR). b Sybricon017 (p35S-short qPCR). c
Sybricon001 (tNOS-long qPCR). d Sybricon006 (tNOS-short qPCR).


The reverse and forward sequencing primers are indicated in bold
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Fig. 2 Linear amplification plots (panels a–d) and melting curves


(panels a’–d’) obtained by SYBR�Green qPCR analysis of the target-


containing GMO listed in Table 1. The different qPCR methods


applied are the p35S-long qPCR in panel a and a’, the p35S-short


qPCR in panel b and b’, the tNOS-long qPCR in panel c and c’ and


the tNOS-short in panel d and d’. In the amplification curves (panels


a–d), the cycle number is plotted on the X-axis versus the measured


fluorescence increase (expressed as DRn) on the Y-axis. In the melting


curve analysis (panels a’–d’), the temperature (�C) is plotted on the


X-axis versus the inverse of the first derivate of the best-fitted curve of


the measured fluorescence decrease on the Y-axis
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V00087.1 (position 1,996–2,064) with a single mismatch in


position 2,055 (A ? C) due to a degenerate nucleotide in


the reverse primer (Table 2). The respective sequences


match perfectly the expected ones as notified for Bt11


maize and recognize all to date ‘‘p35S’’ and ‘‘tNOS’’


containing EU-authorized GMO [as evaluated through


blast analysis of the CCSIS Bioinformatics data analysis


[40] (data not shown).


Tm value determination for the ‘‘p35S’’ and ‘‘tNOS’’


SYBR�Green qPCR amplicons with ‘‘reference


plasmids’’ as DNA template


To minimize bias due to the genetic background in deter-


mining the nominal value of the melting temperature for


each target, the ‘‘Sybricon’’ plasmids containing the


respective amplification products were used to generate


each of the ‘‘p35S’’ and ‘‘tNOS’’ amplicons. The Tm values


for the different ‘‘p35S’’ and ‘‘tNOS’’ amplicons are distinct


from each other with a Tm value at 80 and 76.5 �C for the


‘‘p35S-long’’ and ‘‘p35S-short’’, respectively, and at 73.3


and 72.5 �C for the ‘‘tNOS-long’’ and ‘‘tNOS-short’’,


respectively (Table 1A). It is generally accepted that the Tm


obtained with SYBR�Green qPCR could vary between 0.5


and 1 �C for the same amplicon [43, 44]. Therefore, to


cover slight deviations in the Tm value between reference


materials (Sybricons) and samples due to analyte impuri-


ties, a standard deviation of ±1 �C on the nominal Tm value


will be applied, as the acceptance range, in further analysis.


Determination of ‘‘p35S’’ and ‘‘tNOS’’ SYBR�Green


qPCR specificity


Using the 4 SYBR�Green qPCR methods, all target-con-


taining GM-event samples give specific signal for ‘‘p35S’’


and/or ‘‘tNOS’’ (Table 1B). All NTC samples are negative


and also all WT crop templates do not yield any specific


signals. It can thus be concluded that all four methods are


specific for their targets. In several CRM (8 out of 35


materials), however, weak-positive signals are detectable


(indicated with ‘‘–a’’ in Table 1B.). These weak-positive


signals are most probably due to the presence of low


amounts of GMO impurities in the reference materials


because the Ct levels of the signals reside at or below the


LOD of the methods (see below) and a DCt [ 6 between


these aberrant signals and any target-positive element is


observed. The CRM are certified for the presence of a


specific target at a particular mass% but are not certified for


the absence of any other GM targets that could be present


at low level [45, 46]. Due to the very low quantities


present, the nature of these impurities was not further


investigated.


All specific signals in the target-containing GMO gen-


erate a unique peak in melting analysis and the Tm values


of the PCR products differ less than 1 �C from the nominal


Tm value of the corresponding Sybricon plasmids (see


Table 1B and Fig. 2). No additional peaks were observed


in these analyses. Thus, the 4 SYBR�Green qPCR reac-


tions generate a single specific signal without major addi-


tional amplification products.


Agarose gel analysis of the respective PCR products


yields a single band at the expected molecular weight in all


target-containing GMO (147 bp for ‘‘p35S-long, 75 bp for


‘‘p35S-short’’, 175 bp for ‘‘tNOS-long’’ and 69 bp for


‘‘tNOS-short’’). Again, no major additional amplification


products are observed (Fig. 3).


B
M  1     2    3   4    5    6   7   10  11 12  13  14  16  19   20   21  22   M


A
M      1    2     3     4   5      6   7   10  11  12  13  14 16 19   20   21  22  M


D
M      1    2     3  4     5    8  9   11   12  15  17   18  22   M 


C
M      1     2   3     4    5    8    9   11   12  15  17   18   22  M


Fig. 3 Agarose gel electrophoresis of the ‘‘p35S’’ and ‘‘tNOS’’ PCR


products amplified by SYBR�Green qPCR from gDNA extracted


from reference material containing these elements. The respective


qPCR methods applied were: panel a the p35S-long qPCR (expected


amplicon length: 147 bp), panel b the p35S-short qPCR (expected


amplicon length: 75 bp), panel c the tNOS-long qPCR (expected


amplicon length: 172 bp), and panel d the tNOS-short qPCR


(expected amplicon length: 69 bp). Tested GMO events containing


these elements are: 1 ‘‘MON1445’’, 2 ‘‘MON531’’, 3 ‘‘MON15985’’,


4 ‘‘LL25’’, 5 ‘‘BT11’’, 6 ‘‘BT176’’, 7 ‘‘DAS 59122’’, 8 ‘‘GA21’’, 9
‘‘MIR604’’, 10 ‘‘MON810’’, 11 ‘‘MON863’’, 12 ‘‘NK603’’, 13
‘‘T25’’, 14 ‘‘TC1507’’, 15 ‘‘RF3’’, 16 ‘‘T45’’, 17 ‘‘MS8’’, 18
‘‘EH92-527-1’’, 19 ‘‘LL62’’ (Bayer material), 20 ‘‘LL62’’ (AOCS


material), 21 ‘‘A2704-12’’, 22 ‘‘GTS 40-3-2’’. M EZ load HT


molecular marker, 100 bp–2 kb (5 bands: 100, 200, 500, 1,000,


2,000 bp)
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Sensitivity of the 4 SYBR�Green qPCR methods


for ‘‘p35S’’ and ‘‘tNOS’’ analytes on ‘‘model’’


reference materials


The results for the LOD6 determination for the 4


SYBR�Green qPCR methods by serial dilution of leaf


DNA from RRS is shown in Table 3. For the ‘‘p35S-long’’,


‘‘p35S-short’’ and ‘‘tNOS-short’’ qPCR methods, the LOD6


can be set at 1–2 estimated HGE of the respective targets


(Table 3). In the dilution series of the ‘‘p35S-long’’


analysis, the one copy dilution showed an initial deviation


from the 6/6 positives, what would make the 2-copy level


the LOD6. However, at the consecutive estimated 0.5-copy


dilution in this particular series, again 6/6 positives were


found and a single positive was found at 0.1 copy. To


clarify this statistically highly improbable observation, the


latter dilution series was repeated and this time, the 1-copy


dilution yielded 6/6, the 0.5 copy 3/3 and the 0.1 copy a 0/6


positives, respectively (data not shown). This allows to


conclude that the LOD6 for the ‘‘p35S-long’’ method is


Table 3 Sensitivity assessment of the four SYBR�Green qPCR methods: ‘‘p35S-long’’ and ‘‘p35S-short’’, ‘‘tNOS-long’’ and ‘‘tNOS-short’’


pg gDNA RRS


100%/assay


50,000 5,000 500 50 25 12.5 6.25 2.5 1.25 0.625 0.125 NTC


Theoretical copy


number/assay


40,000 4,000 400 40 20 10 5 2 1 0.5 0.1 0


‘‘p35S-long’’ Signal ratio 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 5/6 6/6 1/6 0/6


Ct mean 18.53 22.06 25.4 29.65 30.75 31.78 33.09 35.17 34.5 34.96 35.16 NA


Ct standard deviation 0.23 0.38 0.22 0.21 0.45 0.43 0.71 1.27 0.42 0.95 NA NA


‘‘tNOS-long’’ Signal ratio 6/6 6/6 6/6 2/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6


Ct mean 27.30 30.63 35.17 39.77 NA NA NA NA NA NA NA NA


Ct standard deviation 0.32 0.51 0.57 0.23 NA NA NA NA NA NA NA NA


‘‘p35S-short’’ Signal ratio 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 5/6 4/6 0/6 1/6


Ct mean 19.21 22.55 26.08 29.56 30.79 31.60 32.82 34.45 35.45 35.49 NA 36.75


Ct standard deviation 0.10 0.09 0.05 0.30 0.31 0.35 0.51 0.96 0.46 0.70 NA NA


‘‘tNOS-short’’ Signal ratio 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 4/6 2/6 0/6


Ct mean 18.28 21.58 25.18 28.85 30.07 30.65 31.94 33.66 34.46 34.50 35.80 NA


Ct standard deviation 0.19 0.12 0.09 0.23 0.15 0.42 0.33 1.12 0.83 1.62 0.29 NA


Average Ct values from a six repeats sensitivity assessment on gDNA from GM-soy event GTS40-30-2 (RRS). The LOD6 is italicized. The


signal ratio is expressed as specific signal/total number of reaction: as a positive control PCR, a soybean-specific lectin SYBR�Green qPCR was


applied (data not shown)


NA Not applicable


Table 4 Sensitivity assessment


of 4 SYBR�Green PCR


methods: ‘‘p35S-long’’ and


‘‘p35S-short’’, ‘‘tNOS-long’’


and ‘‘tNOS-short’’, with 3


percentages of GM-soy event


GTS40-3-2


NA Not applicable, ? positive


signal, – no signal, nt not tested


Template (50 ng) GTS40-3-2 0.1% GTS40-3-2 1% GTS40-3-2 100% NTC


p35S


Long Signal ratio 6/6 6/6 6/6 0/6


Average Cts 33.05 30.01 23.29 NA


SD Cts 0.21 0.17 0.16 NA


Short Signal ratio 6/6 6/6 6/6 1/6


Average Cts 28.40 25.53 18.72 36.95


SD Cts 0.24 0.10 0.07 NA


tNOS


Long Signal ratio 2/6 6/6 6/6 0/6


Average Cts 39.18 37.13 29.07 NA


SD Cts 0.60 0.83 1.08 NA


Short Signal ratio 6/6 6/6 6/6 0/6


Average Cts 28.97 26.13 19.29 NA


SD Cts 0.17 0.13 0.29 NA


PCR control nt nt ? –
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indeed to be set at 2 copies. These three qPCR methods


meet as such the criteria set by Kay and Van den Eede [47]


(LOD \ 20 copies) and by the ENGL method performance


guidelines (2008) [41]. The PCR efficiencies of these 3


SYBR�Green qPCR methods (92.4, 94.2 and 96.1% for the


‘‘p35S-long’’, ‘‘p35S-short’’ and ‘‘tNOS-short’’ qPCR


methods, respectively), also meet the ENGL acceptance


criteria (accepted PCR efficiency between 89.6 and


110.2%) [41]. The performance of the ‘‘tNOS-long’’


method is however not acceptable with respect to both its


sensitivity (LOD6 [ 400 estimated copies) and its PCR


efficiency (75.4%). With the ‘‘p35S-short’’ SYBR�Green


qPCR method one false positive is observed in a NTC; this


weak signal (Ct = 36.75) is probably the result of aerosol


contamination (e.g., from the co-analyzed RRS samples).


Finally, the performance of the 4 SYBR�Green qPCR


methods on admixed leaf tissue gDNA preparation at 0.1, 1


and 100% RRS (w/w) was evaluated (Table 4). The


‘‘p35S-long’’, ‘‘p35S-short’’ and ‘‘tNOS-short’’ methods


reliably detect 0.1% RRS, whereas the ‘‘tNOS-long’’


method fails at the 0.1% level (only 2/6 detected). Again,


one weak-false positive signal was observed with the


‘‘p35S-short’’ SYBR�Green qPCR method in a NTC


sample (Ct = 36.95). The lesser PCR sensitivity of the


‘‘tNOS-long’’ method is also reflected in a much larger DCt


with the ‘‘tNOS-short’’ method (DCt = 10), compared to


the DCt between both ‘‘p35S’’ methods (DCt = 4.5),


Together, these results confirm that only three of the


developed SYBR�Green qPCR methods are suitable in


detecting low levels of GM material comprising ‘‘p35S’’ or


‘‘tNOS’’ elements.


Conclusion


Four different SYBR�Green qPCR methods for detecting


‘‘p35S’’ and ‘‘tNOS’’ elements, currently the two major


targets in GMO screening analysis, have been developed.


All four methods perform reliably with respect to target


specificity, as (1) only target-positive DNA templates


generate an exponential amplification, (2) the melting


temperature analysis of the generated amplicons represents


a single peak at the expected temperature, (3) a single band


is visualized by agarose gel analysis with target-containing


GM-event samples, and (4) the MW and DNA sequence of


the respective amplification products matches the expected


size and predicted DNA sequence. Three SYBR�Green


qPCR methods (‘‘p35S-long’’, ‘‘p35S-short’’ and ‘‘tNOS-


short’’) have a high PCR efficiency (between 91 and 96%,)


and are highly efficient at detecting low target concentra-


tions [LOD \ 20 HGE; 0.1% RRS (w/w)]. These three


SYBR�Green qPCR methods offer a new valuable tool in


screening for GMO presence in products. Combining these


methods for generic targets with appropriate methods for


GMO discriminating targets such as trait and/or endoge-


nous markers, may enable the development of a cost-effi-


cient GMO screening platform.
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1. Summary 
This deliverable gives an overview of the SYBR


®
Green qPCR methods that have been 


developed and validated in the IPH-GMOlab for screening of 4 markers. Detailed 


information is provided concerning the qPCR conditions and primer sequences. 


Additionally, the results for the specificity of the methods and the determination of the 


limits of detection (LOD6) and quantification (LOQ6) are given. The standard operating 


procedures for each of the developed and validated methods are presented in the 


annexes. 


 


Three of the 4 methods didn‟t pose a problem in the development and were transferred 


to a second laboratory (JRC-IHCP) to check the method reproducibility and instrument 


dependence.  


 


The development of the fourth method (t35S) poses however a problem. If the 


development of a specific and sensitive method for the t35S marker is impossible, a 


method for another screening marker will be developed and validated. A delay needs 


thus to be foreseen for the fourth method. 


 


Plasmids containing the corresponding amplicons have been produced (see Deliverable 


D7/02) and have been tested using the validated methods. 
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2. Introduction 
At IPH a set of real-time PCR methods has been developed in the past years that targets 


4 different types of elements. The corresponding amplicons have been cloned and the 


plasmids have been submitted under „Safe Deposit‟ at the BCCM (Ghent, BE). In 


parallel a mathematical model has been developed allowing the identification of 


possible GM events present in a sample. 


To enable the application of this approach for more GM events and to allow an extra 


discriminating power to this system, new methods have to be developed and validated. 


 


In task 4 of work package 2 “Novel singleplex screening methods” it was decided that 


IPH would develop and validate 4 new SYBR
®
Green screening according to the SOPs 


of the ISO 17025 accredited GMO platform. The 4 chosen methods were pFMV, pNOS, 


t35S and Cry3Bb1. 


 


For each method, except for pFMV, a bio-informatics study was performed to design 


different sets of primers. These were first tested in silico and the positive scoring sets 


were further tested in situ on a list of well characterized reference materials for their 


specificity. Based on this test, one primer set was chosen for further experiments for 


each screening method. Only the results for this primer set are given (except for t35S). 


Using a specific reference material, a dilution series was made according to the AFNOR 


standard and each dilution was tested in six-fold to enable calculating the LOD6 and 


LOQ6. 4 plates were run to have an idea of the repeatability of the developed method. 


Subsequently, all results were summarized in a validation dossier. 


 


The methods were then transferred to a second laboratory to be able to study the 


reproducibility of the method and to check the instrument dependence. These results 


will be presented in deliverable D4.2/03. 


 


For each of the validated methods, a plasmid, containing the corresponding amplicon, 


was produced. Each of the plasmids was tested with its specific qPCR method. 


 


3. Materials and Methods 
Bio-informatics 


For each method under development, except for pFMV where the primer pair was 


provided by the GMOseek partner CRA-W, different sets of primers were designed by 


means of bio-informatics analysis of DNA sequences using the wEMBOSS software 


package. Relevant DNA sequences, containing the targeted elements, were collected 


from public data bases (NCBI and EMBL), patents and scientific literature as well as 


from in-house DNA sequencing. Development of primers and in silico specificity 


analysis was performed as outlined in Barbau-Piednoir et al., 2010.  


 


 


Plant Material 


Table 1 shows the materials that were used to test in situ the specificity of the designed 


primers. The Certified Reference Materials (CRM) purchased at AOCS and IRMM are 


seed powders unless otherwise indicated in the table. The matrix for the materials for 


which DNA was extracted in the GMOlab or that for which DNA was obtained from 
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INRA-URVG, is specified in table 1. Some materials were received in DNA form 


without further knowledge about the origin of the DNA. 


 


The materials indicated in red are those that were further used to determine the LOD6 


and LOQ6 of each method. The identity of the extracted gDNA for these materials was 


checked using the CoSYPS system developed at the IPH-GMOLab under ISO 17025 


accreditation (Van den Bulcke et al., 2010). Subsequently a dilution series was tested 


using the event-specific qPCR methods to evaluate the inhibition status of the extracted 


DNA (both for endogene and transgene). This last experiment also confirmed the 


specific identity of the material. 


 


Table 1: Plant materials used for specificity tests 


Botanical name Specification Reference 


Maize 


Zea mays L. WT AOCS 0406-A 


 WT In-house grown leaves 


 MON 810 IRMM ERM-BF413d 


 MON 863 IRMM ERM-BF416d 


 MON 88017 AOCS 0406-D 


 MON 89034 AOCS 0906-E 


 Bt176 IRMM ERM-BF411f 


 T25 AOCS 0306-H (leaf DNA) 


 DAS59122 IRMM ERM-BF424d 


 TC 1507 IRMM ERM-418d 


 Event 3272 IRMM ERM-BF420c 


Soybean 


Glycine max Merill. WT In-house seed powder 


 WT In-house grown leaves 


 GTS40-3-2 In-house seed powder 


 GTS40-3-2 IRMM ERM BF-410a 


 MON 89788 AOCS 0609-B  


 A2704-12 AOCS 0707-B2 (leaf DNA) 


 A5547-127 AOCS 0707-C2 (leaf DNA) 


Oilseed rape 


Brassica napus L. WT AOCS 0304-A  


 WT In-house grown leaves 


 GT73 AOCS 0304-B 


 Topas 19/2 Bayer (DNA) 


 T45 AOCS 0208-A2 (leaf DNA) 


 Rf1 Bayer (DNA) 


 Rf2 Bayer (DNA) 


 MS1 Bayer (DNA) 


Sugar beet 


Beta vulgaris L. WT IRMM ERM-BF419a 


 H7-1 IRMM ERM-BF419b 


Potato 


Solanum tuberosum L. WT AOCS 0806-A (tuber powder) 


 WT Commercial tubers 
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 EH92-527-1 AOCS 0806-C (tuber powder) 


Cotton 


Gossypium hirsutum L. WT AOCS 0804-A  


 WT In-house grown leaves 


 MON 1445 AOCS 0804-B 


Flax 


Linum usitatissimum FP967 JRC (DNA) 


Rice 


Oryza sativum L. WT AOCS 0306-D (leaf DNA) 


Pea 


Pisum sativum L. WT INRA-URVG (leaf DNA) 


Oat 


Avena sativa L. WT CRA-W (seeds) 


Wheat 


Triticum aestivum L. WT INRA-URVG (leaf DNA) 


Triticum spp. (froment) WT CRA-W (seeds) 


Barley 


Hordeum vulgare L. WT CRA-W (seeds) 


Spelt 


Triticum spelta L. WT CRA-W (leaves) 


Tomato 


Solanum lycopersicum WT INRA-URVG (leaf DNA) 


Tobacco 


Nicotiana tabacum L. WT In-house grown leaves 


Sunflower 


Helianthus annuus L. WT CRA-W (seeds) 


Pepper 


Capsicum annuum L. WT INRA-URVG (leaf DNA) 


Cucumber 


Cucumis sativus WT INRA-URVG (leaf DNA) 


Melon 


Cucumis melo L. WT INRA-URVG (leaf DNA) 


 


 


DNA extraction and concentration determination 


Genomic DNA (gDNA) was extracted using a CTAB-based procedure (ISO 21571). 


DNA from cotton material and from the in-house soybean seed powders was extracted 


using a CTAB-based procedure in combination with the Genomic Tip20/G (QIAGEN; 


EURL validated method). The gDNA provided by INRA-URVG was extracted by 


means of the DNeasy 96 Plant Kit (QIAGEN). A „blank open‟ (BO) control, i.e. a tube 


that does not contain the sample but follows all extraction steps, was included for all 


materials that were extracted at the IPH-GMOlab.  


The DNA concentration was determined by means of fluorimetry using the Quant-iT™ 


PicoGreen®dsDNA Assay kit (Molecular Probes). 


 


 


qPCR reaction mix 


The qPCR reaction mix consists of the following reagents, mixed according to table 2: 
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- GMO detection SYBR
®
Green 2x Master Mix (Diagenode, GMO-GS2X-A300) 


- Nuclease-free water (Acros organics) 


- Primers (Eurogentec) see table 3 


- DNA template 


The total volume per well was 25 µL (20 µL mix + 5 µl template). 


For the specificity test 50 ng DNA was used. The test was done in duplicates. 


To test the sensitivity of the method, 5 µl of each dilution was used per well 


 


Table 2: qPCR reaction mix 


Component Final concentration µl for one 


reaction 


SYBR®Green PCR Master Mix (2X) 1X 12.5 


Fwd primer (20 M) 250 nM   0.3 


Rev primer (20 M) 250 nM   0.3 


Nuclease free water    6.9 


Total volume  20 


DNA template    5 


 


 


Table 3: Sequence of primers  


Name Sequence (5’ – 3’) Reference 


Cry3Bb-Fwd-3 CTACCAGTCCTTCCTGAACACC IPH-GMOlab 


Cry3Bb-Rev-1 GCGTACTCCTCGATCTTCTTGT IPH-GMOlab 


  


pFMV-CRAW-F CGAAGACTTAAAGTTAGTGGGCATCT CRA-W 


pFMV-CRAW-R TTTTGTCTGGTCCCCACAA CRA-W 


  


pNOS-Fwd-1 CGTTTTACGTTTGGAACTGACA IPH-GMOlab 


pNOS-Rev-4 CTCATTAAACTCCAGAAACCCG IPH-GMOlab 


 


t35S-VCR-Fwd-1 CTTAGTATGTATTTGTATTTGT IPH-GMOlab 


t35S-VCR-Rev-1 CTGGATTTTGGTTTTAGGAATT IPH-GMOlab 


t35S-VCR-Fwd-2 CTTAGTATGTATTTGTATTTGTAAAA IPH-GMOlab 


t35S-VCR-Rev-2 CTGGATTTTGGTTTTAGGAATTAG IPH-GMOlab 


t35S-VCR-Fwd-1 CTTAGTATGTATTTGTATTTGT IPH-GMOlab 


t35S-VCR-Rev-2 CTGGATTTTGGTTTTAGGAATTAG IPH-GMOlab 


 


 


qPCR running conditions  


The qPCR cycling conditions and program for melting curve analysis are presented in 


table 4. The qPCR reactions were performed on an ABI 7300 machine (Applied 


Biosystems).  


A “No Template Control” (NTC), consisting of nuclease-free water instead of DNA, 


was ran in parallel.  


 


Table 4: qPCR running conditions 







GMOseek – Deliverable D4.2/01 – Delivered 


   
7 


Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 UNG 50 120 no 1 


2 Taq activation 95 600 no 1 


3 Amplification   no 40 


-Denaturation 95 15  


-Annealing  and 


extension 


60 60 measure 


 


Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 Melting 60 to 95 1200 measure 1 


 


 


Plasmid control 


For each of the methods, the corresponding amplicon was cloned into the vector pUC18 


and sequenced (cf. deliverable D7/02). Additionally, each plasmid was tested using the 


qPCR reaction mix (with the corresponding primers) and conditions described above. 


 


 


Agarose gel electrophoresis 


Agarose gel electrophoresis was performed on 3% Ready agarose 96 plus gels with 


Ethidium bromide (BioRad). 


 


 


LOD6 and LOQ6 determination 


The Chauvenet‟s criterion was used to detect outliers  


To be able to determine the LOD6 and LOQ6 values, a specific reference material was 


chosen and dilutions series were done as presented in table 5. Each dilution was 


analysed in 6-fold. Determination of the number of haploid genome equivalents (HGE) 


was done one the basis of the nuclear DNA content determined by Arumuganathan and 


Earle (1991). 


 


The LOD6 is determined as the lowest dilution where the 6 replicates are positive. The 


LOQ6 is the lowest dilution where the 6 replicates are positive with a minor standard 


deviation (SD < 0.5) (AFNOR norm). 


 


Table 5: Dilution series for LOD6 and LOQ6 determination 


Concentration 


(ng/μl) 


Final 


concentration 


(ng/µL) 


Dilution 


factor 


Amount 


of the 


previous 


dilution 


(μl) 


Amount 


of 


nuclease- 


free 


water 


(μl) 


ng 


DNA/assay 
HGE/assay 


Cry3Bb 


10 1 10 50 450 5 1925 


1 0.2 5 50 200 1 385 


0.2 0.1 2 50 50 0.5 193 
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0.1 0.05 2 50 50 0.25 96 


0.05 0.025 2 50 50 0.125 48 


0.025 0.012 2.08 50 54 0.06 23 


0.012 0.006 2 50 50 0.03 12 


0.006 0.003 2 50 50 0.015 6 


0.003 0.001 3 50 100 0.005 2 


0.001 0.0005 2 50 50 0.0025 1.0 


0.0005 0.00005 10 50 450 0.00025 0.1 


pFMV 


10 1 10 50 450 5 4310 


1 0.2 5 50 200 1 826 


0.2 0.1 2 50 50 0.5 413 


0.1 0.05 2 50 50 0.25 216 


0.05 0.025 2 50 50 0.125 108 


0.025 0.012 2.08 50 54 0.06 52 


0.012 0.006 2 50 50 0.03 26 


0.006 0.003 2 50 50 0.015 13 


0.003 0.001 3 50 100 0.005 4 


0.001 0.0005 2 50 50 0.0025 2 


0.0005 0.00025 2 50 50 0.00125 1 


0.00025 0.000025 10 50 450 0.00013 0.1 


pNOS 


10 1 10 50 450 5 2780 


1 0.2 5 50 200 1 556 


0.2 0.1 2 50 50 0.5 278 


0.1 0.05 2 50 50 0.25 139 


0.05 0.025 2 50 50 0.125 70 


0.025 0.012 2.08 50 54 0.06 33 


0.012 0.006 2 50 50 0.03 17 


0.006 0.003 2 50 50 0.015 8 


0.003 0.001 3 50 100 0.005 3 


0.001 0.0003 3 50 100 0.0025 1.0 


0.0001 0.00003 10 50 450 0.00025 0.1 


 


Inter-run repeatability determination 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr%). Herefore a single factor ANOVA test was done. The RSDr was 


calculated as follows: 


 


average
oupsMSwithingrRSDr %


   x   100 


 


4. Results, discussion and conclusion 


4.1. DEVELOPMENT AND VALIDATION OF SYBR®GREEN QPCR METHODS 
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4.1.1. SYBR®Green qPCR method for pFMV 


The method described here uses SYBR
®
Green qPCR with the primer pair pFMV-


CRAW-F/pFMV-CRAW-R, which amplifies a 79 bp fragment of the 34S promoter of 


the Figwort Mosaic Virus (pFMV, Sanger et al., 1990). 


 


Method specificity 


For this method, no bio-informatics analysis was done at IPH-GMOlab as the primers 


were kindly provided by the GMOseek partner CRA-W (personal communication). 


To check the specificity of the primer set, a range of plant taxa, which frequently occur 


in food and feed samples, was analysed. The results are presented in table 6. 


 


Table 6: Specificity test 


Sample Expected 


amplification 


signal 


Ct Tm 


1 2 1 2 


Negative samples 


WT Maize  - nd nd nd nd 


WT Soybean  - nd nd nd nd 


WT Oilseed rape - nd nd nd nd 


WT Cotton  - nd nd nd nd 


WT Rice  - nd nd nd nd 


WT Potato  - nd nd nd nd 


WT Wheat  - nd nd nd nd 


WT Pea  - nd nd nd nd 


WT Oat  - nd nd nd nd 


WT Sugar beet - nd nd 76.5 76 


WT Pepper  - nd nd nd nd 


WT Spelt  - nd nd nd nd 


WT Sunflower - nd nd nd nd 


WT Barley - nd nd nd nd 


WT wheat 


(froment) 


- nd nd nd nd 


WT Tobacco - nd nd nd nd 


WT Cucumber  - nd nd nd nd 


WT Melon  - nd nd nd nd 


GTS 40-3-2 - nd nd nd nd 


Positive samples 


GT73 + 23.4 23.26 76.5 76.5 


MON 1445 + 25.18 24.26 76.5 76.5 


MON 89788 + 28.07 28.41 76.5 76.5 


MON 89034 + 29.10 28.57 76 76 


H7-1 + 23.45 23.26 76.5 76.5 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events which do not carry pFMV. Positive 


samples: transgenic events carrying pFMV. nd = not determined. 
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The analysis of the Ct values showed that the five GM events carrying the pFMV 


sequence, displayed an exponential amplification curve. The Ct values were determined 


for all of them and they varied between 23.26 and 29.10 (Table 6). The negative 


samples did not display an amplification curve and no Ct values were determined. 


The melting curve analysis of the positive samples showed a single major fluorescent 


peak at approximately 76.5°C. No minor peaks were observed. No fluorescent peaks 


were observed in the negative samples (Table 6).  


It should be noticed however, that for the WT sugar beet no amplification was observed 


but the melting curve analysis showed the presence of a fluorescent peak (although very 


small) at the correct Tm (Table 6). This can be explained by a low presence of H7-1 in 


the AOCS certified WT sugar beet material as it is 0% H7-1 certified with H7-1 < 1g/kg 


(<0.1%). 


 


Agarose gel electrophoresis shows additionally that a band of the expected size was 


only obtained for the positive samples (Figure 1). 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 1: Agarose gel electrophoresis for the pFMV SYBR
®


Green qPCR method 


specificity test. 
1. WT maize, 2. WT soybean, 3. WT oilseed rape, 4. WT cotton, 5. WT rice, 6. WT potato, 7. WT 


tomato, 8. WT wheat, 9. WT pea, 10. WT oat, 11. WT sugar beet, 12. WT pepper, 13. WT wheat 14. WT 


wheat (froment), 15. WT sunflower, 16. WT barley, 17. WT tobacco, 18, WT cucumber, 19. WT melon, 


20. GTS40-3-2, 21. GT 73, 22. MON 1445, 23. MON 89788, 24. MON 89034, 25. H7-1, M: EZ load HT 


Molecular Marker, 100, 200, 500, 1000 and 2000 bp,. NTC: No Template Control.  


 


 


The amplicon obtained with the plant material MON 89788 was subsequently cloned 


and sequence analysis revealed a 100% homology with the reference sequence. PCR 


with the pFMV specific primers confirmed the presence of the amplicon with the 


expected size in both pCR
®
2.1-TOPO and pUC18 vectors (Figure 2). 


M  NTC  NTC 1   1   2  2   3   3   4   4   5   5   6   6  7   7   8   8   9 9 10 10  11 11 M


M  12 12 13 13 14 14 15 15 16 16 17 17 18 18 19 19 20 20 21 21 22 22 23 23   M


M   24 24 25 25  M


M  NTC  NTC 1   1   2  2   3   3   4   4   5   5   6   6  7   7   8   8   9 9 10 10  11 11 M


M  12 12 13 13 14 14 15 15 16 16 17 17 18 18 19 19 20 20 21 21 22 22 23 23   M


M   24 24 25 25  M
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Figure 2: Presence of the pFMV amplicon in the pCR2.1 (Topo) and pUC18 (pUC) 


vectors. Genomic DNA (DNA) from GM event MON 89788 was amplified as positive 


control. NTC: no template control. 


 


Based on the qPCR results, agarose gel analysis and the sequence analysis, it can be 


concluded that the developed pFMV SYBR
®
Green qPCR method is specific for the 


FMV 34S promoter. 


 


 


Method sensitivity 


Using gDNA from a 100% soybean MON 89788 material, a dilution series was made 


according to table 5. Each dilution was analysed in 6-fold to be able to determine the 


LOD6 and LOQ6. Additionally, the experiment was repeated 4 times to be able to get an 


idea about the inter-run repeatability. 


The dilution series ranging from 1 to 0.000025 ng/µl was, for each plate, prepared prior 


to setting up each of the qPCR runs. In the assay, a range from 4310 to 0.1 haploid 


genome equivalents (HGE) was tested.  


 


For each independent run, the Ct values obtained for each dilution separately were 


scrutinized for outliers using the Chauvenet‟s criterion. The outliers were excluded from 


the calculation of the average Ct and the corresponding standard deviation. The LOD6 


and LOQ6 of the method were determined as a mean of the LOD6 and LOQ6 


respectively, of the four independent runs. The mean Tm of the amplicon was calculated 


as an average between the Tm of all dilutions. Only the dilutions with 6 positive signals 


out of 6 replicates were used in these calculations. The results are summarized in 


table 7. 


 


Table 7: Average Ct values and standard deviations for each run.  


HGE run 


1 2 3 4 


4310 24.17+0.44 24.64+0.5 24.27+0.13 24.96+0.43 


826 26.3+0.49 26.44+0.41 26.43+0.3 27.39+0.29 


431 27.72+0.24 27.28+0.31 27.26+0.22 28.15+0.47 


216 28.92+0.27 28.18+0.33 28.34+0.33 29.56+0.42 


108 29.99+0.43 29.27+0.32 29.25+035 30.21+0.39 


52 30.97+0.45 30.59+0.08 30.55+0.32 31.70+0.82 


26 32.4+0.47 32.2+0.5 32.07+0.35 33.36+0.42 
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13 - - 34.17+0.78 35.29+0.52 


4 - - - - 


2 - - - - 


1 - - - - 


0.1 - - - - 


Only Cts of the dilutions displaying 6 positive signals out of 6 are shown. Dilutions (per run) where less 


than 6 positive signals out of 6 were obtained are indicated with a „-„. LOD6 is indicated in blue, LOQ6 is 


indicated in bold. 
 


 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr %). The data used in this calculation included the Ct values ranging from 


the highest HGE/assay until the LOD6 for each run, excluding the outliers. The results 


for each dilution are given in table 8. A repeatability below 25% is acceptable for qPCR 


methods (ENGL acceptance criteria). 


 


Table 8: Inter-run repeatability for pFMV 


HGE/assay RSDr (%) 


4310 3.3 


826 4.4 


431 3.7 


216 4.6 


108 3.7 


52 3.9 


26 4.2 


 


 


Conclusion 


The specificity test showed that the primers, kindly provided by CRA-W, only amplify 


the transgenic events carrying the pFMV sequence. Wild type materials and transgenic 


events not containing the sequence were not amplified. 


 


To check the sensitivity of the method, a specific and well characterized reference 


material was used to make a dilution series. These analyses provided the three values 


which will be included in the decision matrix system (Van den Bulcke et al., 2010) used 


at the IPH-GMOlab: 


 LOD6 of the method is set between 13 and 26 HGE, with a mean Ct of 33.52. 


 LOQ6 is set at 26 HGE with a mean Ct of 32.51. 


 The mean Tm of the amplicon is set to 75.9°C. 


 


Four dilution series were tested in 4 independent runs to be able to calculate the 


repeatability of the method. Along the tested HGE range, the repeatability is below 25% 


which complies with the method acceptance criteria set by the ENGL.  


 


It can be concluded that the pFMV SYBR
®
GReen qPCR method, developed and 


validated at IPH-GMOlab, is fit for purpose and can be applied routinely for screening 


of food and feed samples in the frame of GMO detection. 
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4.1.2. SYBR®Green qPCR method for pNOS 


The method described here uses SYBR
®
Green qPCR with the primer pair pNOS-Fwd-


1/pNOS-Rev-4, which amplifies a 75 bp fragment of the nopaline synthase gene 


promoter of Agrobacterium tumefaciens. 


 


Method specificity 


Using the above described bio-informatics tools, 4 primer pair candidates were selected. 


Each of them was tested against a range of plant taxa, which frequently occur in food 


and feed samples. The results of the best scoring primer pair are presented in table 9. 


 


Table 9: Specificity test 


Sample Expected 


amplification 


signal 


Ct Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd 36 nd 78.2 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 


Positive samples 


EH 92-527-1  + 18.2 18.3 78.6 78.6 


MS1  + 21.1 21.2 78.6 78.2 


Rf1  + 20.8 21.0 78.2 77.9 


Rf2  + 20.2 20.1 78.6 78.6 


TOPAS 19/2  + 18.7 18.8 78.6 78.2 


FP967  + 26.4 26.5 78.6 78.6 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events which do not carry pNOS. Positive 


samples: transgenic events carrying pNOS. nd = not determined. 


 


 


The analysis of the Ct values showed that all GM-events carrying the pNOS sequence 


displayed an exponential amplification curve. The Ct values varied between 18.2 and 


21.2 (Table 9). The amplification of the GM flax FP967 occurred later on (Ct = 26.5) 


when compared to the other positive samples. The negative samples did not display an 


amplification curve and no Ct values were determined. Exceptionally, one of the WT 


potato replicates showed a very late signal (Ct = 36). This was not considered as a true 


positive signal when compared to the mean Ct value of positive samples and can 


possibly be attributed to contamination. 


The melting curve analysis of the positive samples showed a single major fluorescent 


peak at 78.4°C (Table 9). No fluorescent peaks were observed in the negative samples 







GMOseek – Deliverable D4.2/01 – Delivered 


   
14 


with the exception of a minor peak corresponding to the weak amplification in one of 


the two replicates from the WT potato.  


 


Agarose gel electrophoresis shows additionally that a band of the expected size was 


only obtained for the positive samples (Figure 3). 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 3: Agarose gel electrophoresis for the pNOS SYBR®Green qPCR method 


specificity test.  
M= EZ load HT Molecular Marker. (A):1-2 WT maize; 3-4 WT soybean; 5-6 WT oilseed rape; 7-8 WT 


cotton; 9-10 WT sugar beet; 11-12 WT potato; 13-14 MON 810; 15-16 GTS40-3-2; 17-18 EH92-527-1; 


19-20 NTC. (B): 1-2 MS1; 3-4 Rf2; 5-6 FP967; 7-8 Rf1; 9-10 Topas 19/2. 


 


 


The amplicon obtained with the plant material EH92-527-1 was subsequently cloned 


and sequence analysis revealed a 100% homology with the reference sequence. PCR 


with the pNOS specific primers confirmed the presence of the amplicon with the 


expected size in both pCR®2.1-TOPO and pUC18 vectors (Figure 4). 


 


 
Figure 4: Presence of the pNOS amplicon in the pCR2.1 (Topo) and pUC18 (pUC) 


vectors. Genomic DNA (DNA) from GM event EH92-527-1 was amplified as positive 


control. NTC: no template control. 


 


Based on the qPCR results, agarose gel analysis and sequencing analysis, it can be 


concluded that the developed pNOS SYBR
®
Green qPCR method is specific for the 


pNOS sequence. 


 


Method sensitivity 


M      1   2    3    4    5    6    7   8    9  10  11  12  13  14 15  16  17  18  19  20       M


A


100 bp
50 bp


M      1   2    3    4    5    6    7   8    9   10        M


B


50 bp
100 bp


M      1   2    3    4    5    6    7   8    9  10  11  12  13  14 15  16  17  18  19  20       M


A


100 bp
50 bp


M      1   2    3    4    5    6    7   8    9  10  11  12  13  14 15  16  17  18  19  20       MM      1   2    3    4    5    6    7   8    9  10  11  12  13  14 15  16  17  18  19  20       M


A


100 bp
50 bp


100 bp
50 bp


M      1   2    3    4    5    6    7   8    9   10        M


B


50 bp
100 bp


M      1   2    3    4    5    6    7   8    9   10        MM      1   2    3    4    5    6    7   8    9   10        M


B


50 bp
100 bp


50 bp
100 bp
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Using gDNA from transgenic potato EH92-527-1 material, a dilution series was made 


according to table 5. Each dilution was analysed in 6-fold to be able to determine the 


LOD6 and LOQ6. Additionally, the experiment was repeated 4 times to be able to get an 


idea about the inter-run repeatability. 


The dilution series ranging from 1 to 0.00003 ng/µl was, for each plate, prepared prior 


to setting up each of the qPCR runs. In the assay, a range from 2780 to 0.1 haploid 


genome equivalents (HGE) was tested.  


 


For each independent run, the Ct values obtained for each dilution separately were 


scrutinized for outliers using the Chauvenet‟s criterion. The outliers were excluded from 


the calculation of the average Ct and the corresponding standard deviation. The LOD6 


and LOQ6 of the method were determined as a mean of the LOD6 and LOQ6 


respectively, of the four independent runs. The mean Tm of the amplicon was calculated 


as an average between the Tm of all dilutions. Only the dilutions with 6 positive signals 


out of 6 replicates were used in these calculations. The results are summarized in 


table 10. 


 


Table 10: Average Ct values and standard deviations for each run.  


Only Cts of the dilutions displaying 6 positive signals out of 6 are shown. Dilutions (per run) where less 


than 6 positive signals were obtained are indicated with a „-„. For each run, the LOD6 is indicated in blue 


while the LOQ6 is indicated in bold.   


 


 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr %). The data used in this calculation included the Ct values ranging from 


the highest HGE/assay until the LOD6 for each run, excluding the outliers. The results 


for each dilution are given in table 11. A repeatability below 25% is acceptable for 


qPCR methods (ENGL acceptance criteria). 


 


Table 11: Inter-run repeatability for pNOS 


HGE/assay RSDr (%) 


2780 11.84 


HGE 
run 


1 2 3 4 


2780 22.6 + 0.3 23.0 + 0.1 22.5 + 0.2 20.6 + 0.1 


556 25.2 + 0.2 25.4 + 0.1 25.0 + 0.4 23.2 + 0.2 


278 25.8 + 0.1 26.5 + 0.3 25.9 + 0.2 23.9 + 0.2 


139 26.8 + 0.2 27.4 + 0.2 26.9 + 0.2 24.9 + 0.2 


70 28.0 + 0.2 28.3 + 0.2 28.1 + 0.2 26.0 + 0.1 


33 28.9+ 0.2 29.5 + 0.3 29.0 + 0.3 27.0 + 0.2 


17 30.1 + 0.2 30.5 + 0.4 29.9 + 0.3 28.1 + 0.3 


8 31.0 + 0.3 31.5 + 0.4 31.1 + 0.5 29.1 + 0.3 


3 32.8 + 0.3 33.0 + 0.5 32.7 + 0.6 31.1+ 0.8 


1 33.9 + 0.6 - - - 


0.1 - - - - 
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556 8.49 


278 10.65 


139 10.15 


70 9.63 


33 9.34 


17 8.67 


8 8.78 


3 6.52 


 


 


Conclusion 


The specificity test showed that the chosen primer set, designed at the IPH-GMOlab, 


only amplifies the transgenic events carrying the pNOS sequence. Wild type materials 


and transgenic events not containing the sequence were not amplified. 


 


To check the sensitivity of the method, a specific and well characterized reference 


material was used to make a dilution series. These analyses provided the three values 


which will be included in the decision matrix system (Van den Bulcke et al., 2010) used 


at the IPH-GMOlab: 


 LOD6 of the method is set between 1 and 3 HGE, with a mean Ct of 32.42. 


 LOQ6 is set between 8 and 17 HGE with a mean Ct of 31.50. 


 The mean Tm of the amplicon is set to 78.4°C. 


 


Four dilution series were tested in 4 independent runs to be able to calculate the 


repeatability of the method. Along the tested HGE range, the repeatability is below 25% 


which complies with the method acceptance criteria set by the ENGL.  


 


It can be concluded that the pNOS SYBR
®
GReen qPCR method, developed and 


validated at IPH-GMOlab, is fit for purpose and can be applied routinely for screening 


of food and feed samples in the frame of GMO detection. 


 


 


 


4.1.3. SYBR®Green qPCR method for Cry3Bb1 


The method described here uses SYBR
®
Green qPCR with the primer pair Cry3Bb-Fwd-


3/Cry3Bb-Rev-1, which amplifies a 105 bp fragment of the Cry3Bb1 gene from 


Bacillus thuringiensis. 


 


Method sensitivity 


Using the above described bio-informatics tools, 4 primer pair candidates were selected. 


Each of them was tested against a range of plant taxa, which frequently occur in food 


and feed samples. The results of the best scoring primer pair are presented in table 12. 


 


 


Table 12: Specificity test 


Sample Expected 


amplification 


signal 


Ct Tm 


1 2 1 2 
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Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 


Positive samples 


MON 863 + 26 25.83 81.7 81.7 


MON 88017 + 23.15 23.22 81.7 81.7 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events which do not carry Cry3Bb. Positive 


samples: transgenic events carrying Cry3Bb. nd = not determined. 


 


 


The analysis of the Ct values showed that all GM-events carrying the Cry3Bb sequence 


displayed an exponential amplification curve. The Ct values varied between 23.15 and 


26 (Table 12). The negative samples did not display an amplification curve and no Ct 


values were determined.  


The melting curve analysis of the positive samples showed a single major fluorescent 


peak at 81.7°C (Table 12). No minor peaks were observed. No fluorescent peaks were 


observed in the negative.  


 


Agarose gel electrophoresis shows additionally that a band of the expected size was 


only obtained for the positive samples (Figure 5). 


 


 
Figure 5: Agarose gel electrophoresis for the Cry3Bb1 SYBR


®
Green qPCR method 


specificity test.  
M= EZ load HT Molecular Marker (indicated size on the gel is in bp). 1-2 WT maize; 3-4 WT soybean; 
5-6 WT oilseed rape; 7-8 WT cotton; 9-10 WT sugar beet; 11-12 WT potato; 13-14 MON 810; 15-16 


GTS40-3-2; 17-18 MON 863; 19-20 MON 88017; 21-22 NTC.   


 


 


The PCR amplicon obtained with the plant material MON 88017 was subsequently 


cloned and sequence analysis revealed 100% homology with the reference sequence. 


PCR with the Cry3Bb specific primers confirmed the presence of the amplicon with the 


expected size in both pCR
®
2.1-TOPO and pUC18 vectors (Figure 6). 
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Figure 6: Presence of the Cry3Bb1 amplicon in the pCR2.1 (Topo) and pUC18 (pUC) 


vectors. Genomic DNA (DNA) from GM event MON 88017 was amplified as positive 


control. NTC=no template control. 


 


 


Based on the qPCR results, agarose gel analysis and sequencing analysis, it can be 


concluded that the developed Cry3Bb SYBR
®
Green qPCR method is specific for the 


Cry3Bb sequence. 


 


Method sensitivity 


Using gDNA from transgenic maize MON 88017 material, a dilution series was made 


according to table 5. Each dilution was analysed in 6-fold to be able to determine the 


LOD6 and LOQ6. Additionally, the experiment was repeated 4 times to be able to get an 


idea about the inter-run repeatability. 


The dilution series ranging from 1 to 0.00005 ng/µl was prepared, for each plate, prior 


to setting up each of the qPCR runs. In the assay, a range from 1925 to 0.1 haploid 


genome equivalents (HGE) was tested.  


 


For each independent run, the Ct values obtained for each dilution separately were 


scrutinized for outliers using the Chauvenet‟s criterion. The outliers were excluded from 


the calculation of the average Ct and the corresponding standard deviation. The LOD6 


and LOQ6 of the method were determined as a mean of the LOD6 and LOQ6 


respectively, of the four independent runs. The mean Tm of the amplicon was calculated 


as an average between the Tm of all dilutions. Only the dilutions with 6 positive signals 


out of 6 replicates were used in these calculations. The results are summarized in 


table 13. 


 


Table 13: Average Ct values and standard deviations for each run.  


HGE 
run 


1 2 3 4 


1925 23.15+0.16 23.77+0.15 24.3+0.36 24.22+0.19 


385 25.56+0.29 26.16+0.12 26.54+0.12 26.59+0.18 


193 26.62+0.11 27.3+0.16 27.51+0.21 27.56+0.18 


96 27.83+0.21 28.5+0.26 28.73+0.17 29.83+0.21 


48 29.49+0.21 29.75+0.20 29.72+0.22 29.83+0.18 


23 30.46+0.5 31.39+0.35 30.82+0.31 31.47+0.58 
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12 31.91+0.75 33.51+0.69 32.13+0.42 32.54+0.48 


6 34.45+0.38 - - 34.26+0.85 


2 - - - - 


1.0 - - - - 


0.1 - - - - 


Only Cts of the dilutions displaying 6 positive signals out of 6 are shown. Dilutions (per run) where less 


than 6 positive signals were obtained are indicated with a „-„. For each run, the LOD6 is indicated in blue 


while the LOQ6 is indicated in bold.  


 


 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr %). The data used in this calculation included the Ct values ranging from 


the highest HGE/assay until the LOD6 for each run, excluding the outliers. The results 


for each dilution are given in table 14. A repeatability below 25% is acceptable for 


qPCR methods (ENGL acceptance criteria). 


 


Table 14: Inter-run repeatability for Cry3Bb 


HGE/assay RSDr (%) 


1925 4.7 


385 4.5 


193 3.4 


96 3.4 


48 1.1 


23 3.3 


12 4.5 


6 1.2 


 


 


Conclusion 


The specificity test showed that the chosen primer set, designed at the IPH-GMOlab, 


only amplifies the transgenic events carrying the Cry3Bb sequence. Wild type materials 


and transgenic events not containing the sequence were not amplified. 


 


To check the sensitivity of the method, a specific and well characterized reference 


material was used to make a dilution series. These analyses provided the three values 


which will be included in the decision matrix system (Van den Bulcke et al., 2010) used 


at the IPH-GMOlab: 


 LOD6 of the method is set between 6 and 12 HGE, with a mean Ct of 33.55. 


 LOQ6 is set between 12 and 48 HGE with a mean Ct of 30.98. 


 The mean Tm of the amplicon is set to 81.4°C. 


 


Four dilution series were tested in 4 independent runs to be able to calculate the 


repeatability of the method. Along the tested HGE range, the repeatability is below 25% 


which complies with the method acceptance criteria set by the ENGL.  


 


It can be concluded that the Cry3Bb SYBR
®
GReen qPCR method, developed and 


validated at IPH-GMOlab, is fit for purpose and can be applied routinely for screening 


of food and feed samples in the frame of GMO detection. 
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4.1.4. SYBR®Green qPCR method for t35S 


Development of the qPCR method for the detection of the 35S terminator sequence 


from the Cauliflower Mosaic Virus (CaMV) turned out to be not as straight forward as 


for the 3 other methods. 


Using the above described bio-informatics tools, 3 primer pair candidates were selected 


(Table 3). Each of them was tested against a range of plant taxa, which frequently occur 


in food and feed samples. The results for all 3 sets are represented in tables 15a-c. 


 


Table 15a: Specificity test for primer pair 1 


Sample Expected 


amplification 


signal 


Experimental Ct Experimental Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 


Positive samples 


Bt176 + nd nd nd nd 


T25 + nd nd nd nd 


DAS 59122 + nd nd nd nd 


TC 1507 + nd nd nd nd 


Event 3272 + nd nd nd nd 


A 2704-12 + nd nd nd nd 


A 5547-127 + nd nd nd nd 


Topas 19/2 + nd nd nd nd 


T45 + nd nd nd nd 


PCR control 


NTC - nd nd nd nd 


 


Table 15b: Specificity test for primer pair 2 


Sample Expected 


amplification 


signal 


Experimental Ct Experimental Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 
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Positive samples 


Bt176 + nd nd nd nd 


T25 + 39.7 39.7 69.1 69.1 


DAS 59122 + nd nd nd nd 


TC 1507 + nd nd nd nd 


Event 3272 + nd nd nd nd 


A 2704-12 + 32.9 33.8 69.1 69.1 


A 5547-127 + 36.0 39.8 71.4 86.4 


Topas 19/2 + nd nd nd nd 


T45 + nd nd nd nd 


PCR control 


NTC - nd nd nd nd 


 


Table 15c: Specificity test for primer pair 3 


Sample Expected 


amplification 


signal 


Experimental Ct Experimental Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - 39.2 nd 69.9 nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 


Positive samples 


Bt176 + nd nd nd nd 


T25 + nd nd nd nd 


DAS 59122 + nd nd nd nd 


TC 1507 + nd nd nd nd 


Event 3272 + nd nd nd nd 


A 2704-12 + nd nd nd nd 


A 5547-127 + nd nd nd nd 


Topas 19/2 + nd nd nd nd 


T45 + nd nd nd nd 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events, which do not carry t35S. Positive 


samples: transgenic events carrying t35S. nd = not determined. 


 


 


The analysis of the Ct values showed that all three primer sets failed to amplify the 


complete set of theoretically positive samples. However, a very weak amplification was 


observed with primer pair 2 for the GM soybean materials and for one of the GM maize 


events (T25). It was decided to further investigate this primer pair. In a first step, this 


was performed using only some of the positive samples. For this purpose different 


primer concentrations (300 nM, 600 nM and 1200 nM) were checked and the number of 
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qPCR cycles was increased to 50 (instead of 40) to obtain an idea if this would change 


something to the detection possibilities. The results are presented in table 16. 


 


Table 16: Specificity test for primer pair 2 using 50 cycles 


 Primers final concentration 


300 nM 600 nM 1200 nM 


Sample Expected 


amplification 


signal 


Ct Tm Ct Tm Ct Tm 


Positive samples 


Bt176 + 49.7 69.5 42.8 69.9 37.2 70.2 


+ 48.5 69.5 42.1 70.6 39.4 70.2 


T25 + 40.6 70.2 32.6 69.52 27.9 69.5 


+ 40.5 70.6 30.8 69.5 - - 


Event 3272 + 46.4 70.2 39.1 71.7 33.6 69.5 


+ 46.0 71.3 39.3 71.0 34.8 69.5 


A2704-12 + 34.9 71.3 29.9 69.5 24.1 69.5 


+ 34.3 77.6 27.8 69.5 25.6 69.5 


A5547-127 + 37.1 77.6 31.0 69.5 24.6 69.5 


+ 36.3 78.4 31.0 69.5 25.8 69.5 


PCR control 


NTC - nd nd nd nd 35.1 69.5 


- nd nd nd nd nd nd 
- = qPCR reaction was not performed in duplicate; nd = not determined 


 


 


Increasing the primer concentration to 1200 nM allowed to finally obtain a specific 


signal in the tested positive materials. It should be noted that in this test one of NTC 


replicates is positive. This can be due to contamination in combination with the higher 


number of cycles. 


Consequently, the test was repeated on a more complete set of positive and negative 


plant materials using the higher primer concentration. However the normal qPCR 


conditions, as described in table 4, were used (40 cycles). The results are shown in 


table 17. 


 


 


Table 17: Specificity test for the primer pair 2 using a primer concentration of 1200 nM 


Sample Expected 


amplification 


signal 


Experimental Ct Experimental Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 
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Positive samples 


Bt176 + 36.6 69.1 37.5 70.2 


T25 + 29.8 69.1 30.0 69.1 


DAS 59122 + 37.3 70.2 38.9 69.8 


TC 1507 + 34.8 70.2 37.3 69.8 


Event 3272 + 34.9 70.6 36.0 70.2 


A 2704-12 + 27.1 69.1 26.5 69.1 


A 5547-127 + 30.0 77.4 33.7 75.8 


Topas 19/2 + 26.8 71 25.9 69.1 


T45 + 27.9 74.7 29.1 75.8 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events which do not carry t35S. Positive 


samples: transgenic events carrying t35S. nd = not determined. 


 


 


The analysis of the Ct values, for the experiment using the higher primer concentration, 


shows that no amplification curve was obtained for all negative samples and that no Ct 


value was determined (Table 17). On the contrary, all GM events carrying the t35S 


sequence were amplified displaying an exponential amplification curve.  


It should however be noted that there is a big variation between the Ct and Tm values 


for the different samples. Although plant material of the same GM% was used for the 


T25, A2704-1, A5547-127, Topas 19/2 and T45 events, the Ct values however varied 


between 25.9 and 33.7 (Table 17). Additionally, amplification of the 10% GM materials 


(DAS59122, TC1507 and event 3272) occurred very late (Ct>34). These results exclude 


the use of this qPCR method as such for the detection of the t35S sequence in food and 


feed samples with low GM content. The Ct values for 1% samples for example would 


theoretically be above 37, which will not significantly differ from non specific 


background signal that could occur in negative samples and therefore increase the risk 


of false negatives. 


 


In conclusion it can be said that for the SYBR
®
Green qPCR method targeting the t35S 


sequence three sets of primers were designed. However, only one set (t35S-VCR-Fwd-


2/t35S-VCR-Rev-2) allowed discriminating negative from positive samples when 


increasing the primer concentration. Nevertheless, this set failed to efficiently amplify 


low GM content material (Ct around 37 for Bt176 1%, average Ct of 36.5 for 10% GM 


material). As such, new primers should be, if possible, designed in order to use this 


screening element in reliable qPCR analysis.  


A last attempt will be made using the primers designed in Co-extra (D5.10) for a 


TaqMan qPCR method. The primers will first be tested in silico. If they fail to amplify 


all positive samples, another screening marker will be chosen and the corresponding 


method will be developed and validated. 


 


 


4.2. METHOD TRANSFER  


To be able to get an idea of the reproducibility and instrument dependence of each 


validated SYBR
®
Green qPCR method, the methods were transferred to a second 


laboratory.  
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Three of the 4 developed and validated qPCR methods were transferred to the 


laboratory of the Joint Research Centre-IHCP at the beginning of august 2010 as 


requested by the Milestone M4.2/01.  


As the development of the qPCR method for the screening marker t35S is problematic, 


it is still under investigation and could thus not be transferred. 


 


Along with a detailed protocol, the following materials were provided for each method: 


- relevant reference material (prepared by IPH – WP4 task 7.1) 


- primers 


- master mix 


 


The results will be summarized in Deliverable D4.2/03. 
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Sample analysis


Sample ID: #REF!
Date:
Operator:
RT-PCR machine: 
Conc DNA extracted:


CONTROL ANALYSIS Plant SLTM (lectin) ADH alt CRU p35S short pFMV pNOS Tnos CP4 synth CryIAb/Ac CryI3Bb1 PAT BAR CRT 2


Melting temperature (green means corresponding to the amplicon)


Pos. Con. Ct


Tm


Conclude 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Conclusion (pos. controls) FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE


Blanc Open Ct
Tm


Conclude 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Conclusion (controls) TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE


NTC Ct
Tm


Conclude 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Conclusion (controls) TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE


NO VALID NO VALID NO VALID NO VALID NO VALID NO VALID NO VALID NO VALID NO VALID NO VALID NO VALID NO VALID NO VALID NO VALID


Division Biosafety and Biotechnology


Overview of all the results and matrix decision


CONCLUSION


FORM 15/E/071 V16g
Approbation: 06/05/2010


Plate-analysis
Application date: 10/05/2010 1/3
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Overview of all the results and matrix decision


COSYPS ANALYSIS Plant SLTM ADH alt CRU p35S short pFMV pNOS Tnos CP4 synth CryIAb/Ac Cry3Bb1 PAT BAR CRT 2


Extract 1: Ct
Tm


Conclude 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Extract 2: Ct
Tm


Conclude 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Conclusion repeatability between run


Conclusion (2 runs)


FORM 15/E/071 V16g
Approbation: 06/05/2010


Plate-analysis
Application date: 10/05/2010 2/3







SAMPLE ID: #REF!


ANALYSIS
COSYPS RESULT


Lect 5 0 1
ADH 7 0 1
CRU 11 0 1
p35S 13 0 1
pFMV 41 0 1
pNOS 59 0 1
Tnos 17 0 1
CP4 19 0 1
CryIAB 23 0 1
Cry3Bb1 53 0 1
PAT 29 0 1
Bar 31 0 1


SGP (Sample Gödel product): 1


RESULT
GTS40-3-2 Below LOD 0 0


T25 Below LOD 0 0


NK603 Below LOD 0 0


GA21 Below LOD 0 0


Bt176(a) Below LOD 0 0


Bt176(b) Below LOD 0 0


Bt11 Below LOD 0 0


Bt10 Below LOD 0 0


MON810 (a) Below LOD 0 0


MON810 (b) Below LOD 0 0


TC1507 Below LOD 0 0


DAS59122 Below LOD 0 0


MON863 Below LOD 0 0


Topas 19/2 Below LOD 0 0


MS8/RF3 Below LOD 0 0


MS1/RF1/RF2 Below LOD 0 0


T45 Below LOD 0 0


GT73 Below LOD 0 0


LL62 rice Below LOD 0 0


LL601 Below LOD 0 0


MON 1445 Cotton Below LOD 0 0


MON 531 Cotton Below LOD 0 0


MON 15985 Cotton Below LOD 0 0


A 2704-12 Below LOD 0 0


A 5547-127 Below LOD 0 0


MON 87769-7 Below LOD 0 0


MON 89788 Below LOD 0 0


MIR 604 Below LOD 0 0


MON 89034 Below LOD 0 0


LL25 Cotton Below LOD 0 0


EH92-527-1 Below LOD 0 0


MON 88017 Below LOD 0 0


Bt63 Rice Below LOD 0 0


H7-1 Sugarbeet Below LOD 0 0


Bold: asked by AFSCA
Underlined: Tolerated below 0.9%
EU-non authorized


COSYPS MATRIX ANALYSIS AND EVENT DETERMINATION


Division Biosafety and Biotechnology


Overview of all the results and matrix decision


FORM 15/E/071 V16g
Approbation:06/05/2010


Matrix
Application date: 10/05/2010 3/3
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Summary 
The objective of the Work Package 3 (WP3) is the implementation of a DNA-based 


hybridization method allowing multiplex, alternative platform to the PCR technology. 


Therefore at the National Institute of Biology (NIB), a hexaplex NAIMA method was developed 


for the screening of GMO maize. A first deliverable (D6.01) has reported the 


development/improvement results and preliminary performance parameters of the NAIMA-


microarray platform. In the present document are reported the results of the pre-validation 


study gathering the data from the in-house validation (at NIB) and the transfer of the method 


to EV-ILVO. The aim was to demonstrate the ability of an alternative method, with high-


throughput capacity, to allow multiplex screening of GMOs in food samples. The pre-validation 


focused both on the target amplification by NAIMA and the detection of the labelled NAIMA 


products after hybridization on high-density microarray.  


The performance characteristics detailed in this report focus on sensitivity, 


specificity/selectivity, intra- and inter-laboratory precision (repeatability and reproducibility 


tests) for the target amplification by NAIMA. The amplification method showed good 


specificity and sensitivity as well as precision in both laboratories. However, some results 


suggest that the method may not be robust for some targets when their concentration is low 


while the others are at higher concentration.  


Regarding the microarray-based detection of the amplified products, data could only be taken 


from NIB results as the slides provided by EV ILVO where not suitable for data analysis. 


However, it appears that high-density microarray platform is not appropriate for routine GMO 


screening in regards to its specificity performance, its associated costs and time to get results.  


 


Date: 24.02.2011 


 


Dr. Dany Morisset, WP3 leader 


Department of Biotechnology and Systems Biology - National Institute of Biology 


Večna pot 111, SI-1000 Ljubljana, Slovenia 


Tel: 00386 59 232 821, Fax: 00386 1 25 738 47 
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Introduction 
NAIMA is a new nucleic-acid based amplification method relying on the use of three enzymes 


(T7 RNA polymerase, AMV reverse transcriptase and RNAseH) and tailed primers, one of them 


harbouring the promoter sequence for the T7 RNA polymerase. NAIMA allows amplification of 


DNA targets in a multiplex fashion. This amplification method was coupled with hybridization 


of NAIMA products on microarrays to allow high-throughput detection of multiple targets. 


Prior to hybridization, NAIMA products are labelled with dendrimers harbouring several copies 


of fluorescent dyes (15/ dendrimer molecule) to increase the signal intensity and therefore 


sensitivity of the detection on microarray.  


The NAIMA platform in-house validated and transferred to EV ILVO is a hexaplex GMOs 


screening platform (especially for maize) targeting ivr, P35S, tNOS, MON810, pat and nptII. The 


assay starts with amplification of the six elements in one single NAIMA assay. After labelling 


with dendrimers (harbouring fluorescing dyes), the products are hybridised on a high-density 


microarray using hybridization oven. Arrays are scanned followed by data analysis on software. 


The outcome is the determination of the presence or not of one or several of these elements, 


suggesting the possible presence of GMO in a sample. Using the matrix-based approach, one 


can infer the possible GM events present in the sample. 


Organisation of the transfer 
The method was developed, optimised and in-house validated at NIB, then transferred to ILVO with the 


aim to assess its performance. ILVO was requested to carefully follow the protocol provided (SOP in 


annex 1). 


1. Acceptance criteria 
There is no acceptance criteria defined for qualitative methods so far. To assess the current 


method, amplification parameters were compared to the following criteria, partially taken 


from the document on Definition of Minimum Performance Requirements for Analytical 


Methods of GMO Testing (ENGL) [1] and partially decided at NIB.  


1.1. Amplification with NAIMA 


1. NAIMA reactions with technical problems were removed. Examples of 


technical problems are negative control in NAIMA steps being positive, 


defective material or experimental step (NAIMA amplification,) 


2. Each element was validated separately. The assay was a qualitative detection 


of each target amplified by NAIMA. 


3. The detection must show a 95% accuracy (with less than 5% false positive and 


5% false negative rates) 
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4. The detection level (aLOD) should be below 50 copies for each transgenic 


target, 100 copies for the endogene. The rLOD should be at least 0.1% for 


each transgenic target. 


1. RSDr and RSDR should be close to the set limits for event-specific quantitative 


real-time PCR methods (25% and 35%, respectively). Both NIB and EV ILVO 


should provide comparable data in terms of aLOD, rLOD, working range and 


false positive/false negative ratio. 


5. The method should be strictly specific to the targeted sequence 


1.2. Detection on microarray 


To assess the current method, criteria to assess the detection on microarray  parameters were 


partially taken from the document on Microarray Method for the Screening of EU Approved 


GMOs by Identification of their Genetic Elements (ENGL) [2] and partially decided at NIB.  


2. Arrays with technical problems were removed. Examples of technical problems 


are air bubbles in the array chambers, negative control in microarray steps 


being positive, defective material or experimental step (labelling, array 


hybridization/washing) 


3. Each element was validated separately. The assay was a qualitative detection 


of each target identified on the array. 


4. The detection must show a 95% accuracy (with less than 5% false positive and 


5% false negative rates) 


5. The detection was based on cut-offs: a signal is considered as detected if the 


raw intensity is above the local background intensity plus 3 times the 


standard deviation of the background intensity.  


6. For a given capture probe group, all three values (Average Signal Mean, 


Average Signal Median and Average Signal Mode) obtained from microarray 


analysis should be positive. For each amplicon, both microarrays should give 


positive signal for the amplicon to be considered detected. 


7. The detection level (aLOD) should be below 100 copies for each transgenic 


target, 150 copies for the endogene. The rLOD should be at least 0.1% for 


each transgenic target. 


8. Both NIB and EV ILVO should provide comparable data in terms of aLOD, rLOD, 


working range and false positive/false negative ratio. 


9. The method should be strictly specific to the targeted sequence 
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2. Material tested  
The sample materials tested during the transfer to EV ILVO were provided by NIB as blind samples 


consisting of DNA reference samples, covering the different target elements to be detected by the 


method.  


2.1. Calibration standard 


The calibration material used during transfer to EV ILVO is the same as for the method in-


house validation. Details on the mix preparation are available in deliverable D6.01. The mix 


contains all the target genetic elements for the hexaplex assay (Tables 1 and 2). The mix was 


prepared at NIB and distributed in two equal aliquots. One of these aliquots was send to EV 


ILVO for the method transfer.  


Table 1: composition of the different maize GM events in terms of genetic elements 


Event P35S MON810  T-NOS nptII pat 


MON810  1 1 0 0 0 


MON 863  1 0 1 1 0 


DAS1507 (TC1507) 1 0 0 0 1 


Figures correspond to the number of genetic element copies in the transgenic plant genome. 


The calibration standard was used as 4x dilutions series (ranging from non-diluted S1 to 1024 


times diluted S6). Contents for the different targets of the hexaplex assay are indicated in the 


Tables 2 (%) and 3 (copy numbers). 


2.2. Unknown samples 


The same four maize flour samples were used for the in-house validation and transfer of the 


method. These samples are described in the deliverable D6.01. The contents for the different 


targets of the hexaplex assay are indicated in the Tables 2 (%) and 3 (copy numbers). 


 
Table 2: contents (w/w) for the different targets in the samples 


Sample P35S MON810  T-NOS nptII pat 


calibration standard 13.3% 4.2% 4.6% 4.6% 4.5% 


Unknown sample 1 1.6% 0,1% 0.8% 0.6% 0.8% 


Unknown sample 2  4.2% neg. 3.1% 1.5% 1.5% 


Unknown sample 3 5.9% 0.7% 5.4% neg.  0.1% 


Unknown sample 4 2.9% 0.5% 0.8% 1.5% 0.5% 


neg.: Not present in the sample according to event-specific analysis of the possible GMOs. Negative 
results for the element when tested with qPCR system.  
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Table 3 shows the copy number for each target in the samples used for NAIMA amplification 


Table 3: Copy number estimates of the target in serial dilutions of the NAIMA amplified 
samples 


Samples ivr P35S Mon810 tNOS nptII pat 


S1 1x 5172 344 109 119 119 116 


S2 4x 1293 86 27 30 30 29 


S3 16x 323 21 7 7 7 7 


S4 64x 81 5 2 2 2 2 


S5 256x 20 1 1 1 1 1 


S6 1024x 5 0 0.1 0.1 0.1 0.1 


Unknown 1 18315 293 18 147 110 147 


Unknown 2 36330 1538 no 1136 549 549 


Unknown 3 18315 1081 128 989 no 18 


Unknown 4 18315 531 92 293 147 275 


Figures indicate the number of copies for each element at each dilution.  


 


3. Reagents and equipment 
NIB provided the following reagents and equipment to EV ILVO in addition to the test samples. 


3.1. Reagents: 


Table 4: List of reagents provided by NIB to ILVO 


Reagent Quantity Number of reactions 


Hexaplex primer mix 25uL > 20 reactions 


H2O 500uL > 20 reactions 


NASBA Reagent diluents 1 tube > 20 reactions 


NASBA Reagent sphere 2 spheres (tubes) for 32 reactions 


NASBA Enzyme diluents 1 tube > 20 reactions 


NASBA Enzyme sphere 2 spheres (tubes) for 32 reactions 


KCL solution (for 85mM) 100uL > 20 reactions 


Universal primers 30uL > 32 reactions 


SP6 extension primer (50 μM) 30uL for 30 reactions 
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T7 extension primer (50 μM) 30uL for 30 reactions 


ivr pps (primers and probe mix) 300uL for 100 reactions 


Mon810 pps (primers and probe mix) 300uL for 100 reactions 


P35S pps (primers and probe mix) 300uL for 100 reactions 


tNOS pps (primers and probe mix) 300uL for 100 reactions 


pat pps (primers and probe mix) 300uL for 100 reactions 


nptII pps (primers and probe mix) 300uL for 100 reactions 


 


Primers and probes used for multiplex NAIMA amplification in the method transfer are the 


ones already described in the deliverable D6.01 for the method development (see also the SOP 


in annex 1 for details).  


Before labelling and hybridization on microarray, a portion of each NAIMA amplification 


product was reverse transcribed to cDNA, and then analysed using qPCR systems. The qPCR 


systems for ivr [3], Mon810 [4], tNOS [5]and P35S [6]are part of NIB accredited qPCR methods 


(ISO 17025), while the nptII and pat qPCR systems were designed for this work. These systems 


specially developed to fit with the pat and nptII NAIMA amplicons were thoroughly verified for 


specificity and sensitivity on all material used in this work, and they are detailed in the 


provided SOP (annex 1). 


In addition to the reagents provided by NIB and for budget reasons, EV ILVO provided the 


following reagents specified by NIB: dNTPs (100mM each, Promega), Biotaq polymerase 


(Bioline), 3DNA® FlashTag™ dendrimers and RNA Labelling Kit - Oyster®-550 (Genisphere), 


Ribonuclease H (Promega), SuperscriptII reverse transcriptase (Invitrogen), Microarray 


Stabilization and drying solution (Agilent), Gene Expression Hybridization kit (Agilent), Gene 


Expression wash pack (Agilent). 


3.2. Equipments 


Table 5: List of equipments provided by NIB to ILVO 


Reagent Quantity Number of reactions 


Agilent GE customized arrays 3 slides (24 arrays) 24 reactions 


Hybridization Gasket Slide Kit 3 items for 3slides 
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NAIMA amplification and labelling of NAIMA products were performed in a ABI 9700 


thermocycler at NIB, and in a "DuoCycler" thermocycler (VWR International) at EV ILVO.  


qPCR runs were performed in a ABI 7900 HT thermocycler (384 well plate) at NIB, and in a ABI 


7900 thermocycler (384 well plate) at EV ILVO.  


Hybridization on microarrays was performed in hybridization chambers from Agilent 


Technologies (cat.no. G2534A) and in microarray hybridization oven from Agilent Technologies 


(cat. no. G2545A) at both NIB and EV ILVO.  


EV ILVO does not have access to a laser scanner. Therefore, the hybridized arrays were sent 


back to NIB for scanning by courier. Microarrays were analysed at NIB using a LS200 scanner 


(Tecan Trading AG, Switzerland) and image analysis of the scanned microarrays was performed 


at NIB using the ImaGene software, version 9.00 (BioDiscovery Inc., El  Segundo, CA).The 


parameters treating for the images obtained from the scanned arrays are indicated in the 


appendix 2. 


4. Experimental design of the transfer 
During in-house validation and transfer to EV ILVO, the experimental design was the following: 


 Four unknown samples and six calibration standards were NAIMA amplified in 
duplicate (same operator repeats the operation over two days) according to the 
procedure detailed in the SOP (see annex 1). For each run, two repeats of amplification 
are performed by sample.  


 Then, a fraction of each NAIMA product was reverse-transcribed to check the 
amplification on qPCR. See the detailed protocol for RT and qPCR in the SOP (see 
annex 1). Two dilutions (10e-3x and 10e-2x) of each calibration standard and unknown 
RT-NAIMA products are checked on qPCR: 2 wells for each dilution and 6 detectors for 
each qPCR sample. As control, non NAIMA amplified DNA is also checked on qPCR: 1 
dilution, 2 repeats, 6 detectors. The qPCR setup was provided by NIB to EV ILVO as a 
xls spreadsheet file.  


 Part of the remaining NAIMA products (that have not gone through RT and qPCR) was 
labelled with dendrimers and then hybridized on the Agilent GE arrays. See SOP for 
details (see annex 1). Only one repeat for each NAIMA product was loaded on the 
arrays. The setup for loading labelled NAIMA products on arrays was provided by NIB 
to EV ILVO as a picture file. 


5. Deviations reported 
EV ILVO has only received half of the primer and probe mix for tNOS originally planned for the 


transfer. EV ILVO consequently only analysed the 10e-2 dilutions of tNOS NAIMA amplicons. As 


EV ILVO uses the same qPCR system than the one recommended in the SOP, check-up of tNOS 


amplification by NAIMA was repeated with its own qPCR system. 


As indicated above, EV ILVO does not have access to a laser scanner and therefore, the 


hybridized arrays were sent back to NIB for scanning and data analysis. Unfortunately, none of 
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the microarrays hybridized at EV ILVO and received by NIB for scanning were suitable for data 


analysis. 


 


Results for NAIMA amplification 
The following sections present the data analysis of results obtained at EV ILVO during the 


method transfer as well as new data analysis of the results obtained at NIB during method 


development and in-house validation. 


6. Repeatability tests 
Results of qPCR runs on the different replicates of NAIMA amplification allow estimating the 


precision of the amplification method within a laboratory and between both laboratories. As 


the NAIMA 6plex amplification is not optimized for quantitative purpose, the precision may 


not be a relevant parameter for such qualitative method (discussions on-going at the ENGL 


working group on minimum performance criteria). However, precision was estimated based on 


Ct values obtained from the qPCR runs (and not on estimated target copy numbers). Intra-


laboratory repeatability standard deviation (RSDr) at NIB (Table 6) and EV ILVO (Table 7) was 


calculated as well as the inter-laboratory reproducibility standard deviation (RSDR) between 


NIB and EV ILVO (Table 8).  


Repeatability is estimated as follows: average Ct value (Avg) and standard deviation (SD) for 


each sample over both repeatability runs are calculated. RSDr (%) = (SD/AVG) x 100 


Reproducibility is estimated as follows: average Ct value (Avg) and standard deviation (SD) for 


each sample are calculated over both laboratories. RSDR (%) = (SD/AVG) x 100 


 


Also, a qualitative estimation of the repeatability and reproducibility is given in the above 


mentioned tables: the number of positive outcome/ number of reaction can be also taken as 


an indication of the repeatability/reproducibility. Details on the obtained results are available 


in appendix 3. 


Table 6: Repeatability runs at NIB 


Sample ivr P35S Mon810 tNOS nptII pat 


S1 1x 
1.03 


(100%) 
20.07 


(100%) 
11.81 


(100%) 
14.28 


(100%) 
25.55 


(100%) 
4.39 


(100%) 


S2 4x 
9.35 


(100%) 
13.74 


(100%) 
10.73 


(100%) 
12.18 


(100%) 
3.64 


(100%) 
10.01 


(100%) 


S3 16x 
9.90 


(100%) 
19.76 


(100%) 
20.99 


(100%) 
19.65 
(75%) 


25.15 
(100%) 


19.44 
(100%) 


S4 64x 
35.16 


(100%) 
0.17 


(50%) 
0.05 


(50%) 
n.d.  
(0%) 


n.d.  
(0%) 


0.70 
(50%) 
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S5 256x 
n.d.  
(0%) 


2.23 
(50%) 


n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


S6 1024x 
n.d. 


(25%) 
n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


unknown 1 
1.50 


(100%) 
27.39 


(100%) 
n.d.  
(0%) 


16.76 
(100%) 


36.92 
(100%) 


17.77 
(100%) 


unknown 2 
4.42 


(100%) 
7.84 


(100%) 
n.d.  
(0%) 


17.32 
(100%) 


24.14 
(100%) 


6.41 
(100%) 


unknown 3 
3.88 


(100%) 
12.01 


(100%) 
17.09 


(100%) 
28.54 


(100%) 
3.18 


(50%) 
n.d. 


(25%) 


unknown 4 
1.54 


(100%) 
8.26 


(100%) 
0.90 


(50%) 
31.98 


(100%) 
18.99 


(100%) 
9.42 


(100%) 


RSDr is indicated for each tested sample and sample dilution. RSDr above 25% is highlighted in 


red. Data in brackets represent the percentage of positive outcome (2 reactions/days, 2 


repeats) 


n.d.: RSDr could not be determined. 


 IVR amplicon: the qualitative repeatability shows good match between both days of 


experimentation with the exception of the S6 sample where a very weak signal was obtained in 


one of the two NAIMA reactions from the second repeat. RSRr is below 25% with the exception 


of the sample S4 which NAIMA gave weaker amplification during the second repeat. 


 P35S amplicon: the qualitative repeatability shows good match between both days of 


experimentation until the S4 and S5 samples for which only the reactions from the second 


repeat (S4) and the first repeat (S5) gave positive signal. RSRr is below 25% with the exception 


of the unknown sample 1 for which NAIMA gave weaker amplification during the second 


repeat. 


 Mon810 amplicon: the qualitative repeatability shows good match between both days of 


experimentation until the S4 sample for which only the reactions from the second repeat gave 


positive signal. The case of unknown sample 4 that provided positive signal only in the second 


repeat is discussed later in the precision section. RSRr is below 25% in all cases. 


 tNOS amplicon: the qualitative repeatability shows good match between both days of 


experimentation until the S3 sample for which one reaction of the first repeat did not gave 


positive signal. RSRr is below 25% with the exception of the unknown samples 3 and 4 for which 


NAIMA gave weaker amplification during the second repeat. 


 nptII amplicon: the qualitative repeatability shows good match between both days of 


experimentation. The case of unknown sample 3 that provided positive signals for the second 


repeat only is discussed later in the precision section. RSRr is below 25% with the exception of 


the samples S1 and S3 (weaker signal in the second repeat), and the unknown sample 1 (much 


weaker signal in the first repeat). 


 Pat amplicon: the qualitative repeatability shows good match between both days of 


experimentation until the S4 sample for which only the first repeat gave positive signal. The 


case of unknown sample 3 that gave only one weak positive reaction other the two days is 


discussed later in the precision section. RSRr is below 25% in all cases. 
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Table 7: Repeatability runs at EV ILVO 


Sample ivr P35S Mon810 tNOS nptII pat 


S1 1x 
0.67 
(4/4) 


5.29 
(4/4) 


8.73 
(4/4) 


9.17 
(4/4) 


6.67 
(4/4) 


6.78 
(4/4) 


S2 4x 
3.10 


(100%) 
10.92 


(100%)  
7.71 


(100%) 
7.34 


(100%) 
3.85 


(100%) 
9.09 


(100%) 


S3 16x 
1.17 


(100%) 
17.62 


(100%) 
5.05 


(100%) 
26.66 


(100%) 
1.22 


(100%) 
0.47 


(50%) 


S4 64x 
16.83 


(100%) 
0.25 


(50%) 
0.22 


(50%) 
7.73 


(100%) 
0.57 


(50%) 
n.d. 
(0%) 


S5 256x 
0.25 


(50%) 
0.40 


(50%) 
n.d. 
(0%) 


n.d. 
(0%) 


n.d. 
(0%) 


n.d. 
(0%) 


S6 1024x 
12.96 
(75%) 


n.d. 
(0%) 


n.d. 
(0%) 


n.d. 
(0%) 


n.d. 
(0%) 


n.d. 
(0%) 


unknown 1 
4.27 


(100%) 
5.70 


(100%) 
0.15 


(50%) 
11.15 


(100%) 
28.14 


(100%) 
17.83 


(100%) 


unknown 2 
0.32 


(100%) 
5.73 


(100%) 
n.d. 
(0%) 


6.96 
(100%) 


8.45 
(100%) 


5.19 
(100%) 


unknown 3 
4.61 


(100%) 
16.70 


(100%) 
6.49 


(100%) 
6.65 


(100%) 
9.40 


(50%) 
n.d. 


(25%) 


unknown 4 
3.87 


(100%) 
26.32 


(100%) 
0.16 


(50%) 
0.70 


(100%) 
25.09 


(100%) 
6.91 


(100%) 


RSDr is indicated for each tested sample and sample dilution. RSDr above 25% is highlighted in 


red. Data in brackets represent the percentage of positive outcome (2 reactions/days, 2 


repeats) 


n.d.: RSDr could not be determined. 


 IVR amplicon: the qualitative repeatability shows good match between both days of 


experimentation with the exception of the S5 andS6 samples where only the first repeat gave 


positive signal (S5) and one reaction of the second repeat gave negative signal (S6). RSRr is 


below 25% in all cases. 


 P35S amplicon: the qualitative repeatability shows good match between both days of 


experimentation until the S4 and S5 samples for which only the reactions from the second 


repeat gave positive signal. RSRr is below 25% with the exception of the unknown sample 4 for 


which NAIMA gave weaker amplification during the second repeat. 


 Mon810 amplicon: the qualitative repeatability shows good match between both days of 


experimentation until the S4 sample for which only the reactions from the second repeat gave 


positive signal. The cases of unknown samples 1 and 4 that provided positive signal in only one 


repeat (first repeat for sample 1, second repeat for sample 4) are discussed later in the 


precision section. RSRr is below 25% in all cases. 


 tNOS amplicon: the qualitative repeatability shows good match between both days of 


experimentation until the S5 and S6 samples for which no positive signal is obtain in all 


reactions. RSRr is below 25% with the exception of the sample S3 for which NAIMA gave weaker 


amplification during the second repeat. 
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 nptII amplicon: the qualitative repeatability shows good match between both days of 


experimentation until the S4 sample for which only the second repeat provided positive signal. 


In the case of the S3 sample, a technical error probably occurred during qPCR. Therefore, only 3 


reactions are taken in account. The case of unknown sample 3 that provided only one positive 


signal for each repeat is discussed later in the precision section. RSRr is below 25% with the 


exception of the unknown samples 1 and 4 for which NAIMA gave weaker amplification during 


the second repeat. 


 Pat amplicon: the qualitative repeatability shows good match between both days of 


experimentation until the S3 sample for which only the first repeat gave positive signal. The 


case of unknown sample 3 that gave only one weak positive reaction other the two days is 


discussed later in the precision section. RSRr is below 25% in all cases. 


Table 8: Reproducibility runs between NIB and EV ILVO 


Sample ivr P35S Mon810 tNOS nptII pat 


S1 1x 
16.43 


(100%) 
15.49 


(100%) 
12.99 


(100%) 
15.63 


(100%) 
29.19 


(100%) 
5.35 


(100%) 


S2 4x 
10.32 


(100%) 
14.05 


(100%) 
8.99 


(100%) 
9.30 


(100%) 
21.08 


(100%) 
19.01 


(100%) 


S3 16x 
9.15 


(100%) 
18.30 


(100%) 
25.44 


(100%) 
22.61 


(87.5%) 
17.75 


(100%) 
15.13 
(75%) 


S4 64x 
25.46 


(100%) 
6.45 


(50%) 
10.46 
(50%) 


7.73 
(50%) 


0.57 
(25%) 


0.70 
(25%) 


S5 256x 
0.25 


(25%) 
18.38 
(50%) 


n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


S6 1024x 
18.90 
(50%) 


n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


n.d.  
(0%) 


unknown 1 
13.67 


(100%) 
25.10 


(100%) 
0.15 


(25%) 
28.05 


(100%) 
31.59 


(100%) 
18.09 


(100%) 


unknown 2 
10.01 


(100%) 
6.83 


(100%) 
n.d.  
(0%) 


16.91 
(100%) 


32.25 
(100%) 


7.58 
(100%) 


unknown 3 
12.21 


(100%) 
20.05 


(100%) 
12.73 


(100%) 
29.96 


(100%) 
5.72 


(50%) 
33.04 
(25%) 


unknown 4 
12.02 


(100%) 
29.72 


(100%) 
21.45 
(50%) 


20.67 
(100%) 


23.18 
(100%) 


7.67 
(100%) 


RSDR is indicated for each tested sample and sample dilution. RSDR above 35% (50% for GM 


contents < 0.2%) is highlighted in red. Data in brackets represent the percentage of positive 


outcome (2 reactions/days, 2 repeats per laboratory) 


n.d.: RSDR could not be determined. 


 IVR amplicon: the qualitative reproducibility shows good match between testing laboratories 


with the exception of the S5 sample for which only the first repeat at EV ILVO gave positive 


signal (S5). For the S6 sample, difference is also important between EV ILVO (3 positive results) 


and NIB (only one very weak positive reaction). RSRR is below 35% in all cases. 


 P35S amplicon: the qualitative reproducibility shows good match between testing laboratories. 


Also for the S4 and S5 samples, only one repeat gave positive signal for each testing laboratory. 


RSRR is below 35% in all cases. However, one can note some variability in the unknown samples 
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1 (signal much weaker in second repeat at NIB) and 4 (signal much weaker in second repeat at 


EV ILVO). 


 Mon810 amplicon: the qualitative reproducibility shows good match between testing 


laboratories. Also for the S4 and S5 samples and unknown sample 4, only one repeat gave 


positive signal for each testing laboratory. For the unknown sample 1, however, only EV ILVO 


obtained positive reaction (in the first repeat only). RSRR is below 35% in all cases. However, 


one can note some variability in the S3 sample (signal much weaker in second repeat at NIB). 


 tNOS amplicon: the qualitative reproducibility shows good match between testing 


laboratories with the exception of samples S3 and S4. For the S3 sample, one reaction in the 


first repeat of NIB did not give signal. For the S4 sample, only EV ILVO obtained positive signal 


(in both repeat runs). RSRR is below 35% in all cases. However, one can note some variability in 


the unknown samples 1 and 3 (weaker amplification at EV ILVO in general). 


 nptII amplicon: the qualitative reproducibility shows good match between testing laboratories 


with the exception of sample S4 for which only EV ILVO obtained positive signal (and only for 


the first repeat). RSRR is below 35% in all cases. However, one can note some variability in the 


sample S1 (weaker amplification at EV ILVO) and the unknown samples 1 (one repeat with 


much weaker signal at NIB) and 2 (weaker amplification at EV ILVO). 


 Pat amplicon: the qualitative reproducibility shows good match between testing laboratories 


with the exception of samples S3 and S4. For S3, NIB finds positive reactions in both repeats 


while EV ILVO obtained positive signal only for the first repeat. For S4, only NIB obtained 


positive signal (and only for the first repeat). RSRR is below 35% in all cases. However, one can 


note some variability in the unknown sample 3 (much weaker signal at NIB). 


Generally, the hexaplex NAIMA amplification method showed good qualitative repeatability 


within a laboratory and similar reproducible results between laboratories. Repeatability is 


however above the criteria set by the ENGL for event-specific quantitative real-time PCR 


methods and therefore, the NAIMA assay may not be acceptable if such criteria are adopted 


for qualitative methods.  


7. Sensitivity tests 


7.1.1. Absolute LOD 


Absolute LOD (aLOD) of the hexaplex amplification was evaluated on serial dilutions of the 


calibration standard. Copy numbers for each target in the calibration standard dilutions used 


for checking sensitivity are given in table 3. Results of sensitivity checks in NIB (Table 9), EV 


ILVO (Table 10) and combined results (Table 10) are presented below. A positive signal was 


consider positive for a given amplicon only if the qPCR assays led to positive signals for all 


tested NAIMA reaction to ensure a 100% confidence in results. Sensitivity was deduced from 


the results of repeatability tests (tables 6, 7 and 8).  
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Table 9: Sensitivity test for the hexaplex NAIMA amplification on standard (NIB) 


dilution  factor ivr P35S Mon810 tNOS nptII pat 


S1 1x 5172 344 109 119 119 116 


S2 4x 1293 86 27 30 30 29 


S3 16x 323 21 7 7 7 7 


S4 64x 81 5 2 2 2 2 


S5 256x 20 1 1 1 1 1 


S6 1024x 5 0 0.1 0.1 0.1 0.1 


Figures indicate the number of copies for each element at each dilution. In bold are indicated the last 


dilutions at which the assay can be considered as positive (limit of detection). Table 6 indicates the 


percentage of positive reaction (figures in brackets). 


Table 10: Sensitivity test for the hexaplex NAIMA amplification on standard (EV ILVO)  


dilution  factor ivr P35S Mon810 tNOS nptII pat 


S1 1x 5172 344 109 119 119 116 


S2 4x 1293 86 27 30 30 29 


S3 16x 323 21 7 7 7 7 


S4 64x 81 5 2 2 2 2 


S5 256x 20 1 1 1 1 1 


S6 1024x 5 0 0.1 0.1 0.1 0.1 


 Figures indicate the number of positive signals. In bold are indicated the last dilutions at which the assay 


can be considered as positive (limit of detection). Table 7 indicates the percentage of positive reaction 


(figures in brackets). 


 


Table 11: Sensitivity test for the hexaplex NAIMA amplification on standard (Combined NIB 
and EV ILVO)  


dilution  factor ivr P35S Mon810 tNOS nptII pat 


S1 1x 5172 344 109 119 119 116 


S2 4x 1293 86 27 30 30 29 


S3 16x 323 21 7 7 7 7 


S4 64x 81 5 2 2 2 2 


S5 256x 20 1 1 1 1 1 


S6 1024x 5 0 0.1 0.1 0.1 0.1 


Figures indicate the number of positive signals. In bold are indicated the last dilutions at which the assay 


can be considered as positive (limit of detection). Table 8 indicates the percentage of positive reaction 


(figures in brackets). 
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From these combined tests, aLOD of the hexaplex NAIMA amplification could be established to 


be at least: 81 copies for ivr, 29 copies for pat, 21 copies for P35S, 7 copies for Mon810, nptII 


and tNOS.  


So far, there is no acceptance criterion defined for the sensitivity of screening specific methods 


in terms of target copy number. With aLOD between (roughly) 10 and 30 copies, NAIMA 


amplification showed good sensitivity during the in-house evaluation and method transfer. The 


aLOD of 81 copies observed for the ivr amplicon, should not be problematic as the maize 


endogene is usually present at much higher levels in food samples. Therefore, the sensitivity 


of the NAIMA amplicon in terms of absolute target copy number is satisfactory for the 


detection of GM targets in food samples. Only the IVR amplicon showed higher LOD. The 


suitability of NAIMA in terms of sensitivity will however depend on the criteria that will be 


adopted regarding aLOD for quantitative and qualitative GMO detection methods. 


7.1.2. Working range 


The working range can be defined as the range of target concentration in which the method 


can be used for detection with high confidence. From the sensitivity data (aLOD) and given the 


starting copy numbers of the different targets in the tested samples (Table 3), the working 


range verified so far can be assumed as follows: 


 IVR amplicon: 36630 to 81copies 


 P35S amplicon: 1538 to 21 copies 


 Mon810 amplicon: 128 to 7 copies 


 tNOS amplicon: 1136 to 30 copies 


 nptII amplicon: 549 to 7 copies 


 pat amplicon: 549 to 29 copies 


The working range has not been thoroughly tested for the top concentrations and further 


experiments with higher target concentration should be performed to verify it. If proven to 


work with higher level of target copy numbers for P35S, Mon810, tNOS, nptII and pat, the 


method would show a working range compatible with diagnostics of GMOs in food samples. 


7.1.3. Relative LOD  


Relative LOD (rLOD) of the hexaplex amplification was not thoroughly evaluated; the main goal 


was to evaluate the absolute sensitivity of the method. However, NAIMA specificity/precision 


tests (section 7.2,) performed on the unknown samples 1 to 4 can give indications regarding 


the relative sensitivity of the assay. Tests were done with the following approximate DNA 


quantity: sample 1 (50ng); sample 2 (100ng), sample 3 (50ng), sample 4 (50ng). Details of the 


GM event contents in the unknown samples 1 to 4 are given in tables 2 and 3.  


The results can be seen on the 12, 13 and 14 (visible in the next section) were they are 


expressed in terms of positive signal. 
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From these results and given the target contents indicated in table 2, one can estimate the 


rLOD for the different amplicons according to the last content for which an amplicon was 


detected: P35S at least 1.6% (the lowest content tested with NAIMA); nptII at least 0.6% (the 


lowest content tested with NAIMA); pat at least 0.8%; t-NOS at least 0.8% (the lowest content 


tested with NAIMA), Mon810 at least 0.7%.  


Regarding the pat amplicon, the level at 0.1% (unknown sample 3) was not reliably detected 


either at NIB or EV ILVO (one positive reaction out of four). This would suggest this content is 


under the rLOD of the method for this amplicon. The estimate copy number for the pat target 


is 18 copies in this sample which is above the aLOD for the amplicon. The failure to detect the 


pat target in this sample may express a lack of robustness of the method when a very low 


content of pat target is present in a high background of other targets (ivr, tNOS and P35S in 


this example). 


Similarly, in the unknown sample 2 with estimated Mon810 content of 0.1% (estimated at 18 


copies), the method failed to reliably detect the target (only EV ILVO detected it in 50% of the 


reactions). In the unknown sample 4, a content of 0.5% Mon810 (estimated at 92 copies) was 


detected in only 50% of cases at both laboratories. This would suggest these contents are 


under the rLOD of the method for this amplicon. The estimate copy numbers for the Mon8110 


target for both samples are above the aLOD for the amplicon. Here again, the failure to detect 


the Mon810 target in these samples may express a lack of robustness of the method when a 


low content of Mon810 target is present in a high background of other targets (ivr in this 


example). 


These partial results suggest that the method may be subject to unequal amplification when 


low content of a given target is in a high background of other targets. The method should be 


further tested to verify this assumption as this would limit its use for diagnostics of GMOs in 


food samples. 


7.2. Specificity/precision tests 


7.2.1. Theoretical specificity 


As reported in the deliverable D6.1, theoretical specificity was checked and confirmed during 


method development at NIB (see deliverable D6.1). This verification was not repeated during 


method transfer. 


7.2.1. Experimental specificity/precision 


During method development at NIB, specificity/precision of the system for amplification was 


evaluated on the four unknown samples as well as on several DNA samples in which at least 


one of the six targets was absent: RoundupReady® Soya CRM, EH592-527-1 potato CRM, 


Mon810 maize CRM, a feed sample containing RoundupReady® Soya and wild-type maize, and 


a feed sample containing wild-type oilseed rape, wild-type maize seed, GA21 maize flour with 


traces of P35S contamination. As reported in deliverable D6.1, only the expected targets were 
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amplified by NAIMA and qualitative results were identical to direct qPCR analysis of the 


same samples.  


During the transfer to EV ILVO, only the precision was evaluated on the four unknown samples. 


Result of the precision tested at NIB (Table 12), at EV ILVO (Table 13) and combined results are 
presented below. 
 
Table 12: Precision test for the hexaplex NAIMA amplification on unknown samples (NIB) 


Sample ivr P35S Mon810 tNOS nptII pat 


unknown 1 4/4 4/4 0/4 4/4 4/4 4/4 


unknown 2 4/4 4/4 0/4 4/4 4/4 4/4 


unknown 3 4/4 4/4 4/4 4/4 2/4 1/4 


unknown 4 4/4 4/4 2/4 4/4 4/4 4/4 


Non-expected results are highlighted in red. 


Table 13: Precision test for the hexaplex NAIMA amplification on unknown samples (EV 
ILVO) 


Sample ivr P35S Mon810 tNOS nptII pat 


unknown 1 4/4 4/4 2/4 4/4 4/4 4/4 


unknown 2 4/4 4/4 0/4 4/4 4/4 4/4 


unknown 3 4/4 4/4 4/4 4/4 2/4 1/4 


unknown 4 4/4 4/4 2/4 4/4 4/4 4/4 


Non-expected results are highlighted in red. 


 


Table 14: Precision test for the hexaplex NAIMA amplification on unknown samples 
(Combined NIB and EV ILVO)  


Sample ivr P35S Mon810 tNOS nptII pat 


unknown 1 8/8 8/8 2/8 8/8 8/8 8/8 


unknown 2 8/8 8/8 0/8 8/8 8/8 8/8 


unknown 3 8/8 8/8 8/8 8/8 4/8 2/8 


unknown 4 8/8 8/8 4/8 8/8 8/8 8/8 


Non-expected results are highlighted in red. 


 
Several major problems appeared for the detection of the unknown samples. 
Qualitatively, both laboratories obtained the same results regarding the detection of the target 
elements in the unknown samples with the exception of Mon810 in the unknown sample 1 
only (non-reliably) detected by EV ILVO.  
As discussed above (section 7.1.3), NAIMA also failed to reliably detect (50% of repeats for 
each laboratory) the Mon810 target in unknown sample 4 (0.5% Mon810, 92 copies) and the 
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pat target in the unknown sample 3 (0.1% pat, 18 copies). qPCR systems, by comparison, could 
reliably detect the Mon810 and pat targets in the above mentioned samples (tested in NIB, 4 
positive signal/4 reactions).  
 
In both laboratories, NAIMA detected the presence of nptII target in unknown sample 3 
(supposed to be negative) in 50% of the tests. However, the qPCR system for nptII also 
detected this target in 50% of cases (2 signals/4 reactions) on the same sample, at NIB. This 
would suggest a trace contamination of the sample. 
 
The hexaplex NAIMA amplification shows good specificity for the detection of the target 


elements ivr, p35S, tNOS, Mon810, pat and nptII in samples. No false positive were observed. 


The experimental specificity results correspond with those of qPCR experiments and with 


theoretical results.  


Regarding the precision, Mon 810 and pat targets could not be reliable detected in some 


samples where they were present at level above the absolute LOD. As mentioned in the 


section 7.1.2, the NAIMA hexaplex amplicon may present problems to reliable detect low 


copies of a given target in high background of other targets. This sensitivity to unequal 


target contents may lead to false negative results that only a higher number of replicates 


used during analysis and the statistical treatment may correct. If such limitation can be 


alleviated, the NAIMA amplification could still be relevant for full validation.  


Results for NAIMA product hybridization on microarray  
As mentioned in the deliverable D6/01, first attempts of hybridization were done on 


Eppendorf Array Technology low-density oligonucleotide arrays (EAT, Namur, Belgium) but 


sensitivity on this platform was not satisfying. A new high-density microarray platform (Gene 


Expression array from Agilent Technologies, Santa Clara, CA) was chosen and new probes were 


designed for this platform (see details in D6/01). Therefore, in the following, we only report 


the results from hybridization/detection on Gene Expression array platform of the NAIMA 


labelled products. 


Unfortunately, none of the microarrays hybridized at EV ILVO and received by NIB for 


scanning were suitable for data analysis. None of the positive controls (GE-Bright corner) 


spotted on the arrays is clearly visible above the background and very high background is 


observed throughout the slides. It is also obvious that the spots that can be observed are all 


non-specifically marked, as also non-hybridized arrays show signals. NIB and EV ILVO have 


revised together the different experimental steps, after NAIMA amplification, during which a 


technical error could have been responsible for the bad quality scanned arrays. No clear 


deviation to the agreed procedure or technical mistake was identified. The fact that spots are 


observed in non-specific locations of the arrays (including the negative controls and non- 


attributed locations – without probe) suggest that the fluorescent dyes were not forgotten 


during the procedure.  
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 Labelling of NAIMA products with the dendrimers was repeated several times at NIB 


during the method development and in-house validation as well as during previous 


method development in previous research projects. EV ILVO was already the transfer 


laboratory for previous NAIMA methods in a previous research project and both 


labelling and hybridization on microarray performed normally. Therefore, it is doubtful 


the labelling step failed during the transfer. 


 The microarrays used in the transfer are different than the ones previously used by EV 


ILVO in previous method transfer. It is possible that the lack of training for this type of 


array is responsible for the bad quality of slides obtained. The high background and 


smears observed on the slides may suggest technical problems during product 


hybridization and/or washing steps. 


 However, it cannot be excluded (even if doubtful) that the transport from EV ILVO to 


NIB is responsible for the poor quality of the obtained slides with degradation of the 


signals on positive spots. However, such transport was already performed in the past 


without affecting quality of the slides. Also, while rescanning these slides from EV 


ILVO, NIB rescanned the slides processed in its laboratory and after several months, no 


significant degradation of signal was observed. 


In the following, we report the results obtained at NIB and reported in the deliverable D6/01. 


Results and interpretations were slightly revaluated based on the NAIMA amplification results 


obtained after transfer to EV ILVO. 


7.3. Sensitivity and specificity/precision  tests 


7.3.1. Experimental specificity/precision 


Test on the Agilent GE arrays were performed in duplicate, each microarray containing 50 


repeats of each the selected capture probes described in appendix 3.  


The products of the NAIMA hexaplex amplification of the calibration serial dilution were 


labelled and hybridized on microarray. 


Table 15: Sensitivity for the hexaplex NAIMA detection on AGILENT microarray (serial 
dilution) 


dilution 
 factor ivr P35S Mon810 tNOS nptII pat 


S1 1x 2/2 2/2 2/2 2/2 2/2 2/2 


S2 4x 2/2 2/2 2/2 2/2 1/2 2/2 


S3 16x 2/2 1/2 1/2 1/2 1/2 1/2 


S4 64x 2/2 1/2 2/2 1/2 0/2 1/2 
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S5 256x 0/2 0/2 0/2 0/2 0/2 0/2 


S6 1024x 0/2 0/2 0/2 0/2 0/2 0/2 


Figures indicate the number of microarrays with positive signal for a given amplicon. In bold are 


indicated the last dilutions at which the assay can be considered as positive (limit of detection), i.e. for 


which both array tests resulted positive. Underlined are the results of the sensitivity test for NAIMA 


amplification at both NIB and EV ILVO (table 11). 


According to the serial dilution test on Agilent GE array platform and based on copy estimates 


for each target (Table 3), the limit of detection on microarray for each amplicon is the 


following (table 15): 119 copies for nptII, 86 copies for P35S, 81 copies for ivr, 27 copies for 


Mon810, 30 copies for pat and tNOS. These LODs are satisfactory for the goal of using the 


hexaplex for screening GMOs and they are in accordance with our set criteria with the 


exception of the nptII amplicon with aLOD above the set criterion of 100 target copies. At very 


low concentration (under 100 copies), nptII may not be detected with great confidence (partial 


signal at approximately 30 copies) and a verification using e.g. qPCR may be necessary if such 


weak signal is detected. It is noteworthy that the microarray-based detection looks less 


sensitive than NAIMA amplification.  


Another observation from the serial dilution of the calibration sample is that the assay showed 


good specificity/precision for the detection of labelled NAIMA hexaplex products on 


microarray: no cross reactivity, no false positive, no false negative (Table 15). 


The product of NAIMA hexaplex amplification for the samples 1 to 4 were also labelled and 


hybridized on the Agilent GE microarrays. 


Table 16: Sensitivity for the hexaplex NAIMA detection on AGILENT microarray (test 
samples) 


Sample ivr P35S Mon810 tNOS nptII pat 


unknown 1 2/2 2/2 2/2 2/2 2/2 2/2 


unknown 2 2/2 2/2 2/2 2/2 2/2 2/2 


unknown 3 2/2 2/2 2/2 2/2 2/2 2/2 


unknown 4 2/2 2/2 2/2 2/2 2/2 2/2 


Figures indicate the number of microarrays with positive signal for a given amplicon. Highlighted in red 


are false positive results.  


In contrast with the data presented in table 15 for the serial dilution of the calibration sample, 


two false positive results were obtained with the unknown samples (table 16). For the nptII 


amplicon in sample 3, as mentioned in section 7.2.1, qPCR and NAIMA suggested presence of 


the target in traces with 50% of the replicates giving positive signal. However, the microarray 


analysis does not allow verifying whether the observed positive results are due to this trace 


amount or cross reactivity of the capture probes.  
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The results from Mon810 amplicon in sample 2 are most probably due to cross-reactivity of 


the capture probes as the Mon810 target was never detected by qPCR or NAIMA. We have not 


compared the signal intensity of the capture probes with the estimated target contents (table 


3), and are therefore not able to conclude regarding the potential quantitative aspects of the 


microarray-based detection.  


Unfortunately, the absence of data from EV ILVO regarding detection on microarray does not 


allow concluding on the performances of the evaluated method. Results obtained at NIB are 


satisfactory for the sensitivity but a false positive signal (found in both repeats) for the 


Mon810 amplicon may suggest that detection on microarray should be improved (at least the 


choice of capture probes) for the method to be used with sufficient confidence. The failure to 


obtain good quality slides during the transfer to EV ILVO may also simply suggest that 


detection on microarray is not easily transferable and needs special skills and appropriate 


training to be performed with good quality. Finally, the difficulty to analyse the data from 


high-density microarrays, together with the high price linked to the reagents and equipment 


are not in favour of (high-density) microarray-based detection for routine diagnostics. 


Simpler platforms, as the EAT arrays, may be preferred but as observed in our laboratory, 


sensitivity was not satisfactory with this material. 


Summary of results, and conclusion 
The hexaplex NAIMA assay has been optimized by designing new amplicons, modifying 


amplification and hybridization conditions and testing a new microarray platform. The 


experimental verification of the assay performed on genomic DNA dilution series and 


food/feed samples shows the good sensitivity and specificity/selectivity of the assay 


regarding NAIMA multiplex amplification. The method also presents acceptable repeatability 


during intra-laboratory tests; and reproducibility during transfer to EV ILVO. Some parameters 


have not been thoroughly scrutinized and should be further assess to evaluate the relevance of 


NAIMA amplification for routine GMO diagnostics: the working range should be further 


evaluated with higher upper target concentrations. Also, the robustness of the method to 


unequal target concentrations (one or several targets at low level, the others at high level) 


needs to be demonstrated before the multiplex amplification is proven satisfying. Partial 


results obtained so far may suggest the method is not robust in these conditions. Trueness was 


not evaluated as this is not relevant to qualitative methods  


The microarray-based detection of NAIMA products could only be evaluated at NIB as the 


second laboratory could not provide slides of sufficient quality for data analysis. At NIB, 


microarray-based detection gave good results in terms of sensitivity but one non-explained 


false-positive signal was observed, some of them probably due to cross-reactivity of the 


capture probes. Due to the absence of exploitable results from EV ILVO, it was not possible to 


assess precision of the detection on microarray. Due to the high cost of the technology, it was 


not possible to replicate the tests to obtain relevant data for repeatability. As the customized 


Agilent GE array platform was not optimized for NAIMA use, this observation is not a surprise 
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but further optimization of the microarray platform will be needed for the hybridization-based 


detection of NAIMA products to be usable for GM target screening. However, several points 


are suggesting that the use of high-density arrays is not suitable for GMO diagnostics: lack of 


repeatability/reproducibility, need for trained personnel, cost of equipment and reagents, 


sensitivity and time to get results. Other high-throughput systems may be preferred for the 


detection of NAIMA product such as the use of molecular beacons for real-time detection of 


the different amplicons (with the limitation of available filters in the apparatus), simpler 


microarray system (such as Clondiag array on tube), microfluidics systems. 


If the method could be shown to work with unbalanced concentration of target, the NAIMA 


amplification associated with a practical detection system, the NAIMA detection method could 


still be regarded as potential method for full validation. 


A SOP of NAIMA amplification and Agilent GE microarray-based detection is provided in 


appendix 1. 


List of appendices 
Appendix 1: Standard operation procedure (SOP) for the hexaplex NAIMA amplification and 


hybridization on Agilent GE microarray  


Appendix 2: parameters used for treating the images obtained from the scanned arrays with 


the ImaGene software 


Appendix 3: Data from real-time PCR verification of NAIMA products 
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The gene ID list for blank probes comprises probes with the following names or starting with the 


following names: 


(-)*, NA, Blank*, Empty*, negative* 







 







 


The gene ID list for positive probes comprises probes with the following names or starting with the 


following names: 


(+)*, DCP*, Darkcorner, ETG*, GE_BrightCorner, RC*, bright*, positive* 
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PURPOSE 
This protocol describes how to perform quantitative multiplex NAIMA amplification procedure 
in two steps (Multiplex template synthesis followed by Universal amplification) followed by 
detection of the target sequences using microarray. 
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SCOPE 
This procedural format is utilized by the NIB within the SAFEFOODERA project GMOseek for the 
screening of GMO targets in a hexaplex format. 
The hexaplexes NAIMA is used for the detection of the following targets: maize endogene 
invertase IVR, Cauliflower mosaic virus promoter P35S, Nopaline synthase terminator tNOS, 
Mon810 maize line event-specific 5’ host –insert junction, neomycin phosphotransferase 
type II gene from E.coli transposon Tn5 nptII, phosphinothricin acetyl transferase from 
Streptomyces viridochromogenes pat.  
 


MATERIALS 


1 Equipment 


 Thermocycler (ABI, GeneAmp® PCR system 9700) 


 Agilent Custom Microarray GE 8x15K (Agilent Technologies; CAT#G2509-F, see Table 1 
for probe sequences) 


 Thin Wall Tubes; 200 ml (Nunc; Cat # 230895) OR 


 PCR strips and caps, 8 reaction tubes/strip and 8 caps/strip (ABI; Cat # 4316567 and 
4323032) (PREFERRED) 


 Safe-Lock micro test tubes, 1.5 ml (Eppendorf; Cat # 0030 120.086) 


 Hybridization Gasket Slide Kit - 8 microarrays per slide format (Agilent Technologies; Cat 
# G2534-60014) 


 Hybridization Chamber, stainless (Agilent Technologies; CAT# G2534A) 


 Hybridization oven rotator for Agilent Microarray Hybridization Chambers (Agilent 
Technologies; CAT# G2530-60029) 


 Fluorescence scanner (Tecan Trading AG; LS200 scanner) 


 Slide-staining dish, with slide rack (×3) (Thermo Shandon CAT# 121 or equivalent) 


 Circulating water baths or heat blocks set  


 Clean forceps 


 Vortex shaker 


 Microcentrifuge 


 Pipetman micropipettors, (P-10, P-20, P-200, P-1000) or equivalent 


 Powder free gloves 


2 Reagents 


 DNA purification kit with RNA degradation step: DNeasy plant mini kit (Qiagen; Cat # 
69104) 
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 Taq DNA polymerase: BIOTAQ™ DNA polymerase and reagents (Bioline; Cat # BIO-21060) 
(PREFERRED) 


 dNTP set: 4x1 ml of 100 mM solutions (Fermentas; Cat # #R0182) 


 RNAse and DNAse Free Water 


 NucliSENS EasyQ® Basic Kit V2 (bioMérieux bv; Cat # 280104) 


 3DNA® FlashTag™ RNA Labeling Kit - Oyster®-550 (Genisphere; Cat # KR8850) 
(PREFERRED) 


 Gene Expression Hybridization Kit (Agilent Technologies; CAT# 5188-5242) 


 Gene Expression Wash Buffer Kit (Agilent Technologies; CAT# 5188-5327) 


 Acetonitrile (Sigma; CAT# 271004-1L) 


 Stabilization and Drying Solution (Agilent Technologies; CAT# 5185-5979) 


 Milli-Q water or equivalent 
 


Note: Reaction vessels MUST be DNAse and RNAse free. DNA samples must be RNA free. 


 


3 Primers and probes 


For the screening NAIMA hexaplex amplification, the following T7- and SP6- specific primers are 
used: T7-P35S, SP6-P35S, T7-IVR, SP6-IVR, T7-tNOS, SP6-tNOS, T7-Mon810, SP6-Mon810. 
 
Primers used for NAIMA amplificationa 


Target Name Sequence (5’ – 3’) 


Mon810 
 
P35S 
 
IVR 
 
tNOS 
 
nptII 
 
pat 
 
T7-sequence 
 
SP6-sequence 


T7-Mon810 a 
SP6-Mon810 b 
T7-P35S a 
SP6-P35S b 
T7- IVR a 
SP6-IVR b 
T7-tNOS a 
SP6-tNOS b  
T7- nptII a 
SP6- nptII b  
T7-pat a 
SP6-pat b  
T7-universal c 
 
SP6-universald 


T7-AATAAAGTGACAGATAGCTGGGCA 
SP6-TGTGCTGATGAAGGTATGTCC 
T7-AAGGGTCTTGCGAAGGATAG 
SP6-TCATTGCGATAAAGGAAAGG 
T7-ACAGCCTAGCTAAGAAATGC 
SP6-CGTTCGGCCTTCTCGTGCTG 
T7-GCGATAATTTATCCTAGTTTGC 
SP6-GTCTTGCGATGATTATCATATAATTTCT 
T7- CATGGTGGAAAATGGCC 
SP6-GATACCGTAAAGCACGAGGA 
T7- AACTGTCCAATCGTAAGCGT 
SP6- GACAGAGCCACAAACACCA 
AATTCTAATACGACTCACTATAGGGAGATCCAATAGAATCACATCGCTTA
CAAGGCAAT 
CATACGATTTAGGTGACACTATAGAA 


Primers and probes used in qPCR 


Target Name Sequence (5’ – 3’) 


ivr Antisense ivr1-TM2-R AAAGTTTGGAGGCTGCCG 
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 Sense ivr1-TM1-F TGGCGGACGACGACTTGT 


 Probe ivr1-pro VIC-CGAGCAGACCGCCGTGTACTTCTACC-TAMRA 


Mon810 Antisense Mon810R1311 CCTTCATAACCTTCGCCCG 


 Sense Mon810F1311 AATAAAGTGACAGATAGCTGGGCA 


 Probe Mon810pro1311 FAM-ACGAAGGACTCTAACGTTTAACATCCTTTGCCA-TAMRA 


tNOS Antisense tNOSR CGCTATATTTTGTTTTCTATCGCGT 


 Sense tNOSF GTCTTGCGATGATTATCATATAATTTCTG 


 Probe tNOSpro FAM-AGATGGGTTTTTATGATTAGAGTCCCGCAA-TAMRA 


P35S Antisense TM-35S-R AAGACGTGGTTGGAACGTCTTC 


 Sense TM-35S-F GCCTCTGCCGACAGTGGT 


 Probe TM-35S-pro FAM-CAAAGATGGACCCCCACCCACG-TAMRA 
nptII Antisense forward-nptII GCGGTCAGCCCATTCG 


 Sense reverse-nptII GTGGCGGACCGCTATCAG 


 Probe probe-nptII FAM-AGCTCTTCAGCAATATCACGGGTAGCCA-TAMRA 


pat Antisense forward-pat GCAAGATAGATACCCTTGGTTGGT 


 Sense reverse-pat GGGCCCAGCGTAAGCAAT 


 Probe probe-pat FAM-CTGAGGTTGAGGGTGTTGTGGCTGG-TAMRA 


Table 1. Primers and probes used in NAIMA, qPCR and microarrays. 
a All antisense primers used in NAIMA harbour the T7-cap sequence which is designed so that 
the T7 segment is bound to the 5'-end in addition to the given sequence. 
b All sense primers used in NAIMA harbour the SP6 sequence which is designed so that the SP6 
is bound to the 5'-end in addition to the given sequence. 
c The T7-cap extension primer is composed of the T7-RNA polymerase promoter sequence (5’-
end) and an abiotic cap sequence (3’-end, in italic) 
d The SP6-extension primer differs from the SP6 sequence used in sense primers in such a way 
that it lacks the first four nucleotides (in bold) contained in the latter sequence. 


PREPARATION 


4 Decontamination 
1. The workbench along with the tube racks and pipetmen should all be sprayed 


down with RNaseZAP (or any RNAse decontaminant) and washed with ethanol 
70%, before use. 


2. RNases are very difficult to kill and can seriously affect the run. 


5 DNA sample 
1. DNA samples (U1 to U4, S1 to S6) should be thawed and stored on ice 


throughout the NAIMA preparation and frozen immediately after use. 
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2. Repeated freeze/thaw of DNA samples can cause significant degradation in DNA 


integrity. 


PROCEDURE 
The procedure consists in several steps: after DNA extraction, multiplex template synthesis 
allows to obtain templates suitable for the subsequent simultaneous amplification of all the 
targets. Subsequently, the RNA molecules (main NAIMA products) are labeled with dendrimers 
before hybridization on microarray. Finally, microarray is scanned and image is analysed. 
 


DAY 1 


6 DNA purification 


Samples are purified using the DNeasy plant mini kit (QIagen, Valencia, CA) as described by the 
manufacturer with the incubation time of the sample in the lysis buffer extended to 10 minutes. 
 


7 NAIMA multiplex template synthesis 


1. Thaw all reagents and store on ice. 


2. Maintain an RNAse and DNAse free work environment. 


3. Switch on the thermo cycler 


4. Switch on the thermal block and set it to 41 ºC 


5. Vortex and spin down all reagents (except DNA Taq polymerase) 


6. Prepare and label tubes according to work scheme: 


7. Pipette 5 μl of DNA sample (U1 to U4, S1 to S6) into each reaction tube 


8. Primer mix preparation. You don’t have to prepare it: you received a hexaplex 
primer mix (R1) 


For hexaplex, use 1 volume (V) of each T7-specific primer (100μM), 1V of each SP6-specific 
primer (100μM), 8V nuclease-free water. 
 


Note: For more information on the design of the T7- and SP6-specific primers, see Morisset D. 
et al. 2008. NAIMA: target amplification strategy allowing quantitative on-chip detection of 
GMOs, Nucl. Acids Res., 36, 18: e118 
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9. Add 1 μl of appropriate specific primer mix (5 μM of each primer in the mix) to 


each tube 


10. Template synthesis master mix preparation for a single 10μL reaction (to be 
prepared following this order): 


 
Reagent  Volume / tube (in 


μL) 
Final concentration 


dNTP mix (10 mM) 0,5 0,5 mM/dNTP 


10x NH4 Biotaq buffer 1,0 1X 


MgCl2 (50mM) 0,5 2.5mM 


H2O 1,75  


BioTaq polymerase (5u/μL) 0,25 0,125u/μL 


 


Note: Prepare at least one additional tube per master mix that the needed number of reactions. 


11. Before adding the polymerase vortex and spin down the template synthesis 
master mix, then add the polymerase and mix by pipetting. 


12. Add 4 μl of template synthesis master mix to each thin wall tube or strip tube 
containing the DNA sample and the primer mix. 


13. Mix contents of each tube by pipetting and spin down. 


14. Place tubes into the thermocycler and run the multiplex template synthesis 
following these thermal parameters. 


 
Denaturation  95°C  150s 
Annealing  55°C  30s 
Primer extension 72°C  90s 


 


Note: if not immediately used, the NAIMA DNA templates must be stored at -15 to -25°C. 


 


8 NAIMA universal amplification 


Note: This protocol is derived from the NucliSENS EasyQ® Basic Kit user's manual. 
 


8.1 NAIMA universal amplification buffer preparation  


1. Reagent mix preparation  
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2. Add 64 μl of the Reagent Diluent (Blue cap in the NucliSENS EasyQ® Basic Kit, 


labelled R3) to the Reagent Sphere (Blue cap in the NucliSENS EasyQ® Basic Kit, 
labelled R4) 


3. Vortex and spin down 


4. Incubate for 5 min. at 41 ºC in the thermoblock.  


Note: The reagent mix can be stored at -80°C and re-used once within 15 days. 


 


5. KCl solution preparation (for 85 mM final concentration in the NAIMA reaction). 
You don’t need to prepare it: you received it (labelled R7) 


Mix the reagents as indicated below. 
 


KCl Stock solution (μl) NASBA H2O (μl) 


17 13 


 


Note: The KCl solution can be stored at -20°C and re-used several times. 


 
1. Universal primer mix preparation: You don’t need to prepare it: you received it 


(labelled R8). Mix 1V of the T7-universal primer (100μM) and 1V of the SP6-
universal primer (100μM). 


Note: For the design of the universal primers, see Morisset D. et al., 2008, NAIMA: target 
amplification strategy allowing quantitative on-chip detection of GMOs, Nucl. Acids Res., 36, 18: 
e118 
 


2. Mix the reagents as indicated below (final volume: 6 μl/reaction). 


 
Reagent  Volume / tube (μL) 


KCl solution (R7) 1,5 


Universal primer Mix (R8) 0,5 


Reagent Mix 4,0 


 


8.2 NAIMA universal amplification master mix preparation (for a single 10 μL 
reaction) 


1. Transfer 2.5 μl of each NAIMA template into a fresh thin wall tube or a strip 
tube. 
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2. Add 5 μl of the NAIMA universal amplification buffer to each tube 


3. Vortex and spin down 


4. Place the thin wall tubes or the strip into the thermocycler or thermoblock at 
95°C for 15min. 


5. During this time, prepare the Enzyme solution  


6.  Defrost the Enzyme Diluent (red cap in the NucliSENS EasyQ® Basic Kit, labelled 
T5) 


7. Add 45 μl of the Enzyme Diluent onto the Enzyme Sphere (red cap in the 
NucliSENS EasyQ® Basic Kit, labelled R6) 


8. Mix by tapping the tube with your finger 


9. Incubate at room temperature for at least 5 min 


10. After the thin wall tubes or the strip have been incubated at 95°C for 15 min, 
incubate them 2min 30s at 41°C (thermoblock or thermocycler) 


11. Add 2.5 μl of the Enzyme Solution to each thin wall tube and mix by pipetting. 


12. Spin down and return the thin wall tubes or strip to the thermocycler or the 
thermoblock 


13. Leave at 41°C for 45min. 


14. (optional) Denature 5min at 65°C. 


Note: if not immediately used, the NAIMA products must be stored at -80°C. 


 


To proceed to the microarray preparation and hybridization, please go to the step 5.6. 


 


9 Reverse transcription 


This step is only used to check the NAIMA amplification with qPCR. 
 


1. Prepare the RT Mix as follows (multiply quantities by the number of RT 
reactions) 


Reagent  Volume / 
reaction 


SP-6 extension primer (50 μM) (labelled R9) 
 


1,0 μl 


dNTP mix (25 mM) 1,0 μl 
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2. When NAIMA amplification is finished transfer 2 μl of each NAIMA product into 
a separate fresh tube and add 8 μl of RNAse free water 


3.  Add 2 μl of RT Mix to each tube 


4.  Vortex and spin down 


5. Heat at 65°C for 5 min then, put on ice for 5min. Spin down. 


6. To each reaction, add 1,0μl of T7-extension primer (50μM) (labelled R10) 


7. Incubate at 42°C for 2min. 


8. Add  0,3μL  RNAseH (1/10 just diluted: 0,15U/μL) 


9.  0,3μL  SSII RT (200U/μL) 


10. Incubate 1H at 42°C then 5 min at 65°C. 


 
  When the reaction is completed, store the RT products at -20 ºC.  


10  qPCR 


This step is only necessary for the NAIMA products that were reverse transcribed (step 5.4). 
Taqman probes are labelled with 5'-FAM and 3'-TAMRA, with the exception of the invertase 
probe which is labelled with 5'-VIC. qPCR reactions are performed in 10 μl on an AbiPrism7900 
Instrument or equivalent (384 well plates).  
You received the primers and probe (pps) mixes labelled R11 to R16 
 
The different primers and probe concentration used in the qPCR reactions are the following: 


For Mon810 amplicon (R12): 
 Mon810F1311: 6 M primer solution (10x concentrated) 


 Mon810R1311: 6 M primer solution (10x concentrated) 


 Mon810pro1311: 1,5 M probe solution (10x concentrated) 


 
For IVR amplicon (R11): 


IVR1-TM1: 9 M primer solution (10x concentrated) 


IVR1-TM2  9 M primer solution (10x concentrated) 


IVR - VIC: 2 M probe solution (10x concentrated) 


 
For P35S amplicon (R13): 


TM-35S-1: 6 M primer solution (10x concentrated) 


TM-35S-2: 6 M primer solution (10x concentrated) 


35S-FAM: 1,5 M probe solution (10x concentrated) 
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For tNOS amplicon (R14): 


TM-tNOS-1: 6 M primer solution (10x concentrated) 


TM-tNOS-2: 6 M primer solution (10x concentrated) 


tNOS-FAM: 1,5 M probe solution (10x concentrated) 


 
For nptII amplicon (R16): 


forward-nptII: 6 M primer solution (10x concentrated) 


reverse-nptII: 6 M primer solution (10x concentrated) 


probe-nptII: 1,5 M probe solution (10x concentrated) 


 
For pat amplicon (R15): 


forward-pat: 6 M primer solution (10x concentrated) 


reverse-pat: 6 M primer solution (10x concentrated) 


probe-pat: 1,5 M probe solution (10x concentrated) 
 


1. Reaction master mixes are prepared as follows: pps are already prepared so add 
3uL of pps to 5 uL of TaqMan Universal PCR Master Mix. 


 


Reagent Volume (l) for 1 reaction (10l reaction)  


Forward primer (6 M) 1 


Reverse primer (6 M) 1 


Probe (1.5 M) 1 


TaqMan Universal PCR Master Mix 5 
 


2. After addition of the qPCR master mixes, add 2 l of DNA sample. 


 
3. The qPCR thermo cycle is the following, 45 cycles: 


 


Step Time and temperature 


UNG activation 2 min / 50C 


Activation AmpliTaq 10 min / 95C 


Amplification (45 cycles) 15 s / 95C 


60 s / 60C 

 Uracil-N-Glycosilase system 


 







THE NATIONAL INSTITUTE OF BIOLOGY 
Standard Operating Procedure 
Proprietary Information 


TITLE: NAIMA PROTOCOL PAGE: 11 of 18 


SOP #: 02 REVISION LEVEL: 1 EFFECTIVE DATE: August 2010 


AUTHOR: Dany Morisset  


  


11 NAIMA product labelling 
This step is intended to be used on the NAIMA products that were not reverse-transcribed (from 
step 5.3) 
The labelling consists in two consecutive steps: (A) tailing of the NAIMA (RNA) products, ligation 
of the dendrimer to the poly(A) tail,  
 


Note: this procedure is directly derived from the Genisphere FlashTag Labelling kit user's 
manual. Avoid samples exposure to the light. 


 


11.1 Poly(A) Tailing 


1. Clean working counter with RNAse and EtOH 70% 


2. Defrost NAIMA products 


3. Set up sample tubes and mark well 


4. Switch on thermo block and set at 37 ºC 


5. Get ice 


6. Take the labelling kit (FlashTag RNA labelling) out of freezer 


7. Thaw 10x Reaction Buffer and 25 mM MnCl2 at room temperature 


8. Place ATP mix and Poly A Polymerase (PAP) on ice 


9. Put 8 μl of RNASe – DNAse free H2O and add 2 μl of NAIMA product into each 
marked sample tube 


10. Add the following to 10 μl of the diluted NAIMA products 


1.5 μl of 10x Reaction Buffer 


1.5 μl MnCl2 


1 μl ATP mix 


1 μl Poly A Polymerase (PAP) 


11. Mix gently by tapping each tube (do not vortex) and spin down 


12. Incubate tubes at 37 ºC for 15 min 


13. Thaw the fluorescent dyes (Oyster 550) (wrapped in foil!) along withT4 DNA 
Ligase at room temperature 


14. Return used reagents into the freezer (-20 ºC) 
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15. Prepare appropriate number of foil squares into which you will wrap tubes 


during ligation 


16. Immediately proceed to Ligation 


11.2 Ligation 


1. Spin down the tubes 


2. Turn off all the lights in the room 


3. Wrap each tube into a foil square and place on ice 


4. Vortex / spin down the fluorescent dye 


5. Add 4 μl of 5X FlashTag Ligation Mix (Oyster-550) Mix to appropriate tubes 


6. Spin down T4 DNA Ligase 


7. Add 2 μl of T4 DNA Ligase to each tube 


8. Mix gently by tapping each tube (do not vortex) and spin down 


9. Incubate at room temperature for 30 min wrapped in foil. 


10. Thaw Stop Solution at room temperature 


11. Add 2.5 μl of Stop Solution to each test sample (at room temperature) 


12. Vortex and spin down the ligation reaction 


13. Proceed immediately to hybridization on microarray 


 


12 NAIMA product hybridization 


 


Note: this procedure is directly derived from the Agilent technologies’ “One-Color 
Microarray-Based Gene Expression Analysis” user's manual.  


 


12.1 Prepare the 10X Blocking Agent 


1. Add 500 μL of nuclease-free water to the vial containing lyophilized 10X 
Blocking Agent supplied with the Agilent Gene Expression Hybridization Kit, or add 
1250 μL of nuclease-free water to the vial containing lyophilized large volume 10X 
Blocking Agent (Agilent p/n 5188-5281). 
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2. Mix by gently vortexing. If the pellet does not go into solution completely, heat 


the mix for 4 to 5 minutes at 37°C.  


3. Drive down any material adhering to the tube walls or cap by centrifuging for 5 
to 10 seconds.  


 


Note: 10X Blocking Agent can be prepared in advance and stored at –20°C for up  to 2 
months. After thawing, repeat the vortexing and centrifugation procedures before use. 
 


12.2 Prepare hybridization samples  


1. Equilibrate water bath to 60°C. 


2. Prepare fragmentation mix in 1.5mL tube  


 


For 8x15k microarrays:  
 


labeled aRNA    19μl 
10x Blocking Agent   5μl  
Nuclease-free Water   not needed here  
25x Fragmentation Buffer  1μl  
Total volume   25ul 


 
Vortex gently and centrifuge for few seconds.  
 


3. Incubate for exactly 30min at 60°C to fragment RNA  


4. Immediately cool on ice for 1 min 


5.  Add 25μl of 2x GEx Hybridization Buffer HI-RPM – it will stop the reaction. Mix 
by gentle pipetting. Do not mix by vortexing. This introduces bubbles.  


6. Spin for 1 minute at room temperature at 13,000 rpm in a microcentrifuge to 
drive the sample off the walls and lid and to aid in bubble reduction. Use 
immediately. Do not store. 


7. Transfer on ice and load on array ASAP!  


12.3 Prepare the hybridization assembly 


1. Load a clean gasket slide (we sent three of them) into the Agilent SureHyb 
chamber base with the label facing up and aligned with the rectangular section of 
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the chamber base. Ensure that the gasket slide is flush with the chamber base and 
is not ajar 


2. Slowly dispense the volume of hybridization sample (50μl) onto the gasket well 
in a “drag and dispense” manner. Max that can be loaded is 40ul 


3.  Slowly place an array (we sent three of them) “active side” down onto the 
SureHyb gasket slide, so that the “Agilent”-labeled barcode is facing down and the 
numeric barcode is facing up. Verify that the sandwich-pair is properly aligned. 


4.  Place the SureHyb chamber cover onto the sandwiched slides and slide the 
clamp assembly onto both pieces. 


5.  Hand-tighten the clamp onto the chamber. 


6.  Vertically rotate the assembled chamber to wet the gasket and assess the 
mobility of the bubbles. If necessary, tap the assembly on a hard surface to move 
stationary bubbles. 


7.  Place assembled slide chamber in rotisserie in a hybridization oven set to 65°C. 
Set your hybridization rotator to rotate at 10 rpm when using 2x GEx Hybridization 
Buffer HI-RPM. 


8.  Hybridize at 65°C for 17 hours. 


 


Note: If you are not loading all the available positions on the hybridization rotator rack, be sure 
to balance the loaded hybridization chambers on the rack so that there are an equal number of 
empty positions on each of the four rows on the hybridization rack. 


13 Microarray Wash 


13.1 Add Triton X-102 to Gene Expression wash buffers 


 


Note: The addition of 0.005% Triton X-102 to the Gene Expression wash buffers reduces the 
possibility of array wash artifacts. Add the Triton X-102 to Gene Expression wash buffer 1 and 2 
when the cubitainer of wash buffer is first opened. 


 
Do this step to both Gene Expression wash buffer 1 and 2 before use. 
 


1. Open the cardboard box with the cubitainer of wash buffer and carefully 
remove the outer and inner caps from the cubitainer. 
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2. Use a pipette to add 2 mL of the provided 10% Triton X-102 into the wash buffer 


in the cubitainer. 


3. Replace the original inner and outer caps and mix the buffer carefully but 
thoroughly by inverting the container 5 to 6 times. 


4. Carefully remove the outer and inner caps and install the spigot provided with 
the wash buffer. 


5. Prominently label the wash buffer box to indicate that Triton X-102 has been 
added and indicate the date of addition. 


 


Note: Triton X-102 can be added to smaller volumes of wash buffer as long as the final dilution 
of the 10% Triton X-102 is 0.005% in the Gene Expression wash buffer solution. 


13.2 Prepare the Stabilization and Drying Solution 


 


Note: The compound in solution is present in saturating amounts and may precipitate from the 
solution under normal storage conditions.  


 
If the solution shows visible precipitation, warming of the solution will be necessary to 
redissolve the compound. Washing slides using Stabilization and Drying Solution showing visible 
precipitation will have a profound adverse effect on microarray performance. 
 


1. Warm the solution slowly in a water bath or a vented conventional oven at 40°C 
in a closed container with sufficient head space to allow for expansion. 


 


Note: The original container can be used to warm the solution. Container volume is 700 mL and 
contains 500 mL of liquid. If a different container is used, maintain or exceed this 
headspace/liquid ratio. The time needed to completely redissolve the precipitate is dependent 
on the amount of precipitate present, and may require overnight warming if precipitation is 
heavy. DO NOT FILTER the Stabilization and Drying solution. 


 


2. If needed, gently mix to obtain a homogenous solution. Mix under a vented 
fume hood away from open flames, or other sources of ignition. Warm the 
solution only in a controlled and contained area that meets local fire code 
requirements. 


3. After the precipitate is completely dissolved, let the covered solution stand at 
room temperature, allowing it to equilibrate to room temperature prior to use. 
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13.3 Prewarm Gene Expression Wash Buffer 2 


Warm the Gene Expression Wash Buffer 2 to 37°C as follows: 
 


1. Dispense 1000 mL of Gene Expression Wash Buffer 2 directly into a sterile 1000-
mL bottle. Repeat until you have enough pre-warmed Wash Buffer 2 solution for 
your experiment. 


2. Tightly cap the 1000-mL bottle and place in a 37°C water bath the night before 
washing arrays. Alternatively, remove the plastic cubitainer from the box and 
place it in a 37°C water bath the night before washing the arrays. 


 


DAY 2 


13.4 Wash the microarray slides 


 


 
 


1. Fill slide-staining dish #1 (plastic one, about 300ml of buffer to fully cover 
microarrays) with Gene Expression Wash Buffer 1 at room temperature 


2. Fill slide-staining dish #2 (plastic one, about 300ml of buffer to fully cover 
microarrays) with enough Gene Expression Wash Buffer 1 at room temperature to 
cover the slide rack. 


3. Place the empty dish #3 ((plastic one, about 300ml of buffer to fully cover 
microarrays). Do not add the pre-warmed (37°C) Gene Expression Wash Buffer 2 
until the first wash step has begun. 


4. Fill slide-staining dish #4 (glass) with 200ml of acetonitrile. 
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5. Fill slide-staining dish #5 (glass) with 200ml of Stabilization and Drying Solution. 


6. Remove one hybridization chamber from incubator and record time. Record 
whether bubbles formed during hybridization, and if all bubbles are rotating 
freely. 


7. Prepare the hybridization chamber disassembly. 


8. Place the hybridization chamber assembly on a flat surface and loosen the 
thumbscrew, turning counter-clockwise. 


9. Slide off the clamp assembly and remove the chamber cover. 


10. With gloved fingers, remove the array-gasket sandwich from the chamber base 
by grabbing the slides from their ends. Keep the microarray slide numeric barcode 
facing up as you quickly transfer the sandwich to slide-staining dish #1. 


11. Without letting go of the slides, submerge the array-gasket sandwich into slide-
staining dish #1 containing Gene Expression Wash Buffer 1. 


12. With the sandwich completely submerged in Gene Expression Wash Buffer 1, 
pry the sandwich open from the barcode end only: 


13. Slip one of the blunt ends of the forceps between the slides. 


14. Gently turn the forceps upwards or downwards to separate the slides. 


15. Let the gasket slide drop to the bottom of the staining dish. 


16. Remove the microarray slide and place into slide rack in the slide-staining dish 
#2 containing Gene Expression Wash Buffer 1 at room temperature. Minimize 
exposure of the slide to air. Touch only the barcode portion of the microarray 
slide or its edges! 


17. Repeat step 6 through step 8 for up to seven additional slides in the group. A 
maximum of eight disassembly procedures yielding eight microarray slides is 
advised at one time in order to facilitate uniform washing. 


18.  When all slides in the group are placed into the slide rack in slide-staining dish 
#2, mix well but gently for 1 minute. 


19.  During this wash step, remove Gene Expression Wash Buffer 2 from the 37°C 
water bath and pour into the Wash 2 dish. 


20. Transfer slide rack to slide-staining dish #3 containing Gene Expression Wash 
Buffer 2 at elevated temperature, mix well but gently for 1 minute. 


21. Remove the slide rack from Gene Expression Wash Buffer 2 and tilt the rack 
slightly to minimize wash buffer carry-over. Immediately transfer the slide rack to 
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slide-staining dish #4 containing acetonitrile and mix well but gently for less than 
10 seconds. 


22. Transfer the slide rack to dish #5 filled with Stabilization and Drying Solution 
and mix well but gently for 30 seconds. 


23. Slowly remove the slide rack trying to minimize droplets on the slides. It should 
take 5 to 10 seconds to remove the slide rack. 


24. Discard used Gene Expression Wash Buffer 1 and Gene Expression Wash Buffer 
2. 


14 Array scanning and image analysis  


1. Scan the microarray using a LS200 scanner (Tecan Trading AG, Switzerland) with 
the following parameters:  


2. Laser excitation wavelength λ=543nm and filter at λ=590nm.  


3. Pinhole = Small 


4. Resolution = 6 um (3-4um is better but may release too big pictures) 


5. Oversampling = 2 (setting bigger oversampling will only multiply the signal 
noise) 


6. gain 160 (this is an indicative value, to be refined according to the signal 
intensity) 


7. Load microarrays to slide-holder that active site (“Agilent”-labelled barcode) is 
facing down. 


8. Take care that signal measurements do not reached saturation.  


9. Image analysis of the scanned microarrays is done using the ArrayPro Analyser® 
software, version 4.5.1 (Media Cybernetics® Inc., Bethesda, MD) or the ImaGene 
software, version 9.00 (BioDiscovery Inc., El  Segundo, CA) 


 


REFERENCES 
Morisset, D., Dobnik, D., Žel, J. and Gruden, K. 2008. NAIMA: target amplification strategy 
allowing quantitative on-chip detection of GMOs, Nucl. Acids Res., 36, 18: e118 







ILVO


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 9.517187 9.950 0.424 4.266 4 4 100.00%


M A1 10e2 9.659893


M B1 10e2 10.37359


M B1 10e2 10.249263


M A2 10e2 9.331029 9.303 0.030 0.320 4 4 100.00%


M A2 10e2 9.314165


M B2 10e2 9.261338


M B2 10e2 9.305293


M A3 10e2 10.890346 10.585 0.488 4.609 4 4 100.00%


M A3 10e2 11.108497


M B3 10e2 10.196419


M B3 10e2 10.142773


M A4 10e2 9.848515 9.904 0.384 3.873 4 4 100.00%


M A4 10e2 9.384045


M B4 10e2 10.230879


M B4 10e2 10.151102


S A1 10e2 11.017331 10.915 0.073 0.669 4 4 100.00%


S A1 10e2 10.908471


S B1 10e2 10.887107


S B1 10e2 10.846568


S A2 10e2 12.361071 12.725 0.395 3.100 4 4 100.00%


S A2 10e2 12.447908


S B2 10e2 13.206673


S B2 10e2 12.885205


S A3 10e2 15.053382 14.877 0.174 1.172 4 4 100.00%


S A3 10e2 14.996167


S B3 10e2 14.699882


S B3 10e2 14.756656


S A4 10e2 15.443402 17.939 3.020 16.834 4 4 100.00%


S A4 10e2 15.206483


S B4 10e2 20.574144


S B4 10e2 20.531021


S A5 10e2 18.972503 19.006 0.047 0.249 2 4 50.00%


S A5 10e2 19.039356 Only one repeat positive


S B5 10e2 Undetermined


S B5 10e2 Undetermined


S A6 10e2 21.869655 23.728 3.075 12.958 3 4 75.00%


S A6 10e2 22.037536


S B6 10e2 Undetermined


S B6 10e2 27.276965


Quantitative Qualitative


IVR repetability/reproducibility







NIB


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 7.880893 7.752 0.116 1.497 4 4 100.00%


M A1 10e2 7.712705


M B1 10e2 7.80275


M B1 10e2 7.611845


M A2 10e2 7.488762 7.762 0.343 4.420 4 4 100.00%


M A2 10e2 7.452935


M B2 10e2 8.134706


M B2 10e2 7.971966


M A3 10e2 8.19831 8.525 0.331 3.884 4 4 100.00%


M A3 10e2 8.282956


M B3 10e2 8.773275


M B3 10e2 8.844254


M A4 10e2 7.813785 7.956 0.122 1.538 4 4 100.00%


M A4 10e2 7.897761


M B4 10e2 8.0348755


M B4 10e2 8.078813


S A1 10e2 8.008675 8.009 0.082 1.028 4 4 100.00%


S A1 10e2 7.970537


S B1 10e2 7.934431


S B1 10e2 8.124291


S A2 10e2 11.829194 10.879 1.017 9.347 4 4 100.00%


S A2 10e2 11.682423


S B2 10e2 10.091055


S B2 10e2 9.91309


S A3 10e2 15.304653 16.653 1.649 9.902 4 4 100.00%


S A3 10e2 15.146827


S B3 10e2 18.095501


S B3 10e2 18.063794


S A4 10e2 12.148601 17.791 6.255 35.161 4 4 100.00%


S A4 10e2 12.603027 High RSDR


S B4 10e2 23.202112


S B4 10e2 23.209459


S A5 10e2 Undetermined #DIV/0! ###### #DIV/0! 0 4 0.00%


S A5 10e2 Undetermined


S B5 10e2 Undetermined


S B5 10e2 Undetermined


S A6 10e2 Undetermined 32.101 ###### #DIV/0! 1 4 25.00%


S A6 10e2 Undetermined


S B6 10e2 32.100627 Only one positive reaction


S B6 10e2 Undetermined


Quantitative Qualitative


IVR repetability/reproducibility







Both labs


Sample Name average st dev cv positive total qualitative


M A1 10e2 8.851 1.210 13.667 8 8 100.00%


M A1 10e2


M B1 10e2


M B1 10e2


M A2 10e2 8.533 0.854 10.008 8 8 100.00%


M A2 10e2


M B2 10e2


M B2 10e2


M A3 10e2 9.555 1.167 12.211 8 8 100.00%


M A3 10e2


M B3 10e2


M B3 10e2


M A4 10e2 8.930 1.074 12.024 8 8 100.00%


M A4 10e2


M B4 10e2


M B4 10e2


S A1 10e2 9.462 1.555 16.430 8 8 100.00%


S A1 10e2


S B1 10e2


S B1 10e2


S A2 10e2 11.802 1.218 10.321 8 8 100.00%


S A2 10e2


S B2 10e2


S B2 10e2


S A3 10e2 15.765 1.442 9.148 8 8 100.00%


S A3 10e2


S B3 10e2


S B3 10e2


S A4 10e2 17.865 4.548 25.458 8 8 100.00%


S A4 10e2 High RSDR


S B4 10e2


S B4 10e2


S A5 10e2 19.006 0.047 0.249 2 8 25.00%


S A5 10e2


S B5 10e2


S B5 10e2


S A6 10e2 25.821 4.881 18.904 4 8 50.00%


S A6 10e2


S B6 10e2


S B6 10e2


QualitativeQuantitative


IVR repetability/reproducibility
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Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 16.040819 16.957 0.966 5.696 4 4 100.00%


M A1 10e2 16.206869


M B1 10e2 17.7172


M B1 10e2 17.8618


M A2 10e2 14.383944 15.112 0.866 5.730 4 4 100.00%


M A2 10e2 14.340952


M B2 10e2 15.877215


M B2 10e2 15.846184


M A3 10e2 14.70208 17.165 2.867 16.701 4 4 100.00%


M A3 10e2 14.663563


M B3 10e2 19.668684


M B3 10e2 19.627502


M A4 10e2 15.340891 19.898 5.237 26.320 4 4 100.00%


M A4 10e2 15.388905 High RSDR


M B4 10e2 24.23152


M B4 10e2 24.631703


S A1 10e2 13.293317 13.968 0.739 5.292 4 4 100.00%


S A1 10e2 13.36338


S B1 10e2 14.589118


S B1 10e2 14.625884


S A2 10e2 13.800105 15.183 1.658 10.920 4 4 100.00%


S A2 10e2 13.694728


S B2 10e2 16.599039


S B2 10e2 16.637058


S A3 10e2 21.386511 18.437 3.249 17.624 4 4 100.00%


S A3 10e2 21.111372


S B3 10e2 15.629693


S B3 10e2 15.61899


S A4 10e2 Undetermined 18.657 0.046 0.249 2 4 50.00%


S A4 10e2 Undetermined only one repeat positive


S B4 10e2 18.624654


S B4 10e2 18.69024


S A5 10e2 21.974562 22.036 0.087 0.395 2 4 50.00%


S A5 10e2 22.097788 only one repeat positive


S B5 10e2 Undetermined


S B5 10e2 Undetermined


S A6 10e2 Undetermined #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined


S B6 10e2 Undetermined


S B6 10e2 Undetermined


Quantitative Qualitative


P35S repetability/reproducibility







NIB


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 16.906751 22.215 6.085 27.394 4 4 100.00%


M A1 10e2 16.985876 High RSDR


M B1 10e2 27.676132


M B1 10e2 27.28968


M A2 10e2 13.477314 14.391 1.128 7.840 4 4 100.00%


M A2 10e2 13.359635


M B2 10e2 15.481742


M B2 10e2 15.246075


M A3 10e2 11.785069 13.137 1.578 12.009 4 4 100.00%


M A3 10e2 11.761315


M B3 10e2 14.623971


M B3 10e2 14.376093


M A4 10e2 12.395256 13.372 1.104 8.256 4 4 100.00%


M A4 10e2 12.445939


M B4 10e2 14.450938


M B4 10e2 14.196961


S A1 10e2 13.918919 11.796 2.367 20.066 4 4 100.00%


S A1 10e2 13.766375


S B1 10e2 9.602716


S B1 10e2 9.89637


S A2 10e2 14.611443 12.989 1.784 13.736 4 4 100.00%


S A2 10e2 14.454237


S B2 10e2 11.386789


S B2 10e2 11.504663


S A3 10e2 23.755988 20.434 4.038 19.761 4 4 100.00%


S A3 10e2 24.102278


S B3 10e2 16.969217


S B3 10e2 16.910041


S A4 10e2 Undetermined 20.865 0.036 0.171 2 4 50.00%


S A4 10e2 Undetermined only one repeat positive


S B4 10e2 20.890512


S B4 10e2 20.839988


S A5 10e2 29.868151 30.347 0.677 2.232 2 4 50.00%


S A5 10e2 30.825977 only one repeat positive


S B5 10e2 Undetermined


S B5 10e2 Undetermined


S A6 10e2 Undetermined #DIV/0! ###### #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined


S B6 10e2 Undetermined


S B6 10e2 Undetermined


Quantitative Qualitative


P35S repetability/reproducibility







Both labs


Sample Name average st dev cv positive total qualitative


M A1 10e2 19.586 4.916 25.101 8 8 100.00%


M A1 10e2 High RSDR


M B1 10e2


M B1 10e2


M A2 10e2 14.752 1.008 6.831 8 8 100.00%


M A2 10e2


M B2 10e2


M B2 10e2


M A3 10e2 15.151 3.038 20.048 8 8 100.00%


M A3 10e2


M B3 10e2


M B3 10e2


M A4 10e2 16.635 4.944 29.722 8 8 100.00%


M A4 10e2 High RSDR


M B4 10e2


M B4 10e2


S A1 10e2 12.882 1.996 15.493 8 8 100.00%


S A1 10e2


S B1 10e2


S B1 10e2


S A2 10e2 14.086 1.979 14.050 8 8 100.00%


S A2 10e2


S B2 10e2


S B2 10e2


S A3 10e2 19.436 3.557 18.302 8 8 100.00%


S A3 10e2


S B3 10e2


S B3 10e2


S A4 10e2 19.761 1.275 6.453 4 8 50.00%


S A4 10e2 only one repeat positive for both


S B4 10e2


S B4 10e2


S A5 10e2 26.192 4.814 18.382 4 8 50.00%


S A5 10e2 only one repeat positive for each lab


S B5 10e2


S B5 10e2


S A6 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


S A6 10e2


S B6 10e2


S B6 10e2


QualitativeQuantitative


P35S repetability/reproducibility







ILVO


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 Undetermined 15.320 0.022 0.146 2 4 50.00%


M A1 10e2 Undetermined only one repeat positive


M B1 10e2 15.33613


M B1 10e2 15.304509


M A2 10e2 Undetermined #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


M A2 10e2 Undetermined


M B2 10e2 Undetermined


M B2 10e2 Undetermined


M A3 10e2 14.959985 15.830 1.027 6.486 4 4 100.00%


M A3 10e2 14.923053


M B3 10e2 16.756826


M B3 10e2 16.680807


M A4 10e2 16.929777 16.949 0.027 0.157 2 4 50.00%


M A4 10e2 16.967412 only one repeat positive


M B4 10e2 Undetermined


M B4 10e2 Undetermined


S A1 10e2 11.613247 12.574 1.098 8.732 4 4 100.00%


S A1 10e2 11.63327


S B1 10e2 13.490415


S B1 10e2 13.558118


S A2 10e2 13.403291 14.425 1.112 7.707 4 4 100.00%


S A2 10e2 13.523634


S B2 10e2 15.349236


S B2 10e2 15.423811


S A3 10e2 16.442016 15.665 0.791 5.048 4 4 100.00%


S A3 10e2 16.247648


S B3 10e2 15.038894


S B3 10e2 14.929658


S A4 10e2 Undetermined 17.337 0.039 0.225 2 4 50.00%


S A4 10e2 Undetermined only one repeat positive


S B4 10e2 17.364907


S B4 10e2 17.309825


S A5 10e2 Undetermined #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A5 10e2 Undetermined


S B5 10e2 Undetermined


S B5 10e2 Undetermined


S A6 10e2 Undetermined #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined


S B6 10e2 Undetermined


S B6 10e2 Undetermined


Quantitative Qualitative


Mon810 repetability/reproducibility







NIB


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 Undetermined #DIV/0! ##### #DIV/0! 0 4 0.00%


M A1 10e2 Undetermined


M B1 10e2 Undetermined


M B1 10e2 Undetermined


M A2 10e2 Undetermined #DIV/0! ##### #DIV/0! 0 4 0.00%


M A2 10e2 Undetermined


M B2 10e2 Undetermined


M B2 10e2 Undetermined


M A3 10e2 16.298539 14.306 2.445 17.093 4 4 100.00%


M A3 10e2 16.545619


M B3 10e2 12.161274


M B3 10e2 12.219393


M A4 10e2 11.566046 11.640 0.104 0.897 2 4 50.00%


M A4 10e2 11.713673 only one repeat positive


M B4 10e2 Undetermined


M B4 10e2 Undetermined


S A1 10e2 9.525767 10.630 1.256 11.812 4 4 100.00%


S A1 10e2 9.560298


S B1 10e2 11.753106


S B1 10e2 11.681064


S A2 10e2 16.490862 15.041 1.614 10.728 4 4 100.00%


S A2 10e2 16.385679


S B2 10e2 13.612079


S B2 10e2 13.677205


S A3 10e2 18.485733 22.609 4.744 20.985 4 4 100.00%


S A3 10e2 18.518611


S B3 10e2 26.522575


S B3 10e2 26.90803


S A4 10e2 Undetermined 20.792 0.010 0.049 2 4 50.00%


S A4 10e2 Undetermined only one repeat positive 


S B4 10e2 20.784284


S B4 10e2 20.798766


S A5 10e2 Undetermined #DIV/0! ##### #DIV/0! 0 4 0.00%


S A5 10e2 Undetermined


S B5 10e2 Undetermined


S B5 10e2 Undetermined


S A6 10e2 Undetermined #DIV/0! ##### #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined


S B6 10e2 Undetermined


S B6 10e2 Undetermined


Quantitative Qualitative


Mon810 repetability/reproducibility







Both labs


Sample Name average st dev cv positive total qualitative


M A1 10e2 15.320 0.022 0.146 2 8 25.00%


M A1 10e2 Only one positive repeat in total


M B1 10e2


M B1 10e2


M A2 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


M A2 10e2 Only one positive repeat in total Only one positive repeat in total


M B2 10e2


M B2 10e2


M A3 10e2 15.068 1.918 12.728 8 8 100.00%


M A3 10e2 Only one positive repeat in total Only one positive repeat in total


M B3 10e2


M B3 10e2


M A4 10e2 14.294 3.066 21.447 4 8 50.00%


M A4 10e2 only one repeat positive for each lab


M B4 10e2


M B4 10e2


S A1 10e2 11.602 1.507 12.991 8 8 100.00%


S A1 10e2 Only one positive repeat in total Only one positive repeat in total


S B1 10e2


S B1 10e2


S A2 10e2 14.733 1.325 8.990 8 8 100.00%


S A2 10e2 Only one positive repeat in total Only one positive repeat in total


S B2 10e2


S B2 10e2


S A3 10e2 19.137 4.868 25.436 8 8 100.00%


S A3 10e2 Only one positive repeat in total Only one positive repeat in total


S B3 10e2 High RSDR


S B3 10e2


S A4 10e2 19.064 1.994 10.461 4 8 50.00%


S A4 10e2 only one repeat positive for each lab


S B4 10e2


S B4 10e2


S A5 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


S A5 10e2 Only one positive repeat in total Only one positive repeat in total


S B5 10e2


S B5 10e2


S A6 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


S A6 10e2


S B6 10e2


S B6 10e2


QualitativeQuantitative


Mon810 repetability/reproducibility







ILVO


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 13.169796 15.016 1.674 11.151 4 4 100.00%


M A1 10e2 14.024988


M B1 10e2 16.422326


M B1 10e2 16.445389


M A2 10e2 13.427713 14.443 1.005 6.958 4 4 100.00%


M A2 10e2 13.73695


M B2 10e2 15.212295


M B2 10e2 15.396156


M A3 10e2 14.313166 15.237 1.013 6.651 4 4 100.00%


M A3 10e2 14.417961


M B3 10e2 15.967097


M B3 10e2 16.248604


M A4 10e2 16.319302 16.199 0.113 0.695 4 4 100.00%


M A4 10e2 16.233862


M B4 10e2 16.193607


M B4 10e2 16.049618


S A1 10e2 13.62918 14.822 1.359 9.171 4 4 100.00%


S A1 10e2 13.667363


S B1 10e2 16.119895


S B1 10e2 15.872191


S A2 10e2 15.611886 16.723 1.227 7.336 4 4 100.00%


S A2 10e2 15.711231


S B2 10e2 17.739772


S B2 10e2 17.8287


S A3 10e2 17.484979 22.778 6.072 26.657 4 4 100.00%


S A3 10e2 17.55599 High RSDR


S B3 10e2 27.905868


S B3 10e2 28.165154


S A4 10e2 22.06896 23.512 1.817 7.727 4 4 100.00%


S A4 10e2 21.819038


S B4 10e2 24.953338


S B4 10e2 25.208123


S A5 10e2 Undetermined! #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A5 10e2 Undetermined!


S B5 10e2 Undetermined!


S B5 10e2 Undetermined!


S A6 10e2 Undetermined! #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined!


S B6 10e2 Undetermined!


S B6 10e2 Undetermined!


Quantitative Qualitative


tNOS repetability/reproducibility







NIB


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 8.006082 9.286 1.556 16.758 4 4 100.00%


M A1 10e2 7.874751


M B1 10e2 10.559412


M B1 10e2 10.705212


M A2 10e2 13.126122 11.387 1.972 17.317 4 4 100.00%


M A2 10e2 13.060541


M B2 10e2 9.753243


M B2 10e2 9.606698


M A3 10e2 7.038177 9.304 2.655 28.536 4 4 100.00%


M A3 10e2 6.971253


M B3 10e2 11.590208


M B3 10e2 11.615626


M A4 10e2 10.504168 14.438 4.617 31.979 4 4 100.00%


M A4 10e2 10.375937 High RSDR


M B4 10e2 18.439136


M B4 10e2 18.434604


S A1 10e2 10.448552 11.960 1.708 14.282 4 4 100.00%


S A1 10e2 10.513913


S B1 10e2 13.464206


S B1 10e2 13.414474


S A2 10e2 14.771052 16.547 2.016 12.182 4 4 100.00%


S A2 10e2 14.833695


S B2 10e2 18.384136


S B2 10e2 18.197875


S A3 10e2 Undetermined! 25.808 5.070 19.646 3 4 75.00%


S A3 10e2 31.66312


S B3 10e2 22.886403


S B3 10e2 22.875444


S A4 10e2 Undetermined! #DIV/0! ###### #DIV/0! 0 4 0.00%


S A4 10e2 Undetermined!


S B4 10e2 Undetermined!


S B4 10e2 Undetermined!


S A5 10e2 Undetermined! #DIV/0! ###### #DIV/0! 0 4 0.00%


S A5 10e2 Undetermined!


S B5 10e2 Undetermined!


S B5 10e2 Undetermined!


S A6 10e2 Undetermined! #DIV/0! ###### #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined!


S B6 10e2 Undetermined!


S B6 10e2 Undetermined!


Quantitative Qualitative


tNOS repetability/reproducibility







Both labs


Sample Name average st dev cv positive total qualitative


M A1 10e2 12.151 3.409 28.051 8 8 100.00%


M A1 10e2 High RSDR


M B1 10e2


M B1 10e2


M A2 10e2 12.915 2.184 16.908 8 8 100.00%


M A2 10e2 High RSDR


M B2 10e2


M B2 10e2


M A3 10e2 12.270 3.677 29.964 8 8 100.00%


M A3 10e2 High RSDR


M B3 10e2


M B3 10e2


M A4 10e2 15.319 3.167 20.672 8 8 100.00%


M A4 10e2


M B4 10e2


M B4 10e2


S A1 10e2 13.391 2.093 15.633 8 8 100.00%


S A1 10e2


S B1 10e2


S B1 10e2


S A2 10e2 16.635 1.548 9.304 8 8 100.00%


S A2 10e2


S B2 10e2


S B2 10e2


S A3 10e2 24.077 5.443 22.607 7 8 87.50%


S A3 10e2


S B3 10e2


S B3 10e2


S A4 10e2 23.512 1.817 7.727 4 8 50.00%


S A4 10e2 Positive only for ILVO


S B4 10e2


S B4 10e2


S A5 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


S A5 10e2


S B5 10e2


S B5 10e2


S A6 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


S A6 10e2


S B6 10e2


S B6 10e2


QualitativeQuantitative


tNOS repetability/reproducibility







ILVO


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 15.683183 20.465 5.759 28.142 4 4 100.00%


M A1 10e2 15.277587 High RSDR


M B1 10e2 25.325399


M B1 10e2 25.574541


M A2 10e2 13.36507 14.930 1.261 8.449 4 4 100.00%


M A2 10e2 14.449445


M B2 10e2 15.947118


M B2 10e2 15.959136


M A3 10e2 27.299434 29.242 2.748 9.397 2 4 50.00%


M A3 10e2 Undetermined!


M B3 10e2 31.185565


M B3 10e2 Undetermined!


M A4 10e2 16.518137 20.939 5.253 25.089 4 4 100.00%


M A4 10e2 16.264034 High RSDR


M B4 10e2 25.353431


M B4 10e2 25.619374


S A1 10e2 12.075229 12.948 0.863 6.667 4 4 100.00%


S A1 10e2 12.346866


S B1 10e2 13.57549


S B1 10e2 13.795867


S A2 10e2 14.476626 15.066 0.580 3.851 4 4 100.00%


S A2 10e2 14.661395


S B2 10e2 15.617051


S B2 10e2 15.507821


S A3 10e2 16.392754 16.625 0.203 1.221 3 3 100.00%


S A3 10e2 Undetermined! Probably a problem with qPCR only


S B3 10e2 16.769383


S B3 10e2 16.712107


S A4 10e2 Undetermined! 23.857 0.137 0.574 2 4 50.00%


S A4 10e2 Undetermined! Only one positive repeat


S B4 10e2 23.953922


S B4 10e2 23.760202


S A5 10e2 Undetermined! #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A5 10e2 Undetermined!


S B5 10e2 Undetermined!


S B5 10e2 Undetermined!


S A6 10e2 Undetermined! #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined!


S B6 10e2 Undetermined!


S B6 10e2 Undetermined!


Quantitative Qualitative


nptII repetability/reproducibility







NIB


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 31.01876 23.094 8.527 36.922 4 4 100.00%


M A1 10e2 29.916334 High RSDR


M B1 10e2 15.765211


M B1 10e2 15.674402


M A2 10e2 6.782761 8.506 2.053 24.138 4 4 100.00%


M A2 10e2 6.676865


M B2 10e2 10.385896


M B2 10e2 10.178697


M A3 10e2 Undetermined! 29.403 0.934 3.178 2 4 50.00%


M A3 10e2 Undetermined! First repeat negative


M B3 10e2 30.063399


M B3 10e2 28.741839


M A4 10e2 21.728381 25.997 4.938 18.994 4 4 100.00%


M A4 10e2 21.794203


M B4 10e2 31.064517


M B4 10e2 29.400447


S A1 10e2 9.560424 7.927 2.025 25.545 4 4 100.00%


S A1 10e2 9.785786 High RSDR


S B1 10e2 5.977373


S B1 10e2 6.385013


S A2 10e2 9.723904 10.164 0.370 3.636 4 4 100.00%


S A2 10e2 9.992152


S B2 10e2 10.483295


S B2 10e2 10.454906


S A3 10e2 11.860511 15.268 3.840 25.153 4 4 100.00%


S A3 10e2 12.024383 High RSDR


S B3 10e2 18.629351


S B3 10e2 18.55647


S A4 10e2 Undetermined! #DIV/0! ###### #DIV/0! 0 4 0.00%


S A4 10e2 Undetermined!


S B4 10e2 Undetermined!


S B4 10e2 Undetermined!


S A5 10e2 Undetermined! #DIV/0! ###### #DIV/0! 0 4 0.00%


S A5 10e2 Undetermined!


S B5 10e2 Undetermined!


S B5 10e2 Undetermined!


S A6 10e2 Undetermined! #DIV/0! ###### #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined!


S B6 10e2 Undetermined!


S B6 10e2 Undetermined!


Quantitative Qualitative


nptII repetability/reproducibility







Both labs


Sample Name average st dev cv positive total qualitative


M A1 10e2 21.779 6.881 31.594 8 8 100.00%


M A1 10e2 High RSDR


M B1 10e2


M B1 10e2


M A2 10e2 11.718 3.779 32.248 8 8 100.00%


M A2 10e2 High RSDR


M B2 10e2


M B2 10e2


M A3 10e2 29.323 1.678 5.724 4 8 50.00%


M A3 10e2 First repeat negative at NIB 


M B3 10e2


M B3 10e2


M A4 10e2 23.468 5.439 23.178 8 8 100.00%


M A4 10e2


M B4 10e2


M B4 10e2


S A1 10e2 10.438 3.046 29.186 8 8 100.00%


S A1 10e2 High RSDR


S B1 10e2


S B1 10e2


S A2 10e2 12.615 2.659 21.077 8 8 100.00%


S A2 10e2


S B2 10e2


S B2 10e2


S A3 10e2 15.849 2.813 17.750 7 7 100.00%


S A3 10e2


S B3 10e2


S B3 10e2


S A4 10e2 23.857 0.137 0.574 2 8 25.00%


S A4 10e2 Only one positive repeat


S B4 10e2


S B4 10e2


S A5 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


S A5 10e2


S B5 10e2


S B5 10e2


S A6 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


S A6 10e2


S B6 10e2


S B6 10e2


QualitativeQuantitative


nptII repetability/reproducibility







ILVO


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 17.10806 20.288 3.618 17.834 4 4 100.00%


M A1 10e2 17.206468


M B1 10e2 23.595669


M B1 10e2 23.242125


M A2 10e2 16.367015 17.003 0.882 5.187 4 4 100.00%


M A2 10e2 16.144612


M B2 10e2 17.553023


M B2 10e2 17.946108


M A3 10e2 Undetermined! 20.076 #DIV/0! #DIV/0! 1 4 25.00%


M A3 10e2 Undetermined! Only one positive signal


M B3 10e2 20.07633


M B3 10e2 Undetermined!


M A4 10e2 16.768153 17.863 1.235 6.913 4 4 100.00%


M A4 10e2 16.819021


M B4 10e2 18.924273


M B4 10e2 18.940018


S A1 10e2 16.031576 17.072 1.158 6.784 4 4 100.00%


S A1 10e2 16.106439


S B1 10e2 18.064269


S B1 10e2 18.084145


S A2 10e2 17.466902 18.895 1.718 9.093 4 4 100.00%


S A2 10e2 17.349776


S B2 10e2 20.335646


S B2 10e2 20.42944


S A3 10e2 19.224073 19.288 0.091 0.469 2 4 50.00%


S A3 10e2 19.352138 Only one positive repeat


S B3 10e2 Undetermined!


S B3 10e2 Undetermined!


S A4 10e2 Undetermined! #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A4 10e2 Undetermined!


S B4 10e2 Undetermined!


S B4 10e2 Undetermined!


S A5 10e2 Undetermined! #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A5 10e2 Undetermined!


S B5 10e2 Undetermined!


S B5 10e2 Undetermined!


S A6 10e2 Undetermined! #DIV/0! #DIV/0! #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined!


S B6 10e2 Undetermined!


S B6 10e2 Undetermined!


Quantitative Qualitative


PAT repetability/reproducibility







NIB


Sample Name Ct recalculated average st dev cv positive total qualitative


M A1 10e2 14.918236 17.671 3.139 17.766 4 4 100.00%


M A1 10e2 14.987545


M B1 10e2 20.443553


M B1 10e2 20.336146


M A2 10e2 16.264546 15.376 0.985 6.406 4 4 100.00%


M A2 10e2 16.192776


M B2 10e2 14.515738


M B2 10e2 14.531241


M A3 10e2 Undetermined! 32.317 ###### #DIV/0! 1 4 25.00%


M A3 10e2 Undetermined! Only one positive signal


M B3 10e2 32.317424


M B3 10e2 Undetermined!


M A4 10e2 16.360836 17.614 1.660 9.424 4 4 100.00%


M A4 10e2 16.006696


M B4 10e2 19.136343


M B4 10e2 18.953694


S A1 10e2 17.456937 16.846 0.739 4.386 4 4 100.00%


S A1 10e2 17.511334


S B1 10e2 16.275305


S B1 10e2 16.14182


S A2 10e2 14.994661 13.755 1.377 10.008 4 4 100.00%


S A2 10e2 14.897993


S B2 10e2 12.566127


S B2 10e2 12.55999


S A3 10e2 22.766047 19.506 3.792 19.438 4 4 100.00%


S A3 10e2 22.81374


S B3 10e2 16.246286


S B3 10e2 16.199154


S A4 10e2 24.485821 24.364 0.172 0.704 2 4 50.00%


S A4 10e2 24.243133 Only one positive repeat


S B4 10e2 Undetermined!


S B4 10e2 Undetermined!


S A5 10e2 Undetermined! #DIV/0! ###### #DIV/0! 0 4 0.00%


S A5 10e2 Undetermined!


S B5 10e2 Undetermined!


S B5 10e2 Undetermined!


S A6 10e2 Undetermined! #DIV/0! ###### #DIV/0! 0 4 0.00%


S A6 10e2 Undetermined!


S B6 10e2 Undetermined!


S B6 10e2 Undetermined!


Quantitative Qualitative


PAT repetability/reproducibility







Both labs


Sample Name average st dev cv positive total qualitative


M A1 10e2 18.980 3.434 18.092 8 8 100.00%


M A1 10e2


M B1 10e2


M B1 10e2


M A2 10e2 16.189 1.227 7.578 8 8 100.00%


M A2 10e2


M B2 10e2


M B2 10e2


M A3 10e2 26.197 8.656 33.041 2 8 25.00%


M A3 10e2 Only one positive signal for each lab


M B3 10e2


M B3 10e2


M A4 10e2 17.739 1.361 7.672 8 8 100.00%


M A4 10e2


M B4 10e2


M B4 10e2


S A1 10e2 16.959 0.907 5.350 8 8 100.00%


S A1 10e2


S B1 10e2


S B1 10e2


S A2 10e2 16.325 3.103 19.007 8 8 100.00%


S A2 10e2


S B2 10e2


S B2 10e2


S A3 10e2 19.434 2.939 15.126 6 8 75.00%


S A3 10e2


S B3 10e2


S B3 10e2


S A4 10e2 24.364 0.172 0.704 2 8 25.00%


S A4 10e2 Only one positive repeat in total


S B4 10e2


S B4 10e2


S A5 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


S A5 10e2


S B5 10e2


S B5 10e2


S A6 10e2 #DIV/0! #DIV/0! #DIV/0! 0 8 0.00%


S A6 10e2


S B6 10e2


S B6 10e2


QualitativeQuantitative


PAT repetability/reproducibility







qPCR


dilution  factor ivr P35S Mon810 tNOS nptII pat


S1 1x 5172 344 109 119 119 116


S2 4x 1293 86 27 30 30 29


S3 16x 323 21 7 7 7 7


S4 64x 81 5 2 2* 2 2


S5 256x 20 1 1 1 1 1


S6 1024x 5 0 0.1 0.1 0.1 0.1


qPCR


dilution factor ivr P35S Mon810 tNOS nptII pat


S1 1x 4/4 4/4 4/4 4/4 4/4 4/4


S2 4x 4/4 4/4 4/4 4/4 4/4 4/4


S3 16x 4/4 4/4 4/4 4/4 4/4 4/4


S4 64x 4/4 4/4 4/4 4/4* 4/4 4/4


S5 256x 4/4 4/4 2/4 2/2 0/4 2/4


S6 1024x 2/4 0/4 0/4 0/2 1/4 0/4


dilution factor ivr P35S Mon810 tNOS nptII pat


unknown 1 4/4 4/4 4/4 4/4 4/4 4/4


unknown 2 4/4 4/4 0/4 4/4 4/4 4/4


unknown 3 4/4 4/4 4/4 4/4 2/4 4/4


unknown 4 4/4 4/4 4/4 4/4 4/4 4/4


NAIMA EV ILVO


dilution  factor ivr P35S Mon810 tNOS nptII pat


S1 1x 5172 344 109 119 119 116


S2 4x 1293 86 27 30 30 29


S3 16x 323 21 7 7 7 7


S4 64x 81 5 2 2 2 2


S5 256x 20 1 1 1 1 1


S6 1024x 5 0 0.1 0.1 0.1 0.1


NAIMA EV ILVO


dilution factor ivr P35S Mon810 tNOS nptII pat


S1 1x 4/4 4/4 4/4 4/4 4/4 4/4


S2 4x 4/4 4/4 4/4 4/4 4/4 4/4


S3 16x 4/4 4/4 4/4 4/4 3/3 2/4


S4 64x 4/4 2/4 2/4 4/4 2/4 0/4


S5 256x 2/4 2/4 0/4 0/4 0/4 0/4


S6 1024x 3/4 0/4 0/4 0/4 0/4 0/4


dilution factor ivr P35S Mon810 tNOS nptII pat


unknown 1 4/4 4/4 2/4 4/4 4/4 4/4


unknown 2 4/4 4/4 0/4 4/4 4/4 4/4


unknown 3 4/4 4/4 4/4 4/4 2/4 1/4


unknown 4 4/4 4/4 2/4 4/4 4/4 4/4


Summary qualitative







NAIMA both


dilution  factor ivr P35S Mon810 tNOS nptII pat


S1 1x 5172 344 109 119 119 116


S2 4x 1293 86 27 30 30 29


S3 16x 323 21 7 7 7 7


S4 64x 81 5 2 2 2 2


S5 256x 20 1 1 1 1 1


S6 1024x 5 0 0.1 0.1 0.1 0.1


NAIMA both


dilution factor ivr P35S Mon810 tNOS nptII pat


S1 1x 8/8 8/8 8/8 8/8 8/8 8/8


S2 4x 8/8 8/8 8/8 8/8 8/8 8/8


S3 16x 8/8 8/8 8/8 7/8 7/7 6/8


S4 64x 8/8 4/8 4/8 4/8 2/8 2/8


S5 256x 2/8 4/8 0/8 0/8 0/8 0/8


S6 1024x 4/8 0/8 0/8 0/8 0/8 0/8


dilution factor ivr P35S Mon810 tNOS nptII pat


unknown 1 8/8 8/8 2/8 8/8 8/8 8/8


unknown 2 8/8 8/8 0/8 8/8 8/8 8/8


unknown 3 8/8 8/8 8/8 8/8 4/8 2/8


unknown 4 8/8 8/8 4/8 8/8 8/8 8/8


NAIMA NIB


dilution  factor ivr P35S Mon810 tNOS nptII pat


S1 1x 5172 344 109 119 119 116


S2 4x 1293 86 27 30 30 29


S3 16x 323 21 7 7 7 7


S4 64x 81 5 2 2 2 2


S5 256x 20 1 1 1 1 1


S6 1024x 5 0 0.1 0.1 0.1 0.1


NAIMA NIB


dilution factor ivr P35S Mon810 tNOS nptII pat


S1 1x 4/4 4/4 4/4 4/4 4/4 4/4


S2 4x 4/4 4/4 4/4 4/4 4/4 4/4


S3 16x 4/4 4/4 4/4 3/4 4/4 4/4


S4 64x 4/4 2/4 2/4 0/4 0/4 2/4


S5 256x 0/4 2/4 0/4 0/4 0/4 0/4


S6 1024x 1/4 0/4 0/4 0/4 0/4 0/4


dilution factor ivr P35S Mon810 tNOS nptII pat


unknown 1 4/4 4/4 0/4 4/4 4/4 4/4


unknown 2 4/4 4/4 0/4 4/4 4/4 4/4


unknown 3 4/4 4/4 4/4 4/4 2/4 1/4


unknown 4 4/4 4/4 2/4 4/4 4/4 4/4


Summary qualitative







Sample P35S Mon810 tNOS nptII pat


calibration standard 13.30% 4.20% 4.60% 4.60% 4.50%


unknown 1 1.60% 0,1% 0.80% 0.60% 0.80%


unknown 2 4.20% neg. 3.10% 1.50% 1.50%


unknown 3 5.90% 0.70% 5.40% neg. 0.10%


unknown 4 2.90% 0.50% 1.60% 0.80% 1.50%


copy numbers


Samples ivr P35S Mon810 tNOS nptII pat


S1 1x 5172 344 109 119 119 116


S2 4x 1293 86 27 30 30 29


S3 16x 323 21 7 7 7 7


S4 64x 81 5 2 2 2 2


S5 256x 20 1 1 1 1 1


S6 1024x 5 0 0.1 0.1 0.1 0.1


Unknown 1 18315 293 18 147 110 147


Unknown 2 36330 1538 no 1136 549 549


Unknown 3 18315 1081 128 989 no 18


Unknown 4 18315 531 92 293 147 275


Summary qualitative







qPCR


dilution  factor ivr P35S Mon810 tNOS nptII pat


S1 1x 5172 344 109 119 119 116


S2 4x 1293 86 27 30 30 29


S3 16x 323 21 7 7 7 7


S4 64x 81 5 2 2* 2 2


S5 256x 20 1 1 1 1 1


S6 1024x 5 0 0.1 0.1 0.1 0.1


NAIMA EV ILVO


dilution factor ivr P35S Mon810 tNOS nptII pat


S1 1x 0.67 5.29 8.73 9.17 6.67 6.78


S2 4x 3.10 10.92 7.71 7.34 3.85 9.09


S3 16x 1.17 17.62 5.05 26.66 1.22 0.47


S4 64x 16.83 0.25 0.22 7.73 0.57


S5 256x 0.25 0.40


S6 1024x 12.96


dilution factor ivr P35S Mon810 tNOS nptII pat


unknown 1 4.27 5.70 0.15 11.15 28.14 17.83


unknown 2 0.32 5.73 6.96 8.45 5.19


unknown 3 4.61 16.70 6.49 6.65 9.40


unknown 4 3.87 26.32 0.16 0.70 25.09 6.91


Summary quantitative







NAIMA both


dilution factor ivr P35S Mon810 tNOS nptII pat


S1 1x 16.43 15.49 12.99 15.63 29.19 5.35


S2 4x 10.32 14.05 8.99 9.30 21.08 19.01


S3 16x 9.15 18.30 25.44 22.61 17.75 15.13


S4 64x 25.46 6.45 10.46 7.73 0.57 0.70


S5 256x 0.25 18.38


S6 1024x 18.90


dilution factor ivr P35S Mon810 tNOS nptII pat


unknown 1 13.67 25.10 0.15 28.05 31.59 18.09


unknown 2 10.01 6.83 16.91 32.25 7.58


unknown 3 12.21 20.05 12.73 29.96 5.72 33.04


unknown 4 12.02 29.72 21.45 20.67 23.18 7.67


NAIMA NIB


dilution factor ivr P35S Mon810 tNOS nptII pat


S1 1x 1.03 20.07 11.81 14.28 25.55 4.39


S2 4x 9.35 13.74 10.73 12.18 3.64 10.01


S3 16x 9.90 19.76 20.99 19.65 25.15 19.44


S4 64x 35.16 0.17 0.05 0.70


S5 256x 2.23


S6 1024x


dilution factor ivr P35S Mon810 tNOS nptII pat


unknown 1 1.50 27.39 16.76 36.92 17.77


unknown 2 4.42 7.84 17.32 24.14 6.41


unknown 3 3.88 12.01 17.09 28.54 3.18


unknown 4 1.54 8.26 0.90 31.98 18.99 9.42


Summary quantitative







Sample P35S Mon810 tNOS nptII pat


calibration standard 13.30% 4.20% 4.60% 4.60% 4.50%


unknown 1 1.60% 0,1% 0.80% 0.60% 0.80%


unknown 2 4.20% neg. 3.10% 1.50% 1.50%


unknown 3 5.90% 0.70% 5.40% neg. 0.10%


unknown 4 2.90% 0.50% 1.60% 0.80% 1.50%


copy numbers


Samples ivr P35S Mon810 tNOS nptII


S1 1x 5172 344 109 119 119 pat


S2 4x 1293 86 27 30 30 116


S3 16x 323 21 7 7 7 29


S4 64x 81 5 2 2 2 7


S5 256x 20 1 1 1 1 2


S6 1024x 5 0 0.1 0.1 0.1 1


Unknown 1 18315 293 18 147 110 0.1


Unknown 2 36330 1538 no 1136 549 147


Unknown 3 18315 1081 128 989 no 549


Unknown 4 18315 531 92 293 147 18


275


Summary quantitative
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Summary 
The objective of the Work Package 3 (WP3) is the implementation of a DNA-based 


hybridization method allowing multiplex, alternative platform to the PCR technology. 


Therefore at the National Institute of Biology (NIB), a hexaplex NAIMA method was developed 


for the screening of GMO maize. Numerous amplicons were tested for their ability to be used 


in multiplex format with good performance characteristics. Once the optimal combination of 


amplicons was set, the efforts focused on optimization of the amplification and hybridization 


steps: choice of enzyme, amplification time and temperature, hybridization time, temperature, 


microarray platforms. Sensitivity and specificity tests were done with good results. After 


optimization of the hexaplex assay, an in-house validation of the method was performed and 


data from this in-house validation will be used as comparator for evaluating the transfer to a 


second laboratory (EV ILVO). The aim is to demonstrate the ability of an alternative method, 


with high-throughput capacity, to allow multiplex screening of GMOs in food samples. The 


Standard Operating Procedures for the hexaplex NAIMA method is available in appendix 1. 
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Results & methods 


1. Primers and probes for the multiplex NAIMA amplification 
As several amplicons were already published for their use in triplex NAIMA (1), the hexaplex 


platform was developed by combining these amplicons together, testing the resulting 


tetraplex, and then developing addition amplicons and testing the multiplex NAIMA resulting 


from the combination of all amplicons. 


The original amplicons used in triplex format were targeting the following genetic elements: 


the endogene maize gene invertase (ivr), the two main screening elements found in transgenic 


maize lines authorized in the EU, the Cauliflower mosaic virus 35S promoter (P35S) and the 


terminator of the nopalin synthase gene from Agrobacterium tumefaciens (tNOS), the only 


maize event authorized for cultivation in EU, the Mon810 transgenic maize line (event-specific 


5’-end junction between the plant DNA and the Mon810 transgene) (Table 1) 


The potential additional targets for amplicon development were the aminoglycoside (3’) 


phosphotransferase type II gene from E.coli transposon Tn5 (nptII), a control for the presence 


of the Cauliflower mosaic virus (CaMV), the gene from Streptomyces hygroscopicus encoding 


phosphinothricin acetyltransferase (bar), the gene from Streptomyces viridochromogenes 


encoding phosphinothricin acetyltransferase (pat), the Cauliflower mosaic virus 35S terminator 


(T35S). 


Within these potential targets, several amplicons were designed and tested. When added to 


the previously designed amplicons, only amplicons for the targets nptII and pat (Table 1) 


allowed satisfactory amplification in terms of amplification rate and specificity (pentaplex and 


hexaplex platforms). The addition of amplicons for other targets resulted in significant loss of 


amplification and/or aspecific amplification in pentaplex or higher multiplexing format (data 


not shown) 


Therefore, the optimal combination for NAIMA platform is a hexaplex GMOs screening 


platform (especially for maize) targeting ivr, P35S, tNOS, MON810, pat and nptII. See also 


appendix 1 for a detailed SOP of the assay. 


Table 1:  Primers and probes for the multiplex NAIMA amplification and verification on qPCR 


Target Name  Sequence (5’ – 3’) 
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Mon810 


 


P35S 


 


ivr 


 


tNOS 


 


nptII 


 


pat 


 


T7-sequence 


T7-Mon810
 a


 


SP6-Mon810
 b


 


T7-P35S
 a


 


SP6-P35S
 b


 


T7- IVR
 a


 


SP6-IVR
 b


 


T7-tNOS
 a


 


SP6-tNOS
 b


  


T7- nptII
 a


 


SP6- nptII
 b


  


T7-pat
 a


 


SP6-pat
 b


  


T7-universal
 c
 


T7-AATAAAGTGACAGATAGCTGGGCA 


SP6-TGTGCTGATGAAGGTATGTCC 


T7-AAGGGTCTTGCGAAGGATAG 


SP6-TCATTGCGATAAAGGAAAGG 


T7-ACAGCCTAGCTAAGAAATGC 


SP6-CGTTCGGCCTTCTCGTGCTG 


T7-GCGATAATTTATCCTAGTTTGC 


SP6-GTCTTGCGATGATTATCATATAATTTCT 


T7- CATGGTGGAAAATGGCC 


SP6-GATACCGTAAAGCACGAGGA 


T7- AACTGTCCAATCGTAAGCGT 


SP6- GACAGAGCCACAAACACCA 


AATTCTAATACGACTCACTATAGGGAGATCCAATAGAATCACATCGCTTACAAGGCAAT 


SP6-sequence SP6-universal
d
 CATACGATTTAGGTGACACTATAGAA 


a 
All antisense primers used in NAIMA harbour the T7-cap sequence which is designed so that the T7 


segment is bound to the 5'-end in addition to the given sequence. 
b 


All sense primers used in NAIMA harbour the SP6 sequence which is designed so that the SP6 is bound 


to the 5'-end in addition to the given sequence. 
c 
The T7-cap extension primer is composed of the T7-RNA polymerase promoter sequence (5’-end) and an 


abiotic cap sequence (3’-end, in italic) 
d 


The SP6-extension primer differs from the SP6 sequence used in sense primers in such a way that it lacks 


the first four nucleotides (in bold) contained in the latter sequence. 


 


A list of the NAIMA amplicons is available in appendix 2. 


2. NAIMA amplification optimization and evaluation 
Before labelling and hybridization on microarray, a portion of each NAIMA amplification 


product was reverse transcribed to cDNA, and then analysed using the qPCR systems 


presented in table 2.  The qPCR systems for ivr (2), Mon810 (3), tNOS (4)and P35S (5)are part of 


NIB accredited qPCR methods (ISO 17025), while the nptII and pat qPCR systems were 


designed for this work. These systems specially developed to fit with the pat and nptII NAIMA 


amplicons were thoroughly verified for specificity and sensitivity on all material used in this 


work (described in table 8). 
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Table 2: Primers used for TaqMan® qPCR verification of NAIMA amplification 


Target Orientation Name Sequence (5’ – 3’) References 


ivr 


 


 


Mon810 


 


 


tNOS 


 


 


P35S 


 


 


Antisense 


Sense 


Probe 


Antisense 


Sense 


Probe 


Antisense 


Sense 


Probe 


Antisense 


Sense 


Probe 


ivr1-TM2-R 


ivr1-TM1-F 


ivr1-pro 


Mon810R1311 


Mon810F1311 


Mon810pro1311 


tNOSR 


tNOSF 


tNOSpro 


TM-35S-R 


TM-35S-F 


TM-35S-pro 


AAAGTTTGGAGGCTGCCG 


TGGCGGACGACGACTTGT 


VIC-CGAGCAGACCGCCGTGTACTTCTACC-TAMRA 


CCTTCATAACCTTCGCCCG 


AATAAAGTGACAGATAGCTGGGCA 


FAM-ACGAAGGACTCTAACGTTTAACATCCTTTGCCA-TAMRA 


CGCTATATTTTGTTTTCTATCGCGT 


GTCTTGCGATGATTATCATATAATTTCTG 


FAM-AGATGGGTTTTTATGATTAGAGTCCCGCAA-TAMRA 


AAGACGTGGTTGGAACGTCTTC 


GCCTCTGCCGACAGTGGT 


FAM-CAAAGATGGACCCCCACCCACG-TAMRA 


(2) 


 


 


(3) 


 


 


(4) 


 


 


(5) 


 


nptII Antisense forward-nptII GCGGTCAGCCCATTCG this work 


 Sense reverse-nptII GTGGCGGACCGCTATCAG  


 Probe probe-nptII FAM-AGCTCTTCAGCAATATCACGGGTAGCCA-TAMRA  


pat Antisense forward-pat GCAAGATAGATACCCTTGGTTGGT this work 


 Sense reverse-pat GGGCCCAGCGTAAGCAAT  


 Probe probe-pat FAM-CTGAGGTTGAGGGTGTTGTGGCTGG-TAMRA  


2.1. Optimized NAIMA conditions for the hexaplex 


Multiplex template synthesis:  


- Optimization of the NAIMA method involved testing several enzymes for the first step 


of the amplification step: the superscript II reverse transcriptase (Invitrogen), the Go Taq 


polymerase (Promega)and the BioTaq (Bioline) were tested. All enzymes resulted in 


amplification of the targets, the best amplification rate being obtained with the BioTaq (also 


the cheapest of the three enzymes). The superscript II was tested in order to test whether a 


more isothermal system could be later developed: the RT has its optimal reaction temperature 


at 41-42°C, as it is the case for NASBA. 
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- Other enzymes were tested for the first step of the amplification step (Bst, Phi29, 


Klenow fragment, T7 DNA polymerase) but did not allow amplification of the targets (data not 


shown).  


- Finally , using BioTaq, a two step thermal profile was assayed and compared to the 


usual three step thermal profile. Even if it amplified all six targets in a satisfactory manner, this 


assay was two to eight time less efficient in terms of amplification rate than with the three 


step thermal profile (data not shown). 


Universal amplification:  


Attempts to use in-house NASBA reagent were performed, without satisfactory results in term 


of amplification rate. Using a in-house NASBA reagent set instead of the bioMerieux NASBA kit 


would greatly reduce the price of the assay and would allow more flexibility for the adaptation 


of NASBA to a isothermal, portable system. 


Optimal conditions chosen:  


The optimal conditions for the NAIMA amplification step are described in the Standard 


Operating Protocol (SOP) in appendix 1. It comprises the use of the BioTaq polymerase 


(Bioline) in a three step thermal profile (multiplex template synthesis) and the NASBA 


NucliSENS EasyQ® Basic Kit V2 (bioMérieux bv) for the universal amplification. The 


thermocycler used for the in-house validation was the ABI 9700 cycler (Applied Biosystem).  


The optimal amplification time for hexaplex during the NASBA amplification step was 45°C (it 


was tested from 15 to 90 min).  


2.2. Calibration standard used for validation of the method 


Calibration was done with a mix of two certified reference material: mix 1:1 (V/V) of the 


Tc1507 9.86% maize line (reference ERM-BF418d) and stacked maize event Mon810xMon863 


9.85% stock (reference IRMM-417-3). The mix contains all the target genetic elements for the 


hexaplex assay (Table 3 and Table 5). 


Table 3 : composition of the different maize GM events in terms of genetic elements 


Event P35S nptII pat T-NOS MON810  


MON810  1 0 0 0 1 


MON 863  1 1 0 1 0 


DAS1507 (TC1507) 1 0 1 0 0 


Figures correspond to the number of genetic element copies in the transgenic plant genome. 


Certified reference materials were obtained from IRMM (Institute for Reference Materials and 


Measurements, http://irmm.jrc.ec.europa.eu/html/homepage.htm). 



http://irmm.jrc.ec.europa.eu/html/homepage.htm
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The final content for each GM event in the calibration mix was quantified using accredited 


qPCR methods validated by the CRL-GMFF (http://gmo-crl.jrc.ec.europa.eu/statusofdoss.htm) 


(Table 4). 


From these quantification based on quantitative event-specific qPCR methods, contents for 


the different targets of the hexaplex assay were estimated (Table 5). 


2.3. Samples used for validation of the method 


Four maize flour samples were used for the validation of the method. These samples are 


coming from the GIPSA/USDA proficiency test (Autumn 2007). The contents of the samples 


were analysed with accredited qPCR methods validated by the CRL-GMFF (http://gmo-


crl.jrc.ec.europa.eu/statusofdoss.htm) (Table 4). From these quantification based on 


quantitative event-specific qPCR methods, contents for the different targets of the hexaplex 


assay were estimated (Table 5). 


Table 4: GM lines present in the samples 


Sample 


M
O


N
8


1
0


 


M
O


N
 8


6
3


 


N
K


 6
0


3
 


TC
1


5
0


7
 


T2
5


 


G
A


 2
1


 


B
t 


1
1


 


B
t1


7
6


 


D
A


S-
5


9
1


2
2


-7
 


calibration 
standard 


+ + - + - - - - - 


sample 1 + + - + + + - + + 


sample 2  - + + - - + + + + 


sample 3 + - - - 
 


+ + + - 


sample 4 + + + + + + + - + 


-: Not present in the sample according to event-specific qPCR analysis.  
+: Present in the sample according to event-specific qPCR analysis.  



http://gmo-crl.jrc.ec.europa.eu/statusofdoss.htm

http://gmo-crl.jrc.ec.europa.eu/statusofdoss.htm

http://gmo-crl.jrc.ec.europa.eu/statusofdoss.htm
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Table 5: contents for the different targets in the samples 


Sample P35S nptII pat T-NOS MON810  


calibration standard 13.3% 4.6% 4.5% 4.6% 4.2% 


sample 1 1.6% 0.6% 0.8% 0.8% 0,1% 


sample 2  4.2% 1.5% 1.5% 3.1% neg. 


sample 3 5.9% neg.  0.1% 5.4% 0.7% 


sample 4 2.9% 0.8% 1.5% 1.6% 0.5% 


neg.: Not present in the sample according to event-specific analysis of the possible GMOs. Negative 
results for the element when tested with qPCR system.  


2.4. Sensitivity tests 


2.4.1. Absolute LOD 


Absolute LOD (aLOD) of the hexaplex amplification was evaluated on serial dilutions of the 


calibration standard. Details of the copy numbers in the calibration standard are given in table 


6.  


The NAIMA was evaluated in duplicate over 2 different days. Results are presented in table 7. 


A positive signal was consider positive for a given amplicon only if the qPCR assays led to 


positive signals for all tested wells (2 wells/NAIMA reaction) over both days (total of 4 positive 


NAIMA reactions, 8 qPCR reactions). So, all four NAIMA reactions must be positive at a given 


dilution level for the reaction to be considered positive. 


Table 6: Copy number estimates of the target in serial dilutions of the calibration standard 


dilution 
 factor 


ivr P35S Mon810 tNOS nptII pat 


1 5172 344 109 119 119 116 


4 1293 86 27 30 30 29 


16 323 21 7 7 7 7 


64 81 5 2 2 2 2 


256 20 1 0 0 0 0 


1024 5 0 0.1 0.1 0.1 0.1 


Figures indicate the number of copies for each element at each dilution. In bold are indicated the last 


dilutions at which the assay can be considered as positive (limit of detection). 


Table 7: Sensitivity test for the hexaplex NAIMA amplification  


dilution 
factor 


ivr P35S Mon810 tNOS nptII pat 
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1 4/4 4/4 4/4 4/4 4/4 4/4 


4 4/4 4/4 4/4 4/4 4/4 4/4 


16 4/4 4/4 4/4 3/4 4/4 4/4 


64 4/4 2/4 2/4 0/4 0/4 2/4 


256 1/4 2/4 0/4 0/4 0/4 0/4 


1024 1/4 0/4 0/4 0/4 0/4 0/4 


Figures indicate the number of positive signals. In bold are indicated the last dilutions at which the assay 


can be considered as positive (limit of detection). 


From these tests, aLOD of the hexaplex could be established to be at least:  81 copies for ivr, 


30 copies for tNOS, 21 copies for P35S, 7 copies for Mon810, nptII and pat (Table 6 and table 


7). 


2.4.2. Relative LOD  


Relative LOD (rLOD) of the hexaplex amplification was not thoroughly evaluated. However, 


NAIMA specificity/precision tests (section 2.5, table 8) performed on the complex samples 1 to 


4 can indicate the relative sensitivity of the assay. Details of the GM event contents in the 


samples 1 to 4 are given in table 6. Tests were done with the following approximate DNA 


quantity: sample 1 (50ng); sample 2 (100ng), sample 3 (50ng), sample 4 (50ng). 


From these results, one can estimate the rLOD for the different amplicons according to the last 


content for which an amplicon was detected: P35S at least 1.6%; nptII at least 0.6%; pat at 


least 0.8%; t-NOS at least 0.8%, Mon810 at least 0.5%.  


For the pat amplicon in sample 3 (0.1%, 1/4 positive signal) and the Mon810 amplicon in 


sample 1 (0.1%, 0/4 positive signal) were not reliably detected. Knowing that the maize is 


hemizygous for all the tested GM events and given the genome copy number in maize (6), the 


estimate copy number of Mon810 and pat in the samples 1 and 3 is approximately 18, above 


the determined aLOD. This discrepancy with the determined aLOD may be explained by a 


varaibility of the hexaplex assay robustness, depending on the sample composition (amplicons 


balance) 


2.5. Specificity/precision tests 


2.5.1. Theoretical specificity 


A search using the BLASTN tool (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) has shown no 


similarity between the non-target sequences used in the primers (T7 promoter, SP6 promoter 


and abiotic sequences), and any plant genomes or known transgenic sequences introduced in 


commercial crops. The BLASTN tool was also used to check specificity of the target sequences 


in the NAIMA primers, the qPCR primers and probes in-silico. 



http://www.ncbi.nlm.nih.gov/blast/Blast.cgi
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2.5.1. Experimental specificity/precision 


Specificity/precision of the system for amplification was evaluated on the four test samples as 


well as on several DNA samples in which at least one of the six targets was absent: 


RoundupReady® Soya CRM, EH592-527-1 potato CRM, Mon810 maize CRM, a feed sample 


containing RoundupReady® Soya and wild-type maize, and a feed sample containing wild-type 


oilseed rape, wild-type maize seed, GA21 maize flour with traces of P35S contamination (Table 


8). In all samples, only the expected targets were amplified by NAIMA and qualitative results 


were identical to direct qPCR analysis of the same samples.  


Table 8: Specificity of hexaplex NAIMA assay on several samples 


Species GMO Description 


iv
r 


P
3


5
S 


M
o


n
8


1
0


 


tN
O


S 


n
p


tI
I 


p
at


 


Maize mix* calibration  + + +  + + + 


Maize mix* sample 1 + + + (-) + + + 


Maize mix* sample 2 + + - + + + 


Maize mix* sample 3 + + + + - (+/-) + (-) 


Maize mix* sample 4 + + + + + + 


Maize GA21 ERM-BF414f + - (+) - + - - 


Maize Mon810 ERM-BF413d + + + - - - 


Maize non-GMO NIB seed 


collection 


+ - - - - - 


Maize/soybean GTS40-3-2 Feed sample + + - + - - 


Rapeseed non-GMO Feed sample - - - - - - 


Soybean GTS40-3-2 ERM-BF410f - + - + - - 


Soybean non-GMO ERMBF410a - - - - - - 


Potato EH592-


527-1 
AOCS 0806-C 


- - - - - - 


-: Not present in the sample according to available information on genetic composition or event-specific 
qPCR analysis. Not reliably detected by the NAIMA assay, nor by the qPCR systems. 
+: Present in the sample according to available information on genetic composition or event-specific 
qPCR analysis. Detected by the NAIMA assay, nor by the qPCR systems. 
Results in brackets are experimental results differing from theoretical data. 
*: See the GMO composition of these samples in table 3. 
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The Hexaplex NAIMA amplification shows high specificity/precision for the detection of the 


target elements ivr, p35S, tNOS, Mon810, pat and nptII. The experimental specificity results 


correspond with those of qPCR experiments and with theoretical results. The only exception is 


with the certified reference material GA21. Theoretically, the GA21 maize event does not 


harbour the P35S. However, we have experimentally verified (qPCR) that the CRM is 


contaminated with traces of P35S. As mentioned in the section 2.4, the pat amplicon in sample 


3 (0.1%, /4 positive signal) and the Mon810 amplicon in sample 1 (0.1%, 0/4 positive signal) 


were not reliably detected, the amount being below the relative LOD for the assay. For the 


nptII amplicon in sample 3, the qPCR verification revealed traces of this target at a very low 


level in half of the repeats (data not shown). Also, NAIMA suggested presence of this target in 


half of the repeats. 


3. NAIMA product hybridization on microarray  


3.1.  Microarray design 


First attempts of hybridization were done on Eppendorf Array Technology low-density 


oligonucleotide arrays (EAT, Namur, Belgium). Microarray capture probes were designed by 


EAT based on the NAIMA hexaplex amplicons sequences. Labelling and hybridization of NAIMA 


products was performed as described by Morisset and collaborators (1). Each array harbours 


each capture probe in triplicate. 


As the sensitivity of the EAT was not satisfying (see section3.3), it was decided to try a new 


microarray platform for NAIMA product hybridization. 


The chosen new microarray platform is the Gene Expression array, high-density microarray 


from Agilent Technologies (Santa Clara, CA). The chosen format is slide of 8 arrays containing 


up to 15,000 probes. 


In addition to the probes designed for the EAT platform, new capture probes for the detection 


of the NAIMA hexaplex products were designed using the eArray online service 


(https://earray.chem.agilent.com/earray/). Two types of probes were produced based on the 


NAIMA amplicons: 30pb capture probes (in order to fit with the EAT probes, regarding 


hybridization conditions) and 60pb capture probes (optimal size for GE arrays). For the design 


of both types of probes, three methodologies were used to produce three capture sets per 


probe type: Base composition methodology, Tm Matching Methodology and simple tiling. 


Details about the methodologies are as follows: 


o Base Composition Methodology 


o Probe Details 


 Probe Length: 30 or 60bp 


 Probes per Target: 10 


 Probe Orientation: sense and antisense 



https://earray.chem.agilent.com/earray/
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 Design Options: Best Probe Methodology 


 Design with 3' Bias: unchecked 


 


o Tm Matching Methodology 


o Probe Details 


 Probe Length: 30 or 60bp 


 Probes per Target: 10 


 Probe Orientation: sense and antisense 


 Design Options: Best Probe Methodology 


 Design with 3' Bias: unchecked 


 Allow Probes to be Trimmed: unchecked 


 Preferred Probe Tm: 60°C (for 30pb probes) or 80°C (for 60pb probes) 


 


o Simple tiling 


o Probe Details 


 Probe Length: 30 or 60bp 


 Average Probe Spacing: 10 


 


After design, the capture probes were submitted to the probe check-up function of eArray. 


Only the probes with quality criterion (BC) inferior or equal to three were kept. Also, all probes 


with possible cross-hybridization were discarded from the probe pool. When possible (in case 


of numerous number of candidate probes, i.e superior to 15), only the probes with with BC 


quality criterion equal to one were kept. Finally, probes presenting Tm at more than 3°C from 


the target Tm (60°C or 80°C) were discarded.  


This way, a total of 260 capture probes (126 30pb and 134 60pb probes) were retained for 


microarray design in addition to the 12 capture probes originally designed for EAT platform. 50 


replicates of each probe were spotted on the microarray. As the recommended size for 


capture probes in the Agilent GE array is 60pb, a default linker was added to the 30 pb and EAT 


probes (maximum sequence for the linker:  


TATCCTACTATACGTATCACATAGCGTTCCGTATGTGGCCGGGATAGACCTAGCTTAAGC). 


A list of the probes present on the customized GE array is available in appendix 3. 


3.2. Hybridization optimization 


 Several hybridization conditions were tested when using the EAT platform: hybridization time 


(ranging from 2 to 30 hours), hybridization buffers (EAT buffer, genisphere buffer, in-house 


buffer), hybridization temperature (48 and 61°C). The best results in terms of sensitivity and 


signal acquisition were with hybridization at 48°C, during 20 hours using the Genisphere 


hybridization buffer from the FlashTag dendrimer kit (data not shown). 


The labelling and hybridization protocol needed to be adapted and optimized for the use of 


the high-density GE arrays. The main improvements were to switch from the hybridization 
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buffer provided in the FlashTag dendrimer kit to the hybridization buffer recommended by 


Agilent. Also, hybridization temperature was increased to 60°C, and the hybridization time was 


slightly decreased to 17h. 


For sensitivity and specificity tests, reactions were made in duplicate: each NAIMA product 


obtained other two days was labelled and hybridize individually on a single microarray. 


3.3. Sensitivity and specificity/precision  tests 


3.3.1. Theoretical specificity 


A search using the BLASTN tool (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) was used to 


check specificity of the capture probes on the microarray in-silico. 


3.3.1. Experimental specificity/precision 


EAT platform 


On the EAT platform, the criterion for positive signal was a ratio “raw signal 


intensity/background intensity” superior or equal to 1.2. Moreover, for a given amplicon all 


three capture probes should be positive (or two out three is the signal ratio is above 1.0). 


The products of the NAIMA hexaplex amplification of the calibration serial dilution were 


labelled and hybridized on microarray. 


Table 9: Sensitivity for the hexaplex NAIMA detection on EAT microarray (serial dilution) 


dilutions  ivr P35S Mon810 tNOS nptII pat 


1 6/6 6/6 6/6 6/6 4/6 6/6 


4 6/6 6/6 2/6 6/6 1/6 3/6 


16 6/6 6/6 0/6 6/6 0/6 6/6 


64 4/6 0/6 0/6 0/6 0/6 0/6 


256 0/6 0/6 0/6 3/6 0/6 0/6 


Figures indicate the number of positive signal. In bold are indicated the last dilutions at which the assay 


can be considered as positive (limit of detection). Highlighted in yellow is a positive result from one of the 


array, not taken in account. 


 According to the serial dilution test on EAT platform and based on copy estimates for each 


target (Table 6), the limit of detection on microarray for each amplicon is the following (table 


9): 119 copies for nptII, 116 copies for pat, 109 copies for Mon810, 81 copies for ivr, 21 copies 


for P35S and 7 copies for tNOS. These LODs are satisfactory for the goal of using the hexaplex 


for screening GMOs. However, at very low concentration (under 100 copies), pat and nptII may 


not be detected with great confidence (partial signal at approximately 30 copies) and a 



http://www.ncbi.nlm.nih.gov/blast/Blast.cgi
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verification using e.g. qPCR may be necessary if such weak signal is detected. It is noteworthy 


that one of the arrays gave a very strong signal for tNOS at the dilution 256x (copy number 


statistically below 0, highlighted in yellow on table 9), while the other array did not show any 


signal for the target at this level. However, the shape of the spots (irregular shape in 


comparison with other spots) led us to ignore these data.  


Another observation from the serial dilution of the calibration sample is that the assay showed 


good specificity/precision for the detection of labelled NAIMA hexaplex products on 


microarray: no cross reactivity, no false positive, no false negative (table 9). 


The product of NAIMA hexaplex amplification for the samples 1 to 4 were also labelled and 


hybridized on the EAT microarray. 


Table 10: Sensitivity for the hexaplex NAIMA detection on EAT microarray (test samples) 


  ivr Mon810 P35S tNOS  nptII  pat 


sample 1 6/6 0/6 1/6 3/6 1/6 0/6 


sample 2 6/6 0/6 4/6 6/6 0/6 3/6 


sample 3 6/6 4/6 3/6 6/6 0/6 0/6 


sample 4 6/6 0/6 0/6 6/6 0/6 0/6 


Figures indicate the number of positive signal. Highlighted in yellow are false negative results. Some of 


them are strictly negative (no or one signal out of six), some are not consider as positive according to the 


acceptance criterion (3/6). 


In contrast with the data presented in table 9 for the serial dilution of the calibration sample, 


numerous false negative results were obtained with the test samples (table 10). Some of these 


false negative are actually due to ambiguous detection results: number of positibe probes not 


reaching the acceptance criterion. When comparing with the estimated target contents (table 


5), these results show that the assay failed to detect (or detect without ambiguity) Mon810 at 


0.1% and 0.5%, P35S at concentration ranging from 1.6% to 5.9%, nptII at concentration 


ranging from 0.8% to 4.6%, pat at 0.8% and 1.5% and tNOS at 0.8%. 


Given these results of microarray-based detection which contrast with the good sensitivity 


observed after NAIMA amplification (section 2.4), experiments were repeated on the Agilent 


GE microarray platform. 


AGILENT platform 


Test on the Agilent GE arrays were performed in duplicate, each microarray containing 50 


repeats of each the selected capture probes described in appendix 3. On the Agilent GE array 


platform, the threshold value for positive signal was the value of the negative controls 


increased by three times the standard deviation of the negative control. Moreover, for a given 


capture probe group, all three values (Average Signal Mean, Average Signal Median and 


Average Signal Mode) obtained from microarray analysis should be positive. For each 
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amplicon, both microarrays should give positive signal for the amplicon to be considered 


detected. 


The products of the NAIMA hexaplex amplification of the calibration serial dilution were 


labelled and hybridized on microarray. 


Table 11: Sensitivity for the hexaplex NAIMA detection on AGILENT microarray (serial 
dilution) 


dilutions  ivr P35S Mon810 tNOS nptII pat 


1 2/2 2/2 2/2 2/2 2/2 2/2 


4 2/2 2/2 2/2 2/2 1/2 2/2 


16 2/2 1/2 1/2 1/2 1/2 1/2 


64 2/2 1/2 2/2 1/2 0/2 1/2 


256 0/2 0/2 0/2 0/2 0/2 0/2 


1024 0/2 0/2 0/2 0/2 0/2 0/2 


Figures indicate the number of microarrays with positive signal for a given amplicon. In bold are 


indicated the last dilutions at which the assay can be considered as positive (limit of detection), ie for 


which both array tests resulted positive. Underlined are the results of the sensitivity test for NAIMA 


amplification (table 7). 


According to the serial dilution test on Agilent GE array platform and based on copy estimates 


for each target (Table 6), the limit of detection on microarray for each amplicon is the 


following (table 11): 119 copies for nptII, 86 copies for P35S, 81 copies for ivr, 27 copies for 


Mon810, 30 copies for pat and tNOS. These LODs are satisfactory for the goal of using the 


hexaplex for screening GMOs. However, at very low concentration (under 100 copies), nptII 


may not be detected with great confidence (partial signal at approximately 30 copies) and a 


verification using e.g. qPCR may be necessary if such weak signal is detected. It is noteworthy 


that the microarray-based detection look less sensitive than NAIMA amplification.  


Another observation from the serial dilution of the calibration sample is that the assay showed 


good specificity/precision for the detection of labelled NAIMA hexaplex products on 


microarray: no cross reactivity, no false positive, no false negative (Table 11). 


The product of NAIMA hexaplex amplification for the samples 1 to 4 were also labelled and 


hybridized on the Agilent GE microarrays. 
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Table 12: Sensitivity for the hexaplex NAIMA detection on AGILENT microarray (test 
samples) 


  ivr Mon810 P35S tNOS  nptII  pat 


sample 1 2/2 2/2 2/2 2/2 2/2 2/2 


sample 2 2/2 2/2 2/2 2/2 2/2 2/2 


sample 3 2/2 2/2 2/2 2/2 2/2 2/2 


sample 4 2/2 2/2 2/2 2/2 2/2 2/2 


Figures indicate the number of microarrays with positive signal for a given amplicon. Highlighted in 


yellow are false positive results.  


In contrast with the data presented in table 11 for the serial dilution of the calibration sample, 


two false positive results were obtained with the test samples (table 12). For the nptII 


amplicon in sample 3, as mentioned in section 2.5.1, qPCR and NAIMA suggested presence of 


the target in traces. However, the microarray analysis does not allow verifying whether the 


observed positive results are due to this trace amount or cross reactivity of the capture 


probes. The results from Mon810 amplicon in sample 2 are most probably due to cross-


reactivity of the capture probes as the Mon810 target was not detected by qPCR or NAIMA. 


We have not compared the signal intensity of the capture probes with the estimated target 


contents (table 5), and are tehrefor not able to conclude regarding the potential quantitative 


aspects of the microarray-based detection.  


Summary of results, and conclusion 
The hexaplex NAIMA assay has been optimized by designing new amplicons, modifying 


amplification and hybridization conditions and testing a new microarray platform. The 


experimental verification of the assay performed on genomic DNA dilution series and 


food/feed samples shows the good sensitivity and specificity of the assay regarding NAIMA 


multiplex amplification. The microarray-based detection of NAIMA products gave good results 


in terms of sensitivity but false-positive signal were observed, some of them probably due to 


cross-reactivity of the capture probes. As the customized Agilent GE array platform was not 


optimized for NAIMA use, this observation is not a surprise but further optimization of the 


microarray platform will be needed for the hybridization-based detection of NAIMA products 


to be usable for GM target screening. Transfer of the method to a second laboratory will 


provide further details regarding the multiplex NAIMA amplification performance and 


microarray-based detection of NAIMA products. A SOP of NAIMA amplification and Agilent GE 


microarray-based detection is provided in appendix 1. 


List of appendices 
Appendix 1: Standard operation procedure (SOP) for the hexaplex NAIMA amplification and 


hybridization on Agilent GE microarray  
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Appendix 2: List of NAIMA amplicons 


Appendix 3: List of capture probes in the customized GE array. 
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>Mon810_NAIMA_amplicon 


TGTGCTGATGAAGGTATGTCCTTCATAACCTTCGCCCGAAAATCATTATATCCCAAGGGAAATAATGCTTCGAAGGA


CGAAGGACTCTAACGTTTAACATCCTTTGCCATTGCCCAGCTATCTGTCACTTTATT 


>P35S_NAIMA_amplicon 


TCATTGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACG


AGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGAC


GTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTT 


>IVR_NAIMA_amplicon 


CGTTCGGCCTTCTCGTGCTGGCGGACGACGACTTGTCCGAGCAGACCGCCGTGTACTTCTACCTGCTCAAGGGCAC


GGACGGCAGCCTCCAAACTTTCTTCTGCCAAGACGAGCTCAGGTATGTATGTTATGACTTATGACCATGCATGCATG


CGCATTTCTTAGCTAGGCTGT 


>tNOS_NAIMA_amplicon 


GTCTTGCGATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTAT


TTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCA


AACTAGGATAAATTATCGC 


>NPTII_NAIMA_amplicon 


GATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGC


TATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGGCCATTTTCCACCATG 


>PAT_NAIMA_amplicon 


GACAGAGCCACAAACACCACAAGAGTGGATTGATGATCTAGAGAGGTTGCAAGATAGATACCCTTGGTTGGTTGC


TGAGGTTGAGGGTGTTGTGGCTGGTATTGCTTACGCTGGGCCCTGGAAGGCTAGGAACGCTTACGATTGGACAGT


T 


>Mon810_NAIMA_amplicon reverse complement 


AATAAAGTGACAGATAGCTGGGCAATGGCAAAGGATGTTAAACGTTAGAGTCCTTCGTCCTTCGAAGCATTATTTC


CCTTGGGATATAATGATTTTCGGGCGAAGGTTATGAAGGACATACCTTCATCAGCACA 


>P35S_NAIMA_amplicon_reverse_complement 


AAGGGTCTTGCGAAGGATAGTGGGATTGTGCGTCATCCCTTACGTCAGTGGAGATATCACATCAATCCACTTGCTT


TGAAGACGTGGTTGGAACGTCTTCTTTTTCCACGATGCTCCTCGTGGGTGGGGGTCCATCTTTGGGACCACTGTCG


GCAGAGGCATCTTCAACGATGGCCTTTCCTTTATCGCAATGA 


>IVR_NAIMA_amplicon_reverse_complement 







ACAGCCTAGCTAAGAAATGCGCATGCATGCATGGTCATAAGTCATAACATACATACCTGAGCTCGTCTTGGCAGAA


GAAAGTTTGGAGGCTGCCGTCCGTGCCCTTGAGCAGGTAGAAGTACACGGCGGTCTGCTCGGACAAGTCGTCGTC


CGCCAGCACGAGAAGGCCGAACG 


>tNOS_NAIMA_amplicon_reverse_complement 


GCGATAATTTATCCTAGTTTGCGCGCTATATTTTGTTTTCTATCGCGTATTAAATGTATAATTGCGGGACTCTAATCA


TAAAAACCCATCTCATAAATAACGTCATGCATTACATGTTAATTATTACATGCTTAACGTAATTCAACAGAAATTATA


TGATAATCATCGCAAGAC 


>NPTII_NAIMA_amplicon_reverse_complement 


CATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACAT


AGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATC 


>PAT_NAIMA_amplicon_reverse_complement 


AACTGTCCAATCGTAAGCGTTCCTAGCCTTCCAGGGCCCAGCGTAAGCAATACCAGCCACAACACCCTCAACCTCAG


CAACCAACCAAGGGTATCTATCTTGCAACCTCTCTAGATCATCAATCCACTCTTGTGGTGTTTGTGGCTCTGTC 
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PURPOSE 
This protocol describes how to perform quantitative multiplex NAIMA amplification procedure 
in two steps (Multiplex template synthesis followed by Universal amplification) followed by 
detection of the target sequences using microarray. 
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SCOPE 
This procedural format is utilized by the NIB within the SAFEFOODERA project GMOseek for the 
screening of GMO targets in a hexaplex format. 
The hexaplexes NAIMA is used for the detection of the following targets: maize endogene 
invertase IVR, Cauliflower mosaic virus promoter P35S, Nopaline synthase terminator tNOS, 
Mon810 maize line event-specific 5’ host –insert junction, neomycin phosphotransferase 
type II gene from E.coli transposon Tn5 nptII, phosphinothricin acetyl transferase from 
Streptomyces viridochromogenes pat.  
 


MATERIALS 


1 Equipment 


 Thermocycler (ABI, GeneAmp® PCR system 9700) 


 Agilent Custom Microarray GE 8x15K (Agilent Technologies; CAT#G2509-F, see Table 1 
for probe sequences) 


 Thin Wall Tubes; 200 ml (Nunc; Cat # 230895) OR 


 PCR strips and caps, 8 reaction tubes/strip and 8 caps/strip (ABI; Cat # 4316567 and 
4323032) (PREFERRED) 


 Safe-Lock micro test tubes, 1.5 ml (Eppendorf; Cat # 0030 120.086) 


 Hybridization Gasket Slide Kit - 8 microarrays per slide format (Agilent Technologies; Cat 
# G2534-60014) 


 Hybridization Chamber, stainless (Agilent Technologies; CAT# G2534A) 


 Hybridization oven rotator for Agilent Microarray Hybridization Chambers (Agilent 
Technologies; CAT# G2530-60029) 


 Fluorescence scanner (Tecan Trading AG; LS200 scanner) 


 Slide-staining dish, with slide rack (×3) (Thermo Shandon CAT# 121 or equivalent) 


 Circulating water baths or heat blocks set  


 Clean forceps 


 Vortex shaker 


 Microcentrifuge 


 Pipetman micropipettors, (P-10, P-20, P-200, P-1000) or equivalent 


 Powder free gloves 


2 Reagents 


 DNA purification kit with RNA degradation step: DNeasy plant mini kit (Qiagen; Cat # 
69104) 







THE NATIONAL INSTITUTE OF BIOLOGY 
Standard Operating Procedure 
Proprietary Information 


TITLE: NAIMA PROTOCOL PAGE: 3 of 18 


SOP #: 02 REVISION LEVEL: 1 EFFECTIVE DATE: August 2010 


AUTHOR: Dany Morisset  


  


 Taq DNA polymerase: BIOTAQ™ DNA polymerase and reagents (Bioline; Cat # BIO-21060) 
(PREFERRED) 


 dNTP set: 4x1 ml of 100 mM solutions (Fermentas; Cat # #R0182) 


 RNAse and DNAse Free Water 


 NucliSENS EasyQ® Basic Kit V2 (bioMérieux bv; Cat # 280104) 


 3DNA® FlashTag™ RNA Labeling Kit - Oyster®-550 (Genisphere; Cat # KR8850) 
(PREFERRED) 


 Gene Expression Hybridization Kit (Agilent Technologies; CAT# 5188-5242) 


 Gene Expression Wash Buffer Kit (Agilent Technologies; CAT# 5188-5327) 


 Acetonitrile (Sigma; CAT# 271004-1L) 


 Stabilization and Drying Solution (Agilent Technologies; CAT# 5185-5979) 


 Milli-Q water or equivalent 
 


Note: Reaction vessels MUST be DNAse and RNAse free. DNA samples must be RNA free. 


 


3 Primers and probes 


For the screening NAIMA hexaplex amplification, the following T7- and SP6- specific primers are 
used: T7-P35S, SP6-P35S, T7-IVR, SP6-IVR, T7-tNOS, SP6-tNOS, T7-Mon810, SP6-Mon810. 
 
Primers used for NAIMA amplificationa 


Target Name Sequence (5’ – 3’) 


Mon810 
 
P35S 
 
IVR 
 
tNOS 
 
nptII 
 
pat 
 
T7-sequence 
 
SP6-sequence 


T7-Mon810 a 
SP6-Mon810 b 
T7-P35S a 
SP6-P35S b 
T7- IVR a 
SP6-IVR b 
T7-tNOS a 
SP6-tNOS b  
T7- nptII a 
SP6- nptII b  
T7-pat a 
SP6-pat b  
T7-universal c 
 
SP6-universald 


T7-AATAAAGTGACAGATAGCTGGGCA 
SP6-TGTGCTGATGAAGGTATGTCC 
T7-AAGGGTCTTGCGAAGGATAG 
SP6-TCATTGCGATAAAGGAAAGG 
T7-ACAGCCTAGCTAAGAAATGC 
SP6-CGTTCGGCCTTCTCGTGCTG 
T7-GCGATAATTTATCCTAGTTTGC 
SP6-GTCTTGCGATGATTATCATATAATTTCT 
T7- CATGGTGGAAAATGGCC 
SP6-GATACCGTAAAGCACGAGGA 
T7- AACTGTCCAATCGTAAGCGT 
SP6- GACAGAGCCACAAACACCA 
AATTCTAATACGACTCACTATAGGGAGATCCAATAGAATCACATCGCTTA
CAAGGCAAT 
CATACGATTTAGGTGACACTATAGAA 


Primers and probes used in qPCR 


Target Name Sequence (5’ – 3’) 


ivr Antisense ivr1-TM2-R AAAGTTTGGAGGCTGCCG 
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 Sense ivr1-TM1-F TGGCGGACGACGACTTGT 


 Probe ivr1-pro VIC-CGAGCAGACCGCCGTGTACTTCTACC-TAMRA 


Mon810 Antisense Mon810R1311 CCTTCATAACCTTCGCCCG 


 Sense Mon810F1311 AATAAAGTGACAGATAGCTGGGCA 


 Probe Mon810pro1311 FAM-ACGAAGGACTCTAACGTTTAACATCCTTTGCCA-TAMRA 


tNOS Antisense tNOSR CGCTATATTTTGTTTTCTATCGCGT 


 Sense tNOSF GTCTTGCGATGATTATCATATAATTTCTG 


 Probe tNOSpro FAM-AGATGGGTTTTTATGATTAGAGTCCCGCAA-TAMRA 


P35S Antisense TM-35S-R AAGACGTGGTTGGAACGTCTTC 


 Sense TM-35S-F GCCTCTGCCGACAGTGGT 


 Probe TM-35S-pro FAM-CAAAGATGGACCCCCACCCACG-TAMRA 
nptII Antisense forward-nptII GCGGTCAGCCCATTCG 


 Sense reverse-nptII GTGGCGGACCGCTATCAG 


 Probe probe-nptII FAM-AGCTCTTCAGCAATATCACGGGTAGCCA-TAMRA 


pat Antisense forward-pat GCAAGATAGATACCCTTGGTTGGT 


 Sense reverse-pat GGGCCCAGCGTAAGCAAT 


 Probe probe-pat FAM-CTGAGGTTGAGGGTGTTGTGGCTGG-TAMRA 


Table 1. Primers and probes used in NAIMA, qPCR and microarrays. 
a All antisense primers used in NAIMA harbour the T7-cap sequence which is designed so that 
the T7 segment is bound to the 5'-end in addition to the given sequence. 
b All sense primers used in NAIMA harbour the SP6 sequence which is designed so that the SP6 
is bound to the 5'-end in addition to the given sequence. 
c The T7-cap extension primer is composed of the T7-RNA polymerase promoter sequence (5’-
end) and an abiotic cap sequence (3’-end, in italic) 
d The SP6-extension primer differs from the SP6 sequence used in sense primers in such a way 
that it lacks the first four nucleotides (in bold) contained in the latter sequence. 


PREPARATION 


4 Decontamination 
1. The workbench along with the tube racks and pipetmen should all be sprayed 


down with RNaseZAP (or any RNAse decontaminant) and washed with ethanol 
70%, before use. 


2. RNases are very difficult to kill and can seriously affect the run. 


5 DNA sample 
1. DNA samples should be thawed and stored on ice throughout the NAIMA 


preparation and frozen immediately after use. 
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2. Repeated freeze/thaw of DNA samples can cause significant degradation in DNA 


integrity. 


PROCEDURE 
The procedure consists in several steps: after DNA extraction, multiplex template synthesis 
allows to obtain templates suitable for the subsequent simultaneous amplification of all the 
targets. Subsequently, the RNA molecules (main NAIMA products) are labeled with dendrimers 
before hybridization on microarray. Finally, microarray is scanned and image is analysed. 
 


DAY 1 


6 DNA purification 


Samples are purified using the DNeasy plant mini kit (QIagen, Valencia, CA) as described by the 
manufacturer with the incubation time of the sample in the lysis buffer extended to 10 minutes. 
 


7 NAIMA multiplex template synthesis 


1. Thaw all reagents and store on ice. 


2. Maintain an RNAse and DNAse free work environment. 


3. Switch on the thermo cycler 


4. Switch on the thermal block and set it to 41 ºC 


5. Vortex and spin down all reagents (except DNA Taq polymerase) 


6. Prepare and label tubes according to work scheme: 


7. Pipette 5 μl of DNA sample into each reaction tube 


8. Primer mix preparation 


For hexaplex, use 1 volume (V) of each T7-specific primer (100μM), 1V of each SP6-specific 
primer (100μM), 8V nuclease-free water. 
 


Note: For more information on the design of the T7- and SP6-specific primers, see Morisset D. 
et al. 2008. NAIMA: target amplification strategy allowing quantitative on-chip detection of 
GMOs, Nucl. Acids Res., 36, 18: e118 
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9. Add 1 μl of appropriate specific primer mix (5 μM of each primer in the mix) to 


each tube 


10. Template synthesis master mix preparation for a single 10μL reaction (to be 
prepared following this order): 


 
Reagent  Volume / tube (in 


μL) 
Final concentration 


dNTP mix (10 mM) 0,5 0,5 mM/dNTP 


10x NH4 Biotaq buffer 1,0 1X 


MgCl2 (50mM) 0,5 2.5mM 


H2O 1,75  


BioTaq polymerase (5u/μL) 0,25 0,125u/μL 


 


Note: Prepare at least one additional tube per master mix that the needed number of reactions. 


11. Before adding the polymerase vortex and spin down the template synthesis 
master mix, then add the polymerase and mix by pipetting. 


12. Add 4 μl of template synthesis master mix to each thin wall tube or strip tube 
containing the DNA sample and the primer mix. 


13. Mix contents of each tube by pipetting and spin down. 


14. Place tubes into the thermocycler and run the multiplex template synthesis 
following these thermal parameters. 


 
Denaturation  95°C  150s 
Annealing  55°C  30s 
Primer extension 72°C  90s 


 


Note: if not immediately used, the NAIMA DNA templates must be stored at -15 to -25°C. 


 


8 NAIMA universal amplification 


Note: This protocol is derived from the NucliSENS EasyQ® Basic Kit user's manual. 
 


8.1 NAIMA universal amplification buffer preparation  


1. Reagent mix preparation  







THE NATIONAL INSTITUTE OF BIOLOGY 
Standard Operating Procedure 
Proprietary Information 


TITLE: NAIMA PROTOCOL PAGE: 7 of 18 


SOP #: 02 REVISION LEVEL: 1 EFFECTIVE DATE: August 2010 


AUTHOR: Dany Morisset  


  
2. Add 64 μl of the Reagent Diluent (Blue cap in the NucliSENS EasyQ® Basic Kit) to 


the Reagent Sphere (Blue cap in the NucliSENS EasyQ® Basic Kit) 


3. Vortex and spin down 


4. Incubate for 5 min. at 41 ºC in the thermoblock.  


Note: The reagent mix can be stored at -80°C and re-used once within 15 days. 


 


5. KCl solution preparation (for 85 mM final concentration in the NAIMA reaction).  


Mix the reagents as indicated below. 
 


KCl Stock solution (μl) NASBA H2O (μl) 


17 13 


 


Note: The KCl solution can be stored at -20°C and re-used several times. 


 
6. Universal primer mix preparation: Mix 1V of the T7-universal primer (100μM) 


and 1V of the SP6-universal primer (100μM). 


Note: For the design of the universal primers, see Morisset D. et al., 2008, NAIMA: target 
amplification strategy allowing quantitative on-chip detection of GMOs, Nucl. Acids Res., 36, 18: 
e118 
 


7. Mix the reagents as indicated below (final volume: 6 μl/reaction). 


 
Reagent  Volume / tube (μL) 


KCl solution  1,5 


Universal primer Mix 0,5 


Reagent Mix 4,0 


 


8.2 NAIMA universal amplification master mix preparation (for a single 10 μL 
reaction) 


1. Transfer 2.5 μl of each NAIMA template into a fresh thin wall tube or a strip 
tube. 


2. Add 5 μl of the NAIMA universal amplification buffer to each tube 


3. Vortex and spin down 
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4. Place the thin wall tubes or the strip into the thermocycler or thermoblock at 


95°C for 15min. 


5. During this time, prepare the Enzyme solution  


6.  Defrost the Enzyme Diluent (red cap in the NucliSENS EasyQ® Basic Kit) 


7. Add 45 μl of the Enzyme Diluent onto the Enzyme Sphere (red cap in the 
NucliSENS EasyQ® Basic Kit) 


8. Mix by tapping the tube with your finger 


9. Incubate at room temperature for at least 5 min 


10. After the thin wall tubes or the strip have been incubated at 95°C for 15 min, 
incubate them 2min 30s at 41°C (thermoblock or thermocycler) 


11. Add 2.5 μl of the Enzyme Solution to each thin wall tube and mix by pipetting. 


12. Spin down and return the thin wall tubes or strip to the thermocycler or the 
thermoblock 


13. Leave at 41°C for 45min. 


14. (optional) Denature 5min at 65°C. 


Note: if not immediately used, the NAIMA products must be stored at -80°C. 


 


To proceed to the microarray preparation and hybridization, please go to the step 5.6. 


 


9 Reverse transcription 


This step is only used to check the NAIMA amplification with qPCR. 
 


1. Prepare the RT Mix as follows (multiply quantities by the number of RT 
reactions) 


 


2. When NAIMA amplification is finished transfer 2 μl of each NAIMA product into 
a separate fresh tube and add 8 μl of RNAse free water 


Reagent  Volume / 
reaction 


SP-6 extension primer (50 μM) 
 


1,0 μl 


dNTP mix (25 mM) 
 


1,0 μl 
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3.  Add 2 μl of RT Mix to each tube 


4.  Vortex and spin down 


5. Heat at 65°C for 5 min then, put on ice for 5min. Spin down. 


6. To each reaction, add 1,0μl of T7-extension primer (50μM) 


7. Incubate at 42°C for 2min. 


8. Add  0,3μL  RNAseH (1/10 just diluted: 0,15U/μL) 


9.  0,3μL  SSII RT (200U/μL) 


10. Incubate 1H at 42°C then 5 min at 65°C. 


 
  When the reaction is completed, store the RT products at -20 ºC.  


10  qPCR 


This step is only necessary for the NAIMA products that were reverse transcribed (step 5.4). 
Taqman probes are labelled with 5'-FAM and 3'-TAMRA, with the exception of the invertase 
probe which is labelled with 5'-VIC. qPCR reactions are performed in 10 μl on an AbiPrism7900 
Instrument or equivalent (384 well plates).  
 
The different primers and probe concentration used in the qPCR reactions are the following: 


For Mon810 amplicon: 
 Mon810F1311: 6 M primer solution (10x concentrated) 


 Mon810R1311: 6 M primer solution (10x concentrated) 


 Mon810pro1311: 1,5 M probe solution (10x concentrated) 


 
For IVR amplicon: 


IVR1-TM1: 9 M primer solution (10x concentrated) 


IVR1-TM2  9 M primer solution (10x concentrated) 


IVR - VIC: 2 M probe solution (10x concentrated) 


 
For P35S amplicon: 


TM-35S-1: 6 M primer solution (10x concentrated) 


TM-35S-2: 6 M primer solution (10x concentrated) 


35S-FAM: 1,5 M probe solution (10x concentrated) 


 
For tNOS amplicon: 


TM-tNOS-1: 6 M primer solution (10x concentrated) 


TM-tNOS-2: 6 M primer solution (10x concentrated) 


tNOS-FAM: 1,5 M probe solution (10x concentrated) 
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For nptII amplicon: 


forward-nptII: 6 M primer solution (10x concentrated) 


reverse-nptII: 6 M primer solution (10x concentrated) 


probe-nptII: 1,5 M probe solution (10x concentrated) 


 
For pat amplicon: 


forward-pat: 6 M primer solution (10x concentrated) 


reverse-pat: 6 M primer solution (10x concentrated) 


probe-pat: 1,5 M probe solution (10x concentrated) 
 


1. Reaction master mixes are prepared as follows: 


 


Reagent Volume (l) for 1 reaction (10l reaction)  


Forward primer (6 M) 1 


Reverse primer (6 M) 1 


Probe (1.5 M) 1 


TaqMan Universal PCR Master Mix 5 


 


2. After addition of the qPCR master mixes, add 2 l of DNA sample. 


 
3. The qPCR thermo cycle is the following, 45 cycles: 


 


Step Time and temperature 


UNG activation 2 min / 50C 


Activation AmpliTaq 10 min / 95C 


Amplification (45 cycles) 15 s / 95C 


60 s / 60C 

 Uracil-N-Glycosilase system 


 


11 NAIMA product labelling 


This step is intended to be used on the NAIMA products that were not reverse-transcribed (from 
step 5.3) 
The labelling consists in two consecutive steps: (A) tailing of the NAIMA (RNA) products, ligation 
of the dendrimer to the poly(A) tail,  
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Note: this procedure is directly derived from the Genisphere FlashTag Labelling kit user's 
manual. Avoid samples exposure to the light. 


 


11.1 Poly(A) Tailing 


1. Clean working counter with RNAse and EtOH 70% 


2. Defrost NAIMA products 


3. Set up sample tubes and mark well 


4. Switch on thermo block and set at 37 ºC 


5. Get ice 


6. Take the labelling kit (FlashTag RNA labelling) out of freezer 


7. Thaw 10x Reaction Buffer and 25 mM MnCl2 at room temperature 


8. Place ATP mix and Poly A Polymerase (PAP) on ice 


9. Put 8 μl of RNASe – DNAse free H2O and add 2 μl of NAIMA product into each 
marked sample tube 


10. Add the following to 10 μl of the diluted NAIMA products 


1.5 μl of 10x Reaction Buffer 


1.5 μl MnCl2 


1 μl ATP mix 


1 μl Poly A Polymerase (PAP) 


11. Mix gently by tapping each tube (do not vortex) and spin down 


12. Incubate tubes at 37 ºC for 15 min 


13. Thaw the fluorescent dyes (Oyster 550) (wrapped in foil!) along withT4 DNA 
Ligase at room temperature 


14. Return used reagents into the freezer (-20 ºC) 


15. Prepare appropriate number of foil squares into which you will wrap tubes 
during ligation 


16. Immediately proceed to Ligation 


11.2 Ligation 


1. Spin down the tubes 
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2. Turn off all the lights in the room 


3. Wrap each tube into a foil square and place on ice 


4. Vortex / spin down the fluorescent dye 


5. Add 4 μl of 5X FlashTag Ligation Mix (Oyster-550) Mix to appropriate tubes 


6. Spin down T4 DNA Ligase 


7. Add 2 μl of T4 DNA Ligase to each tube 


8. Mix gently by tapping each tube (do not vortex) and spin down 


9. Incubate at room temperature for 30 min wrapped in foil. 


10. Thaw Stop Solution at room temperature 


11. Add 2.5 μl of Stop Solution to each test sample (at room temperature) 


12. Vortex and spin down the ligation reaction 


13. Proceed immediately to hybridization on microarray 


 


12 NAIMA product hybridization 


 


Note: this procedure is directly derived from the Agilent technologies’ “One-Color 
Microarray-Based Gene Expression Analysis” user's manual.  


 


12.1 Prepare the 10X Blocking Agent 


1. Add 500 μL of nuclease-free water to the vial containing lyophilized 10X 
Blocking Agent supplied with the Agilent Gene Expression Hybridization Kit, or add 
1250 μL of nuclease-free water to the vial containing lyophilized large volume 10X 
Blocking Agent (Agilent p/n 5188-5281). 


2. Mix by gently vortexing. If the pellet does not go into solution completely, heat 
the mix for 4 to 5 minutes at 37°C.  


3. Drive down any material adhering to the tube walls or cap by centrifuging for 5 
to 10 seconds.  


 


Note: 10X Blocking Agent can be prepared in advance and stored at –20°C for up  to 2 
months. After thawing, repeat the vortexing and centrifugation procedures before use. 
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12.2 Prepare hybridization samples  


1. Equilibrate water bath to 60°C. 


2. Prepare fragmentation mix in 1.5mL tube  


 


For 8x15k microarrays:  
 


labeled aRNA    600ng  
10x Blocking Agent   5μl  
Nuclease-free Water   bring volume to 24ul  
25x Fragmentation Buffer  1μl  
Total volume   25ul 


 
Vortex gently and centrifuge for few seconds.  
 


3. Incubate for exactly 30min at 60°C to fragment RNA  


4. Immediately cool on ice for 1 min 


5.  Add 25μl of 2x GEx Hybridization Buffer HI-RPM – it will stop the reaction. Mix 
by gentle pipetting. Do not mix by vortexing. This introduces bubbles.  


6. Spin for 1 minute at room temperature at 13,000 rpm in a microcentrifuge to 
drive the sample off the walls and lid and to aid in bubble reduction. Use 
immediately. Do not store. 


7. Transfer on ice and load on array ASAP!  


12.3 Prepare the hybridization assembly 


1. Load a clean gasket slide into the Agilent SureHyb chamber base with the label 
facing up and aligned with the rectangular section of the chamber base. Ensure 
that the gasket slide is flush with the chamber base and is not ajar 


2. Slowly dispense the volume of hybridization sample (50μl) onto the gasket well 
in a “drag and dispense” manner. Max that can be loaded is 40ul 


3.  Slowly place an array “active side” down onto the SureHyb gasket slide, so that 
the “Agilent”-labeled barcode is facing down and the numeric barcode is facing 
up. Verify that the sandwich-pair is properly aligned. 


4.  Place the SureHyb chamber cover onto the sandwiched slides and slide the 
clamp assembly onto both pieces. 
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5.  Hand-tighten the clamp onto the chamber. 


6.  Vertically rotate the assembled chamber to wet the gasket and assess the 
mobility of the bubbles. If necessary, tap the assembly on a hard surface to move 
stationary bubbles. 


7.  Place assembled slide chamber in rotisserie in a hybridization oven set to 65°C. 
Set your hybridization rotator to rotate at 10 rpm when using 2x GEx Hybridization 
Buffer HI-RPM. 


8.  Hybridize at 65°C for 17 hours. 


 


Note: If you are not loading all the available positions on the hybridization rotator rack, be sure 
to balance the loaded hybridization chambers on the rack so that there are an equal number of 
empty positions on each of the four rows on the hybridization rack. 


13 Microarray Wash 


13.1 Add Triton X-102 to Gene Expression wash buffers 


 


Note: The addition of 0.005% Triton X-102 to the Gene Expression wash buffers reduces the 
possibility of array wash artifacts. Add the Triton X-102 to Gene Expression wash buffer 1 and 2 
when the cubitainer of wash buffer is first opened. 


 
Do this step to both Gene Expression wash buffer 1 and 2 before use. 
 


1. Open the cardboard box with the cubitainer of wash buffer and carefully 
remove the outer and inner caps from the cubitainer. 


2. Use a pipette to add 2 mL of the provided 10% Triton X-102 into the wash buffer 
in the cubitainer. 


3. Replace the original inner and outer caps and mix the buffer carefully but 
thoroughly by inverting the container 5 to 6 times. 


4. Carefully remove the outer and inner caps and install the spigot provided with 
the wash buffer. 


5. Prominently label the wash buffer box to indicate that Triton X-102 has been 
added and indicate the date of addition. 
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Note: Triton X-102 can be added to smaller volumes of wash buffer as long as the final dilution 
of the 10% Triton X-102 is 0.005% in the Gene Expression wash buffer solution. 


13.2 Prepare the Stabilization and Drying Solution 


 


Note: The compound in solution is present in saturating amounts and may precipitate from the 
solution under normal storage conditions.  


 
If the solution shows visible precipitation, warming of the solution will be necessary to 
redissolve the compound. Washing slides using Stabilization and Drying Solution showing visible 
precipitation will have a profound adverse effect on microarray performance. 
 


1. Warm the solution slowly in a water bath or a vented conventional oven at 40°C 
in a closed container with sufficient head space to allow for expansion. 


 


Note: The original container can be used to warm the solution. Container volume is 700 mL and 
contains 500 mL of liquid. If a different container is used, maintain or exceed this 
headspace/liquid ratio. The time needed to completely redissolve the precipitate is dependent 
on the amount of precipitate present, and may require overnight warming if precipitation is 
heavy. DO NOT FILTER the Stabilization and Drying solution. 


 


2. If needed, gently mix to obtain a homogenous solution. Mix under a vented 
fume hood away from open flames, or other sources of ignition. Warm the 
solution only in a controlled and contained area that meets local fire code 
requirements. 


3. After the precipitate is completely dissolved, let the covered solution stand at 
room temperature, allowing it to equilibrate to room temperature prior to use. 


13.3 Prewarm Gene Expression Wash Buffer 2 


Warm the Gene Expression Wash Buffer 2 to 37°C as follows: 
 


1. Dispense 1000 mL of Gene Expression Wash Buffer 2 directly into a sterile 1000-
mL bottle. Repeat until you have enough pre-warmed Wash Buffer 2 solution for 
your experiment. 


2. Tightly cap the 1000-mL bottle and place in a 37°C water bath the night before 
washing arrays. Alternatively, remove the plastic cubitainer from the box and 
place it in a 37°C water bath the night before washing the arrays. 
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DAY 2 


13.4 Wash the microarray slides 


 


 
 


1. Fill slide-staining dish #1 (plastic one, about 300ml of buffer to fully cover 
microarrays) with Gene Expression Wash Buffer 1 at room temperature 


2. Fill slide-staining dish #2 (plastic one, about 300ml of buffer to fully cover 
microarrays) with enough Gene Expression Wash Buffer 1 at room temperature to 
cover the slide rack. 


3. Place the empty dish #3 ((plastic one, about 300ml of buffer to fully cover 
microarrays). Do not add the pre-warmed (37°C) Gene Expression Wash Buffer 2 
until the first wash step has begun. 


4. Fill slide-staining dish #4 (glass) with 200ml of acetonitrile. 


5. Fill slide-staining dish #5 (glass) with 200ml of Stabilization and Drying Solution. 


6. Remove one hybridization chamber from incubator and record time. Record 
whether bubbles formed during hybridization, and if all bubbles are rotating 
freely. 


7. Prepare the hybridization chamber disassembly. 


8. Place the hybridization chamber assembly on a flat surface and loosen the 
thumbscrew, turning counter-clockwise. 


9. Slide off the clamp assembly and remove the chamber cover. 
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10. With gloved fingers, remove the array-gasket sandwich from the chamber base 


by grabbing the slides from their ends. Keep the microarray slide numeric barcode 
facing up as you quickly transfer the sandwich to slide-staining dish #1. 


11. Without letting go of the slides, submerge the array-gasket sandwich into slide-
staining dish #1 containing Gene Expression Wash Buffer 1. 


12. With the sandwich completely submerged in Gene Expression Wash Buffer 1, 
pry the sandwich open from the barcode end only: 


13. Slip one of the blunt ends of the forceps between the slides. 


14. Gently turn the forceps upwards or downwards to separate the slides. 


15. Let the gasket slide drop to the bottom of the staining dish. 


16. Remove the microarray slide and place into slide rack in the slide-staining dish 
#2 containing Gene Expression Wash Buffer 1 at room temperature. Minimize 
exposure of the slide to air. Touch only the barcode portion of the microarray 
slide or its edges! 


17. Repeat step 6 through step 8 for up to seven additional slides in the group. A 
maximum of eight disassembly procedures yielding eight microarray slides is 
advised at one time in order to facilitate uniform washing. 


18.  When all slides in the group are placed into the slide rack in slide-staining dish 
#2, mix well but gently for 1 minute. 


19.  During this wash step, remove Gene Expression Wash Buffer 2 from the 37°C 
water bath and pour into the Wash 2 dish. 


20. Transfer slide rack to slide-staining dish #3 containing Gene Expression Wash 
Buffer 2 at elevated temperature, mix well but gently for 1 minute. 


21. Remove the slide rack from Gene Expression Wash Buffer 2 and tilt the rack 
slightly to minimize wash buffer carry-over. Immediately transfer the slide rack to 
slide-staining dish #4 containing acetonitrile and mix well but gently for less than 
10 seconds. 


22. Transfer the slide rack to dish #5 filled with Stabilization and Drying Solution 
and mix well but gently for 30 seconds. 


23. Slowly remove the slide rack trying to minimize droplets on the slides. It should 
take 5 to 10 seconds to remove the slide rack. 


24. Discard used Gene Expression Wash Buffer 1 and Gene Expression Wash Buffer 
2. 
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14 Array scanning and image analysis 
1. Scan the microarray using a LS200 scanner (Tecan Trading AG, Switzerland) with 


the following parameters:  


2. Laser excitation wavelength λ=543nm and filter at λ=590nm.  


3. Pinhole = Small 


4. Resolution = 6 um (3-4um is better but may release too big pictures) 


5. Oversampling = 2 (setting bigger oversampling will only multiply the signal 
noise) 


6. gain 160 (this is an indicative value, to be refined according to thesignal 
intensity) 


7. Load microarrays to slide-holder that active site (“Agilent”-labeled barcode) is 
facing down. 


8. Take care that signal measurements do not reached saturation.  


9. Image analysis of the scanned microarrays is done using the ArrayPro Analyser® 
software, version 4.5.1 (Media Cybernetics® Inc., Bethesda, MD) or the ImaGene 
software, version 9.00 (BioDiscovery Inc., El  Segundo, CA) 


 


REFERENCES 
Morisset, D., Dobnik, D., Žel, J. and Gruden, K. 2008. NAIMA: target amplification strategy 
allowing quantitative on-chip detection of GMOs, Nucl. Acids Res., 36, 18: e118 
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1. Summary 
 


This deliverable is an overview of the availability regarding the reference 
materials to be used in development of screening assays in GMOseek project. 
The nature of the deliverable is specified as “public”, and the present report is 
composed of the annex I gathering all the reference materials available at 
commercial providers and other materials available in laboratories involved in 
the GMOseek project.  
The purpose of this deliverable is primarily to give the project partners an 
overview of the availability, to facilitate sharing of materials, and to initiate 
relevant discussions and actions to ensure the availability and appropriateness 
of reference materials to be used in the project activities.  
The deliverable also serves to help the project coordinator, the project steering 
group, the BVL and the FSA in the monitoring of progress. 
The status is generally reassuring, i.e. there are no delays expected as a result 
of lack of reference materials, although some materials are not presently in-
house. For some materials not listed in the annex, it is expected that these will 
become available as e.g. new certified reference materials will be produced by 
Institute for Reference Materials and Measurements (IRMM), as cloned plasmid 
DNA from e.g. other project partners, or as synthetic DNA produced on the 
basis of sequence information. The availability of commercialized and/or 
authorized but not EU approved GMO derived material represents is more 
uncertain. However, it is possible to perform practically all foreseen activities 
within the GMOseek project even in the absence of this latter type of material. 
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Annex 1: Available reference materials for GMO detection (July 
2009)………………………….........................................................................…...4 
 


3. Results, methods 
 


The list of Genetically Modified Organisms (GMO) reference material (RM) available 


to date (July 2009) is a summary of 1°) GM-RM available at the commercial providers 


AOCS (1), IRMM (2), Fluka (3), Diagenode (4) and 2°) materials available in 


laboratories involved in the GMOseek project (indicated as such). 


 


The list of available GMO RM is presented in the Annex 1. 


 


4. Summary of results, discussion and conclusion 
 


In total, a wide range of RM (seed, flour, genomic DNA, plasmid DNA, kernel) is 


accessible for the GMOSeek project. All the material included in the Annex 1 could 


either be purchased or propagated, and can be made available to the GMOSeek partners 


to develop and/or validate the GMO detection methods/approaches. 


In total, eight species are covered (soybean, maize, canola, cotton, sugar beet, potato 


and papaya) and 41 GM lines (plus five stacked events lines) are available. 


All the RM already available allow the development of the screening methods already 


proposed as essential for the project: targets P-ract, P-Ta29, T-E9, P-Ubi(ZM), CTP2-


CP4EPSPS, T-Nos, bar and pat. Therefore, no delay is expected for the development of 


these methods due to absence of reference material.  


 


5. References  
 


1. AOCS: http://www.aocs.org/tech/crm/ 


2. IRMM: http://irmm.jrc.be/html/reference_materials_catalogue/catalogue/index.htm 


3. FLUKA: http://www.sigmaaldrich.com/catalog/search/TablePage/9641474  


4. Diagenode: http://www.diagenode.com/pages/price-list_dia.html 


5. CRL:  http://gmo-crl.jrc.ec.europa.eu/statusofdoss.htm 


 


 



http://www.aocs.org/tech/crm/

http://irmm.jrc.be/html/reference_materials_catalogue/catalogue/index.htm

http://www.sigmaaldrich.com/catalog/search/TablePage/9641474

http://www.diagenode.com/pages/price-list_dia.html

http://gmo-crl.jrc.it/statusofdoss.htm
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Annex 1: Available reference materials for GMO detection (July 2009). 
 


 
Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Soybean, 


soy 


(Glycine 


max L.) 


Soybean non-
modified 


n.a. AOCS AOCS 0906-A 
(Conventional Soybean 
(Line A3244) >999.0 g/kg) 


ground seed (flour) n.a. n.a. n.a. 


Soybean, 


soy 


(Glycine 


max L.) 


Soybean non-
modified 


n.a. AOCS AOCS 0707-A (<0.1 ng/ug 
A2704-12 and A5547-127) 


gDNA extracted from 
leaves 


n.a. n.a. n.a. 


Soybean, 


soy 


(Glycine 


max L.) 


Soybean non-
modified 


n.a. IPH n.a. Seeds n.a. n.a. n.a. 


Soybean, 


soy 


(Glycine 


max L.) 


Soybean non-
modified 
(garranted < 
0.05% RRS, 


6000 kernels 
have been 
checked) 


n.a. CRA-W 
(Provided by 
Euro-Nat, 
France) 


SOJA JAUNE - Réf. Euro-
Nat 655 - (sac de 30kgs) 


Kernels (organic soybeans) n.a. n.a. n.a. 


Soybean, 


soy 


(Glycine 


max L.) 


GTS 40-3-2 MON-
Ø4Ø32-6 


IRMM ERM-BF410 ground seed (flour) Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=25  


Roundup Ready® 
Soybean 


Soybean, 


soy 


(Glycine 


max L.) 


GTS 40-3-2 MON-
Ø4Ø32-6 


Diagenode 310-05131 (in salmon 
sperm DNA)                 
311-04941 (in ddH2O)     
316-05971 (in ColE1/TE)  


multiple target plasmid 
(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=25  


Roundup Ready® 
Soybean 


Soybean, 


soy 


(Glycine 


max L.) 


GTS 40-3-2 MON-
Ø4Ø32-6 


IPH n.a. Seeds Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=25  


Roundup Ready® 
Soybean 


Soybean, 


soy 


(Glycine 


max L.) 


GTS 40-3-2 MON-
Ø4Ø32-6 


NIB n.a. Seeds Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=Submit&evi


dx=25  


Roundup Ready® 
Soybean 



http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Soybean, 


soy 


(Glycine 


max L.) 


RRS (GTS40-3-
2) (Garanteed 
>95% RRS) 


MON-
Ø4Ø32-6 


CRA-W 
(Provided by 
ISS (Italy) in 
the Co-Extra 
context) 


n.a. Kernels  Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=25  


Roundup Ready® 
(GTS40-3-2) Soybean 


Soybean, 


soy 


(Glycine 


max L.) 


305423 DP-
305423-1 


IRMM ERM-BF426 Ground seed High oleic acid 
and tolerant to 
acetolactate 
synthase inhibitor 


http://www.erm-
crm.org/html/ERM_product
s/search/reports/BF426.pdf 


  


Soybean, 


soy 


(Glycine 


max L.) 


356043 DP-
356043-5 


IRMM ERM-BF425 Ground seed High oleic acid 
and tolerant to 
acetolactate 


synthase inhibitor 


http://www.erm-
crm.org/html/ERM_product
s/search/reports/BF425.pdf  


  


Soybean, 


soy 


(Glycine 


max L.) A2704-12  
ACS-
GM005-3 


AOCS AOCS 0707-B gDNA extracted from 
leaves 


Herbicide 
tolerance (PAT) 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=68 


  


Soybean, 


soy 


(Glycine 


max L.) A5547-127  
ACS-
GM006-4 


AOCS AOCS 0707-C gDNA extracted from 
leaves 


Herbicide 
tolerance (PAT) 


http://www.agbios.com/dba
se.php?action=Submit&evi


dx=46 


  


Soybean, 


soy 


(Glycine 


max L.) MON89788 
MON-
89788-1 


AOCS AOCS 0906-B ground seed (flour) Glyphosate 
herbicide 
tolerance 
(EPSPS). 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=527 


Roundup 
RReady2YieldTM 


Maize, 


corn (Zea 


mays L.) 


Maize non-


modified 


n.a. AOCS AOCS 0406-A (< 2.0 g/kg 


of MON810, MON 863, 
NK603, MON 88017) 


ground seed (flour) n.a. n.a. n.a. 


Maize, 


corn (Zea 


mays L.) 


Maize non-
modified 


n.a. AOCS AOCS 0407-A (< 1.0 g/kg 
of Ga21) 


ground seed (flour) n.a. n.a. n.a. 


Maize, 


corn (Zea 


mays L.) 


Maize non-
modified 


n.a. IPH n.a. Seeds n.a. n.a. n.a. 


Maize, 


corn (Zea 


mays L.) 


Maize non-


modified 


n.a. NIB n.a. Seeds n.a. n.a. n.a. 


Maize, 


corn (Zea 


mays L.) 


Maize non-
modified 


n.a. AOCS AOCS 0306-C 
(Conventionally-bred Corn 
>999.9 ng/ug) 


gDNA extracted from 
leaves 


n.a. n.a. n.a. 



http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.agbios.com/dbase.php?action=Submit&evidx=25

http://www.erm-crm.org/html/ERM_products/search/reports/BF426.pdf

http://www.erm-crm.org/html/ERM_products/search/reports/BF426.pdf

http://www.erm-crm.org/html/ERM_products/search/reports/BF426.pdf

http://www.erm-crm.org/html/ERM_products/search/reports/BF425.pdf

http://www.erm-crm.org/html/ERM_products/search/reports/BF425.pdf

http://www.erm-crm.org/html/ERM_products/search/reports/BF425.pdf
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Maize, 


corn (Zea 


mays L.) 


Maize non-
modified 
(garranted < 


0.05% 
p35S/tNos) 


n.a. CRA-W MAIS POP CORN - 
Réf.947- (sac de 25kgs) 


Kernels (organic maize) n.a. n.a. n.a. 


Maize, 


corn (Zea 


mays L.) 


Bt 176 SYN-
EV176-9 


IRMM ERM-BF411 ground seed (flour) Insect resistance 
(CryIAb) and 
herbicide 
tolerance (BAR) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=176  


Bt 176 Maximizer® 
maize 


Maize, 


corn (Zea 


mays L.) 


Bt 176 SYN-


EV176-9 


Diagenode 319-04981 (in salmon 


sperm DNA)                 
314-04811 (in ddH2O)     
313-05981 (in ColE1/TE)  


multiple target plasmid 


(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Insect resistance 


(CryIAb) and 
herbicide 
tolerance (BAR) 


http://www.agbios.com/dba


se.php?action=ShowProd&
data=176  


Bt 176 Maximizer® 


maize 


Maize, 


corn (Zea 


mays L.) 


Bt 176 SYN-
EV176-9 


IPH n.a. Seeds (Very limited 
number) 


Insect resistance 
(CryIAb) and 
herbicide 
tolerance (BAR) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=176  


Bt 176 Maximizer® 
maize 


Maize, 


corn (Zea 


mays L.) 


Bt 11 SYN-
BTØ11-1 


IRMM ERM-BF412 ground seed (flour) Insect resistance 
(CryIAb) and 
herbicide 
tolerance (PAT) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=BT11+%28X4334CB
R%2C+X4734CBR%29  


Bt 11 maize 


Maize, 


corn (Zea 


mays L.) 


Bt 11 SYN-
BTØ11-1 


Diagenode 319-04981 (in salmon 
sperm DNA)                 
314-04811 (in ddH2O)     
313-05981 (in ColE1/TE)  


multiple target plasmid 
(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Insect resistance 
(CryIAb) and 
herbicide 
tolerance (PAT) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=BT11+%28X4334CB
R%2C+X4734CBR%29  


Bt 11 maize 


Maize, 


corn (Zea 


mays L.) 


Bt 11 SYN-
BTØ11-1 


IPH n.a. Seeds Insect resistance 
(CryIAb) and 
herbicide 
tolerance (PAT) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=BT11+%28X4334CB
R%2C+X4734CBR%29  


Bt 11 maize 


Maize, 


corn (Zea 


mays L.) 


MON 810 MON-
ØØ81Ø-6 


IRMM ERM-BF413 ground seed (flour) Insect resistance 
(CryIAb) 


http://www.agbios.com/dba
se.php?action=ShowProd&


data=MON810  


MON 810 Yield Gard® 
corn 


Maize, 


corn (Zea 


mays L.) 


MON 810 MON-
ØØ81Ø-6 


IRMM ERM-AD413 Plasmid DNA (5'plant-p35S 
junction fragment + hmg 
fragment 


Insect resistance 
(CryIAb) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON810  


MON 810 Yield Gard® 
corn 



http://www.agbios.com/dbase.php?action=ShowProd&data=176

http://www.agbios.com/dbase.php?action=ShowProd&data=176

http://www.agbios.com/dbase.php?action=ShowProd&data=176

http://www.agbios.com/dbase.php?action=ShowProd&data=176

http://www.agbios.com/dbase.php?action=ShowProd&data=176

http://www.agbios.com/dbase.php?action=ShowProd&data=176

http://www.agbios.com/dbase.php?action=ShowProd&data=176

http://www.agbios.com/dbase.php?action=ShowProd&data=176

http://www.agbios.com/dbase.php?action=ShowProd&data=176

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=BT11+%28X4334CBR%2C+X4734CBR%29

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Maize, 


corn (Zea 


mays L.) 


MON 810 MON-
ØØ81Ø-6 


Diagenode 319-04981 (in salmon 
sperm DNA)                 
314-04811 (in ddH2O)     
313-05981 (in ColE1/TE)  


multiple target plasmid 
(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Insect resistance 
(CryIAb) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON810  


MON 810 Yield Gard® 
corn 


Maize, 


corn (Zea 


mays L.) 


MON 810 MON-
ØØ81Ø-6 


IPH n.a. Seeds Insect resistance 
(CryIAb) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON810  


MON 810 Yield Gard® 
corn 


Maize, 


corn (Zea 


mays L.) 


MON 810 MON-
ØØ81Ø-6 


NIB n.a. Seeds Insect resistance 
(CryIAb) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON810  


MON 810 Yield Gard® 
corn 


Maize, 


corn (Zea 


mays L.) 


MON 810 
(Homozygous) 


MON-
ØØ81Ø-6 


CRA-W n.a. Seeds Insect resistance 
(CryIAb) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON810  


MON 810 Yield Gard® 
corn 


Maize, 


corn (Zea 


mays L.) 


MON 810 
(hemizygous) 


MON-
ØØ81Ø-6 


CRA-W n.a. Seeds Insect resistance 
(CryIAb) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON810  


MON 810 Yield Gard® 
corn 


Maize, 


corn (Zea 


mays L.) 


GA 21 MON-
ØØØ21-9 


IRMM ERM-BF414 ground seed (flour) Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=GA21  


GA 21 maize 


Maize, 


corn (Zea 


mays L.) 


GA 21 MON-
ØØØ21-9 


AOCS AOCS 0407-B ground seed (flour) Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=GA21  


GA 21 maize 


Maize, 


corn (Zea 


mays L.) 


GA 21 MON-


ØØØ21-9 


FLUKA 69407 gDNA (GMO Genomic 


DNA Standard Set for Mais 
NK603, GA21 und CBH-
351 "Starlink"), approx. 1 
% 


Herbicide 


tolerance (EPSPS) 


http://www.agbios.com/dba


se.php?action=ShowProd&
data=GA21  


GA 21 maize 


Maize, 


corn (Zea 


mays L.) 


GA 21 MON-
ØØØ21-9 


Diagenode 319-04981 (in salmon 
sperm DNA)                 
314-04811 (in ddH2O)     
313-05981 (in ColE1/TE)  


multiple target plasmid 
(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=GA21  


GA 21 maize 


Maize, 


corn (Zea 


mays L.) 


T 25 ACS-
ZMØØ3-2 


AOCS AOCS 0306-H gDNA extracted from 
leaves 


Herbicide 
tolerance (PAT)  


http://www.agbios.com/dba
se.php?action=ShowProd&
data=T14%2C+T25  


Liberty Link® maize 



http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=MON810

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21

http://www.agbios.com/dbase.php?action=ShowProd&data=GA21
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Maize, 


corn (Zea 


mays L.) 


T 25 ACS-
ZMØØ3-2 


Diagenode 319-04981 (in salmon 
sperm DNA)                 
314-04811 (in ddH2O)     
313-05981 (in ColE1/TE)  


multiple target plasmid 
(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Herbicide 
tolerance (PAT)  


http://www.agbios.com/dba
se.php?action=ShowProd&
data=T14%2C+T25  


Liberty Link® maize 


Maize, 


corn (Zea 


mays L.) 


T 25 ACS-
ZMØØ3-2 


NIB n.a. Seeds Herbicide 
tolerance (PAT)  


http://www.agbios.com/dba
se.php?action=ShowProd&
data=T14%2C+T25  


Liberty Link® maize 


Maize, 


corn (Zea 


mays L.) 


T 25 
(Homozygous) 


ACS-
ZMØØ3-2 


CRA-W n.a. Seeds Herbicide 
tolerance (PAT)  


http://www.agbios.com/dba
se.php?action=ShowProd&
data=T14%2C+T25  


Liberty Link® maize 


Maize, 


corn (Zea 


mays L.) 


T 25 
(Hemizygous) 


ACS-
ZMØØ3-2 


CRA-W n.a. Seeds Herbicide 
tolerance (PAT)  


http://www.agbios.com/dba
se.php?action=ShowProd&
data=T14%2C+T25  


Liberty Link® maize 


Maize, 


corn (Zea 


mays L.) 


NK 603 MON-
ØØ6Ø3-6 


FLUKA 69407 gDNA (GMO Genomic 
DNA Standard Set for 
Maize NK603, GA21 und 
CBH-351 "Starlink"), 
approx. 1 % 


Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=NK603  


NK 603 maize 


Maize, 


corn (Zea 


mays L.) 


MON 863 MON-
ØØ863-5 


IRMM  ERM-BF416 ground seed (flour) Insect resistance 
(Cry3Bb) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON863  


MON 863 maize 


Maize, 


corn (Zea 


mays L.) 


TC 1507 DAS-
Ø15Ø7-1 


IRMM ERM-BF418 ground seed (flour) Insect resistance 
(Cry1Fa2) and 
herbicide 
tolerance (PAT) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=TC1507  


Herculex I TC 1507 


Maize, 


corn (Zea 


mays L.) 


MIR 604 SYN-
IR6Ø4-5 


IRMM ERM-BF423 ground seed (flour) Insect resistance 
(Cry3A) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MIR604  


MIR 604 


Maize, 


corn (Zea 


mays L.) 


MIR 604 SYN-
IR6Ø4-5 


AOCS AOCS 0607-A ground seed (flour) Insect resistance 
(Cry3A) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MIR604  


MIR 604 


Maize, 


corn (Zea 


mays L.) 


59122 DAS-
59122-7 


IRMM ERM-BF424 ground seed (flour) Insect resistance 
(Cry34Ab1 and 
Cry35Ab1) and 
herbicide tolerant 
(PAT) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=DAS-59122-7  


Herculex II Rootworm 



http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=T14%2C+T25

http://www.agbios.com/dbase.php?action=ShowProd&data=NK603

http://www.agbios.com/dbase.php?action=ShowProd&data=NK603

http://www.agbios.com/dbase.php?action=ShowProd&data=NK603

http://www.agbios.com/dbase.php?action=ShowProd&data=MON863

http://www.agbios.com/dbase.php?action=ShowProd&data=MON863

http://www.agbios.com/dbase.php?action=ShowProd&data=MON863

http://www.agbios.com/dbase.php?action=ShowProd&data=TC1507

http://www.agbios.com/dbase.php?action=ShowProd&data=TC1507

http://www.agbios.com/dbase.php?action=ShowProd&data=TC1507

http://www.agbios.com/dbase.php?action=ShowProd&data=MIR604

http://www.agbios.com/dbase.php?action=ShowProd&data=MIR604

http://www.agbios.com/dbase.php?action=ShowProd&data=MIR604

http://www.agbios.com/dbase.php?action=ShowProd&data=MIR604

http://www.agbios.com/dbase.php?action=ShowProd&data=MIR604

http://www.agbios.com/dbase.php?action=ShowProd&data=MIR604

http://www.agbios.com/dbase.php?action=ShowProd&data=DAS-59122-7

http://www.agbios.com/dbase.php?action=ShowProd&data=DAS-59122-7

http://www.agbios.com/dbase.php?action=ShowProd&data=DAS-59122-7
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Maize, 


corn (Zea 


mays L.) 


CBH-351 ACS-
ZMØØ4-3 


Diagenode 314-04811 Positive Control Plasmid 
(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Insect resistance 
(Cry9C) and 
herbicide 


tolerance (BAR) 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=54  


Star LinkTM maize 


Maize, 


corn (Zea 


mays L.) 


CBH-351 ACS-
ZMØØ4-3 


FLUKA 69407 gDNA (GMO Genomic 
DNA Standard Set for Mais 
NK603, GA21 and CBH-
351 "Starlink"), approx. 1 
% 


Insect resistance 
(Cry9C) and 
herbicide 
tolerance (BAR) 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=54  


Star LinkTM maize 


Maize, 


corn (Zea 


mays L.) 


3272 SYN-
E3272-5 


IRMM ERM-BF420 ground seed (flour) n.a. n.a. 3772 maize 


Maize, 


corn (Zea 


mays L.) 


MON 88017 MON-
88Ø17-3 


AOCS AOCS 0406-D ground seed (flour) Insect resistance 
(Cry3Bb) and 


herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=Submit&evi


dx=497  


MON 88017 maize 


Maize, 


corn (Zea 


mays L.) 


MON89034 
 MON-
89034-3  


AOCS AOCS 0906-E ground seed (flour) Resistance to 
lepidopteran pests 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=534 


  


Maize, 


corn (Zea 


mays L.) 


MON 863 x 
MON 810 


MON-
ØØ863-5 X 


MON-
ØØ81Ø-6 


IRMM ERM-BF417 ground seed (flour) Insect resistance 
(Cry3Bb) and 


insect resistance 
(CryIAb) 


http://www.agbios.com/dba
se.php?action=ShowProd&


data=MON-%D8%D8863-
5+x+MON-
%D8%D881%D8-6  


MON 836 x MON 810 
maize 


Rapeseed, 


canola 


(Brassica 


napus L.) 


canola non-
modified 


n.a. AOCS AOCS 0304-A (< 0.5g/kg 
Roundup ready canola= 
RT73) 


whole seed n.a. n.a. n.a. 


Rapeseed, 


canola 


(Brassica 


napus L.) 


canola non-
modified 


n.a. IPH n.a. Seeds n.a. n.a. n.a. 


Rapeseed, 


canola 


(Brassica 


napus L.) 


canola non-
modified 


n.a. NIB n.a. Seeds n.a. n.a. n.a. 


Rapeseed, 


canola 


(Brassica 


napus L.) 


canola non-
modified 


n.a. AOCS AOCS 0306-B 
(Conventionally-bred 
Canola >999.9 ng/ug) 


gDNA extracted from 
leaves 


n.a. n.a. n.a. 



http://www.agbios.com/dbase.php?action=Submit&evidx=54

http://www.agbios.com/dbase.php?action=Submit&evidx=54

http://www.agbios.com/dbase.php?action=Submit&evidx=54

http://www.agbios.com/dbase.php?action=Submit&evidx=54

http://www.agbios.com/dbase.php?action=Submit&evidx=54

http://www.agbios.com/dbase.php?action=Submit&evidx=54

http://www.agbios.com/dbase.php?action=Submit&evidx=497

http://www.agbios.com/dbase.php?action=Submit&evidx=497

http://www.agbios.com/dbase.php?action=Submit&evidx=497

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-%D8%D8863-5+x+MON-%D8%D881%D8-6

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-%D8%D8863-5+x+MON-%D8%D881%D8-6

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-%D8%D8863-5+x+MON-%D8%D881%D8-6

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-%D8%D8863-5+x+MON-%D8%D881%D8-6

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-%D8%D8863-5+x+MON-%D8%D881%D8-6
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Rapeseed, 


canola 


(Brassica 


napus L.) 


GS 40/90 
(pHoe6/Ac)  


ACS-
BNØ1Ø-4 


FLUKA 55231 gDNA (Rapeseed GMO 
Standard Set for Rapeseed 
GT73, GS40/90, MS8xRf3 


and Oxy235), approx. 1 % 


Herbicide tolerant 
(PAT) 


http://ec.europa.eu/food/fs/s
c/scp/out15_en.html 


Liberty LinkTM Falcon 
GS 40/90  


Rapeseed, 


canola 


(Brassica 


napus L.) 


RT 73 (GT 73) MON-
ØØØ73-7 


FLUKA 55231 gDNA (Rapeseed GMO 
Standard Set for Rapeseed 
GT73, GS40/90, MS8xRf3 


and Oxy235), approx. 1 % 


Herbicide tolerant 
(EPSPS and 
Goxv247) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=GT73%2C+RT73  


RT 73 Roundup 
Ready® 


Rapeseed, 


canola 


(Brassica 


napus L.) 


RT 73 (GT 73) MON-
ØØØ73-7 


IPH n.a. Seeds (from AOCS) Herbicide tolerant 
(EPSPS and 


Goxv247) 


http://www.agbios.com/dba
se.php?action=ShowProd&


data=GT73%2C+RT73  


RT 73 Roundup 
Ready® 


Rapeseed, 


canola 


(Brassica 


napus L.) 


RT 73 (GT 73) MON-
ØØØ73-7 


AOCS AOCS 0304-B (> 991.9  
g/kg) 


whole seed Herbicide tolerant 
(EPSPS and 
Goxv247) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=GT73%2C+RT73  


RT 73 Roundup 
Ready® 


Rapeseed, 


canola 


(Brassica 


napus L.) 


OXY 235 ACS-


BNØ11-5 


FLUKA 55231 gDNA (Rapeseed GMO 


Standard Set for Rapeseed 
GT73, GS40/90, MS8xRf3 
and Oxy235), approx. 1 % 


Herbicide tolerant 


(BXN) 


http://www.agbios.com/dba


se.php?action=ShowProd&
data=OXY-235  


OXY 235 canola 


Rapeseed, 


canola 


(Brassica 


napus L.) 


OXY 235 ACS-
BNØ11-5 


FLUKA 52938 ?? Herbicide tolerant 
(BXN) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=OXY-235  


OXY 235 canola 


Rapeseed, 


canola 


(Brassica 


napus L.) 


MS 1 ACS-
BNØØ4-7  


CRA-W: 
limited stock 
at CRA-W 
beforehand 


avalaible 
from Bayer 


MS1 DNA gDNA extracted from 
leaves 


Male sterile 
(Barnase) and 
herbicide tolerant 
(BAR) 


http://ec.europa.eu/food/dy
na/gm_register/gm_register
_auth.cfm?pr_id=24 


MS1 


Rapeseed, 


canola 


(Brassica 


napus L.) 


MS 8 ACS-
BNØØ5-8 


AOCS AOCS 0306-F2+ gDNA extracted from 
leaves 


Male sterile 
(Barnase) and 
herbicide tolerant 
(BAR) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MS8xRF3  


MS 8 canola 


Rapeseed, 


canola 


(Brassica 


napus L.) 


RF 3 ACS-
BNØØ3-6 


AOCS AOCS 0306-G gDNA extracted from 
leaves 


Herbicide 
tolerance (BAR) 
and fertility 
restorer (Barstar) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MS8xRF3  


RF 3 canola 



http://ec.europa.eu/food/fs/sc/scp/out15_en.html

http://ec.europa.eu/food/fs/sc/scp/out15_en.html

http://www.agbios.com/dbase.php?action=ShowProd&data=GT73%2C+RT73

http://www.agbios.com/dbase.php?action=ShowProd&data=GT73%2C+RT73

http://www.agbios.com/dbase.php?action=ShowProd&data=GT73%2C+RT73

http://www.agbios.com/dbase.php?action=ShowProd&data=GT73%2C+RT73

http://www.agbios.com/dbase.php?action=ShowProd&data=GT73%2C+RT73

http://www.agbios.com/dbase.php?action=ShowProd&data=GT73%2C+RT73

http://www.agbios.com/dbase.php?action=ShowProd&data=GT73%2C+RT73

http://www.agbios.com/dbase.php?action=ShowProd&data=GT73%2C+RT73

http://www.agbios.com/dbase.php?action=ShowProd&data=GT73%2C+RT73

http://www.agbios.com/dbase.php?action=ShowProd&data=OXY-235

http://www.agbios.com/dbase.php?action=ShowProd&data=OXY-235

http://www.agbios.com/dbase.php?action=ShowProd&data=OXY-235

http://www.agbios.com/dbase.php?action=ShowProd&data=OXY-235

http://www.agbios.com/dbase.php?action=ShowProd&data=OXY-235

http://www.agbios.com/dbase.php?action=ShowProd&data=OXY-235

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=24

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=24

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=24

http://www.agbios.com/dbase.php?action=ShowProd&data=MS8xRF3

http://www.agbios.com/dbase.php?action=ShowProd&data=MS8xRF3

http://www.agbios.com/dbase.php?action=ShowProd&data=MS8xRF3

http://www.agbios.com/dbase.php?action=ShowProd&data=MS8xRF3

http://www.agbios.com/dbase.php?action=ShowProd&data=MS8xRF3

http://www.agbios.com/dbase.php?action=ShowProd&data=MS8xRF3
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Rapeseed, 


canola 


(Brassica 


napus L.) 


MS8 x RF3 ACS-
BNØØ5-8 
X ACS-
BNØØ3-6 


FLUKA 55231 gDNA (Rapeseed GMO 
Standard Set for Rapeseed 
GT73, GS40/90, MS8xRf3 
and Oxy235), approx. 1 % 


Male sterile 
(Barnase) and 
herbicide tolerant 
(BAR) and 


fertility restorer 
(Barstar) and 
herbicide tolerant 
(BAR) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MS8xRF3  


Liberty Link Falcon®  
MS8 x RF3 


Rapeseed, 


canola 


(Brassica 


napus L.) 


RF 1 ACS-
BNØØ1-4 


CRA-W: 
limited stock 
at CRA-W 


beforehand 
avalaible 
from Bayer 


RF1 DNA gDNA extracted from 
leaves 


Herbicide 
tolerance (BAR) 
and fertility 


restorer (Barstar) 


http://ec.europa.eu/food/dy
na/gm_register/gm_register
_auth.cfm?pr_id=24 


RF1 


Rapeseed, 


canola 


(Brassica 


napus L.) 


RF 2 ACS-
BNØØ2-5 


CRA-W: 
limited stock 
at CRA-W 
beforehand 
avalaible 


from Bayer 


RF2 DNA gDNA extracted from 
leaves 


Herbicide 
tolerance (BAR) 
and fertility 
restorer (Barstar) 


http://ec.europa.eu/food/dy
na/gm_register/gm_register
_auth.cfm?pr_id=25 


RF2 


Rapeseed, 


canola 


(Brassica 


napus L.) 


Topas 19/2 ACS-
BNØØ7-1 


CRA-W: 
limited stock 
at CRA-W 
beforehand 
avalaible 
from Bayer 


Topas 19/2 DNA gDNA extracted from 
leaves 


Herbicide 
tolerance (BAR) 
and fertility 
restorer (Barstar) 


http://ec.europa.eu/food/dy
na/gm_register/gm_register
_auth.cfm?pr_id=26 


Topas19/2, Innovator 


Rapeseed, 


canola 


(Brassica 


napus L.) 


T45 ACS-
BNØØ8-2 


AOCS AOCS 0208-A gDNA extracted from 
leaves 


Herbicide 
tolerance (PAT)  


http://www.agbios.com/dba
se.php?action=ShowProd&
data=T45+%28HCN28%29
&frmat=LONG  


HCN28 


Rapeseed, 


canola 


(Brassica 


napus L.) 


T45 ACS-
BNØØ8-2 


CRA-W: 
limited stock 
at CRA-W 


beforehand 
avalaible 
from Bayer 


T45 DNA gDNA extracted from 
leaves 


Herbicide 
tolerance (BAR) 
and fertility 


restorer (Barstar) 


http://www.gmo-
compass.org/pdf/regulation/
rapeseed/T45_import_sum


mary.pdf 


T45, HCN28 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


cotton non-
modified 


n.a. AOCS AOCS 0306-A 
(Conventionally-Bred 
Cotton >999.9 ng/ug) 


gDNA extracted from 
leaves 


n.a. n.a. n.a. 



http://www.agbios.com/dbase.php?action=ShowProd&data=MS8xRF3

http://www.agbios.com/dbase.php?action=ShowProd&data=MS8xRF3

http://www.agbios.com/dbase.php?action=ShowProd&data=MS8xRF3

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=24

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=24

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=24

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=25

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=25

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=25

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=26

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=26

http://ec.europa.eu/food/dyna/gm_register/gm_register_auth.cfm?pr_id=26

http://www.agbios.com/dbase.php?action=ShowProd&data=T45+%28HCN28%29&frmat=LONG

http://www.agbios.com/dbase.php?action=ShowProd&data=T45+%28HCN28%29&frmat=LONG

http://www.agbios.com/dbase.php?action=ShowProd&data=T45+%28HCN28%29&frmat=LONG

http://www.agbios.com/dbase.php?action=ShowProd&data=T45+%28HCN28%29&frmat=LONG

http://www.gmo-compass.org/pdf/regulation/rapeseed/T45_import_summary.pdf

http://www.gmo-compass.org/pdf/regulation/rapeseed/T45_import_summary.pdf

http://www.gmo-compass.org/pdf/regulation/rapeseed/T45_import_summary.pdf

http://www.gmo-compass.org/pdf/regulation/rapeseed/T45_import_summary.pdf
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


cotton non-
modified 


n.a. IPH n.a. Seeds (From USDA) n.a. n.a. n.a. 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


cotton non-
modified 


n.a. AOCS AOCS 0804-A (<4.0 g/kg 
MON1445, MON531 and 
MON15985)  


ground seed (flour) n.a. n.a. n.a. 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


1445 MON-
Ø1445-2 


AOCS AOCS 0804-B ground seed (flour) Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON1445%2F1698  


1445 Roundup Ready® 
cotton CTP2/EPSPS 
CP4 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


531 MON-
ØØ531-6 


AOCS AOCS 0804-C ground seed (flour) Insect resistance 
(Cry1Ac) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON531%2F757%2


F1076  


Bollgard I 531 cotton 
Bt-Cry1Ac 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


15985 MON-
15985-7 


AOCS AOCS 0804-D ground seed (flour) Herbicide 
tolerance (Cry1Ac 
& Cr2Ab) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=15985  


Bollgard II  15985 
cotton (= re-
transformed 531) 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


1445 x 531 MON-
Ø1445-2 X 
MON-
ØØ531-6 


AOCS AOCS 0804-E ground seed (flour) Herbicide 
tolerance (EPSPS) 
and insect 
resistance 
(Cry1Ac) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=MON-%D8%D8531-
6+x+MON-%D81445-2  


1445 x 531 cotton 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


1445 x 15985 MON-
Ø1445-2 X 


MON-
15985-7 


AOCS AOCS 0804-F ground seed (flour) Herbicide 
tolerance (EPSPS) 


and insect 
resistance 
(Cry1Ac and 
Cry2Ab) 


http://www.agbios.com/dba
se.php?action=ShowProd&


data=MON-15985-
7+x+MON-%D81445-2  


1445 x 15985 cotton 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


LL 25 ACS-
GHØØ1-3 


AOCS AOCS 0306-E gDNA extracted from 
leaves 


Herbicide 
tolerance (BAR) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=LLCotton25&frmat=L
ONG 


LL 25 cotton 



http://www.agbios.com/dbase.php?action=ShowProd&data=MON1445%2F1698

http://www.agbios.com/dbase.php?action=ShowProd&data=MON1445%2F1698

http://www.agbios.com/dbase.php?action=ShowProd&data=MON1445%2F1698

http://www.agbios.com/dbase.php?action=ShowProd&data=MON531%2F757%2F1076

http://www.agbios.com/dbase.php?action=ShowProd&data=MON531%2F757%2F1076

http://www.agbios.com/dbase.php?action=ShowProd&data=MON531%2F757%2F1076

http://www.agbios.com/dbase.php?action=ShowProd&data=MON531%2F757%2F1076

http://www.agbios.com/dbase.php?action=ShowProd&data=15985

http://www.agbios.com/dbase.php?action=ShowProd&data=15985

http://www.agbios.com/dbase.php?action=ShowProd&data=15985

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-%D8%D8531-6+x+MON-%D81445-2

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-%D8%D8531-6+x+MON-%D81445-2

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-%D8%D8531-6+x+MON-%D81445-2

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-%D8%D8531-6+x+MON-%D81445-2

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-15985-7+x+MON-%D81445-2

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-15985-7+x+MON-%D81445-2

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-15985-7+x+MON-%D81445-2

http://www.agbios.com/dbase.php?action=ShowProd&data=MON-15985-7+x+MON-%D81445-2

http://www.agbios.com/dbase.php?action=ShowProd&data=LLCotton25&frmat=LONG

http://www.agbios.com/dbase.php?action=ShowProd&data=LLCotton25&frmat=LONG

http://www.agbios.com/dbase.php?action=ShowProd&data=LLCotton25&frmat=LONG

http://www.agbios.com/dbase.php?action=ShowProd&data=LLCotton25&frmat=LONG
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


281-24-236 x 
3006-210-23  


Herbicide 
tolerance 
(EPSPS) 


IRMM ERM-BF422b ground seed (flour) Insect resistance 
(Cry1F from 281 
and Cry1Ac from 
3006) and 
herbicide tolerant 


(PAT from both) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=DAS-21%D823-
5+x+DAS-24236-5  


281-24-236 x 3006-
210-23 cotton 


Cotton 


(Gossypiu


m 


hirsutum 


L.) 


GHB614 
BCS-GH-


002-5 


AOCS AOCS 1108-A gDNA extracted from 
leaves 


Glyphosate 
herbicide 
tolerance 
(EPSPS). 


http://www.agbios.com/dba
se.php?action=Submit&evi
dx=543 


GlyTol™ Cotton 


Sugar beet 


(Beta 


vulgaris L. 


) 


Sugar beet non-


modified 


n.a. AOCS AOCS 1206-A (<1.0 g/kg 


H7-1) 


ground seed (flour) n.a. n.a. n.a. 


Sugar beet 


(Beta 


vulgaris L. 


) 


Sugar beet non-
modified 


n.a. IRMM  ERM-BF419a (0% H7-1) ground seed (flour) n.a. n.a. n.a. 


Sugar beet 


(Beta 


vulgaris L. 


) 


H7-1 KM-
ØØØH71-4 


AOCS AOCS 1206-B ground seed (flour) Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=H7-1  


H7-1 sugar beet 


Sugar beet 


(Beta 


vulgaris L. 


) 


H7-1 KM-
ØØØH71-4 


IRMM  ERM-BF419b ground seed (flour) Herbicide 
tolerance (EPSPS) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=H7-1  


H7-1 sugar beet 


Potato 


(Solanum 


tuberosum 


L.) 


Potato non-
modified 


n.a. IRMM ERM-BF421a Dried Potato Powder n.a. n.a. n.a. 


Potato 


(Solanum 


tuberosum 


L.) 


Potato non-
modified 


n.a. NIB n.a. Seeds n.a. n.a. n.a. 


Potato 


(Solanum 


tuberosum 


L.) 


Potato non-
modified 


n.a. AOCS AOCS 0806-A and AOCS 
0806-B 


Ground Potato (lyophilized) n.a. n.a. n.a. 



http://www.agbios.com/dbase.php?action=ShowProd&data=DAS-21%D823-5+x+DAS-24236-5

http://www.agbios.com/dbase.php?action=ShowProd&data=DAS-21%D823-5+x+DAS-24236-5

http://www.agbios.com/dbase.php?action=ShowProd&data=DAS-21%D823-5+x+DAS-24236-5

http://www.agbios.com/dbase.php?action=ShowProd&data=DAS-21%D823-5+x+DAS-24236-5

http://www.agbios.com/dbase.php?action=ShowProd&data=H7-1

http://www.agbios.com/dbase.php?action=ShowProd&data=H7-1

http://www.agbios.com/dbase.php?action=ShowProd&data=H7-1

http://www.agbios.com/dbase.php?action=ShowProd&data=H7-1

http://www.agbios.com/dbase.php?action=ShowProd&data=H7-1

http://www.agbios.com/dbase.php?action=ShowProd&data=H7-1
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Plant 


species 


GMO event Unique 


identifier 


Source of 


reference 


material 


Cat no Type of reference 


material 


Trait Information on insert 


characteristics 


Trade Name 


Potato 


(Solanum 


tuberosum 


L.) 


EH92-527-1 BPS-
25271-9 


AOCS AOCS 0806-C and AOCS 
0806-D 


Ground Potato (lyophilized) Increased amylose 
production 
(GPSS) 


http://www.gmo-
compass.org/eng/gmo/db/1
7.docu.html 


EH92-527-1 potato 


Potato 


(Solanum 


tuberosum 


L.) 


EH92-527-1 BPS-
25271-9 


IRMM ERM-BF421b Dried Potato Powder Increased amylose 
production 
(GPSS) 


http://www.gmo-
compass.org/eng/gmo/db/1
7.docu.html 


EH92-527-1 potato 


Potato 


(Solanum 


tuberosum 


L.) 


New Leaf Plus   Diagenode 311-05301 Positive Control Plasmid 
(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Insect resistance 
(Cry3A) and 
herbicide 


resistance (CP4-
EPSPS) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=RBMT21-


129%2C+RBMT21-
350%2C+RBMT22-082 


New Leaf ® Plus 


Potato 


(Solanum 


tuberosum 


L.) 


New Leaf Y   Diagenode 319-05341 Positive Control Plasmid 
(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Insect resistance 
(Cry3A) and viral 
resistance (CP-
PVY) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=RBMT15-
101%2C+SEMT15-
02%2C+SEMT15-15 


New Leaf ® Y 


Potato 


(Solanum 


tuberosum 


L.) 


New Leaf Y   Diagenode 311-06021 Positive Control Plasmid 
(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Insect resistance 
(Cry3A) and viral 
resistance (CP-
PVY) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=RBMT15-
101%2C+SEMT15-
02%2C+SEMT15-15 


New Leaf ® Y 


Rice 


(Oryza 


sativa L.) 


Rice non-
modified 


n.a. AOCS AOCS 0306-D 
(Convebtionally-bred Rice 


>999.9ng/ug) 


gDNA extracted from 
leaves 


n.a. n.a. n.a. 


Rice 


(Oryza 


sativa L.) 


Rice non-
modified 


n.a. IPH n.a. Seeds (From USDA) n.a. n.a. n.a. 


Rice 


(Oryza 


sativa L.) 


LLRICE62 ACS-
OSØØ2-5 


AOCS AOCS 0306-I2+ gDNA extracted from 
leaves 


Herbicide 
tolerance (BAR) 


http://www.agbios.com/dba
se.php?action=ShowProd&
data=LLRICE06%2C+LLR
ICE62  


LL 62 rice 


Papaya 


(Carica 


papaya) 


55-1   Diagenode 314-05411 Positive Control Plasmid 


(http://www.diagenode.com
/pages/gmo_plasmids.html) 


Resistance to viral 


infection, papaya 
ringspot virus 
(PRSV). 


http://www.agbios.com/dba


se.php?action=Submit&evi
dx=37 


  


 



http://www.agbios.com/dbase.php?action=ShowProd&data=LLRICE06%2C+LLRICE62

http://www.agbios.com/dbase.php?action=ShowProd&data=LLRICE06%2C+LLRICE62

http://www.agbios.com/dbase.php?action=ShowProd&data=LLRICE06%2C+LLRICE62

http://www.agbios.com/dbase.php?action=ShowProd&data=LLRICE06%2C+LLRICE62
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Summary 


To face the rapidly increasing number of new authorized and unauthorized 


GMOs needed to be detected in food and feed products, introduction of new 


methods facilitating an initial screening of samples susceptible to contain those 


GMOs is necessary. Therefore, one of the objectives of the GMOseek project 


has been to develop qualitative screening methods targeting new genetic 


elements commonly found in transgenic constructs and helping rationalizing 


GMO detection.  


Some of the methods developed within the GMOseek project are singleplex or 


multiplex real-time PCR, based on TaqMan® or SYBR®Green chemistries. 


These methods were in-house validated, and when presenting promising 


results, transferred to a second partner laboratory for a first assessment of the 


robustness and reproducibility. 


At the end of the project, a number of screening methods considered as 


appropriate should be ready either for pre-validation or for full validation through 


a collaborative (multi-laboratory) trial. As a single „golden‟ guideline or standard 


for the validation of qualitative methods dedicated to GMO detection does not 


exist, the project consortium faced the need to establish such guidelines in 


order to facilitate the process of in-house method validation and the preparation 


of future collaborative trials for qualitative methods (including screening but also 


species-specific). 


As the main technology used for GMO detection in Europe is real-time PCR, the 


presented guidelines only focus on the validation of methods based on this 


technology. The present document proposes a pragmatic approach for the 


validation of singleplex real-time PCR qualitative methods based on the recently 


adopted Codex Alimentarius guidelines on performance criteria and validation 


of methods for GMO analysis, and on the minimum performance requirements 


set forward by the European Network of GMO laboratories (ENGL, European 


Network of GMO laboratories http://engl.jrc.ec.europa.eu) and the European 


Union Reference Laboratory for GM Food and Feed (EURL-GMFF, http://gmo-


crl.jrc.ec.europa.eu/).  



http://engl.jrc.ec.europa.eu/

http://gmo-crl.jrc.ec.europa.eu/

http://gmo-crl.jrc.ec.europa.eu/
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The guidelines also draw attention to the specific requirements for the in-house 


evaluation and inter-laboratory validation of multiplex real-time PCR qualitative 


methods (including screening but also species-specific).  
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Scope and background information 


Scope 


This document is prepared in the frame of the GMOseek project dedicated to 


the development of new real-time PCR screening methods for GMO detection.  


The aim of this document is to provide guidelines on how to conduct in-house 


validations of qualitative GMO screening and species-specific methods and 


prepare them for collaborative trials. Unless the exception of the Codex 


Alimentarius Appendix III of the report CAC/GL 74-2010 [1], there is a lack of 


standards specifically dedicated to this aim. Therefore, method 


acceptance/performance parameters and criteria to be evaluated during in-


house and inter-laboratory method validation are currently based on standards 


existing for quantitative real-time PCR methods. The authors of the present 


document assume that this may provide a widely accepted scientific evidence 


for the fitness for purpose of the considered methods if the proposed criteria are 


met. This document aims to be useful to elaborate international standards. It is 


important to take note that the document only focuses on the methods based on 


real-time PCR technology for detection of a single target (singleplex methods) 


or multiple targets (multiplex methods).   


Terminology 


 Qualitative method = method targeting a DNA sequence specific to a 


plant species (plant-specific method), a genetic element or construct of 


genetic elements (hereafter referred as GM DNA sequence) introduced 


as a transgenic construct in the host organism genome (GMO screening 


method). These genetic elements include genes (responsible for the 


introduced traits like antibiotic resistance), regulatory sequences 


(promoters, terminators) and construct specific sequences (junction 


region of genes and/or regulatory sequences).  The method is qualitative 


as we are only interested in a presence/absence result and not in figures 


providing a quantitative statement even if in some way, figures (like Ct‟s) 


can sometimes be associated to these real-time PCR screening 


methods. 
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 Validation of a method = confirmation by analysis and evaluation of 


objective evidence that the particular requirements for a specific intended 


use are fulfilled [2]. 


 PCR replicates = PCR performed on the same DNA sample analysed in 


different reaction wells [3]. 


 


Background information 


During a typical GMO analysis, a „screening‟ is performed as an initial step in 


the DNA analysis, in which a minimum set of real-time PCR tests (targeting 


specific genetic elements) should allow to draw conclusions on the 


absence/presence of as many as possible GM events. Only in case of positives 


screening results, a second step will then specifically identify and/or accurately 


determine the content of the individual event(s) that is (are) present in the 


sample. The advantage of such a screening-based approach is that a minimum 


set of screening methods is sufficient to cover a maximum number of GM 


events. In this way, there is no need for performing a high number of event-


specific identification tests and thus significant time and costs are saved.  


With the growing number of GM events released on the market worldwide, the 


number of screening tests to be carried out will need to be increased 


accordingly.  


In the European Union, event-specific real-time PCR methods for identification 


and quantification of GM events are thoroughly evaluated and validated in inter-


laboratory trials, according to harmonized and internationally recognized 


standards. These methods are being implemented in enforcement laboratories 


not only in the European Union but also in the four states of the European Free 


trade Association (Norway, Iceland, Lichtenstein and Switzerland).  


In contrast, development and validation of qualitative (GMO screening and 


species-specific) methods are not considered by the European regulations and 


therefore not included in this system. As a consequence, they still remain a 


subject of individual research and choice of testing laboratories. 


In conclusion, there is a clear need to harmonise the validation strategies for 


qualitative methods to be used for screening and detecting GMOs. 
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Guidelines for validation of qualitative real-time PCR methods 


Sources used for establishing the guidelines 


Several international guidelines and standards already exist regarding the 


development and validation of nucleic acid based methods. The following 


documents, including a peer-reviewed article describing collaborative trial 


validation of two GMO screening real-time PCR methods, were taken in 


consideration to compile the present deliverable: 


o Codex Alimentarius Appendix III of the report CAC/GL 74-2010 


Guidelines on performance criteria and validation of methods for 


detection, identification and quantification of specific DNA 


sequences and specific proteins in foods [1] - cited further in the 


text as annex III of the Codex Alimentarius guidelines. 


 ISO guidelines on GMO analysis 


o ISO 24276:2006 Foodstuffs – Methods of analysis for the 


detection of genetically modified organisms and derived products 


– General requirements and definitions [4] 


o ISO 21569:2005 Foodstuffs – Methods of analysis for the 


detection of genetically modified organisms and derived products 


– Qualitative nucleic acid based methods [5] 


o ISO 21570:2005 Foodstuffs – Methods of analysis for the 


detection of genetically modified organisms and derived products 


– Quantitative nucleic acid based methods [6] 


 ISO/IEC 17025:2005: General requirements for the competence of 


testing and calibration laboratories [2] 


 ISO 5725-Accuracy of Measurement Methods and Results [7] 


 Horwitz, W. (1995) Protocol for the design, conduct and interpretation of 


method performance studies, Pure Appl. Chem, 67, 331-343 [8] 


 Definition of Minimum Performance Requirements for Analytical Methods 


of GMO Testing European Network of GMO Laboratories (ENGL) [9] – 


cited further in the text as ENGL/EURL-GMFF MPR document. 
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 Guidance document “Verification of real time PCR methods for GMO 


testing when implementing inter-laboratory validated methods” from the 


ENGL working group on “Method Verification” [3]. 


 Grohmann, L. et al. (2009) Collaborative Trial Validation Studies of Real-


Time PCR-Based GMO Screening Methods for Detection of the bar 


Gene and the ctp2-cp4epsps Construct, J. Agric. Food Chem., 57, 8913–


8920  [10] 


General recommendations for preparing a method validation 


Because of the top position of Codex Alimentarius documents in the hierarchy 


of international standards, the authors of the present document recommend the 


use of the recently adopted “guidelines on performance criteria and validation of 


methods for detection, identification and quantification of specific DNA 


sequences and specific proteins in foods” for the evaluation of qualitative 


singleplex real-time PCR methods. The same guidelines should also be used 


for the completion and interpretation of inter-laboratory validation of singleplex 


qualitative real-time PCR methods having shown to meet with these criteria. 


Especially, the following elements from this document regarding DNA-based 


detection methods are highly relevant for GMO screening real-time PCR 


methods. 


 


 Section 2.3 -  Validation Process 


 Section 3.1.1 - Method Acceptance Criteria (Required conditions for 


validation) 


 Section 3.1.2 - Applicability of the Method 


 Section 3.1.3 - Principle conditions 


 Section 3.1.4 - Unit of Measurement and reporting of results 


o In this section, the preferred unit of measurement is the number of 


target copies, which corresponds to the number of haploid 


genome equivalents. In some cases, the results can be provided 


as “detected” or “not detected”. 


 Section 3.1.5 - Measurement Uncertainty 


 Section 3.1.6 - Modular Approach to Method Validation 
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 Section 3.2 – Collaborative Trial Requirements 


o Especially, it is needed to provide specific information on the 


validation of the qualitative PCR methods as indicated in Annex III 


of the document. 


 Section 4 – Quality control requirements 


 Annex I: required information when methods are to be considered for 


validation 


o All relevant information for DNA-based methods must be provided 


by the method developer as specified in the Codex document. 


 Annex III: validation of a qualitative PCR method 


o All relevant information for DNA-based methods must be provided 


by the method developer as specified in the Codex document. 


 


Parameters to be evaluated: definition, procedure, acceptance criteria 


This document mainly focuses on the parameters which the GMOseek 


consortium believes to be essential when developing and in-house validating a 


qualitative method, and when it needs to be validated in an inter-laboratory trial. 


Beside the definition of these parameters, the GMOseek consortium proposes 


procedures to practically evaluate these parameters and their respective 


acceptance criteria.  


The performance parameters and minimum performance requirements for real-


time PCR based GMO qualitative methods to be validated are often taken from 


the ENGL/EURL-GMFF MPR document [9] and dedicated to the validation of 


quantitative event-specific real-time PCR methods. Some requirements specific 


to DNA extraction/purification or quantitative real-time PCR methods are not 


considered in the present document, while some criteria were adapted to the 


needs of a qualitative approach. As it is the case in the above cited document, 


the requirements are subdivided between method acceptance criteria (to be met 


before a method is considered ready to enter the full validation process), and 


method performance requirements (criteria according to which the collaborative 


trial is evaluated). 
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Before a singleplex or multiplex qualitative method is considered ready to enter 


a collaborative trial validation, the following acceptance parameters shall be 


evaluated for each detection system on a minimum of one transgenic line 


(screening method) or plant variety (species-specific method) during method 


development: specificity, sensitivity and robustness. Specificity shall be 


evaluated on a representative set of plant material preferentially (certified) 


reference materials (wild type as well as GM events) including similar but non-


target sequences (in order to check cross-reactivity) and different varieties, if 


possible. Sensitivity (absolute limit of detection - LODabs) shall be evaluated on 


a minimum of one GM event (the same as for robustness evaluation). In the 


case of a species-specific method is being developed, the sensitivity can be 


tested on a GM event or wild-type material. In the case of multiplex qualitative 


methods, it is recommended to evaluate sensitivity on plasmid DNA material. 


Additionally, the following acceptance parameters shall be evaluated for each 


target sequence of the multiplex qualitative method on plasmid DNA material: 


asymmetric sensitivity (asymmetric LOD – LODasym), amplification efficiency and 


R2 coefficient.  


The following qualitative method (singleplex or multiplex) performance 


parameter shall be evaluated for each target sequence on a minimum of one 


transgenic event or wild-type material for species-specific methods during 


method transfer to other laboratories (inter-laboratory) and collaborative (multi-


laboratory) trial validation: false positive and false negative rates. In the case of 


multiplex qualitative methods, it is recommended to evaluate this parameter on 


plasmid DNA material. 


 


It should be noted that the parameters, the procedures to evaluate them and 


their acceptance criteria that are described in this document are relevant to the 


evaluation of qualitative methods. In case a qualitative method would be 


“upgraded” for quantitative purpose, some acceptance and performance 


parameters linked to event-specific quantitative methods (such as efficiency, R2, 


trueness...), as the ones described in the ENGL/EURL-GMFF MPR document 


[9], should be considered additionally. 
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A single DNA target dilution series can be prepared for the evaluation of most of 


the above described parameters (LODabs, robustness, amplification efficiency 


and R2 coefficient). This dilution series can be prepared either with genomic 


DNA (singleplex methods) or plasmid DNA (multiplex or singleplex methods).  


 


Example: a dilution series could contain all the target sequences at the 


following copy number levels:  5,000; 2,500; 1,000; 500; 100; 50; 20; 10; 


5; 2; 1 and 0.1. The experimental data obtained from the upper end of 


the dilution series (from 5,000 to 100 target copies) can be used for 


determination of robustness, amplification efficiency and R2 coefficient. 


The experimental data obtained from the lower end of the dilution series 


(from 50 to 0.1 target copies) can be used for determination of absolute 


LOD. The dilutions series is preferentially prepared using a “background” 


DNA solution of a constant concentration (e.g. sheared Herring Sperm-


DNA at 20ng/µl in 0.1 x Tris). A least six replicates of each target 


concentration are performed for each PCR run. 


 


For the assessment of multiplex qualitative methods, it is recommended to use 


plasmid DNA material as it is difficult to adjust different target sequences on a 


defined level with genomic DNA material as necessary for multiplex method 


validation purpose. The use of plasmid DNA allows the production of test 


material with well defined sequence concentration for all the targets. Two types 


of plasmids are needed for qualitative multiplex methods: plasmids harbouring a 


single copy of a single target sequence (single target plasmid) and a plasmid 


harbouring a single copy of each target sequence (multi-target plasmid). A 


multi-target plasmid is needed for the determination of amplification efficiency, 


R2 coefficient, robustness, sensitivity (LODabs) and false positive/false negative 


rates. Single target plasmids are needed for the evaluation of the asymmetric 


LOD. It is recommended to use genomic background DNA (e.g. non GM maize 


DNA) for the dilution when preparing the plasmid standard series. 
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 Method acceptance criteria 


These criteria were adapted from the ENGL/EURL-GMFF MPR document for 


quantitative PCR methods [9]. 


 


 Applicability:  


o Definition: The description of analytes, matrices and 


concentrations to which the method can be applied  


o Procedure: The applicability of a method can be evaluated by the 


use of different matrices and DNA amounts in the real-time PCR 


assay.  


 For example, it should be indicated whether different types 


of matrices (raw material, food/feed samples, highly 


processed material...) were tested and subsequently can 


be used with the qualitative screening method for reliable 


detection of the target DNA sequence. Also, data regarding 


the amount of starting DNA tested by the method 


developer/applicant should be given with information on 


potential risks of PCR inhibition. 


o Acceptance criterion: The applicability statement should provide 


information on the scope of the method. Data about parameters 


listed below, in relation to the products for which the application is 


submitted, should be included. The description should also include 


warnings to known interferences with other analytes or 


inapplicability to certain matrices and situations. 


 Practicability:  


o Definition: The ease of operations, the feasibility and efficiency of 


implementation, the associated unitary costs (e.g. cost/sample of 


the method).  


o Procedure: Practicability can be estimated by implementing the 


method in a routine laboratory on a blind sample.  
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Example: Evaluation of the following parameters could be 


performed  


1) Requirement and cost for reagents: if the method uses 


different reagents (polymerase, type of primers and probe(s), 


salts and polymerase buffer) than the ones currently in use in the 


routine laboratories. 


2) Requirement and cost for staff training: if a different 


amplification concept, type of data analysis, type of equipment is 


needed for the newly implemented method. 


3) Requirement and cost for special qualification to 


perform the new method: can the technician in charge of a 


routine analysis use the method with/without training? Does the 


method need personnel with higher qualification? 


4) Requirement and cost for special 


equipment/infrastructure to perform the new method: can the 


method be performed with the equipment/infrastructure generally 


found in routine laboratories. 


5) Time and inferred cost of experimental and data 


analysis: does the method differ in terms of personnel time 


required to finalise the sample analysis using this method? 


 


o Acceptance criterion: The method should generally be practicable 


in line with other methods for a similar purpose. More specifically 


the method is deemed unacceptable, unless suitable justification 


is supplied, if: 


 it requires a new type of apparatus (not generally available) 


or expensive equipment; or 


 the resources required to perform the method (time, 


workload, reagents, costs) are considerably higher than the 


resources required to perform other methods for similar 


purposes. 
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 Specificity/selectivity:  


o Definition: Property of a method to respond exclusively to the 


characteristic or analyte of interest 


o Procedure: Specificity/selectivity should be investigated during 


method development by the method developer (or the laboratory 


submitting the method for validation).  


Firstly, an in silico assessment of the designed primers (and 


probes) specificity needs to be made by searches against DNA 


sequence databases.  


Secondly, specificity/selectivity should be experimentally 


demonstrated during the method development against a set of 


plant materials, preferentially (certified) reference materials: 20 


non-target samples (including the most important non-transgenic 


food crops, as well as representative GM events) and 20 target 


samples. Methods detecting target sequences similar to other 


sequences (e.g. the epsps gene from different donors) should be 


checked for cross-reactivity with each of the similar sequences, on 


at least one GM event.  On the other hand, for methods dedicated 


to endogenous targets, care will be taken to check the specificity 


towards closely related species that might in practice interfere 


when analysing food or feed products. In case such a set is not 


available, as many target and non-target samples as practical 


shall be tested. The non-target samples should contain at least 


2,500 copies of non-target DNA sequence. For the target 


samples, the target sequence concentration in the tested material 


shall be above 100 copies to ensure that the test material is above 


the limit of detection. Moreover, the target sequence concentration 


should be in a background of at least 2,500 haploid copies of the 


non-target DNA of the taxon in which the target sequence is 


present. Estimation of the target and non-target copy numbers can 


be made based on the tested CRM DNA quantification, the 


species genome size, the ploidy status, the number of inserted 


copies in the genome, and the transgene content (%). A minimum 
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of three PCR replicates shall be analysed for each target and non-


target DNA sample. In total, a minimum of 60 results should be 


produced from the analysis of positive samples, and 60 results 


from the analysis of negative samples. According to the simplified 


Cochran approach [11] applied to the LOD determination of the 


construct-specific method for detection of the Flax CDC Triffid 


event FP967 [12], such test sample size should provide 95% 


confidence. 


 


Note: During method development and in-house validation, 


special attention should be given to the possible contamination of 


the (certified) reference material used for selectivity/specificity 


assessment. When a non-expected positive signal is obtained with 


a reference material, it is recommended to investigate (for 


example with event-specific real-time PCR methods) whether this 


signal is due to cross-reactivity of the method, or to the 


contamination of the reference material with another material 


harbouring the sequence targeted by the screening method. 


 


Note: For multiplex PCR methods, it is recommended to check 


(e.g. by gel electrophoresis or melting point analysis) if the 


different oligonucleotides primers can generate additional 


amplicons than the expected ones (e.g. a multiplex targeting P35S 


and pat sequences, could generate a joint P35S-pat amplicon in 


addition to the P35S and pat amplicons in case this junction exist 


in the tested material, as it is the case in the GS40/90 rapeseed or 


the T25 maize events). In the case that such junction exists, any 


additional amplicon should be checked on at least one of the 


relevant GM events during the method development and in-house 


validation procedure (LODabs, efficiency, R2 and, if practical, 


LODasym
 ). 
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Note: When developing and validating a SYBR®Green screening 


method, the Tm value gives an additional indication of the 


specificity of the method. Each amplicon has namely its specific 


Tm value. When obtaining a positive signal in a non-target 


sample, the Tm can be used to decide whether this signal is 


specific or not. The Tm can further also be determined during 


routine analysis of a sample. In addition, the amplification product 


could be visualized on agarose gel for verification of its size and 


absence of by-products. 


 


o Selectivity/specificity should be expressed in terms of ratio or 


percentage of false positives or false negatives, as described in 


the annex III of the Codex Alimentarius guidelines [1] 


. 


False positive rate = 100 x number of misclassified known negative samples 
         total number of known negative samples 


 


False negative rate = 100 x number of misclassified known positive samples 
         total number of known positive samples 


 


o Acceptance criterion: Both False negative and false positive rates 


should each be <5%. 


 


 Amplification efficiency (for multiplex real-time PCR):  


o Definition: The rate of amplification that leads to a theoretical ideal 


slope of -3.32 (when using the log10 transformation) with an 


efficiency of 100% in each cycle. It allows verifying that the 


amplification of different amplicons in a multiplex method is not too 


different. The efficiency of the reaction can be calculated by the 


following equation: 


)110(*100 /1   slope  
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Note: The amplification efficiency does not need to be checked for 


singleplex qualitative methods.  


 


o Procedure: The amplification efficiency is calculated for each 


amplicon from four PCR runs each containing six replicates of the 


above described DNA dilution series (5,000; 2,500; 1,000; 500; 


100; 50; 20; 10; 5; 2; 1 and 0.1 target copies). The data obtained 


from the upper end of the dilution series (from 5,000 to 100 copies 


of each of the target sequences) is considered for calculation. For 


each dilution point, all the target DNA sequences considered in 


the multiplex assay should be set at the same concentration 


(same copy number). It is recommended to use a multi-target 


plasmid DNA material to prepare the dilution series. 


o Acceptance criterion: For each target sequence of a multiplex 


method, the average efficiency value derived from the upper part 


of the dilution series shall be in the range of 80% - 120% (i.e. a 


slope in the range -2.9 to -3.9) when using the log10 


transformation. Moreover, the average efficiencies of the different 


amplicons should not differ by more than 15%.  


 


 R2 coefficient (for multiplex real-time PCR):  


o Definition: The R2 coefficient is the correlation coefficient of a 


standard curve obtained by linear regression analysis. 


 


Note: The R2 coefficient does not need to be checked for 


singleplex qualitative methods.  


 


o Procedure: As for the amplification efficiency, the R2 coefficient is 


calculated for each amplicon from four PCR runs each containing 


six replicates of the above described DNA dilution series (5,000; 


2,500; 1,000; 500; 100; 50; 20; 10; 5; 2; 1 and 0.1 target copies). 


The data obtained from the upper end of the dilution series (from 


5,000 to 100 copies of each of the target sequences) are 
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considered for calculation. For each dilution point, all the target 


DNA sequences considered in the multiplex assay should be set 


at the same concentration (same copy number). It is 


recommended to use a multi-target plasmid DNA material to 


prepare the dilution series. 


o Acceptance criterion: The average value of R2 for each amplicon 


shall be ≥ 0.98. 


 


 Absolute limit of detection (LODabs):  


o Definition: The absolute limit of detection (LODabs) is the amount 


or concentration of analyte (expressed in target copy number) in 


the sample at which the analytical method reliably detects the 


presence of the analyte. Two types of LODabs are proposed in this 


document: the LOD6 and the LOD95%. The LOD6 of a PCR run is 


the lowest target copies for which all six replicates in a PCR run 


gave positive results. The LOD95% is the LOD at which the 


analytical method detects the presence of the analyte at least 95% 


of the time (<5% false negative results). 


o Procedure: The LOD6 for each target is experimentally determined 


from at least one PCR run containing six replicates of the above 


described DNA dilution series (5,000; 2,500; 1,000; 500; 100; 50; 


20; 10; 5; 2; 1 and 0.1 target copies). The LOD6 of a PCR run is 


the number of target copies corresponding to the last dilution for 


which all six replicates gave positive results. In case more than 


one PCR run is performed, the LOD6 is the highest copy number 


value over the different runs. The LOD6 evaluation is validated 


only if the tests at 0.1 target copy per well resulted in a maximum 


of one positive signal (out of six replicates). In case that more than 


one test resulted in positive signal at the 0.1 target copy level, 


evaluation of target concentration must be revised. 
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Note: In the case of qualitative multiplex methods, it is 


recommended to use a multi-target plasmid DNA material to 


prepare the dilution series. 


 


After the LOD6 is determined, this copy number value, and 


preferentially the target copy level above and below the LOD6, are 


verified over 60 replicates as described in [12]. The lowest copy 


number for which at least 59 replicates are positive is the absolute 


LOD95% with a 95% confidence level.   


o Acceptance criterion: absolute LOD95% should be expressed in 


target copy numbers and not be higher than 20 target copies.  


 


 Asymmetric limit of detection (LOD20asym):  


o Definition: For each target of a multiplex PCR, an asymmetric limit 


of detection (LOD20asym) has to be determined. The LOD20asym is 


expressed as the ratio between the copy number of the tested 


analyte target and a set copy number level of each of the other 


targets considered in the multiplex assay. This ratio should 


correspond at its known minimum for which the analyte target can 


still be reliably detected.  


o Procedure: The target for which the LOD20asym is determined is 


tested at a fixed level of 20 target copies in the reaction in the 


background of all other targets of the considered multiplex assay 


summed at the level of 20,000 copies (these other targets being at 


equal concentration). A minimum of one PCR run with six PCR 


replicates is performed to assess the LOD20asym. If all six 


replicates give positive results the LOD20asym is then a ratio below 


1:1000. It is recommended to use a mix of single target plasmids 


to prepare the test material used for LOD20asym evaluation. 
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Example: For a pentaplex (5-plex) method, the target analyte 


concentration is set at 20 copies while each of the four other 


analytes considered in the assay is set at 5,000 copies (Σ 20.000 


copies). If all six replicates give positive results, the LOD20asym for 


the target analyte is 1:1,000. If not all the six replicates give 


positive results, the target concentration is tested against lower 


background concentration of the other targets considered in the 


multiplex assay (8,000; 4,000, 2,000; 1,000, 400 copies 


representing asymmetric level in terms of ratio of: 1:400, 1:200, 


1:100, 1:40, 1:20) until the LOD20asym is determined. 


 


o Criteria: This parameter is considered as valuable information 


regarding the capacity of a qualitative multiplex method to detect 


an analyte at low concentration with other analytes at high 


concentration. If the LOD20asym is above 1:40, it is strongly 


recommended to find which out of the several other targets in the 


multiplex assay is causing this competition. Moreover, it will be 


necessary to recheck the presence of that target analyte using 


singleplex PCR when a high GMO content is detected during 


screening or a high asymmetric GM content, especially of the 


other targets involved in the competition, is expected in a sample. 


 


Example: Given a pentaplex method, with a target analyte 


showing a LOD20asym = 1:40 copies. If the analysis of a sample 


suggests absence of this target analyte according to LODabs while 


one or all other analytes are present at high level(s) (≥ 1:40, as 


indicated by lower Ct values), it is recommended to recheck the 


presence of the target analyte with a singleplex method.  
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 Robustness:  


o Definition: the robustness of a method is a measure for its capacity 


to remain unaffected by small, but deliberate deviations from the 


experimental conditions described in the procedure. 


o Procedure: The following procedure is derived from 


recommendations of the German Working group “Development of 


methods for identifying foodstuffs produced by means of genetic 


engineering techniques” of the German Federal Office of 


Consumer Protection and Food Safety (BVL) (unpublished). These 


recommendations are designed for verifying robustness of 


qualitative methods. An orthogonal experiment design is used [13].  


 


Example:  Eight combinations (Table 1) of variations can be tested 


using 20 target copies in at least three PCR replicates. 


Robustness can be tested by varying the following parameters: 


real-time PCR machine (two different types or brands), PCR 


reagent kit (two different types or manufacturers), annealing-


temperature (+/- 1°C), master mix volume (e.g. +/- 1µl master mix 


volume with fixed DNA volume), primer concentration 


(standard/minus 30% for singleplex methods, plus/minus 30% for 


multiplex methods), probe concentration (minus 30%, at constant 


primer concentration).  


 


Table 1: Robustness test using an orthogonal design 


Factor 
Combination 


1 2 3 4 5 6 7 8 


PCR machine + + + + - - - - 


PCR reagent kit + + - - + + - - 


Primer conc. + - + - + - + - 


Probe conc. + - - + - + + - 


Volume + + - - - - + + 


Annealing temp. + - + - - + - + 
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Factor + - 


PCR machine A B 


PCR reagent kit X Y 


Primer conc. std* /+30%** -30% 


Probe conc. std -30% 


Volume 19µl + 5µl 21µl + 5µl 


Annealing temp. 61°C 59°C 


*: for singleplex robustness 


**: for multiplex robustness, as empirical results show sensitivity to increases and decreases in primers concentration. 


 


The orthogonal experiment design (Table 1) allows that any pair of 


factors (e.g. kit/primer) is represented at least twice in all four 


possible factor combinations (+/+, +/-, -/+, -/-). Thus, the design 


will also detect possible factorial interactions. 


 


o Acceptance criterion: The method shall give the expected positive 


results in all tests even when minor deviations are made from the 


experimental conditions described in the procedure. If not, one 


shall look what factor affects the experimental result in order to try 


to improve the test. 


 


 Method performance requirements 


 


 False positive/false negative rates 


o Definition: False positive rate is the probability that a known 


negative test sample has been classified as positive by the 


method. False negative rate is the probability that a known 


positive test sample has been classified as negative by the 


method. For convenience these rates can be expressed as 


percentages. 


o Procedure: The following procedure is derived from the 


recommendations of the German Working group “Development of 


methods for identifying foodstuff produced by means of genetic 


engineering techniques” of the German Federal Office of 
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Consumer Protection and Food Safety (BVL) (unpublished) and 


from a publication [10].  


At least 60 accepted results for a given target copy number are 


needed for each type of test (false positive and false negative) in 


order to calculate the rates with a 95% confidence level [14].  


“Accepted results” are defined in opposition to “rejected results”. 


Rejected results are results for which 1) a test laboratory has not 


strictly followed the procedure, 2) abnormalities (e.g. the machine 


stopped after 35 cycles, contaminations/deviations in the controls) 


were reported, 3) statistical tests were performed and outliers 


were identified. 


Samples should have a target copy concentration from 0.5x to 2x 


the LOD95% (as determined during the in-house validation) but not 


below 5 copies. Each sample should be prepared with 40 ng /µl of 


DNA from one relevant species (e.g. NK603 DNA corresponding 


to 20 copies of the target sequence in a total of 200 ng of non-GM 


maize DNA for an PCR-assay performed in 25µl reaction volume). 


All samples are analyzed in single PCR tests. Participants to 


collaborative trials receive at least a multiple of sextuple-blind DNA 


samples (see Table 2). Therefore each DNA is analyzed in six 


PCR replicates. For evaluation of results from such a study 


design, acceptable results from at least 10 laboratories shall be 


available. In order to be sure that this number is achieved, the 


number of participants should be >12. 


 


Using the study design outlined in Table 2, each laboratory 


receives 6xn DNA-samples (6x(n-1) positive and 6 negative 


samples). If 10 laboratories participate and all results could be 


accepted, this will give an outcome with 60xn data. 
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Table 2: Collaborative study design for qualitative methods 


Type of 


sample 


Concentration of 


target sequence in 


PCR 


Number of samples per 


participant 


Number of required 


laboratories with 


acceptable results 


DNA 1 none 6 (sextuple-blind sample) 10 


DNA  2 0.5x LOD95% * 6 (sextuple-blind sample) 10 


DNA 3 2x LOD95% 6 (sextuple-blind sample) 10 


DNA n “a”x LOD95% ** 6 (sextuple-blind sample) 10 


* at least 5 copies 


** with a in between 0.5 and 2 – and a final result of at least 5 copies 


 


Finally, the false positive and false negative rates are calculated 


based on the compiled results of all participants in the 


collaborative trials as follows: 


   
 
False positive rate = 100 x number of misclassified known negative samples 
         total number of known negative samples 


 


False negative rate = 100 x number of misclassified known positive samples 
         total number of known positive samples 


 


 


Example: For a method having a LOD95% = 10 target copies, the 


positive samples contain 5 and 20 copies of the target sequence in 


a background of 200 ng of taxon-specific DNA. The negative 


sample (0%) contains at least 200 ng of the taxon-specific DNA.  


Samples containing an intermediate amount in between 5 and 20 


copies can be added optionally. 
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o Criteria: The false negative and false positive rates should be both 


< 5% for the tested samples. 


 


Note: It might be advisable to check directly more than two 


positive target copy level because if the chosen level fails, the 


study has to be repeated completely while testing several levels 


will most probably lead to a result that will correspond to a new 


inter-laboratory determined LOD. It may be therefore 


recommendable to test at least three levels: one which is 


corresponding to the LOD95%., one level below (e.g. 0.5x LOD95%) 


and 2x LOD95%. 
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Table 3: Proposal of practical settings for the evaluation of qualitative methods’ acceptance and performance parameters 


Method 


stage 


Evaluated 


parameter 
Singleplex 
methods 


Multiplex 
methods 


Number of 
PCR 


replicates 


 
Number of 
repetitions 


(PCR 
plates/runs) 


 


DNA concentration Additional information Acceptance criteria 


M
e


th
o


d
 i


n
-h


o
u


s
e


 v
a


li
d


a
ti


o
n


 a
n


d
 d


e
v


e
lo


p
m


e
n


t 


Applicability  X X N.A. N.A. N.A. 
Matrices and DNA 


concentration tested. 


Information on scope 
of method and all 
possible warnings 


Practicability  X X N.A. N.A. N.A. 


Need and cost of special 
reagents, equipment, 


infrastructure, staff training, 
special qualification, time to 


complete full analysis 
(experimental and data 


analysis). 


Method should be 
practicable without 
significant  increase 


in time/cost of 
analysis 


Specificity 
 


X X 


 
20 non-target 
and 20 target 


samples if 
practical. 


 
at least 3 runs 


2,500 copies of non-
target DNA. At least 
100 copies of target 


DNA 


Expressed as false positive 
and false negative rates.  


Check also cross-reactivity. 
For multiplex methods, check 


also possible existence of 
additional amplicons. 


<5% false positive 
and <5% false 


negative 


Amplification 
efficiency 


Not 
mandatory 


X 
 


6 
 


at least 4 runs 


5,000; 2,500; 1,000; 
500; 100; 50; 20; 10; 
5; 2; 1 and 0.1 target 


copies 


Use upper end of dilution 
series (5000 – 100 copies. 


Average PCR 
efficiency for each 
amplicon between 


80% - 120% (= slope 
-2.9 to -3.9).   
The average 


efficiencies of the 
different amplicons 


not different for more 
than 15% 


R
2 


coefficient 
Not 


mandatory 
X 


 
6 


 
at least 4 runs 


5,000; 2,500; 1,000; 
500; 100; 50; 20; 10; 
5; 2; 1 and 0.1 target 


copies 


Use upper end of dilution 
series (5000 – 100 copies) 


Average value of 
each amplicon ≥ 0.98 
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N.A.: Not applicable  


Method 


stage 


Evaluated 


parameter 
Singleplex 
methods 


Multiplex 
methods 


Number of 
PCR 


replicates 


 
Number of 
repetitions 


(PCR 
plates/runs) 


 


DNA concentration Additional information Acceptance criteria 


M
e


th
o


d
 i


n
-h


o
u


s
e


 v
a


li
d


a
ti


o
n


 a
n


d
 


d
e


v
e


lo
p


m
e


n
t 


Limit of 
detection 
(LODabs) 


X X 
6 (LOD6) at least 1 run 


5,000; 2,500; 1,000; 
500; 100; 50; 20; 10; 
5; 2; 1 and 0.1 target 


copies 


First evaluate the LOD6, then 
verify with 95% confidence to 


obtain absolute LOD95% 
 20 target copies 


60 (LOD95%) 1 run At least the LOD6   20 target copies 


Asymmetric 
limit of 
detection 
(LOD20asym) 


N.A. X 6 at least 1 run 


20 target analyte 
copies tested against 
a decreasing ratio in 
terms of number of 
copies of the other 


targets of the 
considered multiplex 


assay.  
Tested ratios : 


1:1000, 1:400, 1:200, 
1:100, 1:40, 1:20 


Informative data.  


If ratio equal or 
above 1:40, it might 


be of interest to 
check which target(s) 


is/are causing the 
competition 


Robustness X X 3 at least 4 runs 
5,000; 2,500; 1,000; 


500; 100; 50; 20 
target copies 


Orthogonal experiment design 
All replicates should 
give positive results 


C
o


ll
a


b
o


ra
ti


v
e


/ 


in
te


r-


la
b


o
ra


to
ry


 


tr
ia


l 


False 
positive/false 
negative 
rates 


X X 


6 x n (six-fold 
replicates of 


positive 
samples) and 
6 (sextuple-


blind negative 
sample) 


1 run 


2x LOD95% and 0.5 x 
LOD95% (at least 5 


copies) and negative 
(0%) 


At least 10 laboratories giving 
valid results for each sample 


 
 
 


<5% false positive  
results and <5%  


false negative results 
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1. Summary 
This deliverable gives an overview of the SYBR


®
Green qPCR methods that have been 


developed and validated in the IPH-GMOlab for screening of 4 markers. Detailed 


information is provided concerning the qPCR conditions and primer sequences. 


Additionally, the results for the specificity of the methods and the determination of the 


limits of detection (LOD6) and quantification (LOQ6) are given. The standard operating 


procedures for each of the developed and validated methods are presented in the 


annexes. 


 


Three of the 4 methods didn‟t pose a problem in the development and were transferred 


to a second laboratory (JRC-IHCP) to check the method reproducibility and instrument 


dependence.  


 


The development of the fourth method (t35S) poses however a problem. If the 


development of a specific and sensitive method for the t35S marker is impossible, a 


method for another screening marker will be developed and validated. A delay needs 


thus to be foreseen for the fourth method. 


 


Plasmids containing the corresponding amplicons have been produced (see Deliverable 


D7/02) and have been tested using the validated methods. 
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2. Introduction 
At IPH a set of real-time PCR methods has been developed in the past years that targets 


4 different types of elements. The corresponding amplicons have been cloned and the 


plasmids have been submitted under „Safe Deposit‟ at the BCCM (Ghent, BE). In 


parallel a mathematical model has been developed allowing the identification of 


possible GM events present in a sample. 


To enable the application of this approach for more GM events and to allow an extra 


discriminating power to this system, new methods have to be developed and validated. 


 


In task 4 of work package 2 “Novel singleplex screening methods” it was decided that 


IPH would develop and validate 4 new SYBR
®
Green screening according to the SOPs 


of the ISO 17025 accredited GMO platform. The 4 chosen methods were pFMV, pNOS, 


t35S and Cry3Bb1. 


 


For each method, except for pFMV, a bio-informatics study was performed to design 


different sets of primers. These were first tested in silico and the positive scoring sets 


were further tested in situ on a list of well characterized reference materials for their 


specificity. Based on this test, one primer set was chosen for further experiments for 


each screening method. Only the results for this primer set are given (except for t35S). 


Using a specific reference material, a dilution series was made according to the AFNOR 


standard and each dilution was tested in six-fold to enable calculating the LOD6 and 


LOQ6. 4 plates were run to have an idea of the repeatability of the developed method. 


Subsequently, all results were summarized in a validation dossier. 


 


The methods were then transferred to a second laboratory to be able to study the 


reproducibility of the method and to check the instrument dependence. These results 


will be presented in deliverable D4.2/03. 


 


For each of the validated methods, a plasmid, containing the corresponding amplicon, 


was produced. Each of the plasmids was tested with its specific qPCR method. 


 


3. Materials and Methods 
Bio-informatics 


For each method under development, except for pFMV where the primer pair was 


provided by the GMOseek partner CRA-W, different sets of primers were designed by 


means of bio-informatics analysis of DNA sequences using the wEMBOSS software 


package. Relevant DNA sequences, containing the targeted elements, were collected 


from public data bases (NCBI and EMBL), patents and scientific literature as well as 


from in-house DNA sequencing. Development of primers and in silico specificity 


analysis was performed as outlined in Barbau-Piednoir et al., 2010.  


 


 


Plant Material 


Table 1 shows the materials that were used to test in situ the specificity of the designed 


primers. The Certified Reference Materials (CRM) purchased at AOCS and IRMM are 


seed powders unless otherwise indicated in the table. The matrix for the materials for 


which DNA was extracted in the GMOlab or that for which DNA was obtained from 







GMOseek – Deliverable D4.2/01 – Delivered 


   
4 


INRA-URVG, is specified in table 1. Some materials were received in DNA form 


without further knowledge about the origin of the DNA. 


 


The materials indicated in red are those that were further used to determine the LOD6 


and LOQ6 of each method. The identity of the extracted gDNA for these materials was 


checked using the CoSYPS system developed at the IPH-GMOLab under ISO 17025 


accreditation (Van den Bulcke et al., 2010). Subsequently a dilution series was tested 


using the event-specific qPCR methods to evaluate the inhibition status of the extracted 


DNA (both for endogene and transgene). This last experiment also confirmed the 


specific identity of the material. 


 


Table 1: Plant materials used for specificity tests 


Botanical name Specification Reference 


Maize 


Zea mays L. WT AOCS 0406-A 


 WT In-house grown leaves 


 MON 810 IRMM ERM-BF413d 


 MON 863 IRMM ERM-BF416d 


 MON 88017 AOCS 0406-D 


 MON 89034 AOCS 0906-E 


 Bt176 IRMM ERM-BF411f 


 T25 AOCS 0306-H (leaf DNA) 


 DAS59122 IRMM ERM-BF424d 


 TC 1507 IRMM ERM-418d 


 Event 3272 IRMM ERM-BF420c 


Soybean 


Glycine max Merill. WT In-house seed powder 


 WT In-house grown leaves 


 GTS40-3-2 In-house seed powder 


 GTS40-3-2 IRMM ERM BF-410a 


 MON 89788 AOCS 0609-B  


 A2704-12 AOCS 0707-B2 (leaf DNA) 


 A5547-127 AOCS 0707-C2 (leaf DNA) 


Oilseed rape 


Brassica napus L. WT AOCS 0304-A  


 WT In-house grown leaves 


 GT73 AOCS 0304-B 


 Topas 19/2 Bayer (DNA) 


 T45 AOCS 0208-A2 (leaf DNA) 


 Rf1 Bayer (DNA) 


 Rf2 Bayer (DNA) 


 MS1 Bayer (DNA) 


Sugar beet 


Beta vulgaris L. WT IRMM ERM-BF419a 


 H7-1 IRMM ERM-BF419b 


Potato 


Solanum tuberosum L. WT AOCS 0806-A (tuber powder) 


 WT Commercial tubers 
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 EH92-527-1 AOCS 0806-C (tuber powder) 


Cotton 


Gossypium hirsutum L. WT AOCS 0804-A  


 WT In-house grown leaves 


 MON 1445 AOCS 0804-B 


Flax 


Linum usitatissimum FP967 JRC (DNA) 


Rice 


Oryza sativum L. WT AOCS 0306-D (leaf DNA) 


Pea 


Pisum sativum L. WT INRA-URVG (leaf DNA) 


Oat 


Avena sativa L. WT CRA-W (seeds) 


Wheat 


Triticum aestivum L. WT INRA-URVG (leaf DNA) 


Triticum spp. (froment) WT CRA-W (seeds) 


Barley 


Hordeum vulgare L. WT CRA-W (seeds) 


Spelt 


Triticum spelta L. WT CRA-W (leaves) 


Tomato 


Solanum lycopersicum WT INRA-URVG (leaf DNA) 


Tobacco 


Nicotiana tabacum L. WT In-house grown leaves 


Sunflower 


Helianthus annuus L. WT CRA-W (seeds) 


Pepper 


Capsicum annuum L. WT INRA-URVG (leaf DNA) 


Cucumber 


Cucumis sativus WT INRA-URVG (leaf DNA) 


Melon 


Cucumis melo L. WT INRA-URVG (leaf DNA) 


 


 


DNA extraction and concentration determination 


Genomic DNA (gDNA) was extracted using a CTAB-based procedure (ISO 21571). 


DNA from cotton material and from the in-house soybean seed powders was extracted 


using a CTAB-based procedure in combination with the Genomic Tip20/G (QIAGEN; 


EURL validated method). The gDNA provided by INRA-URVG was extracted by 


means of the DNeasy 96 Plant Kit (QIAGEN). A „blank open‟ (BO) control, i.e. a tube 


that does not contain the sample but follows all extraction steps, was included for all 


materials that were extracted at the IPH-GMOlab.  


The DNA concentration was determined by means of fluorimetry using the Quant-iT™ 


PicoGreen®dsDNA Assay kit (Molecular Probes). 


 


 


qPCR reaction mix 


The qPCR reaction mix consists of the following reagents, mixed according to table 2: 
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- GMO detection SYBR
®
Green 2x Master Mix (Diagenode, GMO-GS2X-A300) 


- Nuclease-free water (Acros organics) 


- Primers (Eurogentec) see table 3 


- DNA template 


The total volume per well was 25 µL (20 µL mix + 5 µl template). 


For the specificity test 50 ng DNA was used. The test was done in duplicates. 


To test the sensitivity of the method, 5 µl of each dilution was used per well 


 


Table 2: qPCR reaction mix 


Component Final concentration µl for one 


reaction 


SYBR®Green PCR Master Mix (2X) 1X 12.5 


Fwd primer (20 M) 250 nM   0.3 


Rev primer (20 M) 250 nM   0.3 


Nuclease free water    6.9 


Total volume  20 


DNA template    5 


 


 


Table 3: Sequence of primers  


Name Sequence (5’ – 3’) Reference 


Cry3Bb-Fwd-3 CTACCAGTCCTTCCTGAACACC IPH-GMOlab 


Cry3Bb-Rev-1 GCGTACTCCTCGATCTTCTTGT IPH-GMOlab 


  


pFMV-CRAW-F CGAAGACTTAAAGTTAGTGGGCATCT CRA-W 


pFMV-CRAW-R TTTTGTCTGGTCCCCACAA CRA-W 


  


pNOS-Fwd-1 CGTTTTACGTTTGGAACTGACA IPH-GMOlab 


pNOS-Rev-4 CTCATTAAACTCCAGAAACCCG IPH-GMOlab 


 


t35S-VCR-Fwd-1 CTTAGTATGTATTTGTATTTGT IPH-GMOlab 


t35S-VCR-Rev-1 CTGGATTTTGGTTTTAGGAATT IPH-GMOlab 


t35S-VCR-Fwd-2 CTTAGTATGTATTTGTATTTGTAAAA IPH-GMOlab 


t35S-VCR-Rev-2 CTGGATTTTGGTTTTAGGAATTAG IPH-GMOlab 


t35S-VCR-Fwd-1 CTTAGTATGTATTTGTATTTGT IPH-GMOlab 


t35S-VCR-Rev-2 CTGGATTTTGGTTTTAGGAATTAG IPH-GMOlab 


 


 


qPCR running conditions  


The qPCR cycling conditions and program for melting curve analysis are presented in 


table 4. The qPCR reactions were performed on an ABI 7300 machine (Applied 


Biosystems).  


A “No Template Control” (NTC), consisting of nuclease-free water instead of DNA, 


was ran in parallel.  


 


Table 4: qPCR running conditions 
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Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 UNG 50 120 no 1 


2 Taq activation 95 600 no 1 


3 Amplification   no 40 


-Denaturation 95 15  


-Annealing  and 


extension 


60 60 measure 


 


Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 Melting 60 to 95 1200 measure 1 


 


 


Plasmid control 


For each of the methods, the corresponding amplicon was cloned into the vector pUC18 


and sequenced (cf. deliverable D7/02). Additionally, each plasmid was tested using the 


qPCR reaction mix (with the corresponding primers) and conditions described above. 


 


 


Agarose gel electrophoresis 


Agarose gel electrophoresis was performed on 3% Ready agarose 96 plus gels with 


Ethidium bromide (BioRad). 


 


 


LOD6 and LOQ6 determination 


The Chauvenet‟s criterion was used to detect outliers  


To be able to determine the LOD6 and LOQ6 values, a specific reference material was 


chosen and dilutions series were done as presented in table 5. Each dilution was 


analysed in 6-fold. Determination of the number of haploid genome equivalents (HGE) 


was done one the basis of the nuclear DNA content determined by Arumuganathan and 


Earle (1991). 


 


The LOD6 is determined as the lowest dilution where the 6 replicates are positive. The 


LOQ6 is the lowest dilution where the 6 replicates are positive with a minor standard 


deviation (SD < 0.5) (AFNOR norm). 


 


Table 5: Dilution series for LOD6 and LOQ6 determination 


Concentration 


(ng/μl) 


Final 


concentration 


(ng/µL) 


Dilution 


factor 


Amount 


of the 


previous 


dilution 


(μl) 


Amount 


of 


nuclease- 


free 


water 


(μl) 


ng 


DNA/assay 
HGE/assay 


Cry3Bb 


10 1 10 50 450 5 1925 


1 0.2 5 50 200 1 385 


0.2 0.1 2 50 50 0.5 193 
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0.1 0.05 2 50 50 0.25 96 


0.05 0.025 2 50 50 0.125 48 


0.025 0.012 2.08 50 54 0.06 23 


0.012 0.006 2 50 50 0.03 12 


0.006 0.003 2 50 50 0.015 6 


0.003 0.001 3 50 100 0.005 2 


0.001 0.0005 2 50 50 0.0025 1.0 


0.0005 0.00005 10 50 450 0.00025 0.1 


pFMV 


10 1 10 50 450 5 4310 


1 0.2 5 50 200 1 826 


0.2 0.1 2 50 50 0.5 413 


0.1 0.05 2 50 50 0.25 216 


0.05 0.025 2 50 50 0.125 108 


0.025 0.012 2.08 50 54 0.06 52 


0.012 0.006 2 50 50 0.03 26 


0.006 0.003 2 50 50 0.015 13 


0.003 0.001 3 50 100 0.005 4 


0.001 0.0005 2 50 50 0.0025 2 


0.0005 0.00025 2 50 50 0.00125 1 


0.00025 0.000025 10 50 450 0.00013 0.1 


pNOS 


10 1 10 50 450 5 2780 


1 0.2 5 50 200 1 556 


0.2 0.1 2 50 50 0.5 278 


0.1 0.05 2 50 50 0.25 139 


0.05 0.025 2 50 50 0.125 70 


0.025 0.012 2.08 50 54 0.06 33 


0.012 0.006 2 50 50 0.03 17 


0.006 0.003 2 50 50 0.015 8 


0.003 0.001 3 50 100 0.005 3 


0.001 0.0003 3 50 100 0.0025 1.0 


0.0001 0.00003 10 50 450 0.00025 0.1 


 


Inter-run repeatability determination 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr%). Herefore a single factor ANOVA test was done. The RSDr was 


calculated as follows: 


 


average
oupsMSwithingrRSDr %


   x   100 


 


4. Results, discussion and conclusion 


4.1. DEVELOPMENT AND VALIDATION OF SYBR®GREEN QPCR METHODS 
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4.1.1. SYBR®Green qPCR method for pFMV 


The method described here uses SYBR
®
Green qPCR with the primer pair pFMV-


CRAW-F/pFMV-CRAW-R, which amplifies a 79 bp fragment of the 34S promoter of 


the Figwort Mosaic Virus (pFMV, Sanger et al., 1990). 


 


Method specificity 


For this method, no bio-informatics analysis was done at IPH-GMOlab as the primers 


were kindly provided by the GMOseek partner CRA-W (personal communication). 


To check the specificity of the primer set, a range of plant taxa, which frequently occur 


in food and feed samples, was analysed. The results are presented in table 6. 


 


Table 6: Specificity test 


Sample Expected 


amplification 


signal 


Ct Tm 


1 2 1 2 


Negative samples 


WT Maize  - nd nd nd nd 


WT Soybean  - nd nd nd nd 


WT Oilseed rape - nd nd nd nd 


WT Cotton  - nd nd nd nd 


WT Rice  - nd nd nd nd 


WT Potato  - nd nd nd nd 


WT Wheat  - nd nd nd nd 


WT Pea  - nd nd nd nd 


WT Oat  - nd nd nd nd 


WT Sugar beet - nd nd 76.5 76 


WT Pepper  - nd nd nd nd 


WT Spelt  - nd nd nd nd 


WT Sunflower - nd nd nd nd 


WT Barley - nd nd nd nd 


WT wheat 


(froment) 


- nd nd nd nd 


WT Tobacco - nd nd nd nd 


WT Cucumber  - nd nd nd nd 


WT Melon  - nd nd nd nd 


GTS 40-3-2 - nd nd nd nd 


Positive samples 


GT73 + 23.4 23.26 76.5 76.5 


MON 1445 + 25.18 24.26 76.5 76.5 


MON 89788 + 28.07 28.41 76.5 76.5 


MON 89034 + 29.10 28.57 76 76 


H7-1 + 23.45 23.26 76.5 76.5 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events which do not carry pFMV. Positive 


samples: transgenic events carrying pFMV. nd = not determined. 
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The analysis of the Ct values showed that the five GM events carrying the pFMV 


sequence, displayed an exponential amplification curve. The Ct values were determined 


for all of them and they varied between 23.26 and 29.10 (Table 6). The negative 


samples did not display an amplification curve and no Ct values were determined. 


The melting curve analysis of the positive samples showed a single major fluorescent 


peak at approximately 76.5°C. No minor peaks were observed. No fluorescent peaks 


were observed in the negative samples (Table 6).  


It should be noticed however, that for the WT sugar beet no amplification was observed 


but the melting curve analysis showed the presence of a fluorescent peak (although very 


small) at the correct Tm (Table 6). This can be explained by a low presence of H7-1 in 


the AOCS certified WT sugar beet material as it is 0% H7-1 certified with H7-1 < 1g/kg 


(<0.1%). 


 


Agarose gel electrophoresis shows additionally that a band of the expected size was 


only obtained for the positive samples (Figure 1). 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 1: Agarose gel electrophoresis for the pFMV SYBR
®


Green qPCR method 


specificity test. 
1. WT maize, 2. WT soybean, 3. WT oilseed rape, 4. WT cotton, 5. WT rice, 6. WT potato, 7. WT 


tomato, 8. WT wheat, 9. WT pea, 10. WT oat, 11. WT sugar beet, 12. WT pepper, 13. WT wheat 14. WT 


wheat (froment), 15. WT sunflower, 16. WT barley, 17. WT tobacco, 18, WT cucumber, 19. WT melon, 


20. GTS40-3-2, 21. GT 73, 22. MON 1445, 23. MON 89788, 24. MON 89034, 25. H7-1, M: EZ load HT 


Molecular Marker, 100, 200, 500, 1000 and 2000 bp,. NTC: No Template Control.  


 


 


The amplicon obtained with the plant material MON 89788 was subsequently cloned 


and sequence analysis revealed a 100% homology with the reference sequence. PCR 


with the pFMV specific primers confirmed the presence of the amplicon with the 


expected size in both pCR
®
2.1-TOPO and pUC18 vectors (Figure 2). 


M  NTC  NTC 1   1   2  2   3   3   4   4   5   5   6   6  7   7   8   8   9 9 10 10  11 11 M


M  12 12 13 13 14 14 15 15 16 16 17 17 18 18 19 19 20 20 21 21 22 22 23 23   M


M   24 24 25 25  M


M  NTC  NTC 1   1   2  2   3   3   4   4   5   5   6   6  7   7   8   8   9 9 10 10  11 11 M


M  12 12 13 13 14 14 15 15 16 16 17 17 18 18 19 19 20 20 21 21 22 22 23 23   M


M   24 24 25 25  M
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Figure 2: Presence of the pFMV amplicon in the pCR2.1 (Topo) and pUC18 (pUC) 


vectors. Genomic DNA (DNA) from GM event MON 89788 was amplified as positive 


control. NTC: no template control. 


 


Based on the qPCR results, agarose gel analysis and the sequence analysis, it can be 


concluded that the developed pFMV SYBR
®
Green qPCR method is specific for the 


FMV 34S promoter. 


 


 


Method sensitivity 


Using gDNA from a 100% soybean MON 89788 material, a dilution series was made 


according to table 5. Each dilution was analysed in 6-fold to be able to determine the 


LOD6 and LOQ6. Additionally, the experiment was repeated 4 times to be able to get an 


idea about the inter-run repeatability. 


The dilution series ranging from 1 to 0.000025 ng/µl was, for each plate, prepared prior 


to setting up each of the qPCR runs. In the assay, a range from 4310 to 0.1 haploid 


genome equivalents (HGE) was tested.  


 


For each independent run, the Ct values obtained for each dilution separately were 


scrutinized for outliers using the Chauvenet‟s criterion. The outliers were excluded from 


the calculation of the average Ct and the corresponding standard deviation. The LOD6 


and LOQ6 of the method were determined as a mean of the LOD6 and LOQ6 


respectively, of the four independent runs. The mean Tm of the amplicon was calculated 


as an average between the Tm of all dilutions. Only the dilutions with 6 positive signals 


out of 6 replicates were used in these calculations. The results are summarized in 


table 7. 


 


Table 7: Average Ct values and standard deviations for each run.  


HGE run 


1 2 3 4 


4310 24.17+0.44 24.64+0.5 24.27+0.13 24.96+0.43 


826 26.3+0.49 26.44+0.41 26.43+0.3 27.39+0.29 


431 27.72+0.24 27.28+0.31 27.26+0.22 28.15+0.47 


216 28.92+0.27 28.18+0.33 28.34+0.33 29.56+0.42 


108 29.99+0.43 29.27+0.32 29.25+035 30.21+0.39 


52 30.97+0.45 30.59+0.08 30.55+0.32 31.70+0.82 


26 32.4+0.47 32.2+0.5 32.07+0.35 33.36+0.42 
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13 - - 34.17+0.78 35.29+0.52 


4 - - - - 


2 - - - - 


1 - - - - 


0.1 - - - - 


Only Cts of the dilutions displaying 6 positive signals out of 6 are shown. Dilutions (per run) where less 


than 6 positive signals out of 6 were obtained are indicated with a „-„. LOD6 is indicated in blue, LOQ6 is 


indicated in bold. 
 


 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr %). The data used in this calculation included the Ct values ranging from 


the highest HGE/assay until the LOD6 for each run, excluding the outliers. The results 


for each dilution are given in table 8. A repeatability below 25% is acceptable for qPCR 


methods (ENGL acceptance criteria). 


 


Table 8: Inter-run repeatability for pFMV 


HGE/assay RSDr (%) 


4310 3.3 


826 4.4 


431 3.7 


216 4.6 


108 3.7 


52 3.9 


26 4.2 


 


 


Conclusion 


The specificity test showed that the primers, kindly provided by CRA-W, only amplify 


the transgenic events carrying the pFMV sequence. Wild type materials and transgenic 


events not containing the sequence were not amplified. 


 


To check the sensitivity of the method, a specific and well characterized reference 


material was used to make a dilution series. These analyses provided the three values 


which will be included in the decision matrix system (Van den Bulcke et al., 2010) used 


at the IPH-GMOlab: 


 LOD6 of the method is set between 13 and 26 HGE, with a mean Ct of 33.52. 


 LOQ6 is set at 26 HGE with a mean Ct of 32.51. 


 The mean Tm of the amplicon is set to 75.9°C. 


 


Four dilution series were tested in 4 independent runs to be able to calculate the 


repeatability of the method. Along the tested HGE range, the repeatability is below 25% 


which complies with the method acceptance criteria set by the ENGL.  


 


It can be concluded that the pFMV SYBR
®
GReen qPCR method, developed and 


validated at IPH-GMOlab, is fit for purpose and can be applied routinely for screening 


of food and feed samples in the frame of GMO detection. 
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4.1.2. SYBR®Green qPCR method for pNOS 


The method described here uses SYBR
®
Green qPCR with the primer pair pNOS-Fwd-


1/pNOS-Rev-4, which amplifies a 75 bp fragment of the nopaline synthase gene 


promoter of Agrobacterium tumefaciens. 


 


Method specificity 


Using the above described bio-informatics tools, 4 primer pair candidates were selected. 


Each of them was tested against a range of plant taxa, which frequently occur in food 


and feed samples. The results of the best scoring primer pair are presented in table 9. 


 


Table 9: Specificity test 


Sample Expected 


amplification 


signal 


Ct Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd 36 nd 78.2 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 


Positive samples 


EH 92-527-1  + 18.2 18.3 78.6 78.6 


MS1  + 21.1 21.2 78.6 78.2 


Rf1  + 20.8 21.0 78.2 77.9 


Rf2  + 20.2 20.1 78.6 78.6 


TOPAS 19/2  + 18.7 18.8 78.6 78.2 


FP967  + 26.4 26.5 78.6 78.6 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events which do not carry pNOS. Positive 


samples: transgenic events carrying pNOS. nd = not determined. 


 


 


The analysis of the Ct values showed that all GM-events carrying the pNOS sequence 


displayed an exponential amplification curve. The Ct values varied between 18.2 and 


21.2 (Table 9). The amplification of the GM flax FP967 occurred later on (Ct = 26.5) 


when compared to the other positive samples. The negative samples did not display an 


amplification curve and no Ct values were determined. Exceptionally, one of the WT 


potato replicates showed a very late signal (Ct = 36). This was not considered as a true 


positive signal when compared to the mean Ct value of positive samples and can 


possibly be attributed to contamination. 


The melting curve analysis of the positive samples showed a single major fluorescent 


peak at 78.4°C (Table 9). No fluorescent peaks were observed in the negative samples 
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with the exception of a minor peak corresponding to the weak amplification in one of 


the two replicates from the WT potato.  


 


Agarose gel electrophoresis shows additionally that a band of the expected size was 


only obtained for the positive samples (Figure 3). 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 3: Agarose gel electrophoresis for the pNOS SYBR®Green qPCR method 


specificity test.  
M= EZ load HT Molecular Marker. (A):1-2 WT maize; 3-4 WT soybean; 5-6 WT oilseed rape; 7-8 WT 


cotton; 9-10 WT sugar beet; 11-12 WT potato; 13-14 MON 810; 15-16 GTS40-3-2; 17-18 EH92-527-1; 


19-20 NTC. (B): 1-2 MS1; 3-4 Rf2; 5-6 FP967; 7-8 Rf1; 9-10 Topas 19/2. 


 


 


The amplicon obtained with the plant material EH92-527-1 was subsequently cloned 


and sequence analysis revealed a 100% homology with the reference sequence. PCR 


with the pNOS specific primers confirmed the presence of the amplicon with the 


expected size in both pCR®2.1-TOPO and pUC18 vectors (Figure 4). 


 


 
Figure 4: Presence of the pNOS amplicon in the pCR2.1 (Topo) and pUC18 (pUC) 


vectors. Genomic DNA (DNA) from GM event EH92-527-1 was amplified as positive 


control. NTC: no template control. 


 


Based on the qPCR results, agarose gel analysis and sequencing analysis, it can be 


concluded that the developed pNOS SYBR
®
Green qPCR method is specific for the 


pNOS sequence. 


 


Method sensitivity 


M      1   2    3    4    5    6    7   8    9  10  11  12  13  14 15  16  17  18  19  20       M


A


100 bp
50 bp


M      1   2    3    4    5    6    7   8    9   10        M


B


50 bp
100 bp


M      1   2    3    4    5    6    7   8    9  10  11  12  13  14 15  16  17  18  19  20       M


A


100 bp
50 bp


M      1   2    3    4    5    6    7   8    9  10  11  12  13  14 15  16  17  18  19  20       MM      1   2    3    4    5    6    7   8    9  10  11  12  13  14 15  16  17  18  19  20       M


A


100 bp
50 bp


100 bp
50 bp


M      1   2    3    4    5    6    7   8    9   10        M


B


50 bp
100 bp


M      1   2    3    4    5    6    7   8    9   10        MM      1   2    3    4    5    6    7   8    9   10        M


B


50 bp
100 bp


50 bp
100 bp
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Using gDNA from transgenic potato EH92-527-1 material, a dilution series was made 


according to table 5. Each dilution was analysed in 6-fold to be able to determine the 


LOD6 and LOQ6. Additionally, the experiment was repeated 4 times to be able to get an 


idea about the inter-run repeatability. 


The dilution series ranging from 1 to 0.00003 ng/µl was, for each plate, prepared prior 


to setting up each of the qPCR runs. In the assay, a range from 2780 to 0.1 haploid 


genome equivalents (HGE) was tested.  


 


For each independent run, the Ct values obtained for each dilution separately were 


scrutinized for outliers using the Chauvenet‟s criterion. The outliers were excluded from 


the calculation of the average Ct and the corresponding standard deviation. The LOD6 


and LOQ6 of the method were determined as a mean of the LOD6 and LOQ6 


respectively, of the four independent runs. The mean Tm of the amplicon was calculated 


as an average between the Tm of all dilutions. Only the dilutions with 6 positive signals 


out of 6 replicates were used in these calculations. The results are summarized in 


table 10. 


 


Table 10: Average Ct values and standard deviations for each run.  


Only Cts of the dilutions displaying 6 positive signals out of 6 are shown. Dilutions (per run) where less 


than 6 positive signals were obtained are indicated with a „-„. For each run, the LOD6 is indicated in blue 


while the LOQ6 is indicated in bold.   


 


 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr %). The data used in this calculation included the Ct values ranging from 


the highest HGE/assay until the LOD6 for each run, excluding the outliers. The results 


for each dilution are given in table 11. A repeatability below 25% is acceptable for 


qPCR methods (ENGL acceptance criteria). 


 


Table 11: Inter-run repeatability for pNOS 


HGE/assay RSDr (%) 


2780 11.84 


HGE 
run 


1 2 3 4 


2780 22.6 + 0.3 23.0 + 0.1 22.5 + 0.2 20.6 + 0.1 


556 25.2 + 0.2 25.4 + 0.1 25.0 + 0.4 23.2 + 0.2 


278 25.8 + 0.1 26.5 + 0.3 25.9 + 0.2 23.9 + 0.2 


139 26.8 + 0.2 27.4 + 0.2 26.9 + 0.2 24.9 + 0.2 


70 28.0 + 0.2 28.3 + 0.2 28.1 + 0.2 26.0 + 0.1 


33 28.9+ 0.2 29.5 + 0.3 29.0 + 0.3 27.0 + 0.2 


17 30.1 + 0.2 30.5 + 0.4 29.9 + 0.3 28.1 + 0.3 


8 31.0 + 0.3 31.5 + 0.4 31.1 + 0.5 29.1 + 0.3 


3 32.8 + 0.3 33.0 + 0.5 32.7 + 0.6 31.1+ 0.8 


1 33.9 + 0.6 - - - 


0.1 - - - - 
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556 8.49 


278 10.65 


139 10.15 


70 9.63 


33 9.34 


17 8.67 


8 8.78 


3 6.52 


 


 


Conclusion 


The specificity test showed that the chosen primer set, designed at the IPH-GMOlab, 


only amplifies the transgenic events carrying the pNOS sequence. Wild type materials 


and transgenic events not containing the sequence were not amplified. 


 


To check the sensitivity of the method, a specific and well characterized reference 


material was used to make a dilution series. These analyses provided the three values 


which will be included in the decision matrix system (Van den Bulcke et al., 2010) used 


at the IPH-GMOlab: 


 LOD6 of the method is set between 1 and 3 HGE, with a mean Ct of 32.42. 


 LOQ6 is set between 8 and 17 HGE with a mean Ct of 31.50. 


 The mean Tm of the amplicon is set to 78.4°C. 


 


Four dilution series were tested in 4 independent runs to be able to calculate the 


repeatability of the method. Along the tested HGE range, the repeatability is below 25% 


which complies with the method acceptance criteria set by the ENGL.  


 


It can be concluded that the pNOS SYBR
®
GReen qPCR method, developed and 


validated at IPH-GMOlab, is fit for purpose and can be applied routinely for screening 


of food and feed samples in the frame of GMO detection. 


 


 


 


4.1.3. SYBR®Green qPCR method for Cry3Bb1 


The method described here uses SYBR
®
Green qPCR with the primer pair Cry3Bb-Fwd-


3/Cry3Bb-Rev-1, which amplifies a 105 bp fragment of the Cry3Bb1 gene from 


Bacillus thuringiensis. 


 


Method sensitivity 


Using the above described bio-informatics tools, 4 primer pair candidates were selected. 


Each of them was tested against a range of plant taxa, which frequently occur in food 


and feed samples. The results of the best scoring primer pair are presented in table 12. 


 


 


Table 12: Specificity test 


Sample Expected 


amplification 


signal 


Ct Tm 


1 2 1 2 
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Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 


Positive samples 


MON 863 + 26 25.83 81.7 81.7 


MON 88017 + 23.15 23.22 81.7 81.7 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events which do not carry Cry3Bb. Positive 


samples: transgenic events carrying Cry3Bb. nd = not determined. 


 


 


The analysis of the Ct values showed that all GM-events carrying the Cry3Bb sequence 


displayed an exponential amplification curve. The Ct values varied between 23.15 and 


26 (Table 12). The negative samples did not display an amplification curve and no Ct 


values were determined.  


The melting curve analysis of the positive samples showed a single major fluorescent 


peak at 81.7°C (Table 12). No minor peaks were observed. No fluorescent peaks were 


observed in the negative.  


 


Agarose gel electrophoresis shows additionally that a band of the expected size was 


only obtained for the positive samples (Figure 5). 


 


 
Figure 5: Agarose gel electrophoresis for the Cry3Bb1 SYBR


®
Green qPCR method 


specificity test.  
M= EZ load HT Molecular Marker (indicated size on the gel is in bp). 1-2 WT maize; 3-4 WT soybean; 
5-6 WT oilseed rape; 7-8 WT cotton; 9-10 WT sugar beet; 11-12 WT potato; 13-14 MON 810; 15-16 


GTS40-3-2; 17-18 MON 863; 19-20 MON 88017; 21-22 NTC.   


 


 


The PCR amplicon obtained with the plant material MON 88017 was subsequently 


cloned and sequence analysis revealed 100% homology with the reference sequence. 


PCR with the Cry3Bb specific primers confirmed the presence of the amplicon with the 


expected size in both pCR
®
2.1-TOPO and pUC18 vectors (Figure 6). 
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Figure 6: Presence of the Cry3Bb1 amplicon in the pCR2.1 (Topo) and pUC18 (pUC) 


vectors. Genomic DNA (DNA) from GM event MON 88017 was amplified as positive 


control. NTC=no template control. 


 


 


Based on the qPCR results, agarose gel analysis and sequencing analysis, it can be 


concluded that the developed Cry3Bb SYBR
®
Green qPCR method is specific for the 


Cry3Bb sequence. 


 


Method sensitivity 


Using gDNA from transgenic maize MON 88017 material, a dilution series was made 


according to table 5. Each dilution was analysed in 6-fold to be able to determine the 


LOD6 and LOQ6. Additionally, the experiment was repeated 4 times to be able to get an 


idea about the inter-run repeatability. 


The dilution series ranging from 1 to 0.00005 ng/µl was prepared, for each plate, prior 


to setting up each of the qPCR runs. In the assay, a range from 1925 to 0.1 haploid 


genome equivalents (HGE) was tested.  


 


For each independent run, the Ct values obtained for each dilution separately were 


scrutinized for outliers using the Chauvenet‟s criterion. The outliers were excluded from 


the calculation of the average Ct and the corresponding standard deviation. The LOD6 


and LOQ6 of the method were determined as a mean of the LOD6 and LOQ6 


respectively, of the four independent runs. The mean Tm of the amplicon was calculated 


as an average between the Tm of all dilutions. Only the dilutions with 6 positive signals 


out of 6 replicates were used in these calculations. The results are summarized in 


table 13. 


 


Table 13: Average Ct values and standard deviations for each run.  


HGE 
run 


1 2 3 4 


1925 23.15+0.16 23.77+0.15 24.3+0.36 24.22+0.19 


385 25.56+0.29 26.16+0.12 26.54+0.12 26.59+0.18 


193 26.62+0.11 27.3+0.16 27.51+0.21 27.56+0.18 


96 27.83+0.21 28.5+0.26 28.73+0.17 29.83+0.21 


48 29.49+0.21 29.75+0.20 29.72+0.22 29.83+0.18 


23 30.46+0.5 31.39+0.35 30.82+0.31 31.47+0.58 
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12 31.91+0.75 33.51+0.69 32.13+0.42 32.54+0.48 


6 34.45+0.38 - - 34.26+0.85 


2 - - - - 


1.0 - - - - 


0.1 - - - - 


Only Cts of the dilutions displaying 6 positive signals out of 6 are shown. Dilutions (per run) where less 


than 6 positive signals were obtained are indicated with a „-„. For each run, the LOD6 is indicated in blue 


while the LOQ6 is indicated in bold.  


 


 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr %). The data used in this calculation included the Ct values ranging from 


the highest HGE/assay until the LOD6 for each run, excluding the outliers. The results 


for each dilution are given in table 14. A repeatability below 25% is acceptable for 


qPCR methods (ENGL acceptance criteria). 


 


Table 14: Inter-run repeatability for Cry3Bb 


HGE/assay RSDr (%) 


1925 4.7 


385 4.5 


193 3.4 


96 3.4 


48 1.1 


23 3.3 


12 4.5 


6 1.2 


 


 


Conclusion 


The specificity test showed that the chosen primer set, designed at the IPH-GMOlab, 


only amplifies the transgenic events carrying the Cry3Bb sequence. Wild type materials 


and transgenic events not containing the sequence were not amplified. 


 


To check the sensitivity of the method, a specific and well characterized reference 


material was used to make a dilution series. These analyses provided the three values 


which will be included in the decision matrix system (Van den Bulcke et al., 2010) used 


at the IPH-GMOlab: 


 LOD6 of the method is set between 6 and 12 HGE, with a mean Ct of 33.55. 


 LOQ6 is set between 12 and 48 HGE with a mean Ct of 30.98. 


 The mean Tm of the amplicon is set to 81.4°C. 


 


Four dilution series were tested in 4 independent runs to be able to calculate the 


repeatability of the method. Along the tested HGE range, the repeatability is below 25% 


which complies with the method acceptance criteria set by the ENGL.  


 


It can be concluded that the Cry3Bb SYBR
®
GReen qPCR method, developed and 


validated at IPH-GMOlab, is fit for purpose and can be applied routinely for screening 


of food and feed samples in the frame of GMO detection. 
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4.1.4. SYBR®Green qPCR method for t35S 


Development of the qPCR method for the detection of the 35S terminator sequence 


from the Cauliflower Mosaic Virus (CaMV) turned out to be not as straight forward as 


for the 3 other methods. 


Using the above described bio-informatics tools, 3 primer pair candidates were selected 


(Table 3). Each of them was tested against a range of plant taxa, which frequently occur 


in food and feed samples. The results for all 3 sets are represented in tables 15a-c. 


 


Table 15a: Specificity test for primer pair 1 


Sample Expected 


amplification 


signal 


Experimental Ct Experimental Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 


Positive samples 


Bt176 + nd nd nd nd 


T25 + nd nd nd nd 


DAS 59122 + nd nd nd nd 


TC 1507 + nd nd nd nd 


Event 3272 + nd nd nd nd 


A 2704-12 + nd nd nd nd 


A 5547-127 + nd nd nd nd 


Topas 19/2 + nd nd nd nd 


T45 + nd nd nd nd 


PCR control 


NTC - nd nd nd nd 


 


Table 15b: Specificity test for primer pair 2 


Sample Expected 


amplification 


signal 


Experimental Ct Experimental Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 







GMOseek – Deliverable D4.2/01 – Delivered 


   
21 


Positive samples 


Bt176 + nd nd nd nd 


T25 + 39.7 39.7 69.1 69.1 


DAS 59122 + nd nd nd nd 


TC 1507 + nd nd nd nd 


Event 3272 + nd nd nd nd 


A 2704-12 + 32.9 33.8 69.1 69.1 


A 5547-127 + 36.0 39.8 71.4 86.4 


Topas 19/2 + nd nd nd nd 


T45 + nd nd nd nd 


PCR control 


NTC - nd nd nd nd 


 


Table 15c: Specificity test for primer pair 3 


Sample Expected 


amplification 


signal 


Experimental Ct Experimental Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - 39.2 nd 69.9 nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 


Positive samples 


Bt176 + nd nd nd nd 


T25 + nd nd nd nd 


DAS 59122 + nd nd nd nd 


TC 1507 + nd nd nd nd 


Event 3272 + nd nd nd nd 


A 2704-12 + nd nd nd nd 


A 5547-127 + nd nd nd nd 


Topas 19/2 + nd nd nd nd 


T45 + nd nd nd nd 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events, which do not carry t35S. Positive 


samples: transgenic events carrying t35S. nd = not determined. 


 


 


The analysis of the Ct values showed that all three primer sets failed to amplify the 


complete set of theoretically positive samples. However, a very weak amplification was 


observed with primer pair 2 for the GM soybean materials and for one of the GM maize 


events (T25). It was decided to further investigate this primer pair. In a first step, this 


was performed using only some of the positive samples. For this purpose different 


primer concentrations (300 nM, 600 nM and 1200 nM) were checked and the number of 
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qPCR cycles was increased to 50 (instead of 40) to obtain an idea if this would change 


something to the detection possibilities. The results are presented in table 16. 


 


Table 16: Specificity test for primer pair 2 using 50 cycles 


 Primers final concentration 


300 nM 600 nM 1200 nM 


Sample Expected 


amplification 


signal 


Ct Tm Ct Tm Ct Tm 


Positive samples 


Bt176 + 49.7 69.5 42.8 69.9 37.2 70.2 


+ 48.5 69.5 42.1 70.6 39.4 70.2 


T25 + 40.6 70.2 32.6 69.52 27.9 69.5 


+ 40.5 70.6 30.8 69.5 - - 


Event 3272 + 46.4 70.2 39.1 71.7 33.6 69.5 


+ 46.0 71.3 39.3 71.0 34.8 69.5 


A2704-12 + 34.9 71.3 29.9 69.5 24.1 69.5 


+ 34.3 77.6 27.8 69.5 25.6 69.5 


A5547-127 + 37.1 77.6 31.0 69.5 24.6 69.5 


+ 36.3 78.4 31.0 69.5 25.8 69.5 


PCR control 


NTC - nd nd nd nd 35.1 69.5 


- nd nd nd nd nd nd 
- = qPCR reaction was not performed in duplicate; nd = not determined 


 


 


Increasing the primer concentration to 1200 nM allowed to finally obtain a specific 


signal in the tested positive materials. It should be noted that in this test one of NTC 


replicates is positive. This can be due to contamination in combination with the higher 


number of cycles. 


Consequently, the test was repeated on a more complete set of positive and negative 


plant materials using the higher primer concentration. However the normal qPCR 


conditions, as described in table 4, were used (40 cycles). The results are shown in 


table 17. 


 


 


Table 17: Specificity test for the primer pair 2 using a primer concentration of 1200 nM 


Sample Expected 


amplification 


signal 


Experimental Ct Experimental Tm 


1 2 1 2 


Negative samples 


WT maize - nd nd nd nd 


WT soybean - nd nd nd nd 


WT oilseed rape - nd nd nd nd 


WT cotton - nd nd nd nd 


WT sugar beet - nd nd nd nd 


WT potato - nd nd nd nd 


GTS40-3-2 - nd nd nd nd 


MON 810 - nd nd nd nd 
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Positive samples 


Bt176 + 36.6 69.1 37.5 70.2 


T25 + 29.8 69.1 30.0 69.1 


DAS 59122 + 37.3 70.2 38.9 69.8 


TC 1507 + 34.8 70.2 37.3 69.8 


Event 3272 + 34.9 70.6 36.0 70.2 


A 2704-12 + 27.1 69.1 26.5 69.1 


A 5547-127 + 30.0 77.4 33.7 75.8 


Topas 19/2 + 26.8 71 25.9 69.1 


T45 + 27.9 74.7 29.1 75.8 


PCR control 


NTC - nd nd nd nd 
Negative samples: wild type (WT) plants and transgenic events which do not carry t35S. Positive 


samples: transgenic events carrying t35S. nd = not determined. 


 


 


The analysis of the Ct values, for the experiment using the higher primer concentration, 


shows that no amplification curve was obtained for all negative samples and that no Ct 


value was determined (Table 17). On the contrary, all GM events carrying the t35S 


sequence were amplified displaying an exponential amplification curve.  


It should however be noted that there is a big variation between the Ct and Tm values 


for the different samples. Although plant material of the same GM% was used for the 


T25, A2704-1, A5547-127, Topas 19/2 and T45 events, the Ct values however varied 


between 25.9 and 33.7 (Table 17). Additionally, amplification of the 10% GM materials 


(DAS59122, TC1507 and event 3272) occurred very late (Ct>34). These results exclude 


the use of this qPCR method as such for the detection of the t35S sequence in food and 


feed samples with low GM content. The Ct values for 1% samples for example would 


theoretically be above 37, which will not significantly differ from non specific 


background signal that could occur in negative samples and therefore increase the risk 


of false negatives. 


 


In conclusion it can be said that for the SYBR
®
Green qPCR method targeting the t35S 


sequence three sets of primers were designed. However, only one set (t35S-VCR-Fwd-


2/t35S-VCR-Rev-2) allowed discriminating negative from positive samples when 


increasing the primer concentration. Nevertheless, this set failed to efficiently amplify 


low GM content material (Ct around 37 for Bt176 1%, average Ct of 36.5 for 10% GM 


material). As such, new primers should be, if possible, designed in order to use this 


screening element in reliable qPCR analysis.  


A last attempt will be made using the primers designed in Co-extra (D5.10) for a 


TaqMan qPCR method. The primers will first be tested in silico. If they fail to amplify 


all positive samples, another screening marker will be chosen and the corresponding 


method will be developed and validated. 


 


 


4.2. METHOD TRANSFER  


To be able to get an idea of the reproducibility and instrument dependence of each 


validated SYBR
®
Green qPCR method, the methods were transferred to a second 


laboratory.  
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Three of the 4 developed and validated qPCR methods were transferred to the 


laboratory of the Joint Research Centre-IHCP at the beginning of august 2010 as 


requested by the Milestone M4.2/01.  


As the development of the qPCR method for the screening marker t35S is problematic, 


it is still under investigation and could thus not be transferred. 


 


Along with a detailed protocol, the following materials were provided for each method: 


- relevant reference material (prepared by IPH – WP4 task 7.1) 


- primers 


- master mix 


 


The results will be summarized in Deliverable D4.2/03. 
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STANDARD OPERATING PROCEDURE (SOP) 
 


SYBR
®
Green qPCR method for screening of Cry3Bb1  


 


 


1.- Scope 


This dossier describes the validation of a SYBR
®


Green qPCR method for the screening 


marker Cry3Bb1. The LOD6 and LOQ6 parameters were determined. 


 


2.- Principle 


SYBR
®
Green qPCR, is a polymerase chain reaction (PCR) where the amplification of a 


target DNA sequence is monitored during each amplification cycle by means of the 


fluorescent dye SYBR
®
Green. The last binds the double-stranded DNA during the PCR, 


which makes it possible to register the increase of the DNA amount by measuring the 


increase of the fluorescent signal. In the context of GMOanalysis, SYBR
®


Green qPCR is 


used for detection of taxon- and GM-specific sequences in DNA extracted from food and 


feed samples and reference materials. 


The method described here uses SYBR
®
Green qPCR with the primer pair Cry3Bb-Fwd-


3/Cry3Bb-Rev-1, which amplifies a 105 bp fragment of the Cry3Bb1 gene from Bacillus 


thuringiensis. The method was developed and validated on an ABI 7300 real-time PCR 


machine (Applied Biosystems).  


 


 


3.- Materials and method 


 


3.1.- Materials 


3.1.1.- Certified Reference Material 


The LOD6 and LOQ6 were determined using a CRM containing the Cry3Bb target. The 


transgenic maize event MON 88017 was purchased from the American Oil Chemists‟ 


Society (AOCS, USA; 0406-C). 


 


 


 


3.1.2.- qPCR 


The following reagents were used in the qPCR mix: 


 - GMO detection SYBR®Green 2x Master Mix (Diagenode, BE; GMO-GS2X-


A300) 


- Nuclease-free water (Acros organics) 


- Primers (Eurogentec, BE) see table 1 


 


Table 1: Primers for Cry3Bb qPCR method 







Name Sequence (5’ – 3’) Reference 


Cry3Bb-Fwd-3 CTACCAGTCCTTCCTGAACACC IPH-GMOlab 


Cry3Bb-Rev-1 GCGTACTCCTCGATCTTCTTGT IPH-GMOlab 


 


 


3.2.- Method 


3.2.1.- DNA extraction and quantification. 


Genomic DNA (gDNA) from the maize transgenic event MON 88017 was extracted 


using a CTAB-based procedure (ISO 21571). A „blank open‟ (BO) control, i.e. a tube that 


does not contain the sample but follows all extraction steps, should be included. The 


DNA concentration was determined by means of fluorimetry using the Quant-iT™ 


PicoGreen®dsDNA Assay kit (Molecular Probes). 


 


 


3.2.2.- qPCR reaction mix 


The qPCR reaction mix was prepared according to table 2. 


 


Table 2: qPCR reaction mix 


Component Final concentration µl for one reaction 


SYBR®Green PCR Master Mix (2X) 1X 12.5 


Cry3Bb Fwd-3(20 M) 250 nM 0.3 


Cry3Bb Rev-1 (20 M) 250 nM 0.3 


Nuclease free water  6.9 


Total volume  20 


DNA template  5 


 


 


3.2.3- qPCR conditions  


Cycling conditions and melting curve analysis was performed as described in table 3. 


 


Table 3: qPCR conditions 


Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 UNG 50 120 no 1 


2 Taq activation 95 600 no 1 


3 Amplification   no 40 


-Denaturation 95 15  


-Annealing  and extension 60 60 measure 


 


Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 Melting 60 to 95 1200 measure 1 


 


 







3.2.3.- Dilution series for LOD6 and LOQ6 determination 


The dilutions made to determine the LOD6 and LOQ6 are shown in table 4. 


 


Table 4: Dilution series 


Concentration


(ng/μl)


10 1 10,0 50 450 5 1925


1 0.2 5,0 50 200 1 385


0.2 0.1 2,0 50 50 0.5 193


0.1 0.05 2,0 50 50 0.25 96


0.05 0.025 2,0 50 50 0.125 48


0.025 0.012 2,1 50 54 0.06 23


0.012 0.006 2,0 50 50 0.03 12


0.006 0.003 2,0 50 50 0.015 6


0.003 0.001 3,0 50 100 0.005 2


0.001 0.0005 2,0 50 50 0.0025 1.0


0.0005 0.00005 10,0 50 450 0.00025 0.1


HGE/assay


Final 


concentration 


(ng/µL)


Dilution 


factor


Amount of the 


previous dilution 


(μl)


Amount of nuclease- 


free water (μl) ng DNA/assay


 


 


4.- Procedure 


The gDNA extracted from reference material MON 88017 was characterized previous to 


the validation experiment. Therefore the CoSYPS system, developed at IPH-GMOLab 


was used (Van den Bulcke et al., 2010). Additionally, an inhibition test was done for both 


the endogenous and transgenic target (cf WP4). 


 


Primer stocks were diluted till 20 µM working stocks in nuclease-free water and stored at 


-20°C. 


 


To determine the LOD6 and LOQ6 values, a serial dilution of the MON 88017 material 


was made (table 4). To be able to calculate the inter-run repeatability, 4 plates were 


analysed. Sufficient qPCR reaction mix (except the DNA) was prepared for the 4 plates. 


All plates can be filled at once and, if not ran immediately, stored at -20°C. The plates 


should be thawed and spinned down briefly before use.  


The dilution series for each plate were made freshly before the run. Each dilution was 


analysed in 6 replicates. 


 


The reaction was performed in a total volume of 25 µl (20 µl qPCR reaction mix + 5 µl 


DNA template). The NTC (no template control), which contains nuclease-free water 


instead of DNA, was also analysed in 6 replicates. 


 


 


5.- Data analysis 


For data processing, the SDS software from Applied Biosystems was used. The plates 


were analysed in automatic mode. 


  







The data were first scrutinized for outliers using the Chauvenet criterion. This is done for 


the Ct values obtained for the 6 replicates per dilution, for each run separately.  


The LOD6 and LOQ6 of the method were determined as a mean of the LOD6 and LOQ6 


respectively, of the four runs. The outliers were excluded from the calculation of the 


average Ct and the corresponding standard deviation. 


 


The mean Tm of the amplicon was calculated as an average of the Tm of all dilutions. 


Only the dilutions with 6 positive signals out of 6 replicates were used in these 


calculations. 


 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr %). The data used in this calculation include the Ct values ranging from the 


highest HGE/assay until the LOD6 for each run, excluding the outliers. 


A RSDr% below 25% is acceptable for qPCR experiments (ENGL acceptance criteria). 
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STANDARD OPERATING PROCEDURE (SOP) 
 


SYBR
®


Green qPCR method for screening of pFMV  


 


 


1.- Scope 


This dossier describes the validation of a SYBR
®


Green qPCR method for the screening 


marker pFMV. The LOD6 and LOQ6 parameters were determined. 


 


2.- Principle 


SYBR
®
Green qPCR, is a polymerase chain reaction (PCR) where the amplification of a 


target DNA sequence is monitored during each amplification cycle by means of the 


fluorescent dye SYBR
®
Green. The last binds the double-stranded DNA during the PCR, 


which makes it possible to register the increase of the DNA amount by measuring the 


increase of the fluorescent signal. In the context of GMO analysis, SYBR
®
Green qPCR is 


used for detection of taxon- and GM-specific sequences in DNA extracted from food and 


feed samples and reference materials. 


The method described here uses SYBR®Green qPCR with the primer pair CRAW-


F/pFMV-CRAW-R, which amplifies a 79 bp fragment of the 34S promoter of the 


Figwort Mosaic Virus. The primers were designed at the Walloon Agricultural Research 


Center (CRA-W), Gembloux and provided to the GMOLab in the frame of GMOSeek 


project. The method was validated on an ABI 7300 real-time PCR machine (Applied 


Biosystems).  


 


 


3.- Materials and method 


 


3.1.- Materials 


3.1.1.- Certified Reference Material 


The LOD6 and LOQ6 were determined using a CRM containing the pFMV target. The 


transgenic soybean event MON 89788 was purchased from the American Oil Chemists‟ 


Society (AOCS, USA; 0906-B). 


 


3.1.2.- qPCR 


The following reagents were used in the qPCR mix: 


 - GMO detection SYBR®Green 2x Master Mix (Diagenode, BE; GMO-GS2X-


A300) 


- Nuclease-free water (Acros organics) 


- Primers (Eurogentec, BE) see table 1 


 







Table 1: Primers for pFMV qPCR method 


Name Sequence (5’ – 3’) Reference 


pFMV-CRAW-F CGAAGACTTAAAGTTAGTGGGCATCT CRA-W 


pFMV-CRAW-R TTTTGTCTGGTCCCCACAA CRA-W 


 


 


3.2.- Method 


3.1.1.- DNA extraction and quantification. 


Genomic DNA (gDNA) from the soybean transgenic event MON 89788 was extracted 


using a CTAB-based procedure (ISO 21571). A „blank open‟ (BO) control, i.e. a tube that 


does not contain the sample but follows all extraction steps, should be included. The 


DNA concentration was determined by means of fluorimetry using the Quant-iT™ 


PicoGreen®dsDNA Assay kit (Molecular Probes). 


 


3.2.2.- qPCR reaction mix 


The qPCR mix was prepared according to table 2.  


 


Table 2: qPCR reaction mix 


Component Final concentration µl for one reaction 


SYBR®Green PCR Master Mix (2X) 1X 12.5 


pFMV-CRAW-F (20 M) 250 nM   0.3 


pFMV-CRAW-R (20 M) 250 nM   0.3 


Nuclease free water    6.9 


Total volume  20 


DNA template    5 


 


 


3.2.3- qPCR conditions  


Cycling conditions and melting curve analysis were performed as described in table 3. 


 


Table 3: qPCR conditions 


Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 UNG 50 120 no 1 


2 Taq activation 95 600 no 1 


3 Amplification   no 40 


-Denaturation 95 15  


-Annealing  and extension 60 60 measure 


 


Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 Melting 60 to 95 1200 measure 1 


 


 







3.2.3.- Dilution series for LOD6 and LOQ6 determination 


The dilutions made to determine the LOD6 and LOQ6 are shown in table 4. 


 


Table 4: Dilution series 


Concentration (ng/μl)


Final 


concentration 


(ng/µL)


Dilution 


factor


Amount of the 


previous dilution 


(μl)


Amount of nuclease- 


free water (μl) ng DNA/assay HGE/assay


10 1 10,0 50 450 5 4310


1 0.2 5,0 50 200 1 826


0.2 0.1 2,0 50 50 0.5 413


0.1 0.05 2,0 50 50 0.25 216


0.05 0.025 2,0 50 50 0.125 108


0.025 0.012 2,1 50 54 0.06 52


0.012 0.006 2,0 50 50 0.03 26


0.006 0.003 2,0 50 50 0.015 13


0.003 0.001 3,0 50 100 0.005 4


0.001 0.0005 2,0 50 50 0.0025 2


0.0005 0.00025 2,0 50 50 0.00125 1


0.00025 0.000025 10,0 50 450 0.00013 0.1


 


 


4.- Procedure 


The gDNA extracted from reference material MON 89788 was characterized previous to 


the validation experiment. Therefore the CoSYPS system, developed at IPH-GMOLab 


was used (Van den Bulcke et al., 2010). Additionally, an inhibition test was done for both 


the endogenous and transgenic target (cf WP4). 


 


Primer stocks were diluted till 20 µM working stocks in nuclease-free water and stored at 


-20°C. 


 


To determine the LOD6 and LOQ6 values, a serial dilution of the MON 89788 material 


was made (table 4). To be able to calculate the inter-run repeatability, 4 plates were 


analysed. Sufficient qPCR reaction mix (except the DNA) was prepared for the 4 plates. 


All plates can be filled at once and, if not ran immediately, stored at -20°C. The plates 


should be thawed and spinned down briefly before use.  


The dilution series for each plate was made freshly before the run. Each dilution was 


analysed in 6 replicates. 


 


The reaction was performed in a total volume of 25 µl (20 µl qPCR reaction mix + 5 µl 


DNA template). The NTC (no template control), which contains nuclease-free water 


instead of DNA, was also analysed in 6 replicates. 


 


 


5.- Data analysis 


For data processing, the SDS software from Applied Biosystems was used. The plates 


were analysed in automatic mode. 


  







The data were first scrutinized for outliers using the Chauvenet criterion. This was done 


for the Ct values obtained for the 6 replicates per dilution, for each run separately.  


The LOD6 and LOQ6 of the method are determined as a mean of the LOD6 and LOQ6 


respectively, of the four runs. The outliers were excluded from the calculation of the 


average Ct and the corresponding standard deviation. 


 


The mean Tm of the amplicon was calculated as an average of the Tm of all dilutions. 


Only the dilutions with 6 positive signals out of 6 replicates were used in these 


calculations. 


 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr %). The data used in this calculation include the Ct values ranging from the 


highest HGE/assay until the LOD6 for each run, excluding the outliers. 


A RSDr% below 25% is acceptable for qPCR experiments (ENGL acceptance criteria). 


 


 


6.- References 


AFNOR norme XP V 03-020-2: Produits alimentaires – Détection et quantification des 


organismes génétiquement modifies et produits dérivés – Partie 2: méthodes basées sur la 


réaction de polymérisation en chaîne 


 


ISO 21571: Foodstuffs – Methods of analysis for the detection of genetically modified 


organisms and derived products – Nucleic acid extraction. 


 


M. Van den Bulcke, A. Lievens, E. Barbau-Piednoir, G. Mbongolo Mbella, N. Roosens, 


M. Sneyers and A Leunda Casi (2010): A theoretical introduction to “Combinatory 


SYBR®Green qPCR Screening”, a matrix-based approach for the detection of materials 


derived from genetically modified plants. Anal. Bioanal. Chem. 2010 Mar; 396(6):2113-


23 


 


Chauvenet‟s criterion: http://en.wikipedia.org/wiki/Chauvenet%27s_criterion 


 


ENGL: Definition of minimum performance requirements for analytical methods of 


GMO testing. 13/10/2008. At http://gmo-


crl.jrc.ec.europa.eu/doc/Min_Perf_Requirements_Analytical_methods.pdf 


 



http://en.wikipedia.org/wiki/Chauvenet%27s_criterion

http://gmo-crl.jrc.ec.europa.eu/doc/Min_Perf_Requirements_Analytical_methods.pdf

http://gmo-crl.jrc.ec.europa.eu/doc/Min_Perf_Requirements_Analytical_methods.pdf

http://gmo-crl.jrc.ec.europa.eu/doc/Min_Perf_Requirements_Analytical_methods.pdf

http://gmo-crl.jrc.ec.europa.eu/doc/Min_Perf_Requirements_Analytical_methods.pdf





 


 


STANDARD OPERATING PROCEDURE (SOP) 
 


SYBR
®


Green qPCR method for screening of pNOS  


 


 


1.- Scope 


This dossier describes the validation of a SYBR
®


Green qPCR method for the screening 


marker pNOS. The LOD6 and LOQ6 (AFNOR norm) parameters were determined. 


 


2.- Principle 


SYBR
®
Green qPCR, is a polymerase chain reaction (PCR) where the amplification of a 


target DNA sequence is monitored during each amplification cycle by means of the 


fluorescent dye SYBR
®
Green. This last binds the double-stranded DNA during the PCR, 


which makes it possible to register the increase of the DNA amount by measuring the 


increase of the fluorescent signal. In the context of GMO analysis, SYBR
®
Green qPCR is 


used for detection of taxon- and GM-specific sequences in DNA extracted from food and 


feed samples and reference materials. 


The method described here uses SYBR
®


Green qPCR with the primer pair pNOS-Fwd-


1/pNOS-Rev-4, which amplifies a 75 bp fragment of the nopaline synthase gene 


promoter of Agrobacterium tumefaciens. The method was developed and validated on an 


ABI 7300 real-time PCR machine (Applied Biosystems).  


 


 


3.- Materials and methods 


 


3.1.- Materials 


3.1.1.- Certified Reference Material 


The LOD6 and LOQ6 were determined using a CRM containing the pNOS target. The 


transgenic potato event EH92-527-1 was purchased from the American Oil Chemists‟ 


Society (AOCS, USA; 0806-C). 


 


 


3.1.2.- qPCR 


The following reagents were used in the qPCR mix: 


 - GMO detection SYBR
®
Green 2x Master Mix (Diagenode, BE; GMO-GS2X-


A300) 


- Nuclease-free water (Acros organics) 


- Primers (Eurogentec, BE) see table 1 


 


Table 1: Primers for pNOS qPCR method 







Name Sequence (5’ – 3’) Reference 


pNOS-Fwd-1 CGTTTTACGTTTGGAACTGACA IPH-GMOlab 


pNOS-Rev-4 CTCATTAAACTCCAGAAACCCG IPH-GMOlab 


 


 


3.2.- Methods 


3.2.1.- DNA extraction and quantification. 


Genomic DNA (gDNA) from the potato transgenic event EH92-527-1 was extracted 


using a CTAB-based procedure (ISO 21571). A „blank open‟ (BO) control, i.e. a tube that 


does not contain the sample but follows all extraction steps, was included. The DNA 


concentration was determined by means of fluorimetry using the Quant-iT™ 


PicoGreen®dsDNA Assay kit (Molecular Probes). 


 


 


3.2.2.- qPCR reaction mix 


The qPCR mix was prepared according to table 2.  


 


Table 2: qPCR reaction mix 


Component Final concentration µl for one reaction 


SYBR
®
Green PCR Master Mix (2X) 1X 12.5 


pNOS-Fwd-1 (20 M) 250 nM 0.3 


pNOS-Rev-4 (20 M) 250 nM 0.3 


Nuclease-free water  6.9 


Total volume  20 


DNA template  5 


 


 


3.2.3.- qPCR conditions  


Cycling conditions and melting curve analysis were performed as described in table 3. 


 


Table 3: qPCR conditions 


Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 UNG 50 120 no 1 


2 Taq activation 95 600 no 1 


3 Amplification   no 40 


-Denaturation 95 15  


-Annealing  and extension 60 60 measure 


 


Step Stage T(°C) Time (s) Acquisition Cycle 


number 


1 Melting 60 to 95 1200 measure 1 


 







 


3.2.4.- Dilution series for LOD6 and LOQ6 determination 


The dilutions made to determine the LOD6 and LOQ6 are shown in table 4. 


 


Table 4: Dilution series 


Concentration ng DNA/assay HGE/assay


(ng/μl)


10 1 10,0 50 450 5 2780


1 0.2 5,0 50 200 1 556


0.2 0.1 2,0 50 50 0.5 278


0.1 0.05 2,0 50 50 0.25 139


0.05 0.025 2,0 50 50 0.125 70


0.025 0.012 2,1 50 54 0.06 33


0.012 0.006 2,0 50 50 0.03 17


0.006 0.003 2,0 50 50 0.015 8


0.003 0.001 3,0 50 100 0.005 3


0.001 0.0003 3,0 50 100 0.0025 1.0


0.0001 0.00003 10,0 50 450 0.00025 0.1


Dilution 


factor
Amount of the 


initial dilution (μl)


Amount of nuclease- 


free water (μl)


Final 


concentration 


(ng/µl)


 


 


4.- Procedure 


The gDNA extracted from reference material EH92-527-1 was characterized previous to 


the validation experiment. Therefore the CoSYPS system, developed at IPH-GMOLab 


was used (Van den Bulcke et al., 2010). Additionally, an inhibition test was done for both 


the endogenous and transgenic target (cf WP4). 


 


Primer stocks were diluted till 20 µM working stocks in nuclease-free water and stored at 


-20°C. 


 


To determine the LOD6 and LOQ6 values, a serial dilution of the EH92-527-1 material 


was made (table 4). To be able to calculate the inter-run repeatability, 4 plates were 


analysed. Sufficient qPCR reaction mix (except the DNA) was prepared for the 4 plates. 


All plates can be filled at once and, if not ran immediately, stored at -20°C. The plates 


should be thawed and spinned down briefly before use.  


The dilution series for each plate were made freshly before the run. Each dilution was 


analysed in 6-fold. 


 


The reaction was performed in a total volume of 25 µl (20 µl qPCR reaction mix + 5 µl 


DNA template). The NTC (no template control), which contains nuclease-free water 


instead of DNA, was also analysed in 6 replicates. 


 


 


5.- Data analysis 


For data processing, the SDS software from Applied Biosystems was used. The plates 


were analysed in automatic mode. 


  







The data were first scrutinized for outliers using the Chauvenet‟s criterion. This was done 


for the Ct values obtained for the 6 replicates per dilution, for each run separately.  


The LOD6 and LOQ6 of the method were determined as a mean of the LOD6 and LOQ6 


respectively, of the four runs. The outliers were excluded from the calculation of the 


average Ct and the corresponding standard deviation. 


 


The mean Tm of the amplicon was calculated as an average of the Tm of all dilutions. 


Only the dilutions with 6 positive signals out of 6 replicates were used in these 


calculations. 


 


The inter-run repeatability was determined as the relative standard deviation of the test 


results (RSDr %). The data used in this calculation include the Ct values ranging from the 


highest HGE/assay until the LOD6 for each run, excluding the outliers. 


A RSDr% below 25% is acceptable for qPCR experiments (ENGL acceptance criteria). 
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