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Abstract

For the official surveillance of genetically modified crops, efficient and simple detection methods
need to be on hand to implement the strict requirements regarding approval, labelling and tra-
ceability determined by the European Union. Therefore, a multiplex ligation dependent probe am-
plification (MLPA) module was developed for simultaneous detection of five genetically modified
rapeseed events (MS8, RF3, GT73, Falcon GS40/90 and T45). Probes were designed and concen-
trations were adapted in order to obtain high sensitivity and specificity. This MLPA module was
validated using certified reference materials and its applicability was tested analyzing routine
honey, mustard and rapeseed samples. The limit of detection was determined by analyzing a dilu-
tion series (n = 16 for each concentration) of respective transgenic DNA. After optimization, the
MLPA revealed limits of detection between 10 to 50 copies of the transgene DNA/assay. The me-
thod proved to be sensitive and highly reproducible. When analyzing routine samples, results ob-
tained applying the MLPA module were similar compared to real-time PCR.
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1. Introduction

The legislation of the European Union (EU) dictates stringent requirements for approval of genetically modified
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(gm) crops, for their use as seed, feed or food, as well as for labelling and traceability (as outlined in EU direc-
tive 2001/18/EC, EU council directive 90/220/EEC and EU regulations 1829/2003 and 1830/2003). Products
that contain authorized gm material above a content of 0.9% need to be labelled. Unapproved gm crops or prod-
ucts containing unauthorized gm crops may not be placed on the EU market (zero tolerance policy). As a con-
sequence, products entering the EU market must be analyzed for genetic modification, which is a major chal-
lenge for the surveillance laboratories due to the increasing amount of gm crops grown worldwide.

Rapeseed (Brassica napus) is becoming a very important food crop in Europe. While no gm rapeseed is being
grown or cultivated in Europe, over 9.3 million hectares of land was utilized in 2012 for growing gm rapeseed in
the US, Canada, Australia and Chile [1]. Biotech rapeseed has mainly been altered to induce herbicide tolerance
(e.g. events ACS-BNO®5-8 (MS8), ACS-BNUD3-6 (RF3), ACS-BNOWSE-2 (T45), ACS-BNO10-4 (Falcon GS
40/90) and MON-@0Q@73-7 (GT73)) by introducing bacterial genes bar (phosphinotricinacetyltransferase), pat
(phosphinotricinacetyltransferase) or epsps (5-enolpyruvylshikimate-3-phosphate synthase). MS8, RF3, T45 and
GT73 are authorized as food and feed in the EU and, as a consequence, products containing these gm events
need to be labelled above a content of 0.9%. Cultivation of these events is prohibited in the EU and seeds con-
taining any of these gm rapeseed events may not be placed on the EU market.

The most common technique for gm crop surveillance is the quantitative real-time polymerase chain reaction
(qPCR), which allows a sensitive and quantitative analysis of the target [2] [3]. By combining several qPCR
reactions in one assay (multiplex qPCR), a simultaneous detection of two or more targets can be achieved
[4]-[6]. However, the use of several pairs of primers leads to different amplification efficiencies for each target.
Multiplex qPCR assays are prone to PCR inhibition and mispriming, and are laborious to validate. Furthermore,
multiplex qPCR is not particularly flexible as single primer sets which cannot be removed or added easily with-
out influencing the whole assay. Other DNA-based detection methods for gm crops were developed but have not
yet been applied for official surveillance of seed, feed and food [7]. A very promising DNA detection method is
the multiplex ligation depended probe amplification (MLPA) [8], which has already been applied in the area of
medical diagnostics [9] or for the determination of allergens in food products [10] [11]. Moreano et al. [12] and
Ehlert et al. [13] described the applicability of MLPA for the detection of gm events MONO@810-6 (MONS10
corn) and MON@4032-6 (GTS 40-3-2 soybean), as well as for the detection of commonly used regulatory ele-
ments in gm crops like the P-35S promoter.

For the official food and feed surveillance, MLPA is an interesting analytical tool to cope with the increasing
amount of gm crops worldwide by detecting several gm events in one reaction. Hence, the scope of this work
was to develop an MLPA assay for the simultaneous detection of major gm rapeseed events and to evaluate its
use for the official seed surveillance.

2. Material and Methods
2.1. Sample Material

For assay development and validation, the following certified reference materials were used: MS8 (0306-F3),
RF3 (0306-G3) and T45 (0208-A4). These reference materials are distributed by the American Oil Chemists’
Society (Urbana, IL, USA). Leaf tissue (GT73) and seed (Falcon GS 40/90) were provided by the Bavarian
Health and Food Safety Authority (LGL). The LGL also provided 25 routine samples (honey, rapeseed and
white mustard), which were used to demonstrate the applicability of the developed detection method.

2.2. DNA Extraction

Genomic DNA was extracted using an automated DNA extraction protocol for rapeseed samples as previously
described by Guertler ef al. [14]. As a slight modification, 20 ul RNase A (10 mg-mlfl) and 20 pl thioglycerol
(Promega GmbH, Mannheim, Germany) were added to the CTAB buffer/sample/proteinase K mix prior incuba-
tion at 65°C for 90 minutes. Honey samples were extracted as described by Guertler et al. [15]. The Quant-iT-
PicoGreen technology was applied according to the manufacturer’s instructions (Life Technologies, Darmstadt,
Germany) to quantify isolated DNA.

2.3. Verification of Target Sequences and MLPA Probe Design
Prior to MLPA probe design, event-specific sequences obtained from the NCBI (http://www.ncbi.nlm.nih.gov)
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or GMDD database [16] were verified by PCR and subsequent sequencing (data not shown). Sequencing pri-
mers (Metabion, Martinsried, Germany) were designed for amplification of the genomic plant DNA/transgene
junction. This sequence information is required for the development of an event-specific detection assay.
Amplicons were separated by gel electrophoresis and extracted from the gel using the Wizard SV Gel and
PCR clean-up System (Promega, Mannheim, Germany) according to the manufacturer’s instructions. Sequenc-
ing reactions were performed by GATC Biotech AG (Konstanz, Germany). These verified DNA sequences were
compared to already published sequences and used for MLPA probe design according to the suggestions by
MRC Holland (Amsterdam, Netherlands; http://www.mrc-holland.com). Positions of amplicons in the respec-
tive genome of different rapeseed events are illustrated in Figure 1. Designed probes were checked for second-
ary structures using Mfold [17] and for specificity by using NCBI Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.4. MLPA Workflow

MLPA reactions were performed in a Primus 96 plus thermocycler (Eurofins MWG Operon, Ebersberg, Ger-
many) using the SALSA MLPA EK20 reagent kit (MRC Holland, Amsterdam, Netherlands) according to the
manufacturer’s instructions. All components, except DNA mix, probe mix, water and TE buffer are included in
the SALSA MLPA EK20 reagent kit.

DNA samples (20 ng-plf1 or adjusted to certain DNA copy numbers) contained DNA from one of the follow-
ing gm rapeseed events: GT73, MS8, RF3, Falcon GS 40/90 and T45. A mixture containing all rapeseed DNA
samples in equal concentration (20 ng-ul™") was also applied. A non-gm rapeseed sample was used as a non-
template control (NTC) and for sample dilution. The optimal probe concentration was determined by adding
probes in different concentrations to the probe mix. Optimal probe concentrations are outlined in Table 1. The
probe mix consisted of all probes premixed in a 1.5 mL tube and 0.01 M Tris/HCI buffer (pH = 9.0), which was
added to a final volume of 600 pl. In addition to the event-specific probes, the probe mix also contained a set of
probes for the detection of a reference gene (cruA) as a positive control for the presence of rapeseed DNA.

GT73 [rapeseed DNAIP—3SS FMV—CTPZI 20X v247 I T-E9 ﬁ)-sss FMV—CTPZICP4 epsps I T-E9 Trapeseed DNA)

MS8 | rapeseed DNAI P-TA29 I barnase I T-nos IP-SSUara—CTP I bar I T-E9 Trapeseed DNA]

Falcon ~
GS40/90 rapeseedDNAI P-35S I pat I T-35S IrapeseedDNA)

RF3 (rapeseed DNAI P-TA29 I barstar I T-nos I P—SSUara—CTPI bar I T-E9 Trapeseed DNAJ

T45 (rapeseed DNAI P-3SS-CTPI pat I T-358 Trapeseed DNA)

Figure 1. Schematic schema of the genetic structure of different genetically modified rapeseed events. Position of the
amplicon as amplified in the MLPA is indicated by black bars. P-35S FMV-CTP2 = 35S promoter from Figwort mosaic
virus and chloroplast transit peptide (CTP) from Arabidopsis thaliana; CP4 epsps = gene encoding for 5-enolpyruvoyl-
shikimate-3-phosphate synthetase isolated from Agrobacterium tumefaciens strain CP4; T-E9 = non-translated region of
the ribulose-1,5-bisphosphate carboxylase small subunit from Pisumsativum; P-TA29 = pollen specific TA29 promoter
from Nicotianatabacum; barnase = gene encoding for barnaseribonuclease from Bacillus amyloliquefaciens; T-nos =
terminator from Agrobacterium tumefaciensnopalin synthase gene; P-SSUara-CTP = promoter of the small subunit of
the ribulose-1,5-bisphosphate carboxylase and chloroplast transit peptide (CTP) from Arabidopsis thaliana; bar = gene
coding for phosphinothricin N-acetyltransferase from Streptomyces hygroscopicus; P-35S = 35S promoter from Caulif-
lower mosaic virus; pat = gene coding for phosphinothricin N-acetyltransferase from Streptomyces viridochromogenes;
T-35S = 35S terminator from Cauliflower mosaic virus; barstar = gene coding for barnaseribonuclease inhibitor from

Bacillus amyloliquefaciens.
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Table 1. Sequences of probes used in the MLPA assay. Common primer binding sequences are L = GGGTTCCCTAAGGG-
TTGGA and R = TCTAGATTGGATCTTGCTGGCAC. Forward primers are 5’-FAM-labelled. LPO = left probe oligo,
RPO = right probe oligo. Upper bold = hybridization sequence, lower italic = stuffer sequence. The RPO is 5’-phosphory-
lated (Pho). ¢ = final concentration in the probe mix.

Event/ Accession No/ SeaEEn sy [ ¢ [nM] F1_ragment
reference gene source size [bp]
eruciferin A Ctasss LPO L-gtgtgtCACTGGAGCCGTCACACGTACTT s o
(reference gene) RPO Pho-AAGGCTGAGGCTGGTCGCATCrgrg-R
MON.OOOT3T  AX68514 LPO L-CCATCATACTCATTGCTGATCCATGTAGAT
GT73 AJ878609 6.7 100
(GT73) RPO Pho-TTCCCGGACATGAAGATCATCCTCCgrc-R
ACS-BNOGS.8 LPO L-cCAAGATGGGAATTAACATCTACAAATTGCCTT
(MSS EU020107 250 104
) RPO Pho-TTCTTATCGACCATGTACTCGACGGCCrc-R
ACS-BNOIO4 N Hesseral PO L-ctgagteGATTGTCGTTTCCCGCCTTCGGTTT o 1o
(Falcon GS 40/90) (18] RPO  Pho-AAACTATCAGTGTTTGCAAAAGGGTATATGAGTC-R
ACS-BNOD36 LPO L-gtatetcteTTTCTTATCGCGAGATGAAAAAGGCATT
ars EU020108 83 112
(RF3) RPO  Pho-TACCTAGGGGTCCAAGTTTTGTACAAATTTCcg-R

Five ul DNA solutions were incubated at 95°C for 5 minutes for initial denaturation. Afterwards, 1.5 pl
MLPA buffer and 1.5 pl probe mix were added and incubated at 60°C for 16 hours. As the long duration of the
hybridization step is a negative aspect of this method, we also compared results after different hybridization
times (16 hours and 3 hours).

The ligation was performed by adding 3 ul buffer A, 3 pl buffer B, 25 ul H,O and 1 pl Ligase-65 before in-
cubating the mixture for 15 minutes at 55°C and then for 5 minutes at 98°C. For the subsequent PCR reaction,
7.5 pl H,0, 2 pl PCR Primer Mix and 0.5 pl Salsa Polymerase were added. The PCR reaction was performed
under the following conditions: 40 cycles of denaturation at 95°C for 30 seconds, annealing at 60°C for 30
seconds and extension at 72°C for 1 minute, followed by 1 cycle of extension at 72°C for 20 minutes. Finally,
samples were cooled down to 4°C and used for fragment length analysis or stored at —20°C. The whole
workflow is depicted in Figure 2.

2.5. Fragment Length Analysis

Fragment length analysis was performed using a 3130 Genetic Analyzer (Applied Biosystems, Carlsbad, USA)
and a POP-7 performance optimized polymer (Life technologies, Darmstadt, Germany). Samples were diluted
1:40 using HPLC grade water and 1 pl was added to 15 pl HiDi-formamide containing 0.15 pl GeneScan 500
LIZ 3130 size standard (Life technologies, Darmstadt, Germany).

Fragment length analysis was performed using the following settings: oven temperature: 60°C; prerun voltage:
15 kV; prerun time: 180 s; injection voltage: 1.2 kV; injection time: 16 s; run voltage: 15 kV and run time: 1200 s.

2.6. Assay Validation

Combined hybridization sequences of two adjacent binding probes were virtually tested for specificity by using
NCBI Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Specific probe pairs were then tested practically for speci-
ficity by applying DNA isolated from different gm events and non-gm materials. Afterwards, these probe pairs
were compiled to the MLPA rapeseed probe mix. This probe mix was applied to DNA from single gm rapeseed
events and to a mixture consisting of all targeted gm rapeseed events. Optimization of the probe mix was
achieved by varying the probe concentrations.

Limit of detection (LOD), dynamic range and repeatability were determined by analyzing a dilution series of
DNA from each targeted gm rapeseed event. DNA was diluted from 10,000 copies to 1 copy of transgenic
DNA/assay and analyzed 4-times using 4 replicates in each run. The LOD was defined as the lowest analyte
concentration for which all 16 replicates gave positive signals.
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Figure 2. (a) Each LPA probe consists of a hybridization sequence, a stuffer sequence which de-
fines the length of the amplicon, and a universal primer binding site; (b) both LPA probes bind ad-
jacent to each other to the target sequence; (c) after hybridization, both LPA probes are ligated; (d)
in a subsequent PCR reaction, the ligated probes are amplified using FAM-labelled universal pri-
mers; (¢) amplicons of different probes differ in length; (f) amplicons of different probes can be
discriminated due to their unique length by using capillary electrophoresis.

2.7. Routine Samples

DNA from honey, mustard and rapeseed samples (n = 25), isolated and analyzed as part of the routine food and
seed surveillance of the Bavarian Health and Food Safety Authority, was used to compare results obtained by
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qPCR [19]-[21] with results obtained by MLPA. 5 pl DNA was used in the MLPA assay as described before and
a hybridization time of 16 hours was applied. After MLPA, samples were diluted 1:40 before capillary electro-
phoresis.

3. Results
3.1. DNA Extraction

Automated DNA extraction resulted in DNA concentrations varying from 28 ng-ul™' to 74 ng-ul”". DNA purity
was not checked as previous isolations from rapeseed samples using the Maxwell 16 extraction robot resulted in
high quality DNA [14]. We assume only slight differences between DNA isolations as the procedure is auto-
mated and highly reproducible.

3.2. Validation of the MLPA Rapeseed Module

Probe concentrations used in this MLPA assay were reduced (T45, crud) or increased (GT73, MS8, RF3, Falcon
GS 40/90) compared to the instructions set by MRC Holland (see Table 1), which was needed to achieve a sim-
ilar amplification signal for all targets.

By analyzing a DNA-Mix containing all rapeseed events, a specific peak was obtained for each event (Figure
3(a)). When analyzing DNA from only one event, peaks specific for the reference gene crud and the respective
gm rapeseed event were obtained (Figure 3(b)-3(f)).

Validation experiments revealed mean fragment sizes of 95.5 bp £ 0.1 for the reference gene crud, 98.7 bp £
0.1 for GT73, 102.6 bp £+ 0.07 for MS8, 107.3 bp + 0.07 for Falcon GS 40/90, 110.7 bp + 0.09 for RF3 and
115.7 bp + 0.13 for T45. No specific peak was observed in the NTC control. The obtained fragment sizes are in
line with the expected fragment sizes.

The LOD was determined by analyzing serial dilutions of DNA from the respective rapeseed events. LOD
values of 10 copies for T45, 25 copies for events MS8 and Falcon GS 40/90, and 50 copies for events GT73 and
RF3 were obtained. Reduction of hybridization time to 3 hours resulted in slightly better or similar results com-
pared to a hybridization time of 16 hours (Figure 4).

3.3. Routine Samples

Rapeseed, white mustard and honey samples, previously analyzed by qPCR as part of the official gm crop sur-
veillance, were reanalyzed applying the developed MLPA rapeseed module. This assay revealed similar results
as obtained by qPCR, which are summarized in Table 2. Rapeseed samples, which were negative after qPCR
analysis, also showed no positive signal when applying the MLPA rapeseed module. White mustard samples
were either tested negative or contained MS8 and RF3. Honey samples were tested positive for rapeseed events
GT73, MS8 and RF3 by using MLPA, however, one honey samples only contained GT73. All results obtained
using MLPA go in line with results of the official gm crop surveillance. Lower Cq values in qPCR also corres-
ponded to larger peak areas and higher peak heights after capillary electrophoresis.

4. Discussion

The MLPA is an easy-to-learn technique, as it is very similar to conventional PCR regarding the hands-on steps
and it can be implemented in every lab with a capillary sequencer. Compared to qPCR assays, the probes used in
MLPA are inexpensive as merely the 5’-end of the right probe needs a modification (phosphate). Only minute
amounts of probes are used when setting up a probe mix. Therefore, these probes can be used for a large number
of samples once synthesized and stored properly (—20°C).

By combining an automated DNA extraction method with MLPA, a large number of samples can be screened
for the presence of major gm rapeseed events at the same time [14]. The applicability of this method was also
improved by reducing the hybridization time from 16 hours, as set by MRC Holland, to 3 hours. Therefore, the
whole workflow (automated DNA extraction in combination with a MLPA assay) can be carried out in a single
day.

The developed MLPA rapeseed module is highly flexible and can easily be modified based on the actual
scope of GM surveillance. Probes for the detection of other rapeseed events can be added when needed; how-
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Figure 3. Results obtained by applying the MLPA rapeseed module with (a) DNA mix con-
taining reference material from all gm rapeseed events: 1-crud (reference gene), 2-GT73,
3-MSS8, 4-Falcon GS 40/90, 5-RF3, 6-T45; (b) DNA mix containing GT73 only: 1-crud,
2-GT73; (c) DNA mix containing MS8 only 1-crud, 2-MS8; (d) DNA mix containing Fal-
con GS 40/90 only 1-cruA, 2-Falcon GS 40/90; (¢) DNA mix containing RF3 only: 1-cruA,

2-RF3; (f) DNA mix containing T45 only 1-cruA, 2-RF3; (f) 1-crud, 2-T45.
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Figure 4. Comparison of different hybridization times; (a) 16 hours; (b) 3 hours;
Peaks represent the following gm rapeseed events: 1-cruA (reference gene), 2-
GT73, 3-MSS8, 4-Falcon GS 40/90, 5-RF3, 6-T45.

Table 2. Different kinds of routine samples, which were originally analyzed by qPCR, underwent MLPA analysis and the
two detection methods were compared. Data are presented as Cq =+ standard deviation and MLPA peak area (Cq = cycle of
quantification, A = peak area, n.d. = not detected).

Sample Cqgr Cqwmss Cqrr3 Ager Agr73 Ayiss Agrr3
Rape-clover honey 1 32.73+0.55 35.75+0.11 35.53+£0.76 51588 41081 8069 11032
Rape-clover honey 2 33.95+0.41 37.77 £1.10 38.64 +0.63 26414 16302 2262 4643
Rape-clover honey 3 33.01+£0.37 37.18 +0.54 37.76 £0.30 22518 12455 1316 3637

Polyfloral honey 33.74+0.18 38.37+0.55 39.76 £1.14 12112 6477 n.d. 775
Clover honey 31.96 £0.19 36.86 +0.49 38.16+0.34 32786 29044 1179 3162

Wild flower honey 37.97+0.95 n.d. n.d. 6921 4066 n.d. n.d.
White mustard 1 (1:4 dilution) n.d. 38.10+0.77 40.17 £0.54 73750 n.d. 1498 601
White mustard 2 (1:4 dilution) n.d. 38.34+0.95 40.76 £0.34 60987 n.d. 1234 n.d.
White mustard 3 (1:4 dilution) n.d. 37.65+0.30 39.97+0.98 63584 n.d. 1008 596
White mustard 4 (1:4 dilution) n.d. n.d. n.d. 30584 n.d. n.d. n.d.
White mustard 5 (1:4 dilution) n.d. n.d. n.d. 16392 n.d. n.d. n.d.
White mustard 6 (1:4 dilution) n.d. n.d. n.d. 14156 n.d. n.d. n.d.
White mustard 7 (1:4 dilution) n.d. n.d. n.d. 39632 n.d. n.d. n.d.
Rapeseed 1 n.d. n.d. n.d. 79107 n.d. n.d. n.d.
Rapeseed 2 n.d. n.d. n.d. 63793 n.d. n.d. n.d.
Rapeseed 3 n.d. n.d. n.d. 62445 n.d. n.d. n.d.
Rapeseed 4 n.d. n.d. n.d. 66411 n.d. n.d. n.d.
Rapeseed 5 n.d. n.d. n.d. 64208 n.d. n.d. n.d.
Rapeseed 6 n.d. n.d. n.d. 67597 n.d. n.d. n.d.
Rapeseed 7 n.d. n.d. n.d. 89588 n.d. n.d. n.d.
Rapeseed 8 n.d. n.d. n.d. 122880 n.d. n.d. n.d.
Rapeseed 9 n.d. n.d. n.d. 53754 n.d. n.d. n.d.
Rapeseed 10 n.d. n.d. n.d. 58388 n.d. n.d. n.d.
Rapeseed 11 n.d. n.d. n.d. 86501 n.d. n.d. n.d.

Rapeseed 12 n.d. n.d. n.d. 44597 n.d. n.d. n.d.
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ever, the maximum number of probe pairs in a probe mix is limited. In its synthetic probe design instructions,
MRC Holland sets out that the optimal length for combined MLPA probe pairs is between 100 and 140 bp. This
would lead to a maximum of 11 probe pairs that can be combined in a probe mix, provided that the amplified
fragments differ in a fragment size of 4 bp. A difference in amplicon size of at least 4 bp is needed to clearly
differentiate specific peaks after capillary electrophoresis.

The gm rapeseed events, targeted by the developed MLPA module, were chosen according to their impor-
tance worldwide [22] and the availability of sequence information and reference material. As soon as certified
reference material and sequence information for other rapeseed events are available, the MLPA module can be
extended. By using the actual MLPA rapeseed module, amplicons with a fragment size between 96 and 116 bp
are obtained. As a consequence, according to the probe design instructions by MRC Holland, an additional set of
6 probe pairs could be added to this module.

So far, there is no multiplex qPCR assay available that can detect up to 5 gm rapeseed events in one reaction.
And most of multiplex detection assays have been performed using conventional PCR [22] [23]. In multiplex
gPCR, you need to add different sets of primers and probes in order to detect different targets in one reaction.
This results in different PCR efficiencies and potential interaction of the oligonucleotides. In an MLPA assay,
you use one set of primers for all targets. Therefore, the PCR efficiency is equal or very similar and interactions
between the primers can be excluded. The obtained detection limits of our developed MLPA assay are in the
range of a rapeseed qPCR [24] [25]. One should keep in mind that we used genomic DNA as starting material,
whereas plasmids are often used as calibrators in qPCR [26]. By doing so, the possibility of contamination is
reduced and potential matrix effects are also taken into account. MLPA and qPCR were directly compared ana-
lyzing different routine samples: honey, rapeseed and white mustard. Even when using a very complex matrix
like honey as a starting material, the developed MLPA system revealed reliable results, similar to those obtained
after qPCR [15]. The sensitivity of this MLPA rapeseed module is high enough to detect even traces of gm ra-
peseed in white mustard and honey samples.

In summary, the developed MLPA assay is reliable, fast and easy to perform and offers a high degree of mul-
tiplexing. For routine gm crop surveillance, this module can be applied as a useful screening tool for the simul-
taneous detection of five commonly used gm rapeseed events. However, the developed MLPA assay is a qualit-
ative assay. Once the samples are screened for the presence of gm rapeseed, a quantitative method needs to be
performed, if quantification is required.
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