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Executive Summary

The JRC as Community Reference Laboratory (CRL) for the GM Food and Feed (see
Regulation EC 1829/2003), in collaboration with the European Network of GMO Laboratories
(ENGL), has carried out a collaborative study to assess the performance of a quantitative
event-specific method to detect and quantify the GA21 transformation event in maize flour.
The collaborative trial was conducted according to internationally accepted guidelines.

Monsanto Company provided the method-specific reagents (primers, probes, reaction master
mix), whereas the IRMM/JRC prepared the test samples (GM and non-GM maize flour). The
trial involved fifteen laboratories from nine European Countries.

ENGL experts examined the data obtained during the collaborative study and concluded that
these met ENGL's performance requirements and the scientific understanding about
satisfactory method performance. Therefore, the JRC as Community Reference Laboratory
considers the method validated as fit for the purpose of regulatory compliance.

The results of the collaborative study are publicly available under http://gmo-crl.jrc.it/. The
method will also be submitted to CEN, the European Standardisation body, to be considered
as international standard.



http://gmo-crl.jrc.it/
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1. Introduction

The Joint Research Centre (JRC, Biotechnology and GMOs Unit of the Institute of Health and
Consumer Protection) as Community Reference Laboratory for the GM Food and Feed (see
Regulation EC 1829/2003) organised the collaborative trial of the event-specific method for
the detection and quantification of GA21 maize. The study involved fifteen European
laboratories, members of the European Network of GMO Laboratories (ENGL).

A pre-validation study involving three laboratories was carried out between December 2003
and January 2004. Following the evaluation of the pre-validation results, the ring trial was
organized and took place between April and June 2004.

The operational procedure of the collaborative study comprised the following modules:

v" DNA extraction: an enhanced CTAB DNA extraction and purification protocol adopted
from the prEN ISO 21571:20021.

v" Spectrophotometric quantification of the amount of total DNA extracted, adopted
from prEN ISO 21571:2002.

v" Real-time PCR (Polymerase Chain Reaction) monitor run (inhibition test).

v" Quantitative real-time PCR (Polymerase Chain Reaction). The methodology is an
event-specific real-time quantitative TagMan® PCR procedure for the determination of
the relative content of event GA21 DNA to total maize DNA. The procedure is a
simplex system, in which a maize Adhl endogenous assay (reference gene) and the
target assay (GA21) are performed in separate wells. The PCR assay has been
optimised for use in an ABI Prism® 7700 sequence detection system. Although other
systems may be used, thermal cycling conditions must be verified.

The ring-trial was carried out in accordance with the following internationally accepted
guidelines:
v' ISO 5725, especially considered in relation to the measure of precision (i.e.
repeatability and reproducibility) and trueness.
v The IUPAC "“Protocol for the design, conduct and interpretation of method-
performance studies” (Horwitz, 1995).

2. List of Participants

The method was tested in fifteen ENGL laboratories to determine its performance. Each
laboratory was requested to carefully follow the protocol provided. The participating
laboratories are listed in Table 1.

! Foodstuffs — Methods of analysis for the detection of genetically modified organisms and derived products — Nucleic
Acid Extraction. CEN/TC 275/WG11N0031. Draft November 2002.
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Table 1. ENGL laboratories participating in the validation study of GA21.

Laboratory

Country

Central Science Laboratory

LAV Sachsen-Anhalt

Bundesinstitut fuer Risikobewertung (BfR)
Laboratoire National de la Protection des Végétaux
Behoerde fuer Umwelt und Gesundheit

Istituto Superiore di Sanita, ISS

Scottish Agricultural Science Agency

Centro Nacional de Alimentacidn - Agencia Espafiola de Seguridad
Alimentaria.

Agricultural Biotechnology Centre
Ente Nazionale Sementi Elette, Laboratorio Analisi Sementi
Swiss Federal Research Station for Animal Production & Dairy Products

Chemisches und Veterindruntersuchungsamt Freiburg

Landesuntersuchungsanstalt fiir das Gesundheits- und Veterinarwesen
Sachsen

Umweltbundesamt

State Laboratory

United Kingdom
Germany
Germany

France
Germany
Italy
United Kingdom
Spain
Hungary
Italy
Switzerland
Germany
Germany

Austria

Ireland
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3.

Materials

Samples of maize flour containing wild type maize and GA21 maize at different concentrations
were used. The samples used in the study (GM and non-GM maize flour) were prepared by
the Institute for Reference Materials and Measurements (IRMM) of the European Commission
Joint Research Centre. Monsanto Company developed and optimised the method and
provided the specific reagents.

The participants received the following materials:

v

Calibration maize flour sample 1g (4.26% GA21 maize, CRM 414-5). From this
sample, DNA was extracted, quantified and diluted to generate the standard curve.
Unknown samples, represented by 12 unknown maize flour samples (CRM samples)
labelled from U1 to U12, 1g each.
Negative DNA target control (labelled C1): Bt176 maize DNA (200 pl @20ng/ul).
Negative DNA target control (labelled C2): one maize flour sample, (CRM 414-0),
nominal 0% GA21 maize, 1g. In addition to the negative DNA target controls,
amplification reagent control (nucleic acid free water provided by each trial
participant) was used on each PCR plate.
Reaction reagents, primers and probes for the Adhl reference gene and for the GA21
specific systems as follows:

0 5X TagMan Universal PCR Master Mix (2X) (ABI, Cat No. 4304437): total

amount 25 ml.

Primers and probes (1 tube each) as follows:
O GA21 primer F 300 pl 5-CTTATCGTTATGCTATTTGCAACTTTAGA-3"
O GA21 primer R 300 pl 5-TGGCTCGCGATCCTCCT-3"
0 GA21 probe PR 200 pl 6-FAM-
CATATACTAACTCATATCTCTTTCTCAACAGCAGGTGGGT-TAMRA
Q Adhl primer F 500 yl 5-CCAGCCTCATGGCCAAAG-3"
Adhl primer R 500 ul 5-CCTTCTTGGCGGCTTATCTG-3"
a Adhl probe PR 330 pyl  6-FAM-CTTAGGGGCAGACTCCCGTGTTCCCT- TAMRA

O

Table 2 shows the certified value over the dynamic range for the unknown samples.

Table 2. GA21 certified values.

GA21 Certified GM
concentration (w/w)
0.10
0.49
0.98
1.30 ()

1.71
4.26

(*) This GM level was prepared by IRMM for the purpose of this study.
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4. Experimental design

Twelve unknown samples representing six GM levels, were used to extract DNA. The two
replicates for each GM level were analyzed on two PCR plates. The PCR analysis was triplicated
for standard curve and control samples, but quadruplicated for unknown samples. Thus, each
unknown sample was quantified based on four repetitions. Each participating laboratory carried
out the determination of the GM% according to the instructions provided in the protocol.

5. Methods

Description of the operational steps

DNA was extracted from the flour samples by using an enhanced CTAB DNA extraction and
purification protocol adopted from the prEN (ISO 21571:2002). Subsequently, purified DNA was
quantified by means of spectrophotometry in order to determine the amount of DNA to be
analysed in real-time PCR. The procedure “Basic ultraviolet spectrometric method” was adopted
from the Annex B “Methods for the quantification of the extracted DNA” of the prEN ISO
21571:2002. The method has been widely used and ring-tested in the past (Anon, 2002). After
the DNA quantification, a real-time PCR monitor run was carried out to provide data about
possible PCR inhibition.

For specific detection of event GA21 genomic DNA, a 112-bp fragment of the region that spans
the 5’ insert-to-plant junction in maize event GA21 is amplified using two specific primers. PCR
products are measured during each cycle (real-time) by means of a target-specific oligonucleotide
probe labelled with two fluorescent dyes: FAM as a reporter dye at its 5’ end and TAMRA as a
quencher dye at its 3’ end.

For relative quantification of event GA21 DNA, a maize-specific reference system amplifies a 70-
bp fragment of Adhl, a maize endogenous gene, using a pair of Adhl gene-specific primers and
an Adhl gene-specific probe labelled with FAM and TAMRA.

The measured fluorescence signal passes a threshold value after a certain number of cycles. This
threshold cycle is called the “Ct” value. For quantification of the amount of event GA21 DNA in a
test sample, the Ct-values of a certain sample for maize event GA21 and Adhl are determined.
Standard curves are then used to calculate relative content of event GA21 DNA to total maize
DNA.

The first standard curve point S1 was derived from the 4.26% GA21 CRM (IRMM-414-5). This
corresponds to 4,690 GM copies in 300 ng of DNA when 4 pl per reaction/well are used (75
ng/ul). Standard curve points S2 — S5 were obtained by serial dilution of the 4.26% standard S1.
The absolute copy numbers in the calibration curve samples are determined by dividing the
sample DNA weight (nanograms) by the published average 1C value for maize genomes (2.725
pg). The copy number values, which were used in the quantification, are provided in Table 3.

2 Foodstuffs — Methods of analysis for the detection of genetically modified organisms and derived products — Nucleic
Acid Extraction. CEN/TC 275/WG11N0031. Draft Novermber 2002.
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Table 3. Copy number values of the standard curve samples.

Sample code S1 S3 S4 S5
Maize genome copies | 110,092 36,697 12,232 4,077 1,019
GA21 GM copies 4690 1,563 521 174 44

6. Summary of results

Table 4 shows the mean values of both replicates for each GM level as computed by the JRC on
raw data provided by all laboratories. Each mean value is the average of four PCR repetitions.

Table 4. Replicates’ mean value by laboratories and by all unknown samples.

Certified value (GM content w/w)

LAB 0.10 0.49 0.98 1.30 1.71 4.26
REP 1 REP 2 REP 1 REP 2 Rep 1 REP 2 Rep 1 REP 2 Rep 1 REP 2 ReP1  Rep2
1 0.241 0.238 0.756 0.978 1.544 1.776 2.002 2.652 2.462 2.539 6.047 5.901
2 0.160 0.142 0.783 0.426 0.733 0.885 1.355 1.745 1.947 2.191 2.967 2.929
3 0.209 0.242 0.683 0.693 1.086 1.078 1.251 1.596 1.647 2.119 3.162 3.975
4 0.207 0.489 0.753 1.145 1.174 1.813 1.442 2.454 1.970 2.756 4.603 5.232
5 0.063 0.077 0.460 0.546 0.977 1.225 1.192 1.274 1.786 1.560 5.310 3.997
6 0.089 0.162 0.440 0.917 1.008 1.215 1.301 1.563 1.165 2.178 3.503 4.124
7 0.091 0.124 0.610 0.317 0.856 0.795 1.022 1.124 1.405 1.385 3.548 2.649
8 0.266 0.219 1.080 0.971 1.619 1.509 2.216 2.200 2.497 2.620 4.817 6.347
9 0.105 0.151 0.597 0.869 1.541 1.409 1.708 1.828 2.489 2.675 5.322 6.857
10 0.292 0.210 0.906 0.851 1.192 1.512 1.841 2.350 2.120 2.834 4.655 4.888
11 0.092 0.126 0.687 0.525 1.416 1.137 2.419 1.844 3.346 2.111 8.208 6.275
12 0.227 0.107 0.701 0.378 1.086 0.998 1.425 1.544 1.698 2.767 3.058 5.059
13 0.155 0.186 0.586 0.728 1.901 1.055 1.900 1.850 2.088 1.875 5.970 5.846
14 0.057 0.111 0.421 0.343 0.653 0.900 1.529 1.069 1.558 1.910 3.688 3.813
15 0.099 0.092 0.345 0.488 0.937 0.662 0.553 0.961 1.104 1.223 2.897 3.448
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In Figure 1 the deviation from the true value for each GM level tested is shown for each
laboratory. As it can be observed, most of the laboratories overestimated the true value of
GA21 content over the range of concentrations tested; this is more evident at the lower end
of the dynamic range (e.g. 0.1% and 0.49%).

Figure 1. Relative deviation (%) from the true value for all laboratories and GA21 levels
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7. Method performance requirements

The results of the collaborative trial are reported in table 5. These are evaluated with respect
to the method acceptance criteria and to the method performance requirements, as
established by ENGL and adopted by CRL. In table 5 estimates of both repeatability and
reproducibility for each GM level are reported, after identification and removal of outliers
through Cochran and Grubbs tests, according to ISO 5725-2.

Table 5. GA21 validation data.

Certified value

Unknown sample GM% 0.10 049  0.98 130 171 4.26
Laboratories having returned results 15 15 15 15 15 15
Samples per laboratory 2 2 2 2 2 2
Laboratories excluded 1 0 0 0 0 0
Reasons C. test - - - - -
Mean value 0.155 0.666 1.190 1.640 2.067 4.637
Repeatability relative standard deviation (%) 24.010  26.257 19.792 18.634 20.516  16.155
Repeatability standard deviation 0.037 0.175 0.235 0.306 0.424 0.749
Reproducibility relative standard deviation (%) 43.943 34.715 29.186 30.787 27.132  30.239
Reproducibility standard deviation 0.068 0.231 0.347 0.505 0.561 1.402
Bias (absolute value) 0.055 0.176 0.210 0.340 0.357 0.377
Bias (%) 55.00 35.92 17.65 26.15 20.88 8.85

C. test = Cochran'’s test; G. test = Grubbs’ test
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The relative reproducibility standard deviation (RSDp), that describes the inter-laboratory
variation, should be below 33% at the target concentration and over the majority of the
dynamic range, while it should be below 50% at the lower end of the dynamic range. As it
can be observed in table 5, the method satisfies this requirement at all GM level, with the
exception of level 0.49 where the RSDg is slightly above the limit. However, this small
deviation is not seen as sufficient to consider the method unsatisfactory.

In the same table are also reported the relative repeatability standard deviation (RSD,) values
estimated from ring trial results for each GM level. In order to accept methods for
collaborative trial evaluation, the CRL requires that RSD; is below 30%, as indicated by ENGL.
As it can be observed from the values reported in table 5, the method satisfies this
requirement throughout the whole dynamic range tested.

In table 5 measures of method bias, which allow estimating trueness, are also shown for
each GM level. Bias is estimated according to ISO 5725 data analysis protocol. According to
ENGL method performance requirements, trueness should be +25% throughout the whole
dynamic range. In this case the method satisfies such requirement for all GM values above
0.98%.

8. Conclusions

The overall method performance has been evaluated with respect to the method acceptance
criteria and method performance requirements recommended by the ENGL (available under
http://gmo-crl.jrc.it). The method acceptance criteria were reported by the applicant and used to

evaluate the method prior the collaborative study.

The results obtained during the collaborative trial indicate that the method can be considered as
fit for enforcement purposes with respect to its intra and inter-laboratory variability. The method
bias although satisfying performance requirements at and above the legal threshold value, is high
at lower GM concentrations. Therefore, it is recommended to take into consideration this factor

when the method is routinely applied.

In conclusion, the method is considered complying with the current labeling requirements in

Europe.
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