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Foreword

This document (EN I1ISO 21569:2005) has been prepared by Technical Committee CEN/TC 275 "Food
analysis - Horizontal methods", the secretariat of which is held by DIN, in collaboration with Technical
Committee ISO/TC 34 "Agricultural food products”.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by December 2005, and conflicting national standards shall be
withdrawn at the latest by December 2005.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland
and United Kingdom.

Foreword to amendment A1

This document (EN 1SO 21569:2005/A1:2013) has been prepared by Technical Committee ISO/TC 34 "Food
products” in collaboration with Technical Committee CEN/TC 275 “Food analysis - Horizontal methods” the
secretariat of which is held by DIN.

This Amendment to the European Standard EN ISO 21569:2005 shall be given the status of a national
standard, either by publication of an identical text or by endorsement, at the latest by October 2013, and
conflicting national standards shall be withdrawn at the latest by October 2013.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.

Endorsement notice

The text of ISO 21569:2005/Amd 1:2013 has been approved by CEN as EN ISO 21569:2005/A1:2013 without
any modification.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

ISO 21569 was prepared by the European Committee for Standardization (CEN) Technical Committee
CEN/TC 275, Food analysis — Horizontal methods, in collaboration with Technical Committee 1ISO/TC 34,
Food products, in accordance with the Agreement on technical cooperation between ISO and CEN (Vienna
Agreement).
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Introduction

The search for a genetically modified origin of ingredients is performed by means of the following successive
(or simultaneous) steps. After sample collection, nucleic acids are extracted from the test portion. Extracted
nucleic acids can be further purified, simultaneously or after the extraction process. Afterwards, they are
quantified (if necessary), diluted (if necessary) and subjected to analytical procedures (such as PCR). These
steps are detailed in this International Standard and in the following series of International Standards with the
general title Foodstuffs — Methods of analysis for the detection of genetically modified organisms and derived
products:

Text deleted
— Quantitative nucleic acid based methods (1SO 21570);
— Nucleic acid extraction (ISO 21571).

Further information about general requirements and definitions involving the steps cited above are collected in
ISO 24276.

The qualitative detection of DNA target sequences is performed in order to obtain a yes or no answer to the
question whether a certain target sequence is detected or not relative to appropriate controls and within the
detection limits of the analytical method used and test portion analysed.

The specificity of the methods, as described in Annexes A to D, ranges from screening methods to detect
common DNA sequences characteristic of GMOs, to specific identification of a genetic construct or a specific
transformation event.

The International Organization for Standardization (ISO) draws attention to the fact that it is claimed that
compliance with this document may involve the use of a patent concerning the PCR technology.

ISO takes no position concerning the evidence, validity and scope of this patent right.

ISO has been informed that Applied Biosystems, Roche Molecular Systems, Inc. and F. Hoffman La Roche
Ltd. hold patent rights concerning the PCR technology. The companies have assured the ISO that they are
willing to negotiate licences under reasonable and non-discriminatory terms and conditions with applicants
throughout the world. In this respect, the statements of the holders of these patent rights are registered with
ISO. Information may be obtained from:

Licensing Department

Applied Biosystems
850 Lincoln Centre Drive
Foster City, CA 94404
USA

and

Roche Molecular Systems, Inc.
Licensing Department

1145 Atlantic Avenue
Alameda, CA 94501

USA
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Attention is drawn to the possibility that some of the elements of this document may be the subject of patent

rights other than those identified above. ISO shall not be held responsible for identifying any or all such patent
rights.
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Foodstuffs — Methods of analysis for the detection of
genetically modified organisms and derived products —
Qualitative nucleic acid based methods

1 Scope

This International Standard describes the procedure to qualitatively detect genetically modified organisms
(GMOs) and derived products by analysing the nucleic acids extracted from the sample under study. The main
focus is on polymerase chain reaction (PCR) based amplification methods.

It gives general requirements for the specific detection and identification of target nucleic acid sequences
(DNA) and for the confirmation of the identity of the amplified DNA sequence.

Guidelines, minimum requirements and performance criteria laid down in this International Standard are
intended to ensure that comparable, accurate and reproducible results are obtained in different laboratories.

This International Standard has been established for food matrices, but could also be applied to other
matrices (e.g. feed and plant samples from the environment).

Specific examples of methods are provided in Annexes A to D.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 21571:2005, Foodstuffs — Methods of analysis for the detection of genetically modified organisms and
derived products — Nucleic acid extraction

ISO 24276:2006, Foodstuffs — Methods of analysis for the detection of genetically modified organisms and
derived products — General requirements and definitions

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 24276 apply.
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4 Principle of the method

4.1 General

Qualitative analysis consists of specific detection of target nucleic acid sequences in the test samples. Each
method shall specify the target sequence.

A qualitative result shall clearly demonstrate the presence or absence of the genetic element under study,
relative to appropriate controls.

NOTE Detection limits and size of the test portion are critical aspects of a method.

4.2 PCR amplification

Amplification of the target sequence occurs in vitro through a reaction catalysed by a DNA polymerase in the
presence of oligonucleotide primers and deoxyribonucleoside triphosphates in a defined reaction bufferll: [2],
An important prerequisite for the amplification of the target sequence is that the reaction mixture contains no
polymerase inhibitors. Amplification of the DNA is a cyclical process consisting of

— denaturation of the double-stranded DNA into single-stranded nucleic acid by means of heating,

— annealing of the primers to the target sequence at a suitable temperature, and

— extension of the primers, which are bound to both single strands, by a DNA polymerase suitable for PCR,
at an appropriate temperature.

4.3 Detection and confirmation of PCR products

PCR products are detected by gel electrophoresis or an appropriate alternative, if necessary, after isolation by
means of a suitable separation procedure.

The identity of any detected target sequence can be verified by an appropriate technique (e.g. by restriction
enzyme analysis, by hybridization or by DNA sequence analysis).

In the case of real-time PCR analysis, amplification and detection occur simultaneously.

5 Reagents

It is generally advisable to store the reaction solutions required for the analytical method at approximately
—20 °C if not specified otherwise.

It may also be appropriate to aliquot the reaction solutions required for the analytical method in order to avoid
subjecting them to repeated freeze-thaw cycles, and/or to reduce chances of cross contamination.

5.1 Target DNA/control
5.2 Water

5.3 Deoxyribonucleoside triphosphate (ANTP) solution, containing dATP, dCTP, dGTP, and dTTP or
dUTP.

NOTE The use of dUTP can interfere with restriction enzyme analyses of PCR products.
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5.4 PCR buffer solution

The PCR buffer solution is usually delivered with the DNA polymerase, which may or may not include MgCl,
in a concentration specified by the manufacturer. The final MgCl, concentrations are method specific and are
therefore listed in each annex. Ready-to-use reagents may be commercially available. The manufacturer’s
instructions for use should be considered.

5.5 Thermostable DNA polymerase
5.6 Forward primer

5.7 Reverse primer

6 Apparatus and equipment

See ISO 24276 and Annexes A to D for details.

7 Procedure

7.1 Quality, integrity and amplifiability of nucleic acid extracts

The nucleic acid solution shall be pure enough for subsequent analysis[3l. The quality and amount of nucleic
acid extracted using a given method on a given matrix shall be both repeatable and reproducible.

NOTE The quality, integrity and amount of the DNA template influences the outcome of the PCR, and hence the
analytical results obtained. The limit of detection of a specific method may therefore depend on whether the material to be
analysed has been processed or refined, and on the degree of degradation of the DNA therein.

Nucleic acids for use in PCR should be substantially free of PCR inhibitors [4]. PCR inhibition controls shall be
included as described in ISO 24276.

7.2 Performance criteria
General performance criteria are described in ISO 24276.

The values for the performance characteristics are given for each method as outlined in Annexes A to D and
should take into account the genome sizes; see Reference [5].

The reaction conditions, especially the MgCl, concentration and the thermocycling conditions should be
optimized for every primer pair and/or system. When any primer system is used for the first time, it is
necessary to demonstrate beforehand that the cycle conditions chosen for the particular matrix to be studied
avoid undesirable competitive products that would otherwise reduce the sensitivity of the PCR detection.

In an optimal reaction, less than 40 cycles are required to amplify > 10 target molecules to produce a product
that is readily detectable by standard methods. As the cycle number increases, non-specific products could
accumulate. The optimized PCR should be able to amplify in 40 PCR cycles from a pure reference sample of
100 copies of template DNA enough copies of the PCR product to be detectable. The characteristic
temperature/time profile for each primer system and the reaction mixture appropriate for the apparatus used
and the number of cycles shall be strictly adhered to.

In general, the specificity of the reaction should be enhanced as much as possible (e.g. by using hot-start
PCR). Hot-start PCR is recommended as a means of reducing side reactions such as the amplification of non-
target sequences in background DNA (mispriming) and primer-oligomerization (it thus increases specificity).

The values derived from the validation study may not be applicable to analyte concentration ranges and
matrices other than given in the respective annexes.
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7.3 Aspects of PCR design

7.3.1 General

Because the performance of each specific PCR should be comparable with other specific PCRs, the following
aspects of PCR design shall be taken into account.

7.3.2 Size of PCR products

The size of the target sequence shall be selected to match the range of molecular mass available in the
nucleic acid extract being analysed.

EXAMPLE For highly degraded DNA from processed foodstuffs, the size of the PCR product should ideally be in the
range of 60 bp to 150 bp. For raw materials, a broader range of PCR products up to, for example, 250 bp is applicable.

However, if prior experimental studies are carried out to determine the validity of primer sets yielding different
sized PCR products, these may be used on the matrix for which they have been validated.

7.3.3 Primers

7.3.3.1 General

Primer sequence information is included in Annexes A to D.

7.3.3.2  Primer design
The primer sequences should preferably have the following characteristics wherever practicable:
— length of each primer: 18 to 30 nucleotides;

— optimal annealing temperature ~ 60 °C (should be established experimentally), i.e. estimated melting
temperature < 65 °C;

— GC:AT ratio = 50:50 if possible, or else as close to this ratio as possible;

— high internal stability (avoid concentration of Gs and Cs in short segments of primers);
— minimal 3' end complementarity to avoid primer-dimer formation;

— minimal secondary structure;

— minimal dimer formation with specific detection probe(s) designed for the PCR.
Software packages are available to help with primer design.

7.3.3.3  Validation of primers

7.3.3.3.1 General
The ability of the primers to detect the target sequence shall be validated.

Primer validation should be carried out in two steps: a first theoretical evaluation, and a second experimental
evaluation.
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7.3.3.3.2 Theoretical evaluation of the specificity
Theoretical evaluation shall as a minimum be carried out by performing a sequence similarity search (e.g.
FastA, Blast®?2)) against one of the major nucleic acid sequence databases (e.g. EMBL, GenBank®?2)).

Homologous gene sequences may be retrieved from the sequence databases and aligned to obtain an
estimate of the chance of finding similar sequences in the target taxon or other organisms.

7.3.3.3.3 Experimental evaluation of the specificity

Irrespective of the design criteria used, the specificity of primers shall always be experimentally evaluated to
confirm the primers’ ability to discriminate between the target and closely related non-target sequences.

Primers designed to detect taxon-specific target sequences should be shown to detect these sequences
reliably in [A&» an appropriate 1l number of different members of the taxon.

7.4 PCR target descriptions
For the qualitative detection and identification of GMOs, various PCR tests may be performed, depending on
the type of matrices under study and/or the requirements of the analysis. These analyses may be directed at

sequences specific for target taxa, genetic constructs and transformation events, as well as elements suitable
for screening purposes.

7.5 Controls

Because of the risk of obtaining false positive and/or false negative results, appropriate controls shall be
included in each diagnostic PCR assay (see ISO 24276).

If available and appropriate, certified reference materials should be used as positive and negative controls.

7.6 PCR set-up, detection and confirmation of PCR products
Annexes A to D give details on the specific PCR procedure steps.

NOTE In the case of detection of the PCR products by gel electrophoresis, the size of the PCR products can be
estimated using a suitable DNA size marker of known length to run in parallel with the PCR products under test.

It may be desirable in some cases to confirm a positive or negative result for a particular genetic modification.
This may be achieved by employing primers to an alternative target sequence; this is particularly suitable for
confirmation of screening test results.

A positive identification of the specific target DNA sequence may be confirmed by an appropriate method
other than size determination of the PCR product, for example

— by hybridization of the PCR product with specific probes, or

— by carrying out restriction analyses of the PCR product; the length of the resulting fragments has to
correspond to the expected length of the target DNA sequence after restriction, or

— by sequencing of the PCR product, or

— other equivalent confirmation.

2) Blast and GenBank are examples of suitable products available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.
Equivalent products may be used if they can be shown to give the same results.
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If the primers used are designed to detect sequences derived from infectious organisms (a naturally occurring
non-genetically modified organism such as a virus or a bacterium), then it is highly recommended that it be
verified that the detected DNA is indeed derived from a GMO. This can be done by checking for the absence
of other DNA derived from the infectious organism.

EXAMPLE The 35S promoter is derived from cauliflower mosaic virus (CaMV), and consequently detection of the
CaMV 35S promoter could be due to the presence of either GMO-derived and/or CaMV-derived DNA [6]. By checking for
presence of the other CaMV-derived DNA, it may be possible to confirm the GMO origin of the CaMV 35S promoter if no
other CaMV-derived DNA is detected.

8 Interpretation

8.1 General
The PCR result will be either

a) positive if a specific PCR product has been detected, and all the controls give results as specified in
ISO 24276:2004, il Table 2, or

b) negative if a specific PCR product has not bee detect controls give results as specified in [A) ]SO 24276:2004,
Table 2.

NOTE Event-specific target sequences are sometimes present together with other event-specific sequences in a
single GMO (e.g. due to gene stacking [7]).

If the results are ambiguous, the procedure shall be repeated; see ISO 24276.

8.2 Verification

Verification of positive or negative results for target sequences may be achieved as described in 7.6.

9 Expression of results and quality assurance

9.1 General

The results shall be expressed unambiguously, i.e. not as “t”.

A negative result shall never be expressed as “GMO not present”.

Ideally, the limit of detection (LOD) should be provided with reference to the test sample. However, this
requires particular materials, DNA of exceptionally high quality, and/or use of sophisticated laboratory
equipment that is not available to all laboratories. Consequently, the analysis can become very labour
intensive and/or expensive, and therefore not applicable in practice for routine purposes.

As a minimum, the LOD shall be provided with reference to a reference material, and a relative value based

on a specified matrix (preferably a given amount of genomic DNA solution, e.g. 100 ng of 0,01 % GTS 40-3-2
DNA).

9.2 Expression of a negative result
The following text shall appear in the test report:
“For sample X, target sequence Y was not detected.

The LOD of the method is x % determined with ABC (identify the reference material).”
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If it cannot be demonstrated that the amount of target DNA included in the PCR is sufficient for the LOD to be
applicable, then the following sentence shall be added:

“However, the amount of the target DNA extracted from species X may be/was insufficient for the LOD to
be applicable for this sample.”

NOTE The LOD of the sample is determined by the quantity of DNA of the species included in the analytical reaction
(copy number), and the ratio relative to the absolute LOD of the GM target (copy number) [7].

9.3 Expression of a positive result
The following text shall appear in the test report:
“For sample X, target sequence Y was detected.”

The identity of the GMO may be included, if available.

9.4 Quality assurance requirements

Results within the same test portion shall be consistent. In case of +/- results for the two replicates, repeat
the two PCR for the respective test portion. If the two novel replicates are tested +/- or —/—, the test portion is
considered as negative.

Results from all test portions shall be consistent. When at least one test portion gives a positive result and at
least one gives a negative result, the analysis shall be repeated.

If at least one repetition of the procedure, beginning with the nucleic acid extraction, gives ambiguous results
such as a positive and a negative result, the report should state that the sample is negative at the limit of
detection (LOD).

10 Test report

The test report shall be written in accordance with ISO 24276 and shall contain at least the following additional
information:

— the limit of detection, and the matrix used to identify the limit of detection;
— the specificity of the analytical method (event specific, construct specific, or screening method);

— the result expressed according to Clause 9.
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Annex A
(informative)

Target-taxon-specific methods

A.1 Target-taxon-specific method for the detection of components derived from soya
beans

A.1.1 General

This is a routine procedure for the detection of a species-specific, single copy gene occurring in soya beans
(Glycine max).

This method may be used to assess the amplifiability of DNA from products derived from soya beans.
A.1.2 Validation status and performance criteria
A.1.2.1 Collaborative study

This method has been validated in collaborative studies [8l: [¥9] organized by the working group “Development of
methods for identifying foodstuffs produced by using genetic engineering techniques” of the German Federal
Institute for Health Protection of Consumers and Veterinary Medicine (BgVV) according to Article 35 of the
German Federal Foodstuffs Act. For DNA extraction, the CTAB method as outlined in ISO 21571:2005, A.3,
was used (but with a test portion of 100 mg).

The data from the collaborative studies are listed in Table A.1.

Table A.1 — Results of the collaborative studies

Year of collaborative study 1997 (8] 1998/1999 [°]
Number of laboratories 25 27
Number of laboratories submitting results 22 20
Number of samples per laboratory 10 3
Number of accepted results 220 60
Number of samples containing soya beans 220 50
False positive results 0 1(2 %)
False negative results 0 1(2 %)

A.1.2.2 Molecular specificity

A.1.2.21 General

This annex fulfils the requirements as outlined in Clause 7.
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The method has been designed for a target sequence described in GenBank®3) accession No. K00821
= M30884.

A.1.2.2.2 Theoretical

The soya bean lectin gene Le1 [10] obtained from gene databases was chosen as a target sequence.

No sequence similarity with DNA sequences of other crop plants (legumes, cereals, vegetables) has been
found (NCBI BlastN®2) search, European Molecular Biology Laboratory (EMBL) database, September 28t,
2001). However, GM03 matched 100 % the sequences in the following database accessions: AX033509
(sequence 17 from patent DE19906169), AX033507 (sequence 15 from patent DE19906169) and AX033501
(sequence 9 from patent DE19906169), while GM04 matched only accession No. AX033509 (sequence 17
from patent DE19906169). Note that the accession No. M30884 is the same as K00821, a GenBank® entry
originally submitted in 1993.

The number of target sequence copies was not determined, but was presumed to be a single copy gene.

A.1.2.2.3 Experimental

No amplification has been observed using DNA from other crop plants (legumes, cereals, vegetables) or from
beef and pork. The soya bean PCR assay appears to be highly specific for soya bean DNA [10], [11],

A.1.2.3 Limit of detection (LOD)

The absolute LOD has not been determined, but the method has been demonstrated to detect at least 0,1 ng
of soya bean DNA, determined fluorometrically.

A.1.3 Adaptation

No specific information is available.

A.1.4 Principle

A 118 bp fragment from the soya bean lectin gene is amplified by PCR and separated by agarose gel
electrophoresis.

A.1.5 Reagents

For the quality of the reagents used, see ISO 24276.
A.1.5.1 Water

A.1.5.2 PCR buffer, (without MgCly), 10x 4).

A.1.5.3 MgCl; solution, ¢(MgCly) = 25 mmol/l.
A.1.5.4 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).

A1.5.5 Oligonucleotides

3) GenBank and BlastN are examples of suitable products available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
Equivalent products may be used if they can be shown to give the same results.

4) 10x means 10-fold; i.e. a PCR buffer containing 1,5 mol/l Tris-HCI, pH 8,3.
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A.1.5.5.1 Forward primer

Soya bean lectin gene (GenBank® accession No. K00821).

Primer GMO03: 5'-gCC CTC TAC TCC ACC CCC ATC C-3'.

A.1.5.5.2 Reverse primer

Soya bean lectin gene (GenBank® accession No. K00821).

Primer GM04: 5'-gCC CAT CTg CAAgCC TTT TTg Tg-3".

A.1.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.

A1.5.7 Hybridization probe (GM)

5'-ggT AgC gTT gCC AgC TTC g-3'.

A.1.5.8 Saline sodium citrate buffer (SSC) 5x, pH 7,0.

A five-fold SSC is a solution containing 0,75 mol/l of NaCl and 0,075 mol/l of sodium citrate.

A.1.5.9 Prehybridization solution

Containing 5x SSC, 0,1 % (mass concentration) of N-lauroylsarcosine, 0,02 % (mass concentration) of
sodium dodecyl sulfate (SDS) and 1 % Blocking Reagent®) or 5 % (mass concentration) non-fat dried milk
powder [12],

A.1.5.10 Hybridization solution

Containing 10 pmol of hybridization probe in 2,5 ml of prehybridization solution (A.1.5.9). The hybridization
temperature is 50 °C. Further information on conditions for hybridization is given in Reference [12].

A.1.6 Apparatus

A.1.61 Thermal cycler

A.1.6.2 Electrophoresis chamber, with power supply.
A1.7 Procedure

A.1.71 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction with the reagents as listed in Table A.2.
The PCR can also be carried out in a larger volume if the solutions are adjusted appropriately. The final
concentrations of reagents as outlined in Table A.2 have proven to be suitable.

5) Blocking Reagent is an example of a suitable product available commercially from Boehringer, Mannheim. This
information is given for the convenience of users of this International Standard and does not constitute an endorsement by
ISO of this product. Equivalent products may be used if they can be shown to give the same results.
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Table A.2 — Addition of reagents

Reagent Final concentration | Volume per sample (pl)
Sample DNA 10 ng to 50 ng 1
Water 15,9
10 x PCR buffer (without MgCls) 1 x 2,5
MgCl, solution?, 25 mmol/l 1,5 mmol/l 1,5
dNTP solution, 10 mmol/Il 0,8 mmol/l 2
Primer GM03, 5 ymol/l 0,2 ymol/l 1
Primer GM04, 5 ymol/l 0,2 ymol/l 1
Tag DNA polymerase, 5 [U/pl 0,51U 0,1
a8  |f the PCR buffer solution already contains MgCly, the final concentration of MgCl, in the
reaction mixture is adjusted to 1,5 mmol/l.

A.1.7.2 PCR controls

As a positive control, certified reference materials of GTS 40-3-2 produced by the Institute for Reference
Materials and Measurements (IRMM) Geel, Belgium (IRMM-410) may be used.

Any other appropriate controls should be included as described in ISO 24276.

A1.7.3 Temperature-time programme

The temperature-time programme as outlined in Table A.3 has been used for the validation study using
thermal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTag Gold® DNA polymerase®). The use of
other thermal cyclers might make an adaptation necessary. The time for activation/initial denaturation
depends on the polymerase used. If using a hot-start polymerase, the recommendation of the manufacturer
should be adhered to unless the protocol states otherwise.

Table A.3 — Temperature-time programme

Activation/initial denaturation 10 min/95 °C

Amplification 30s/95 °C
30s/60 °C
60 s/72 °C

Number of cycles 35

Final extension 3 min/72 °C

A.1.8 Identification

Because this method is only to be assessed as a control method for the determination of the quality of
extracted DNA, the identification is based only on PCR product size.

6) GeneAmp® 2400 and 9600 and AmpliTag Gold® DNA polymerase are examples of suitable products available
commercially from Applied Biosystems, previously Perkin Elmer/Applied Biosystems. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.
Equivalent products may be used if they can be shown to give the same results.
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If using the method for other purposes than mentioned above, the identity of the amplified product may be
determined by Southern hybridization using a digoxigenine-labelled oligonucleotide probe GM (A.1.5.7 to
A.1.5.10) or by sequencing of the PCR product and comparison with the GenBank® entries given in A.1.5.5.

A.1.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence, determined by comparison with products derived from certified
reference materials prepared from GTS 40-3-2 (e.g. IRMM-410 series from IRMM, Geel, Belgium).

For identification purposes see A.1.8.

The detection of fragments with a size of 118 bp indicates that the sample DNA solution contains amplifiable
DNA of soya bean origin within the assessed limitations of specificity described in A.1.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

A.2 Target-taxon-specific method for the detection of multicopy DNA sequences
generally present in plant chloroplasts

A.2.1 General

This is a routine procedure for the detection of multicopy DNA sequences generally present in plant
chloroplasts (the chloroplast trnL intron).

This method is suitable to check if the DNA extraction of a food sample was successful and to check if the
sample contains amplifiable plant DNA. In the case of processed material, the applicability of the method
depends on the degree of degradation of the DNA.

A plant cell normally contains multiple copies of this DNA sequence and the size of the target DNA sequence
is substantially larger than DNA sequences used for detection of specific genetic modifications. Therefore this
method may not be used as a control for quantification purposes.

The number of copies per cell may vary between plant species and tissues.
A.2.2 Validation status and performance criteria

A.2.21 Collaborative study

The method was validated in a collaborative study [13] organized by the working group “Development of
methods for identifying foodstuffs produced by means of genetic engineering techniques” of the German
Federal Institute for Health Protection of Consumers and Veterinary Medicine (BgVV) according to Article 35
of the German Federal Foodstuffs Act. For DNA extraction, the CTAB method as outlined in ISO 21571:2005,
A.3, was used (but with a test portion of 100 mg).
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The data of the collaborative study are listed in Table A.4.

Table A.4 — Results of the collaborative study

Year 1995
Number of laboratories 18
Number of laboratories submitting results 18
Number of samples per laboratory 10
Number of total samples 180
Number of accepted results 180
Number of samples containing B33-INV-potato 71
Number of samples containing non-GMO potato 109
False positive results 0 (0 %)
False negative results 0 (0 %)

A.2.2.2 Molecular specificity
A.2.2.21 General
This annex fulfils the requirements as outlined in Clause 7.

The method has been designed to target sequences described in Reference [14], e.g. GenBank® accession
No. Z00044, S54304, X15901.

A.2.2.2.2 Theoretical

No significant sequence similarity with DNA sequences of non-plant organisms has been found in databank
searches (NCBI BlastN® search, EMBL database, September 28th, 2001).

The primers were designed to amplify a sequence unique to chloroplast DNA (the intron disrupting the frnL
gene), which shows no known similarity with non-target sequences.

A.2.2.2.3 Experimental

No amplification has been observed using DNA from animals, fungi or bacteria [14].

Amplification has been demonstrated using DNA from algae, cyanobacteria, bryophytes, pteridophytes,
gymnosperms and angiosperms [14].

The number of target sequence copies is multiple, depending on the plant species and tissue type.

A.2.2.3 Limit of detection (LOD)

The absolute LOD has not been determined, but the method has been demonstrated to detect at least 0,1 ng
of soya bean DNA, determined fluorometrically.

A.2.3 Adaptation

No specific information is available.
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A.2.4 Principle

A 500 bp to 600 bp DNA fragment, occurring in the tRNA gene of chloroplasts ['4], is amplified by PCR and
separated by agarose gel electrophoresis.

A.2.5 Reagents

For the quality of the reagents used, see ISO 24276.

A.2.51 Water

A.2.5.2 PCR buffer (without MgCls), 10x

A.2.5.3 MgCl, solution, ¢(MgCly) = 25 mmol/l.

A.2.54 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).

A.2.5.5 Oligonucleotides

A.2.5.5.1 Forward primer

Chloroplast tRNA gene (GenBank® accession No. Z00044, X15901).
Primer c [14l: 5-CgA AAT Cgg TAg ACg CTA Cg-3'.

A.2.5.5.2 Reverse primer

Chloroplast tRNA gene (GenBank® accession No. Z00044, X15901).
Primer d [14]: 5'—ggg gAT AgA ggg ACT TgA AC-3".

A.2.5.6 Thermostable DNA polymerase, 5 1U/pl.

A.2.6 Apparatus and equipment
As specified in A.1.6.
A.2.7 Procedure

A.2.71 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Table A.5. The PCR can also be carried out in a larger volume if the solutions are adjusted appropriately. The
final concentrations of reagents as outlined in Table A.5 have proven to be suitable.
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Table A.5 — Addition of reagents

Reagent Final concentration | Volume per sample (ul)

Sample-DNA 10 ng to 50 ng 1

Water 13,9

10 x PCR buffer (without MgCls) 1x 2,5

MgCl, solution?, 25 mmol/l 1,5 mmol/l 1,5

dNTP solution, 10 mmol/Il 0,8 mmol/l 2

Primer ¢, 10 pmol/l 0,8 umol/l 2

Primer d, 10 ymol/I 0,8 umol/l 2

Taqg DNA polymerase, 5 [U/pl 0,51U 0,1

a8 If the PCR buffer solution already contains MgCl,, the final concentration of MgCls in the
reaction mixture is adjusted to 1,5 mmol/l.

A.2.7.2 PCR controls

As a positive control, certified reference materials of GTS 40-3-2 produced by the Institute for Reference
Materials and Measurements (IRMM) Geel, Belgium (IRMM-410) may be used.

Any other appropriate controls should be included as described in ISO 24276.

A.2.7.3 Temperature-time programme

The temperature-time programme as outlined in Table A.6 has been used for the validation study using
thermal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTag® DNA polymerase’). The use of other
thermal cyclers might make an adaptation necessary. The time for activation/initial denaturation depends upon
the polymerase used. If using a hot-start polymerase, the recommendation of the manufacturer should be
adhered to unless the protocol states otherwise.

Table A.6 — Temperature-time programme

Activation/initial denaturation 4 min/94 °C
Amplification 30s/95 °C
30 s/55 °C
120 s/72 °C
Number of cycles 35
Final extension 5 min/72 °C

A.2.8 Identification

Because this method is only to be assessed as a control method for the determination of the quality of
extracted DNA, the exact fragment size is not relevant for this method. As yet, identification is based only on
PCR product size within the expected range of 500 bp to 600 bp.

7) GeneAmp® 2400 and 9600 and AmpliTag® DNA polymerase are examples of suitable products available
commercially from Applied Biosystems, previously Perkin Elmer/Applied Biosystems. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.
Equivalent products may be used if they can be shown to give the same results.

15



BS EN ISO 21569:2005+A1:2013
ISO 21569:2005+A1:2013 (E)

A.2.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence.

For identification purposes see A.2.8.

The detection of fragments with a size of 500 bp to 600 bp indicates that the sample DNA solution contains
amplifiable DNA of plant origin within the assessed limitations of specificity described in A.2.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

A.3 Target-taxon-specific and GMO screening method for the detection of DNA
derived from tomato and/or Zeneca® genetically modified tomato

A.3.1 General

This is a routine procedure for the detection of a species-specific single copy DNA sequence occurring in
tomato (Lycopersicon esculentum Mill).

The method may also be used as a screening method for the detection of ripening-delayed genetically
modified tomatoes (Zeneca; Lycopersicon esculentum Mill cultivar Ailsa Craig strain Nema 282F).

No tool to verify the identity of the PCR product has been described. Therefore this method cannot be

considered as an identification method. It may be used to assess the ampilifiability of DNA extracted from
tomato.

A.3.2 Validation status and performance criteria

A.3.21 Collaborative study

This method was validated in a collaborative study [13] organized by the working group “Development of
methods for identifying foodstuffs produced by using genetic engineering techniques” of the German Federal
Institute for Health Protection of Consumers and Veterinary Medicine (BgVV) according to Article 35 of the
German Federal Foodstuffs Act. For DNA extraction, the CTAB method as outlined in 1ISO 21571:2005, A.3,
was used.

The data of the collaborative study are listed in Table A.7.

Table A.7 — Results of first collaborative study

Year 1998
Number of laboratories 19
Number of laboratories submitting results 18
Number of samples per laboratory 5
Number of accepted results 90

Number of samples containing Lycopersicon esculentum Mill cv. Ailsa 43
Craig strain Nema 282F (Zeneca)

Number of samples containing Lycopersicon esculentum Mill cv. Ailsa 47
Craig strain Nema 282C (non-genetically modified)

False positive results 0 (0 %)

False negative results 0 (0 %)
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Another collaborative study conforming to the criteria specified in ISO 5725-2 was carried out by the German
Federal Institute for Health Protection of Consumers and Veterinary Medicine (BgVV) within a European
Project SMT4-CT96-2072. For DNA extraction, the CTAB method as outlined in ISO 21571:2005, A.3, was
used (but with a test portion of 100 mg).

Table A.8 — Results of second collaborative study

Year 1998
Number of laboratories 21
Number of laboratories submitting results 19
Number of samples per laboratory 10
Number of accepted results 190
Number of samples containing Lycopersicon esculentum Mill cv. 88
Ailsa Craig strain Nema 282F (Zeneca)

Number of samples containing Lycopersicon esculentum Mill cv. 102
Ailsa Craig strain Nema 282C (non-genetically modified)

False positive results 0 (0 %)
False negative results 0 (0 %)

A.3.2.2 Molecular specificity

A.3.2.2.1 General

This annex fulfils the requirements as outlined in Clause 7.

The method has been designed to target sequences described in, for example, GenBank® accession
No. X04583.

A.3.2.2.2 Theoretical

No sequence homology with DNA sequences other than plant species has been observed in database
searches (NCBI BlastN® search, EMBL database, September 28!, 2001). Both primers match 100 % the
following database accessions: X14074 (Tomato gene for cell wall degrading polygalacturonase), X05656
(Tomato mRNA for polygalacturonase), M37304 (Tomato polygalacturonase (PG) gene, X04583 (Tomato
mRNA for polygalacturonase-2a), A24194 (L. esculentum polygalacturonase clone), A15981 (L. esculentum

mRNA for polygalacturonase-2a), 101809 (Nucleotide sequence 1 from patent US4801540), and AX062336
(sequence 1 from patent WO0078982).

A.3.2.2.3 Experimental

No amplification has been observed using DNA from other crop plants [16],

The number of target sequence copies was not determined, but was presumed to be a single copy gene.
A.3.2.3 Limit of detection (LOD)

The absolute LOD has not been determined, but the method has been demonstrated to amplify a DNA
fragment from at least 0,1 ng DNA (determined fluorometrically), extracted from fresh tomato.
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A.3.3 Adaptation

Using highly processed samples could give a negative result due to the potential absence of target fragments
as large as 383 bp in length.

The detection of fragments with a size of 383 bp indicates that the sample DNA solution contains amplifiable
DNA of tomato origin while fragments of 180 bp indicate that the sample DNA solution contains amplifiable

DNA of genetically modified tomato origin (Zeneca; Lycopersicon esculentum Mill cv. Ailsa Craig strain Nema
282F).

A.3.4 Principle
The polygalacturonase gene (PG gene) codes for a PG-enzyme that is associated with ripening. This method
amplifies the endogenous PG gene [17] with a fragment size of 383 bp. In Zeneca genetically modified tomato,

a second fragment of 180 bp will be amplified resulting from the transferred truncated cDNA of the PG
gene [18l, [19],

A.3.5 Reagents

For the quality of the reagents used, see ISO 24276.
A.3.5.1 Water

A.3.5.2 PCR buffer (without MgCls), 10x

A.3.5.3 MgCl; solution, ¢(MgCly) = 25 mmol/l.
A.3.54 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).
A.3.5.5 Oligonucleotides

A.3.5.5.1 Forward primer

PG gene (GenBank® accession No. X04583).

Primer PG34L: 5'-ggA TCC TTA gAA gCA TCT AgT-3'.
A.3.5.5.2 Reverse primer

PG gene (GenBank® accession No. X04583).

Primer PG34R: 5'-CgT Tgg TgC ATC CCT gCA Tgg-3'".

A.3.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.

A.3.6 Apparatus
As specified in A.1.6.
A.3.7 Procedure

A.3.7.1 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction with the reagents as listed in Table A.9.
The PCR may also be carried out in a larger volume if the solutions are adjusted appropriately. The final
concentrations of reagents as outlined in Table A.9 have proven to be suitable.
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Table A.9 — Addition of reagents

Reagent Final concentration | Volume per sample (pl)
Sample-DNA 10 ng to 50 ng 1
Water 16,8
10 x PCR buffer (without MgCl,) 1 x 2,5
MgCl, solution?, 25 mmol/l 1,5 mmol/l 1,5
dNTP solution, 10 mmol/l 0,4 mmol/l 1
Primer PG34L 10 pmol/l 0,4 ymol/l 1
Primer PG34R 10 pmol/l 0,4 ymol/l 1
Taqg DNA polymerase, 5 [U/pl 11U 0,2
@  |f the PCR buffer solution already contains MgCls, the final concentration of MgCls in the
reaction mixture is adjusted to 1,5 mmol/l.

A.3.7.2 PCR controls

As a positive control for the target-taxon-specific use of the method, DNA from fresh tomato may be used.
However, no positive control for the truncated gene version present in the genetically modified tomato is
commercially available®).

Any other appropriate controls should be included as described in ISO 24276.

A.3.7.3 Temperature-time programme

The temperature-time programme as outlined in Table A.10 has been used for the validation in a collaborative
study using thermal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTaq Gold® DNA polymerase?).
The use of other thermal cyclers might make an adaptation necessary. The time for activation/initial
denaturation depends on the polymerase used. If using a hot-start polymerase, the recommendation of the
manufacturer should be adhered to unless the protocol states otherwise.

Table A.10 — Temperature-time programme

Activation/initial denaturation | 10 min/95 °C

Amplification 30s/94 °C
60 s/60 °C
60 s/72 °C

Number of cycles 35

Final extension 6 min/72 °C

A.3.8 Ildentification

As yet, identification is based only on PCR product size.

8) For the availability of appropriate control material, contact your national standards institute.

9) GeneAmp® 2400 and 9600 and AmpliTag Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously Perkin Elmer/Applied Biosystems. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.
Equivalent products may be used if they can be shown to give the same results.
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A.3.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence, determined by comparison with products derived from reference
material prepared from tomato.

For identification purposes, see A.3.8.

The detection of fragments with a size of 383 bp and 180 bp indicates that the sample DNA solution contains
amplifiable DNA of tomato and of Zeneca genetically modified tomato, respectively, within the assessed
limitations of specificity described in A.3.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

A.4 Target-taxon-specific method for the detection of maize-derived components

A.4.1 General

This is a routine procedure for the detection of a single copy species-specific invertase gene sequence in
maize (Zea mays).

No tool to verify the identity of the PCR product has been described. Therefore this method cannot be

considered as an identification method. It may be used to assess the ampilifiability of DNA extracted from
maize.

A.4.2 Validation status and performance criteria

A.4.2.1 Collaborative study

This method was validated by the working group “Development of methods for identifying foodstuffs produced
by using genetic engineering techniques” of the German Federal Institute of Consumer Protection and
Veterinary Medicine (BgVV) for implementing Article 35 of the German Federal Foodstuffs Act in several
collaborative studies. For DNA extraction, half of the participants used the CTAB method as outlined in
ISO 21571:2005, A.3, and half of the participants used the Wizard® DNA-Clean-Up-System10).

The data of the collaborative study are listed in Table A.11.

Table A.11 — Results of the collaborative study [20]

Year 1999
Number of laboratories 18
Number of laboratories submitting results 16
Number of samples per laboratory 6
Number of accepted results 96
Number of samples containing Bt-176 32
Number of samples containing Bt-11 32
Number of samples containing non-GM maize 32
False positive results 0 (0 %)
False negative results 0 (0 %)

10) Wizard® DNA-Clean-Up-System is an example of a suitable product available commercially. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
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A.4.2.2 Molecular specificity

A4.221 General
This annex fulfils the requirements as outlined in Clause 7.

The method has been designed to target the sequence described in GenBank® accession No. U16123.

A.4.2.2.2 Theoretical
The maize invertase gene obtained from a DNA sequence database was chosen as a target sequence.

Some sequence homology with DNA sequences of other agriculturally relevant plants (legumes, cereals,
vegetables) and human and insect DNA has been found in database searches (NCBI BlastN® search, EMBL
database, September 28t", 2001).

Primer IVR1-F retrieved:

— AF171874 Zea mays soluble acid invertase IVR1 (100 % match);

— AX033517 Sequence 25 from Patent DE19906169 (21 nucleotide contiguous match);

— AX033514 Sequence 22 from Patent DE19906169 (21 nucleotide contiguous match).
Primer IVR1-R retrieved:

— AF171874 Zea mays soluble acid invertase IVR1 (100 % match);

— AX150234 Sequence 30 from Patent WO0132919 (100 % match);

— AJ224681 Triticum aestivum mRNA for beta-fructosidase (20 nucleotide contiguous match);
— AF062735 Saccharum officinarum soluble acid invertase (19 nucleotide contiguous match);
— AF062734 Saccharum robustum soluble acid invertase. (19 nucleotide contiguous match).
The number of target sequence copies was not determined, but was presumed to be a single copy gene.
A.4.2.2.3 Experimental

The maize-PCR assay appeared to be highly specific for maize DNA [21].

A.4.2.3 Limit of detection (LOD)

The absolute LOD has not been determined, but the method has been demonstrated to amplify < 0,1 ng
maize-DNA (determined fluorometrically), extracted from maize kernels [20],

A.4.3 Adaptation

No specific information is available.

A.4.4 Principle
The maize invertase gene codes for a carbohydrate metabolism enzyme.

A 226 bp fragment from the maize invertase gene is amplified by PCR and separated by agarose gel
electrophoresis.
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A.4.5 Reagents

For the quality of the reagents used, see ISO 24276.
A.4.51 Water

A.4.5.2 PCR buffer (without MgCls), 10x

A.4.5.3 MgCl, solution, ¢(MgCly) = 25 mmol/l.
A.4.5.4 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).
A.4.5.5 Oligonucleotides

A.4.5.51 Forward primer

Maize invertase gene (GenBank® accession No. U16123).
Primer IVR1-F: 5-CCg CTg TAT CAC AAg ggC Tgg TAC C-3'.
A.4.5.5.2 Reverse primer

Maize invertase gene (GenBank® accession No. U16123).

Primer IVR1-R: 5'-ggA gCC CgT gTA gAg CAT gAC gAT C-3'.

A.4.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.

A.4.6 Apparatus

As specified in A.1.6.
A.4.7 Procedure

A.4.71 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction with the reagents as listed in Table A.12.
The PCR may also be carried out in a larger volume if the solutions are adjusted appropriately. The final

concentrations of reagents as outlined in Table A.12 have proven to be suitable.

Table A.12 — Addition of reagents

Reagent Final concentration Volume per sample (pl)
Sample-DNA 10 ng to 50 ng 2
Water 15,3
10 x PCR buffer (without MgCls) 1 x 2,5
MgCl, solution?, 25 mmol/l 1,5 mmol/l 1,5
dNTP solution, 10 mmol/l 0,4 mmol/l 1
Primer IVR1-F, 10 ymol/l 0,5 pmol/l 1,25
Primer IVR1-R, 10 pmol/l 0,5 ymol/l 1,25
Taqg DNA polymerase, 5 [U/pl 11U 0,2
@8 If the PCR buffer solution already contains MgCl,, the final concentration of MgCl, in the
reaction mixture is adjusted to 1,5 mmol/l.
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A.4.7.2 PCR controls

As a positive control, certified reference materials from IRMM of, for example, maize Bt 11 (IRMM-412) or
Event 176 maize (Bt 176) (IRMM-411) may be used.

Any other appropriate controls should be included as described in ISO 24276.

A.4.7.3 Temperature-time programme

The temperature-time programme as outlined in Table A.13 has been used for the validation study using
thermal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTaq Gold® DNA polymerase’!). The use of
other thermal cyclers might make an adaptation necessary. The time for activation/initial denaturation
depends on the polymerase used. If using a hot-start polymerase, the recommendation of the manufacturer
should be adhered to unless the protocol states otherwise.

Table A.13 — Temperature-time programme

Activation/initial denaturation 12 min/95 °C

Amplification 30s/95 °C
30 s/64 °C
60 s/72 °C

Number of cycles 35

Final extension 10 min/72 °C

A.4.8 ldentification

As yet, identification is based only on PCR product size.

A.4.9 General quality assurance and interpretation of the results
The target sequence is presumed to have been detected if the size of the PCR product corresponds to the

expected length of the target DNA sequence, determined by comparison with products derived from certified
reference material prepared from maize (e.g. IRMM-412 [Bt11 maize] or IRMM-411 [Event 176 maize] series

from IRMM, Geel, Belgium).

For identification purposes, see A.4.8.

The detection of fragments with a size of 226 bp indicates that the sample DNA solution contains amplifiable
DNA of maize origin within the assessed limitations of specificity described in A.4.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

11) GeneAmp® 2400 and 9600 and AmpliTag Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously Perkin Elmer/Applied Biosystems. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.
Equivalent products may be used if they can be shown to give the same results.
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A.5 Target taxon-specific method for the detection of DNAs derived from rice

A.5.1 Purpose, relevance and scientific basis

The GMO Detection Laboratory of Shanghai Jiao Tong University (GMDL-SJTU) organized a collaborative
study for validation of the applicability of a target taxon-specific method using the rice sucrose phosphate
synthase (SPS) gene as an endogenous gene for qualitative analysis of genetically modified (GM) or non-GM
rice. This study involved 12 laboratories from Spain, Korea, Lithuania, Slovenia, Japan, Italy, and China.

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

— qualitative PCR for validation of the heterogeneity of the SPS gene among rice cultivars for different
geographic and phylogenetic origins;

— qualitative PCR for validation of the species specificity of SPS gene for rice;
— qualitative PCR for evaluation of the LOD of the established SPS qualitative PCR assay.
The collaborative study was carried out in accordance with Reference [44].

The results of the collaborative study as well as the related protocol are given in A.5.3.

A.5.2 Principle

The method has been optimized for rice seeds and other processed products such as seed powder.
Applicability of the SPS gene was evaluated in this collaborative study using DNA samples extracted from rice
seeds and other plant materials.

The collaborative study organizer provided method-specific reagents (primers, probes, reaction master mix),
and the test DNA samples extracted from rice materials to collaborative study participants.

A.5.3 Validation status and performance criteria
A.5.3.1 Robustness of the method

Robustness has been tested on the SPS gene qualitative PCR system for three different annealing
temperatures (i.e. 56 °C, 58 °C, and 60 °C), on three different DNA samples containing known amounts of rice
DNA (10 ng, 1 ng, 0,1 ng rice genome DNA samples) and with three repetitions per sample. The qualitative
PCR systems demonstrated the expected robustness and performed well at all three annealing temperatures
and three concentrations of the rice DNA samples.

The SPS gene qualitative PCR system was also tested on different thermal cyclers (PTC-100,"” MJ Research
and instruments from Bio-Rad and Applied Biosystems), on three different reaction volumes (25 ul, 30 pl,
and 50 pl) and three repetitions per volume. The qualitative PCR systems had the expected robustness and
performed well on different thermal cyclers and with different reaction volumes.

A.5.3.2 Intralaboratory trial
The rice SPS gene has been described as being suitable for use as an endogenous reference gene in rice

identification and quantification (Reference [44]). The detailed technical information was modified from
Reference [44].

1) Example of a suitable product available commercially. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of this product.
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For sample preparation in the collaboration study, all the DNA samples were extracted by the GMDL-SJTU
using the CTAB method adopted from SO 21571:2004, A.3. Spectrophotometric quantification of DNA
extracted was performed using a method adopted from SO 21571:2005, B.1. After the DNA quantification, a
qualitative PCR using an 18S PCR system (Reference [45]) was carried out to provide data about possible PCR
inhibition.

The SPS gene PCR system was tested using rice genomic DNA by three researchers at the GMDL-SJTU. The
results were satisfactory; in particular, for qualitative PCR, the results show that the SPS gene is specific for
rice, and the LOD is about 0,1 %.

A.5.3.3 Collaborative trial

For the collaborative study, each participant received 12 rice DNA samples for heterogeneity testing; 10 DNA
samples from plants other than rice plus one DNA sample from rice for species specificity testing; and 10
serially diluted rice samples for LOD evaluation. A negative and a positive control were also included.

The heterogeneity of the SPS gene among rice cultivars was evaluated using 12 rice cultivars from different
geographic and phylogenetic origins in China, such as Najing14, Taibei309, Shengnong265, Jinyinbao,
Minghui78, Huke3, Guangluai4, Zhe733, Hejiang19, Baizhehu, Xiangwanxian9 and Nipponbare. The results
returned from 12 laboratories showed that out of a total of 144 (12 x 12) rice DNA samples, 143 positive results
were obtained using the SPS gene PCR system. This means that the false-negative rate of the SPS gene PCR
system for rice is 0,69 % (1/144) (see Table A.14). These data suggest that there is low heterogeneity of the
SPS gene in the target region.

The species specificity of the SPS gene was validated using a rice genome DNA sample (Guangluai4) and 10
other plant DNAs that were evolutionarily related to rice, common crops or model plants, such as the fruit
materials of bamboo (Phyllostachys spp.), green bristlegrass [Setaria viridis (L.) Beauv.], barley (Hordeum
vulgare), wheat (Triticum aestivum), foxtail millet (Setaria italica), rapeseed (Brassica napus), tomato
(Lycopersicon esculentum), potato (Solanum tuberosum), soya bean (Glycine max) and thale cress
(Arabidopsis thaliana). The results returned from 12 laboratories showed that out of a total of 120 (10 x 12),
non-rice plant DNA samples, 118 negative results were obtained using the SPS gene PCR system. This means
that the false-positive rate of the SPS gene PCR system for other 10 plant materials was 1,67 % (2/120) (see
Table A.14). These data suggest that the SPS gene is species specific for detection of rice.

Table A.14 — The results of heterogeneity and of specificity testing of the qualitative PCR

Parameter (collaborative study of 2007) Value

No. laboratories 12

No. laboratories submitting results 12

No. samples per laboratory 22

No. accepted results 264

No. samples containing rice 144

No. samples not containing rice 120

False-positive results 2 (1,67 %)

False-negative results 1 (0,69 %)
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The LOD of the SPS gene PCR system was validated using mixed powder containing maize and various

quantities of rice seed by means of qualitative PCR: all 12 laboratories detected the SPS gene in the
DNA sample extracted from mixed powder containing 0,1 % mass fraction or higher of rice, and two in 12
laboratories detected it from mixed powder containing 0,01 % mass fraction of rice. These data suggest that
the LOD of the SPS gene PCR system is as low as 0,1 % mass fraction (see Table A.15).

Table A.15 — The results of the LOD test of the qualitative PCR

Parameter (collaborative study of Rice to maize mass fraction, Myce/Mmaize
2007) 10 % 1% 0.1 % 0,05 % 0,01 %
No. laboratories 12 12 12 12 12
No. laboratories submitting results 12 12 12 12 12
No. samples per laboratory 2 2 2 2 2
No. laboratories accepted results 12 12 12 12 12
Positive results 12 (100 %) 12 (100 %) 12 (100 %) | 4 (33,33 %) | 2 (16,67 %)

A.5.3.4 Molecular selectivity

A.5.3.41 General
For qualitative validation of the SPS gene as a specific rice gene, a 279 bp fragment of the conserved region
of the SPS gene was selected and amplified using specific primers.

A.5.3.4.2 Experimental

DNA samples extracted from 11 different plant materials (including rice) were analysed by the SPS gene PCR
system as described (Reference [44]). Among the 11 samples, only rice DNA gave positive results. The other
10 samples (see A.5.3.3) gave negative results.

The DNA samples extracted from 12 different rice cultivars were analysed by the SPS gene PCR system
reported in Reference [44]. All 12 samples gave positive results.

A.5.3.4.3 Theoretical

The theoretical specificity of the SPS gene primer was assessed through a homology search using the BLASTN
2.0MP-WashU program (Reference [82], search date: 2010-01-09). The 279 bp sequence used as query is part
of the NCBI accession number U33175 (nucleotides 1055-1333). The results of the basic local alignment
search tool (BLAST) confirmed the complete identity of the query sequence with rice SPS gene sequence, and
no homology with other genes and species.

A.5.4 Principle and summary

This methodology is a PCR procedure for the applicability of the SPS gene for use as a rice endogenous gene
in qualitative detection of GM or non-GM rice. Heterogeneity, species specificity of the SPS gene and LOD were
evaluated as part of the validation of this method. The 279 bp PCR product was visualized by agarose gel
electrophoresis.

A.5.5 Terms and definitions

For the purposes of this document, the terms and definitions of ]SO 5725-1“?and ]SO 24276 apply.

A.5.6 Sample type and amounts

In the following, the data from the collaborative study are given as examples for sample types and sample
amounts adequate for this method.
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DNA samples extracted from the seeds of 12 rice cultivars, 10 other plant materials (see A.5.3.3) and the mixed
powder containing different mass fractions of rice in maize seed power, were used in this collaborative study.

The participants received the following samples.

— 12 DNA samples from 12 different rice cultivars that are widely planted in different region of China
(i.e. Najing14, Taibei309, Shengnong265, Jinyinbao, Minghui78, Huke3, Guangluai4, Zhe733, Hejiang19,
Baizhehu, Xiangwanxian9, and Nipponbare), 20 ng/ul, 50 ul each. These DNA samples were used to
validate the heterogeneity of the SPS gene among rice cultivars.

— 11 DNA samples from rice (Guangluai4) and 10 other plant materials which are related to rice (i.e. bamboo,
green bristlegrass, barley, wheat, foxtail millet) or common GM crops (i.e. rapeseed, tomato, potato and
soya bean) or model plants (i.e. thale cress), 20 ng/ul, 50 ul each. These DNA samples were used to
validate the species specific of the SPS gene in rice.

— 10 DNA samples from mixed powders of maize with different mass fractions of rice, 20 ng/ul, 50 pl each.
These DNA samples were double blind replicates of the series of five rice concentrations used for testing
the LOD of the SPS gene PCR system.

— Negative DNA target control (labelled N): salmon sperm DNA (20 ng/ul).

— Positive DNA target control (labelled P): rice (Guangluai4) genomic DNA (20 ng/pl). All the DNA samples
were purified using the CTAB method by the GMDL-SJTU. The negative and positive DNA target controls
were used for each PCR plate.

— Reaction reagents, primers for the SPS gene PCR system as follows:
— primer pair for conventional PCR: SPS-F/SPS-R;

— DNA dilution solution [0,1x tris—EDTA (TE), 1,2 ml].

A.5.7 Limit of detection and range of use

DNA was extracted from five mixed powder samples containing different amounts of rice. These samples were
analysed by the SPS PCR system as described (Reference [44]). Positive results were obtained with samples
containing mass fractions of 10 %, 1 %, and 0,1 % rice. The other two samples (containing mass fractions of
0,05 % and 0,01 %) gave negative results.

According to the developed method, the relative LOD of the qualitative PCR method is about 0,1 % mass
fraction. The SPS gene PCR system can be used for specific detection and identification of rice materials in
other plant materials.

A.5.8 Estimation of measurement uncertainty

The reproducibility of the method is given by the results of the collaborative trial (see A.5.3.3).

A.5.9 Interferences
In the studies performed, no additional information about interferences have been observed.
A.5.10 Physical and environmental conditions

See |SO 24274 for details. For example:.

— maintain strictly separated working areas for DNA preparation, PCR set-up, PCR amplification and
electrophoresis;

— any residual DNA should be removed from all equipment prior to its use;
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— in order to avoid contamination, use filter pipette tips protected against aerosol;

— use only powder-free gloves and change them frequently.

A.5.11 Apparatus and equipment

A.5.11.1 Microcentrifuge.

A.5.11.2 Freezer operating at —20 °C and refrigerator operating at 4 °C.
A.5.11.3 Micropipettes.

A.5.11.4 Mixer, e.g. vortex mixer.

A.5.11.5 Microcentrifuge tubes, capacities: 0,2 ml, 1,5 mil, and 2,0 ml.
A.5.11.6 Tips and aerosol-resistant tips for micropipettes.

A.5.11.7 Rack for reaction tubes.

A.5.11.8 PVC or latex gloves.

A.5.11.9 DNA amplifying equipment (thermal cycler or equivalent apparatus).
A.5.11.10 Electrophoresis equipment, with power supply.

A.5.11.11 Imaging system for gel analysis.

A.5.11.12 Microwave oven (optional).

A.5.12 Reagents and materials
A.5.121 General

Unless otherwise stated, only reagents that conformed to the specifications of ]SO 24276 and only molecular
biology grade water or water of equivalent purity were used.

A.5.12.2 Qualitative PCR

A.5.12.2.1 PCR buffer (without MgCl,) 10x.
A.5.12.2.2 M(gCI, solution 25 mmol/l.
A.5.12.2.3 dNTP solution 2,5 mmol/l each.
A.5.12.2.4 Primer (see Table A.16).
A.5.12.2.5 DNA polymerase, thermostable.

A.5.12.3 Electrophoresis

For details see e.g. |ISO 21571:2005, B.1.
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A.5.12.3.1 Loading buffer (10 g/l sodium dodecyl sulfate, 500 g/l glycerol, 0,5 g/l bromophenol blue), 10x%.
A.5.12.3.2 DNA size standard.
A.5.13 Sample collection, transportation, preservation, and storage
DNA solutions may be stored at 4 °C for a maximum of 1 week, or at —20 °C for long-term storage.

A.5.14 Preparation of test sample

Ensure that the test sample is representative of the laboratory sample, e.g. by grinding or homogenization.
Measures and operational steps to be taken into consideration are described in |]SO 21571 and |SO 24274

A.5.15 Instrument calibration
Instruments, e.g. thermal cyclers and pipettes should be calibrated as per [SO/IEC 17025.14"

A.5.16 Analysis steps

A.5.16.1 Preparation of the DNA for qualitative PCR

Extract DNA from the samples by using an adequate extraction method, e.g. ISO 21571:2005, A.3, CTAB
extraction method. Thaw, mix gently and centrifuge the DNA samples needed for the PCR run. Keep thawed
reagents at 1 °C to 4 °C on ice.

A.5.16.2 PCR reagents
A.5.16.2.1 Conventional PCR master mix

A conventional PCR reaction mixture containing the following: 1x PCR buffer, 200 pmol/l each of dNTPs,
2,5 mmol/l Mg?*, 330 nmol/l forward/reverse primer, 1 unit Tag DNA polymerase.

A.5.16.2.2 Primers
See Table A.16.

Table A.16 — Oligonucleotide primer sequences for qualitative PCR

Name Oligonucleotide DNA sequence (5’ to 3’)

Qualitative PCR primer sequence

SPS primer F TTg CgC CTg AAC ggA TAT

SPS primer R ggA gAA gCA CTg gAC gAgg

A.5.16.3 Procedure
A.5.16.3.1 General

The qualitative PCR for rice SPS gene was developed for a total volume of 30 ul per reaction mixture. The use
of 100 ng of template DNA per reaction well is recommended.

Thaw, mix gently and centrifuge the PCR master mix needed for the run. Keep thawed reagents at 1 °C to
4 °C onice.
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Distribute 25 pl/tube of the master mixture to 200 yl PCR reaction tubes. Add 5 pl of DNA solution samples,

rice positive control, negative control, and blank control (H,O) to the tubes, respectively.
Mix the PCR tubes gently, centrifuge in the microcentrifuge at 1 000 x g for 10 s.

Insert the plate into the instrument.

Run the PCR with qualitative PCR cycling conditions.

A.5.16.4 PCR controls

See 7.5 and .

A.5.16.5 Temperature—time programme

The PCR assay has been optimized for use in a PTC-100" (MJ Research) and an ABI 2720" (Applied
Biosystems) thermal cycler PCR machine. Although other PCR machines may be used, the thermal cycling
conditions may need to be verified. The qualitative PCR cycling parameters are indicated in Table A.17.

Table A.17 — Qualitative PCR temperature—time programme

Step Stage Temprrature Ti;ne No. cycles
1 Activation and initial denaturation 94 900 1%
2a Denaturation 94 30
2b Amplification Annealing 58 30 35x%
2c Elongation 72 30
3 Final elongation 72 420 1%

A.5.16.6 Detection

After the PCR programme has finished, transfer 3 pl of 10x loading buffer to each reaction tube and mix with
the PCR products.

Load 10 ul of each PCR product on to electrophoresis gel (20 g/l agarose, 0,5 pg/ml ethidium bromide),
respectively.

Run the gel in the electrophoresis equipment under 5 VV/cm, 20 min.
Record gel image with an UV gel documentation or similar system.

A fragment of 279 bp should be the specific product; other bands existing in the agarose electrophoresis are
unexpected products.

A.5.16.7 Accept or reject criteria

Method performance requirements used to evaluate the results from the collaborative study are as follows. A
fragment of 279 bp should be detected in the rice positive control (sample P), and no target fragment should
be detected in negative control (sample N) and blank. The detection of fragments with a size of 279 bp indicates
that the sample DNA solution contains amplifiable DNA of SPS, and the result is positive, otherwise the result
is negative.

A.5.17 Sample identification

All samples should be identified unambiguously.
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A.5.18 Interpretation and calculations of the results
The expected amplicon length of SPS is 279 bp in size.

A fragment of 279 bp should be detected in the rice positive control (sample P), and no target fragment should
be detected in negative control (sample N) and blank. The detection of fragments with a size of 279 bp indicates
that the sample DNA solution contains amplifiable DNA of SPS, and the result is positive, otherwise the result
is negative.

A.6 Target taxon-specific method for the detection of components derived from
tomato

A.6.1 Purpose, relevance and scientific basis

The LAT52 gene encodes a heat-stable, glycosylated, cysteine-rich protein that is necessary for tomato
pollen development. The LAT52 detection system has been demonstrated to be suitable for being used as
species-specific gene in GM tomato identification and quantification (Reference [46]). The GMO Detection
Laboratory of Shanghai Jiao Tong University (GMDL-SJTU) organized the collaborative trial for validation of the
applicability of the tomato LAT52 gene as species-specific gene for qualitative analysis of genetically modified
(GM) or non-GM tomato. The study involved 13 laboratories from the US, Singapore, Korea, Lithuania,
Slovenia, Norway, Italy, and China (Reference [47]). The results are given in Table A.18 and Table A.19.

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

a) qualitative PCR for the validation of the heterogeneity of the LAT52 gene among tomato cultivars for
different geographic and phylogenetic origin;

b) qualitative PCR for the validation of the species-specificity of the LAT52 gene for tomato;
c) qualitative PCR for the evaluation of the LOD of the established LAT52 qualitative PCR assay.
The collaborative study was carried out in accordance with the following internationally accepted guidelines:

— ISO_5725-2* especially considered in relation to the measure of precision (i.e. repeatability and
reproducibility) and trueness;

— The IUPAC protocol for the design, conduct and interpretation of method-performance studies (Reference
[48]).

A.6.2 Principle
This method describes the detection of tomato DNA by using qualitative PCR.

The method has been optimized for tomato seeds, tomato fruits, tomato ketchup, tomato juice, and other
processed products derived from tomato. The applicability of the LAT52 gene was tested through collaborative
trial using DNA samples extracted from tomato seeds and other plant materials.

A.6.3 Validation status and performance criteria
A.6.3.1 Robustness of the method

The robustness of the LAT52 qualitative PCR system was tested by the method developer using three different
annealing temperatures (i.e. 56 °C, 58 °C, and 60 °C), on three different DNA samples containing known
amounts of tomato seed DNA (10 ng, 1 ng, 0,1 ng tomato genome DNA samples, and three repetitions per
sample). The qualitative PCR systems showed the expected robustness and performed satisfactorily at all three
annealing temperatures and three concentrations of the tomato DNA samples.
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The LAT52 qualitative PCR system has also been tested by the method developer on different thermal cyclers
[PTC-100," MJ Research; S1000," Bio-Rad; and ABI 9700, Applied Biosystems] and with three different reac-
tion volumes (25 pl, 30 ul and 50 pl, and three repetitions per volume). The qualitative PCR system showed
the expected robustness when used at different thermal cyclers and different reaction volumes.

A.6.3.2 Intralaboratory trial

The tomato LAT52 gene has been validated suitable for use as species-specific gene in GM tomato
identification and quantification (Reference [46]). The detailed technical information given here is modified from
Reference [46].

For sample preparation for the validation study, the DNA samples were extracted by the GMDL-SJTU using the
CTAB method adopted from |SO 21571:2005, A.3. Spectrometric quantification of the amount of total DNA
extracted was performed using a method adopted from SO 21571:2005, B.1. After the DNA quantification, a
qualitative PCR run applying the 18S PCR system was carried out to provide data about possible PCR inhibition
(Reference [49]).

The LAT52 PCR system was tested by three operators by the GMDL-SJTU using tomato genomic DNA provid-
ing satisfactory and consistent results; in particular, in qualitative PCR, the results showed the LAT52 gene is
specific for tomato, and the relative LOD is at least 0,1 % mass fraction.

A.6.3.3 Collaborative trial

The heterogeneity of LAT52 gene among tomato cultivars was evaluated using 12 tomato cultivars from differ-
ent geographic and phylogenetic origins in China, such as Shengnong2, Jifan4, Zhongsu5, Yashu6, Jiafen1,
Shenfeng2, Hongza9, R144, Nongyou30, Dongnong704, Lichun, and Zaokui. The results returned from 13
laboratories showed that from the total of 156 (12 x 13) tomato DNA samples, 155 positive results were ob-
tained using the LAT52 gene PCR system. Thus, the false-negative rate of the LAT52 PCR system for tomato
is 0,64 % (1/156) (see Table A.18). These data suggest that the LAT52 gene has low heterogeneity among
tomato cultivars from China.

The species specificity of the LAT52 gene was validated using a tomato genome DNA sample (Jiafen1) and 10
other plant DNAs that were evolutionarily related to tomato or common GM crops or model plants, such as the
fruit materials of aubergine (Solanum melongena), potato (Solanum tuberosum), sweet pepper (Capsicum an-
nuum); maize (Zea mays), soya bean (Glycine max), rapeseed (Brassica rapa), rice (Oryza sativa); leaf mate-
rials of petunia (Petunia hybrida), tobacco (Nicotiana tabacum), and thale cress (Arabidopsis thaliana). The
results returned from 13 laboratories show that from the total of 130 (10 x 13, without tomato DNA sample)
various plant DNA, 126 negative results were obtained using the LAT52 gene PCR system. Thus the false-
positive rate of the LAT52 gene PCR system was 3,08 % (4/130) (see Table A.18). The false-positive results
might come from the contamination of the PCR operation. These data suggest that the LAT52 gene is species-
specific for the detection of tomato.

Table A.18 — Results of the qualitative PCR

Paramgter Value
(collaborative trial of 2007)

No. laboratories 13

No. laboratories submitting results 13

No. samples per laboratory 22

No. accepted results 286

No. samples containing tomato 156

No. samples not containing tomato 130

False-positive results 4 (3,08 %)

False-negative results 1 (0,64 %)
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The LOD of the LAT52 PCR system was validated using mixed powder containing maize and tomato seeds by
means of qualitative PCR. All 13 laboratories were able to detect the DNA sample extracted from 0,1 % mass
fraction or higher tomato contents in the mixed powder, while two detected the 0,01 % mass fraction tomato in
the mixed powder. These data suggest that the LOD of the LAT52 PCR system is as low as 0,1 % mass fraction
(see Table A.19).

Table A.19 — Results of the LOD test of the qualitative PCR

Parameter Tomato to maize mass fraction, mmato/Mmaize
(collaborative trial of 2007) 29 0.5 % 0,1 % 0,05 % 0,01 %
No. laboratories 13 13 13 13 13
No. laboratories submitting results 13 13 13 13 13
No. samples per laboratory 2 2 2 2 2
No. samples 26 26 26 26 26
Positive results 25(96,2 %) |25(96,2 %) |26 (100 %) 0 (0 %) 2 (15, 4 %)

A.6.3.4 Molecular selectivity

A.6.3.4.1 General

The LAT52 method targets the tomato LAT52 gene which is stably present with a single copy per haploid
genome of different tomato cultivars. The specific primers (Table A.20) amplify a 92 bp long amplicon.

A.6.3.4.2 Experimental

DNA samples extracted from 11 different plant materials (including tomato) were analysed with the LAT52 PCR
system by the method developer. Out of the 11 samples, only tomato DNA gave positive results. The other 10
samples (see A.6.3.3) gave negative results.

DNA samples extracted from 12 different tomato cultivars were analysed with the LAT52 PCR system by the
method developer (see A.6.6). All samples gave positive results.

A.6.3.4.3 Theoretical

The theoretical specificity of the LAT52 primers was assessed through a homology search using the BLASTN
2,0MP-WashU program (Reference [82], search date: 2010-01-20). The 92 bp sequence used as query is part
of the NCBI accession number X15855 (nucleotides 1385-1476). The results of the BLAST confirmed the
complete identity of the query sequence with the tomato anther-specific LAT52 gene sequences, and showed
no homology with sequences of other genes and species.

A.6.4 Principle and summary
The methodology is a qualitative PCR procedure using the LAT52 gene as a tomato species-specific gene for

qualitative detection of GM or non-GM tomato. The detection of the 92 bp long PCR product is carried out by
agarose gel electrophoresis.

A.6.5 Terms and definitions
For the purposes of this document, the terms and definitions of ]SO 5725-1[*"and |SO 24274 apply.

A.6.6 Sample type and amounts

For the collaborative study, the following samples were used:

33


http://dx.doi.org/10.3403/02011502U
http://dx.doi.org/10.3403/30086923U

BS EN ISO 21569:2005+A1:2013
ISO 21569:2005+A1:2013 (E)

— 12 DNA samples from seeds of 12 different tomato cultivars that were widely planted in different regions
of China (i.e. Shengnong?2, Jifan4, Zhongsu5, Yashu6, Jiafen1, Shenfeng2, Hongza9, Nongyou30, R144,
Dongnong704, Lichun, and Zaokui), 20 ng/ul, 50 pl each. These DNA samples were used to validate the
heterogeneity of the LAT52 target sequence among tomato cultivars.

— 11 DNA samples from tomato (Jiafen1) seeds and the leaves of 10 other plant materials which were
evolutionarily related to tomato (i.e. aubergine, potato, petunia, and capsicum) or common GM crops (i.e.
maize, soya bean, rapeseed, and rice) or model plants (i.e. tobacco and thale cress), 20 ng/ul, 50 ul each.
These DNA samples were used to validate the specificity of the LAT52 method.

— 10 DNA samples from the mixed powder with maize and varied contents of tomato, 20 ng/ul, 50 pl each.
These DNA samples were prepared as double-blind replicates of the series of five tomato concentrations
and used for testing the LOD of LAT52 PCR system.

A.6.7 Limit of detection and range of use

The LOD of the method was about 0,1 % mass fraction of tomato material. The LAT52 method can be used to
specifically detect and identify tomato materials in a sample.

DNA samples extracted from five mixed powders containing different mass fractions of tomato seed material
were analysed with the LAT52 PCR system. Only powder samples containing mass fractions of 0,1 % or above
(i.,e. 2 %, 0,5 % and 0,1 %) gave positive results. The other two samples gave negative results (i.e. mass
fractions of 0,05 % and 0,01 %).

A.6.8 Estimation of measurement uncertainty

The global uncertainty of the method is given by the results of the collaborative trial (see A.6.3.3).

A.6.9 Interferences

In the studies performed, no additional information is given about interferences observed.

A.6.10 Physical and environmental conditions
See |SO 24274 for details.

A.6.11 Apparatus and equipment

A.6.11.1 DNA amplifying equipment (thermal cycler or equal apparatus).
A.6.11.2 Electrophoresis equipment, with power supply.

A.6.11.3 Documentation system for gel analysis.

A.6.11.4 Microwave oven (optional).

A.6.12 Reagents and materials

Unless otherwise stated, only reagents that conformed to the specifications of ]SO 242768 and only molecular
biology grade water or water of equivalent purity were used.

A.6.12.1 Conventional PCR master mix (see A 6.16.2).
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A.6.12.2 Oligonucleotides (see Table A.20)."
A.6.12.3 Loading buffer.
A.6.12.4 Electrophoresis buffer.
A.6.12.5 Agarose.

A.6.12.6 DNA size standard.

A.6.13 Sample collection, transportation, preservation and storage
DNA solutions should be stored at 4 °C for a maximum of 1 week, or at —20 °C for long-term storage.
A.6.14 Preparation of test sample

Ensure that the test sample is representative of the laboratory sample, e.g. by grinding or homogenization.
Measures and operational steps to be taken into consideration are described in detail in [SO 21571|.

The DNA samples were extracted by the GMDL-SJTU using the CTAB method according to |SO 21571:2008,
A.3.

A.6.15 Instrument calibration

Instruments, e.g. thermocyclers and pipettes should be calibrated e.g. according to |[SO/IEC 17025.141
A.6.16 Analysis steps
A.6.16.1 Preparation of the DNA for qualitative PCR

SO 21571 should be followed. It is recommended that one of the DNA extraction methods described in

Concerning the extraction of DNA from the test sample, the general instructions and measures described in
1571 :ZOOQ, Annex A be chosen.

A.6.16.2 Conventional PCR master mix

The conventional PCR master mix included 1x PCR buffer, 200 umol/l each of dNTPs, 400 nmol/l each of the
forward and reverse primers (see Table A.20), and 1 unit of HotStar" Tag DNA polymerase.

Table A.20 — Oligonucleotide primers sequences for qualitative PCR

Name Oligonucleotide DNA Sequence (5’ to 3’)
LATS52 primer F A gAC CAC gAg AAC gAT ATT TgC
LAT52 primer R TTCTTgCC TTT TCA TAT CCAg ACA

A.6.16.3 Procedure

The PCR set-up is developed for a total volume of 30 ul per reaction mixture. The use of 100 ng of template
DNA per reaction well is recommended.

Thaw, mix gently and centrifuge the conventional PCR master mix needed for the run. Keep thawed reagents
at1°Cto4 °Conice.

Distribute 25 pl/tube of the master mixture to 200 ul PCR reaction tubes. Add 5 ul of DNA solution samples,
tomato positive control, negative control, and blank control (H,0O) to the tubes, respectively. Mix the PCR tubes
gently, centrifuge brief ly in the microcentrifuge in order to collect all drops of the solution together.
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Insert the plate into the instrument.
Run the PCR with qualitative PCR cycling conditions described in A.6.16.5.
A.6.16.4 PCR controls
Positive and negative target controls should be performed according to .
A.6.16.5 Temperature—time programme

The PCR assay is optimized for use in a PTC-100" (MJ Research) and an ABI 2720" (Applied Biosystems)
thermal cycler PCR machine. Although other PCR machine may be used, thermal cycling conditions should be
verified. The temperature—time programme is given in Table A.21.

Table A.21 — Qualitative PCR temperature—time programme

Step Stage Tempoe éature T|:1e No. cycles
1 Activation and initial denaturation 94 900 1%
2a Denaturation 94 30
Amplification ) 35x
2b Annealing 56 30
2c Elongation 72 30
3 Final elongation 72 420 1%

A.6.16.6 Detection
After the PCR, transfer 2 pul of loading buffer to each of reaction tube and mix with the PCR product.

Load 10 pl of each PCR product on to the electrophoresis gel (30 g/l agarose, 0,5 ug/ml ethidium bromide),
respectively.

Run the gel in the electrophoresis equipment under 5 V/cm, 20 min.
The gel is imaged and recorded by an appropriate imaging system for gel analysis.
TBE should be used as the electrophoresis buffer because of the short amplicon.

A fragment of 92 bp should be the specific product; existence of other DNA fragments indicates non- specific
amplification.

A.6.16.7 Accept or reject criteria

A fragment of 92 bp should be detected in the tomato positive control (sample P), and no PCR product should
be detected in the negative control (sample N) and the blank. The detection of fragments with a size of 92 bp
indicates that the sample DNA solution contains amplifiable DNA of LAT52, and the result is positive, otherwise,
the result is negative.

A.6.17 Sample identification
Samples shall be unambiguously identified as detected or not detected.

A.6.18 Interpretation and calculations of the results

The detection of fragments with a size of 92 bp indicates that the sample DNA solution contains amplifiable
DNA of LAT52, and the result is “detected”, otherwise, the result is “not detected”.

The 92 bp PCR product can be verified using DNA sequencing analysis.
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Annex B
(informative)

Screening methods

B.1 Screening method for the detection of genetically modified plant DNA (CaMV 35S
promoter)

B.1.1 General

This is a method for the detection of a variable copy number DNA sequence from the cauliflower mosaic virus
(CaMV) 35S promoter. Due to the presence of CaMV 35S promoter in many genetically modified plants, this
method may be used to screen for the presence of GM-plant-derived DNA [22] [23],

B.1.2 Validation status and performance criteria

B.1.2.1 Collaborative study

The method has been validated in several collaborative studies with different raw and processed food
matrices [24]. [25],

The method has been validated in a collaborative study [24] under the coordination of the German Federal
Institute for Health Protection of Consumers and Veterinary Medicine (BgVV) by the working group
“Development of methods for identifying foodstuffs produced by means of genetic engineering techniques”.
The number of participants as well the number of samples followed the criteria according to ISO 5725-2. For
DNA extraction, the CTAB method as outlined in ISO 21571:2005, A.3 was used (but with a test portion of
100 mg).

The data of the collaborative study are listed in Table B.1

Table B.1 — Results of the collaborative study

Year 1999
Number of laboratories 27
Number of laboratories submitting results 23
Number of samples per laboratory 5
Number of accepted results 115
Number of samples containing GTS 40-3-2 59
Number of samples containing non-GM soya beans 56
False positive results 0 (0 %)
False negative results 0 (0 %)

B.1.2.2 Molecular specificity

B.1.2.2.1 General

This annex fulfils the requirements as outlined in Clause 7.
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The method has been designed to target a sequence described in e.g. GenBank® database accession
No. V00141.

A list of genetically modified plants containing the CaMV 35S promoter is provided in the annex of
Reference [24].

A false positive result can occur since the amplified sequence is derived from cauliflower mosaic virus
infecting cauliflower and other members of the family Brassicaceae (Cruciferae) as well as Resedaceae and
Solanaceae [26]: [27],

Positive results derived from samples of Brassicaceae, Resedaceae and Solanaceae should therefore be
treated carefully. Positive results may indicate the presence of a GM-plant-derived product but should not be
interpreted as proof of the presence of GM-plant-derived products without additional confirmation.

In order to distinguish between a viral infection and GM material, methods for the detection of cauliflower
mosaic virus can be used [6].

B.1.2.2.2 Theoretical

No sequence homology with DNA sequences of non-GM crop plants has been found in databank searches
(NCBI BlastN® search, EMBL database, September 28th, 2001). However, both primers match one accession
that is not referable to either cauliflower mosaic virus or recombinant vectors or patents: S70105 cp (coat

protein) [cucumber mosaic virus]. The primers also match more than 100 entries referable to cauliflower
mosaic virus and recombinant vectors and patents.

B.1.2.2.3 Experimental

Amplification has not been observed with DNA from non-genetically modified crop-plants in the absence of
DNA from the virus itself [22]. [24], [25], [28]

Amplification has been observed with DNA from many genetically modified plants, e.g. GTS 40-3-2 (Roundup
Ready® soya beans), the maize lines Event 176 (Bt 176), Bt 11, MON 810, MON 809, and ripening delayed
tomatoes (Zeneca) [22], [24], [25], [28],

The number of copies of the DNA sequence vary.

B.1.2.3 Limit of detection (LOD)
The absolute LOD has not been determined. A relative LOD of 0,1 % genetically modified soya beans in soya

bean flour IRMM-410 and of 0,1 % genetically modified maize Event 176 (Bt 176) IRMM-411 in maize-flour
(mass fraction) (certified reference materials, CRMs) has been demonstrated [25].

B.1.3 Adaptation

No specific information is available.

B.1.4 Principle

A 195 bp DNA fragment from the CaMV 35S promoter sequence is amplified by PCR and detected after
separation by agarose gel electrophoresis. For identification of the PCR product, a verification step should be
performed.

Promoters are recognition or binding sequences for RNA-polymerases, which are responsible for the
expression of genes. The constitutive 35S promoter from CaMV is frequently used in genetically modified
plants [24],
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B.1.5 Reagents

For the quality of the reagents used, see ISO 24276.

B.1.5.1 Water

B.1.5.2 PCR buffer (without MgCly), 10x.

B.1.5.3 MgCl; solution, ¢(MgCly) = 25 mmol/I.

B.1.5.4 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).

B.1.5.5 Oligonucleotides

B.1.5.5.1 Forward primer

CaMV 35S promoter, 35s-1:[24]. [28] 5'- gCT CCT ACA AAT gCC ATC A -3'.

Designed, together with a corresponding reverse primer, to amplify sequences such as described in accession
No. V00141.

B.1.5.5.2 Reverse primer
CaMV 35S promoter, 35s-2: [24]. [28] 5'- gAT AgT ggg ATT gTg CgT CA -3'.

Designed, together with a corresponding forward primer, to amplify sequences such as described in accession
No. V00141.

B.1.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.

B.1.5.7 Restriction enzyme: Xmn | (= Asp 700).

B.1.6 Apparatus and equipment
B.1.6.1 Thermal cycler

B.1.6.2 Gel electrophoresis chamber, with power supply.
B.1.7 Procedure (PCR set-up)

B.1.7.1 General

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Table B.2. The PCR may also be carried out in a larger volume if the solutions are adjusted appropriately. The
final concentrations of reagents as outlined in Table B.2 have proven to be suitable.
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Table B.2 — Addition of reagents

Reagent Final concentration Volume per sample (ul)
Sample-DNA 10 ng to 50 ng 1

Water 15,9

10 x PCR buffer (without MgCl,) 1 x 2,5

MgCl, solution?, 25 mmol/l 1,5 mmol/l 1,5

dNTP solution, 10 mmol/I 0,8 mmol/l 2

Primer 35s-1, 5 umol/l 0,2 ymol/l 1

Primer 35S-2, 5 umol/l 0,2 umol/l 1

Tag DNA polymerase, 5 [U/pl 0,51U 0,1

@ |If the PCR buffer solution already contains MgCl,, the final concentration of MgCly in the
reaction mixture is adjusted to 1,5 mmol/l.

B.1.7.2 PCR controls

As a positive control, certified reference materials of GTS 40-3-2 (material containing 0,1 % of genetically
modified plant ingredients), produced by IRMM Geel, Belgium (IRMM-410), may be used.

Any other appropriate controls should be included as described in ISO 24276.

B.1.7.3 Temperature-time programme

The temperature-time programme as outlined in Table B.3 has been used for the validation study using
thermal cyclers GeneAmp® PCR-systems 2400 or GeneAmp® 9600 and AmpliTag Gold® DNA polymerase2).
The use of other thermal cyclers might make an adaptation necessary. The time for activation/initial
denaturation depends on the polymerase used. If using a hot-start polymerase, the recommendation of the
manufacturer should be carefully adhered to unless the protocol states otherwise.

Table B.3 — Temperature-time programme

Activation/initial denaturation 10 min/95 °C

Amplification 20 s/94 °C
40 s/54 °C
60 s/72 °C

Number of cycles 40

Final extension 3 min/72 °C

B.1.8 Identification

The identity of the PCR product may be verified by restriction analysis of the PCR product with Xmn |, which is
expected to yield two fragments (115 bp and 80 bp) [22]. [24],

12) GeneAmp® PCR systems 2400 and 9600 and AmpliTag Gold® DNA polymerase are examples of suitable products
available commercially from Applied Biosystems, previously known as Perkin Elmer/Applied Biosystems. This information
is given for the convenience of users of this International Standard and does not constitute an endorsement by ISO of
these products. Equivalent products may be used if they can be shown to give the same results.
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B.1.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence, determined by comparison with products derived from certified
reference material (prepared from, for example, IRMM-410 series [GTS 40-3-2] from IRMM, Geel, Belgium).

For identification purposes, see B.1.8.

The detection of fragments with a size of 195 bp indicates that the sample DNA solution contains amplifiable
DNA of CaMV or GM origin within the assessed limitations of specificity described in B.1.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

B.2 Alternative screening method for the detection of genetically modified plant DNA
(CaMV 35S promoter)

B.2.1 General

This is a method for the detection of a variable copy number DNA sequence from cauliflower mosaic virus
(CaMV) 35S promoter in processed food matrices. Due to the presence of CaMV 35S promoter in many
genetically modified plants, this method may be used to screen for GM-plant-derived DNA. [22], [23], [29]

No tool to verify the identity of the PCR product is described. Therefore this method cannot be considered as
an identification method. It may be used to assess the amplifiability of DNA containing the target sequence.

B.2.2 Validation status and performance criteria

B.2.2.1 Collaborative study

The method has been validated following the criteria specified in ISO 5725-2. The collaborative study involved
23 European laboratories and was coordinated by the EC JRC [29]: [30]. The method has been evaluated for
detection of GMOs in various processed food matrices (cooked maize grit, infant formula, biscuits, meal of
acidified soya beans) containing each 0 %, 2 %, and 100 % (10 % instead of 100 % in the case of biscuits) of
either GTS 40-3-2 or Event 176. Each participant received 4 control samples and 30 unknown independent
duplicates, of which 10 corresponded to 0 % GMO samples and 20 contained various percentages of the
genetically modified events. All participants received a detailed method description for DNA extraction with
either the CTAB method or a commercially available kit. However, the laboratories were free to apply their
method of choice for DNA extraction while the PCR conditions had to be optimized specifically for their local
equipment. The laboratories were asked to analyse each sample once and to specify whether it was
considered to be GMO positive or negative. Since most laboratories returned correct results (14 laboratories
reported between 90 % to 100 % of correct scores; and 3 between 80 % to 90 % of correct scores) and none
provided correct results in the range of 70 % to 80 %, the cut-off level was set at 80 % of correctly reported
results. As a consequence, 5 laboratories were excluded from further statistical analysis. An average of
96,1 % correct results was obtained for non-GMO containing samples (3,9 % false positive results) and an
average of 98,1 % correct results for GMO-containing samples (1,9 % false negative results) [30]. The results
are given in Table B.4.
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Table B.4 — Results of the collaborative study

Year 1999
Number of laboratories 30
Number of laboratories submitting results 18
Number of samples per laboratory 12
Number of total samples 360
Number of accepted results 540
False positive results 3,9 %
False negative results 1,9 %

B.2.2.2 Molecular specificity

B.2.2.21 General

This annex fulfils the requirements as outlined in Clause 7.

The method has been designed to target the sequence described in, for example, GenBank® database
accession No. V00141. For a list of genetically modified plants containing the CaMV 35S promoter, see
References [23] and [24].

A false positive result can occur since the amplified sequence is derived from a promoter of the cauliflower
mosaic virus infecting cauliflower and other members of the family Brassicaceae (Cruciferae) as well as
Resedaceae and Solanaceae [26] [27],

Positive results derived from samples of Brassicaceae, Resedaceae and Solanaceae should therefore be
treated carefully. Positive results may indicate the presence of a GM-plant-derived product but should not be

interpreted as a proof for the presence of GM-plant-derived products without additional confirmation.

In order to distinguish between a viral infection and GM material, methods for the detection of cauliflower
mosaic virus may be used [6.

B.2.2.2.2 Theoretical
No sequence homology with DNA sequences of non-GM crop plants has been found in databank searches

(NCBI BlastN® search, EMBL database, September 28!, 2001). The primers match an extensive list of
accessions referable to cauliflower mosaic virus and recombinant vectors and patents.

B.2.2.2.3 Experimental

No amplification has been observed using DNA from non-GM soya bean in performance tests before the
collaborative study [29],

B.2.2.3 Limit of detection (LOD)

The absolute limit of detection with this method has not been determined, but it has been demonstrated to
detect at least 50 copies of GTS 40-3-2 DNA [29],

The relative LOD was not determined, but in the collaborative study [28], 2 % GMO [GTS 40-3-2 (Roundup

Ready® soya beans) and/or Event 176 maize (Bt 176 maize)] could be detected in biscuits, infant formula and
acidified soya beans with 100 % correct results [30].
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B.2.3 Adaptation

No specific information is available

B.2.4 Principle

A 123 bp DNA fragment from the CaMV 35S promoter sequence is amplified by PCR and detected by gel
electrophoresis. The identity of the PCR product can be verified, for example by DNA sequencing. However,
no verification procedure has been validated.

Promoters are recognition or binding sequences for RNA polymerases, which are responsible for the

expression of genes. The constitutive 35S promoter from CaMV is frequently used in genetically modified
plants [22],

B.2.5 Reagents

For the quality of the reagents used, see ISO 24276.

B.2.5.1 Water

B.2.5.2 PCR buffer, ¢(MgCly) = 15 mmol/l, 10x.

B.2.5.3 dNTP solution, ¢(dNTP) = 4 mmol/l (each).

B.2.5.4 Oligonucleotides

B.2.5.4.1 Forward primer

CaMV 35S promoter, 35s-cf3: 5'- CCA CgT CTT CAA AgC AAg Tgg-3'.
Designed to amplify the CaMV 35S promoter, e.g. accession No. V00141.
B.2.5.4.2 Reverse primer

CaMV 35S promoter, 35s-cr4: 5'-TCC TCT CCA AAT gAA ATg AACTTC C-3".
Designed to amplify the CaMV 35S promoter, e.g. accession No. V00141.

B.2.5.5 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.

B.2.6 Apparatus and equipment
As specified in B.1.6.
B.2.7 Procedure

B.2.7.1 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Table B.5. The PCR can also be carried out in a larger volume if the solutions are adjusted appropriately. The
final concentrations of reagents as outlined in Table B.5 have proven to be suitable.
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Table B.5 — Addition of reagents

Reagent Final concentration | Volume per sample (ul)
Sample-DNA 5

Water 14,84

10 x PCR buffer (with MgCl, 15 mmol/l)2 1x 2,5

dNTP solution, 16 mmol/l 0,64 mmol/l 1

Primer 35s-cf3, 20 pmol/l 0,6 ymol/l 0,75

Primer 35S-cr4, 20 umol/l 0,6 uymol/l 0,75

Tag DNA polymerase, 5 [U/pl 0,8 1U 0,16

2 If PCR buffer without MgCls is used, the volumes and concentrations should be adjusted accordingly.

B.2.7.2 PCR controls

As a positive control, certified reference materials of GTS 40-3-2 (material containing 0,1 % of genetically
modified plant ingredients), produced by the Institute for Reference Materials and Measurements (IRMM) Geel,
Belgium (IRMM-410), may be used.

Any other appropriate controls should be included as described in ISO 24276.

B.2.7.3 Temperature-time programme

The temperature-time programme as outlined in Table B.6 has been used for the validation study using the
Perkin Elmer 2400/9600/9700 thermal cycler systems and AmpliTaq Gold® DNA polymerase3). The use of
other thermal cyclers might make an adaptation necessary. The time for activation/initial denaturation
depends from the polymerase used. If using a hot-start polymerase, the recommendation of the manufacturer
should be carefully adhered to unless the protocol states otherwise.

Table B.6 — Temperature-time programme

Activation/initial denaturation 10 min/95 °C

Amplification 25s/95 °C
30 /62 °C
45s/72 °C

Number of cycles 50

Final extension 7 min/72 °C

B.2.8 Identification

It is recommended to verify the identity of the PCR product derived from the unknown sample by, for example,
restriction, DNA sequencing or DNA hybridization.

13) GeneAmp® 2400, 9600 and 9700, and AmpliTaq Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously Perkin Elmer/Applied Biosystems. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.
Equivalent products may be used if they can be shown to give the same results.
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B.2.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence, determined by comparison with products derived from certified
reference material containing the target DNA sequence (e.g. IRMM-410 series from IRMM, Geel, Belgium).

For identification purposes see B.2.8.

The detection of fragments with a size of 123 bp indicates that the sample DNA solution contains amplifiable
DNA of CaMV 35S promoter origin within the assessed limitations of specificity described in B.2.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

B.3 Screening method for the detection of genetically modified plant DNA
(Agrobacterium tumefaciens NOS-terminator)

B.3.1 General

This is a method for the detection of a variable copy number DNA sequence from the Agrobacterium
tumefaciens nopaline synthase (NOS) terminator. Due to the presence of the NOS-terminator in many

genetically modified plants, this method may be used to screen for the presence of GM-plant-derived
components [22]. [23], [29], [30]

No tool to verify the identity of the PCR product is described. Therefore this method cannot be considered as
an identification method. It may be used to assess the amplifiability of DNA containing the target sequence.

B.3.2 Validation status and performance criteria

B.3.2.1 Collaborative study

The method has been validated following the criteria specified in ISO 5725-2. The collaborative study involved
23 European laboratories and was coordinated by the EU JRC [29]. [30]. The method has been evaluated for
detection of GMOs in various processed food matrices (cooked maize grit, infant formula, biscuits, acidified
soya bean meal) containing each 0 %, 2 %, and 100 % (10 % instead of 100 % in the case of biscuits) of
either GTS 40-3-2 or Event 176. Since Event 176 does not contain NOS-terminator sequences, samples
containing Event 176 should not be evaluated with this method. However since the collaborative study was
organized in conjunction with the 35S method, all samples were submitted and evaluated by the laboratories.
The cooked maize grits results were excluded from statistical analysis at a later stage.

Each participant received 4 control samples and 30 unknown independent duplicates, of which 10
corresponded to 0 % GMO samples and 20 contained various percentages of the genetically modified events.
All participants received a detailed method description for DNA extraction with either the CTAB method or a
commercially available kit. However, the laboratories were free to apply their method of choice for DNA
extraction while the PCR conditions had to be optimized specifically for their local equipment. The laboratories
were asked to analyse each sample once and to specify whether it was considered to be GMO positive or
negative. Since most laboratories returned correct results (14 laboratories reported between 90 % and 100 %
of correct scores; and 3 between 80 % and 90 % of correct scores) and none provided correct results in the
range of 70 % to 80 %, the cut-off level was set at 80 % of correctly reported results. As a consequence,
5 laboratories were excluded from further statistical analysis. Since Event 176 does not contain NOS-
terminator sequences, all analytical results from the cooked maize grits preparations should be negative. The
results from the cooked maize grits samples had a high percentage (100 %) of correct results and were
excluded from statistical evaluation.

An average of 98,2 % correct results was obtained for non-GMO-containing samples (1,8 % false positive

results) and an average of 97,9 % correct results for GMO-containing samples (2,1 % false negative
results) [29]. The data are listed in Table B.7.
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Table B.7 — Results of the collaborative study

Year 1999
Number of laboratories 30
Number of laboratories submitting results 18
Number of samples per laboratory 12
Number of total samples 360
Number of accepted results 540
False positive results 1,8 %
False negative results 21 %

B.3.2.2 Molecular specificity

B.3.2.2.1 General
This annex fulfils the requirements as outlined in Clause 7.

The method has been designed to target the Agrobacterium tumefaciens nopaline synthase terminator
sequence described in GenBank® database accession No. V00087.

A false positive result can occur since the amplified sequence is derived from Agrobacterium, which is a soil
bacterium present in nature. Positive results may indicate the presence of a GM-plant-derived product but

shall not be interpreted without additional confirmation. The potential contamination of the material with
Agrobacterium or related bacteria should be considered.

B.3.2.2.2 Theoretical
No sequence homology with DNA sequences of non-GM crop plants has been found in databank searches
(NCBI BlastN® search, EMBL database, September 28!, 2001). Note that reverse primer match 100 % to

AF015682 Rice ragged stunt virus polymerase. Both primers match a long list of accessions referable to
cloning vectors and patents, as well as nopaline synthase.

B.3.2.2.3 Experimental

No amplification has been observed using DNA from non-GM crop-plants and derived processed food
matrices in performance tests before the collaborative study [30].

B.3.2.3 Limit of detection (LOD)

The absolute limit of detection has not been determined, but this method has been demonstrated to detect
50 copies of GTS 40-3-2 DNA [29],

In a collaborative study, 2 % of GTS 40-3-2 (Roundup Ready® soya beans) were detected in biscuits, infant
formula and acidified soya beans with at least 96,4 % of correct results [29].

B.3.3 Adaptation

No specific information is available
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B.3.4 Principle
A 118 bp DNA fragment from the NOS-terminator sequence is amplified by PCR and detected by gel

electrophoresis. The identity of the PCR product can be verified, for example by DNA sequencing. However,
no verification procedure has been validated.

B.3.5 Reagents

For the quality of the reagents used, see ISO 24276.

B.3.5.1 Water

B.3.5.2 PCR buffer, ¢(MgCly) = 15 mmol/l, 10x.

B.3.5.3 dNTP solution, ¢(dNTP) = 4 mmol/l (each).

B.3.5.4 Oligonucleotides

B.3.5.4.1 Forward primer

Agrobacterium tumefaciens NOS-terminator, HA-nos118f: 5'- gCA TgA CgT TAT TTA TgA gAT ggg-3".
Designed to amplify a sequence described in accession No. V00087.

B.3.5.4.2 Reverse primer

Agrobacterium tumefaciens NOS-terminator, HA-nos118r: 5'-gAC ACC gCg CgC gAT AAT TTA TCC-3".
Designed to amplify a sequence described in accession No. V00087.

B.3.5.5 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.

B.3.6 Apparatus and equipment
As specified in B.1.6.
B.3.7 Procedure (PCR set-up)

B.3.7.1 General

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Table B.8. The PCR may also be carried out in a larger volume if the solutions are adjusted appropriately. The
final concentrations of reagents as outlined in Table B.8 have proven to be suitable.
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Table B.8 — Addition of reagents

Reagent Final concentration | Volume per sample (ul)
Sample-DNA 5

Water 14,84

10 x PCR buffer (with MgCl,, 15 mmol/l)2 1 x 2,5

dNTP solution, 16 mmol/l 0,64 mmol/l 1

Primer HA-nos118f, 20 umol/l 0,6 umol/l 0,75

Primer HA-nos118r, 20 umol/I 0,6 umol/l 0,75

Tag DNA polymerase, 5 [U/pl 0,8 1U 0,16

2 If PCR buffer without MgCls is used, the volumes and concentrations should be adjusted accordingly.

B.3.7.2 PCR controls

As a positive control, certified reference materials of GTS 40-3-2 (material containing 0,1 % of genetically
modified plant ingredients), produced by the Institute for Reference Materials and Measurements (IRMM) Geel,
Belgium (IRMM-410), may be used.

Any other appropriate controls should be included as described in ISO 24276.

B.3.7.3 Temperature-time programme

The temperature-time programme as outlined in Table B.9 has been used for the validation study using the
Perkin Elmer 2400/9600/9700 thermal cycler systems and AmpliTaq Gold® DNA polymerase'4). The use of
other thermal cyclers might make an adaptation necessary. The time for activation/initial denaturation
depends on the polymerase used. If using a hot-start polymerase, the recommendation of the manufacturer
should be carefully adhered to unless the protocol states otherwise.

Table B.9 — Temperature-time programme

Activation/initial denaturation 10 min/95 °C
Amplification 25s/95 °C
30 /62 °C
45s/72 °C
Number of cycles 50
Final extension 7 min/72 °C

B.3.8 Identification

It is recommended to verify the identity of the PCR product derived from the unknown sample by, for example,
restriction, DNA sequencing or DNA hybridization.

14) GeneAmp® 2400, 9600 and 9700, and AmpliTaq Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously known as Perkin ElImer/Applied Biosystems. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products. Equivalent products may be used if they can be shown to give the same results.
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B.3.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence, determined by comparison with products derived from certified
reference material containing the target sequence (e.g. IRMM-410 series from IRMM, Geel, Belgium).

For identification purposes, see B.3.8.

The detection of fragments with a size of 118 bp indicates that the sample DNA solution contains amplifiable
DNA of NOS-terminator origin within the assessed limitations of specificity described in B.3.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

B.4 Screening method for the detection of genetically modified plant DNA
(npt 1l gene)

B.4.1 General
This is a method for the detection of a gene coding for the neomycin phosphotransferase (npt Il). Due to

insertion of this gene in the integrated constructs in many genetically modified plants, this genetic element
may be used to screen for GMO-derived plant materials.

B.4.2 Validation status and performance criteria

B.4.2.1 Collaborative study

The method was validated in an collaborative study with raw material [24] under the coordination of the
German Federal Institute for Health Protection of Consumers and Veterinary Medicine (BgVV) by the working
group “Development of methods for identifying foodstuffs produced by means of genetic engineering
techniques”. The number of participants as well the number of samples followed the criteria according to
ISO 5725-2.

For DNA extraction, the CTAB method as outlined in ISO 21571:2005, A.3, was used (but with a test portion
of 100 mg).

The data of the collaborative study are listed in Table B.10.

Table B.10 — Results of the collaborative study

Sample Zeneca tomato
Primer APH2 short/APH2 reverse
Year 1998
Number of laboratories 10
Number of laboratories submitting results 9
Number of samples per laboratory 5
Number of accepted results 45
Number of samples containing the neomycin 22
phosphotransferase gene (Zeneca tomato)

False positive results 0 (0 %)
False negative results 0 (0 %)
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B.4.2.2 Molecular specificity

B.4.2.21 General
This annex fulfils the requirements as outlined in Clause 7.

The method has been designed to target the sequence described in GenBank® database accession No.
AF269238.

The neomycin phosphotransferase derived from E. coli K12 and is present in several genetically modified
organisms.

The npt 1l gene is derived from E. coli K12 and is present in several genetically modified organisms.

A false positive result can occur since the target sequence is derived from E. coli K12. Positive results should
not be interpreted as proof of the presence of a GM-plant-derived product.

B.4.2.2.2 Theoretical
No sequence homology with DNA sequences of non-genetically modified crop plants was found in databank

searches (NCBI BlastN® search, EMBL database, September 28th, 2001). The primers retrieved only the Tn5
transposon, and synthetic and patented sequences.

B.4.2.2.3 Experimental

No amplification has been observed using DNA from non-genetically modified crop plants and derived
processed food matrices.

B.4.2.3 Limit of detection (LOD)

Validation has only been performed with 0 % and 100 % GM material.

B.4.3 Adaptation

No specific information is available.

B.4.4 Principle

A 215 bp DNA fragment from the neomycin phosphotransferase gene sequence is amplified by PCR and
detected by gel electrophoresis. The identity of the PCR product may be verified by, for example, restriction.

Neomycin phosphotransferase yields bacterial resistance to neomycin/kanamycin antibiotics and the gene has
been introduced only as a marker gene.

B.4.5 Reagents

For the quality of the reagents used, see ISO 24276.
B.4.5.1 Water

B.4.5.2 PCR buffer, ¢(MgCly) = 15 mmol/l, 10x.
B.4.5.3 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).

B.4.5.4 Oligonucleotides
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B.4.5.4.1 Forward primer

APH2 short: 5'-CTC ACC TTg CTC CTg CCg AgA-3".

B.4.5.4.2 Reverse primer

APH2 reverse: 5-CgC CTT gAg CCT ggC gAA CAg -3'.

B.4.5.5 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.
B.4.5.6 Restriction enzyme: Rsa |

B.4.6 Apparatus and equipment

As specified in B.1.6.

B.4.7 Procedure (PCR set-up)

B.4.7.1 General

The method is described for a total PCR volume of 25 ul per reaction mixture with, for example, the volumes
as listed in Table B.11. The PCR may also be carried out in a larger volume if the solutions are adjusted
appropriately. The final concentrations of reagents as outlined in Table B.11 have proven to be suitable.

Table B.11 — Addition of reagents

Reagent Final concentration | Volume per sample (ul)
Sample-DNA 5

Water 14,6

10 x PCR buffer (with MgCl, 15 mmol/l) 1 x 2,5

dNTP solution, 10 mmol/l 0,2 mmol/l 0,5

Primer APH2 short, 10 umol/l 0,4 ymol/l 1

Primer APH2 reverse, 10 pmol/l 0,4 ymol/l 1

Taqg DNA polymerase, 5 [U/pl 21U 0,4

B.4.7.2 PCR controls

No reference material is commercially available.!5)

B.4.7.3 Temperature-time programme

The temperature-time programme as outlined in Table B.12 has been used for the validation study using
thermal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTaq Gold® DNA polymerase’6). The use of
other thermal cyclers might make an adaptation necessary. The time for activation/initial denaturation
depends on the polymerase used. If using a hot-start polymerase, the recommendation of the manufacturer
should be adhered to unless the protocol states otherwise.

15) For the availability of appropriate control material, contact your national standards institute.

16) GeneAmp® 2400 and 9600 and AmpliTag Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously known as Perkin EImer/Applied Biosystems. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products. Equivalent products may be used if they can be shown to give the same results.
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Table B.12 — Temperature-time programme

Activation/initial denaturation 10 min/95 °C

Amplification 25s/95 °C
30 s/60 °C
45s/72 °C

Number of cycles 35

Final extension 7 min/72 °C

B.4.8 Identification

It is recommended to verify the identity of the PCR product derived from the unknown DNA-sample by, for
example, restriction, DNA sequencing or DNA hybridization. Restriction of the PCR product with Rsa | should
yield two fragments (122 and 93 bp, respectively) [24],

B.4.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence determined by comparison with products derived from
appropriate reference material (e.g. a commercial plasmid containing the target DNA sequence).

For identification purposes, see B.4.8.

The detection of fragments with a size of 215 bp indicates that the sample DNA solution contains amplifiable
DNA of npt Il origin within the assessed limitations of specificity described in B.4.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

B.5 Screening method for the detection of DNA derived from genetically modified
tomato (Zeneca® F282)

This method is described in detail in A.3.

B.6 Real-time PCR based screening method for the detection of genetically modi-
fied plant DNA (Agrobacterium tumefaciens nos terminator, T-nos)

B.6.1 Purpose, relevance and scientific basis

Testing for the presence of the Agrobacterium tumefaciens T-nos DNA sequence is commonly used as
a screening tool for detection of genetically modified (GM) plant material since many GM events in
commerce contain this element. According to a search in the CERA database (Reference [50]), at
least 43 GM events contain the T-nos element (Reference [51]). Detailed technical information for the
qualitative T-nos real-time PCR method and the results of the collaborative trial validation have been
published (Reference [52]). The collaborative study involved 24 laboratories from Germany, Austria,
and Switzerland. The study design was carried out in accordance with the IUPAC protocol (Reference
[48]) using 12 blind DNA samples containing the T-nos sequence as target analyte at two different levels
(six 0,5 % mass fraction NK603 maize and six 0,1 % mass fraction NK603 maize DNA) and six blind DNA
samples that did not contain the T-nos target (six non-GM maize DNA). The results of the collaborative
trial for the T-nos target were used to determine the false-positive and false-negative rates. In addition,
validation data of the specificity and applicability of the methods in a practical approach to screen for
GM crop plant material have been published (Reference [53]).

B.6.2 Principle

This method describes a procedure for detecting a DNA sequence from the terminator region of the
nopaline synthase gene (T-nos) from Agrobacterium tumefaciens by using qualitative real-time PCR.
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T-nos is used as a regulatory element in many GM plants, therefore the method is suitable to screen for
the presence of GM crop plant material. It may be used for analysing DNA extracted from foodstuffs and
also other products (e.g. feedstuffs, seeds). The application of this method requires a sufficient amount
of amplifiable DNA to be extractable from the relevant matrix for the purpose of analysis.

NOTE The T-nos DNA sequence from Agrobacterium tumefaciens can also be detected in samples containing
DNA from these bacteria, but not containing any genetically modified DNA sequences. Analyses using construct-
specific and/or event-specific methods are therefore carried out in order to confirm any positive results.

B.6.3 Validation status and performance criteria

B.6.3.1 Robustness of the method

The robustness of the method has been tested on different real-time PCR devices [ABI 5700,1)
ABI 7700,1 ABI 7900,1) ABI 7500, RotorGene 3000,1) iCycler,1) LightCycler 1.2/1.51)], with different
reaction volumes (20 pl and 25 pl) and different PCR reagent kits (QuantiTect Probel) PCR kit of Qiagen;
LightCycler TagMan1) master kit of Roche; TagMan1) universal master mix of Applied Biosystems). The
T-nos qualitative real-time PCR method has the expected robustness and worked well at different PCR
devices, different reaction volumes, and with different reagent kits.

B.6.3.2 Intralaboratory trial

Different DNA samples containing known amounts of genomic DNA extracted from 5 % mass fraction
NK603 maize flour (50 ng, 12,5 ng, 3,1 ng and 0,78 ng) were analysed in six repetitions per sample.
At all DNA contents, all six repetitions were positive in the PCR test. The coefficients of variation of
repeatability, Cy, values of 6,9 %, 8,5 %, 9,5 %, 22 % and 24,4 % and resulting confidence intervals (CI
95 %) of 7,3 %, 8,9 %, 9,9 %, 23,1 % and 25,6 % were determined at the indicated DNA concentrations,
respectively (Reference [53]).

B.6.3.3 Collaborative trial

The reliability of the method was tested in a collaborative trial in accordance with the [UPAC protocol
(Reference [48]), with a total of 24 participating laboratories (Reference [52]). Participating laboratories
were provided with DNA samples containing either the T-nos sequence as target analyte or not. Each
laboratory received 18 blind DNA samples, comprising a set of six samples of DNA extracted from 0,1 %
mass fraction NK603 maize flour (ERM BF-415), of a set of six samples of DNA extracted from 0,5 % mass
fraction NK603 maize flour (ERM BF-415) and of a set of six samples of DNA extracted from non-GM
maize flour. This design was used to obtain representative data on the false-positive and false-negative
rates shown in Table B.13 In addition, participants received a positive DNA target control consisting of
a DNA solution of 0,5 % mass fraction NK603 (20 ng/ul). Furthermore, participants were provided with
solutions of the primers, the probe and a commercial reagent kit (QuantiTect™ Probel) PCR kit or the
LightCycler TagMan®1) master Kkit). A total of 12 laboratories used real-time PCR equipment adapted for
plasticvials [ABI5700,1) ABI 7700,1) ABI 75001 or ABI 7900,1) RotorGene,1) iCyclerl)] and 12 laboratories
applied real-time PCR equipment adapted for glass capillaries [LightCycler 1.2/1.51)]. Each sample was
analysed by the participants in a single PCR using 5 pl of the unknown sample DNA under conditions
described in Tables B.15 and B.16. In addition, the amplifiability of the DNA samples required analysis by
the laboratories using their respective established maize-specific reference gene real-time PCR method.

For preparation of DNA samples containing the T-nos DNA target sequence, CRMs (IRMM, Geel) of
NK603 maize at two concentrations (BF-415b with 1 g/kg and BF-415c with 4,9 g/kg) were used.
For the preparation of T-nos negative DNA test samples, GM-negative maize flour already used in the
USDA/GIPSA proficiency programme of 2006-04 was taken. The positive DNA target control provided
to the participants contained extracted DNA from 0,5 % mass fraction NK603 CRM (BF-415c). For
extraction of the sample DNA a silica-membrane based kit system was applied [NucleoSpin® Foodl)
from Macherey-Nagel GmbH, Diiren]. The quantity of the extracted DNA was measured by an ultraviolet
spectrophotometric method (ISO 21571:2005, Annex B) and the final DNA solution used for preparation
of the coded DNA sample aliquots was adjusted to a concentration of 20 ng/pl.
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The results of the collaborative trial for the T-nos real-time PCR method are given in Table B.13.

Table B.13 — Results of the collaborative trial

No. participating laboratories 24

No. laboratories after eliminating the outliers 23

No. samples per laboratory 18

No. accepted results 4142

No. T-nos positive samples 276

No. T-nos negative samples 138
False-positive results 3b (2,2 %)
False-negative results 0(0%)

a  The results from one laboratory were excluded, because a contamination with T-nos DNA causing false-positive results
was reported by this laboratory.

b Three laboratories reported a false-positive result (at C¢ 26,6, 38,9 and 39,6, respectively) for one of the T-nos negative
DNA test samples. Real-time PCR instruments used by these laboratories were an ABI 57001 or the LightCycler 1.2.1)

B.6.3.4 Molecular selectivity

B.6.3.4.1 General

For detection of the T-nos DNA sequence, an 84 bp fragment from the 3’-terminal region of the
Agrobacterium tumefaciens nopaline synthase gene is selected and amplified using specific primers.

A false-positive result can occur because the amplified sequence is derived from Agrobacterium
tumefaciens, which is a soil bacterium present in nature. Positive results may indicate the presence of a GM
plant-derived material, but cannot be interpreted as such without additional confirmation. The potential
contamination of the material with Agrobacterium tumefaciens or related bacteria should be considered.

B.6.3.4.2 Experimental

DNA samples extracted from available reference materials (Reference [53]) were analysed and the
following events tested positive in the T-nos real-time PCR:

— soya flour: GTS 40-3-2 (MON-@4@332-6);

— maize flour: Event 3272 (SYN-E3272), Bt11 (SYN-BT @11-1), CBH-351 (ACS-ZM@@4-3), GA21 (MON-
@0@21-9), MIR604 (SYN-IR6@4-5), MON809 (PH-MON8@9-2), MON863 (MON-@@863-5), MON
88017 (MON-88017-3), NK603 (MON-@@6@3-6);

— rapeseed leaves: MS1xRF1 (ACS-BN@@4-7xACS-BN@@1-4), MS8xRF8 (ACS-BN@@5-8 x ACS-
BN@@3-6); OXY 235 (ACS-BN@11-5);

— rice flour: Bt63;

— papaya fruit: SunUp (55-1);

— potato flour: EH92-527-1 (BPS-25271-9);

— ground cotton seeds: MON1445 (MON-@1445-2), MON531 (MON-@@531-6), MON15985 (MON-15985-7)

As expected, DNA extracted from reference materials (Reference [53]) of the following events gave
negative results: 59122 maize (DAS-59122-7), MON810 maize (MON-@@81@-6), T14 maize (ACS-
ZM@@2-1), T25 maize (ACS-ZM@@3-2), TC1507 maize (DAS-@15@7-1), Laurical 23-198 rapeseed (CGN-
89465-2), GS40/90 rapeseed, T45 rapeseed (ACS-BN@@8-2), LL62 rice (ACS-0S@@2-5), LL601 rice (BCS-
0S@@3-7), A2704-12 soya bean (ACS-GM@@5-3), A5547-127 soya bean (ACS-GM@@6-4).
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B.6.3.4.3 Theoretical

The 84 bp target sequence used as query is contained in the GenBank® database (Reference [83], under
NCBI accession number FN550390). The results of the BLAST confirmed the complete identity of the
query sequence with several database entries that contain the T-nos sequence and no homology to other
database entries (search date: 2010-04-22).

B.6.4 Principle and summary

An 84 bp DNA fragment from the terminator region of the nopaline synthase gene (T-nos) from
Agrobacterium tumefaciens is amplified and detected by real-time PCR. Accumulated PCR products
are measured over each cycle (real-time) by means of a target sequence-specific oligonucleotide probe
which is labelled with two fluorescent dyes (FAM as reporter dye and TAMRA as quencher) and binds
between the two primers in the DNA sequence [so-called “TagMan®1) chemistry”] (Reference [54]).

B.6.5 Terms and definitions

For the purposes of this document, the terms and definitions of [SO 5725-1f[40] and [[SO 24276 apply.

B.6.6 Sample type and amounts (analyte and matrix)

In the following, the data from the collaborative study are given as examples for sample types and
sample amounts adequate for this method.

DNA samples extracted from soya, maize, rice and potato flours, as well as from other plant materials,
were used (Reference [53]). In the collaborative trial, participants received DNA samples extracted from
0,1 % and 0,5 % mass fraction NK603 maize flours (ERM BF-415) and from a GM-negative maize flour
(Reference [54]). The DNA concentration was adjusted to 20 ng/ul. The final mass of sample DNA added
per reaction did not exceed 200 ng.

B.6.7 Limit of detection and range of use

The relative LOD of the method is less than or equal to 0,1 % mass fraction, because all DNA samples
extracted from the 0,1 % NK603 maize flour were detected correctly in the collaborative trial. The mass
of 0,1 % mass fraction NK603 maize DNA used by the laboratories in the PCR was 100 ng. Based on the
assumption that the molecular mass of the maize haploid genome is 2,72 pg (Reference [55]) per copy
and that in the heterozygous NK603 maize material the T-nos DNA sequence is present in two copies
(Reference [56]), approximately 37 copies were detected by all laboratories at an average C; value of
34,6 (+ 2,4).

Further experiments with low copy numbers of the T-nos sequence were performed in an interlaboratory
study with five laboratories using different PCR devices [ABI 7900,1) ABI 7700,1) LightCycler 1.41)]
and the reaction conditions described in Tables B.15 and B.16. Each laboratory analysed 10 replicates
of 100 ng DNA extracted from non-GM maize spiked with DNA extracted from NK603 maize flour
corresponding to 20 copies of the T-nos target sequence per reaction. Positive results were obtained in
51 of 51 reactions (100 %). In addition, lower spiking levels were analysed in an intralaboratory study
using a real-time PCR device [ABI 75001)]. Detection of 10 copies of the T-nos target sequence occurred
in 15 of 15 reactions, five copies were detected in 13 of 15 reactions. Therefore, the absolute LOD of the
method using non-GM-maize DNA spiked with NK603 maize DNA is estimated to be in the range of 5 to
10 copies of the T-nos target sequence.

In general. the practical LOD of the method depends on the target taxon genome size and the amount of
sample DNA used in the PCR.

B.6.8 Estimation of measurement uncertainty

The reproducibility of the method is given by the results of the collaborative trial (see B.6.3.3).
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B.6.9 Interferences

The amount, quality, and ability to amplify the nucleic acid template influences the analytical result
obtained (see [SO 2157i||. Therefore the nucleic acid used for the analysis should be checked, e.g. by
means of a target taxon-specific PCR method.

B.6.10 Physical and environmental conditions

See [SO 24274 for details.

B.6.11 Apparatus and equipment

B.6.11.1 Real-time PCR thermal cycler equipped with an energy source suitable for the excitation
of fluorescent molecules and an optical detection system suitable for the detection of the fluorescence
signals generated during PCR.

B.6.11.2 Reaction tubes and caps or closures which can be repeatedly heated to 100 °C and
cooled to 4 °C without damage and which do not influence the fluorescence signal generated during the
amplification process.

B.6.11.3 UV-spectrophotometer to determine the concentration of DNA.

B.6.12 Reagents and materials

Unless otherwise stated, only reagents that conformed to the specifications of [SO 24274 and only
molecular biology grade water or water of equivalent purity were used.

See also B.6.16 (Analysis steps) for specific reagents.

B.6.13 Sample collection, transport, preservation and storage

DNA solutions may be stored at 4 °C for a maximum of 1 week, or at =20 °C for long-term storage. See

also [[SO 21571].

B.6.14 Test sample preparation
See [SO 21571

B.6.15 Instrument calibration

Instruments (e.g. thermal cyclers) should be calibrated as per [SO/IEC 17025.[41]
B.6.16 Analysis steps
B.6.16.1 Preparation of the DNA extracts

B.6.16.1.1 DNA extraction
DNA is extracted from the test sample applying a suitable method ([SO 21571).

Concerning the extraction of DNA from the test sample, the general instructions and measures described
in [SO 21571 should be followed. It is recommended that one of the DNA extraction methods described
in[[SO 21571:2005, Annex A be chosen.

B.6.16.1.2 DNA quantification

Spectrophotometric quantification of the amount of total DNA extracted has been performed by using a
method described in [SO 21571:2005, B.1.
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B.6.16.1.3 DNA integrity evaluation

The integrity of the extracted DNA (amount, quality and amplifiability) can be determined in a real-time
PCR run with a method that targets a taxon-specific (endogenous) sequence.

B.6.16.2 PCR reagents

B.6.16.2.1 General. Ready-to-use reagent mixtures or individual components can be used. Reagents and
polymerases which lead to equal or better results may also be used.

B.6.16.2.2 Thermostable DNA polymerase, for hot-start PCR.

B.6.16.2.3 PCR buffer solution (contains MgCl, and deoxyribonucleoside triphosphates dATP, dCTP,
dGTP and dUTP); e.g. QuantiTect Probel) PCR kit (Qiagen) for real-time PCR using plastic vials or
LightCycler®1) TagMan®1) master (Roche) for using glass capillaries.

B.6.16.2.4 Primers. See Table B.14.

Table B.14 — Oligonucleotides

Name DNA sequence of the oligonucleotides
T-nos as target sequence
180-F 5- CAT gTA ATg CAT gAC gTT ATT TAT g -3°
180-R 5-TTg TTT TCT ATC gCg TAT TAA ATg T -3°
Tm-180 5-(FAM) - ATg ggT TTT TAT gAT TAg AgT CCC gCA A - (TAMRA) -3

a  FAM: 6-carboxyfluorescein, TAMRA: 6-carboxytetramethylrhodamine. Equivalent
reporter dyes and/or quencher dyes can be used.

B.6.16.3 Procedure

The method description applies to a total volume of 25 pl per PCR when using plastic vials and of 20 pl
when using glass capillaries. Use the reagents listed in Tables B.15 or B.16.

Table B.15 — Addition of reagents for real-time PCR using plastic vials

Reagent Final concentration Volume pﬁi‘ reaction

2x PCR buffer solution (including MgCly, dNTPs, and

DNA polymerase)a Ix 12,5

Primer 180-F, ¢ = 10 umol/Ib 400 nmol/1 1

Primer 180-R, ¢ = 10 pmol/Ib 400 nmol/1 1

Probe Tm-180, ¢ = 10 pmol/Ib 100 nmol/1 0,25

Water -/- 5,25

Sample DNA up to 200 ng 5

Total reaction volume -/- 25

a  [f QuantiTect Probel) PCR master mix (Qiagen) is used.

b Different working concentrations may be used. If different working concentrations are used, the volumes per sample

shall be adapted accordingly.
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Table B.16 — Addition of reagents for real-time PCR using glass capillaries

Volume per reaction

Reagent Final concentration ul
5x PCR buffer solution (including MgCl,, dNTPs, and
DNA polymerase) 2 Ix 4
Primer 180-F, ¢ = 10 pmol/Ib 1 pmol/1
Primer 180-R, ¢ = 10 pmol/Ib 1 pmol/1
Probe Tm-180, ¢ = 10 umol/Ib 200 nmol/1 0,4
Water -/- 6,6
Sample DNA up to 200 ng 5
Total reaction volume -/~ 20

a  If LightCycler®1) TagMan®1) master (Roche) is used as PCR buffer.

b Different working concentrations may be used. If different working concentrations are used, the volumes per sample
shall be adapted accordingly.

B.6.16.4 PCR controls

=

As a positive control, a certified reference material of GTS 40-3-2 (0,1 % mass fraction soya bean flour
ERM BF410b) may be used. Any other appropriate controls should be included as described in [[SO 24274.

B.6.16.5 Preparation of standards

A DNA solution with a known concentration (ng/ul) and copy number of the T-nos sequence calculated
from this concentration can be prepared as standard for positive control.

NOTE When using genomic plant DNA as the standard DNA, the number of genome equivalents per microlitre,
CgE, can be calculated, as a first step, on the basis of the molecular mass of the respective haploid genome
(Reference [55]) of the plant species, applying the following equation:

Ppna X1 000
Ceg=—""—
Myg
where
PDNA  is the mass concentration of DNA, in nanogram per microlitre;
MHG is the mass of the haploid genome, in picogram

B.6.16.6 Temperature-time programme

A proven temperature-time programme for this PCR is given in Table B.17 when using plastic vials and
in Table B.18 when using glass capillaries.

Table B.17 — Temperature-time programme for plastic reaction vessels

Step Parameter Tempoerature Time Fluorescence Cycles
C measurement
1 Initial denaturation 95 15 min no 1
denaturation 94 15s no
2 Amplification ; 45
p anneallpg and 60 60 s yes
elongation
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Table B.18 — Temperature-time programme for glass capillaries vessels

Step Parameter Temps rature Time Fluorescence Cycles
C measurement
1 Initial denaturation 95 10 min no 1
denaturation 94 10s no
2 Amplification ; 45
p anneallpg and 60 40’ yes
elongation

B.6.16.7 Accept or reject criteria

A corresponding real-time PCR device-specific data analysis program is used for the identification of
PCR products. The amplification results may be given in a different manner, depending on the device
used. In the absence of detectable PCR products (negative result), e.g. “undetermined”, “no amp”, or
the maximum number of possible cycles is given in the report. If the amplification of the DNA target
sequence occurred in a sample (positive result), the cycle number is calculated at which a predetermined
fluorescence threshold value was exceeded (cycle threshold, Ct, value or crossing point, Cp, value).

If, due to atypical fluorescence measurement data, the automatic interpretation does not provide a
meaningful result, it may be necessary to setthe baseline and the threshold manually prior to interpreting
the data. In this case, apply the device-specific instructions given in the manual regarding the use of the
interpretation software.

B.6.16.8 Identification

The result of the analysis is verified by using the real-time PCR assay format with a fluorescent-labelled
hybridization probe (Reference [54]) for the identification of the PCR product during the cycling process.

B.6.17 Sample identification
The target sequence is considered as detected when:

— by using the T-nos-specific primers 180-F and 180-R and the probe Tm-180, an increase in the
measured fluorescence can be determined which is due to amplification;

— inthe PCR control set-ups with no added DNA (PCR reagent control, negative extraction control), no
increase in the fluorescence can be determined which is due to amplification;

— in the set-ups for the amplification control (positive DNA target control, PCR inhibition control) the
expected Ci values (or Cp values) are achieved.

B.6.18 Calculations

An 84 bp fragment is generated and the increase in the measured fluorescence can be detected which is
due to amplification of the target sequence. The negative control with no added DNA (PCR reagent control,
negative extraction control) should result in no increase in the fluorescence. In the amplification control
(positive DNA target control, PCR inhibition control) the expected Cy values (or C, values) should be achieved.

B.7 Screening method for the detection of genetically modified organisms (FMV
34S promoter)

B.7.1 Purpose, relevance and scientific basis

The method is applicable to detect the figwort mosaic virus 34S (FMV 34S) promoter DNA sequence in
RT73 rapeseed and in other GM plants which contain the FMV 34S promoter. It can be used to screen
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for the presence of DNA derived from GM plants containing this genetic element. The principle of the
method is based on DNA amplification by qualitative PCR.

NOTE The detection of the PCR products by agarose gel electrophoresis only does not fulfil the requirement
of a sequence-specific verification step. The necessity of a molecular verification of the PCR product resulting
from a screening method depends on the analysis scheme which follows the screening method. In general,
a molecular verification of the PCR product generated can be done e.g. by sequencing, by digestion with two
restriction endonucleases, and/or probe-based hybridization which was not included in the validation of the
method described in this annex.

B.7.2 Principle

This method describes a qualitative PCR screening method for the detection of the FMV 34S promoter
in DNA extracted from rapeseed by amplifying a PCR product of 196 bp. Due to the presence of FMV 34S
promoter in many GM plants, especially in GM rapeseed, potato, soya bean, cotton, tomato, and beet, this
method can be used to screen for the presence of GM plant-derived DNA. Since the FMV 34S promoter
sequence can also be detected in samples which contain DNA from the figwort mosaic virus, but no
genetically modified DNA sequences, a follow-up analysis should be carried out to confirm positive results.

The method has been optimized for screening the FMV 34S sequences using dry rapeseed powder. The
applicability of the FMV 34S sequences was tested through a collaborative trial using mixed powder
containing differentamounts of RT73 (unique identifier MON-@@@73-7) rapeseed in conventional rapeseed.

B.7.3 Validation status and performance criteria

B.7.3.1 Robustness of the method

Robustness of the qualitative PCR assay for detection of the FMV 34S promoter was tested at three
different annealing temperatures (53 °C, 54 °C and 55 °C) using three DNA samples containing different
amounts of genomic DNA extracted from RT73 rapeseeds (10 ng, 1 ng and 0,1 ng, corresponding to
approximately 15 000, 1 500, and 150 copies of FMV 34S promoter, and three repetitions per sample).
The qualitative PCR results showed that these PCR reactions clearly produced DNA bands of identical
size irrespective of the annealing temperature and the amounts of template DNA. A final annealing
temperature of 54 °C was chosen because it gave the strongest signal intensity with the lowest
concentration of DNA template (0,1 ng).

The qualitative PCR assay for FMV 34S promoter has also been tested on different thermal cyclers [M]
Research PTC-225,1) Applied Biosystem 27201 and Eppendorf Mastercycler Gradientl)], with three
different reaction volumes (25 pl, 30 pl and 50 pl, and three repetitions per volume). Qualitative PCR
results from the different thermocyclers and reaction volumes were essentially equivalent. These
results indicated that the qualitative PCR assay for FMV 34S promoter had the expected robustness.

B.7.3.2 Intralaboratory trial

The RT73 rapeseed genomic DNA was extracted by the GMO Detection Laboratory of Shanghai Entry
and Exit Inspection and Quarantine Bureau of China (GMDL-SHCIQ) using the Wizard®1) magnetic DNA
purification system for food (Promega Inc.). The qualitative PCR assay for FMV 34S promoter was tested
by three different researchers in the GMDL-SHCIQ using the RT73 rapeseed genomic DNA as template.
The relative LOD was 0,1 % mass fraction of RT73 DNA in 20 ng of genomic rapeseed DNA, corresponding
to approximately 16 RT73 haploid rapeseed genomic copies. The absolute LOD was 0,1 ng RT73 rapeseed
genomic DNA, corresponding to approximately 81 RT73 haploid rapeseed genomic copies (Reference [57]).

B.7.3.3 Collaborative trial

GMDL-SHCIQ organized the collaborative trial for the detection method for FMV 34S promoter in
GM RT73 rapeseed. In this study, 12 laboratories from Canada, Slovenia, the Netherlands, Germany,
Argentina, and China participated.
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The method developer prepared 10 double-blind samples of rapeseed containing different concentrations
of RT73 rapeseed and supplied them to the participants of the collaborative trial. The rapeseed seed
samples were milled with SPEX CertiPrep® 68501) freezer mill. The procedure is as follows.

The dried seed samples of RT73 and conventional rapeseed were first ground into powder with the
freezer mill.

Using a Sartorius BS 224S balance (uncertainty within +0,000 3 g) calibrated as per [SO/IEC 17025,[41]
2,0000¢g,0,4000g,0,0400g,0,0200 g, 0,004 0 g genuine dried RT73 rapeseed powder and 38,0000 g,
39,6000 g, 39,9600 g, 39,980 0 g, 39,996 0 g pure dried conventional rapeseed powder were weighed.

The weighed RT73 rapeseed and the corresponding mass of conventional rapeseed were put into 50 ml
grinding vials simultaneously (total mass is 40,000 0 g).

The samples were ground in liquid nitrogen in the freezer mill for 10 min, and the vials were then kept
at room temperature for 1 to 2 days without opening the caps of the vials.

When the outside surface of the vials was at room temperature without condensing water, these mixed
powder samples were aliquoted into small bottles, 1 g for each bottle.

The resultant blending samples generated mass fractions of 5 %, 1 %, 0,1 %, 0,05 %, and 0,01 % of GM
RT73 rapeseed in non-GM rapeseed. The above samples were tested to be homogeneous by randomly
drawing 10 bottles from each of the 5 %, 1 % and 0,1 % mass fraction RT73 samples, respectively.
Results showed that all of the DNA templates extracted from 30 bottles dry powders could be used for
amplification of the target DNA fragments.

The participants received the following samples:

— 10 blinded rapeseed powder samples containing 5 %, 1 %, 0,1 %, 0,05 % and 0,01 % mass fraction
RT73 rapeseed with two bottles for each mass fraction, 1 g for each bottle;

— RT73 rapeseed powder (containing 10 % mass fraction RT73 ingredient) as positive control
coded with P, 1 g;

— GM phosphinothricin-tolerant male-sterile MS8 x RF3 rapeseed powder as negative control
coded with M, 1 g;

— non-GM rapeseed powder for negative control coded with N, 1 g;

— Wizard®1) magnetic DNA purification system for food (Promega Inc.) and 1 magnetic separation
stand (Promega Inc.).

Primer pair FMV 34S Primer F/R: the primer sequence and amplicon size are shown in Table B.20.
The operational procedure of the collaborative study comprised the following modules:

DNA was extracted from the dry powder samples using the Wizard®1) magnetic DNA purification
system for food (Promega Inc.).

Spectrometry was used to quantify the amount of total extracted DNA, in accordance with
[SO 21571:2008, B.1.

Qualitative PCR was employed to analyse the extracted DNAs.
Agarose gel electrophoresis was performed on the PCR products and the image recorded.

The collaborative trial was carried out in accordance with [SO 5725-2,[39] especially the section in
relation to the measure of precision (i.e. repeatability and reproducibility) and trueness.

The applicability of the FMV 34S promoter screening detection method and the LOD were tested by using
DNA samples extracted from 10 double-blind samples composed of various amounts of RT73 rapeseed
and conventional rapeseed. Each laboratory received 10 double-blind dry powder samples with mass
fractions of 5 %, 1 %, 0,1 %, 0,05 %, 0,01 % of RT73 rapeseed in non-GM rapeseed.
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The results of this collaborative trial are reported in Table B.19. The positive rate of samples which
contain 5 %, 1 %, 0,1 %, 0,05 % and 0,01 % mass fraction of GM RT73 rapeseed in non-GM rapeseed
were 100 %, 100 %, 95,8 %, 70,8 % and 20,8 %, respectively. The relative LOD of the detection method
for FMV 34S promoter has been demonstrated to be at least 0,1 % mass fraction GMO according to the
internationally accepted guidelines.

Table B.19 — Results of the collaborative trial of FMV 34S promoter detection method

. . Parameter Value

(collaborative trial of 2006; sample: RT73 rapeseed meal)
No. laboratories 12
No. laboratories that have been evaluated 12
No. samples per laboratory 10
No. total samples 120
No. accepted results 120
No. samples containing non-GM rapeseed 120
Target detection material content, % mass fraction 5,0 1,0 0,1 0,05 0,01
No. samples 24 24 24 24 24
No. positive 24 24 23 17 5
No. false-negative 0 0 1 7 19
No. false-positives 0 0 0 0 0
Positive % 100 100 | 95,8 | 70,8 | 20,8
False-negative % 0 0 4,2 29,2 79,2
False-positive % 0 0 0 0 0

B.7.3.4 Molecular selectivity

B.7.3.4.1 General

The screening detection method targets the FMV 34S promoter sequences, and an 196 bp fragment of
the conserved region of the FMV 34S promoter sequence is amplified using the specific primers FMV 34S
primer F and FMV 34S primer R.

B.7.3.4.2 Experimental

Amplification of FMV 34S target sequence has been observed in genomic DNA from RT73 rapeseed,
MON1445, MON1698 and MON88913 cotton varieties, MON 89788 soya bean, and H7-1 sugar beet.

No amplification has been observed with DNA from non-transgenic organisms including maize, wheat,
rice, soya bean, pea, cotton, barley, potato, tomato, cattle, sheep, goat, pig, duck, chicken, and fish. In
addition, no amplification was observed with the DNAs from MS8xRF3, T45, Oxy235 rapeseed varieties,
40-3-2 soya bean and MON810, MON863, 1507, Bt11, GA21, NK603 and Bt176 maize varieties.

B.7.3.4.3 Theoretical

The theoretical specificity of the FMV 34S primer pairs was assessed through an identity search using
the BLASTN 2.0MP-WashU program (Reference [82], search date: 2010-02-18). The 196 bp sequence
used as query is part of the NCBI accession number AR016589. The results of the BLAST confirmed that
the primers match an extensive list of accessions referable to patents, as well as figwort mosaic virus
genome whose accession number is X06166.
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B.7.4 Principle and summary

The methodology is a qualitative PCR screening method targeting a fragment of the FMV 34S promoter
sequence for determination of the presence of GM ingredients in foodstuffs. The applicability of the
screening method and the LOD were validated, and the 196 bp PCR product was separated by agarose
gel electrophoresis.

B.7.5 Terms and definitions

For the purposes of this document, the terms and definitions of [SO 5725-1f[40] and [[SO 24276 apply.

B.7.6 Sample type and amounts

Ensurethatthetestsampleisrepresentative ofthe laboratory sample, e.g.by grinding or homogenization.
Measures and operational steps to be taken into consideration are described in [[SO 21571|.

B.7.7 Limit of detection and range of use

The absolute LOD of the qualitative PCR assay was 0,1 ng genuine RT73 rapeseed DNA corresponding
to approximately 75 haploid rapeseed genomic DNA copies and 150 copies of FMV 34S target sequence
(Reference [57]). The relative LOD of the qualitative PCR assay was 0,1 % mass fraction RT73 DNA in 20 ng
of genomic rapeseed DNA. The lowest mass fraction of the RT73 DNA in the collaborative trial was 0,01 %.

Due to the presence of FMV 34S promoter in many genetically modified plants, especially in rapeseed,
potato, soyabean, cotton, tomato, and beet, this method can be used to screen for the presence of GM
plant material with mass fractions ranging from 0,1 % to 100 %.

B.7.8 Estimation of measurement uncertainty

The global uncertainty of the method is given by the results of the collaborative trial (see B.7.3.3).

B.7.9 Interferences

The amount, quality_and amplification ability of the nucleic acid template influences the analytical
result obtained (see [SO 21571)). Therefore the nucleic acid used for the analysis should be checked e.g.
by means of a PCR specific to the target taxon.

Be aware that a false-positive result may occur since the amplified sequence is derived from figwort
mosaic virus, which naturally infects plants.

B.7.10 Physical and environmental conditions

See [[SO 24274 for details.

B.7.11 Apparatus and equipment

B.7.11.1 General
All the apparatus should be calibrated according to [SO/IEC 17025.[41]

B.7.11.2 Apparatus and materials for DNA extraction
B.7.11.2.1 Water bath or heating block.
B.7.11.2.2 Microcentrifuge.

B.7.11.2.3 Micropipettes.
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B.7.11.2.4 Vortex mixer.
B.7.11.2.5 Tubes, capacity: 1,5/2,0 ml.
B.7.11.2.6 Tips and filter tips for micropipettes.
B.7.11.2.7 Rack for reaction tubes.
B.7.11.2.8 PVC or latex gloves.
B.7.11.2.9 Vacuum dryer suitable for drying DNA pellets, optional.
B.7.11.3 Apparatus and equipment for DNA quantification

B.7.11.3.1 UV spectrophotometer, single beam, double beam or photodiode array instruments are
suitable, or fluorometer applicable for fluorescent dye-methods of DNA quantification.

B.7.11.3.2 Measurement vessels e.g. quartz cuvettes or plastic cuvettes suitable for UV detection
at a wavelength of 260 nm. The size of the measurement vessels used determines the volume for
measurement. This should be one of the following: half-microcuvettes (1 000 ul), microcuvettes (400 pl),
ultra-microcuvettes (100 pl) and quartz capillaries (3 pl to 5 pl). The optical path of standard cuvettes is
usually 1 cm.

B.7.11.4 Apparatus and equipment for qualitative PCR

B.7.11.4.1 Thermal cycler, the method was originally developed and in-house validated with M] Research
PTC-225, Applied Biosystems 2720 and Eppendorf Mastercycler Gradient thermal cyclers. Other thermal
cyclers and reaction vials may also be used if they show to lead to equivalent or better results.

B.7.11.4.2 Electrophoresis chamber, with power supply.

B.7.11.4.3 Microwave oven (optional).

B.7.11.4.4 Image system for gel analysis.

B.7.11.4.5 Microcentrifuge.

B.7.11.4.6 Freezer operating at -20 °C and refrigerator operating at 4 °C.
B.7.11.4.7 Micropipettes.

B.7.11.4.8 Vortex mixer.

B.7.11.4.9 Tubes, capacities: 0,2 ml, 1,5 ml and 2,0 ml.

B.7.11.4.10 Tips and filter tips for micropipettes.

B.7.11.4.11 Rack for reaction tubes.

B.7.11.4.12 PVC or latex gloves.
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B.7.12 Reagents and materials

B.7.12.1 General

Unless otherwise stated, only reagents that conformed to the specifications of [SO 24276 and only
molecular biology grade water or water of equivalent purity were used.

B.7.12.2 DNA extraction

Wizard®1) magnetic DNA purification system for food (Promega Inc.) and 1 magnetic separation stand
(Promega Inc.).

NOTE Other evaluated DNA extraction Kits or other extraction methods can also be suitable.

B.7.12.3 Qualitative PCR

For quality of reagents used, see [SO 24276:2004, 5.3.5.

B.7.12.3.1 PCR buffer (without MgClz), 10x.

B.7.12.3.2 MgCl; solution, c(MgCl3) = 25 mmol/1.
B.7.12.3.3 dNTP solution, c (ANTP) = 2,5 mmol/I (each).
B.7.12.3.4 Oligonucleotides, see Table B.20.

B.7.12.3.5 Thermostable DNA polymerase, 5 [U/pl.

B.7.12.3.6 DNA size standard.

B.7.13 Sample collection, transportation, preservation and storage
DNA solutions may be stored at 4 °C for a maximum of 1 week, or at =20 °C for long-term storage.

B.7.14 Preparation of test sample

For each sample, one DNA extraction should be carried out, following the general instructions and
measures described in [SO 21571

B.7.15 Instrument calibration

Instruments, e.g. thermal cyclers and pipettes should be calibrated as per [SO/IEC 17025.[41]

B.7.16 Analysis steps
B.7.16.1 Preparation of the DNA extracts

B.7.16.1.1 DNA extraction
DNA extraction should be performed using Wizard®1) magnetic DNA purification system for food

(Promega Inc.) or other evaluated DNA extraction kit. Other DNA extraction techniques that have been
evaluated could also be used.
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B.7.16.1.2 DNA quantitation

Spectrometric or fluorometric quantification of the amount of total DNA extracted should be performed
using a method adopted from [SO 21571:2005, B.1.

B.7.16.1.3 DNA integrity evaluation

The integrity of the extracted DNA was evaluated by agarose gel electrophoresis.
B.7.16.2 PCR reagents

B.7.16.2.1 Thermostable DNA polymerase, buffers, etc

See B.7.12.3, thermostable DNA polymerase (with hot start enzyme property) applicable for qualitative
PCR should be used. Reagents and polymerases which lead to equal or better results may also be used.

B.7.16.2.2 Primers and probe
See Table B.20.

Table B.20 — PCR primer sequences for the detection of FMV 34S

Name Ollgonucleotld'e prl'mer sequence Amplicon length
(5’ to 3’)
FMV 34S primer F AAg CCT CAA CAA ggT CAg 196b
FMV 34S primer R CTg CTC gAT gTT gAC AAg P

B.7.16.3 Procedure

B.7.16.3.1 General

The qualitative PCR assay for FMV 34S promoter is developed for a total volume of 25 pl mixture per
reaction with the reagents listed in Table B.21 Per reaction, 20 ng of template DNA was added.

Thaw, mix gently and centrifuge the conventional PCR master mix needed for the run. Keep thawed
reagents at 1 °C to 4 °C on ice.

Add the components following Table B.21. It is recommended that PCR master mix be prepared to
perform the amplification.

Distribute the master mix and add the DNA samples including the blind samples, positive control,
negative control, and blank control (water).

Mix the PCR tubes (or plate) gently and centrifuge for a short period using the microcentrifuge.
Transfer the tubes (or plate) into the thermal cycler.
Run the PCR with cycling conditions described in B.7.16.3.4.

After the PCR program has been finished, transfer 2 ul of loading buffer to each reaction tube and mix
with the PCR products.

Load 10 pl of each PCR product and DNA size standards on to electrophoresis gel (20 g/l agarose,
0,5 pg/ml ethidium bromide) well.

Run the gel in the electrophoresis chamber under 5 V/cm for 20 min.

The gel image is recorded by the image system for results analysis.
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Table B.21 — Amplification reaction mixtures in the final volume/concentration per reaction tube

Reagent Final concentration Volume pﬁ;‘ reaction
Sample DNA 20 ng 1
Water 15,8
10x PCR buffer (without MgCly) 1x 2,5
MgCl-solution?, 25 mmol/1 1,5 mmol/1 1,5
dNTP solution, 2,5 mmol/1 (each) 0,2 mmol/I (each) 2
FMV 34S Primer F 5 pmol/1 0,2 umol/I1 1
FMV 34S Primer R, 5 umol/I 0,2 umol/1 1
Taq DNA Polymerase, 5 [U/ul 11U 0,2
a  Ifthe PCR buffer solution already contains MgCly, the final concentration of MgCl; in the
reaction mixture is adjusted to 1,5 mmol/I.

B.7.16.3.2 PCR controls

Each PCR should contain the positive control, negative control, and blank control (water), as described

in [SO 24274,

B.7.16.3.3 Preparation of standards

A DNA solution with a certain concentration (ng/ul) and copy number of the FMV 34S target sequence
can be prepared as standard.

B.7.16.3.4 Temperature-time programme

The temperature-time programme given in Table B.22 has been optimized for use in MJ Research PTC-
225,1) Applied Biosystems 27201 and Eppendorf Mastercycler Gradientl) thermal cyclers. Other thermal
cyclers may be used, but it is necessary to verify the thermal cycling conditions for the instrument used.
The qualitative PCR temperature-time programme refers to Table B.22.

Table B.22 — Qualitative PCR temperature-time programme

Activation and initial denaturation 3 min/94 °C
30s/94°C
Amoplification 30s/54°C
405s/72°C
No. cycles 40
Final elongation 3 min/72°C

B.7.16.3.5 Accept or reject criteria
Method performance requirements used to evaluate the results of the collaborative study are as follows.

A fragment of 196 bp should be detected in the RT73 rapeseed positive control (sample P), and no target
fragment detected in negative control (sample N and M) and blank control. The detection of a fragment
with a size of 196 bp indicates that the sample DNA solution contains amplifiable FMV 34S promoter.

A false-positive result can occur since the amplified sequence is derived from figwort mosaic virus,
which naturally infects plants. Positive results may indicate the presence of a GM plant-derived product,
but should not be interpreted as a proof for the presence of GM plant-derived products without additional
confirmation.
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In order to distinguish between a viral infection and GM material, methods for the detection of figwort
mosaic virus and/or further screening methods for GMO detection should be used.

B.7.16.3.6 Identification

In the method described here, identification is based only on PCR product size estimated by the DNA
size standards. A fragment of 196 bp should be the specific product, other bands existing in the agarose
electrophoresis mean unspecific products.

B.7.17 Sample identification

All samples should be identified unambiguously.

B.7.18 Interpretation and calculations of the results
The expected amplicon of the FMV 34S promoter is 196 bp in size.

The detection of fragment with a size of 196 bp indicates that the sample DNA solution contains
amplifiable FMV 34S promoter with a size similar to that derived from RT73 rapeseed, and the result
should be expressed as “For sample X, FMV 34S promoter sequence was detected”.

If no expected DNA fragment with 196 bp in size was obtained, the result should be expressed as “For
sample X, FMV 34S promoter sequence was not detected”. The LOD of the analyses shall be given.

B.8 Real-time PCR based screening method for the detection of the bar gene of
Streptomyces hygroscopicus

B.8.1 Principle

The method describes a procedure for the detection of a DNA sequence from the phosphinothricin acetyl
transferase gene (bar) from Streptomyces hygroscopicus. The bar gene is frequently found in genetically
modified plants (e.g. rice, rapeseed, maize and cotton) since plants carrying this gene are insensitive
towards phosphinothricin-containing herbicides. The bar screening method described is based on areal-
time PCR and can be used for screening of DNA extracted from genetically modified plants containing
the bar gene sequence.

The DNA sequence amplified by the bar screening method and originating from Streptomyces
hygroscopicus can be detected in samples which contain DNA of these naturally occurring bacteria. For
this reason, it is necessary to confirm any positive bar screening result. To do so, the respective sample
DNA should be subjected to a follow-up analysis.

B.8.2 Validation status and performance criteria

B.8.2.1 Robustness

The robustness of the method was tested by applying the following modifications in the reaction set-up:
— reduction of the primer concentration from 140 nmol/1 to 100 nmol/];

— reduction of the probe concentration from 100 nmol/I to 75 nmol/l.

All reactions were done in three replicates using the same amount of template DNA.

The reduction of the probe concentration did not influence the cycle threshold value.

The reduction of the primer concentration resulted in an increase of the cycle threshold value by 0,4 on
average. This aberration can be neglected for a qualitative method.
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In the collaborative trial, the robustness of the method was checked with regard to different real-time
PCR devices and master mixes. Neither the real-time PCR devices nor the master mixes used had an
influence on the performance of the method.

B.8.2.2 Intralaboratory trial

In intralaboratory trials, the method provided satisfactory and consistent results. The method was
tested with a dilution series of 5 % mass fraction (DNA copies/DNA copies) LL62 rice DNA and five PCR
replicates at each step. The relative confidence intervals (P = 95 %) for the measured copy numbers at
2500, 500, 100, 50, 25, 10 and 5 copies were 5,6 %, 12,2 %, 27,2 %, 18,2 %, 22,4 %, 84,5 % and 45,2 %,
respectively. The method was also tested for its performance with different real-time PCR-instruments
(see B.8.10.1), different PCR master mixes (see B.8.15.4.1), and with DNAs extracted from different
plants (see B.8.2.4.3). The results of these tests also showed that the method provides satisfactory and
consistent results.

B.8.2.3 Collaborative trial

The performance of the method has been assessed in a collaborative study coordinated by the German
Federal Office of Consumer Protection and Food Safety (BVL, References [58][59]). The study was
performed in accordance with the IUPAC protocol (Reference [48]). In all, 15 laboratories participated
in the study. For the analysis, the participants received 12 DNA samples with different concentrations
of copies of the bar gene sequence as well as 6 DNA samples not containing any bar gene sequences. All
samples were marked with random coding numbers.

To prepare the samples, genomic DNA from the leaves of LL62 rice or MS8 rapeseed plants and genomic
DNA extracted from non-genetically modified rice grains or rapeseed seeds (bar negative) were used as
initial solutions. All genomic DNA solutions were certified reference materials (purchased from Bayer
CropScience, Gent, Belgium). The DNA concentrations were determined photometrically, and the copy
numbers calculated from this on the basis of genome equivalents, according to the equation given in
the Note to B.8.15.4.3. For rice, the haploid genome mass taken as a basis was 0,5 pg and for rapeseed,
1,33 pg (Reference [55]). Regarding the genomic LL62 rice or MS8 rapeseed reference DNA used, single
integration of the bar target sequence into the rice or rapeseed genome, respectively (References [60]
[61]) was assumed, as well as for homozygous LL62 rice and hemizygous MS8 rapeseed, according to the
manufacturer’s information.

As far as the unknown samples were concerned, each participant received three vials each of which
contained sub-samples of the following DNA solutions (mass fractions of genetically modified DNA,
adjusted on the basis of the previously calculated copy numbers of the initial DNA solutions): 0,1 % LL62
rice DNA (20 ng/ul); 0,02 % LL62 rice DNA (20 ng/ul); 0,1 % MS8 rapeseed DNA (40 ng/ul); 0,02 % MS8
rapeseed DNA (40 ng/ul); non-genetically modified (non-GM) rice (20 ng/ul); non-genetically modified
(non-GM) rapeseed (40 ng/ul).

Furthermore, for the purposes of calculating the copy numbers of the bar gene in the samples, all
participants received a standard DNA with 5 % mass fraction (DNA copies/DNA copies) LL62 rice DNA
(designated as S-2500, with a concentration of 5 ng/ul) which had been prepared using the same initial
DNA solutions and in the same manner as was the case with the samples. On the basis of this LL62 rice
standard DNA, the participants in the collaborative study had to prepare a dilution series with 0,2x TE in
order to obtain DNA solutions for five calibration points (2 500, 500, 150, 50 and 10 copies of the bar target
sequence) and one LL62 rice DNA solution as the sensitivity control with five copies of the bar sequence.

Each sample was analysed by the participants using a single assay with 5 pl of the respective DNA
solution and the bar PCR system, under the conditions described in Tables B.25 to B.28. The DNA
solutions for the calibration and the LL62 rice DNA solution with five copies were measured in duplicate.
The measurements were performed with different real-time PCR devices (see B.8.10.1).

The results of the collaborative study in the form of an overview and as a qualitative evaluation for the
determination of the false-positive and false-negative rates are shown in Table B.23.
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Table B.23 — Results of the collaborative study

Parameter (collaborative study 2008) Value
No. laboratories 15
No. laboratories having presented results 15
No. samples per laboratory 18
No. accepted results 270
No. samples containing the bar target sequence 180
No. samples containing no bar target sequence 90
False-positive results 0(0 %)
False-negative results 0 (0 %)

In order to calculate the respective copy numbers from the determined cycle threshold (Ct) values of the
samples, the 5 DNA calibration solutions were measured together with the samples in the same run of
the PCR analysis. The calibration curve was drawn by plotting the C; values versus the logarithm of the
copy numbers of the bar target sequence which had been prescribed for the calibration solutions. The
respective copy numbers for the samples as well as for the LL62 rice DNA solution with five copies were
calculated from the calibration curves by interpolation. In Table B.24, a summary of the results thus
determined is given.

Table B.24 — Evaluation of the collaborative study (quantitative)

GMO content in samples Calculated copy numbers | % bar gene (relative to copy
(GM copies/genome No. positive results/ bar gene number of species)c
equivalents) total results
% mass fraction Meana CyrP % Meana
0,1 % LL62 rice 45/45 218 24 0,11
0,02 % LL62 rice 45/45 46 25 0,02
0,1 % MS8 rapeseed 45/45 86 17 0,11
0,02 % MS8 rapeseed 45/45 21 31 0,03
Non-GM rice 0/45 0 — —
Non-GM rapeseed 0/45 0 — —
a  Average value of the calculated copy numbers from all single assays.
b Coefficient of variation under reproducibility conditions.
¢ Based on the assumption that 150,000 rapeseed genome copies (200 ng rapeseed DNA) or 200,000 rice genome copies
(100 ng rice DNA), respectively, were used per reaction.

B.8.2.4 Molecular selectivity

B.8.2.4.1 General

The method has been designed to target the phosphinothricin acetyl transferase gene (bar) of
Streptomyces hygroscopicus described in the GenBank® database (Reference [83], accession No.X17220).

The DNA sequence amplified by the bar screening method can be detected in samples originating from
genetically modified plants containing the bar gene from Streptomyces hygroscopicus, but also in samples
which contain DNA of naturally occurring Streptomyces hygroscopicus bacteria.

For this reason, it is necessary to confirm any positive bar screening result. To do so, the respective
sample DNA should be subjected to a follow-up analysis.
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B.8.2.4.2 Theoretical

The theoretical specificities of the primers and the probe were assessed by a BLASTN search in the
GenBank®/EMBL/DDB] databases using the amplicon sequence (Reference [83], accession number
FN550386). The result of the BLAST confirmed an 100 % identity only with the expected target
sequences (search date 2009-11-15).

B.8.2.4.3 Experimental

In samples containing DNA extracted from non-genetically modified rice or rapeseed, the bar target
sequence was not detected (Table B.24). When experimentally determining the specificity, no cross-
reaction of the bar gene detection method with DNA extracted from the following genetically modified
plants was observed:

— GMrice: Bt63;

— GMrapeseed: Liberator pHoe6/Ac (ACS-BN@@9-3), GT73 (MON-@@@73-7), Falcon GS40/90 phoe6/AC
(ACS-BN@10-4), TOPAS19/2 (HCN92) (ACS-BN@@7-1), OXY 235 (ACS-BN@11-5), T45 (HCN 28) (ACS-
BN@@#8-2), LPAAT/Trierucin (pRESS), Laurat pCGN3828 (CGN-89465-2);

— GM maize: GA21 (MON-@@@21-9), Bt1l (SYN-BT @11-1), MON 809, MON810 (MON-@@810-6),
MON863 (MON-@@863-5), MON 88017 (MON-88@17-3), NK603 (MON-@@6@3-6), DAS1507 (DAS-
@1507-1), DAS59122 (DAS-59122-7), MIR604 (SYN-IR6@4-5), 3272 (SYN-E3272-5), T14 (ACS-
ZM@@2-1), T25 (ACS-ZM@@3-2);

— GM soya: GTS 40-3-2 (MON-@4@32-6), A2704-12 (ACS-GM@@5-3), A5547-127 (ACS-GM@@6-4),
305423 (DP-305423-1), 356043 (DP-356@43-5), MON89788 (MON-89788-1);

— GM potato: EH92-527-1 (BPS-25271-9);
— GM sugar beet: GTSB77 (SY-GTSB77-8), H7-1 (KM-@@@H71-4);

—  GM cotton: MON1445 (MON-@1445-2), MON531 (MON-@@531-6), MON15985 (MON-15985-7), 3006-
210-23x281-24-236 (DAS-210923-5 x DAS-24236-5).

For the following genetically modified plants, it was experimentally shown that the bar gene detection
method is suitable as a screening method:

— GM rice: LL62 (ACS-0S@@2-5), LL601 (BCS-0S@@3-7);

— GM rapeseed: MS1 (ACS-BN@@4-7), MS1xRF1 (ACS-BN@@4-7xACS-BN@@1-4), MS8 (ACS-BN@F5-8);
—  GM maize: Bt176 (SYN-EV176-9), CBH-351 (ACS-ZM@@4-3), DBT418 (DKB-89614-9);

— GM cotton: LL25 (ACS-GH@@1-3).

All DNAs used in experimental specificity tests were controlled for the ability to be amplified and for
inhibitors with taxon specific methods before use (data not shown).

B.8.3 Principle and summary

A 60 bp DNA fragment from the phosphinothricin acetyl transferase gene (bar) of Streptomyces
hygroscopicus is amplified and detected by real-time PCR. Accumulated PCR products are measured over
each cycle (real-time) by means of a target sequence-specific oligonucleotide probe which is labelled
with two fluorescent dyes (FAM as reporter dye and TAMRA as quencher) and binds in between the two
primers in the DNA sequence range (so-called “TagMan®1) chemistry”) (Reference [54]).

B.8.4 Terms and definitions

For the purposes of this document, the terms and definitions of [SO 5725-1{[40] and [SO 24276 apply.
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B.8.5 Sample type and amounts

Ensurethatthe testsampleisrepresentative of thelaboratory sample, e.g. by grinding or homogenization.
Measures and operational steps to be taken into consideration are described in [SO 21571|

B.8.6 Limit of detection

The method was tested with samples containing low copy numbers of the bar gene (Table B.24). In all
samples containing the bar target sequence, this sequence was detectable. Also the sensitivity control
with five copies of LL62 rice DNA resulted in an amplification of the bar target sequence in all laboratories
(30 single assays, data from the results obtained with the standard DNA dilution used for calibration are
taken, see B.8.2.3). Based on these results, the LOD (relative to the matrix) is less than or equal to 0,02 %
mass fraction (DNA samples with this amount of the bar copies to the genome copies of the respective
species) or as an absolute value is less than or equal to five copies.

B.8.7 Estimation of measurement uncertainty

The coefficient of variation under reproducibility conditions (Cyr) was 25 % or 31 %, respectively, at
the level of 0,02 % mass fraction of LL62 rice or MS8 rapeseed. In the case of the samples with a mass
fraction of the bar target sequence of 0,1 % on the basis of LL62 rice or MS8 rapeseed, the coefficient of
variation under reproducibility conditions (Cyg) was 24 % or 17 %. Thus, the precision data meet the
requirements of for the quantification of GMO target sequences. According to that method,
the Cy g should be 25 % max. with quantitative procedures and 33 % max. between the LOD and the limit
of quantification.

B.8.8 Interferences

The amount, quality, and ability to amplify the nucleic acid template influences the analytical result
obtained (see [SO 2157i|). Therefore the nucleic acid used for the analysis should be checked, e.g. by
means of a target taxon-specific PCR method.

B.8.9 Physical and environmental conditions
See [[SO 24276 for details.

B.8.10 Apparatus and equipment for real-time PCR

B.8.10.1 Thermal cycler equipped with
— an energy source suitable for the excitation of fluorescent molecules;

— anoptical detection system suitable for the detection of the fluorescence signals generated during
PCR.

Within the framework of the collaborative study, devices of the ABI 75001) type (Applied Biosystems,
Darmstadt) were primarily used (8 laboratories), furthermore ABI 77001 (2x), ABI 79001 (2x),
BioRad iCyclerD) (1x), Mx3005p1) (1x) and LightCyclerl) (1x) were used.

B.8.10.2 Reaction vessels and caps or closures which can be repeatedly heated to 100 °C and cooled
to 4 °C without damage and which do not influence the fluorescence signal generated during the
amplification process.

B.8.11 Reagents and materials

Unless otherwise stated, only reagents that conformed to the specifications of [SO 24276 and only
molecular biology grade water or water of equivalent purity were used.
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B.8.12 Sample collection, transport, preservation and storage

DNA solutions may be stored at 4 °C for a maximum of 1 week, or at —20 °C for long-term storage.

B.8.13 Test sample preparation
See [[SO 21571].

B.8.14 Instrument calibration

Instruments (e.g. thermocyclers) should be calibrated as per [SO/IEC 17025.[41]
B.8.15 Analysis steps
B.8.15.1 General

DNA is extracted from the test sample applying a suitable procedure. The DNA analysis consists of:

— verification of the amount, quality and amplifiability of the extracted DNA, e.g. by means of a PCR
specific for the target taxon (see [SO 21569 and [SO 21570[431);

— detection of the bar gene sequence in a real-time PCR.

B.8.15.2 Preparation of the DNA extracts

in [SO 21571 should be followed. It is recommended that one of the DNA extraction methods described

Concerning the extraction of DNA from the test sample, the general instructions and measures described
in [SO 21571:20085, Annex A be chosen.

B.8.15.3 PCR reagents
B.8.15.3.1 Thermostable DNA polymerase (for hot-start PCR)

B.8.15.3.2 PCR buffer solution (contains MgCl, and deoxyribonucleoside triphosphates dATP, dCTP,
dGTP and dUTP).

Ready-to-use reagent mixtures or individual components can be used as the PCR buffer solution.
B.8.15.3.3 Oligonucleotides

Table B.25 — Oligonucleotides

Name DNA sequence of the oligonucleotide Final concentration in the PCR
bar gene as the target sequence Plastl‘fi;tlesctlon Glass capillaries
RapB-F1 5'-ACA AgC ACg gTCAACTTC C-3’ 140 nmol/1 340 nmol/1
RapB-R1 5'-gAg gTC gTC CgT CCA CTC-3’ 140 nmol/1 340 nmol/1
RapB-S1 5-(FAM)-TAC CgA gCC gCA ggA ACC-(TAMRA)-3a 100 nmol/1 120 nmol/1

a  FAM: 6-carboxyfluorescein, TAMRA: 6-carboxytetramethylrhodamine. Equivalent reporter and/or quencher dyes can
be used for the probe if they can be shown to yield similar or better results.
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B.8.15.4 Procedure

B.8.15.4.1 PCR set-up

The description of the procedure is applicable to an overall volume of 25 pl per PCR set-up, with the
reagents stated in Table B.26.

Table B.26 — Reaction set-up for the amplification of the bar gene sequence per reaction vial

Overall volume 25 ul
Sample DNA (up to 200 ng) or controls 5ul

PCR buffer solution (including MgCl,, dNTPs and DNA polymerase)2 12,5 ul
Primer RapB-F1 and RapB-R1 see Table B.25
Probe RapB-S1 see Table B.25
Water To 25 pul

a  In the collaborative study, TagMan®1) universal master mix (Applied Biosystems, Darmstadt) was applied as the PCR
buffer solution when using real-time PCR devices by the company Applied Biosystems; QuantiTect Probel) PCR kit (Qiagen
GmbH, Hilden) was applied when using other real-time PCR devices with plastic vials; QuantiTect Multiplex PCR No-Rox1)
master mix (Qiagen GmbH, Hilden) was applied when using real-time PCR devices with glass capillaries. Equivalent products
by other manufacturers may be used if they can be shown to yield similar or better results.

B.8.15.4.2 PCR controls

As a positive control, genomic DNA reference materials derived from leaves of the GM event MS8 and of
the GM event LLRice62 (AOCS, Urbana, USA) may be used.

Any other appropriate controls should be included as described in [SO 24276.

B.8.15.4.3 Preparation of standards

DNA solution with a known concentration (ng/ul) and copy number of the bar gene sequence calculated
from this concentration.

NOTE When using genomic plant DNA as the standard DNA, the number of genome equivalents per microlitre,
CGg, can be calculated, as a first step, on the basis of the molecular mass of the respective haploid genome
(Reference [49]) of the plant species, applying the following equation:

Ppna X1000
Ceg=—"———""

My
where

PDNA is the mass concentration of DNA, in nanogram per microlitre;

myg  is the mass of the haploid genome, in picogram.

B.8.15.4.4 Temperature-time programme

If applying the PCR described here, the temperature-time programme listed in Table B.27 has proven
suitable for plastic reaction vials and that in Table B.28 for glass capillaries.

74


http://dx.doi.org/10.3403/30086923U

BS EN ISO 21569:2005+A1:2013
ISO 21569:2005+A1:2013 (E)

Table B.27 — Temperature-time programme for plastic reaction vials

Step Parameter Tempg rature Time Fluorescence Cycles
C measurement
1 |Initial denaturation 95 10 min no 1
Denaturation 95 15s no
2 |Amplification 45
Annealing and elongation 60 60s yes
Table B.28 — Temperature-time programme for glass capillaries
Step Parameter Tempfé'ature Time Fluorescence Cycles
measurement
1 Initial denaturation 95 15 min no 1
Denaturation 95 10s no
2 Amplification 45
Annealing and elongation 60 15s yes

B.8.15.4.5 Accept or reject criteria

The evaluation is performed applying the relevant device-specific data analysis program. The indication
of the amplification result differs partly, depending on the real-time PCR device used. If no PCR products
are detectable (negative result), the indication in the result report is, for example, “undetermined”, “no
amp” or the maximum set number of cycles. If an amplification of the DNA target sequence took place in a
sample (positive result), the number of cycles is calculated at which a prescribed fluorescence threshold
value has been exceeded (C; value or Cp value).

If, due to atypical fluorescence measurement data, the automatic evaluation does not provide areasonable
result, it may be necessary to manually set the baseline and the threshold value prior to evaluating the
data. In doing so, follow the device-specific advice given in the technical manual for the application of
the evaluation software.

B.8.15.4.6 Identification
The target sequence is considered as detected when:

— Dby using the bar gene-specific primers RapB-F1 and RapB-R1 and the probe RapB-S1, an increase in
the measured fluorescence can be determined which is due to amplification;

— in the PCR control set-ups with no added DNA (PCR reagent control, negative extraction control), no
increase in the fluorescence can be determined which is due to amplification;

— in the set-ups for the amplification control (positive DNA target control, PCR inhibition control) the
expected C; values are achieved.

B.8.16 Sample identification

All samples should be identified unambiguously.

B.8.17 Calculations

The results of the collaborative study support the conclusion that this method is suitable for screening
for components of GMOs and the quantitative determination of the bar target sequence. Results obtained
by quantifying the copy number of the bar gene, however, can only be used for determining the content
of genetically modified material if information regarding to the number of bar gene integrations and the
degree of zygosity of the plant species detectable in the sample are available.

75



BS EN ISO 21569:2005+A1:2013
ISO 21569:2005+A1:2013 (E)

B.9 Detection of certain DNA sequences frequently used in genetically modified
organisms and originating from the cauliflower mosaic virus (CaMV 35S promoter,
P35S) as well as from Agrobacterium tumefaciens
(T-nos) in foodstuffs — Screening method

B.9.1 Principle

This clause describes a procedure for the simultaneous detection of DNA sequences from the 35S
promoter of the cauliflower mosaic virus (P35S) and from the terminator of the nopaline synthase gene
(T-nos) of Agrobacterium tumefaciens. Since both P35S and T-nos are used as regulatory elements in
many genetically modified plants, this method is suitable for screening for DNA of genetically modified
organisms (GMOs) in foodstuffs. Basically, it is applicable to the analysis not only of all foodstuffs, but
also of other products (e.g. feeding stuffs, seeds). The application of the method requires that an amount

of amplifiable DNA can be extracted from the respective matrix which is sufficient for analysis.

Since both the P35S and the T-nos DNA sequences can also be detected in samples which contain DNA
from the cauliflower mosaic virus or from Agrobacterium tumefaciens, but no genetically modified DNA

sequences, a follow-up analysis should be carried out to confirm any positive results.

The screening method described is based on the amplification and detection of two DNA target sequences

(here, P35S and T-nos) in one reaction (so-called duplex real-time PCR).

B.9.2 Validation status and performance criteria

B.9.2.1 Robustness of the method

The robustness of the method has not been tested to small modifications.

NOTE In the collaborative trial, the robustness of the method was checked with regard to different real-time
PCR devices [ABI 7500,1) ABI 7900, Stratagene MX30051)]. The real-time PCR devices used had no influence on

the performance of the method.

B.9.2.2 Intralaboratory trial

Detailed information about results of in-house validation is given in Reference [62].
B.9.2.3 Collaborative trial

B.9.2.3.1 General

The method has been validated in a collaborative study by the 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). In all, 10 laboratories participated in the
collaborative study (Reference [62]). Some 10 different DNA solutions or DNA mixtures, respectively, were
used (see Tables B.30 and B.31). The DNA used was extracted from reference materials (ERM BF series)
(IRMM, Geel, Belgium) with the certified mass fractions of 4,29 % GA21 (414F) or 0,1 % GA21 (414B),
5 % MON810 (413F) or 0,1 % MON810 (413B) as well as 5 % Bt11 (412F), 1 % Bt11 (412D) and 0,1 %
Bt11 (412B); furthermore, DNA extracted from a maize flour sample previously tested with a negative
result was used. The mass fractions 0,02 %, 0,05 % or 2,5 %, respectively, stated in Tables B.30 and
B.31, column 1, were obtained by mixing these DNA solutions and should, therefore, be assumed to be

approximate values regarding the indication “% mass fraction”.

These DNA solutions were sent to the participating laboratories in a coded form. In addition, for the
purposes of quantifying the P35S and the T-nos copy numbers, each laboratory received a dilution series
of the standard DNA which had been prepared with DNA from Bt11-certified reference material (ERM
BF-412F, 5 % mass fraction Bt11) in accordance with Table B.29. Furthermore, each laboratory was
provided with the oligonucleotides (Table B.32) as well as the buffer solution for the real-time PCR

[TagMan®1) universal PCR master mix, Applied Biosystems, Darmstadt].
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Each DNA sample had to be analysed with five repetitions so that each participant had to report 50 results.

Eight laboratories used the real-time PCR device ABI 7500,1) one laboratory used the real-time PCR
device ABI 7900,1) and one the real-time PCR device Stratagene MX3005.1)

B.9.2.3.2 Standard DNA for calibration

A DNA solution containing both the P35S and the T-nos sequences, e.g. extracted from Bt11-certified
reference material as well as a dilution series prepared from this solution and comprising five dilution
levels, was used as standard DNA for calibration (see Table B.29).

Within the framework of the collaborative study the standard DNA was prepared as follows: DNA
extraction from Bt11-certified reference material (ERM BF-412F, 5 % mass fraction Bt11) by means of a
DNeasy Plant Mini Kit (Qiagen, Hilden). The copy number of plant species DNA per 5 ul, Cpna, is given by

c _ PDNA*5x1000
DNA myG
where
PDNA  is the mass concentration of DNA, in nanogram per microlitre;

myg  is the mass of the haploid genome, in picogram.

The DNA mass concentration was determined spectrometrically. For maize, a haploid genome mass
of 2,73 pg was taken as a basis (Reference [63]) and a double integration of the P35S and the T-nos
target sequences into the maize genome as well as heterozygote material regarding the GMO assumed
(Reference [62]).

From a 5 % mass fraction Bt11 DNA solution (stock solution), the dilutions (with 0,2x TE) listed in Table
B.29 were prepared.

Table B.29 — Preparation of a dilution series

Copy number Copy number
Level Preparation maize DNA Copy number P35S T-nos
per 5 pul
per 5 ul per 5 ul

S1 Respective dilution of DNA extract 50000 2500 2500

S2 |1Vol.S1+4Vol.0,2x TE 10 000 500 500

S3 |[1Vol.S2+1Vol 0,2x TE 5000 250 250

S4 |1Vol.S3+4Vol.0,2x TE 1000 50 50

S5 |[1Vol.S4+4Vol.0,2x TE 200 10 10

B.9.2.3.3 Slope of the calibration function, efficiency

In some laboratories, the dilution series resulted in a slight inhibition, particularly with the T-nos
detection system, with the result that the level S1 standard could not be used for calculating the
regression curve. By trend, the P35S detection system exhibited a slightly better efficiency.

The lowest efficiencies of 66 % for the T-nos system and 83 % for the P35S system, respectively, were
obtained in the same laboratory. However, the data of all laboratories were taken into consideration in
the evaluation, outliers were not eliminated.

B.9.2.3.4 Sensitivity and precision

Tables B.30 and B.31 summarize the proportions of positive results as well as the precision data for the
individual samples. According to this, a proportion of 0,02 % mass fraction Bt11 was clearly detectable with
both systems (50/50 or 49/50 reactions, respectively). This applies likewise to mass fractions of 0,05 %
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GAZ21 or 0.05 % MON810, including the sample mixtures with high proportions of the competitive target
sequence and the competition by one of the two PCR systems (T-nos or P35S, respectively) which may occur.

As far as the T-nos system was concerned, however, the precision data (Cyg), except for level 1 % mass
fraction Bt11, were not sufficient to meet the requirements of regarding quantification (a Cygr
of 25 % to 61 %). According to , Cyr should be 25 % maximum with quantitative procedures
and 33 % max. between the LOD and the limit of quantification.

On the other hand, for the P35S system the limit of quantification criterion was approximately met with
all samples of mass fraction 1,0 % or above as well as with sample 0,1 % mass fraction Bt11 (a Cyr of
13 % to 38 %).

B.9.2.3.5 Specificity

Particularly when applying the P35S system, positive signals in very low quantities were observed
in the samples previously established to be “P35S negative” (in one case C; was 36, otherwise C; was
238), corresponding to less than 10 copies in all cases. One possible reason for this consists in minimal
contaminations of the “0 % mass fraction” maize flour by materials containing P35S and T-nos.

Prior to preparing the negative controls, it became apparent that all tested “0 % mass fraction” reference
materials, e.g. “0 % mass fraction MON810” or “0 % mass fraction GA21” contained traces of the P35S or
T-nos sequences. The materials were negative only with regard to the certified GMO, but not with regard
to contaminations by other GMOs. Therefore, the laboratories used their own maize flour mixtures which
had been found to be negative in previous analyses. Nevertheless, with these mixtures it was also observed
that very weakly positive results could not be ruled out completely in some individual PCR set-ups. Follow-
up analyses by means of “singleplex” PCR confirmed that the “0 % mass fraction GM maize”, “0,05 % mass
fraction GA21” and “2,5 % mass fraction GA21” samples were slightly contaminated by P35S-containing
components, the “0 % mass fraction GM maize” sample contained T-nos components as well.

These results indicate that the observed sporadic weakly positive results in the controls are false-
positive results due not to the procedure, but to the material.

B.9.2.3.6 Recovery and trueness

The laboratories received DNA extracts which had previously been set to approximately 50 000 copies
of the maize reference gene per set-up (Table B.29). The percentage proportions of the P35S or the T-nos
sequence, respectively, relative to the maize reference gene, are given in the “mean” and “standard
deviation” columns of Tables B.30 and B.31. Regarding the 0,1 % mass fraction and 1,0 % mass fraction
Bt11, proportions of 0,11 % or 0,94 % respectively, were measured applying the P35S system; when
using the T-nos system, the proportions obtained were 0,07 % or 0,81 %, respectively.

A precise quantification of MON810 or GA21 was not possible within the framework of the collaborative
study applying the chosen test scheme, as DNA from Bt11 was used as the quantification standard.
Factors such as different integration frequency of the P35S or the T-nos sequences as compared with
the Bt11 sequence or different zygosity or ploidy in the reference material used to prepare the DNA
standards may yield diverging results. The values for these samples, therefore, appear in brackets in
Tables B.30. and B.31.

B.9.2.3.7 Summarizing evaluation

The data support the conclusion that this method can be used for a semiquantitative screening for
components of GMOs.

B.9.2.4 Molecular selectivity
B.9.2.4.1 General

B.9.2.4.1.1 35S promoter of the cauliflower mosaic virus (P35S5)
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The method has been designed to target a sequence described in the GenBank® database (Reference

[83], accession number FN550389).

Table B.30 — Results of the collaborative study regarding the P35S detection system

P35S detection system Average efficiency: 93 % (83 % to 99 %)
Reference material p . f . Ci values Copy numbers P35S
GM maize t_roportli)tn/o p051l-l
i lve results/overa Standard Standard Cyrd
setpoint value b V.R

g/o rr?ass fraction) results 2 Mean deviationc Mean deviation %
0,02 % Bt11
(P35S pos) 50/50 36,4 1,0 13 4,8 38
0,1 % Bt11
(P35S pos) 50/50 34,1 0,5 56 15 27
1,0 % Bt11
(P35S pos) 50/50 30,8 0,6 470 72 15
2,5 % MON810
(P35S pos) 50/50 29,4 0,6 (1,170) (116) 10
0,05 % MON810
(P35S pos) 50/50 34,4 0,8 (29) 9,4 32
2,5% GA21 o o B - _
(P35S neg) 7/50¢ (Ct3rré1)n =
0,05 % GA21 o
(P35S neg) 10/50¢ (Ct?:rél)n = — — — —
0,05 % MON810 +
2,5 % GA21 50/50 34,5 5,0 (43) (18) 42
(P35S pos)
2,5 % MON810 +
0,05 % GA21 50/50 29,4 0,6 (1,192) (152) 13
(P35S pos)
0 % GM maize 10/50e (C¢ min = — — — —

38)

Footnotes a to e and the Note to Table B.31 apply here also.
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Table B.31 — Results of the collaborative study regarding the T-nos detection

T-nos detection Average efficiency: 102 % (66 % to120 %)
Reference material p . f Ci values Copy numbers T-nos
GM maize r_oportlon 0

(setpoint value) positive results/ Meanb Standard Mean Standard Cyrd

% mass fraction overall resultsa deviationc deviation (%)
0,02 % Bt1l 49/50 37,6 14 57 3,5 61
(T-nos pos )
0,1 % Btll 50/50 34,7 0,9 37 13 35
(T-nos pos)

0,
1,0 % Btl1 50/50 31,2 0,7 404 101 25
(T-nos pos)
2,5 % MON810
(T-nos neg) 0/50 o o o o o
0,05 % MON810
(T-nos neg) 0/50 o o o o o
2,5% GA21
(T-nos pos) 50/50 279 4,2 (4,500) (1,722) 38
0,05 % GA21
(T-nos pos) 50/50 33,6 09 (81) (23) 28
0,05 % MONB10 +
2,5% GA21 50/50 27,8 4,1 (4,650) (1,850) 40
(T-nos pos)
2,5 % MON810 +
0,05 % GA21 50/50 33,9 1,0 (69) (27) 40
(T-nos pos)

0 i _ — _ — —

0 % GM maize 5/50¢ (Ce min = 39)

a  Results with C; values > 40 were regarded as negative results.

b Average value.

¢ Standard deviation.

d  coefficient of variation under reproducibility conditions.

e weak amplifications were observed in some laboratories in individual PCR set-ups (e.g. 1 or 2 out of 5 reactions).

Values in brackets: Data are given for information only; evaluation of trueness not possible since quantification was
performed on the basis of the Bt11 standard series.

A list of genetically modified plants containing the CaMV 35S promoter is provided in References [64]
[68]. All DNAs used in these experimental specificity tests were controlled for the ability to be amplified
and for inhibitors with taxon specific methods before use (data not shown).

A false-positive result can occur since the amplified sequence is derived from cauliflower mosaic virus
infecting cauliflower and other members of the Brassicaceae (Cruciferae) family, as well as Resedaceae
and Solanaceae (References [65][66]). Positive results with samples derived from Brassicaceae,
Resedaceae and Solanaceae should therefore be treated carefully. Positive results may indicate the
presence of a GM plant-derived product, but should not be interpreted as proof of the presence of GM
plant-derived products without additional confirmation.

Inordertodistinguish betweenaviralinfectionand GM material, methods for the detection of cauliflower
mosaic virus may be used (Reference [67]).

See [SO 21570:2005,[43] Annex B.1.

B.9.2.4.1.2 Terminator of the nopaline synthase gene (T-nos) of Agrobacterium tumefaciens
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The method has been designed to target the Agrobacterium tumefaciens nopaline synthase terminator
sequence described in the GenBank® database (Reference [83], accession number FN550390).

A false-positive result can occur since the amplified sequence is derived from Agrobacterium
tumefaciens, which is a soil bacterium present in nature. Positive results may indicate the presence of a
GM plant-derived product, but should not be interpreted without additional confirmation. The potential
contamination of the material with Agrobacterium tumefaciens or related bacteria should be considered.

B.9.2.4.2 Theoretical

The theoretical specificities of the primers and the probes were assessed by a BLASTN search in the
GenBank®/EMBL/DDB] databases (Reference [83], search date: 2009-11-15). The result of the BLAST
confirmed an 100 % identity only with the expected target sequences.

B.9.2.4.3 Experimental

B.9.2.4.3.1 35S promoter of the cauliflower mosaic virus (P35S)

See [SO 21570:2005,[43] Annex B.1.

Updated information about genetically modified plants detectable or not detectable by the P35S-method
is given in Reference [68], see also Reference [53].

B.9.2.4.3.2 Terminator of the nopaline synthase gene (T-nos) of Agrobacterium tumefaciens

Testing for the specificity of the T-nos real-time PCR in a singleplex-reaction no amplification has been
observed using DNA from non-GM crop-plants and derived processed food matrices in performance
tests. No amplification was observed with the DNA isolated from the events Bt176 (SYN-EV176-9);
MON810 (MON-@@81@-6); TC1507 (DAS-@15@7-1); and T25 (ACS-ZM@P@3-2).

For the following genetically modified plants, it was experimentally shown that the T-nos detection
method is suitable as a screening method:

— GMrice: Bt63;

— GM rapeseed: OXY 235 (ACS-BN@11-5), MS1 (ACS-BN@@4-7), MS1xRF1 (ACS-BN@@4-7xACS-
BN@@1-4), MS8 (ACS-BN@@5-8);

— GM maize: GA21 (MON-@@@21-9), Bt11 (SYN-BT @11-1), MON863 (MON-@@863-5), NK603 (MON-
@06@3-6), CBH-351 (ACS-ZM@@4-3):

— GM soya: MON40-3-2 (MON-@4@32-6);
— GM papaya: SunUp 55-1;
— GM tomato: Zeneca.

Updated information about genetically modified plants detectable or not detectable by the T-nos-method
is given in Reference [68], see also Reference [53].

B.9.3 Principle and summary

Detection of the P35S and the T-nos sequences takes place in a duplex real-time PCR. The primers used
amplify a fragment with a length of 82 bp from the P35S sequence as well as a fragment with a length
of 84 bp from the T-nos sequence. The PCR products are detected during the real-time PCR by means of
specific oligonucleotide probes. Each probe is labelled by two fluorescent dyes (FAM or Yakima yellow as
reporter dye and BHQ1 as non-fluorescent quencher) and binds in between the two primers in the DNA
sequence range (so-called TagMan®1) chemistry, Reference [54]).
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When applying the P35S and/or the T-nos screening method, a follow-up analysis should be performed
for further confirmation of positive results.

B.9.4 Terms and definitions

For the purposes of this document, the terms and definitions of [SO 5725-1|[40] and [SO 24276 apply.

B.9.5 Sample type and amounts

Ensure thatthetestsampleisrepresentative of thelaboratory sample, e.g. by grinding or homogenization.
Measures and operational steps to be taken into consideration are described in [SO 21571l.

B.9.6 Limit of detection and range of use

The method was tested with samples containing low copy numbers of the 35S-promotor-sequence and
the T-nos terminator-sequence (Tables B.30 and B.31).

In all samples containing the P35S-target sequence at a level of 10 copies, the sequence was detectable,
thus representing the assessed LOD of the method for the P35S-sequence. Similar results were obtained
in the range of 25 to 1 500 copies. For this evaluation the data from the results obtained with the
standard DNA dilution series used for calibration are taken.

In 49 out of 50 samples containing the T-nos sequence at a level of 10 copies, the sequence was detectable,
thus representing the assessed LOD of the method for the T-nos sequence. The sequence was detectable
in all samples containing the T-nos sequence in the range of 25 to 1 500 copies. For this evaluation, the
data from the results obtained with the standard DNA dilution series used for calibration are taken.

B.9.7 Estimation of measurement uncertainty

The measurement uncertainty was assessed in a collaborative study. The results are given in B.9.2.3.4.

B.9.8 Interferences

The amount, quality, and ability to amplify the nucleic acid template influences the analytical result
obtained, see IiSO 21571| Therefore the nucleic acid used for the analysis requires checking, e.g. by means
of a target taxon-specific PCR method.

B.9.9 Physical and environmental conditions
See [SO 24274 for details.

B.9.10 Apparatus and equipment

Regarding the apparatus and materials, reference is made to Clauses 5 and 6 and to [SO 21570.[43] Usual
molecular biological laboratory equipment and in particular the following.

B.9.10.1 Apparatus and equipment for DNA extraction
B.9.10.1.1 Centrifuge able to centrifuge 1,5 ml and 2 ml reaction vials at 14 500 x g.
B.9.10.2 Apparatus and equipment for real-time PCR

B.9.10.2.1 Thermal cycler equipped with:
— an energy source suitable for the excitation of fluorescent molecules;

— an optical detection system suitable for the detection of the fluorescence signals generated during
PCR.
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B.9.10.2.2 Reaction vessels and caps or closures which can be repeatedly heated to 100 °C and

cooled to 4 °C without damage and which do not influence the fluorescence signal generated during the
amplification process.

B.9.11 Reagents and materials

Unless otherwise stated, only reagents that conformed to the specifications of [SO 24278 and only
molecular biology grade water or water of equivalent purity were used.

B.9.12 Sample collection, transport, preservation and storage

DNA solutions may be stored at 4 °C for a maximum of 1 week, or at —=20 °C for long-term storage.

B.9.13 Test sample preparation
See[[SO 21571|.

B.9.14 Instrument calibration

Instruments (e.g. thermocyclers) should be calibrated as per [SO/IEC 17025.[41]

B.9.15 Analysis steps

B.9.15.1 General

Prior to carrying out the method, DNA is extracted from the test sample applying a suitable procedure
(LSO 21571)). The analysis consists of:

a) checking the amount, quality, and the ability to amplify the extracted DNA e.g. by means of a PCR specific of
the target taxon ([SO 21570[43]);

b) detection of the P35S and the T-nos sequences in a duplex real-time PCR.

When applying the P35S and/or the T-nos screening method, a follow-up analysis should be performed
for further confirmation of positive results.

B.9.15.2 Preparation of the DNA extracts

Concerning the extraction of DNA from the test sample, the general instructions and measures described
in [SO 21571 should be followed. It is recommended that one of the DNA extraction methods described
in [SO 21571:2005, Annex A be chosen.

B.9.15.3 PCR reagents
B.9.15.3.1 General. Ready-to-use reagent mixtures or individual components can be used.
B.9.15.3.2 Thermostable DNA polymerase (for hot-start PCR)

B.9.15.3.3 PCR buffer solution (contains MgCl; and deoxyribonucleoside triphosphates dATP, dCTP,
dGTP and dUTP).

B.9.15.3.4 Oligonucleotides. See Table B.32.
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Table B.32 — Oligonucleotides

Name DNA sequence of the oligonucleotide
P35S as the target sequence ([43])
35S-F 5-gCC TCT gCC gAC AgT ggT-3’
35S-R 5-AAg ACg Tgg TTg gAA CgT CTT C-3’
35S-TMP FAM 5’-(FAM)-CAA AgA Tgg ACC CCC ACC CAC g-(BHQ1)-3’a
T-nos as the target sequence (References [72][73])

180-F 5-CAT gTA ATg CAT gAC gTT ATT TAT g-3°
180-R 5-TTg TTT TCT ATC gCg TAT TAA ATg T-3"
TM-180 5-(YY)-ATg ggT TTT TAT gAT TAg AgT CCC gCA A-(BHQ1) -3‘2
a  FAM: 6-carboxyfluorescein; YY: Yakima yellow; BHQ1: black hole quencher 1. Equivalent reporter and/or quencher dyes
can be used for the probes if they can be shown to yield similar or better results.

B.9.15.4 Procedure

B.9.15.4.1 PCR set-up

The description of the procedure is applicable to an overall volume of 25 pl per PCR set-up, with the
reagents stated in Table B.33.

Table B.33 — Reaction set-up for the duplex real-time PCR

Reagent Final concentration Volume pﬁ{ reaction
PCR buffer solutiona (including MgCl2, dNTPs and
1x 12,5
DNA polymerase)
Primer 35S-F, ¢ = 2 umol/Ib 100 nmol/1 1,25
Primer 35S-R, ¢ = 2 pumol/Ib 100 nmol/1 1,25
Probe 35S-TMP FAM, c = 2 umol/1P 100 nmol/1 1,25
Primer 180-F, ¢ = 20 umol/Ib 1000 nmol/1 1,25
Primer 180-R, ¢ = 20 umol/1b 1 000 nmol/1 1,25
Probe TM-180 YY, ¢ = 4 pmol/Ib 200 nmol/1 1,25
DNA extract (sample or DNA standard) up to 200 nge¢ 5
Overall reaction volume -/- 25
a  In the collaborative study, TagMan®1) universal PCR master mix (Applied Biosystems, Darmstadt, G) was used as the
PCR buffer solution. Equivalent products of other manufacturers may be used if they can be shown to yield similar or better
results. If the PCR buffer solution contains a system to avoid carry-over contaminations on the basis of the enzyme uracil-N-
glycosylase (UNG), an additional UNG activation step is required for the temperature-time programme.
b Other working concentrations may be used.
¢ Inthe collaborative study DNA solutions were used which contained approximately 50 000 genome copies of the maize
DNA per set-up.

B.9.15.4.2 PCR controls
Appropriate controls should be included as described in [[SO 24276.

B.9.15.4.3 Preparation of standards

The preparation of standards is described in B.9.2.3.2.
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B.9.15.4.4 Temperature-time programme

If applying the PCR described here, the temperature-time programme listed in Table B.34 has proven
suitable for plastic reaction vials.

Table B.34 — Temperature-time programme

Step Parameter Tempoeé'ature Time Fluorescence Cycles
measurement
1 UNG activation (optional) 50 2 min no 1
2 Initial denaturation 95 10 min no 1
Denaturation 95 15s no
3 Amplification - - 45
Annealing and elongation 60 60s yes

B.9.15.4.5 Accept or reject criteria

The evaluation is performed by applying the relevant device-specific data analysis program. The
indication of the amplification result differs partly, depending on the real-time PCR device used. If
no PCR products are detectable (negative result), the indication in the result report is, for example,
“undetermined”, “no amp” or the maximum set number of cycles. If amplification of the DNA target
sequence took place in a sample (positive result), the number of cycles is calculated at which a prescribed
fluorescence threshold value has been exceeded (C; value or Cp value).

If, due to atypical fluorescence measurementdata, the automatic evaluation does not provide areasonable
result, it may be necessary to manually set the baseline and the threshold value prior to evaluating the
data. In doing so, follow the device-specific advice given in the technical manual for the application of
the evaluation software.

B.9.15.4.6 Identification
The target sequences are considered as detected when:

— by using the P35S-specific primers 35S-F and 35S-R and the probe 35S-TMP, an increase in the
measured fluorescence can be determined which is due to amplification;

— by using the T-nos-specific primers 180-F and 180-R and the probe TM-180, an increase in the
measured fluorescence can be determined which is due to amplification;

— inthe PCR control set-ups with no added DNA (PCR reagent control, negative extraction control), no
increase in the fluorescence can be determined which is due to amplification;

— in the set-ups for the amplification control (positive DNA target control, PCR inhibition control) the
expected C; values are achieved.

B.9.16 Sample identification

All samples should be identified unambiguously.

B.9.17 Calculations

The results of the collaborative study support the conclusion that this method is suitable for a
semiquantitative screening for components of GMOs.
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Annex C
(informative)

Construct-specific methods

C.1 Construct-specific method for the detection of modified DNA sequences from
genetically modified GTS 40-3-2 (Roundup Ready® soya beans)

C.1.1 General

This is a method for the detection of genetically modified glyphosate resistant GTS 40-3-2 (Roundup
Ready®17)) soya beans in raw/processed materials (8. [11] by amplification of a 172 bp single copy sequence
representing the junction region between the CaMV 35S promoter and the Petunia hybrida chloroplast
targeting signal preceding the Agrobacterium EPSPS sequence.

The same construct has been used in other GMOs.
It is not possible to use this method to distinguish between GTS 40 3-2 and gene-stacked cultivars originating

from a cross between GTS 40 3-2 and other soyabean event(s), except on single kernels and plants where
the presence/absence of sequences derived from other events can be verified.

C.1.2 Validation status and performance criteria

C.1.2.1 Collaborative study

The method has been validated in a collaborative study [8] under coordination of the German Federal Institute
for Health Protection of Consumers and Veterinary Medicine (BgVV) by the working group “Development of
methods for identifying foodstuffs produced by means of genetic engineering techniques”. The number of
participants as well the number of samples followed the criteria according to ISO 5725-2. For DNA extraction,
the CTAB method as outlined in ISO 21571:2005, A.3, was used (but with a test portion of 100 mg).

The data from the collaborative study are listed in Table C.1.

Table C.1 — Results of the collaborative study

Year 1998
Number of laboratories 25
Number of laboratories submitting results 24
Number of samples per laboratory 5
Number of accepted results 105
Number of samples containing GTS 40-3-2 56
Number of samples containing non-GM soya beans 49
False positive results 0 (0 %)
False negative results 0 (0 %)

17) Roundup Ready is a registered trademark of Monsanto. This information is given for the convenience of users of this
International Standard and does not constitute an endorsement by ISO of this product.
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C.1.2.2 Molecular specificity

C.1.2.21 General
This annex fulfils the requirements as outlined in Clause 7.

The method is described in Reference [8]. Information on the genetic construct introduced into the soya bean
genome is available in Reference [31].

C.1.2.2.2 Theoretical

No sequence homology with DNA sequences of non-genetically modified soya beans and other crop plants
has been found in databank searches (GenBank® database; BlastN® 2.2.1 search July 15t, 2001). Moreover
the primer set was designed to amplify a DNA sequence specific for an artificial junction region not expected
to occur in nature.

C.1.2.2.3 Experimental

No amplification has been observed using DNA from non-GM soya beans, potatoes, tomatoes, maize and
sugar beets [32] or from the genetically modified maize-lines Event 176 (Bt 176), Bt 11, T 25 and MON 810.

C.1.2.3 Limit of detection (LOD)

Based on the assumption that there is only one copy of the genetic construct per haploid genome (AGBIOS
database: http://www.agbios.com/) and that the haploid genome size of soya bean is 1,13 x 10° bp (see
Reference [5]), the absolute LOD with 50 ng DNA from soya bean, with a relative GMO content of a mass
fraction of 0,1 % in ground seeds is 40 haploid genome equivalents [32].

The relative LOD has been determined to be better than or equal to a mass fraction of 0,1 % with soya beans
in soya bean flour (certified reference materials IRMM-410R produced by IRMM, Geel, Belgium) [°l. With this
method, soya bean flour containing 0,45 % GTS 40-3-2 has also been shown to be detectable after baking [33].

C.1.3 Adaptation

No specific information is available.

C.1.4 Principle

The glyphosate tolerance of GTS 40-3-2 soya bean is due to a genetic construct coding for
enolpyruvylshikimi-3-phosphate synthase (EPSPS) from the Agrobacterium sp. strain CP4 joined to the
chloroplast transfer peptide sequence originating from Petunia hybrida (transit-signal sequence, CTP for
transition of EPSPS into the chloroplasts). Glyphosate inhibits the EPSPS in plants. A 172 bp DNA fragment,
spanning the junction between the CaMV 35S promoter sequence and the CTP sequence is amplified by PCR

and detected by gel electrophoresis. For identification of the PCR product, a hybridization probe is described
and may be used.

C.1.5 Reagents

For the quality of the reagents used, see ISO 24276.
C.1.51 Water

C.1.5.2 PCR buffer (without MgCl,), 10x.
C.1.5.3 MgCl; solution, ¢(MgCly) = 25 mmol/l.

C1.54 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).
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C.1.5.5 Oligonucleotides

C.1.5.5.1 Forward primer

35s-f2: 5'- TgA TgT gAT ATC TCC ACT gAC g -3'.

Accession No. (GenBank®): V00141, J02048.

C.1.5.5.2 Reverse primer

petu-r1: 5- TgT ATC CCT TgAgCC ATg TTg T -3'.

Accession No. (GenBank®): M21084, J03227.

C.1.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.
C.1.5.7 Hybridization probe

H-35s-ar1: 5'- ggg TCT TgC gAA ggA TAg Tg-3".

C.1.5.8 Prehybridization solution, containing 5 x SSC, 0,1 % (mass concentration) N-lauroylsarcosine,
0,02 % (mass concentration) SDS, 1 % Blocking Reagent.[®!

C.1.5.9 Hybridization solution, containing 10 pmol hybridization probe in 2,5 ml prehybridization

solution (C.1.5.8). The hybridization temperature is 50 °C. Further information on conditions for hybridization
are given in Reference [12].

C.1.6 Apparatus and equipment
C.1.6.1 Thermal cycler
C.1.6.2 Gel electrophoresis chamber, with power supply.

C.1.6.3 Hybridization apparatus
C.1.7 Procedure

C.1.71 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Table C.2. The PCR may also be carried out in a larger volume if the solutions are adjusted appropriately. The
final concentrations of reagents as outlined in Table C.2 have proven to be suitable.
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Table C.2 — Addition of reagents

Reagent Final concentration Volume per sample (ul)
Sample-DNA 10 ng to 50 ng 1

Water 15,9

10 x PCR buffer (without MgCls) 1 x 2,5
MgCly-solution@, 25 mmol/l 1,5 mmol/l 1,5

dNTP solution, 10 mmol/Il 0,8 mmol/l 2

Primer 35s-f2, 5 umol/l 0,2 ymol/l 1

Primer petu-r1, 5 ymol/l 0,2 ymol/l 1

Tag DNA polymerase, 5 [U/pl 0,51U 0,1

a8 I the PCR buffer solution already contains MgCl,, the final concentration of MgCl, in the reaction
mixture is adjusted to 1,5 mmol/l.

C.1.7.2 PCR controls

As a positive control, certified reference materials of GTS 40-3-2 (material containing 0,1 % of genetically
modified plant ingredients), produced by the Institute for Reference Materials and Measurements (IRMM) Geel,
Belgium (IRMM-410), may be used.

Any other appropriate controls should be included as described in ISO 24276.

C.1.7.3 Temperature-time programme

The temperature-time programme as outlined in Table C.3 has been used for the validation study using
thermal cyclers GeneAmp™ 2400 or GeneAmp® 9600 and AmpliTag Gold® DNA polymerase'8). The use of
other thermal cyclers might make an adaptation necessary. The time for activation/initial denaturation
depends on the polymerase used.

Table C.3 — Temperature-time programme

Activation/initial denaturation 10 min/95 °C
Amplification 30s/95 °C
30s/60 °C
25s/72 °C
Number of cycles 35t0 40
Final extension 3 min/72 °C

C.1.8 ldentification

The specificity of the amplified product can be demonstrated by Southern hybridization using a fluorescein-
labelled oligonucleotide probe H35s-ar1 (C.1.5.7 to C.1.5.9). Non-genetically modified samples shall be
negative in the hybridization assay (€.

18) GeneAmp® 2400 and 9600 and AmpliTag Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously known as Perkin EImer/Applied Biosystems. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products. Equivalent products may be used if they can be shown to give the same results.
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C.1.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence determined by comparison with products derived from certified
reference material prepared from GTS 40-3-2 (e.g. IRMM-410 series from IRMM, Geel, Belgium).

For identification purposes, see C.1.8.
The detection of fragments with a size of 172 bp indicates that the sample DNA solution contains amplifiable

DNA of GTS 40-3-2 origin within the assessed limitations of specificity described in C.1.2.2. For details on
electrophoretic stages, see a ISO 21571:2005, B.2.

C.2 Construct-specific method for the detection of modified DNA sequences from
genetically modified tomatoes (Zeneca® F282)

C.2.1 General

This is a method for the detection of genetically modified delayed ripening tomatoes (Zeneca) in raw materials
by PCR amplification of the junction region between single copy sequence elements originating from the
Agrobacterium tumefaciens (NOS-terminator) and the polygalacturonase (PG) gene from Lycopersicon
esculentum Mill which have been joined by means of in vitro recombination.

The same construct might be used in other GMOs in the future.
It is not possible to use this method to distinguish between Zeneca 282F tomato and gene-stacked cultivars

originating from a cross between Zeneca 282F and other tomato event(s), except on single kernels and plants
where the presence/absence of sequences derived from other events can be verified.

C.2.2 Validation status and performance criteria

C.2.2.1 Collaborative study

The method was validated in a collaborative study [19], under coordination of the German Federal Institute for
Health Protection of Consumers and Veterinary Medicine (BgVV) by the working group “Development of
methods for identifying foodstuffs produced by means of genetic engineering techniques”. The number of
participants as well the number of samples followed the criteria according to ISO 5725-2. For DNA extraction,
the CTAB method as outlined in SO 21571:2005, A.3, was used (but with a test portion of 100 mg).

The data of the collaborative study are listed in Table C.4.

Table C.4 — Results of collaborative study

Year 1999
Number of laboratories 18
Number of laboratories submitting results 18
Number of samples per laboratory 5
Number of accepted results 90
Number of samples containing genetically modified tomatoes (Zeneca 282F) 43
Number of samples containing non-GM tomatoes (Zeneca 282C) 47
False positive results 0 (0 %)
False negative results 0 (0 %)
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C.2.2.2 Molecular specificity

C.2.2.21 General
This annex fulfils the requirements as outlined in Clause 7.

The method is described in References [15] and [16]. Information on the genetic construct introduced into the
tomato genome is available in Reference [18].

C.2.2.2.2 Theoretical

No significant similarity with sequences of non-GM tomatoes or other crop plants has been observed in
databank searches (GenBank® database; BlastN® 2.2.1 search, July 1st, 2001). Moreover, the primer set was
designed to amplify a DNA sequence specific for an artificial junction region not expected to occur in nature.

C.2.2.2.3 Experimental

No amplification was observed using DNA from non-GM tomatoes with similar phenotypes: Long-Life-
tomatoes of type Selfesta F1, Seduro F1, Lioba F1 and Harzglut F1 (seed production Quedlinburg,
Germany)[19].

C.2.2.3 Limit of detection (LOD)

Based on the assumption that there is only one copy of the genetic construct per haploid genome (AGBIOS
database: http://www.agbios.com/) and that the haploid genome size of tomato is 1,0 x 10° bp (see Reference
[5]), the absolute LOD with 10 pg DNA from tomato, with a relative GMO content of a mass fraction of 100 %
in (raw tomatoes) is 10 haploid genome equivalents [19].

C.2.3 Adaptation

For the identification of a genetic alteration in tomato paste, it is advisable to extract nucleic acid from five
times the quantity specified in ISO 21571. After combination of the extracted nucleic acid, a subsequent
purification step using the QIAquick PCR Purification Kit!®) will result in a sufficient amount of DNA suitable for
PCR.

C.2.4 Principle

The trait of the genetically modified tomato (Lycopersicon esculentum Mill.) developed by Zeneca is the fruit
ripening delay on the basis of the inhibited production of polygalacturonase (PG).

The genetic modification from the genetically modified tomatoes is based on the introduction of an additional
incomplete polygalacturonase gene (PG) as cDNA in the genome. The presence of this gene results in the
drastic reduction of the endogenous tomato PG-enzyme. This enzyme is principally responsible for the
softening of tomatoes [171.

This method amplifies a 350 bp DNA fragment spanning the artificial junction between a segment of the cDNA
fragment of the PG gene and the adjacent NOS-terminator sequence that is only present in genetically
modified tomatoes. The resulting PCR product is detected by gel electrophoresis. For identification purposes,
a specific hybridization probe is described and may be used.

19) QIAquick PCR Purification Kit is the trade name of a product supplied by QIAGEN, Hilden, Germany. This information
is given for the convenience of users of this International Standard and does not constitute an endorsement by ISO of this
product. Equivalent products may be used if they can be shown to lead to the same results.
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C.2.5 Reagents

For the quality of the reagents used, see ISO 24276.

C.2.51 Water

C.2.5.2 PCR buffer (without MgCl,), 10x.

C.2.5.3 MgCl, solution, ¢(MgCly) = 25 mmol/l.

C.2.54 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).

C.2.5.5 Oligonucleotides

C.2.5.5.1 Forward primer

PG34L: 5'- ggA TCC TTA gAA gCA TCT AgT -3

Accession No. X04583.

C.2.5.5.2 Reverse primer

t-NOS: 5'- CAT CgC AAg ACC ggC AAC Ag-3'.

Accession No. NC002147.

C.2.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 [U/pl.

C.2.5.7 Hybridization probe, Tomate-2

The Digoxigenin (Dig)-labelled DNA probe (Tomate-2) has the following sequence:
5'-Dig-CCT CTA gAg Tcg ACC TgC Agg TCg-3".

C.2.5.8 Prehybridization solution, containing 5 x SSC, 0,1 % (mass concentration) of N-lauroyl-
sarcosine, 0,02 % (mass concentration) of SDS, and 1 % Blocking Reagent [15].

C.2.5.9 Hybridization solution, containing 10 pmol of hybridization probe in 2,5 ml of prehybridization
solution (C.2.5.8).

The hybridization temperature is 60 °C. Further information on conditions for hybridization are given in
Reference [12].

C.2.510 Restriction enzyme: Eae | or Mwo |.

C.2.6 Apparatus and equipment
As specified in C.1.6.
C.2.7 Procedure

C.2.7.1 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Table C.5. The PCR can also be carried out in a larger volume if the solutions are adjusted appropriately. The
final concentrations of reagents as outlined in Table C.5 have proven to be suitable.
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Table C.5 — Addition of reagents

Reagent Final concentration Volume per sample (ul)
Sample-DNA 10 ng to 50 ng 0,5

Water 17,3

10 x PCR buffer (without MgCl,) 1x 2,5
MgCl,-solution?@, 25 mmol/l 1,5 mmol/l 1,5

dNTP solution, 10 mmol/l each 0,4 mmol/l 1,0

Primer PG34L, 10 umol/l 0,4 uymol/l 1,0

Primer t-NOS, 10 pmol/I 0,4 uymol/l 1,0

Taqg DNA polymerase, 5 1U/pl 11U 0,2

@  |f the PCR buffer solution already contains MgCls, the final concentration of MgCls in the reaction mixture is
adjusted to 1,5 mmol/l.

C.2.7.2 PCR controls

No reference material to be used as a positive control is commercially available.20)

Any other appropriate controls should be included as described in ISO 24276.

C.2.7.3 Temperature-time programme

The temperature-time programme as outlined in Table C.6 has been used for the validation study using
thermal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTagq Gold® DNA polymerase2!). The use of
other thermal cyclers might make an adaptation necessary. The time for activation/initial denaturation
depends on the polymerase used.

Table C.6 — Temperature-time-programme

Activation/initial denaturation 10 min/95 °C
Amplification 30s/94 °C
60 s/60 °C
60 s/72 °C
Number of cycles 35
Final extension 6 min/72 °C

C.2.8 ldentification

The specificity of the amplified product can be demonstrated by Southern hybridization using a digoxigenine-
labelled oligonucleotide probe Tomate-2 (C.2.5.7 to C.2.5.9). Non-genetically modified samples shall be
negative in the hybridization assay [19].

20) For the availability of appropriate control material, contact your national standards institute.

21) GeneAmp® 2400 and 9600 and AmpliTag Gold® DNA polymerase are examples of suitable products available
commercially from Applied Biosystems, previously known as Perkin EImer/Applied Biosystems. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products. Equivalent products may be used if they can be shown to give the same results.
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The specificity of the amplified product can be demonstrated by restriction analysis using either Eae | or Mwo |.
Digestion with Eae | yields two fragments of 126 bp and 224 bp, respectively. Digestion with Mwo | yields
three fragments of 8 bp, 164 bp and 178 bp, respectively.

C.2.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence, determined by comparison with products derived from
appropriate reference material.

For identification purposes, see C.2.8.

The detection of fragments with a size of 350 bp indicates that the sample DNA solution contains amplifiable
DNA of Zeneca genetically modified tomato origin within the assessed limitations of specificity described in
C.2.2.2. For details on electrophoretic stages, see ISO 21571:2005, B.2.

C.3 Construct-specific method for the detection of modified DNA sequences from
genetically modified Bt 11 maize

C.3.1 General

This is a method for the detection of genetically modified Bacillus thuringiensis toxin-producing Bt 11 maize
(Syngenta, former Novartis) in raw materials by PCR amplification of the junction region of single copy
sequence elements originating from the maize adh 1S-Intron2 (IVS2) and the pat gene from Streptomyces
viridochromogenes.

The same construct might be used in the future in other GMOs.

It is not possible to use this method to distinguish between BT11 maize and gene-stacked cultivars originating
from a cross between BT11 and other maize event(s), except on single kernels and plants where the
presence/absence of sequences derived from other events can be verified.

C.3.2 Validation status and performance criteria

C.3.2.1 Collaborative study

The method has been validated in different collaborative studies [29] under coordination of the German Federal
Institute for Health Protection of Consumers and Veterinary Medicine (BgVV) by the working group
“Development of methods for identifying foodstuffs produced by means of genetic engineering techniques”.
The number of participants as well as the number of samples were chosen conforming to the criteria specified
in ISO 5725-2. For DNA extraction, half of the participants used the CTAB method as outlined in
ISO 21571:2005, A.3, and half of the participants used the Wizard® DNA-Clean-Up-System?22).

22) Wizard® DNA-Clean-Up-System is an example of a suitable product available commercially. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
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The data from the collaborative study are listed in Table C.7.

Table C.7 — Results of collaborative study

Year 2000
Number of laboratories 18
Number of laboratories submitting results 16
Number of samples per laboratory 6
Number of accepted results 96
Number of samples containing Bt 11 32
Number of samples containing Event 176 maize 32
Number of samples containing non-GM maize 32
False positive results 3 (5 %)
False negative results 3 (10 %)

In addition, 14 laboratories received DNA samples extracted from genetically modified Bt 11 maize containing
50 ng, 5 ng, 0,5 ng and 0,05 ng DNA. The results are outlined in Table C.8 [20l:

Table C.8 — Results of the collaborative study

DNA amount Result Comment
Correct False

50 ng 14 —

5ng 14 —

0,5ng 12 1 False negative
1 Ambiguous

0,05 ng 7 5 False negative
2 Ambiguous

C.3.2.2 Molecular specificity

C.3.2.21 General

This annex fulfils the requirements as outlined in Clause 7.

The method has been described in Reference [20].

Information on the DNA construct introduced into the maize genome is available in Reference [34]. The DNA

construct is the construct described in EMBL/GenBank® accession No. AR110602 (patented), which contains
all the same elements in the same order as reported for Bt 11.

C.3.2.2.2 Theoretical

No sequence homology with DNA sequences of non-genetically modified maize and other crop plants has
been found in databank searches (GenBank® database; BlastN® 2.2.1 search July 18t, 2001). Moreover the
primer set was designed to amplify a DNA sequence specific for an artificial junction region not occurring in
nature.
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C.3.2.2.3 Experimental

No amplification was observed using DNA from non-GM maize, or from genetically modified GTS 40-3-2
(Roundup Ready® soya beans) or maize-lines Event 176 maize (Bt 176), T25 and MON 810.

The number of target sequences is one.

C.3.2.3 Limit of detection (LOD)

Based on the assumption that there is only one copy of the genetic construct per genome (AGBIOS database:
http://www.agbios.com/) and that the genome size of maize is 2,65 x 109 bp (see Reference [5]), the absolute
LOD with 50 ng DNA from maize with a relative GMO content of 0,1 % in ground seeds is 20 genome
equivalents [34]. The relative LOD is better than or equal to 0,1 % in ground maize seeds [34].

C.3.3 Adaptation

No specific information is available.

C.3.4 Principle

The Bt gene originates from the soil bacterium Bacillus thuringiensis; the protein thus produced in the plant
tissue protects it from being attacked by European corn borer larvae. The Bt protein becomes active in the
intestine of these insects, causes pores to be formed in the cell membrane, and leads to a disruption in the
osmotic balance resulting in cell lysis.

The pat gene originates from the soil bacterium Streptomyces viridochromogenes and codes for the enzyme
phosphinothricin-N-acetyltransferase which renders the plant tolerant to the herbicide glufosinate ammonium.
Glufosinate ammonium disrupts the synthesis of glutamine in plants. A 189 bp DNA fragment spanning the

junction between the adh intron IVS2 and the pat gene sequence is amplified by PCR and detected by gel
electrophoresis. For identification of the PCR product, a hybridization probe is described and may be used.

C.3.5 Reagents

For the quality of the reagents used, see ISO 24276.
C.3.51 Water

C.3.5.2 PCR buffer (without MgCl,), 10x.

C.3.5.3 MgCl; solution, ¢(MgCly) = 25 mmol/l.
C.3.54 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).
C.3.5.5 Oligonucleotides

C.3.5.5.1 Forward primer

Intron IVS2-2: 5'-CTg ggA ggC CAA ggT ATC TAA T-3".
Accession No. AR110602.

C.3.5.5.2 Reverse primer

PAT protein coding region, PAT-B: 5'-gCT gCT gTA gCT ggC CTA ATC T-3".

Accession No. AR110602.
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C.3.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 IU/ul

C.3.5.7 Hybridization probe, 5'-labelled (e.g. digoxygenine-labelled) probe Bt: 5'-TAT CTg TCT CAg ggg
CAg ACT C-3'; ¢ = 20 pmol/I.

C.3.5.8 Prehybridization solution, containing 5 x SSC, 0,1 % (mass concentration) of N-lauroyl-
sarcosine, 0,02 % (mass concentration) of SDS, and 1 % Blocking Reagent.

C.3.5.9 Hybridization solution, containing 10 pmol of hybridization probe in 2,5 ml of prehybridization
solution (C.3.5.7). The hybridization temperature is 60 °C. Further information on conditions for hybridization
are given in Reference [12].

C.3.5.10 Restriction enzyme

Hinf 1.

C.3.6 Apparatus and equipment
As specified in C.1.6.
C.3.7 Procedure

C.3.7.1 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Table C.9. The PCR may also be carried out in a larger volume if the solutions are adjusted appropriately. The
final concentrations of reagents as outlined in Table C.9 have proven to be suitable.

Table C.9 — Addition of reagents

Reagent Final concentration | Volume per sample (ul)
Sample DNA 10 ng to 50 ng 1

Water 15,8

10 x PCR buffer (without MgCl,) 1 x 2,5
MgCl,-solution?, 25 mmol/l 2 mmol/l 2,0

dNTP solution, 10 mmol/l 0,4 mmol/l 1,0

Primer IVS2-2, 10 umol/l 0,5 umol/l 1,25

Primer PAT-B, 10 ymol/l 0,5 pmol/l 1,25

Taq DNA polymerase, 5 [U/pl 11U 0,2

reaction mixture is adjusted to 2 mmol/l.

@ If the PCR buffer solution already contains MgCly, the final concentration of MgCl,

C.3.7.2 PCR controls

As a positive control, certified reference material, for example, material containing 1 % genetically modified
Bt 11 maize produced by IRMM, Geel, Belgium (IRMM-412), may be used.

Any other appropriate controls should be included as described in ISO 24276.
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C.3.7.3 Temperature-time programme

The temperature-time programme as outlined in Table C.10 has been used for the validation study using
thermal cyclers GeneAmp™ 2400 or GeneAmp® 9600 and AmpliTaq Gold® DNA polymerase23) . The use of
other thermal cyclers might make an adaptation necessary. The time for activation/initial denaturation
depends on the polymerase used.

Table C.10 — Temperature-time programme

Activation/initial denaturation | 12 min/95 °C

Amplification 30s/95 °C
30s/64 °C
30s/72°C

Number of cycles 38

Final extension 10 min/72 °C

C.3.8 Identification
The identity of the amplified product can be verified by Southern hybridization using a digoxygenine-labelled
oligonucleotide probe Bt (C.3.5.7 to C.3.5.9). Non-genetically modified samples shall be negative in the
hybridization assay [20].

The identity of the amplified product may be demonstrated by restriction analysis using Hinf | yielding two
fragments of 116 bp and 73 bp, respectively [20],

C.3.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence determined by comparison with products derived from certified
reference material prepared from Bt11 maize (e.g. IRMM-412 series from IRMM, Geel, Belgium).

For identification purposes, see C.3.8.

The detection of fragments with a size of 189 bp indicates that the sample DNA solution contains amplifiable
DNA of Bt11 maize origin within the assessed limitations of specificity described in C.3.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

C.4 Construct-specific method for the detection of modified DNA sequences from
genetically modified Event 176 maize (Bt 176 maize)

C.4.1 General

This is a method for the detection of genetically modified Event 176 maize (Syngenta) in raw/processed
materials by PCR amplification of an artificial junction region between two copies of the genetic construct
integrated into the plant genome. The maize has been modified to produce the Bt toxin (type crylA(b)) from
Bacillus thuringiensis by insertion of a synthetic Bt gene regulated by a CDPK promoter from Zea mays.

23) GeneAmp® 2400 and 9600 and AmpliTag Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously known as Perkin ElImer/Applied Biosystems. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products. Equivalent products may be used if they can be shown to give the same results.
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The same construct might be used in the future in other GMOs.

Gene-stacked cultivars cannot be distinguished by this method except on single kernels and plants.
C.4.2 Validation status and performance criteria

C.4.2.1 Collaborative study

The method has been validated in different collaborative studies [201 under coordination of the German Federal
Institute for Health Protection of Consumers and Veterinary Medicine (BgVV) by the working group
“Development of methods for identifying foodstuffs produced by means of genetic engineering techniques”.
The number of participants as well as the number of samples followed the criteria of 1ISO 5725-2. For DNA
extraction, half of the participants used the CTAB method as outlined in ISO 21571:2005, A.3, and half of the
participants used the Wizard® DNA-Clean-Up-System?24).,

The data from the collaborative study are listed in Table C.11.

Table C.11 — Results of collaborative study

Year 2000
Number of laboratories 18
Number of laboratories submitting results 16
Number of samples per laboratory 6
Number of accepted results 96
Number of samples containing Event 176 maize 32
Number of samples containing Bt 11 maize 32
Number of samples containing non-GM maize 32
False positive results 0 (0 %)
False negative results 0 (0 %)

In addition, 13 laboratories received DNA samples extracted from a mass fraction of 0,1 % genetically
modified Event 176 maize (Bt 176 maize) in dried maize powder [mass fraction] (certified reference materials,
CRMs, prepared by the IRMM, Geel, Belgium). Twelve laboratories determined the sample as positive for
Event 176 (Bt 176) and one laboratory obtained ambiguous results in duplicate determination [20].

C.4.2.2 Molecular specificity
C.4.2.21 General
This annex fulfils the requirements as outlined in Clause 7.

The method has been described in References [20] and [35].

Information on the genetic construct introduced into the maize genome is available in Reference [35].

24) Wizard® DNA-Clean-Up-System is an example of a suitable product available commercially. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
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C.4.2.2.2 Theoretical
No sequence homology with DNA sequences of non-GM maize and other crop plants has been found in

databank searches (GenBank® database; BlastN® 2.2.1 search July 15t, 2001). Moreover the primer set was
designed to amplify a DNA sequence specific for an artificial junction region not occurring in nature.

C.4.2.2.3 Experimental

No amplification has been observed using DNA from GM soya beans (GTS 40-3-2) and maize lines Bt 11,
T25 and MON810 ['1], or from non-GM maize [11], [20],

The number of sequence copies is two.

C.4.2.3 Limit of detection (LOD)

Based on the assumption that there are two copies of the genetic construct per genome (AGBIOS database:
http://www.agbios.com/) and that the genome size of maize is 2,65 x 10° bp (see Reference [5]), the absolute
LOD with 50 ng DNA from maize, with a relative GMO content of 0,1 % in ground seeds is 20 genome
equivalents [34]. The relative LOD is better than or equal to 0,1 % in ground maize seeds [34].

C.4.3 Adaptation

No specific information is available.

C.4.4 Principle

Bacillus thuringiensis toxin (Bt) is an insecticide of bacterial origin. Genetically modified plants containing the
Bt gene produce the gene product as an endogeneous pesticide. Event 176 maize (Bt 176 maize) contains a
synthetic Bt gene of the type CrylA(b) under the control of the CDPK6 promoter. A 211 bp DNA fragment,
spanning the junction between the CDPK6 promoter and the Bt gene sequence is amplified by PCR and the

PCR product is detected by gel electrophoresis. For identification purposes, a hybridization probe is described
and may be used.

C.4.5 Reagents

For the quality of the reagents used, see ISO 24276.
C.4.51 Water

C.4.5.2 PCR buffer (without MgCly), 10x.

C.453 MgCl; solution, ¢(MgCly) = 25 mmol/l.
C.454 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).
C.4.5.5 Oligonucleotides

C.4.5.5.1 Forward primer

Cry03: 5-CTC TCg CCg TTC ATg TCC gT-3".

Accession No. is not available. Primer is located in the CDPK6 promoter. Primer matches 100 % with the
maize CDPK, accession No. L27484.1.

C.4.5.5.2 Reverse primer

Cry04: 5'-ggT CAg gCT Cag gCT gAT gT-3'.
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Accession No. is 41419 (according to Reference [36]). Primer is located in the synthetic CrylA(b) gene.
C.4.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.

C.4.5.7 Hybridization probe (Cry01)

5'-ATg gAC AAC AAC CCC AAC ATC-3.'

C.45.8 Prehybridization solution, containing 5 x SSC, 0,1 % (mass concentration) of N-lauroyl-
sarcosine, 0,02 % (mass concentration) of SDS, and 1 % of Blocking Reagent.

C.4.5.9 Hybridization solution, containing 10 pmol of hybridization probe in 2,5 ml of prehybridization
solution (C.4.5.8).

The hybridization temperature is 50 °C. Further information on conditions for hybridization are given in
Reference [12].

C.4.6 Apparatus and equipment
As specified in C.1.6.
C.4.7 Procedure

C.4.71 PCR set-up

The method is described for a total PCR volume of 25 pul per reaction mixture with the reagents as listed in
Table C.12. The PCR may also be carried out in a larger volume if the solutions are adjusted appropriately.
The final concentrations of reagents as outlined in Table C.12 have proven to be suitable.

Table C.12 — Addition of reagents

Reagent Final concentration Volume per sample (ul)
Sample DNA 10 ng to 50 ng 2

Water 15,4

10 x PCR buffer (without MgCl,) 1 x 25
MgCl,-solution?, 25 mmol/l 1,5 mmol/l 1,5

dNTP solution, 10 mmol/Il 0,4 mmol/l 1,0

Primer Cry03, 5 pmol/l 0,25 pmol/l 1,25

Primer Cry04, 5 pmol/l 0,25 pymol/l 1,25

Taq DNA polymerase, 5 [U/pl 0,51U 0,1

@8 If the PCR buffer solution already contains MgCl,, the final concentration of MgCl, in the reaction
mixture is adjusted to 1,5 mmol/l.

C.4.7.2 PCR controls

As a positive control, certified reference material [0,1 % genetically modified Event 176 maize (Bt 176)], for
example, produced by IRMM, Geel, Belgium (IRMM-411, MZ-0,1), may be used.

Any other appropriate controls should be included as described in ISO 24276.
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C.4.7.3 Temperature-time programme

The temperature-time programme as outlined in Table C.13 has been used for the validation study using
thermal cyclers GeneAmp™ 2400, 9600 and AmpliTaq Gold® DNA polymerase25). The use of other thermal
cyclers might make an adaptation necessary. The time for activation/initial denaturation depends on the
polymerase used. If using a hot-start polymerase, the recommendations of the manufacturer should be
adhered to unless the protocol states otherwise.

Table C.13 — Temperature-time programme

Activation/initial denaturation | 12 min/95 °C
Amplification 30 s/95 °C
30 /63 °C
30s/72°C
Number of cycles 38
Final extension 6 min/72 °C

C.4.8 Identification

The identity of the amplified product may be verified by Southern hybridization using a digoxygenine-labelled
oligonucleotide probe Cry01 (C.4.5.7 to C.4.5.9). Non-genetically modified samples shall be negative in the
hybridization assay [20].

The identity of the amplified product may be verified by restriction analysis using either Hae Ill, Taq | or Dde I.
Digestion with Hae Il yields two fragments of 162 and 49 bp, respectively. Digestion with Taq | yields three

fragments of 168, 22 and 21 bp, respectively [20]. Digestion with Dde | yields three fragments of 128, 72 and
11 bp, respectively [20].

C.4.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence, determined by comparison with products derived from certified
reference material prepared from Event 176 (Bt 176) maize (e.g. IRMM-411 series from IRMM, Geel, Belgium).

For identification purposes, see C.4.8.

The detection of fragments with a size of 211 bp indicates that the sample DNA solution contains amplifiable
DNA of Event 176 (Bt 176) maize origin within the assessed limitations of specificity described in C.4.2.2.

For details on electrophoretic stages, see ISO 21571:2005, B.2.

25) GeneAmp® 2400 and 9600 and AmpliTag Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously known as Perkin EImer/Applied Biosystems. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products. Equivalent products may be used if they can be shown to give the same results.
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C.5 Construct-specific method for the detection of modified DNA sequences from
genetically modified T 25 maize

C.5.1 General

This is a method for the detection of genetically modified herbicide-resistant T25 maize/“LibertyLink” in raw
materials by PCR amplification of the single copy junction region of DNA sequences originating from the
CaMV 35S promoter and the pat gene that have been joined by means of in vitro recombination.

The same construct might be used in the future in other GMOs.

Gene-stacked cultivars cannot be distinguished by this method except on single kernels and plants.
C.5.2 Validation status and performance criteria

C.5.2.1 Collaborative study

The method has been validated in a collaborative study [29] under coordination of the German Federal Institute
for Health Protection of Consumers and Veterinary Medicine (BgVV) by the working group “Development of
methods for identifying foodstuffs produced by means of genetic engineering techniques”. The number of
participants as well the number of samples followed the criteria according to ISO 5725-2. For DNA extraction,
the CTAB method as outlined in ISO 21571:2005, A.3, was used.

Samples from flour (ground kernels) of T25 (0,1 %, 1 %), MON 810 (0,1 %, 1 %) and non-GMO maize were
prepared for the collaborative study.

The data of the collaborative study are listed in Tables C.14 and 15.

Table C.14 — Results of collaborative study

Year 2001
Number of laboratories 16
Number of laboratories submitting results 16
Number of samples per laboratory 5
Number of accepted results 75
Number of samples containing T25 33
Number of samples containing MON810 31
Number of samples containing non-GM maize 11
False positive results 0 (0 %)
False negative results 4 (12 %)
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Table C.15 — Detailed results of the collaborative study

Kind of sample Number of samples | Correct | False

T25 negative samples:

0 % GMO 11 11 0
0,1 % MON 810 13 13 0
1 % MON 810 18 18 0

T25 positive samples:

0,1 % T25 18 15 3 (neg)?

1% T25 15 14 1 (neg)

a

All false negative results were obtained in one laboratory.

C.5.2.2 Molecular specificity

C.5.2.21 General
This annex fulfils the requirements as outlined in Clause 7.
The method has been described in Reference [20].

NOTE Sequence information for the development of this method was provided by Bayer Crop Science (formerly
Aventis CropScience).

Information on the genetic construct introduced into the maize genome is available in Reference [37].

C.5.2.2.2 Theoretical

No sequence homology with DNA sequences of non-GM maize and other crop plants has been found in
databank searches (GenBank® database; BlastN® 2.2.1 search July 15t, 2001). Moreover the primer set was
designed to amplify a DNA sequence specific for an artificial junction region not occurring in nature.

C.5.2.2.3 Experimental

No amplification has been observed using DNA from non-GM maize, from genetically modified GTS 40-3-2
(Roundup Ready®) soya beans, or from Event 176 (Bt 176), Bt 11 and MON 810 GM maize lines.

The number of sequence copies is one.

C.5.2.3 Limit of detection (LOD)

Based on the assumption that there is only one copy of the genetic construct per genome (AGBIOS database:
http://www.agbios.com/) and that the genome size of maize is 2,65 x 10° bp (see Reference [5]) the absolute
LOD with 50 ng DNA from maize, with a relative GMO content of 0,1 % in ground seeds is 20 genome
equivalents [34]. The relative LOD is better than or equal to 0,1 % in ground maize seeds [34].

C.5.3 Adaptation

No specific information is available.
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C.5.4 Principle

The pat gene originates from the soil bacterium Streptomyces viridochromogenes and codes for the enzyme
phosphinothricin-N-acetyltransferase, which renders the plant tolerant to the herbicide glufosinate ammonium.
Glufosinate ammonium disrupts the synthesis of glutamine in plants.

A 209 bp DNA fragment spanning the junction between the CaMV 35S promoter and the pat gene sequences

is amplified by PCR and detected by gel electrophoresis. For identification of the PCR product, a restriction
procedure is described and may be used.

C.5.5 Reagents

For the quality of the reagents used, see ISO 24276.

C.5.5.1 Water

C.5.5.2 PCR buffer (without MgCly), 10x.

C.5.5.3 MgCl, solution, ¢(MgCly) = 25 mmol/I.

C.5.54 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).

C.5.5.5 Oligonucleotides

C.5.5.5.1 Forward primer

T25-F7: 5'-ATg gTg gAT ggC ATg ATg TTg-3".

Accession No. (GenBank®) is NC001497. Primer is located in the CaMV 35S promoter.
C.5.5.5.2 Reverse primer

T25-R3: 5'- TgA gCg AAA CCC TAT AAg AAC CC -3".

Accession No. is not available. Primer is located in the PAT protein coding region.
C.5.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 [U/pl.

C.5.5.7 Restriction enzymes: Hinf | and Mwo |.

C.5.6 Apparatus and equipment
As for C.1.6.1 and C.1.6.2.
C.5.7 Procedure

C.5.7.1 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Table C.16. The PCR may also be carried out in a larger volume if the solutions are adjusted appropriately.
The final concentrations of reagents as outlined in Table C.16 have proven to be suitable.
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Table C.16 — Addition of reagents

Reagent Final concentration | Volume per sample (pl)
Sample DNA 10 ng to 50 ng 2

Water 14,8

10 x PCR buffer (without MgCls) 1x 25

MgCl, solution?, 25 mmol/l 2 mmol/l 2,0

dNTP solution, 10 mmol/l 0,4 mmol/l 1,0

Primer T25-F7, 10 ymol/I 0,5 umol/l 1,25

Primer T25-R3, 10 ymol/Il 0,5 umol/l 1,25

Taq DNA polymerase, 5 [U/pl 11U 0,2

@8  If the PCR buffer solution already contains MgCly, the final concentration of MgCl, reaction
mixture is adjusted to 2 mmol/l.

C.5.7.2 PCR controls
Reference material is not commercially available.26)

Any other appropriate controls should be included as described in ISO 24276.

C.5.7.3 Temperature-time programme

The temperature-time programme as outlined in Table C.17 has been used for the validation study using
thermal cycler GeneAmp® 2400, 9600 and AmpliTaq Gold® DNA polymerase??). The use of other thermal
cyclers might make an adaptation necessary. The time for activation/initial denaturation depends on the
polymerase used. If using a hot-start polymerase, the recommendation of the manufacturer should be
adhered to unless the protocol states otherwise.

Table C.17 — Temperature-time programme

Activation/initial denaturation 12 min/95 °C
Amplification 30s/95 °C
30s/64 °C
30s/72°C
Number of cycles 40
Final extension 10 min/72 °C

C.5.8 Identification

The identity of the amplified product may be verified by restriction analysis using either Hinfl or Mwo l.
Digestion with Hinf | yields two fragments of 121 and 88 bp, respectively. Digestion with Mwo | yields two
fragments of 141 and 68 bp, respectively [20],

26) For the availability of appropriate control material, contact your national standards institute.

27) GeneAmp® 2400 and 9600 and AmpliTag Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously known as Perkin Elmer/Applied Biosystems. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products. Equivalent products may be used if they can be shown to give the same results.
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C.5.9 General quality assurance and interpretation of the results

The Target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence, determined by comparison with products derived from appropriate
reference material prepared from T25 maize.

For identification purposes, see C.5.8.

The detection of fragments with a size of 209 bp indicates that the sample DNA solution contains amplifiable
DNA of T25 maize origin within the assessed limitations of specificity described in C.5.2.2.

For details on electrophoretic stages, see |ISO 21571:2005, B.2.

C.6 Construct-specific method for the qualitative detection of genetically modified
DNA sequences in papaya ring spot resistant papaya [SunUp, Rainbow)]

C.6.1 Principle

This method describes construct-specific procedures for the qualitative detection of genetically modified DNA
sequences in papaya ring spot virus (PRSV) resistant papaya (Carica papaya). Information on the genetic
construct introduced into the papaya genome is available in Reference [70].

The application of this method requires a sufficient amount of amplifiable DNA to be extractable from the
relevant matrix for the purpose of analysis. The method is described as PCR verified by restriction and
furthermore as real-time PCR. The method is based on the detection of DNA sequences of the 35S promoter
of the cauliflower mosaic virus (CaMV) and of the junction between the CMV/PRSV CP DNA sequences
(chimeric cucumber mosaic virus coat protein/papaya ring spot virus coat protein) (Reference [71]).

C.6.2 Validation status and performance criteria
C.6.2.1 Robustness of the method

In the collaborative study, the robustness of the method has been checked. The primers have been checked
in PCR and real-time PCR. Furthermore, the method has been tested with different PCR instruments, i.e. PCR
block cycler and real-time PCR block cycler. By these tests, the robustness of the method has been shown (see
the collaborative study data).

C.6.2.2 Intralaboratory trial

Before the collaborative study was performed, intralaboratory trials demonstrated that the CTAB extraction as
well as kit extraction (Reference [71]) were successful and that the method is robust with respect to different
PCR instruments and PCR applications (see C.6.2.1, C.6.2.4.3 and C.6.6).

C.6.2.3 Collaborative trial

The method has been validated in a collaborative trial by the 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) in 2005-11. The collaborative trial involved 10 laboratories
(Reference [72]).

In the collaborative trial, samples were tested comprising a range of 10 % to 100 % mass fraction of
genetically modified papaya fruit pieces [SunUp’ papaya event 55-1 (unique identifier: CUH-CP551-8) or 63-1
(unique identifier: CUH-CP631-7)]. The samples were sent to the participating laboratories in a coded form. In
the collaborative study a DNA extraction by CTAB was performed with a test portion size of 2 g (Reference
[72]). After DNA extraction, a species-specific PCR was performed in order to check the amplifiability of the
extracted DNA. The specific detection of the genetically modified papaya DNA sequences was performed once
by PCR followed by restriction enzyme analysis. Furthermore, the method was tested by real-time PCR. The
results of the collaborative study are listed in Table C.18.
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Table C.18 — Results of the collaborative study

Parameter Conventional PCR Real-time PCR
No. laboratories 10 10
No. laboratories submitting results 10 10
No. samples per laboratory 6 6
No. accepted results 60 60
No. samples containing genetically modified PRSV-resistant papaya 39 34
No. samples containing not genetically modified papaya 21 26
False-positive results 2 0
False-negative results 2 2

In total, two laboratories submitted incorrect evaluations. One of them had been provided with three identical
samples with a mass fraction of 10 % of GM papaya, one of the three samples having yielded false-negative
results in conventional and real-time PCR. The other laboratory had, among the coded samples, been
provided with a sample consisting of 10 % mass fraction of GM papaya which also yielded false-negative results
in conventional and real-time PCR. Of the three samples which were non-GM papaya, this laboratory obtained
false-positive results for two samples in conventional PCR, whereas these samples were recognized correctly
by real-time PCR (Reference [72]).

C.6.2.4 Molecular selectivity
C.6.2.4.1 General

The method has been designed to target DNA sequences specific for the genetically modified papaya line
55-1 [unique identifier: CUH-CP551-8, papaya SunUp] and 63-1 [unique identifier: CUH-CP631-7, papaya
Rainbow™"]. The method is described in Reference [72]. Information on the genetic construct introduced into
the papaya genome is available in Reference [70].

C.6.2.4.2 Theoretical

Sequences of the primer sunup-af1, sunup-ar1, 35S-F and the probe 35S-T are based on genetically modified
papaya Rainbow" gene sequence {GenBank® (Reference [83], accession No. FJ467933, search date
2008-12-22}. The sequences of the primers sunup-af1, 35S-F and the probe 35S-T are based on the 35
promoter sequence. The selectivity in the PCR detection system is based on the sequence of the primer
sunup-ar1 which is specific for papaya transgenic cultivar Rainbow" and yielded no further match with a
GenBank®entry (Reference [83], BLAST date 2009-01-28). No sequence homology with DNA sequences of
non-genetically modified papaya varieties and other crop plants has been found in databank searches.

C.6.2.4.3 Experimental

In the intralaboratory study, various GM plants (see Table C.19) and 100 % mass fraction GM papaya [SunUp
papaya event 55-1 (unique identifier: CUH-CP551-8) or 63-1 (unique identifier: CUH-CP631-7)] were tested
with usually 500 genome copies each with two replications. Only the GM papaya showed the specific PCR
product with a length of 152 bp.
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Table C.19 — GM plants tested

Bxn™n cotton (10211, BXN-19211-9; 10215, BXN-10215-4;

Bt11 maize (SYN-BT &11-1) 10222, BXN-10222-2)

MON810 maize (MON-@J810-6) Bollgard Il cotton (MON15985-7)
T25 maize (ACS-ZMQJJ3-2) GTS40-3-2 soya bean (MON-J4332-6)
GA21 maize (MON-@@J21-9) FlavrSavr tomato (CGN-89564-2)

NewLeaf potato (Bt6, NMK-89812-3; Bt10, NMK-89175-5;
Bt12, NMK-896J1-8; Bt16, NMK-89167-6; Bt17, NMK-
89593-

9; Bt18, NMK-899@6-7; Bt23, NMK-89675-1)

GT73 canola (MON-BQQJ73-7) LL sugar beet (ACS-BVZD1-3)
T45 canola (ACS-BNJJ8-2) —

MS1/RF1 canola (ACS-BN@@4-7xACS-
BN@@1-4)

CBH351 maize (ACS-ZM@@4-3)

C.6.3 Principle and summary

A 152 bp DNA fragment, starting from DNA sequences of the 35S promoter of the caulif lower mosaic
virus (CaMV) to DNA sequences of the junction between the viral coat proteins is amplified by PCR. This
amplification is specific for the genetically modified papaya CUH-CP551-8 and CUH-CP631-7.

The method is described first as PCR followed by verification by restriction enzyme analysis. The method is
also described as real-time PCR, i.e. the verification is performed by a specific oligonucleotide probe which is
labelled by two fluorescent dyes (“TagMan® probe”).

C.6.4 Terms and definitions

For the purposes of this document, the terms and definitions of ]SO 24278 apply.

C.6.5 Sample type and amounts

In the following, the data from the collaborative study are given as examples for sample types and sample
amounts appropriate for this method.

Ensure that the test sample is representative of the laboratory sample, e.g. by grinding or homogenization.
Measures and operational steps to be taken into consideration are described in [SO 21571|. In the collaborative
study, samples for DNA extraction were taken from homogenized papaya fruit pieces.

C.6.6 Limit of detection and range of use

In the collaborative study, samples were tested comprising a range of 10 % to 100 % mass fraction of
GM papaya. It was possible to detect a mass fraction of 10 % of genetically modified papaya in papaya (see
Table C.20).

To determine the practical sensitivity in the sample to be analysed, a genome size of 372 Mbp for papaya is
assumed.

The determination of the copy number which, with a probability of 95 %, will lead to a positive result in the PCR
was performed in the intralaboratory study. A PCR carried out 10 times (internationally agreed procedure, e.g.
EUR ACHEM Guide®®) with the primer pair sunup-af1 and sunup-ar1 yielded a positive result in all reactions
when using five genome copies.
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Table C.20 — No. samples yielding false-negative or false-positive results

Content of GM Conventional PCR Real-time PCR
No. samples o papaya ) False-positive False-negative False-positive False-negative
% mass fraction results results rosults osults
20 0 2 0 0 0
20 10 0 2 0 2
20 100 0 0 0 0

C.6.7 Estimation of measurement uncertainty

The measurement uncertainty should be assessed in intralaboratory studies.

C.6.8 Interferences
The amount, quality, and ability to amplify the nucleic acid template inf luences the analytical result obtained
SO 21571

(see ). Therefore, the nucleic acid used for the analysis should be checked, e.g. by means of a
target taxon-specific PCR method.

C.6.9 Physical and environmental conditions
See |SO 24274 for details.

C.6.10 Apparatus and equipment

Usual molecular biological laboratory equipment and in particular the following.

C.6.10.1 Apparatus and equipment for PCR followed by restriction enzyme analysis
C.6.10.1.1 Thermal cycler.

C.6.10.1.2 Thermostat or water bath.

C.6.10.2 Apparatus and equipment for real-time PCR

C.6.10.2.1 Thermal cycler equipped with an energy source suitable for the excitation of fluorescent
molecules and an optical detection system suitable for the detection of the fluorescence signals generated
during PCR

C.6.10.2.2 Reaction tubes and caps or closures which can be repeatedly heated to 100 °C and cooled to

4 °C without damage and which do not influence the fluorescence signal generated during the amplification
process.

C.6.11 Reagents and materials

Unless otherwise stated, only reagents that conformed to the specifications of ]SO 24276 and only molecular
biology grade water or water of equivalent purity were used.

C.6.12 Sample collection, transport, preservation and storage

DNA solutions may be stored at 4 °C for a maximum of 1 week, or at —20 °C for long-term storage.

C.6.13 Test sample preparation

See |SO 21571
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C.6.14 Instrument calibration
See [SO/IEC 17025.k1

C.6.15 Analysis steps
C.6.15.1 General

DNA is extracted from the test sample applying a suitable procedure. DNA analysis consists of the following
parts.

a) Verification of the amount, quality and amplifiability of the extracted DNA, e.g. by means of a PCR
specific for the target taxon.

NOTE DNA sequences for conventional and real-time PCR are provided in Table C.21. Details are provided in References
[72][73].

b) Detection of the genetic modification present in PRSV-resistant papaya. Here, a target sequence specific
for this genetic modification is amplified by PCR. This can be done by conventional PCR or real-time PCR.
The PCR products of a conventional PCR are separated by agarose gel electrophoresis and analysed, by
means of suitable DNA size markers, for the PCR product sizes to be expected.

c) The amplified DNA sequence is verified by restriction enzyme digestion if a conventional PCR has been
performed. In the case of the real-time PCR, the verification step is included in b) by using a fluorescent-
labelled probe.

C.6.15.2 Preparation of the DNA extracts

For details concerning DNA extraction, see [SO 21571|. In the collaborative study, the CTAB extraction has been
successfully used for the papaya fruit pieces. Test portion size was 2 g in the collaborative study.

C.6.15.3 DNA quantification
For details concerning quantification of the DNA extracts, see |[SO 21571|.
C.6.15.4 DNA integrity evaluation

Quality and amplifiability of the extracted DNA are tested, e.g. by a PCR specific for the target taxon.

C.6.16 PCR reagents
C.6.16.1 General

Unless otherwise stated, only reagents that conformed to the specifications of |[SO 24276 and only molecular
biology grade water or water of equivalent purity were used.

Ready-to-use PCR buffer mixtures or individual components can be used.

C.6.16.2 PCR

The reaction solutions required for the PCR are generally stored in aliquots at =20 °C.
C.6.16.2.1 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.

C.6.16.2.2 PCR buffer stock.

C.6.16.2.3 Magnesium chloride solution, ¢ = 25 mmol/l, optional (if PCR buffer stock is without magnesium
chloride).
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C.6.16.2.4 Deoxyribonucleoside triphosphate (dNTP) solution, containing dATP, dCTP, dGTP, and dTTP,
at ¢ = 2,5 mmol/l each.

C.6.16.2.5 Primers and probes. See Table C.21

Table C.21 — Oligonucleotides

Name DNA sequence of the oligonucleotides

DNA sequences of the genetically modified papaya as target sequence for conventional PCR

sunup-af1 5-TTC ATT Tgg AgA ggA CAg ggT AC -3

sunup-ar1 5-TCATTC TTg gAC TgA CgA CgT -3’

DNA sequences of the genetically modified papaya as target sequence for real-time PCR

35S-F 5— gAC gTA Agg gAT gAC gCA CAA -3’
sunup-ar1i 5-TCATTC TTg gAC TgA CgA CqT -3
35S-F 5~ FAM — CCC ACT ATC CTT CgC AAg ACC CTT CC - TAMRA -3

@ FAM: 6-carboxyfluorescein, TAMRA: 6-carboxytetramethylrhodamine. Equivalent reporter and/or quencher dyes
can be used for the probe if they can be shown to yield similar or better results.

C.6.16.3 Restriction enzymes Kpn |, Nla lll, Tsp 509 |

C.6.17 Procedure
C.6.17.1 PCR master mix set-up

For the volume of 25 ul per PCR, the reagents are given in Tables C.22 and C.23. The PCR can also be
performed with a smaller or larger volume if the solutions of the PCR mix are adapted accordingly. A volume of
5 ul of DNA extract is used.

In the collaborative study, the final concentrations of the reagents given in Tables C.22 and C.23 proved to be
suitable.

After carefully thawing the reagents, they should be centrifuged immediately prior to use. While preparing the
PCR batch, the reagents are kept in an ice bath, if required.

Each reagent should be thoroughly mixed prior to pipetting. A PCR mix is prepared containing all PCR
components with the exception of the DNA extract. The amount of PCR mix required depends on the number
of reactions to be carried out including at least one additional reaction.

Mix the PCR mix, centrifuge brief ly, and pipette into the PCR reaction vessels 20 ul per vessel.

Pipette either 5 pl of DNA extract, 5 yl of the negative extraction control, 5 pl for the PCR reagent control, 5 pl
of water into the control reaction (PCR without DNA template) or 5 pl of the positive extraction control into the
corresponding PCR tubes.

Centrifuge the reaction batches brief ly and place into the real-time device. Start the temperature—time
programme in accordance with the manufacturer’s instructions.
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Table C.22 — Addition of reagents (conventional PCR)

Reagent Final concentration Volume p:jlr reaction
Sample DNA 10 ng to 50 ng 5
Water — 12,3
10x PCR buffer (without MgCl,)? 1% 2,5
MgCl, solution, 25 mmol/l 1,5 mmol/l 1,5
dNTP solution, 10 mmol/I 0,2 mmol/l 0,5
Primer sunup-af1, 10 ymol/Il 0,6 umol/I 1,5
Primer sunup-ar1, 10 pmol/l 0,6 pmol/l 1,5
Thermostable DNA polymerase (for hot-start PCR), 5 [U/ul 11U 0,2
@ |f the PCR buffer solution already contains magnesium chloride, the final concentration of magnesium chloride
in the reaction mixture is adjusted to 1,5 mmol/I.

Table C.23 — Concentration of reagents (block cycler real-time PCR)

Reagent Final concentration
Sample DNA 10 ng to 50 ng
Water —
2x PCR buffer, e.g. QuantiTect Probe™" PCR kit (Qiagen) 1%
Primer 35S-F, 10 umol/I 0,4 pmol/l
Primer sunup-ar1, 10 ymol/I 0,4 pmol/l
Probe 35S-T 0,4 umol/l

C.6.17.2 PCR controls

Any other appropriate controls should be included as described in .

C.6.17.3 Preparation of standards

Commercially available DNA size standards can be used for estimation of the PCR product sizes.
C.6.17.4 Temperature-time programmes

Temperature—time programmes are given in Tables C.24 and C.25. The denaturation time given in Tables C.24
and C.25 take into account the use of AmpliTag Gold®" DNA polymerase. When using a different polymerase,
the activation and initial denaturation should be adapted accordingly.

Table C.24 — Temperature—time programme for conventional PCR

Parameter Duration and temperature
Activation and initial denaturation 10 min at 95 °C
25sat94°C
Amplification 30sat62°C
40sat72°C
No. cycles 40
Final elongation 7minat72°C
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Table C.25 — Temperature—time programme for real-time PCR with block cycler

Parameter Duration and temperature

Activation and initial denaturation 15 min at 95 °C

15sat94 °C
Amplification

60 s at60 °C
No. cycles 45
Final elongation 30sat40°C

C.6.17.5 Accept or reject criteria

C.6.17.5.1 For conventional PCR

The products of conventional PCR are detected by gel electrophoresis (e.g. according to [SO 21571:2005, B.2).
The PCR products are separated by molecular weight in an agarose gel electrophoresis. Use 10 ul of the PCR
products for the analysis by agarose gel electrophoresis and document accordingly. The PCR product produced
by this conventional PCR has a length of 152 bp. The conventional PCR fulfils the acceptance criteria if

— the controls gave the expected results;

— the PCR products have the specific length of 152 bp.

The confirmation of the PCR products is performed according to C.6.17.6.1.
C.6.17.5.2 For real-time PCR

The evaluation is performed applying the relevant device-specific data analysis program. The format of
the amplification result may vary depending on the real-time PCR device used. Examples of no detectable
PCR products (negative result) are: “undetermined”, “no amp” or the maximum set number of cycles. If an
amplification of the DNA target sequence took place in a sample (positive result), the number of cycles is

calculated at which a prescribed fluorescence threshold value has been exceeded (C; value or C, value).

If, due to atypical fluorescence measurement data, the automatic evaluation does not provide a reasonable
result, it may be necessary to manually set the baseline and the threshold value prior to evaluating the data.
In doing so, follow the device-specific advice given in the technical manual for the application of the evaluation
software.

C.6.17.6 Identification

C.6.17.6.1 Identification of the PCR products of conventional PCR by restriction enzyme analysis

A PCR product of the specific target DNA sequence is confirmed by performing a restriction enzyme analysis
on the PCR products. At least one of the restriction enzymes given in Table C.26 is selected and used in
accordance with Tables C.26 and C.27.

Table C.26 — Restriction enzymes, incubation conditions and number and size of restriction
fragments

Number/size of restriction

Restriction enzyme

Incubation conditions

frag- ments
Kpn | 37°C,4h 24 bp and 128 bp
Nia lll 37 °C, 4 h/65 °C, 20 min 94 bp and 58 bp
Tsp 509 | 65°C,4h 77 bp and 75 bp
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[*) Table C.27 — Addition of reagents for restriction analysis

Reagent Volume
PCR product 5l
Restriction enzyme (at least 10 IU) x ul
Reaction buffer (10x) 2 ul
Water to 20 pl

For the analysis of the restriction fragments, a gel electrophoresis can be performed in accordance with

P1571:2008, B.2.

The target sequence is considered as detected in conventional PCR if

— the results of the taxon-specific PCR give a positive result;

NOTE The result of the taxon-specific PCR is needed to exclude false-negative results.

— a PCR product with a size of 152 bp is obtained with the primer pair sunup-af1/sunup-ar1;

— the 152 bp fragment is restricted by restriction enzyme Kpn | into two fragments of 24 bp and 128 bp,
respectively, or by restriction enzyme Nia Il into two fragments of 94 bp and 58 bp, respectively, or by
restriction enzyme Tsp 509 | into two fragments of 77 bp and 75 bp, respectively;

NOTE Due to the separation properties of the agarose used, the 24 bp DNA fragment is sometimes not observable in the
gel electrophoresis in all cases after digestion with Kpn |. The separation of the two DNA fragments of 77 bp and 75 bp,
respectively, cannot necessarily be observed after restrictions with the enzyme Tsp 509 1.

— the PCR control set-ups with no added DNA (PCR reagent control, negative extraction control), are
negative;

— in the set-ups for the amplification control (positive DNA target control, PCR inhibition control), a PCR
product of 152 bp can be detected, which, after restriction analysis with the specified enzymes, shows the
corresponding profile.

C.6.17.6.2 Identification of the PCR products of real-time PCR

When using the real-time PCR the target sequence is to be considered as detected if
— the results of the taxon-specific PCR give a positive result;

NOTE The result of the taxon-specific PCR is needed to exclude false-negative results.

— by using the primers 35S-F and sunup-ar1, and the probe 35S-T, an increase in the measured fluorescence
can be determined which is due to amplification;

— in the PCR control set-ups with no added DNA (PCR reagent control, negative extraction control), no
increase in the fluorescence can be determined which is due to amplification;

— in the set-ups for the amplification control (positive DNA target control, PCR inhibition control), the
expected C; values are achieved.

C.6.18 Sample identification

All samples should be identified unambiguously.

C.6.19 Calculations

The results of the collaborative study support the conclusion that this method is suitable for a semiquantitative
screening for components of GMOs.
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C.7 Construct-specific method for the detection of modified DNA sequences from
genetically modified rice line TT51-1 (cultivar Bt63)

C.7.1 Principle

This is a method for the detection of DNA from genetically modified insect-resistant rice line TT51-1 (cultivar
Bt63) (Reference [74]) in raw or processed materials (rice grains, rice noodles) by amplification of a 83 bp
single copy sequence representing the junction region between the synthetic CrylA(c) and the Nos terminator
(Reference [75]) by real-time PCR.

This method cannot be used to distinguish between different rice varieties containing the same construct. For
further specification (e.g. detection of the event), a follow-up analysis should be carried out.

C.7.2 \Validation status and performance criteria

C.7.21 Robustness

The robustness of the method was tested by applying the following modifications in the reaction set-up:
— reduction of the primer concentration from 300 nmol/l to 200 nmol/l;

— reduction of the probe concentration from 100 nmol/l to 75 nmol/l.

All reactions were done in three replicates using the same amount of template DNA.

The reduction of the primer concentration did not inf luence the cycle threshold (C;) value.

The reduction of the probe concentration resulted in an increase of the C;value by 0,8 x C,on average. This
increase can be considered of limited significance for a qualitative method.

C.7.2.2 Intralaboratory trial

The performance of the method was assessed by analysing four parallel DNA extractions of a mixture of milled
Bt63 rice in conventional rice at levels of 5 %, 0,5 %, and 0,1 % mass fraction. The test revealed Ci-values of
30,0 £ 0,3 (Cy,= 0,9 %) for the 5 % fortification level; 34,1 £ 0,5 (Cy,,= 1,5 %) for the 0,5 % fortification level;
and 36,2 £ 0,5 (Cy,= 1,5 %) for the 0,1 % fortification level (Reference [75]).

C.7.2.3 Collaborative study

The method has been validated in a collaborative study under coordination of the German Federal Office of
Consumer Protection and Food safety (BVL) by the working group “Development of methods for identifying
foodstuffs produced by means of genetic engineering techniques” (Reference [77]). The number of participants
as well the number of samples followed the criteria according to [391 and the IUPAC protocol
(Reference [48]).

For the analysis, the participants received six rice flour samples, six rice noodle samples, and three DNA
samples. The samples contained different concentrations of the cry1A(c)-T-nos sequence or no sequences of
the construct (negative samples), respectively. All samples were marked with random coding numbers.

To prepare the rice samples, whole rice grains or rice noodles were used. Based on parts by mass, finely ground
non-GM rice grains and “Bt63” rice grains (JRC, Ispra) were used to prepare a 0.1 % mass fraction Bt63
mixture; subsequently, a 0,05 % mass fraction Bt63 mixture was prepared by further homogenous mixing with
the non-GM rice grain flour. The GM rice noodle samples used were two different Bt63 positive samples from
official monitoring laboratories which had already been reported through the European Rapid Alert System. The
negative samples used were non-GM rice noodles.

The rice noodles were ground to form homogenous flours. As far as the unknown samples were concerned,
each participant received two vials containing sub-samples of 1 g each of the following rice flours:

a) 0,1 % mass fraction Bt63 rice;
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b) 0,05 % mass fraction Bt63 rice;
c) non-GM rice;
d) Bt63 positive rice noodles (sample a);
e) Bt63 positive rice noodles (sample b);

f) Bt63 negative rice noodles.

For DNA extraction, the CTAB method as outlined in ]SO 21571:2005, A.3 was employed using a test portion
of1g.

In order to determine the LOD, DNA samples consisting of a solution of a previously linearized plasmid
comprising a fragment with a length of 717 bp of the cry1A(c)-T-nos sequence were prepared. The concentra-
tions of the sample DNAs were adjusted to 4 copies/ul and 1 copy/ul, based on the size of the plasmid and
applying the PicoGreen" method; the plasmid DNA solutions were stabilized with 10 ng/ul of maize genomic
DNA. Each of the participants received a coded vial containing a plasmid DNA solution with 0 copies/ul or
1 copy/ul and 4 copies/pl, respectively, of the cry1A(c)-T-nos sequence. Furthermore, for performing positive
controls, two vials each of which contained 1 g of Bt63 positive rice noodle flours and one vial containing Bt63
DNA were provided.

The data from the collaborative study are listed in Table C.28 and C.29.

Table C.28 — Results of the collaborative study — Evaluation of the results for the rice samples

Parameter (collaborative study of 2008) Value
No. laboratories 17
No. laboratories submitting results 17
No. samples per laboratory 12
No. accepted results 1912
No. samples containing "‘Bt63-rice” 129
No. samples containing non-GM rice 62
False-positive results 1(1,6 %)
False-negative results 0 (0 %)
2 One laboratory reported leakage of four samples during the overnight incubation and therefore these test samples
could not be analysed; for a total of five test samples no rice DNA was detectable in three different laboratories. One
laboratory reported for five test samples (two rice grain and three rice noodle samples) unusually low gos9 Civalues
(C¢ < 14) and therefore results for these test samples were excluded in the evaluation.

Table C.29 — Results of the collaborative study — Evaluation of the results for the plasmid DNA

samples

Parameter (collaborative study of 2008) Value
No. laboratories 17
No. laboratories submitting results 17
No. Bt63 plasmid DNA samples per laboratory 3
No. determinations per plasmid DNA sample 2
No. positive results/overall number of determinations with 0 copies of Plasmid DNA 0/34
No. positive results/overall number of determinations with 5 copies of Plasmid DNA 32/34
No. positive results/overall number of determinations with 20 copies of Plasmid DNA 34/34
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C.7.2.4 Molecular selectivity
C.7.2.41 General
This subclause fulfils the requirements outlined in Clause 7.

The method is described in Reference [75]. Information on the genetic construct introduced into the rice genome
is available in Reference [76].

C.7.2.4.2 Theoretical

No sequence homology with DNA sequences of non-genetically modified rice varieties and other crop plants
has been found in databank searches {GenBank®database (Reference [83]), BlastN®2.2.21, date: 2009-07-21}.
Moreover the primer set was designed to amplify a DNA sequence specific for an artificial junction region not
expected to occur in nature.

C.7.2.4.3 Experimental
No amplification has been observed using DNA from non-GM soya beans, rape seed, maize, and rice.
No amplification has been observed also for the following genetically modified lines (Reference [75]):

Cotton lines: MON531 (MON-@@531-6), MON15985 (MON-15985-7), MON15985xMON1445 (MON-15985-7
x MON-@&1445-2), MON531xMON1445 (MON-@@531-6 x MON@1445-2), 3006-210-23x281-24-236 (DAS-
21023-5 x DAS-24236-5)

Maize lines: Bt11 (SYN-BTQ@11-1), Bt176 (SYN-EV176-9), GA21 (MON-@@@21-9), T25 (ACS-ZMQOJ3-2),
MON863 (MON-2@863-5), MON810 (MON-@J81J-6), TC1507 (DAS-B1507-1), 59122 (DAS-59122-7),
MONB89J34 (DAS-89034-3), MIR6D4 (SYN-IR6@4-5), MON88017 (MON-88117-3), LY038 (REN- @J38-3),
3272 (SYN-E3272-5)

Potato line: EH92-527-1 (BPS-25271-9)

Rapeseed lines: RF1 (ACS-BN@J1-4), RF2 (ACS-BN@J2-5, RF3 (ACS-BNJJ3-6), MS1 (ACS-BNQ@Q4-7),
MS8 (ACS-BN@@5-8), Gt 73 (MON-@Q@QB73-7), GS40 / 90pHoe6 / Ac (ACS-BN010-4)

Rice line: LLRice62 (ACS-0S@@2-5), LLRice 601 (BCS-OS@J3-7)
Soybean line: GTS 40-3-2 (MON-04J32-6)

All DNAs used in experimental specificity tests were controlled for the ability to be amplified and for inhibitors
with taxon specific methods before use (data not shown).

C.7.3 Principle and summary

An 83 bp DNA fragment, spanning between the synthetic crylA(c)-gene to the nos terminator over a 15 bp
spacer sequence is amplified and detected by real-time PCR. The real-time PCR system is based on a
specific hydrolysis probe PCR which is labelled with 6-carboxyf luorescein (FAM) as reporter molecule and
6-carboxytetramethylrhodamine (TAMR A) as quencher molecule (Reference [54]).

C.7.4 Terms and definitions

For the purposes of this document, the terms and definitions of ]SO 5725-1“?and |SO 24276 apply.

C.7.5 Sample type and amounts

Ensure that the test sample is representative of the laboratory sample, e.g. by grinding or homogenization.
Measures and operational steps to be taken into consideration are described in |[SO 21571. For the
collaborative study, a total amount of 1 g ground rice noodles was used.
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C.7.6 Limit of detection

Based on the assumption that there is only one copy of the genetic construct per haploid genome and that
one haploid rice genome copy has a molecular mass of 0,47 pg, the LOD is less than or equal to five copies,
also in presence of conventional rice DNA (used as target taxon) and maize DNA (used as an example for
non-target taxon) (References [79][77]).

The LOD (relative to the matrix) is less than or equal to 0,05 % mass fraction (DNA samples with this amount
of the cry1A(c)-T-nos target copies to rice genome copies) (Reference [78]).

C.7.7 Estimation of measurement uncertainty

The measurement uncertainty was assessed in a collaborative study. The results are given in C.7.2.3.

C.7.8 Interferences

The amount and the ability for amplification of the nucleic acid used as template for the real-time PCR is of
major importance for the sensitivity of the method. In addition to this general point, no specific interferences are
known for this method.

C.7.9 Physical and environmental conditions

See SO 24274 for details.

C.7.10 Apparatus and equipment

Regarding the apparatus and materials, see ]SO 21569. Employ usual molecular biological laboratory
equipment and in particular the following.

C.7.10.1 Apparatus and equipment for DNA extraction

C.7.10.1.1 Thermostat or water bath, preferably with shaking function.

C.7.10.1.2 Centrifuge, able to centrifuge 1,5 ml and 2 ml reaction vials at 14 500 x g.
C.7.10.2 Apparatus and equipment for real-time PCR

C.7.10.2.1 Thermal cycler, equipped with

— an energy source suitable for the excitation of fluorescent molecules;

— an optical detection system suitable for the detection of the fluorescence signals generated during
PCR.

C.7.10.2.2 Reaction vessels and caps or closures which can be repeatedly heated to 100 °C and cooled
to 4 °C without damage and which do not influence the fluorescence signal generated during the amplification
process.

C.7.11 Reagents and materials

Unless otherwise stated, only reagents that conform to the specifications of [SO 24276 and only molecular
biology grade water shall be used.

C.7.11.1 Reagents for the DNA extraction with CTAB
See [SO 21571,
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C.7.11.2 Reagents for the real-time PCR
C.7.11.21 Thermostable DNA polymerase (for hot-start PCR).

C.7.11.2.2 PCR buffer solution (contains MgCl, and deoxyribonucleoside triphosphates dATP, dCTP, dGTP
and dUTP).

Ready-to-use reagent mixtures or individual components can be used as the PCR buffer solution. In the
collaborative study the PCR buffer from TagMan® universal master mix (Applied Biosystems, Darmstadt) was
used.?

C.7.11.2.3 Oligonucleotides. See Table C.30.

Table C.30 — Oligonucleotides

Name DNA sequence of the oligonucleotide Fina::?:::rgll:tion
cry1A(c)-T-nos construct as the target sequence
T51F 5—-gAC TgC Tgg AgT gAT TAT CgA CAg A-3’ 300 nmol/l
T51R 5-AgC TCg gTA CCT CgA CTT ATT CAg-3 300 nmol/l
T51p 5—(FAM)-TCg AgT TCATTC CAg TTA CTg CAA CAC TCg Ag—(TAMRA)-3" 100 nmol/l
@ FAM: 6-carboxyfluorescein, TAMRA: 6-carboxytetramethylrhodamine. Equivalent reporter dyes and/or quencher
dyes can be used.

C.7.12 Sample collection, transport, preservation and storage

DNA solutions may be stored at 4 °C for a maximum of 1 week, or at —20 °C for long-term storage.

C.7.13 Test sample preparation

Ensure that the test sample is representative of the laboratory sample, e.g. by grinding or homogenization.
Measures and operational steps to be taken into consideration are described in detail in the ]SO 21571|.

C.7.14 Instrument calibration

Instruments (e.g. thermocyclers) should be calibrated as per |SO/IEC 17025.%"

C.7.15 Analysis steps
C.7.151 General
DNA is extracted from the test sample applying a suitable procedure. The DNA analysis consists of:

a) verification of the amount, quality and amplifiability of the extracted DNA, e.g. by means of a PCR specific
for a target taxon sequence of rice;

b) detection of the cry1A(c)-T-nos construct in a real-time PCR.
C.7.15.2 Preparation of the DNA extracts
C.7.15.2.1 DNA extraction

Concerning the extraction of DNA from the test sample, the general instructions and measures described in
SO 21571, should be followed.

2) Other reagentscan be used if they yield similar or better results.
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CTAB was used for the extraction of DNA as outlined in ]SO 21571:2005, A.3 with the following modification.
The method was validated using 1 g of finely ground test sample material for DNA extraction. The DNA
extraction method was modified by adding 10 pl of proteinase K solution according to ]SO 21571:2005, A.3.1.5.8
to the CTAB extraction buffer turning the optional proteinase K step into a mandatory step and an incubation
overnight at 65 °C under continuous mixing.

Should the material swell in such a way that the particles are no longer freely movable in a suspension,
additional CTAB extraction buffer is used to reduce sample viscosity. This should be done in single steps of
1 ml CTAB extraction buffer each. This is often required when extracting DNA from rice noodles.

C.7.15.2.2 DNA quantification

For specific requirements, see ]SO 21571:2005, Annex B.

C.7.15.2.3 DNA integrity evaluation

The DNA integrity is determined indirectly by applying a target taxon specific real-time PCR resulting in a PCR
product of similar length (Reference [75]).

C.7.15.3 PCR reagents
See C.7.11.2.

C.7.15.4 Procedure
C.7.15.41 PCR set-up

The description of the procedure is applicable to an overall volume of 25 ul per PCR set-up, using the reagents
stated in Table C.31.

Prior to being applied, the carefully thawed reagents should be brief ly centrifuged. Ensure that each reagent
is carefully mixed immediately before pipetting. A PCR reaction mixture containing all PCR components except
the DNA extract is prepared. The required amount of PCR reaction mixture depends on the number of reactions
to be performed, including at least one additional reaction as the pipetting reserve. Use 5 ul of DNA extract.

Table C.31 — Reaction set-up for the amplifications

Overall volume 25 ul

Sample DNA (up to 200 ng) or controls 5l

PCR buffer solution? (including MgCl,, dNTPs and DNA polymerase) 12,5 pl

Primer T51F + T51R See Table C.30
Probe T51p See Table C.30
Water Difference to 25 pl

@ |n the collaborative study, TagMan" universal master mix (Applied Biosystems, Darmstadt) was applied as the
PCR buffer solution. Equivalent products of other manufacturers may be used if they yield similar or better results.

Mix the reaction set-up, centrifuge briefly and pipette 20 ul into each reaction vial.
For the PCR reagent control, pipette 5 pl of water into the respective set-up.

Pipette either 5 pl of the DNA extract, 5 ul of the negative extraction control or 5 pl of the positive extraction
control into each of the remaining set-ups.

Set up a PCR inhibition control, if necessary.

Transfer the reaction set-ups into the thermal cycler and start the temperature—time programme.
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C.7.15.4.2 PCR controls

As positive control material, genomic DNA of rice line TT51-1 (“cultivar Bt63”) or a commercially available plas-
mid containing the target sequence can be used.

C.7.15.4.3 Temperature-time programme

If applying the PCR described here, the temperature—time programme stated in Table C.32 has proven suit-
able.

Table C.32 — Temperature—time programme

Step Parameter Tempoerature Time Fluorescence Cycles
C measurement
1 Initial denaturation 95 10 min no 1
Denaturation 95 20s no
2 Amplification 45
Annealing and elongation 60 60 s yes

C.7.15.4.4 Accept or reject criteria

The evaluation is performed applying the relevant device-specific data analysis program. The indication of the
amplification result differs partly, depending on the real-time PCR device used. In the case of no detectable
PCR products (negative result), the indication in the result report is, for example, “undetermined”, “no amp” or
the maximum set number of cycles. If an amplification of the DNA target sequence took place in a sample
(positive result), the number of cycles is calculated at which a prescribed fluorescence threshold value has been

exceeded (C;value or C, value).

If, due to atypical fluorescence measurement data, the automatic evaluation does not provide a reasonable
result, it may be necessary to manually set the baseline and the threshold value prior to evaluating the data.
In doing so, follow the device-specific advice given in the technical manual for the application of the evaluation
software.

To detect small quantities of admixtures of genetically modified rice lines containing the construct cry1A(c)-T-
nos, at least 5 000 haploid genome copies are required in the target taxon specific system. This copy number
corresponds to lower C; values in the rice-specific PCR.

C.7.16 Sample identification

All samples should be identified unambiguously.

C.8 Construct-specific method for the detection of the ctp2-cp4-epsps sequence for
screening for components of genetically modified organisms in foodstuffs

C.8.1 Purpose, relevance and scientific basis

This method describes a construct-specific procedure for screening of DNA extracted from genetically modified
plants containing the ctp2-cp4-epsps gene sequence.

The transition from CTP2 (chloroplast transit peptide signal sequence from Arabidopsis thaliana) to the
herbicide tolerance gene cp4-epsps (5-enolpyruvylshikimate-3-phosphate synthase gene from Agrobacterium
tumefaciens strain CP4) is frequently found in genetically modified plants (Reference [53]).

Basically, the method described is applicable not only to the analysis of all foodstuffs, but also of other products
(e.g. feeding stuffs, seeds). The application of the method requires that an amount of amplifiable DNA can
be extracted from the respective matrix which is sufficient for analysis. The method described is based on a
real-time PCR.
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For further specification of the detection (e.g. detection of the event), a follow-up analysis should be carried
out.

C.8.2 \Validation status and performance criteria
C.8.2.1 Robustness
The robustness of the method has not been tested to small modifications.

In the collaborative trial, the robustness of the method has been checked with regard to different real- time PCR
devices (see C.8.10.1) and master mixes (see Table C.36, footnote b). Neither the real-time PCR devices nor
the master mixes used had inf luence on the performance of the method.

C.8.2.2 Intralaboratory trial

In intralaboratory trials, the method provided satisfactory and consistent results. The method was tested with
dilution series of DNA extracted from 4,9 % mass fraction NK 603 maize and from 100 % mass fraction GT73
rapeseed certified reference materials, respectively. Five PCR replicates were tested at each dilution step. In
the tests with GT73 DNA the relative confidence intervals (P = 95 %) for the measured copy numbers at 2 000,
400, 100, 25, 10 and 5 copies were 7,4 %, 12,1 %, 10,5 %, 13,7 %, 24,7 % and 41,0 %, respectively. In the
tests with NK603 DNA, the relative confidence intervals (P = 95 %) for the measured copy numbers at 2 500,
500, 250, 50, 10 and 5 copies were 5,6 %, 13,9 %, 3,3 %, 39,4 %, 52,6 % and 58,8 %, respectively.
The method was also tested for its performance with DNAs extracted from different plants (see C.8.2.4.3). The
results of these tests also showed that the method provides satisfactory and consistent results.

C.8.2.3 Collaborative trial
C.8.2.3.1 General

The performance of the method has been assessed in a collaborative study (Reference [59]) coordinated
by the Federal Office of Consumer Protection and Food Safety and performed with 11 participants. For the
analysis, the participants received 12 DNA samples with different concentrations of the ctp2-cp4- epsps gene
sequence as well as 6 DNA samples supposed not to contain this sequence. All samples were marked with
random coding numbers.

For DNA extraction, the CTAB method as outlined in |]SO 21571:2005, A.3, was used. To prepare the DNA
samples, genomic DNA extracted from 0,1 % mass fraction NK603-certified reference material (ERM BF 415b
by the IRMM, Geel), from non-GM maize flour or GT73 rapeseed and non-GM rapeseed- certified reference
materials (0304-A and 0304-B by AOCS, USA) were used. The non-GM maize flour and rapeseed flour had not
shown any amplification in the PCR test carried out before that regarding the ctp2-cp4-epsps sequence. The
0,02 % mass fraction NK603 DNA or the 0,02 % mass fraction GT73 DNA, respectively, was prepared
by mixing the 0,1 % mass fraction NK603 or the 0,1 % mass fraction GT73 DNA solution, respectively, with
non-GM maize or rapeseed DNA at a ratio of 1 — 5.

Aliquots of the following DNA solutions were provided as unknown samples:
a) 0,1 % mass fraction NK603 DNA, approximately 27 ng/pul;

b) 0,02 % mass fraction NK603 DNA, approximately 27 ng/ul;

c) non-genetically modified (non-GM) maize DNA, approximately 27 ng/pl;
d) 0,1 % mass fraction GT73 rapeseed DNA, approximately 13 ng/ul;

e) 0,02 % mass fraction GT73 rapeseed DNA, approximately 13 ng/ul;

f) non-genetically modified (non-GM) rapeseed DNA, approximately 13 ng/pl.
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C.8.2.3.2 Qualitative evaluation of the results

The data from the collaborative study are listed in Table C.33.

Table C.33 — Results of the collaborative study (qualitative)

Parameter (interlaboratory trial of 2008) Value
No. laboratories 1"

No. laboratories having presented results 11

No. samples per laboratory 18

No. accepted results 198

No. samples containing the ctp2-cp4-epsps sequence 132

No. samples containing no ctp2-cp4-epsps sequence? 66
False-positive results 13 (19,7 %)?
False-negative results 0 (0 %)

@ SeealsoC.8.2.4.3.

C.8.2.3.3 Semiquantitative evaluation of the results

To calculate the ctp2-cp4-epsps copy humbers in the samples, all participants received a standard DNA, which
had been extracted from 5 % mass fraction NK603-certified reference material (ERM-BF415f, IRMM). The DNA
concentration had been determined spectrometrically, and the copy numbers had been calculated from this on
the basis of genome equivalents, taking the proportion given in the certificate as a basis (4,91 % mass fraction
in ERM-BF415f ). From this NK603 standard DNA, the participants of the collaborative study had to prepare a
dilution series with 0,2x TE in order to obtain DNA solutions for 5 calibration points (2 000, 500, 150, 50 and
10 copies of the ctp2-cp4-epsps target sequence) and another DNA solution as the sensitivity control with
5 copies of the ctp2-cp4-epsps target sequence. In order to calculate the corresponding copy numbers from
the sample cycle threshold (C,) values determined, the 5 DNA calibration solutions were measured together
with the samples in the same analytical PCR run. The C;values were plotted against the logarithm of the copy
numbers to give the calibration curve. In Table C.34, a summary of the results thus determined is given.

Table C.34 — Evaluation of the collaborative study (semiquantitative)

GM material content No. positive results/total Caloulated coby numbers
(GM copies/genome equivalents) P resulte ctp2-cp4- epsps sequence
% mass fraction Mean? Cur°%
0,1 % NK603 maize 33/33 50 35
0,02 % NK603 maize 33/33 11 41
0,1 % GT73 rapeseed 33/33 36 32
0,02 % GT73 rapeseed 33/33 9 50
non-GM maize® 12/33 0 —
non-GM rapeseed 1/33 0 —
@ Mean value of the calculated copy numbers from all single assays.
b Coefficient of variation under reproducibility conditions.
¢ SeealsoC.8.24.3.

The results obtained by two laboratories which used glass capillaries were similar to those obtained in the
collaborative study applying devices for plastic reaction vials as far as the sensitivity, average values and
standard deviation of the copy numbers, as well as the specificity, were concerned (data not shown).
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C.8.2.3.4 Sensitivity and precision

Table C.34 summarizes the proportions of positive results as well as the precision data for the individual
samples. The method was tested with samples containing low copy numbers of the ctp2-cp4-epsps sequence.
In all samples containing the ctp2-cp4-epsps sequence, this sequence was detectable. Also the sensitivity
control with five copies of NK603 maize DNA resulted in an amplification of the ctp2-cp4- epsps target sequence
in all 22 determinations. Based on these results, the LOD (relative to the matrix) can, therefore, be stated as a
mass fraction of at least 0,02 % (DNA samples with this relative relation of the ctp2-cp4-epsps copies to the
genome copies of the respective species) or as an absolute value of <5 copies as shown in the tests with NK603
maize DNA.

The coefficient of variation under reproducibility conditions (Cy,g) was 35 % or 32 %, respectively, at the levels
of 0,1 % NK603 maize and 0,1 % GT73 rapeseed. Thus, the precision data slightly exceed the Cy g values

required by |SO 24276 for the quantification.

Potential outliers were not eliminated prior to calculating the precision data. Checking of the suitability of the
method for quantification was not the major objective of the collaborative study.

C.8.2.4 Molecular selectivity
C.8.2.41 General

The method is described in References [59][80]. Information on the genetic construct introduced into the NK603
maize genome is also available in Reference [81].

C.8.2.4.2 Theoretical

The theoretical specificities of the primers and the probe were assessed by a BLASTN 2.2.1 search in the
GenBank®EMBL/DDBJ databases using the amplicon sequence (Reference [83], accession number FN550387).
No sequence homology with DNA sequences of non-genetically modified plants and other crop plants was
found (search date 2009-11-15). Moreover, the primer set was designed to amplify a DNA sequence specific
for an artificial junction region not expected to occur in nature.

C.8.2.4.3 Experimental

When experimentally determining the specificity prior to the collaborative study, no cross-reactions of the
ctp2-cp4-epsps detection method with DNA from the following genetically modified plants was observed:

—  GM rice: LL62 (ACS-OS@@2-5), LL601 (BCS-0SBD3-7);

— GM rapeseed: Liberator pHoe6/Ac (ACS-BN@@9-3), Falcon GS40/90 pHoe6/Ac (ACS-BNG1@-4), Laurat
(pPCGN3828) (CGN-89465-2), TOPAS19/2 (ACS-BNG@J7-1), MS1xRF1 (ACS-BNJJ4-7xACS- BNIJ1-
4), MS8 (ACS-BN@@5-8), T45 (HCN 28) (ACS-BNIJ8-2);

— GM maize: 3272 (SYN-E3272-5), DAS59122 (DAS-59122-7), Bt176 (SYN-EV176-9), MONB810
(MON- @@81@-6), T14 (ACS-ZM@@2-1), T25 ACS-ZM@@3-2), DAS1507 (DAS-B1507-1), GA21 (MON-
PBD21-9);

—  GM soya: 305423 (DP-3@5423-1), 356043 (DP-356@43-5), MON40-3-2 (MON-@4@32-6), A 2704-12
(ACS-GM@@5-3), A5547-127 (ACS-GMOD6-4);

— GM potatoes: EH92-527-1 (BPS-25271-9).

For the following genetically modified plants it was experimentally shown that the ctp2-cp4-epsps detection
method is suitable as a screening method:

— GM rapeseed: GT73 (MON-BQJJ73-7);
— GM maize: MON809, MON88017 (MON-88017-3), NK603 (MON-BJ63-6);
— GM sugar beet: GTSB77, H7-1 (KM-BJQH71-4);
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— GM soya: MON89788 (MON-89788-1).

All DNAs used in experimental specificity tests were controlled for the ability to be amplified and for inhibitors
with taxon specific methods before use (data not shown).

A continuously updated list (screening table) of genetically modified plant events detectable (or non- detectable)
using this method is available (see Reference [68]).

Concerning the non-GM maize DNA sample which, based on previous determinations, had been assumed to
be “negative”, an amplification was reported by the laboratories for 12 of the total of 33 determinations (a C; of
37 or more, average C; of 38,5). This corresponds to less than five copies of the ctp2-cp4-epsps target
sequence. A possible reason for this are minimal contaminations of the maize flour used, and previously tested
to be negative, by materials containing ctp2-cp4-epsps during the preparation and aliquotation of the sam-
ples.

In order to avoid false-positive results when using the ctp2-cp4-epsps method, fluorescence signals at a
C; value of 237,0 which correspond to low copy numbers of the target sequence (<5 copies), should not be
interpreted as positive analysis results.

Regarding the non-GM rapeseed DNA samples extracted from non-genetically modified rapeseed
reference material (AOCS, 0304-A), a very low amplification (C; of 39,4) was detectable in only one of the 33
determinations.

C.8.3 Principle and summary

An 88 bp DNA fragment, spanning the junction between the CTP2 (chloroplast transit peptide signal sequence
from Arabidopsis thaliana) sequence and the herbicide tolerance gene cp4-epsps (5-enolpyruvylshikimate-3-
phosphate synthase gene from Agrobacterium tumefaciens strain CP4) is amplified by real-time PCR and
detected by means of a specific oligonucleotide probe which is labelled by two fluorescent dyes (“TagMan®
probes”) (Reference [54]).

C.8.4 Terms and definitions

For the purposes of this document, the terms and definitions of ]SO 5725-1“"and ]SO 24276 apply.

C.8.5 Sample type and amounts

Ensure that the test sample is representative of the laboratory sample, e.g. by grinding or homogenization.
Measures and operational steps to be taken into consideration are described in |[SO 21571. For the
collaborative trial, a set of DNA samples were used (see C.8.2.3.1).

C.8.6 Limit of detection

The method was tested with samples containing low copy numbers of the ctp2-cp4-epsps target sequence
(Table C.34). In all samples containing the ctp2-cp4-epsps sequence, this target was detectable. Also the sen-
sitivity control with five copies of NK603 maize DNA resulted in an amplification of the ctp2- cp4-epsps target
sequence in all laboratories (22 single assays, data from the results obtained with the standard DNA dilution
used for calibration are taken, see C.8.2.3.4). Based on these results, the LOD (relative to the matrix) is less
than or equal to 0,02 % mass fraction when using NK603 DNA (sample DNA with this amount of the ctp2-cp4-
epsps copies to the genome copies of the respective species) or as an absolute value is less than or equal to
5 copies.

C.8.7 Estimation of measurement uncertainty

The measurement uncertainty was assessed in a collaborative study. The results are given in C.8.2.3.2.
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C.8.8 Interferences

The amount and the ability for amplification of the nucleic acid used as template for the real-time PCR is of
major importance for the sensitivity of the method. In addition to this general point, no specific interferences are
known for this method.

C.8.9 Physical and environmental conditions
See for details.
C.8.10 Apparatus and equipment

Regarding the apparatus and materials, see |SO 21569.

C.8.10.1 Thermal cycler. Real-time PCR device using plastic reaction vials (suitable for activation and
emission measurement of fluorescence-labelled oligonucleotides).

Within the framework of the collaborative study, devices of the ABI 7500 type (Applied Biosystems, Darmstadt)
were primarily used (five laboratories), furthermore ABI 7900V (2x), ABI 7700" (1x), BioRad ICycler" (1x),
Eppendorf realplex2 (1x), Corbett Rotorgene 3000" (1x) were used.

C.8.10.2 Reaction vessels and caps or closures which can be repeatedly heated to 100 °C and cooled to
4 °C without damage and which do not influence the fluorescence signal generated during the amplification
process.

C.8.11 Reagents and materials

Unless otherwise stated, only reagents that conformed to the specifications of ]SO 242768 and only molecular
biology grade water or water of equivalent purity were used.

C.8.12 Sample collection, transport, preservation and storage

DNA solutions may be stored at 4 °C for a maximum of 1 week, or at —20 °C for long-term storage.

C.8.13 Test sample preparation

See .

C.8.14 Instrument calibration

Instruments (e.g. thermocyclers) should be calibrated as per .[4”

C.8.15 Analysis steps

C.8.15.1 General

DNA is extracted from the test sample applying a suitable procedure. The DNA analysis consists of:

a) verification of the amount, quality, and amplifiability of the extracted DNA, e.g. by means of a PCR
specific for the target taxon, see Clause 7 and |SO 2157(;"*

b) detection of the ctp2-cp4-epsps construct in a real-time PCR.

C.8.15.2 Preparation of the DNA extracts

General instructions and measures and suitable DNA extraction methods are described in .
C.8.15.3 PCR Reagents
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C.8.15.3.1 Thermostable DNA polymerase (for hot-start PCR).

C.8.15.3.2 PCR buffer solution (contains MgCl, and deoxyribonucleoside triphosphates dATP, dCTP, dGTP,
and dUTP).

Ready-to-use reagent mixtures or individual components can be used, such as PCR buffer solution. In the
collaborative study the PCR buffers given in Table C.36, footnote b were used.®

C.8.15.3.3 Oligonucleotides. See Table C.35.

Table C.35 — Oligonucleotides

Name DNA sequence of the oligonucleotide Finalitr:‘otzc;e:(-:gation
ctp2-cp4-epsps as the target sequence (Reference [59])

GT73-TMF 5'—ggg ATg ACg TTAATT ggC TCT g-3° 375 nmol/l
GT73-TMR 5°—ggC TgC TTg CAC CgT gAA-3 375 nmol/l
GT73-TMP 5—(FAM)-CAC gCC gTg gAA ACA gAA gAC ATg ACC—(TAMRA)-3' @ 150 nmol/l

a2 FAM: 6-carboxyfluorescein, TAMRA: 6-carboxytetramethylrhodamine. Equivalent reporter and/or quencher dyes
can be used for the probe if they can be shown to yield similar or better results.

C.8.16 Procedure
C.8.16.1 PCR set-up

The description of the procedure is applicable to an overall volume of 25 ul per PCR set-up, with the reagents
stated in Table C.36.

Prior to being applied, the carefully thawed reagents should be brief ly centrifuged. Ensure that each reagent
is carefully mixed immediately before pipetting. A PCR mixture containing all PCR components except the
DNA extract is prepared. The amount of the PCR mixture required depends on the number of reactions to be
performed, including at least one additional reaction as the pipetting reserve.

Use 5 ul portions of DNA extract.

Table C.36 — Reaction set-up for the amplification of the ctp2-cp4-epsps DNA sequence
(per reaction vial)

Overall volume 25 pl
Sample DNA (up to 200 ng)? or controls 5l

PCR buffer solution® (including MgCl,, dNTPs and DNA polymerase) 12,5 ul
Primer GT73-TMF and GT73-TMR see Table C.35
Probe GT73-TMP see Table C.35
Water To 25 pl

@ In the collaborative study DNA solutions were used which contained approximately 50 000 genome copies of the
species DNA per set-up.

b In the collaborative study, TagMan" universal master mix (Applied Biosystems, Darmstadt) was applied as the
PCR buffer solution when using real-time PCR devices by the company Applied Biosystems; QuantiTect Probe" PCR
kit (Qiagen GmbH, Hilden) was applied when using other real-time PCR devices with plastic vials; QuantiTect Multiplex
PCR No-Rox" master mix (Qiagen GmbH, Hilden) was applied when using real-time PCR devices with glass capillaries.
Other products may be used if they similar or better results.

3) Other reagentscan be used if they yield similar or better results.
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Mix the reaction set-up, centrifuge brief ly and pipette 20 pl into each reaction vial.
For the PCR reagent control, pipette 5 pl of water into the respective set-up.

Pipette either 5 pl of the DNA extract, 5 pl of the negative extraction control or 5 pl of the positive extraction
control into each of the remaining set-ups.

Set up a PCR inhibition control, if necessary.
Transfer the reaction set-ups into the thermal cycler and start the temperature—time programme.
C.8.16.2 PCR controls

As a positive control, DNA from certified reference materials of NK603 (material containing 0,1 % mass fraction
of genetically modified plant ingredients), produced by the Institute for Reference Materials and Measurements
(IRMM) Geel, Belgium (IRMM-410), may be used. A further control at the level of LOD, e.g. “0,02 % mass
fraction NK 603” by preparing a mixture of DNA from 0,1 % mass fraction NK603 with DNA from non-GM maize
(see C.8.2.3.1), is recommended.

Any other appropriate controls should be included as described in ]SO 24278.
C.8.16.3 Preparation of DNA standard for calibration.

DNA solution with a certain concentration (ng/ul) and ctp2-cp4-epsps copy number calculated from this
concentration.

When using genomic plant DNA as the standard DNA, the number of genome equivalents per microlitre, Cgg,
should be calculated, as a first step, on the basis of the mass of the respective haploid genome of the plant
species, applying Formula (C.1):

pona x 1000
C = CA1
e - (C.1)
where
Ppona IS the mass concentration of DNA, in nanogram per microlitre;
myc  is the mass of the haploid genome, in picogram.

On the basis of the genome equivalents, the respective copy number for the ctp2-cp4-epsps sequence can be
calculated. In doing so, the number of integrations into the plant genome as well as the degree of zygosity of
the plant material used shall be taken into consideration.

C.8.16.4 Temperature—time programme

If applying the PCR described here, the temperature—time programme stated in Table C.37 has proven suitable
for plastic reaction vials.
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Table C.37 — Temperature—time programme for plastic reaction vials

Step Parameter Temp:e (r;'atu re Time ::r:::;ﬁ?ec;lfﬁ Cycles
1 Initial denaturation 95 10 min no 1
Denaturation 95 15s no
2 Amplificati 45
mplitication Annealing and elongation 60 60s yes

NOTE Within the framework of the collaborative study, devices with glass capillaries were also used in two laboratories.
In that case, the QuantiTect” multiplex PCR NoRox master mix (Qiagen GmbH, Hilden) was applied, and one laboratory
used deviating times in the temperature—time programme (15 min for initial denaturation; 10 s for denaturation; 30 s for
annealing and elongation).

C.8.16.5 Accept or reject criteria

The evaluation is performed applying the relevant device-specific data analysis program. The indication of the
amplification result differs partly, depending on the real-time PCR device used. In the case of no detectable
PCR products (negative result), the indication in the result report is, for example, “undetermined”, “no amp” or
the maximum set number of cycles. If an amplification of the DNA target sequence took place in a sample
(positive result), the number of cycles is calculated at which a prescribed fluorescence threshold value has been

exceeded (C; value or C, value).

If, due to atypical fluorescence measurement data, the automatic evaluation does not provide a reasonable
result, it may be necessary to manually set the baseline and the threshold value prior to evaluating the data.
In doing so, follow the device-specific advice given in the technical manual for the application of the evaluation
software.

C.8.17 Sample identification
The target sequence is considered as detected when:

a) by using the ctp2-cp4-epsps-specific primers GT73-TMF and GT73-TMR and the probe GT73-TMP, an
increase in the measured fluorescence can be determined which is due to amplification at a C; value of
<37,0 corresponding to a signal above the low copy number (=5 copies);

b) in the PCR control set-ups with no added DNA (PCR reagent control, negative extraction control), no
increase in the fluorescence can be determined which is due to amplification;

c) inthe set-ups for the amplification control (positive DNA target control, PCR inhibition control) the expected
C; values are achieved.

All samples should be identified unambiguously.

C.8.18 Calculations

The results of the collaborative study support the conclusion that this method is suitable for screening for
components of GMOs and the quantitative determination of the ctp2-cp4-epsps construct. Results obtained by
quantifying the ctp2-cp4-epsps construct copy number, however, can only be used for determining the content
of genetically modified material if information regarding the number of ctp2-cp4-epsps integrations and the
degree of zygosity of the plant species detectable in the sample are available.
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Annex D
(informative)

Event-specific methods

D.1 Event-specific method for the detection of modified DNA sequences from
genetically modified MON 810 maize

D.1.1 General

This is a method for the detection of genetically modified insect-protected MON 810/“YieldGuard” maize in raw
materials by amplification of the single copy DNA integration-border region of the genomic sequence and the
inserted sequence element originating from the CaMV 35S promoter as a result of in vitro recombination.

Gene-stacked cultivars cannot be distinguished by this method except on single kernels and plants.
D.1.2 Validation status and performance criteria

D.1.2.1 Collaborative studies

The method has been validated in a collaborative study [20] under coordination of the German Federal Institute
for Health Protection of Consumers and Veterinary Medicine (BgVV) by the working group “Development of
methods for identifying foodstuffs produced by means of genetic engineering techniques”. The number of
participants as well the number of samples followed the criteria according to ISO 5725-2. For DNA extraction,
the CTAB method as outlined in ISO 21571:2005, A.3, was used.

Samples from flour (ground kernels) of “MON 810 DK 513/59179” (0,1 %, 1 %), T25 (0,1 %, 1 %) and non-

GMO maize were prepared for the collaborative study. The data of the collaborative study are listed in
Tables D.1 and D.2.

Table D.1 — Results of collaborative study

Year 2001
Number of laboratories 16
Number of laboratories submitting results 16
Number of samples per laboratory 5
Number of accepted results 75
Number of samples containing MON810 31
Number of samples containing T25 33
Number of samples containing non-GM maize 11
False positive results 0 (0 %)
False negative results 0 (0 %)

131



BS EN ISO 21569:2005+A1:2013
ISO 21569:2005+A1:2013 (E)

Table D.2 — Detailed results of collaborative study

Sample Number of samples Correct False

MON 810 negative samples:

0 % GMO 11 11 0
0,1 % T25 18 18 0
1% T25 15 15 0

MON 810 positive samples:
0,1 % MON 810 13 13 0
1 % MON 810 18 18 0

D.1.2.2 Molecular specificity

D.1.2.21 General

This annex fulfils the requirements as outlined in Clause 7.

The method has been described in Reference [20].

NOTE Sequence information for the development of this method was provided by Monsanto.

Information on the genetic construct introduced into the maize genome is available in Reference [38].

D.1.2.2.2 Theoretical

No sequence homology with DNA sequences of non-GM maize and other crop plants has been found in
databank searches (GenBank® database; BlastN® 2.2.1 search from 2001-07-01). Moreover the primer set
was designed to amplify a DNA sequence specific for an artificial junction (the integration-border region) not
occurring in nature.

D.1.2.2.3 Experimental

No amplification has been observed using DNA from non-GM maize, from genetically modified GTS 40-3-2
(Roundup Ready® soya beans), or Event 176 (Bt 176), Bt 11 and T25 GM maize lines.

The number of sequence copies is one.

D.1.2.3 Limit of detection (LOD)

Based on the assumption that there is only one copy of the target sequence per genome (AGBIOS database:
http://www.agbios.com/) and that the genome size of maize is 2,65 x 10° bp (see Reference [5]) the absolute
LOD with 50 ng DNA from maize, with a relative GMO content of 0,1 % in ground seeds is 20 genome
equivalents [34]. The relative LOD is better than or equal to 0,1 % in ground maize seeds [34].

D.1.3 Adaptation

No specific information is available.
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D.1.4 Principle

The Bt gene originates from the soil bacterium Bacillus thuringiensis subsp. kurstaki. The protein thus
produced in the plant tissue protects it from being attacked by European corn borer larvae. The Bt protein
becomes active in the intestine of these insects, causes pores to be formed in the cell membrane and leads to
a disruption in the osmotic balance resulting in cell lysis.

A 170 bp DNA fragment spanning the integration-border region between the CaMV 35S promoter and the
maize genomic DNA sequence is amplified by PCR and the amplification product is detected by gel

electrophoresis. For identification purposes, restriction digest profiles are described and should be used
(see D.1.8).

D.1.5 Reagents

For the quality of the reagents used, see ISO 24276.

D.1.5.1 Water

D.1.5.2 PCR buffer (without MgCly), 10 x.

D.1.5.3 MgCl, solution, ¢ = 25 mmol/l.

D.1.5.4 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).

D.1.5.5 Oligonucleotides

The integration-border region has been published [38] with accession No. AF434709.
D.1.5.5.1 Forward primer

VWO01: 5-TCg AAg gAC gAA ggA CTC TAA Cg-3'.

Accession No. is AF434709. Primer is located in the maize genome.

D.1.5.5.2 Reverse primer

VWOQ03: 5-TCC ATC TTT ggg ACC ACT gTC g-3'.

Accession No. (GenBank®) is V00141, J02048. Primer is located in the CaMV 35S promoter.
D.1.5.6 Thermostable DNA polymerase (for hot-start PCR), 5 1U/pl.

D.1.5.7 Restriction enzymes: Mwo | and Hae lII.

D.1.6 Apparatus and equipment
D.1.6.1 Thermal cycler
D.1.6.2 Gel electrophoresis chamber, with power supply.

D.1.7 Procedure

D.1.7.1 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Table D.3. The PCR may also be carried out in a larger volume if the solutions are adjusted appropriately. The
final concentrations of reagents as outlined in Table D.3 have proven to be suitable.
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Table D.3 — Addition of reagents

Reagent Final concentration | Volume per sample (ul)
Sample DNA 10 ng to 50 ng 2

Water 14,8

10 x PCR buffer (without MgCl,) 1 x 2,5

MgCl, solution?, 25 mmol/l 2 mmol/l 2,0

dNTP solution, 10 mmol/l 0,4 mmol/l 1,0

Primer VW01, 10 pmol/l 0,5 umol/l 1,25

Primer VW03, 10 pmol/l 0,5 ymol/l 1,25

Taqg DNA polymerase, 5 [U/pl 11U 0,2

mixture is adjusted to 2 mmol/l.

@ |f the PCR buffer solution already contains MgCl,, the final concentration of MgCl, reaction

D.1.7.2 PCR controls

As positive controls, IRMM certified reference material IRMM-413 may be used.

Any other appropriate controls should be included as described in ISO 24276.

D.1.7.3 Temperature-time programme

The temperature-time programme as outlined in Table D.4 has been used for the validation study using
thermal cyclers GeneAmp® 2400, 9600 and AmpliTagq Gold® DNA polymerase28). The use of other thermal
cyclers might make an adaptation necessary. The time for activation/initial denaturation depends on the
polymerase used. If using a hot-start polymerase, the recommendation of the manufacturer should be

adhered to unless the protocol states otherwise.

Table D.4 — Temperature-time programme

Activation/initial denaturation 12 min/95 °C
Amplification 30s/95 °C
30s/64 °C
30s/72°C
Number of cycles 40
Final extension 10 min/72 °C

D.1.8 Identification

The identity of the amplified product may be verified by restriction analysis using either Hae Ill or Mwo I.
Digestion with Hae lll yields two fragments of 126 and 44 bp, respectively. Digestion with Mwo | yields two

fragments of 109 and 61 bp, respectively.

28) GeneAmp® 2400 and 9600 and AmpliTag Gold® polymerase are examples of suitable products available
commercially from Applied Biosystems, previously known as Perkin EImer/Applied Biosystems. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these

products. Equivalent products may be used if they can be shown to give the same results.
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D.1.9 General quality assurance and interpretation of the results

The target sequence is presumed to have been detected if the size of the PCR product corresponds to the
expected length of the target DNA sequence, determined by comparison with products derived from certified
reference material prepared from Mon810 maize (e.g. IRMM-413-series from IRMM, Geel, Belgium).

For identification purposes, see D.1.8.

The detection of fragments with a size of 170 bp indicates that the sample DNA solution contatins amplifiable
DNA of Mon810 maize origin within the assessed limitations of specificity described in D.1.2.2.

For details on electrophoretic stages, see |SO 21571:2005, B.2.

D.2 Event specific method for the detection of rapeseed line RT73

D.2.1 Purpose, relevance and scientific basis

Validation of the applicability of the event-specific method for detection of genetically modified (GM) rapeseed
RT73 in foodstuffs is described. It can be used for detection of the GM rapeseed RT73 and its derived products.
The principle of the method is based on DNA amplification by qualitative PCR.

D.2.2 Principle

This method describes the detection of RT73 rapeseed using event-specific qualitative PCR which amplifies
the single copy integration border of rapeseed genomic DNA and the insert sequence.

The applicability of the event-specific method was tested through collaborative study using mixed dry seed
powders containing different amounts of RT73 rapeseed in conventional rapeseed.

NOTE The detection of the PCR products by agarose gel electrophoresis only does not fulfil the requirement of a
sequence-specific verification step. A molecular verification of the PCR product generated can be done, e.g. by sequencing,
by digestion with two restriction endonucleases, and/or probe-based hybridization which was not included in the validation
of the method described in this subclause.

D.2.3 Validation status and performance criteria
D.2.3.1 Robustness of the method

Robustness of the RT73 event-specific qualitative PCR assay was tested at three different annealing
temperatures (58 °C, 59 °C, and 60 °C), three masses of RT73 DNA (10 ng, 1 ng, and 0,1 ng, corresponding
to approximately 7500, 750 and 75 haploid genomic DNA copies) and three repetitions per sample. The
qualitative PCR results showed that these PCR reactions clearly produced the DNA bands with identical size
independently of the annealing temperature and the amounts of template DNA. A final annealing temperature
of 59 °C was chosen because it produced the strongest signal intensity with the lowest concentration of DNA
template (0,1 ng).

The RT73 event-specific qualitative PCR assay has also been tested on different thermal cyclers [MJ Research
PTC-225," Applied Biosystems 2720," and Eppendorf Mastercycler Gradient"], with three different reaction
volumes (25 pl, 30 pl, and 50 pl) and three repetitions per volume. Qualitative PCR results from the different
thermal cyclers and reaction volumes were essentially equivalent. These results indicated that the RT73
event-specific qualitative PCR assay had the expected robustness.
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D.2.3.2 Intralaboratory trial

The RT73 rapeseed genomic DNA was extracted by the GMO Detection Laboratory of Shanghai Entry and
Exit Inspection and Quarantine Bureau of China (GMDL-SHCIQ) using the Promega Wizard®’ magnetic DNA
purification system for food (Cat.# FF 3750). The RT73 event-specific PCR assay was tested by three different
researchers in the GMDL-SHCIQ using the RT73 rapeseed genomic DNA as templates. The relative LOD was
0,1 % mass fraction of RT73 DNA in 20 ng genomic rapeseed DNA, corresponding to approximately 16 RT73
haploid rapeseed genomic copies. The absolute LOD was 0,1 ng RT73 rapeseed genomic DNA, corresponding
to approximately 81 RT73 haploid rapeseed genomic copies (Reference [57]).

D.2.3.3 Collaborative study

GMDL-SHCIQ organized the collaborative study for the validation of the event-specific detection method
for RT73 rapeseed (Reference [57]). In this study, 12 laboratories from Canada, Slovenia, the Netherlands,
Germany, Argentina, and China participated.

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

— DNA extraction of the dry seed powder samples using the Promega Wizard®" magnetic DNA purification
system for food;

— spectrophotometric quantification of the amount of total extracted DNA according to the description of
21571:2005, B.1

— qualitative PCR analysis of the extracted DNAs
— agarose gel electrophoresis of the PCR products and record of image.

The collaborative study was carried out in accordance with |SO 5725-2,%% especially the section in relation to
the measure of precision (i.e. repeatability and reproducibility) and trueness.

The applicability of the RT73 event-specific method were tested using double-blind dry seed powder
samples composing of various concentrations of a mixture of RT73 rapeseed and conventional rapeseed. Each
laboratory received 10 double-blind dry powder samples with mass fractions of 5 %, 1 %, 0,1 %, 0,05 %, and
0,01 % of RT73 rapeseed mixtures with non-GM rapeseed.

Results of this collaborative study are reported in Table D.5. The correct detection rate of samples containing
mass fractions of 5 %, 1 %, 0,1 %, 0,05 %, and 0,01 % of GM RT73 rapeseed were 100 %, 100 %, 100 %,
70,8 % and 37,5 %, respectively. The LOD of the RT73 event-specific detection method has been
demonstrated to be at least 0,1 % mass fraction GMO content.

NOTE The detection of the PCR products by agarose gel electrophoresis only does not fulfil the requirement of a
sequence-specific verification step. A molecular verification of the PCR product generated can be done, e.g. by sequencing,
by digestion with two restriction endonucleases, and/or probe-based hybridization which was not included in the validation
of the method described in this subclause.
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Table D.5 — Results of the collaborative study for RT73 event-specific detection method

Parameter (Collaborative study of 2006; sample: RT73 rapeseed Value
meal)

No. laboratories 12

No. laboratories that have been evaluated 12

No. samples per laboratory 10

No. total samples 120

No. accepted results 120

No. samples containing RT73 rapeseed 120

Target detection material, % mass fraction 5,0 1,0 0,1 0,05 0,01
No. samples 24 24 24 24 24
No. positive 24 24 24 17 9
No. false-negative 0 0 0 7 17
No. false-positive 0 0 0 0 0
Positive % 100 100 100 70,8 37,5
False-negative % 0 0 0 29,2 62,5
False-positive % 0 0 0 0 0

D.2.3.4 Molecular selectivity
D.2.3.4.1 General

For event-specific detection of RT73 rapeseed genomic DNA, a 204 bp fragment of the region that spans the
3’ insertion-to-plant junction was amplified using the specific primers RT73 primer F and RT73 primer R.

D.2.3.4.2 Experimental

Specificity of primers RT73 primer F and RT73 primer R were tested using the DNA samples extracted from
GM rapeseed MS8 x RF3 (ACS-BNJWJ5-8 x ACS-BNJJ3-6), T45 (ACS-BNGJ8-2), Oxy 235 (ACS- BNJ11-5),
GM soya bean GTS 40-3-2 (MON-@4@32-6) and GM maize MON810 (MON-@@81J-6) MON863 (MON-
J3863-5), TC1507 (DAS-B1507-1), Bt11 (SYN-BTQ11-1), GA21 (MON @0@21-9), NK603 (MON- @3J6J3-6),
Bt176 (SYN-EV176-9), conventional maize, wheat, rice, soya bean, pea, cotton, barley, potato, tomato, bovine,
ovine, goat, pig, duck, chicken, and fish. None of these materials yielded detectable amplification. Only the
RT73 rapeseed DNA has the amplification of the target 204 bp PCR fragment.

D.2.3.4.3 Theoretical

The theoretical specificity of RT73 primer F and RT73 primer R was assessed through sequence analysis using
the BLASTN 2.0MP-WashU program (Reference [82]). The 204 bp sequence used as query is a part of the
patent sequence AX685147 and EA327697. No homologous DNA sequence of non-GM rapeseed, other GM
lines and crops was found (search date: 2010-02-18). Moreover, the primer set was designed to amplify a DNA
sequence specific for an artificial junction not occurring in nature.

137




BS EN ISO 21569:2005+A1:2013
ISO 21569:2005+A1:2013 (E)

D.2.4 Principle and summary

The methodology is an event-specific qualitative PCR assay which targets the RT73 3’ junction sequence for
determining the presence of GM rapeseed RT73 ingredient in foodstuffs. The applicability of the event-specific
method and the LOD of the PCR assay were validated.

NOTE The detection of the PCR products by agarose gel electrophoresis only does not fulfil the requirement of a
sequence-specific verification step. A molecular verification of the PCR product generated can be done, e.g. by sequencing,
by digestion with two restriction endonucleases, and/or probe-based hybridization which was not included in the validation
of the method described in this subclause.

D.2.5 Terms and definitions

For the purposes of this document, the terms and definitions of ]SO 5725-1“"and |SO 24276 apply.

D.2.6 Sample type and amounts

In the following, the data from the collaborative study are given as examples for sample types and sample
amounts adequate for this method.

The method developer prepared 10 double-blind samples of rapeseed containing different mass fractions
of RT73 rapeseed. The rapeseed seed samples were milled with a SPEX CertiPrep® 6850" freezer mill. The
procedure is as follows.

The dried seed samples of RT73 and non-GM rapeseed were first ground into powder with the freezer mill.

A Sartorius BS 224S" balance (uncertainty within +0.0003 g), calibrated as per [SO/IEC 17025,*"was used to
weigh 2,000 0 g, 0,400 0 g, 0,040 0 g, 0,020 0 g, 0,004 0 g genuine dried RT73 rapeseed powder and 38,000
0 g, 39,600 0 g, 39,960 0 g, 39,980 0 g, 39,996 0 g pure dried non-GM rapeseed powder.

The weighed RT73 rapeseed and the corresponding mass of nhon-GM rapeseed were put into 50 ml grinding
vials simultaneously (total mass is 40,000 0 g).

The samples were ground in liquid nitrogen in freezer mill for 10 min, and the vials were then kept at the room
temperature for 1 day to 2 days without opening the caps of the vials.

When the outside surface of the vials was stable at the room temperature and no water condensed on them,
these mixed powder samples were aliquoted into small bottles, 1 g for each bottle.

The resultant blending samples generated mass fractions of 5 %, 1 %, 0,1 %, 0,05 % and 0,01 % of GM RT73
rapeseed in non-GM rapeseed. These samples were tested to be homogeneous by randomly drawing 10
bottles from each of 5 %, 1 % and 0,1 % mass fraction RT73 samples, respectively. Results showed that the
extracted DNA templates from 30 bottles of dry powders sampled containing mass fractions of 5 %, 1 %, and
0,1 % of the RT73 ingredient, could be used for amplification of the target DNA fragments.

The participants received the following samples:

— 10 double-blind rapeseed powder samples containing 5 %, 1 %, 0,1 %, 0,05 % and 0,01 % mass fraction
RT73 rapeseed with two bottles for each concentration level, 1 g for each bottle;

— RT73 rapeseed powder (containing 10 % mass fraction RT73 ingredient) as positive control coded with P,
19

— GM phosphinothricin-tolerant male-sterile MS8 x RF3 rapeseed powder as negative control coded with M,

19; @l
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— non-GM rapeseed powder for negative control coded with N, 1 g;

— Promega Wizard®"’ magnetic DNA purification system for food (Cat.# FF 3750) and 1 magnetic separation
stand (Cat.#25342);

— primer pair RT73 Primer F/R: the primer sequence and amplicon size are shown in Table D.6.
D.2.7 Limit of detection and range of use

The absolute LOD of the qualitative PCR assay was 0.1 ng genuine RT73 rapeseed DNA corresponding to
approximately 75 haploid rapeseed genomic DNA copies (ISO/TS 21098“?). The relative LOD of the qualitative

PCR assay was 0,1 % mass fraction RT73 content in 20 ng RT73 rapeseed DNA. The lowest content of the
RT73 target sequence in the collaborative trial was 0,01 % mass fraction.

The RT73 event-specific qualitative PCR assay was used to unambiguously determine the sample with the
content of RT73 rapeseed between 0,1 % and 100 % mass fraction.

D.2.8 Estimation of measurement uncertainty

The reproducibility of the method is given by the results of the collaborative study.
D.2.9 Interferences

The amount, quality, and ability to amplify the nucleic acid template inf luences the analytical result obtained
(see ISO 21571)). Therefore, the nucleic acid used for the analysis should be checked, e.g. by means of a

target taxon-specific PCR method.

D.2.10 Physical and environmental conditions
See SO 24274 for details, such as those in the following.

— Maintain strictly separated working areas for DNA preparation, PCR set-up, PCR amplification, and
electrophoresis.

— Remove any residual DNA from all equipment prior to use.
— In order to avoid contamination, use filter pipette tips protected against aerosol.

— Use only powder-free gloves and change them frequently.

D.2.11 Apparatus and equipment

All the apparatus should be calibrated according to .[‘”1
D.2.11.1 Apparatus for DNA extraction

D.2.11.1.1 Water bath or heating block.

D.2.11.1.2 Microcentrifuge.

D.2.11.1.3 Micropipettes.

D.2.11.1.4 Mixer, e,g, Vortex mixer.
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D.2.11.1.5 Microcentrifuge tubes, capacities 1,5/2,0 ml.
D.2.11.1.6 Tips and filter tips for micropipettes.
D.2.11.1.7 Rack for reaction tubes.
D.2.11.1.8 PVC or latex gloves.
D.2.11.1.9 Vacuum dryer suitable for drying DNA pellets, optional.
D.2.11.2 Apparatus for DNA quantification

D.2.11.2.1 UV spectrophotometer, single beam, double beam or photodiode array instruments are suitable
or fluorimeter, applicable when fluorescent dye-methods of DNA quantification are used.

D.2.11.2.2 Measurement vessels e.g. quartz cuvettes or plastic cuvettes suitable for UV detection at a
wavelength of 260 nm. The size of the measurement vessels used determines the volume for measurement.
This should be one of the following: half-microcuvettes (1 000 ul), microcuvettes (400 pl), ultramicrocuvettes
(100 pl) and quartz capillaries (3 pl to 5 pl). The optical path of standard cuvettes is usually 1 cm.

D.2.11.3 Apparatus for qualitative PCR

D.2.11.3.1 Thermal cycler, the method was originally developed and in-house validated with MJ Research
PTC-225," Applied Biosystems 2720,V and Eppendorf Mastercycler Gradient,” thermal cyclers. Other thermal
cyclers and reaction vials may also be used if they show to lead to equivalent or better results.

D.2.11.3.2 Electrophoresis chamber, with power supply

D.2.11.3.3 Microwave oven (optional).

D.2.11.3.4 Image system for gel analysis.

D.2.11.3.5 Microcentrifuge.

D.2.11.3.6 Freezer operating at -20 °C and refrigerator operating at 4 °C.
D.2.11.3.7 Micropipettes.

D.2.11.3.8 Mixer, e.g. vortex mixer.

D.2.11.3.9 Microcentrifuge tubes, capacities 0,2 ml, 1,5 ml, 2,0 ml.
D.2.11.3.10 Tips and filter tips for micropipettes.

D.2.11.3.11 Rack for reaction tubes.

140



BS EN ISO 21569:2005+A1:2013
ISO 21569:2005+A1:2013 (E)

D.2.12 Reagents and materials

Unless otherwise stated, only reagents that conformed to the specifications of ]SO 24274 and only molecular
biology grade water or water of equivalent purity were used.

D.2.12.1 DNA extraction

Promega Wizard®"” magnetic DNA purification system for food and 1 magnetic separation stand (Cat.#25342).
Other evaluated DNA extraction kits suitable or publicly available methods are appropriate as long as they give
the expected results.

D.2.12.2 Qualitative PCR

For quality of reagents used, see |SO 24276:2004, 5.3.5.
D.2.12.2.1 PCR buffer (without MgCl,), 10 x.

D.2.12.2.2 MgCl, solution, ¢(MgCl,) = 25 mmol/l.
D.2.12.2.3 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).
D.2.12.2.4 Oligonucleotides, see Table D.6.

D.2.12.2.5 Thermostable DNA polymerase, 5 |U/pl.
D.2.12.2.6 DNA size standard.

D.2.12.2.7 Loading buffer.

D.2.12.2.8 Electrophoresis buffer.

D.2.12.2.9 Agarose.

D.2.13 Sample collection, transportation, preservation and storage

DNA solutions may be stored at 4 °C for a maximum of 1 week, or at —20 °C for long-term storage.

D.2.14 Preparation of test sample

Each participant received 10 double-blind samples of rapeseed powder mixture containing RT73 rapeseed at
different mass fractions, including 5 %, 1 %, 0,1 %, 0,05 % and 0,01 %, one RT73 rapeseed powder sample

for positive control, one conventional rapeseed powder sample for negative control.

For each sample, one DNA extraction has been carried out. Each test sample was analysed by PCR. The study
was designed as a blind duplicate collaborative study.

D.2.15 Instrument calibration

Instruments, e.g. thermal cyclers and pipettes should be calibrated as per [SO/IEC 17025.[41]
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D.2.16 Analysis steps
D.2.16.1 Preparation of the DNA extracts
D.2.16.1.1 DNA extraction

DNA extraction should be performed using Promega Wizard®" magnetic DNA purification system for food or
other evaluated DNA extraction kit. Other DNA extraction techniques that have been evaluated for rapeseeds
can also be used.

D.2.16.1.2 DNA quantitation

Spectrophotometric or fluorimetric quantification of DNA extracted should be performed using a method
adopted from ISO 21571:2005, B.1.

D.2.16.2 DNA integrity evaluation

The integrity of the extracted DNA was evaluated by the agarose gel electrophoresis.

D.2.17 PCR reagents
D.2.17.1 Thermostable DNA polymerase, buffers, etc.

Thermostable DNA polymerase (with hot start enzyme property) applicable for qualitative PCR should be used.
Reagents and polymerases which lead to equal or better results may also be used.

D.2.17.2 Primers and probe

Table D.6 — PCR primers sequences for RT73 event-specific detection method

Oligonucleotide primer sequence Amplicon size
Name s ,
(5’ to 3°) bp
RT73 primer F AAT AAC gCT gCg gAC ATC TA
204
RT73 primer R CAg CAAgAT TCT CTg TCAACAA

D.2.18 Procedure
D.2.18.1 General

The qualitative PCR for RT73 event-specific assay is developed for a total volume of 25 ul mixture per reaction
with the reagents as listed in Table D.7. Per reaction, 20 ng of template DNA was added.

Thaw, mix gently and centrifuge the conventional PCR master mix needed for the run. Keep thawed reagents
at1°Cto-4°Conice.

Add the components following Table D.7. It is recommended that PCR master mix be prepared.

Distribute the master mix and add the DNA samples including the blind samples, positive control, negative
control, and blank control (water).

Mix the PCR tubes (or plate) gently and centrifuge for a short period using the microcentrifuge.
Insert the tubes (or plate) into the thermal cycler.
Run the PCR with cycling conditions described in Table D.8.

After the PCR programme has finished, transfer 2 yl of loading buffer to each reaction tube and mix with the
PCR products.
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Load 10 pl of each PCR product and load DNA size standards on to electrophoresis gel (20 g/l agarose,

0,5 pg/ml ethidium bromide) well.
Run the gel in the electrophoresis chamber under 5 V/cm for 20 min.
The gel was imaged and recorded by image system for results analysis.

Table D.7 — Reaction set-up for RT73 PCR (per reaction vial)

Reagent Final concentration Volume pSIr reaction
Sample DNA 20 ng 1
Water 15,8
10x PCR buffer (without MgCl,) 1% 2,5
MgCl,-solution?, 25 mmol/I 1,5 mmol/l 1,5
dNTPs solution, 2,5 mmol/l (each) 0,2 mmol/l (each) 2
RT73 Primer F, 5 umol/I 0,2 ymol/l 1
RT73 Primer R, 5 umol/l 0,2 ymol/l 1
Taq DNA polymerase, 5 [U/pl 11U 0,2
@ |If the PCR buffer solution already contains MgCl,, the final concentration of MgCl, in
the reaction mixture is adjusted to 1,5 mmol/l.

D.2.18.2 PCR controls

Each PCR should contain the positive control, negative control, and blank control (water). See 1ISO 24276 for
details.

D.2.18.3 Preparation of standards

The positive control, negative control, and blank control (water) are included in the qualitative PCR.
NOTE DNA size standards for the estimation of the length of the PCR products are commercial available.
D.2.18.4 Temperature—time programme

The temperature—time programme given in Table D.8 has been optimized for use in MJ Research PTC-225,"
Applied Biosystems 2720," and Eppendorf Mastercycler Gradient® thermal cyclers. Other thermal cyclers may
be used, but it is necessary to verify the thermal cycling conditions for the instrument used. The qualitative PCR
temperature—time programme is shown in Table D.8.

Table D.8 — PCR temperature-time programme

Activation and initial denaturation 3 min/94°C
30 s/94°C
Amplification 30 s/59°C
40 s/72°C
No. cycles 40
Final elongation 3 min/72°C

D.2.18.5 Accept or reject criteria

Method performance requirements used to evaluate the results of the collaborative study are as follows.
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A fragment of 204 bp should be detected in the RT73 rapeseed positive control (sample P), and no target
fragment detected in negative control (sample N and M) and blank control. The detection of fragment with a
size of 204 bp indicates that the sample DNA solution contains amplifiable DNA of RT73 rapeseed.

NOTE The detection of the PCR products by agarose gel electrophoresis only does not fulfil the requirement of a
sequence-specific verification step. A molecular verification of the PCR product generated can be done, e.g. by sequencing,
by digestion with two restriction endonucleases, and/or probe-based hybridization which was not included in the validation
of the method described in this subclause.

D.2.18.6 Detection

As yet, identification is based only on PCR product size estimated by a DNA size standard. A fragment of 204
bp should be the specific product; existence of other DNA fragments indicates non-specific amplification.

D.2.19 Sample identification

All the blind samples should be unambiguously identified as “detected” or “not detected” result.

D.2.20 Interpretation and calculation of results
The expected amplicon of the RT73 event-specific method is 204 bp in size.

The detection of fragment with a size of 204 bp indicates that the sample DNA solution contains amplifiable
DNA fragment with the similar size of that derived from RT73 rapeseed, and the result should be expressed as
“For sample X, RT73 rapeseed event-specific sequence was detected.”

If there is no amplification of the expected 204 bp DNA fragment, the result should be expressed as
“For sample X, RT73 rapeseed event-specific sequence was not detected”.

The LOD of the analyses shall be given.
NOTE The detection of the PCR products by agarose gel electrophoresis only does not fulfil the requirement of a
sequence-specific verification step. A molecular verification of the PCR product generated can be done, e.g. by sequencing,

by digestion with two restriction endonucleases, and/or probe-based hybridization which was not included in the validation
of the method described in this subclause.
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