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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 1SO
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 wark. 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 tagk of technical committees is to prepare International Standards. Draft International Stangards
adopted by [the technical committees are circulated to the member bodies for voting. ‘Publication 3s 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 Comnittee
CEN/TC 275, Food analysis — Horizontal methods, in collaboration with Technical Committee ISO/TC 34,
Food produdts, in accordance with the Agreement on technical cooperationbetween ISO and CEN (V|enna
Agreement).

iv © I1SO 2005 — All rights reserved
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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
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diluted (if necessary)

cts:
bampling (ISO 21568);

Ruantitative nucleic acid based methods (1SO 21570);
Nucleic acid extraction (ISO 21571).

er information about general requirements and definitions involving ‘the steps cited above ar
4276.

The qualitative detection of DNA target sequences is performed-in order to obtain a yes or no &
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ion whether a certain target sequence is detected or net’relative to appropriate controls a
tion limits of the analytical method used and test portion analysed.

and subjected to analytical procedures (such as PCR). These
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and derived

b collected in

nswer to the
hd within the

specificity of the methods, as described in Annexes A to D, ranges from screening methgds to detect

hon DNA sequences characteristic of GMOs,\to specific identification of a genetic construct
formation event.

nternational Organization for Standardization (ISO) draws attention to the fact that it is
liance with this document may invelve the use of a patent concerning the PCR technology.

ISO takes no position concerning-the evidence, validity and scope of this patent right.
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nas been informed that-Applied Biosystems, Roche Molecular Systems, Inc. and F. Hoffm

Ltd. hold patent rights cahcerning the PCR technology. The companies have assured the 1ISO
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j to negotiate licencés under reasonable and non-discriminatory terms and conditions wi
ghout the world. 10 this respect, the statements of the holders of these patent rights are re
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claimed that

An La Roche
that they are
th applicants
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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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INTERNATIONAL STANDARD

ISO 21569:2005(E)

Foodstuffs — Methods of analysis for the detection of
genetically modified organisms and derived products —
Qualitative nucleic acid based methods

1

This [International Standard describes the procedure to qualitatively detect genetically’ modifie
(GMQs) and derived products by analysing the nucleic acids extracted from the sample under stu
focuq is on polymerase chain reaction (PCR) based amplification methods.

It gi
(DN

Guidglines, minimum requirements and performance criteria laid. down in this International §
intengled to ensure that comparable, accurate and reproducible results are obtained in different la

This |International Standard has been established for food“matrices, but could also be app

mat

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

2

The
refe

docupent (including any amendments) applies.

ISO
deri

ISO

organisms and-detived products — General requirements and definitions

3

For

$cope

ves general requirements for the specific detection and identification\of target nucleic aci
A) and for the confirmation of the identity of the amplified DNA sequenge.

rices (e.g. feed and plant samples from the environmeht).

Normative references

following referenced documents  are indispensable for the application of this documen
rgnces, only the edition cited-applies. For undated references, the latest edition of th

21571:2005, Foodstuffs /— Methods of analysis for the detection of genetically modified or
ved products — Nucleie acid extraction

24276:—1), Féodstuffs — Nucleic acid based methods of analysis for the detection of genetig

Terms and definitions

d organisms
dy. The main

i sequences
btandard are

boratories.

ied to other

t. For dated
b referenced

ganisms and

ally modified

the purposes of this document, the terms and definitions given in ISO 24276 apply.

1)

To be published.
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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.
method shall specify the target sequence.

Each

A qualitative result shall clearly demonstrate the presence or absence of the genetic element under study,
relative to appropriate controls and within the detection limits of the analytical method used and test portion

analysed.

4.2 PCR amplification

Amplification| of the target sequence occurs in vitro through a reaction catalysed by a DNA polymerase
presence of pligonucleotide primers and deoxyribonucleoside triphosphates in a defined reaction buffer
An importanf prerequisite for the amplification of the target sequence is that the reaction mixture contai
polymerase iphibitors. 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'da DNA polymerase suitable for
at an appropriate temperature.

ion and confirmation of PCR products

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

n the
11, [2],

NS NO

PCR,

bn by

The identity pf any detected target sequence can be verified by an appropriate technique (e.g. by restiiction

enzyme anallysis, by hybridization or by DNA sequéence analysis).

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

5 Reagents

—20 °C if not|specified otherwise.

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

5.1 TargetBNA/control

advisable to<tore the reaction solutions required for the analytical method at approximately

avoid

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.

2 © I1SO 2005 — All rights reserved
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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 1°4 imer

6 Apparatus and equipment

See [SO 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.analysisl3l. The quality and amoyint of nucleic
acid ¢xtracted using a given method on a given matrix shall-be both repeatable and reproducible.

NOTH 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 spegific method may therefore depend on whether thel material to be
analysed has been processed or refined, and on the degree of degradation of the DNA therein.

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

7.2 | Performance criteria
Gengral performance criteria are'described in ISO 24276.

The yalues 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 feaction conditions, especially the MgCl, concentration and the thermocycling conditior]s should be
optinfized forl'eyvery primer pair and/or system. When any primer system is used for the fifst time, it is
necegsary{o.demonstrate beforehand that the cycle conditions chosen for the particular matrix o be studied
avoid undesirable competitive products that would otherwise reduce the sensitivity of the PCR defection.

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.

© 1SO 2005 - All rights reserved 3
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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 by to 150 bp. For raw materials, a broader range of PCR products up to, for example, 250 bp is applicable.

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

7.3.3 Primers

7.3.3.1  General

Primer sequénce information is included in Annexes A to D.

7.3.3.2 Pilimer design

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

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

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

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

— minimal secondary stfuetlre;

— minimal [dimer formation with specific detection probe(s) designed for the PCR.

Software padgkages 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.

4 © I1SO 2005 — All rights reserved
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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.

Primlrs designed to detect taxon-specific target sequences should be shown to detect thes

B sequences
relially in a representative 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. Thesé analyses may He directed at
sequences specific for target taxa, genetic constructs and transformation¢events, as well as elenfents suitable
for sqreening purposes.

7.5 | Controls

Because of the risk of obtaining false positive and/or false“negative results, appropriate confrols shall be

includled in each diagnostic PCR assay (see ISO 24276):

If ava

7.6

Anne

NOTE

ilable and appropriate, certified reference materials should be used as positive and negative

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

In the case of detection ef'the PCR products by gel electrophoresis, the size of the PCR pr

estimated using a suitable DNA size_marker of known length to run in parallel with the PCR products under t

It maly be desirable in somé cases to confirm a positive or negative result for a particular genetic

This
confi

A po
other

may be achieved by-€mploying primers to an alternative target sequence; this is particularl
mation of screening test results.

Sitive identification of the specific target DNA sequence may be confirmed by an approp
than sizé determination of the PCR product, for example

t|>y hiybridization of the PCR product with specific probes, or

controls.

bducts can be
bst.

modification.
ly suitable for

riate method

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.

© 1SO 2005 - All rights reserved
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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 Geneiral

The PCR reqult will be either

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

b) negativq if a specific PCR product has not been detected, and all the controls give results as specifled in
ISO 24276:—, Table 2.

NOTE Event-specific target sequences are sometimes present together, with other event-specific sequenceg in a

single GMO (d.g. due to gene stacking [7]).

If the results jare ambiguous, the procedure shall be repeated; se€ISO 24276.

8.2 Verification

Verification df 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 ghall be expressed unambiguously, i.e. not as “t”.

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

Ideally, the
requires par
equipment t

imit of detection (LOD) should be provided with reference to the test sample. However
licular_materials, DNA of exceptionally high quality, and/or use of sophisticated labo

, this
atory

hat/is ‘not available to all laboratories. Consequently, the analysis can become very |

intensive ang

/orexpensive, and therefore not applicable in practice for routine purposes.

Tbour

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 Expre

ssion 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).”

© 1SO 2005 — All rights re

served
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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
(copy

9.3

number), and the ratio relative to the absolute LOD of the GM target (copy number) (71,

Expression of a positive result

The fplfowing text shalappear in the test report.

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

9.4

Resu
gives
quan

Morepver, as a minimum, the purity of the template nucleic agid\should be checked by incl
inhibition control. Other controls to check the length and integrity.of the template nucleic acid may

10 ]

The test report shall be written in accordance with /SO 24276 and shall contain at least the follow

inforr

— 1

— 1

For sample X, target sequence Y was detected.”

Quality assurance requirements

ts from both test portions shall be consistent. If one test portion gives a positive result &
a negative result, then the analysis shall be repeated (see ISO 24276), if possible by in

[est report

nation:
he limit of detection, and the matrix used to identify the limit of detection;
escription of the specificity of the analytical method;

he result expressed according to Clause 9.

The LOD of the sample is determined by the quantity of DNA of the species included in the analytical reaction

nd the other
creasing the

ity of template nucleic acid in the reaction so as to obtain-Cansistent results for both l]‘est portions.

ding a PCR
be useful.

ng additional

©I1SO

2005 — All rights reserved
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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 Geng¢ral

This is a roufine procedure for the detection of a species-specific, single copy gene occurrin@in soya I

(Glycine max

This method
A.1.2 Valid

A1.21

This method
methods for
Institute for
German Fed
was used (by

The data fror

)

ation status and performance criteria

Cdlllaborative study

h the collaborative studies are listed in“Table A.1.

may be used to assess the amplifiability of DNA from products derived from soya beans.

has been validated in collaborative studies [8]. 9] organized by the working group “Developm
dentifying foodstuffs produced by using genetic engineering techniques” of the German Fg
Health Protection of Consumers and Veterinary Medicine (BgVV) according to Article 35 ¢f the
eral Foodstuffs Act. For DNA extraction, the .CTAB method as outlined in ISO 21571:2005
t with a test portion of 100 mg).

Table A.1 — Results of the collaborative studies

eans

ent of
deral

A3,

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
Ralse positive results 0 1(2 %)
Fatsenegativerestilts 6 +(2-%)

A.1.2.2 Molecular specificity

A1.2.21

This annex fulfils the requirements as outlined in Clause 7.

General

© I1SO 2005 — All rights reserved
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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
(sequyence 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
origirjally submitted in 1993.

The pumber of target sequence copies was not determined, but was presumed to be-alsingle coply gene.

A.1.2.2.3 Experimental

No amplification has been observed using DNA from other crop plants (legumes, cereals, vegetdbles) or from
beef and pork. The soya bean PCR assay appears to be highly specific fér'soya bean DNA [101, [111,

A.1.2.3 Limit of detection (LOD)

The absolute LOD has not been determined, but the method has been demonstrated to detect af 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.1.51 Water

A.1.8.2 < {PCR buffer, (without MgCly), 10x 4).

A.1.53 MgCl, solution, ¢(MgCl,) = Z5 mmol/l.
A1.54 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.

© 1SO 2005 - All rights reserved 9
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A.1.5.5.1
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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".

A15.6
A15.7
5'-ggT AgC ¢
A.1.5.8

A five-fold S

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

Hybridization probe (GM)
TT gCC AgC TTC g-3".
Baline sodium citrate buffer (SSC) 5%, pH 7,0.

5C 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 §x SSC, 0,1 % (mass concentration) of N-lauroylsarcesine, 0,02 % (mass concentration) of
sodium doddcyl 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 m| of prehybridization solution (A.1.5.9). The hybridization
temperature Js 50 °C. Further information on conditions for hybridization is given in Reference [12].

A.1.6 Apparatus

A.1.6.1 Thermal cycler

A.1.6.2 Flectrophoresis chamber, with power supply.

A1.7 Prog¢edure

A.1.71 PCR set-up

The method js-described for a total PCR volume of 25 pl per reactlon with the reagents as I|sted in Tablg A.2.
The PCR ca i

concentrations of reagents as outllned in Table A. 2 have proven to be swtable

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 pro

10

duct. Equivalent products may be used if they can be shown to give the same results.

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=98e31af62c33df3c5ded608618c7e6ba

ISO 21569:2005(E)

Table A.2 — Addition of reagents

A.1.71.2 PCR controls

As a

Matefials and Measurements (IRMM) Geel, Belgium (IRMM-410)smay be used.

Any
AT

The

thernpal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTagq Gold® DNA polymerase®

other

depepds on the polymerase used. If using-a hot-start polymerase, the recommendation of the

shou

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 25
MgCl, solution?, 25 mmol/l 1,5 mmol/l 1,5
dNTP solution, 10 mmol/l 0,8 mmol/l 2
Primer GM0Q3 5 umaol/l 0,2 umol/l 1
Primer GM04, 5 ymol/l 0,2 ymol/l 1
Tag DNA polymerase, 5 [U/pl 0,51U 0,1
@  If the PCR buffer solution already contains MgCly, the final concentration of MgCl»‘in the
reaction mixture is adjusted to 1,5 mmol/l.

positive control, certified reference materials of GTS 40-3-2-ptoduced by the Institute f

ther appropriate controls should be included as described’in ISO 24276.

.3 Temperature-time programme

emperature-time programme as outlined in\Table A.3 has been used for the validation
thermal cyclers might make an adadptation necessary. The time for activation/initial

d 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

br Reference

study using
. The use of
denaturation
manufacturer

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 AmpliTaq 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.

Equiv

©I1SO

alent products may be used if they can be shown to give the same results.

2005 — All rights reserved
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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 Gen

eral 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 detectio
DNA of soya

For details o

A.2 Target-taxon-specific method for the detection of multicopy DNA sequences

generally

A.2.1 Geng¢ral

This is a rg
chloroplasts

This method
sample cont
depends on {

A plant cell n
is substantia
method may

The number
A.2.2 Valid

A2.21

The method
methods for
Federal Insti
of the Germa

Cdlllaborative study

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

N electrophoretic stages, see ISO 21571:2005, B.2.

present in plant chloroplasts

utine procedure for the detection of multicopy DNA.sequences generally present in
the chloroplast trnL intron).

is suitable to check if the DNA extraction of a food sample was successful and to check
hins amplifiable plant DNA. In the case of pracessed material, the applicability of the m
he degree of degradation of the DNA.

ormally contains multiple copies of thist!DNA sequence and the size of the target DNA sequ
ly larger than DNA sequences used for detection of specific genetic modifications. Therefor
not be used as a control for quantification purposes.

pof copies per cell may vary between plant species and tissues.

ation status and performance criteria

was validated in a collaborative study [13] organized by the working group “Developme
identifying” foodstuffs produced by means of genetic engineering techniques” of the Ge
ute<or Health Protection of Consumers and Veterinary Medicine (BgVV) according to Artig
n_Federal Foodstuffs Act. For DNA extraction, the CTAB method as outlined in ISO 21571:

fiable

plant

if the
pthod

ence
e this

nt of
rman
le 35
D005,

A.3, was us

12

VA b bl n n s NP WaVal AN
(DUt witl' a test pourtaoimt ur tuvu ing).
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The data of the collaborative study are listed in Table A.4.

Table A.4 — Results of the collaborative study

A.2.2

A.2.2

This

The method has been designed to target sequences-described in Reference [14], e.g. GenBan

No. 4

A.2.2

No s
searq

The
gene

A.2.2

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

Ampl
gymn

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'%)

.2 Molecular specificity

.2.1 General

hnnex fulfils the requirements as outlined in Clause 7.

00044, S54304, X15901.

.2.2 Theoretical

gnificant sequence similarity with ' DNA sequences of non-plant organisms has been foung
hes (NCBI BlastN® search, EMBL database, September 28", 2001).

, which shows no known similarity with non-target sequences.

.2.3 Experimental

fication:has been demonstrated using DNA from algae, cyanobacteria, bryophytes, p
osperms and angiosperms [14].

® accession

in databank

brimers were designed to amplify a sequence unique to chloroplast DNA (the intron disrupting the frnL

teridophytes,

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.

©I1SO

2005 — All rights reserved
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A.2.4 Prin

ciple

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.2.5.1 Water

A.2.5.2

PCR buffer (without MgCl,), 10x

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

A254
A.2.5.5
A.2.5.5.1
Chloroplast {
Primer ¢ [141:
A.2.5.5.2
Chloroplast
Primer d [141:

A.2.5.6

INTP solution, ¢(dNTP) = 2,5 mmol/l (each).
Dligonucleotides

Forward primer

RNA gene (GenBank® accession No. Z00044, X15901).

5'-CgA AAT Cgg TAg ACg CTA Cg-3..

Reverse primer

RNA gene (GenBank® accession No. Z00044, X15901).

5'-ggg gAT AgA ggg ACT TgA AC-3'".

Thermostable DNA polymerase, 51U/l

A.2.6 Apparatus and equipment

As specified

A.2.7 Proc

nA.1.6.

edure

A.2.71 PCR set-up

The method

Table A.5. TIF

is described for a total PCR volume of 25 pl per reaction mixture with the reagents as lisfed in

e RCR can also be carried out in a larger volume if the solutions are adjusted appropriately. The
final concentfations of reagents as outlined in Table A.5 have proven to be suitable.

14
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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 25
MgCl, solution?, 25 mmol/l 1,5 mmol/l 1,5
dNTP solution, 10 mmol/l 0,8 mmol/l 2
Primer ¢_10 pumal/l 0.8 pumol/l 2
Primer d, 10 ymol/I 0,8 umol/l 2
Tag DNA polymerase, 5 [U/pl 0,51U 0,1

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

A.2.1.2 PCR controls

As a| positive control, certified reference materials of GTS 40-3-2-pfoduced by the Institute f

Matefials and Measurements (IRMM) Geel, Belgium (IRMM-410)smay be used.

Any ather appropriate controls should be included as describedin ISO 24276.

A.2.71.3 Temperature-time programme

The femperature-time programme as outlined in\TFable A.6 has been used for the validation
ther:mal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTag® DNA polymerase’). The

al cyclers might make an adaptation necessary. The time for activation/initial denaturation d
the polymerase used. If using a hot-start'polymerase, the recommendation of the manufactur
adhered to unless the protocol states otherwise.

ther

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

br Reference

study using
use of other
epends upon
er should be

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.

© 1SO 2005 - All rights reserved
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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 Geneéral

This is a rodtine procedure for the detection of a species-specific single copy DNA_sequence occurr

tomato (Lycqgpersicon esculentum Mill).

The method| may also be used as a screening method for the detectionof ripening-delayed gene
modified tomiatoes (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 cann
considered gs an identification method. It may be used to assess the ampilifiability of DNA extracted

tomato.
A.3.2 Validation status and performance criteria

A.3.21 Cadllaborative study

This method was validated in a collaborative'study [15] organized by the working group “Developmg
methods for jdentifying foodstuffs produced\by using genetic engineering techniques” of the German Fe

ng in

ically

bt be
from

nt of
deral

Institute for IHealth Protection of Consumers and Veterinary Medicine (BgVV) according to Article 35 ¢f the

German Federal Foodstuffs Act. For DNA extraction, the CTAB method as outlined in 1ISO 21571:2005

was used.

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

Table A.7 — Results of first collaborative study

A3,

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 %)

16

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=98e31af62c33df3c5ded608618c7e6ba

ISO 21569:2005(E)

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. 83
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.3.2.21 General
This gnnex fulfils the requirements as outlined in Clause 7.

The method has been designed to target-sequences described in, for example, GenBanK® accession
No. 104583.

A.3.2.2.2 Theoretical

No sequence homology with\DNA sequences other than plant species has been observed|in database
searghes (NCBI BlastN® search, EMBL database, September 28t, 2001). Both primers matgh 100 % the
following database accessions: X14074 (Tomato gene for cell wall degrading polygalacturongse), 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.

© 1SO 2005 - All rights reserved 17
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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 polygaldcturonase gene (PG gene) codes for a PG-enzyme that is associated with ripening. This\m

amplifies the|endogenous PG gene [17] with a fragment size of 383 bp. In Zeneca genetically modified to
a second fraggment of 180 bp will be amplified resulting from the transferred truncated cDNA" of th
gene [181, [19]

A.3.5 Reagents

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

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

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

A.3.5.5.1 Forward primer

PG gene (GanBank® accession No. X04583).

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

PG gene (GanBank® accessioh No. X04583).

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

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

ethod

mato,
e PG

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.

18 © ISO 2005 — All rights reserved
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Table A.9 — Addition of reagents

A.3.7
As a
Howg
comn

Any ¢

A.3.7

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 25
MgCl, solution?, 25 mmol/l 1,5 mmol/l 1,5
dNTP solution, 10 mmol/l 0,4 mmol/l 1
Primer PG34l 10 pumol/l 0,4 umol/l 1
Primer PG34R 10 pmol/l 0,4 ymol/l 1
Taq DNA polymerase, 5 [U/pl 11U 0,2
@  |f the PCR buffer solution already contains MgCls, the final concentration of MgGf3,in the
reaction mixture is adjusted to 1,5 mmol/l.

.2 PCR controls

positive control for the target-taxon-specific use of the method{ DNA from fresh tomato may be used.
ver, no positive control for the truncated gene version preésent in the genetically modified tomato is

hercially available®).

ther appropriate controls should be included as described in ISO 24276.

.3 Temperature-time programme

The femperature-time programme as outlined in_Table A.10 has been used for the validation in acollaborative
using thermal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTag Gold® DNA golymerase?).
use of other thermal cyclers might-make an adaptation necessary. The time for agtivation/initial
uration depends on the polymeras€e used. If using a hot-start polymerase, the recommendation of the

study
The

dena
manu

facturer 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 Identification

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.

© 1SO 2005 - All rights reserved
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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 o

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

A.4.1 General

This is a rod
maize (Zea n

No tool to v
considered 4
maize.

A.4.2 Valig

A4.21

This method
by using ge
Veterinary M
collaborative
ISO 21571:2

The data of t

Cdlllaborative study

n electrophoretic stages, see ISO 21571:2005, B.2.

tine procedure for the detection of a single copy species-specific invertase gene sequen
nays).

erify the identity of the PCR product has been described. /Fherefore this method cann
s an identification method. It may be used to assess the<@amplifiability of DNA extracted

ation status and performance criteria

was validated by the working group “Develepment of methods for identifying foodstuffs prod
hetic engineering techniques” of the™German Federal Institute of Consumer Protectiorn
edicine (BgVV) for implementingAtticle 35 of the German Federal Foodstuffs Act in se
studies. For DNA extraction, half“of the participants used the CTAB method as outlin
D05, A.3, and half of the participarits used the Wizard® DNA-Clean-Up-System10).

he collaborative study are’listed in Table A.11.

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

ce in

bt be
from

uced

and
veral
ed in

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.

20
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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.

Somé 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® sparch, EMBL
datalyase, September 28t", 2001).

Primer IVR1-F retrieved:
— AMAF171874 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 nuclegtidé contiguous match).

Primer IVR1-R retrieved:

— AMAF171874 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 pumber of target sequence copies was not determined, but was presumed to be a single coply gene.
A.4.22.3 Experimental

The maize-PCR @ssay appeared to be highly specific for maize DNA [21],

A.4.2.3  Limit of detection (LOD)

The
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.

© IS0 2005 - All rights reserved 21
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A.4.5 Reagents

For the quality of the reagents used, see 1ISO 24276.

A.4.5.1 Water

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

A.4.5.3 MgCl, solution, ¢(MgCly) = 25 mmol/l.

A.4.5.4 dNTP solution, ¢(dNTP) = 2,5 mmol/l (each).

A.45.5

A.4.5.5.1

Maize invert3

Primer [VR11

A.4.5.5.2

Maize inverta

Primer IVR11

A.4.5.6

Dligonucleotides

Forward primer

se gene (GenBank® accession No. U16123).

F: 5'-CCg CTg TAT CAC AAg ggC Tgg TAC C-3'.
Reverse primer

se gene (GenBank® accession No. U16123).

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

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

A.4.6 Apparatus

As specified

A.4.7 Proc

nA.1.6.

edure

A.4.71 PCR set-up

The method
The PCR m

Table A.12 — Addition of reagents

s described for a total(PCR volume of 25 pl per reaction with the reagents as listed in Table |A.12.
py also be carried«out in a larger volume if the solutions are adjusted appropriately. Theg final
concentratiofs of reagents as.aUtlined in Table A.12 have proven to be suitable.

22

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
Tag DNA polymerase, 5 [U/pl 11U 0,2
a8 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 AmpliTag Gold® DNA polymerase’!). The use of
otherf Thermal cyclers might make an adaptafion necessary. The ume jor acuvation/iniial |denaturation
depepds on the polymerase used. If using a hot-start polymerase, the recommendation of the’nanufacturer
should be adhered to unless the protocol states otherwise.

Table A.13 — Temperature-time programme

Activation/initial denaturation 12 min/95 °C

Amplification 30 s/95 °€
30 s/64:2C
60.8/72°C

Number of cycles 35

Final extension 10 min/72 °C

A.4.8 ldentification

As yat, identification is based only on PCR product size:

A.4.9 General quality assurance and interpretation of the results
The {arget sequence is presumed to havebeen detected if the size of the PCR product corregponds to the

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

from JRMM, Geel, Belgium).

For identification purposes,(see A.4.8.

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

For details on€lectrophoretic 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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Annex B
(informative)

Screening methods

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

promoter)

B.1.1 Gen

Thisisam
(CaMV) 35S
method may

B.1.2 Valid

B.1.2.1

The method
matrices [24];

The method
Institute for
“Developmert]
The number
DNA extract
100 mg).

The data of t

eThod for the detection of a variable copy number DNA sequence from the cauliflower mosaic|

Cdlllaborative study

ral

promoter. Due to the presence of CaMV 35S promoter in many genetically.modified plants
be used to screen for the presence of GM-plant-derived DNA [22], [23],

ation status and performance criteria

has been validated in several collaborative studies, with different raw and processed
[25],

has been validated in a collaborative study [24l under the coordination of the German Fg
Health Protection of Consumers and Veterinary Medicine (BgVV) by the working

t of methods for identifying foodstuffs produced by means of genetic engineering technig
of participants as well the number of samples followed the criteria according to ISO 5725-2
on, the CTAB method as outlined in ISO 21571:2005, A.3 was used (but with a test port

he collaborative study are listed\in'Table B.1

Table B:¥ — Results of the collaborative study

virus
, this

food

deral
jroup
ues”.
. For
on of

Year 1999
Nomber of laboratories 27
Number of laboratories submitting results 23
Number of samples per laboratory 5
Number of accepted results 115
Number-of samptes—containing-6F546-3-2 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.

24
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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-earefulty—Positiveresuttsmeay-indicate-thepresence-of-a-GM-plant-derivedproduet-but-ghould not be

intergreted 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 ¢f cauliflower
mosgic 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
(NCHI BlastN® search, EMBL database, September 28th, 2001). However; both primers match ohe accession
that s not referable to either cauliflower mosaic virus or recombinant vectors or patents: S70[105 cp (coat
protejn) [cucumber mosaic virus]. The primers also match morgithan 100 entries referable to cauliflower
mosgic virus and recombinant vectors and patents.

B.1.2.2.3 Experimental

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

Ampljfication has been observed with DNA from many genetically modified plants, e.g. GTS 40-3-2 (Roundup
Ready® soya beans), the maize lines Event176 (Bt 176), Bt 11, MON 810, MON 809, and ripehing delayed
tomaloes (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 hasnotbeen determined. A relative LOD of 0,1 % genetically modified soya Heans in soya
bean|flour IRMM-410"and of 0,1 % genetically modified maize Event 176 (Bt 176) IRMM-411 ip maize-flour
(masp fraction) (cértified reference materials, CRMs) has been demonstrated [25].

B.1.3 Adaptation

No s;pecific 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 1ISO 24276.

B.1.5.1

B.1.5.2

B.1.5.3

B.1.5.4

Water
PCR buffer (without MgCl,), 10x.
MgCl, solution, ¢(MgCly) = 25 mmol/l.

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

B.1.5.5

B.1.5.5.1

CaMV 35S p

Designed, to
No. V00141.

B.1.5.5.2
CaMV 35S p

Designed, to
No. V00141.

B.1.5.6

B.1.5.7

B.1.6 Apparatus and equipment

B.1.6.1

B.1.6.2

B.1.7 Proc|

B.1.71

The method

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

Thermal cycler

General

Dligonucleotides
Forward primer
Fomoter, 35s-1: [24]. [28] 5'- gCT CCT ACA AAT gCC ATC A -3'.

hether with a corresponding reverse primer, to amplify sequences suchcas-described in acce

Reverse primer
romoter, 35s-2: [241, [28] 5'- gAT AgT ggg ATT gTg CgT CA:3",

jether with a corresponding forward primer, to amplifySequences such as described in acce

Restriction enzyme: Xmn | (= Asp 700).

Gel electrophoresis chamber, with power supply.

edure (PCR set=up)

Table B.2. T

26

!

final concenttations of rnagnnfe as outlined in Table B.2 have provento be suitable

e-PCR may also be carried out in a larger volume if the solutions are adjusted appropriately

Ssion

Ssion

is deSeribed for a total PCR volume of 25 pl per reaction mixture with the reagents as lisfed in

. The
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Table B.2 — Addition of reagents

B.1.71.2 PCR controls

As a
modi

Any ¢
B.1.7

The

thermal cyclers GeneAmp® PCR-systems 2400'or GeneAmp® 9600 and AmpliTaq Gold® DNA pq

The
dena
manu

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/l 0,8 mmol/l 2

Primer 35s-1_5 yumal/l 0,2 umol/l 1

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

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

@ If the PCR buffer solution already contains MgCl,, the final concentration of Mg€l5 in the
reaction mixture is adjusted to 1,5 mmol/l.

ied plant ingredients), produced by IRMM Geel, Belgium (IRMM-410), may be used.

ther appropriate controls should be included as describedin ISO 24276.

.3 Temperature-time programme
emperature-time programme as outlined iniTable B.3 has been used for the validation
use of other thermal cyclers might-make an adaptation necessary. The time for ag

uration depends on the polymerasé. used. If using a hot-start polymerase, the recommen
facturer should be carefully adhered to unless the protocol states otherwise.

Table B.3 — Temperature-time programme

positive control, certified reference materials of GTS 40-3-2 (material containing 0,1 % o¢f genetically

study using
lymerase'12).
tivation/initial
dation of the

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

©I1SO

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 or

B.2 Alterr
(CaMV 35¢

B.2.1 Geneéral

This is a meg
(CaMV) 359
genetically nf

No tool to ve
an identificat|

B.2.2 Valid

B.2.21

The method
23 Europear
detection of
acidified soy

Cdlllaborative study

pas

ectrostoTeti 7

5 promoter)

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

rify the identity of the PCR product is described. Therefore this method cannot be consider
on method. It may be used to assess the amplifiability ofDNA containing the target sequena

ation status and performance criteria

has been validated following the criteria‘specified in ISO 5725-2. The collaborative study inv,

GMOs in various processed food matrices (cooked maize grit, infant formula, biscuits, m
h beans) containing each 0 %, 2.%, and 100 % (10 % instead of 100 % in the case of biscu

either GTS
duplicates,
genetically
either the C]
method of ck
equipment.

considered t
reported bet
provided cor

0
% which 10 corresponded_to 0 % GMO samples and 20 contained various percentages q

-3-2 or Event 176. Each participant received 4 control samples and 30 unknown indepe

odified events. All pdrticipants received a detailed method description for DNA extractior
[AB method or a commercially available kit. However, the laboratories were free to apply
oice for DNA exiraction while the PCR conditions had to be optimized specifically for their|
'he laboratories,/were asked to analyse each sample once and to specify whether it
b be GMO pesitive or negative. Since most laboratories returned correct results (14 labora
veen 90.% 1o 100 % of correct scores; and 3 between 80 % to 90 % of correct scores) and
rect reSults in the range of 70 % to 80 %, the cut-off level was set at 80 % of correctly rep

results. As
96,1 % corr
average of 9

cohsequence, 5 laboratories were excluded from further statistical analysis. An avera

ative screening method for the detection of genetically modified)plant DNA

virus
many

ed as
e.

plved

laboratories and was coordinated-by the EC JRC [29], [30]. The method has been evaluated for

bal of
ts) of
hdent
f the
with
their
local
was
ories
none
orted

ct-results was obtained for non-GMO containing samples (3,9 % false positive results) a

are given in Table B.4.
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Table B.4 — Results of the collaborative study

B.2.2

B.2.2
This
The

acce
Refe
A fal
Moss

Rese

Posit

treatgd carefully. Positive results may indicate the presence of a GM-plant-derived product but s

inter

In or
Mos3

B.2.2
No s

(NCH
acce

B.2.2

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
Ealse positive results 39Y%
False negative results 1,9 %

.2 Molecular specificity

.21 General

annex fulfils the requirements as outlined in Clause 7.
method has been designed to target the sequence described “in, for example, GenBan
ssion No. V00141. For a list of genetically modified plants{ containing the CaMV 35S p
ences [23] and [24].

be positive result can occur since the amplified seguénce is derived from a promoter of th
ic virus infecting cauliflower and other members of the family Brassicaceae (Cruciferag
daceae and Solanaceae 1261, [27],

ve results derived from samples of Brassicaceae, Resedaceae and Solanaceae should

reted as a proof for the presence of‘GM-plant-derived products without additional confirmati

ic virus may be used [6],

.2.2 Theoretical

bquence homolegy/with DNA sequences of non-GM crop plants has been found in databsa
| BlastN® search, EMBL database, September 28!, 2001). The primers match an extt
Esions referaple to cauliflower mosaic virus and recombinant vectors and patents.

.2.3, UExperimental

No a

k® database
fomoter, see

e cauliflower
as well as

therefore be
hould not be
bN.

Her to distinguish between a viral infection and GM material, methods for the detection ¢f cauliflower

nk searches
pnsive list of

plification has been ohserved using DNA from non-GM soya hean in performance tes

s before the

collaborative study [291,

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],

©I1SO
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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 g

plants [22],

B.2.5 Reagents

For the quali
B.2.5.1
B.2.5.2
B.2.5.3
B.2.5.4

B.2.5.4.1

y of the reagents used, see ISO 24276.
Water

PCR buffer, ¢(MgCly) = 15 mmol/l, 10x.
INTP solution, ¢c(dNTP) = 4 mmol/l (each).
Dligonucleotides

Forward primer

CaMV 35S pfomoter, 35s-cf3: 5'- CCA CgT CTT CAA AgC\AAg Tgg-3'.

Designed to

B.2.5.4.2

CaMV 35S pfomoter, 35s-cr4: 5'-TCC TET-\CCA AAT gAA ATg AAC TTC C-3'.

Designed to

B.2.5.5

amplify the CaMV 35S promoter, e.g. accession No. V00141.

Reverse primer

amplify the CaMV 35S-promoter, e.g. accession No. V00141.

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

B.2.6 Apparatus and;equipment

As specified

n B.1.6:

B.2.7 Procedure

f genes. The constitutive 35S promoter from CaMV is frequently used in genetically mofified

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.

30
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Table B.5 — Addition of reagents

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

Water 14,84

10 x PCR buffer (with MgCl, 15 mmol/)2 1 x 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-crd 20 pmaol/l 0,6 umol/l 0.75

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

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

B.2.71.2 PCR controls

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

Belgibm (IRMM-410), may be used.

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

B.2.1.3 Temperature-time programme

The femperature-time programme as outlined in Table B.6 has been used for the validation stydy 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
depepds from the polymerase used. If using a hot-start polymerase, the recommendation of the jnanufacturer
should be carefully adhered to unless the.protocol states otherwise.

Table B.6 — Temperature-time programme

Activation/initial denaturation 10 min/95 °C
Amplification 25/95 °C
30s/62 °C
455s/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 AmpliTagq 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 identifica

tion 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 or

B.3 Scre
(Agrobac

pas

ectrostoTeti 7

ning method for the detection of genetically modified plant DNA
rium tumefaciens NOS-terminator)

B.3.1 Geneéral

This is a m
tumefaciens
genetically 1
components

No tool to ve
an identificat|

B.3.2 Valid

B.3.2.1

The method
23 Europear
detection of

ethod for the detection of a variable copy number DNA sequence from the Agrobact
nopaline synthase (NOS) terminator. Due to the presence of the NOS-terminator in

hodified plants, this method may be used to screen for the“presence of GM-plant-de
[22], [23], [29], [30]

rify the identity of the PCR product is described. Therefore this method cannot be consider
on method. It may be used to assess the amplifiability‘ef DNA containing the target sequena

ation status and performance criteria

Cdlllaborative study

has been validated following the criteria specified in ISO 5725-2. The collaborative study inv

(GMOs in various processed f0od matrices (cooked maize grit, infant formula, biscuits, aci

soya bean npeal) containing each 0 %,'2)%, and 100 % (10 % instead of 100 % in the case of biscui

either GTS 4
containing E
organized in

0-3-2 or Event 176. Since Event 176 does not contain NOS-terminator sequences, sai
vent 176 should not.be_evaluated with this method. However since the collaborative study
conjunction with the 35S method, all samples were submitted and evaluated by the laborat

The cooked aize grits results were excluded from statistical analysis at a later stage.

Each partici
corresponde
All participar
commercially

pant received” 4 control samples and 30 unknown independent duplicates, of whic
J to 0 % GMO samples and 20 contained various percentages of the genetically modified e
ts received a detailed method description for DNA extraction with either the CTAB methog

available kit. However, the laboratories were free to apply their method of choice for

extraction wh

Brium
many
rived

ed as
e.

plved

laboratories and was coordinated by the EU JRC [29]. [30]. The method has been evaluated for

dified
ts) of
hples
was
Dries.

h 10
ents.
ora
DNA

ile_.the PCR conditions had to be optimized specifically for their local equipment. The labora

ories

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

B.3.2

B.3.2
This

The
sequ

A fal
bactg
shall
Agro

B.3.2

No s
(NCH
AF01

clonimg vectors and patents, as.well as nopaline synthase.

B.3.2

No 4
matri

B.3.2

The

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
Ealse positive results 18%
False negative results 21 %

.2 Molecular specificity

.21 General
annex fulfils the requirements as outlined in Clause 7.

method has been designed to target the Agrobacterium tumeéfaciens nopaline synthas
bnce described in GenBank® database accession No. V00087.

be positive result can occur since the amplified sequence is derived from Agrobacterium, W
rium present in nature. Positive results may indicate the presence of a GM-plant-deriveg

not be interpreted without additional confirmation. The potential contamination of the
bacterium or related bacteria should be considered.

.2.2 Theoretical
bquence homology with DNA sequences of non-GM crop plants has been found in databsa

| BlastN® search, EMBL database, September 28t 2001). Note that reverse primer ma
5682 Rice ragged stunt virus\polymerase. Both primers match a long list of accessions

.2.3 Experimental

mplification has™“\been observed using DNA from non-GM crop-plants and derived prg
Ces in performance tests before the collaborative study [30].

.3 Limitof detection (LOD)

e terminator

hich is a soil
product but
material with

nk searches
ch 100 % to
referable to

cessed food

40 o o ~aa 1201

hibselute limit of detection has not been determined, but this method has been demonstrated to detect

50 co

pies of GTS40-3-2 DNATr:

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

©I1SO

2005 — All rights reserved

33


https://standardsiso.com/api/?name=98e31af62c33df3c5ded608618c7e6ba

ISO 21569:2005(E)

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 \
B.3.5.2
B.3.5.3
B.3.5.4
B.3.5.4.1
Agrobacteriu
Designed to
B.3.5.4.2
Agrobacteriy
Designed to

B.3.5.5

Water

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

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

Dligonucleotides

Forward primer

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

Reverse primer

Amplify a sequence described in accession No:~V00087.

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

B.3.6 Apparatus and equipment

As specified
B.3.7 Proc

B.3.71

The method

Table B.8. Tihhe PCR-may also be carried out in a larger volume if the solutions are adjusted appropriately

final concent

n B.1.6.

edure (PCR set-up)

General

rations’of reagents as outlined in Table B.8 have proven to be suitable.

34

m tumefaciens NOS-terminator, HA-nos118r: 5'-gAC-ACC gCg CgC gAT AAT TTA TCC-3'.

is described for a total PCR volume of 25 pl per reaction mixture with the reagents as lisfed in

. The
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Table B.8 — Addition of reagents

ISO 21569:2005(E)

B.3.7.

As a

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

B.3.7.

Reagent Final concentration | Volume per sample (pl)
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 ymol/l 0,75

Primer HA-nos118r 20 ymal/l 0,6 umol/l 075

Taq DNA polymerase, 5 [U/pl 0,81U 0,16

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

2 PCR controls

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

3 Temperature-time programme

The femperature-time programme as outlined in Table B.9 has been used for the validation stydy using the
Perkin Elmer 2400/9600/9700 thermal cycler systéms and AmpliTag Gold® DNA polymerase’|. The use of
thermal cyclers might make an adaptation necessary. The time for activation/initial |denaturation
depepds on the polymerase used. If using-a_hot-start polymerase, the recommendation of the pnanufacturer
should be carefully adhered to unless the.protocol states otherwise.

other

Table B.9 — Temperature-time programme

Activation/initial denaturation 10 min/95 °C
Amplification 25/95 °C
30s/62 °C
455s/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 AmpliTagq 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.

©I1SO
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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-

For details or

B.4 Scre
(nptll ge

B.4.1 Geneéral

This is a mdg

insertion of this gene in the integrated constructs in many genetically modified-plants, this genetic ele

may be used
B.4.2 Valio

B.4.2.1

The method
German Fed
group “Devd
techniques”.
ISO 5725-2.

For DNA ext|
of 100 mg).

The data of t

Cdlllaborative study

terminator origin within the assessed limitations of specificity described in B.3.2.2.

pas

N :

ning method for the detection of genetically modified plant DNA
)

thod for the detection of a gene coding for the neomycin phosphetransferase (npt Il). D

to screen for GMO-derived plant materials.

ation status and performance criteria

was validated in an collaborative study with“raw material [24] under the coordination g
eral Institute for Health Protection of Consumers and Veterinary Medicine (BgVV) by the wq
lopment of methods for identifying .foodstuffs produced by means of genetic enging
The number of participants as well. the number of samples followed the criteria accordi

Faction, the CTAB method asteutlined in ISO 21571:2005, A.3, was used (but with a test p

he collaborative study are listed in Table B.10.

Table B.10 — Results of the collaborative study

e to
ment

f the
rking
ering
ng to

brtion

36

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 fpt Il gene is derived from E. coli K12 and is present in several genetically modified organisnjs.

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

B.4.2.2.2 Theoretical

No s¢quence homology with DNA sequences of non-genetically modified ¢crop plants was found in databank
searghes (NCBI BlastN® search, EMBL database, September 28, 2001)."The primers retrieved|only the Tn5
transposon, and synthetic and patented sequences.

B.4.2.2.3 Experimental

No gmplification has been observed using DNA fromnon-genetically modified crop plants |and derived
procgssed food matrices.

B.4.2.3 Limit of detection (LOD)

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

B.4.3 Adaptation

No specific information is available!

B.4.4 Principle

A 21p bp DNA fragfment from the neomycin phosphotransferase gene sequence is amplified py PCR and
detedted by gel eléctrophoresis. The identity of the PCR product may be verified by, for example, [restriction.

Neomycin phasphotransferase yields bacterial resistance to neomycin/kanamycin antibiotics and the gene has
been|intreduced 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.4.5.41 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 Appalratus and equipment
As specified|in B.1.6.

B.4.7 Procedure (PCR set-up)
B.4.7.1 General

The method fis described for a total PCR volume of 25 pl per reaction mixture with).for example, the volumes

as listed in Table B.11. The PCR may also be carried out in a larger volumeTif the solutions are adjusted
appropriately. The final concentrations of reagents as outlined in Table B.11 hdve proven to be suitable.

Table B.11 — Addition of reagents

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

Water 14,6

1P x PCR buffer (with MgCl, 15 mmol/l) 1 x 25

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

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

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

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

B.4.7.2 PQCR controls

No reference material is, commercially available.!5)

B.4.7.3 Temperature-time programme

The temperature=timeprogrammeas outlimed—im Table B2 asbeenm used for the—vatidatiomstudy—using
thermal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTag 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 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.4.83tdentification
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Table B.12 — Temperature-time programme

Activation/initial denaturation 10 min/95 °C
Amplification 255/95 °C
30 s/60 °C
45s/72 °C
Number of cycles 35
Final extension 7 min/72 °C

It is fecommended to verify the identity of the PCR product derived from the unknown DNA-sample by, for

exani

yield ffwo fragments (122 and 93 bp, respectively) [24],

B.4.9 General quality assurance and interpretation of the results

The {arget sequence is presumed to have been detected if the size of the.PCR product corres
expegted length of the target DNA sequence determined by comparison with products

apprd

For iq

The dletection of fragments with a size of 215 bp indicatescthat the sample DNA solution contair
DNA [of npt Il origin within the assessed limitations of spegcificity described in B.4.2.2.

For details on electrophoretic stages, see ISO 215732005, B.2.

B.5

tomato (Zeneca® F282)

This method is described in detaitinA.3.

ple, restriction, DNA sequencing or DNA hybridization. Restriction of the PCR product with

priate reference material (e.g. a commercial plasmid containingthe target DNA sequence).

entification purposes, see B.4.8.

Screening method for the detection of DNA derived from genetically mc

pdified
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C.1 Constru
genetically

C.1.1 General

This is a m
Ready®17)) s
representing

targeting sigmal preceding the Agrobacterium EPSPS sequence.

The same ca
It is not poss

from a cross
the presencs

C.1.2 Vali

C.1.21

The method

Cdlllaborative study

2005(E)

Annex C
(informative)

Construct-specific methods

ethod for the detection of genetically modified glyphosate resistant GTS40:3-2 (Rol
oya beans in raw/processed materials [8] [11] by amplification of a 172 bp sifigle copy sequ
the junction region between the CaMV 35S promoter and the Petunijahybrida chlorg
nstruct has been used in other GMOs.
ble to use this method to distinguish between GTS 40 3-2 and.gene-stacked cultivars origir

between GTS 40 3-2 and other soyabean event(s), except on single kernels and plants
absence of sequences derived from other events can be verified.

Hation status and performance criteria

has been validated in a collaborative study [8 under coordination of the German Federal Ins

ndup
ence
plast

ating
vhere

titute

for Health Protection of Consumers and Veterinary’Medicine (BgVV) by the working group “Developmént of

methods for
participants
the CTAB m

The data fror

identifying foodstuffs produced by.means of genetic engineering techniques”. The numh
s well the number of samplestfollowed the criteria according to ISO 5725-2. For DNA extra
thod as outlined in ISO 215712005, A.3, was used (but with a test portion of 100 mg).

h the collaborative study,are listed in Table C.1.

Table C.1 — Results of the collaborative study

er of
ction,

Year 1998
Number of laboratories 25
Number of laboratories submitting results 24
Number-of-samplespertaboratory 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 s
has |
the p
to oc

C.1.2

No a
suga

C.1.2

Base|
datal]
Refe
fracti

bquence homology with DNA sequences of non-genetically modified soya beans and othe
een found in databank searches (GenBank® database; BlastN® 2.2.1 search July 18,200
rimer set was designed to amplify a DNA sequence specific for an artificial junction(fegion
CuUr in nature.

.2.3 Experimental

mplification has been observed using DNA from non-GM soya beans;potatoes, tomatoe

.3 Limit of detection (LOD)

d on the assumption that there is only one copy of the, genetic construct per haploid geno
ase: http://www.agbios.com/) and that the haploid genome size of soya bean is 1,13 x
ence [5]), the absolute LOD with 50 ng DNA fromsoya bean, with a relative GMO conte
bn of 0,1 % in ground seeds is 40 haploid genome equivalents [32].

The

in soya bean flour (certified reference materials JRMM-410R produced by IRMM, Geel, Belgium
methpd, soya bean flour containing 0,45 % GTS 40-3-2 has also been shown to be detectable affer baking [33].

CA.

No s

C.1.4

The

enolp
chlor
trans
span
and ¢

Adaptation

ecific information is available)

I Principle

glyphosate talerance of GTS 40-3-2 soya bean is due to a genetic construct
yruvylshikimis3=phosphate synthase (EPSPS) from the Agrobacterium sp. strain CP4 |
bplast transfer peptide sequence originating from Petunia hybrida (transit-signal sequer
tion of EPSPS into the chloroplasts). Glyphosate inhibits the EPSPS in plants. A 172 bp D
ning,thie-junction between the CaMV 35S promoter sequence and the CTP sequence is amp
etected by gel electrophoresis. For identification of the PCR product, a hybridization probe

r crop plants
1). Moreover
hot expected

5, maize and

beets [32] or from the genetically modified maize-lines Event 176 (Bt176), Bt 11, T 25 and NION 810.

me (AGBIOS
109 bp (see
nt of a mass

elative LOD has been determined to be bettek than or equal to a mass fraction of 0,1 % with soya beans

(1. With this

coding for
bined to the
ce, CTP for
NA fragment,
ified by PCR
is described

and n

ay he 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).
© 1SO 2005 — Al rights reserved
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C.1.5.5

C.1.5.5.1

Oligonucleotides

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 N
C.1.5.6
C.1.5.7
H-35s-ar1: 5

C.1.5.8
0,02 % (mas

C.1.5.9
solution (C.1
are given in f

. (GenBank®): M21084, J03227.

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

Hybridization probe
- ggg TCT TgC gAA ggA TAg Tg-3'.

Prehybridization solution, containing 5 x SSC, 0,1 % (mass concentration) N-lauroylsarcq
5 concentration) SDS, 1 % Blocking Reagent.[8]

Hybridization solution, containing 10 pmol hybridization{ probe in 2,5 ml prehybridiz
5.8). The hybridization temperature is 50 °C. Further infermation on conditions for hybridiz
Reference [12].

C.1.6 Appgratus and equipment

sine,

ation
ation

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 PGCR set-up

The method |is described for.a total PCR volume of 25 pl per reaction mixture with the reagents as lisfed in
Table C.2. The PCR may-also be carried out in a larger volume if the solutions are adjusted appropriately. The

final concent

rations of{reagents as outlined in Table C.2 have proven to be suitable.

42
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Table C.2 — Addition of reagents

C.A.7

As a
modi

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/l 0,8 mmol/l 2

Primer 35s-f2 5 ymal/l 0,2 pmol/l 1

Primer petu-r1, 5 ymol/l 0,2 ymol/l 1

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

mixture is adjusted to 1,5 mmol/l.

@8 If the PCR buffer solution already contains MgCl,, the final concentration of MgCl,\in the reactig

.2 PCR controls

Belgitm (IRMM-410), may be used.

Any
CA.7

The

othen
depe

.3 Temperature-time programme

nds on the polymerase used.

ther appropriate controls should be included as described in ISO 24276.

emperature-time programme as outlined(in Table C.3 has been used for the validation
thernpal cyclers GeneAmp™ 2400 or GeneAmp® 9600 and AmpliTag Gold® DNA polymerase 8§
thermal cyclers might make an.adaptation necessary. The time for activation/initial

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 35t040
Final extension 3 min/72 °C

positive control, certified reference materials of GTS 40-3-2-(material containing 0,1 % ¢f genetically
ied plant ingredients), produced by the Institute for Referencé Materials and Measurements

(IRMM) Geel,

study using
). The use of
denaturation

C.1.8dentification

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 cer
reference material prepared from GTS 40-3-2 (e.g. IRMM-410 series from IRMM, Geel, Belgium).

For identification purposes, see C.1.8.

tified

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 detail
electrophoretic stages, see a ISO 21571:2005, B.2.

C.2 Construct-specific method for the detection of modified DNA sequences from
modified tomatoes (Zeneca® F282)

C.2.1 General

S on

This is a method for the detection of genetically modified delayed ripening tomatoes(Zeneca) in raw matgrials
by PCR amplification of the junction region between single copy sequence elements originating from the

Agrobacteri
esculentum

ill which have been joined by means of in vitro recombination
The same cdnstruct might be used in other GMOs in the future.
It is not posgible to use this method to distinguish between Zenec¢a 282F tomato and gene-stacked culf

originating frbm a cross between Zeneca 282F and other tomato event(s), except on single kernels and
where the prgsence/absence of sequences derived from otherevents can be verified.

C.2.2 Validation status and performance criteria

C.2.21 Cdlllaborative study

tumefaciens (NOS-terminator) and the polygalacturonase/(P&) gene from Lycopeisicon

ivars
lants

The method was validated in a collaborative study [9], under coordination of the German Federal Institute for

Health Protegction of Consumers and-\eterinary Medicine (BgVV) by the working group “Developmg

nt 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 extraftion,

the CTAB m¢thod 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.22.21 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 sjgnificant similarity with sequences of non-GM tomatoes or other crop plants has been|observed in
datahank searches (GenBank® database; BlastN® 2.2.1 search, July 1st, 2001). Moreover, the)plimer set was
designed to amplify a DNA sequence specific for an artificial junction region not expected 0 eccuf in nature.

C.2.2.2.3 Experimental

No gmplification was observed using DNA from non-GM tomatoes with (Similar phenotypes: Long-Life-
tomajoes of type Selfesta F1, Seduro F1, Lioba F1 and Harzglut F1C(seed production |Quedlinburg,
Germany)[1l.

C.2.2.3 Limit of detection (LOD)

Basefd on the assumption that there is only one copy of the, genetic construct per haploid genojne (AGBIOS
dataljase: http://www.agbios.com/) and that the haploid genome size of tomato is 1,0 x 10° bp (s¢e Reference
[5]), the absolute LOD with 10 pg DNA from tomato, withca“relative GMO content of a mass fracjion of 100 %
in (raw tomatoes) is 10 haploid genome equivalents [19],

C.2.3 Adaptation

For the identification of a genetic alterationin tomato paste, it is advisable to extract nucleic gcid from five
timeq the quantity specified in ISO 2157%. After combination of the extracted nucleic acid, 4 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 frait of the genetically’modified tomato (Lycopersicon esculentum Mill.) developed by Zeneg¢a is the fruit
ripen|ng delay on the'basis of the inhibited production of polygalacturonase (PG).

The genetic medification from the genetically modified tomatoes is based on the introduction of gn additional
incomplete polygalacturonase gene (PG) as cDNA in the genome. The presence of this gene fesults in the
drast|c reduetion of the endogenous tomato PG-enzyme. This enzyme is principally responisible for the
softehing 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) QlAquick 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 I1SO 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 1ISO 24276.

Water
PCR buffer (without MgCl,), 10x.
MgCl, solution, ¢(MgCly) = 25 mmol/l.

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

C.25.1
C.25.2
C.253
C.254
C.25.5
C.2.5.5.1
PG34L: 5'- g
Accession N
C.2.5.5.2
t-NOS: 5'- C1
Accession N
C.2.5.6
C.257
The Digoxige
5'-Dig-C
C.25.8
sarcosine, 0,
C.25.9
solution (C.2
The hybridiz

Reference [1

C.2.5.10

Dligonucleotides

Forward primer

pA TCC TTA gAA gCA TCT AgT -3".
h. X04583.

Reverse primer

AT CgC AAg ACC ggC AAC Ag-3'.

b. NC002147.

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

Hybridization probe, Tomate-2
nin (Dig)-labelled DNA probe (Tomate-2)has the following sequence:
CT CTA gAg Tcg ACC TgC Agg TE€g-3".

Prehybridization solution, .containing 5 x SSC, 0,1 % (mass concentration) of N-la
D2 % (mass concentration)©fSDS, and 1 % Blocking Reagent [15].

Hybridization solution,) containing 10 pmol of hybridization probe in 2,5 ml of prehybridiz
5.8).

ation temperature is 60 °C. Further information on conditions for hybridization are givi
P].

Restriction enzyme: Eae | or Mwo |.

iroyl-

ation

BN in

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 umal/l 0,4 umal/l 10

Primer t-NOS, 10 umol/l 0,4 umol/l 1,0

Taq DNA polymerase, 5 1U/pl 11U 0,2

@  |f the PCR buffer solution already contains MgCls, the final concentration of MgCls in the feaction mixture is
adjusted to 1,5 mmol/l.

C.2.7.2 PCR controls

No rdference material to be used as a positive control is commercially,available.20)

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

C.2.1.3 Temperature-time programme

The femperature-time programme as outlined in- Table C.6 has been used for the validation
thermal cyclers GeneAmp® 2400 or GeneAmp® 9600 and AmpliTaq Gold® DNA polymerase?!
other| thermal cyclers might make an adaptation necessary. The time for activation/initial
depepds 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.Z.T ldentification

study using
. The use of
denaturation

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
appropriate reference material.

For identification purposes, see C.2.8.

from

The detectiop of fragments with a size of 350 bp indicates that the sample DNA solution contains ampli
DNA of Zeng¢ca genetically modified tomato origin within the assessed limitations of specificity [describ
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 1
(Syngenta, fprmer Novartis) in raw materials by PCR amplificationof the junction region of single

fiable
ed in

haize
copy

sequence elements originating from the maize adh 1S-Intron2 (I\VS2) and the pat gene from Streptomyces

viridochromogenes.
The same cdnstruct might be used in the future in other GMOs.
It is not possjble to use this method to distinguish between BT11 maize and gene-stacked cultivars origir

from a crosg between BT11 and other maize event(s), except on single kernels and plants wher
presence/absence of sequences derived from othérevents can be verified.

C.3.2 Validation status and performance criteria

C.3.2.1 Cdlllaborative study

The method has been validated.indifferent collaborative studies [29 under coordination of the German F¢
Institute for |Health Protection” of Consumers and Veterinary Medicine (BgVV) by the working

“Development of methods for identifying foodstuffs produced by means of genetic engineering technig
The number pf participants as well as the number of samples were chosen conforming to the criteria spe]

ating
e the

deral
jroup
ues”.
cified

in ISO 57252. For>DNA extraction, half of the participants used the CTAB method as outlingd in

ISO 21571:2P05, A:3; and half of the participants used the Wizard® DNA-Clean-Up-System22).

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 gerigetically modified Bt 11 maige containing
50 ng, 5 ng, 0,5 ng and 0,05 ng DNA. The results are outlined in Table*C.8 [20]:

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 Molecularspecificity

C.3.2.21 Geéneral

This gnnéx‘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 10° bp (see Reference [5]), the absolute

LOD with 5(
equivalents [

C.3.3 Aday

No specific i

C.3.4 Pring

The Bt gene
tissue proted
intestine of t
osmotic bala

The pat gen
phosphinoth
Glufosinate

junction bety
electrophore

C.3.5 Reagents

For the quali
C.3.5.1
C.3.5.2
C.3.5.3
C.3.54

C.3.5.5

fcin—N—acetyltransferase which renders the plant tolerant to the herbicide glufosinate ammo

Water

MgCl; solution;¢(MgCly) = 25 mmol/l.

ng DNA from maize with a relative GMO content of U,T % I ground seeds 15 20 ge
41, The relative LOD is better than or equal to 0,1 % in ground maize seeds [34],

tation

formation is available.

iple

originates from the soil bacterium Bacillus thuringiensis; the protein thus produced in the
ts it from being attacked by European corn borer larvae. The Bt protein becomes active |
nese insects, causes pores to be formed in the cell membrane, and leads to a disruption
hce resulting in cell lysis.

originates from the soil bacterium Streptomyces viridbchromogenes and codes for the en
mmonium disrupts the synthesis of glutamine-in plants. A 189 bp DNA fragment spannin

een the adh intron IVS2 and the pat gene-sequence is amplified by PCR and detected b
5is. For identification of the PCR product,.a’hybridization probe is described and may be use

y of the reagents used, see 1SO.24276.

PCR buffer (without gCl,), 10x.

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

Dligonucleotides

home

plant
n the
n the

zyme
nium.
g the

y gel
.

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/l.

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|.1 0 Restriction enzyme

Hinf ||
C.3.6 Apparatus and equipment
As specified in C.1.6.

C.3.T Procedure

C.3.71 PCR set-up

The method is described for a total PCR volume of 25 pl per reaction mixture with the reagents as listed in
Tablg C.9. The PCR may also be carried out in a larger volume if the solutions are adjusted apprgpriately. The
final goncentrations 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@&olution, 10 mmol/l 0,4 mmol/l 1,0

Primer IVS2-2, 10 pmol/l 0,5 umol/l 1,25

Primer PAT-B, 10 ymol/l 0,5 ymol/l 1,25

Taq DNA polymerase, 5 [U/pl 11U 0,2

@ If the PCR buffer solution already contains MgCly, the final concentration of MgCl,
reaction mixture is adjusted to 2 mmol/l

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 30-s/95-C
30s/64 °C
30s/72°C
Number of cycles 38
Final extension 10 min/72 °C

C.3.8 Identification
The identity pf the amplified product can be verified by Southern hybridizatioh using a digoxygenine-labelled
oligonucleotile probe Bt (C.3.5.7 to C.3.5.9). Non-genetically modified)samples shall be negative ih the
hybridization|assay [20].

The identity |of the amplified product may be demonstrated by réstriction analysis using Hinf | yielding two
fragments of|116 bp and 73 bp, respectively [20],

C.3.9 Gengral quality assurance and interpretation of the results
The target sequence is presumed to have been detected if the size of the PCR product corresponds fo the
expected length of the target DNA sequence determined by comparison with products derived from cetftified
reference material prepared from Bt11 maize (e.g. IRMM-412 series from IRMM, Geel, Belgium).

For identification purposes, see C.3.8.

The detectiop 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
extra
partid

The ¢

In ad

humber of participants as well as the number of samples followed the criteria of 1ISO 5721
Ction, half of the participants used the CTAB method as outlined in ISO 21571:2005, A3)a
ipants used the Wizard® DNA-Clean-Up-System?24).

ata 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 %)

dition, 13 laboratories. received DNA samples extracted from a mass fraction of 0,19

modi
CRM

Event 176 (Bt 176) and-one laboratory obtained ambiguous results in duplicate determination [20],
C.4.2.2 Molecular specificity

C.4.2.2.%<_Y{General

ied Event 176 maize-(Bt 176 maize) in dried maize powder [mass fraction] (certified referen
, prepared by the\lRMM, Geel, Belgium). Twelve laboratories determined the sample a

-2. For DNA
nd half of the

o genetically
ce materials,
5 positive for

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 18, 2001). Moreover the primer set was
designed to amplify a DNA sequence specific for an artificial junction region not occurring in nature.

C.4.223

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

C.4.23 Lin

pf sequence copies is two.

nit of detection (LOD)

Based on th¢ assumption that there are two copies of the genetic construct per genome (AGBIOS data

http://www.a

jbios.com/) and that the genome size of maize is 2,65 x 10° bp (see Reference 15]), the abs

LOD with 5(
equivalents [

C.4.3 Aday

No specific i

C.4.4 Pring

Bacillus thur
Bt gene prod
synthetic Bt
spanning theg
PCR product
and may be

ng DNA from maize, with a relative GMO content of 0,1 % in groupd, séeds is 20 ge
4l. The relative LOD is better than or equal to 0,1 % in ground maize seeds [34].

tation

formation is available.
iple

ngiensis toxin (Bt) is an insecticide of bacterial origin. Genetically modified plants containin
uce the gene product as an endogeneous pesticide. Event 176 maize (Bt 176 maize) conta
gene of the type CrylA(b) under the control~of the CDPK6 promoter. A 211 bp DNA frag
junction between the CDPK6 promoter and the Bt gene sequence is amplified by PCR an
is detected by gel electrophoresis. For'identification purposes, a hybridization probe is desq
ised.

C.4.5 Reagents

For the quali
C45.1
C.4.5.2
C.4.5.3

C4.54

y of the reagents used,.see ISO 24276.

Water

PCR buffer (without MgCl,), 10x.

MgCl; solution, ¢(MgCly) = 25 mmol/l.

INTP- solution, ¢(dNTP) = 2,5 mmol/l (each).

base:
olute
home

g the
ins a
ment,
d the
ribed

C.4.55

C.4.5.5.1

Oligonucleotides

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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