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Disclaimer

Certain commercial equipment, instruments, and nadgeare identified in this paper
to specify adequately the experimental procedura&wol case does such identification
imply recommendation or endorsement by the Eurog@éammission, nor does it
imply that the material or equipment is necessdhié/best available for the purpose.



Contents

GIOSSANY ettt eeeeen e e e e e e e e e e e et et e et b e r b e a e e e e e 5
Y 0153 1 = Lo SO TP 6
1 Scope of the guidance dOCUMENT .........ocreii e 7

2 INEFOTUCTION ...ttt e e e e e e e e e e s e e e e e e e e e e as 8
3 Flexible scope — ISO/IEC 17025, SeCtion 1.2........uciiiiiiiiieiiiiiieeeieeiiiiiinnn 9
3.1 Levels and degrees of flexibility ..., 10
3.1.1 Flexibility concerning the product .....cccc...ooooiiiiiiiiiiiiii e 11
3.1.2 Flexibility concerning the GM @VeNnt ....cccovvvvvviiiiiiiiiiee e 11
3.1.3 Flexibility concerning the analytical proce@lu................ccooovviiiiiiiiinnnnn. 2.1
3.2 Additional Specific reqUIrEMENTS ........ccceeeivieeeeieiceee e 12

4 Laboratory sample preparation — ISO/IEC 1702%ti88 5.4 .........ccovvvevveeennns 14
5 Method verification and measurement uncertaistyration — ISO/IEC 17025,
SectioNS 5.4.5 AN0 5.4.6 ... 15
5.1. General CONSIAEIAtIONS .........uuuuiiiiiiiiieiiiieee e e e ee e e e e 15
5.2 Method VErfICALION ........uiiiiiiee e eeeneeeeeeees 15
5.2.1 Parameters for method VerifiCation ... .cccc...vvveveiiiiiiiiiiieeeeieee 16
5.2.1.1 Sample Preparation ...............uueeeeeiiaaneee e 16
5.2.1.2 DNA XIFACHON .....coiiiiiiiiiiteeeee bbbt e e e e e e e e e e e e e e e e e e e s snnneeeees 17
5.2.1.3 DNA CONCENIIALION .....ooeiiieeiiiii et aeeeeee e 18
5.2.1.4 Absence of INhiDItOrs ... 18
5.2.1.5 SPECITICILY ...uoeeiee e 19
5.2.1.6 Linear range,’Roefficient, and amplification efficiency ....m.............19
5.2.1.7 Trueness and DIas ..........oiiii oo 19
5.2.1.8 Relative repeatability standard deviation............cccccevvvvvvviniiiinnenennn. 20
5.2.1.9 Limit Of deteCHON ... ..uuuiiiieii e eeaeeees 20
5.2.1.10 Limit of qUaNtifiCation ............ccccecveeeieiiiicee e 21
5.2.2 Measurement uncertainty estimation .. 2 |
5.2.2.1 Measurement uncertainty estlmatlon usﬁngmedlate preC|S|on ............. 22
5.2.2.2 Intermediate PreCISION ......... ... s s e e eeeeeeeeeeeeeeeeeeeeeeaanen e eeeeeeeaa s 23
5.2.2.3 TrUENESS CONLIOl....ceiiiiiiiiiiii e et 24
5.2.2.4 Estimation of the uncertainty componenbeissed with bias ................... 26
5.2.2.5 Calculation of the proportional part of #tandard uncertainty ................. 26
5.2.2.6 Evaluation of measurement UNCertaiNty ... ....ueeeriieeeeeeeeeeeeeeeeennns 21.

6 Measurement unit for GMO quantities — ISO/IEC 250Section 5.6.2.2.1.....28
6.1 Calibration of gPCR measurements for resulpgessed in mass fractions.....28
6.1.1 Calibration with CRMs providing values forias mass fractions............. 28
6.1.2 Calibration in mass fractions with pure GMNIR...............iiiiiiiiiineeeennnn. 29
6.2 Calibration of gPCR measurement results expdessGM DNA copy number

7= 1101 SRR 29
6.2.1 Calibration in haploid genome ratios withifalde CRMS...............cccceee. 29
6.2.2 Calibration in haploid genome ratios in theemce of CRMs ...................... 29
6.3 AAAItIONAI NOTES .....eviiiiiiiiiiiiie ettt 30
7 Selection and use of reference material — ISOAEQO25, Section 5.6.3 .......... 31
7.1 Quality control with CRM available with the agmte GM concentration ...... 31
7.2 Quality control with CRM materials mixed in tlaoratory ..............ccceeennnnnn. 31
7.2.1 GM and non-GM CRMs available as pure see@mad ............................. 32
7.2.1.1 MiXing at SEd Vel .....coooeeeeeeeee 32
7.2.1.2 MiXiNg @t DNA TEVEI .....oeveieiiie e ae e e e 32



7.2.2 GM and non-GM CRMs available as pure powdsenals......................... 33
7.2.3 Mixed GM CRMs available as powder materiath wadequate GM

(ol0] g [T =] a1 i £=1 ({0 o 1S TSP SRR 36
7.2.4 GM and non-GM CRMs available as extracte@ [RMA solutions ............ 36
7.3 AAAIIONAI NOLES ... et e e aa e e a e e e e e e e 37

8 Measurement traceability and monitoring of keyipment and methods —
ISO/IEC 17025, Sections 5.5.2,5.6.1 and 5.9.2.........coooviiiiiiiiiiieneeeee, 38.
8.1 Thermal cycler CheCK .........cooiii i e 38
8.1.1 MAINIENANCE .......ceiiiiiiiiiiiiiiiiimmmmmme e e e e e e e ettt e e e e e e e e aaaaaeeeeeaaaaas 38
8.1.2 Inspection of the performance of the PCRswell............oovviiiiiiiiinnn, 39
8.1.3 Background testing and cleaning of the PGRuUmMent .................ccccceeee. 39
8.1.4 SPECITIC ChECKS......cce et r e 39
8.2 Microlitre pipette CONLIOL ..........oooiii e 40
8.3 Internal quality CONLIOL.........coiee e 40

9 Proficiency testing — ISO/IEC 17025, Section 5.9........ccouvviiviiiiiiiiinieeeeeeee, 41
9.1 Level of PartiCiPation .........ccoovieeiieeeeeeeeiiecrs s e e e e e e e e e e e e e e ennnneeeeeene 41
9.2 Proficiency teStiNg Strat@QY ....... oo ieeeeeeeiiaiae et 42
L0 SUMMATY .t e et e et e e et e et e e e e e nnna e e e eaan s 43
ACKNOWIEAGEMENTS ...t s 44
RETEIEINCES ...ttt ettt e e e e e e e e e e e e e s nnnnr et e e e e e e e e e s 45



Glossary

bp basepair

cp copy

Cq guantification cycle

CRM certified reference material

CTAB Cetyl trimethyl ammonium bromide

EA European co-operation for Accreditation

EC European Commission

ENGL European Network of GMO Laboratories

EU European Union

EURL-GMFF European Union Reference Laboratory fen@&ically Modified Food and
Feed

GM(O) genetically modified (organism)

GUM Guide to the Expression of Uncertainty in Maasnents

IEC International Electrotechnical Commission

IHCP Institute for Health and Consumer Protection

ILC interlaboratory comparison (also referred $argerlaboratory study)

IUPAC International Union of Pure and Applied Chstry

IRMM Institute for Reference Materials and Measoeats

ISO International Organization for Standardization

JRC Joint Research Centre

LOD limit of detection

LOQ limit of quantification

LLP low level presence

MP microlitre pipette

MPR minimum performance requirements

MU measurement uncertainty

N number of samples

n number of measurement replications on the samelsa

PCR polymerase chain reaction

gPCR quantitative (real-time) PCR

PT proficiency testing

R coefficient of determination

RSD relative standard deviation

Sl International System of Units

TF Task force

Taq Thermus aquaticug@olymerase)

WG working group



Abstract

The aim of this guidance document is to facilitaegmonised flexible scope accreditation
within Europe, according to ISO/IEC 17025:2005 texflato quantitative testing of genetically
modified organisms (GMOSs) by quantitative real-tipgdymerase chain reaction (QPCR) for
GM events authorised in the EU or which are inagtthorisation process.

This document gives guidance to and is intendeddbooratories that are acquiring or are
holding a flexible scope of accreditation accordindSO/IEC 17025. At the same time it
aims to provide information for assessors involwedhe accreditation process of these
laboratories.

This guidance document has been written by mendjdate Task Force (THjlexible scope

accreditation which has been initiated by European Commissiamt Research Centre,
Institute for Reference Materials and Measurem@ G JRC-IRMM, Geel, BE). After an
extensive commenting phase it has been approvedhéyEuropean co-operation for
Accreditation (EA) as an EA guidance document.



1 Scope of the guidance document

The aim of this guidance document is to facilitaegmonised flexible scope accreditation
within Europe, according to ISO/IEC 17025:2005 [tE]ated to quantitative testing of
genetically modified organisms (GMOs). Considerihgt polymerase chain reaction (PCR)
is the method of choice in the European Union (EldXhe identification and quantification
of GMOs, this document refers exclusively to quatite real-time PCR (gPCR) and GM
events authorised in the EU. A validated quantiitccamethod is published by the European
Union Reference Laboratory for Genetically ModifieEdod and Feed (EURL-GMFF) for
each of the authorised events as laid down in Régual (EC) No 1829/2003 [2]. This
document is applicable to methods for GM eventsctviwere previously authorised in the
EU or which are in the authorisation process, mledithat the method validation has been
completed and that a certified reference mateG&N]) is available as requested in the low
level presence (LLP) regulation for feed [3]. Thysidance document does not cover
screening methods, qualitative PCR methods or mdstho quantify GM events not
authorised in the EU.

In the future, an extension to this document miggiconsidered dealing with those specific
cases. However, some general principles illustréexd might also be applicable for the
methods currently not covered.

This guidance document is intended for laboratattes are acquiring or holding a flexible
scope of accreditation according to ISO/IEC 1702%] aims to provide information for
assessors involved in the accreditation procegheasfe laboratories. It therefore addresses
primarily laboratory managers and assessors foflIE50017025.

This document refers to other documents, which rbayreviewed and updated. As a
consequence this guidance document will be updatesh needed. ISO/IEC 17025 remains
the authoritative document and, in case of dispihie,individual accreditation bodies will
adjudicate on unresolved matters.

This guidance document has been written by the reesntf the Task Force (THlexible
scope accreditationwhich has been initiated by European Commissimint Research
Centre, Institute for Reference Materials and Measgnts (EC JRC-IRMM, Geel, BE) and
which reported to the European Network of GMO Lalbaries (ENGL). It passed an
extensive commenting phase involving the ENGL aaslleen by the European co-operation
for Accreditation (EA) in September 2013 as EA guicde document.

We welcome further constructive feedback on thisopean technical guidance document
for the flexible scope accreditation of laboratariguantifying GMOsAII correspondence
should be sent by email tdRC-IRMM-GMO@ec.europa.ewith the subject heading
flexible scope document'.




2 Introduction

Legislation in the EU regulates the placing on tharket of food and feed consisting of,
containing or produced from GMOs. They are refeteeds 'GM food and feed' and require
authorisation before being placed on the markeh@EU. Food and feed products which
contain, consist of or are produced from GMOs pr@portion higher than 0.9 per cent of the
food and feed ingredient considered individually food or feed consisting of a single
ingredient, need to be labelled [2]. In this comtek needs to be noted that the labelling
threshold is applicable for adventitious presenc&lOs, while GMOs added on purpose
need to be labelled independent from a threshold.

Additionally feed may contain 0.1 mass per centaoGM event which was previously
authorised in the EU or for which an authorisapoocess is pending [3].

During the EU authorisation process, the appliceeking authorisation for a GM event
needs to ensure that a reference material for tMee@ent is available and that an event-
specific quantification method has been successfudllidated and is published by the
EURL-GMFF. Successfully validated methods fulfietminimum performance criteria laid
down by the EURL-GMFF in [4]. As a consequence rtiited) reference materiaisand
validated methods are publically available to GM#3ting laboratories for the GM events
covered by this guidance document.

As the number of new GM events for which authomsais granted, is increasing rapidly
every year and as GMO testing laboratories aregetilito operate under ISO/IEC 17025
accreditation [5], the testing laboratories needate up new GM events within their scope
of accreditation in a timely manner. As a conseqgaera flexible scope accreditation is
requested by more and more GMO testing laboratofies number of matrices on which the
guantification method needs to be applied is alsceasing.

! Authorisation according to (EC) No 1829/2003 regsiithe availability of a reference material. Tiw level
legislation for feed (EC) No 619/2011 requires dlailability of a certified reference material.



3 Flexible scope — ISO/IEC 17025, Section 1.2

The accreditation of laboratories is based on ameddfscope of accreditation which is clear
and unambiguous, and provides the laboratory amer anterested parties with a detailed list
of the tests for which the laboratory is accredit&dgrecise description of the specific tests
for which the laboratory is deemed competent isladdor a fixed as well as flexible scope.
A fixed scope of accreditation requires an evatrabf the laboratory’s competence by the
accreditation body for each new test that is adiethe scope. A flexible scope allows
adding a new test based on a competence evaluedioied out by the laboratory. This
inclusion of a new test to the flexible scope igfied by the accreditation bodyposteriori

It has become desirable to establish mechanismshwiermit more laboratories to extend
the range of their scope on the basis that thempatence related to GMO quantification by
gPCR has already been evaluated.

A flexible scope for the measurement of the GM eantis needed by the laboratories,
allowing the quantification of GM events newly amttised in Europe without prior approval
by the accreditation body. As the necessity forhstlexibility is clearly established, the
additional efforts to develop, implement and mam&n extended management system that a
flexible scope requires can be beneficial.

A laboratory’s scope of accreditation is laid dowrihe accreditation document and refers to
one or more of the following items.

*  Product

The materials, in which the GM content is quandifiean be classified as being seed
or food or feed, including their ground forms. Aedited laboratories are in some
cases accredited only for one of these specifidynts.

Note: 'Seed' has to be understood in this contex¢esds suitable for agricultural
purposes. Laboratories accredited for food or feattices only, do not test seeds but
test food/feed products, while the food/feed camscsi of grains (harvested material).

Furthermore, laboratories can be explicitly acdestlifor GM quantification of
vegetative parts from plants (e.g. potato tubetantpleaves), while others are
accredited for GM quantification in plant mateiakhe general sense.

« GM event

GM event refers to the unique DNA recombinationrgtbat took place in one plant
cell, which was then used to generate transgemictfl GM event-specific methods
are targeting the unique insertion region of theADdbnstruct (junction between

transgenic and conventional DNA sequence, furtleéerred to as the transgene-
specific DNA target).

The concentration of the GM event is calculatedhasratio of two small (e.g. 60 to
150 bp) DNA fragments present in DNA extracted frtme material tested. The
relative concentration of those two fragments ah@oliby qPCR is determined. One
of the two fragments is chosen to be specific fmadicular GM event whereas the
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other fragment is specific to the taxon or specfagher referred to as the taxon-
specific DNA target). The gPCR measurement resultxipressed as ratio of those
two relative DNA fragment concentrations.

Note: The measurement result can be expressed im@$8 fractions or in GM DNA
copy numbers. In this context the material usedHercalibration has to be taken into
account.

* Analytical procedure

The analytical procedure applied for the quantifoa of GMO is composed of a
DNA extraction method, which can be based on dfierprinciples, and a DNA
guantification method based on the measurementiplengPCR.

Note: Due to the fact that the here concerned Gbhesvare authorised in the EU,
European standardised methods validated by intmdatry comparison (ILC)

organised by the EURL-GMFF and completed with tlephof the ENGL are

available.

As the methods applied for GM labelling in the E€kd to be event-specific [6], all
methods concerned here are based on gPCR.

* Range of measurements

For some accredited laboratories, the scope spe@fiditionally the content range of
measurement results for which the accreditatioalisl.

Note: Specifying a range of measurements might éaningful when other analytical

techniques than gPCR are concerned.

3.1 Levels and degrees of flexibility

The flexibility of the scope may cover three catégm For each of the below mentioned
categories (Sections 3.1.1, 3.1.2 and 3.1.3) thkel lef flexibility can be adjusted and
combined depending on the needs and degree oftesegpef the accredited laboratory.

Figure 1 schematically compares a fixed accreditaticope with the flexible accreditation

scope. In general, it is reasonable to grant abflexscope to a laboratory that has proven its
competence for gPCR.
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other biological other transgene- other extraction
tissues specific targets methods

/

plant part event-specific extraction
method
ANALYTICAL
PRODUCT  GMEVENT PROCEDURE
FIXED SCOPE
i taxon-specific 1R
e P chemistry
other species other taxon- other qu CR
chemistries

specific targets

FLEXIBLE SCOPE

Figure 1. Schematic representation of a typical fixed sctgrea defined GM event (e.g.
MONS810 andhmg measured by a defined analytical procedure @IJAB and TagMan
chemistry) in a defined product (e.g. maize seetleg possibilities for a flexible scope
within the three categories are indicated by theves.

3.1.1 Flexibility concerning the product

This flexibility allows for changes in the specificoducts tested if this can be done using the
same testing techniques for the test parametemstmh the laboratory is already accredited.
The level of flexibility will depend on the prodcincluded in the validation of the method.

A typical fixed scope could be for MON810 maize dsea flexible scope could be on GM
seeds (in this case not limited to GM maize buéraéd to any other GM species) or further
extended to GM plant materials (in this case noitéd to GM seeds but extended to other
parts of the maize plant (e.g. leaves)).

Flexibility concerning the product can be extentiegroducts processed in different ways.
For example, GM rice can be processed into diffgpeoduct types, such as rice flour, flaked
rice grains, rice starch, roasted cereals obtamed rice or pre-cooked rice.

3.1.2 Flexibility concerning the GM event

GMO quantification by qPCR usinbagMan chemistry validated per GM event (e.g. for the
MONS810, MONB863 or DAS1507 maize event) could bestbered to be part of a fixed
scope. However, a scope defined as 'quantificatfoBM maize' or 'quantification of GM
species' by gPCR would provide different levelsflekibility. In both cases the same
measurement principle will be used (qPCR). The aliference is the DNA targeted by the
primers and probes. In the first case (quantificatof GM maize) only the event-specific
target changes, while the taxon-specific remaimitéid to one species (maize). For changes
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of the taxon-specific target the reader is refertedSection 3.1.3. In the second case
(quantification of GM species) both targets change.

3.1.3 Flexibility concerning the analytical procede

This flexibility allows for changes in the analylcprocedure of a particular method for a
specific product for which the laboratory is acdatedl This can concern DNA extraction
methods as well as DNA quantification methods b P

For example, a typical fixed scope could be a DN#&aetion using the CTAB method, a
flexible scope could comprise different DNA extrantmethods.

An extraction method used for another materialr(tthee one it was verified for) may have to
be adapted to meet the DNA quality criteria reqlifer g°PCR. Changes to improve the
performance of the method in terms of higher yiefdDNA or better PCR quality may
concern the sample intake, sample preparatiorneanelip procedure for a specific matrix.
Different extraction methods may be needed to ekttdNA from processed food or feed
containing the same species.

For PCR, parameters such as PCR efficiencies amtlid€arities can be used to monitor the
effects of small changes (e.g. changes in the P@Rading temperatures, in the primer or
probe concentrations, changes in the nature ofitloeescent probes and quenchers) on the
performance of the testing method.

Laboratories may also decide to replace a set & pfmer specific to a particular taxon-
specific gene (e.g. the replacementaaiil, used as taxon-specific gene for maize with
another taxon-specific gene suchhasg or the replacement of a set of primers targeting
different parts of the same genetic element).

In each case, the laboratory would need to dematestiuring method verification that with
those changes, the criteria of acceptance of thdated method are still met.

Methods validated by the EURL-GMFF and concernethis document have proven during
validation that the minimum performance requireraéMPR) for the regulatory purpose laid
down in [4] can be fulfilled. For the implementatithe performance criteria required and to
be achieved by the GMO testing laboratory need doclkearly described in a specific
verification plan and need to fulfil the requirenteiaid down in [7]. It is the obligation of
the laboratory to demonstrate during method vetion that the method is fit for purpose in
this laboratory and can be applied under a flexsiolgpe accreditation.

3.2 Additional specific requirements

In order to acquire a flexible scope accreditatitre laboratory holding a fixed scope
accreditation needs to introduce a number of pna@sdgoverning the management of the
flexible scope and ensuring the integrity of the#aduction of further GMO quantification
methods. The laboratory needs to set out cleaeri@itwhen a working instruction for a
method is considered under the flexible scope.

An explicit statement needs to be produced dedahat the method is to be included in the
flexible scope of accreditation, showing the timwofghe inclusion and the criteria on which

12



this inclusion is based. The scope of accreditatieeds to be updated when new methods are
included according to the guidelines of the indiat accreditation body. Additional

requirements can be found in the docunteAtrequirements for the accreditation of flexible
scopeqd8].
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4 Laboratory sample preparation — ISO/IEC 17025,c8en 5.4

Some indications and general recommendations detatsample preparation are given in the
International Standards ISO 21571:2005 [9] and [&4276:2006 [10]. Furthermore, the
ENGL is working on a guideline dedicated to sangskparation.

The following aspects have to be taken into account

* homogeneity of the laboratory sample;

» representativeness of the analytical sample angteson with regard to the
laboratory sample;

* measures to avoid cross-contamination have to kentédy the laboratory
(ensuring premises are compliant, including duséind cleaning).

Specific recommendations for those aspects canwefin the following documents:

* test portion and particle size: ISO 21571:2005¢i8e®&.1 [9]
* liquid samples: ISO 21571:2005, Section 5.1.2 [9]

* pasty samples: ISO 21571:2005, Section 5.1.2 [9]

e viscous samples: ISO 21571:2005, Section 5.1.2 [9]

* heterogeneous sample: ISO 21571:2005, Section [R]1.2
» premises: ISO 24276:2006, Section 5.3.2 [10]
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5 Method verification and measurement uncertaintgtenation — ISO/IEC
17025, Sections 5.4.5 and 5.4.6

5.1. General considerations

An accredited laboratory shall have a managemesiesy in place to provide objective
evidence that the personnel is adequately qualified trained to perform the analysis
(ISO/IEC 17025:2005, Section 5.2 [1]). In additianmetrology system shall ensure that the
equipment used is periodically calibrated (ISO/IEZ25:2005, Section 5.5 [1]). When a
method validated by ILC is used by an accreditédratory, the laboratory must, prior to its
use, ensure that the chosen method shows perfoenwraracteristics as good as or better
than those assessed in the ILC. This verificatimtgss must be documented and recorded in
the quality system [7]. If the method performanteracteristics investigated in the ILC
cannot be met, then the method performance nedusitoproved by the laboratory.

The laboratory shall establish the criteria for #teeptance of the verification results. These
criteria need to be set in such a way that sucgkssfification confirms that the method is
suitable for the intended purpose. The laboratongtmecord the procedure used, the results
obtained and a statement on whether the methdtdfds the intended purpose, e.qg.:

» design and planning of the verification

» description of the method applied

* acceptance criteria and performance requiremensgs,decided by the
laboratory

» test records of the verification measurements

» documentation of the conclusion

5.2 Method verification

Method verification concerns in the given contexdthods that have already been validated
by third parties.

The documenDefinition of minimum performance requirements émalytical methods of
GMO testing[4] used by the EURL-GMFF for the assessment of(Gietection methods
submitted by applicants within the frame of the ®/ation (EC) No 1829/2003 [2] should be
used as a basis for assessing the performancemattzod. Additionally, a working group
(WG) of the ENGL has published guidelines for tingplementation/adaptation of such
validated methods in control laboratories of the. Hde document entitlederification of
analytical methods for GMO testing when implementimerlaboratory validated methods
[7] gives guidance on how to verify that a validhteethod performs sufficiently for control
purposes in a given laboratory. The guidelinesraended for laboratories accredited with a
fixed or flexible scope under ISO/IEC 17025. In foBowing paragraphs, only the general
information contained in the guidelines publishgdhe ENGL WG is summarised.

ISO/IEC 17025 accreditation states th@he laboratory shall confirm that it can properly
operate standard methods before introducing théstes calibrations. If the standard

method changes, the confirmation shall be repdd&a/IEC 17025:2005, Section 5.4.2 [1]).
In GMO detection laboratories, the event-specifetimd provided during the application for
authorisation is used for GMO quantification. Tmsthod has been validated by the EURL-
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GMFF in collaboration with the ENGL and is availablia the website of the EURL-GMFF
and theCompendium of reference methods for GMO analy&is]. This compendium
contains qPCR-based GMO detection methods that Hees validated through ILCs
according to ISO 5725-2:1994 [12] and/or the IUP@@Gtocol [13]. Before applying such a
validated method for GMO testing, the GMO testiagdratory needs to confirm that it is
able to properly operate the method. This confiromais done during method verification.

5.2.1 Parameters for method verification

The following sections describe the parametersetgthdied for the verification of validated
methods for the quantification of GMOs. During thezification process, a laboratory should
ensure compliance with the requirements describatia following documentary standards
ISO 21569:2005 [14], ISO 21570:2005 [15], ISO 212005 [9] and I1ISO 24276:2006 [10].

As a matter of principle, a method should be im@eted as validated in the ILC, without
introducing modifications. If single elements liker example the brand of a ready-to-use
reaction mix or Taq polymerase, the PCR reaction volume, the primed @mobe
concentrations, and/or PCR cycling parameters amifrad, it needs to be ensured that the
MPR laid down in [4] are still fulfilled. The prodhat a change of a general PCR condition
does not invalidate the validation data may bei@drout on a limited number of PCR
methods selected by the laboratory. However, ifldberatory decided to verify the changes
on a limited number of PCR method (and not on #lly the responsibility of the laboratory
to ensure that the selection of methods is meamintifis for instances recommendable to
include methods targeting various species as wetethods that are less robust.

At the time of the method verification CRMs are italgle to the laboratories. Therefore, the
verification process is preferably conducted on GRNno CRM is available at the proper
concentration levels, additional steps have todmsiclered (Section 7).

5.2.1.1 Sample preparation

An essential step for obtaining reliable GM measwaet result is the sample preparation or
grinding of the samples to be analysed. Grindinpsh¢o ensure the homogeneity of the
tested batch and thus the representativeness desheortion analysed. Moreover, it can
facilitate the DNA extractability.

In general, more DNA can be extracted per massfront a sample with a smaller average
particle size. It is therefore important to detarenthe minimum sample size and to consider
the maximum particle size required to reach a $ipdonit of detection (LOD) using a given
sample intake. For example, seed/grain sampleswconated at the level of the LOD of the
method should be ground and tested each indepéyndesix test portions (analogue to the
checking of the DNA extraction in six test portidi@$). If all test portions test positive, the
grinding conditions are suitable and the test parttan be considered as sufficiently
homogeneous.

If the test portions give different results, théndmg conditions do not lead to sufficiently
homogeneous material and need to be improved.

Alternatively the particle size can be measuredgisi particle size analyser or a sieving test
and the average particle number in the test pod&imated. If each test portion contains at
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least 3000 particles, an LOD of 0.1 (m/m) % canassured assuming a homogeneous
Poisson distribution. If there are reasons torasstinat the contamination in the samples are
likely to be heterogeneous, it is better to enshat the test portion contains at least 10000
particles which would allow for a heterogeneoussBan distribution.

5.2.1.2 DNA extraction

The DNA extraction method should provide DNA of table quality and quantity for
subsequent analysis. DNA extraction and the seledf a method are crucial, as the quality
and quantity of DNA extracted can significantly eadff the final result. Two cases can be
considered depending on whether or not the apdl®bh extraction method has been
previously and appropriately validated.

If the DNA extraction method has been previousliidaded (either by the EURL-GMFF or
another organisation) for the purpose in questsami{ar matrix, etc.), the laboratory has to
check whether the method delivers also in this ifipdaboratory DNA extracts suitable for
PCR and meets the criteria set out in the docurienification of analytical methods for
GMO testing when implementing interlaboratory vatetl methodgr].

Procedure: DNA extraction is carried out at leaste (three times recommended) each time
on two test portions, if possible on different daysl by different operators.

Acceptance criteria: The DNA extractions should tmie acceptance criteria for DNA
concentration and quality (e.g. by checking amgdifion efficiency and testing for the
absence of inhibitors by gPCR) [7].

Note: DNA extraction methods applied to one mainixy not be suitable for other matrices,
while the intention is to apply the extraction nowthon different matrices. For the
verification of a DNA extraction method the testedhtrix does not necessarily have to
contain GMOs. However, it needs to be tested onGhEevent if the event modifies the
composition of the material in a way that might éan impact on the DNA extractability
(e.g. starch-modified potatoes).

If the DNA extraction method has not been previpugdlidated for the purpose, the
laboratory has to check whether the method deli@ig extracts suitable for PCR. This is
usually done in a single laboratory validation.

Procedure: The DNA extraction is carried out astef@ve times on the same sample, if
possible on different days and by different opemato

Acceptance criteria: The DNA extract should mee¢ #cceptance criteria for DNA
concentration and quality (e.g. by checking amgdifion efficiency and testing for the
absence of inhibitors by qPCR) which have beenoresldy set by the laboratory, e.g. by
using acceptance criteria from other internatignadllidated extraction methods for the same
plant species, or for the same type of food or faeduct [7].

At this stage the laboratory has validated the D&raction method for the matrix used
during the validation. If the method is intended®applied for other matrices the laboratory
needs to verify DNA extraction methods for the othmatrices concerned or even broaden
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the scope of the validation by using the most iewnatrices for which it requests a flexible
scope accreditation. For food and feed producis itecommended to use at least three
different product types should be tested per spe@q. rice flour, flaked rice grains, rice

starch). If the laboratory only deals with one sfie@roduct type, the verification can be

based on this one product type only. The matriceklwwere tested and the conclusions
drawn for the applicability of the validated methoged to be clearly stated by the

laboratory.

5.2.1.3 DNA concentration

Procedure: After applying the DNA extraction mettwdroutine samples, the concentration
of DNA in the extracts should be measured.

Acceptance criterion: In the verification procesfien a DNA extraction method is applied
to the same matrix as in the validation study,atmunt of DNA extracted should be at least
equal to the results obtained in that study. Ththoteshould provide DNA in an appropriate
amount for the intended analysis, at least enoaghdet the desired LOD and LOQ and the
required representativeness.

Note: The DNA yield of an extraction method depesttengly on the material used. Even
the same type of matrix can lead to differenceg. fgesh maize graingersusold grains).
Furthermore, the composition of the samples canente the DNA amount measured and
the amount does not necessarily give an indicatmut the PCR amplifiability of the DNA.
However, comparison with similar samples and thasueed DNA concentration allows to
draw conclusions on the suitability for PCR. If &/M® extraction method does not give an
appropriate yield for the intended analysis on di@dar matrix, the LOD will be affected
[7] and the impact needs to be evaluated.

For the impact of the particle size check Secti@ni51.

5.2.1.4 Absence of inhibitors

Inhibition of a PCR reaction may depend on the darfipm which the DNA is extracted and
on the DNA extraction method applied. Thereforendmbition check needs to be carried out
unless it can be proven (during method verificgtidghat a certain sample/method
combination does not lead to inhibition.

Procedure: Each DNA extraction replicate obtaimechfthe sample is diluted as done during
routine analysis (further referred to as workindutitbn). From this working dilution, a
dilution series of, for example, four concentrati@are analysed by qPCR (at least two PCR
replicates per dilution). The measurement resuéisiaed to obtain a calibration curve.

The preferred PCR assay for the inhibition teshigeting the taxon-specific DNA. The total
DNA amount in the working dilution should be atde#ghe same as the total DNA amount
intended to be used in the verification processiariie later routine analysis (e.g. the DNA
amount indicated in the PCR protocol for the taspeeific measurement).

Acceptance criterion: From a four-fold calibrati@urve the average differenc&Aq)

between the measured Cq value of the dilution &edcilculated Cq value of the further
dilution (calculated from extrapolation of the Calwes of the following dilutions) should be
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< 0.5 [measured Cq — extrapolated Cq < 0.5] andlihyge of the calibration curve should lie
between-3.1 and-3.6 [7].

If the extracted DNA solution contains inhibitotbe DNA has to be further purified or
diluted to the level where no inhibition of the P@#ction is observed before it is used for
gPCR.

5.2.1.5 Specificity

Specificity has already been investigated in thetext of method validation; the specificity
does therefore not need to be experimentally inyatstd during verification. In case of doubt
the specificity of the method can be verified expentally using e.g. CRMs. Additionally it
can be helpful to investigate the absence of hagusnce similarityn silico between the
amplicons and a database using dedicated algoritbintmparing primary DNA sequence
information (e.g. Basic Local Alignment Search Tjodlowever, it has to be born in mind
that the transgenic sequence cannot be coverdteldgtter approach.

5.2.1.6 Linear range, Rcoefficient, and amplification efficiency

Procedure: Linear range, coefficient of determorafR’), and amplification efficiency are
verified simultaneously from calibration curves wheesting other parameters, such as
trueness and precision. The mean values of atti@astalibration curves should be taken.

Acceptance criterion for linear range: The linesmmnge must cover the values corresponding
to the expected use which is typically the legalelang threshold of 0.9 % for authorised
events [2] or 0.1 (m/m) % for LLP events [3]. Theelr range should be expressed in either
GMO mass fractions or copy number ratios, whildirsgaclearly which measurement unit
has been used. Mass fractions can be expressedkgolgas a percentage (g/100 g).
Preferably copy number ratios are also expressadpascentage.

Note: The linear range mentioned above is called'dlgnamic range’ and is defined as the
range of concentrations for which the method hab wan acceptable level of trueness and
precision a linear relation between the logaritHrthe concentrations and the Cq values. The
decadic logarithm of the concentration is plottggiast and the Cqg values to generate a
calibration curve.

Acceptance criterion foR? coefficient: The recommended average valueRofshall be
> 0.98.

Acceptance criterion for amplification efficiencyFor quantitative methods, the
recommended average value of the slope of theratibib curve shall be in the range €3.1
and-3.6 [7].

5.2.1.7 Trueness and bias

Trueness is the qualitative expression of the desg of agreement between a measured a
reference (usually the certified value of a cextifreference material). Bias is the quantitative
expression of trueness.

19



Procedure: The trueness should be determined avel tlose to the level of decision
(typically the legal labelling threshold of 0.9 %r fauthorised events [2] or 0.1 (m/m) % for
LLP events [3]). Preferably, as outlined in [7]éness should, if possible be verified at two
level, e.g. the level of decision and the LOQ. Angs detected needs to be eliminated or
corrected (Section 5.2.2.3) in order not to hantpertrueness of the obtained measurement
results.

Acceptance criterion: If no significant differené® observed between the measurement
results obtained on the CRM and the certified vakensidering both uncertainties, the
trueness of the method is confirmed [16].

If no CRM is available with the required GM masaction additional steps need to be taken
(Section 7.2). Alternatively the outcome achievgdaldaboratory within a PT can be used to
verify if the reported value is in agreement witle tonsensus value. Acceptance criterion: A
z-score and a zeta-score between 2 and -2 camba&leced as satisfactory.

Note: The interpretation of z-scores alone needBetdvandled with care as the consensus
value may differ from the true value. For the ewatilbn of the PT outcome the expected GM
level (e.g. from the spiking of the PT sample) dtidae taken into account.

5.2.1.8 Relative repeatability standard deviation

Procedure: The relative repeatability standard atean (RSD) can be determined in a way
similar to that described under trueness (Sectidrl). It is calculated from PCR replicates
run under repeatability conditions. Repeatabilihpwdd be investigated for different GM

concentrations using the same procedure and instruomder the same conditions within a
short period of time.

The testing conditions (reaction volume, PCR maghimumber of extractions and number of

PCR replicates, etc.) should be the same as thosggydoutine analysis of samples. Results

from at least 16 PCR replicates should be obtaiBgdmples for possible test designs can be
found elsewhere [7].

Acceptance criterion: RSBZhould be< 25 % (calculated on the measured GMO content),
over the dynamic range of the method.

5.2.1.9 Limit of detection

Procedure: A positive control material of low GMncentration can be measured in 10 PCR
replicates, and if all replicates are positives tinifers that the LOD is with a 95 % confidence
level below or equal to the positive control matkeiconcentration. One possible way of
calculating the LOD is given in [17], an alternatiis outlined in [7].

Acceptance criterion: Whenever validation dataau&@lable the LOD should be in line with
those data [7].

Note: During method verification the laboratory addished the LOD with a certain

confidence level, usually a LOD with 95 % confidennoterval is calculated. This LOD and
its confidence level are based on a number of measnts. During the routine application
of qPCR less than 10 (usually 2 to 3 measuremangsperformed. As gPCR ideally detects
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each single amplifiable molecule in the reactiobetua discrepancy can sometimes be
observed between the results obtained during LQ&bkshment and during routine analysis.

The reason for this discrepancy is that 2 to 3tpesimeasurement results may be observed
even at this confidence level of 30 %.

5.2.1.10 Limit of quantification

Procedure: A positive control material of, for exaey 1 g/kg (0.1 (m/m) %) can be analysed
in 10 PCR replicates of the GM target and 10 repdis of the taxon-specific gene target. The
RSD at the LOQ should be below 25 % (calculated onrtfeasured GMO content). To
establish the true LOQ, it would be necessary t&ardilutions to a lower GM content (for
further guidance see [7]). Besides the R®Btablished at the LOQ, the trueness of the
measurement should be verified during method wattifon (Section 5.2.1.7).

Acceptance criterion: Whenever validation datasalable, the LOQ should be in line with
(or better than) those data [7].

Note: By establishing the LOQ on 10 PCR replicatesved from the same DNA extract, the
potential effect of the DNA extraction method i novered.

To ensure that the DNA concentration has not beenestimated, a test could be performed.
A nominal dilution of 0.1 copy per PCR reactiortasted in six replicates. No more than one
out of the six replicates should create a positieasurement signal [7].

5.2.2 Measurement uncertainty estimation

Measurement uncertainty (MU) is estimated using aditained on samples within a given
laboratory, establishing the intermediate measuném@ecision. There are different
possibilities to establish the intermediate measerd precision, one option is to use the data
generated during method verification [7]. Anothgtion is using data obtained on laboratory
samples (such as internal quality control or rasample data). The accessibility of samples
might influence which approach is to be used.

GMO laboratories may also use information derivieanf the following procedures to aid
their estimation of the uncertainty of measurenmestilts:

* the ISO/IEC Guide 98-35uide to the expression of uncertainty in measuréfis]
« the EURACHEM/CITAC Guide CG4: @antifying uncertainty in analytical
measuremerit9].

The possibility to use data obtained on routine@amhas been outlined, together with other
options, in the Guidance Document on Measurement Uncertainty for OGNlesting
Laboratories [17]. In this document worked-out examples areviged. The general
approach is to estimate the intermediate measutermpegtision using the repeated
independent analyses of a range of real sampleadththe uncertainty connected to the bias
control. This general approach is valid as longasignificant measurement bias has been
found during the bias control and is based on tleedtést report [20] and outlined in
Sections 5.2.2.1 to 5.2.2.6 of this document.
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Note: MU estimation is independent from the unit méasurement (being either mass
fractions (m/m) or copy number ratios) and is emrout in the same way for either unit of
measurement.

MU is a single parameter that describes the qualityneasurement and is linked to the
individual measurement performed and each labordttas to evaluate the specific MU for a
measurement result obtained under defined condition

MU is ideally estimated using routine samples as ¢émsures that the characteristics of the
samples intended to be analysed are taken intauatddowever, enough routine samples are
not always available or accessible to the routaimiatories and alternatives might need to
be considered (Section 5.2.2.1, Note).

MU should take into account all effects on a measient process. If sampling is outside the
control of the testing laboratory, and it is comesatl as a meaningful component in the MU
budget, it should explicitly be stated that theentanty budget does not cover the sampling
uncertainty.

A control laboratory shall always estimate [1] atduld report the MU associated with their
analytical results.

5.2.2.1 Measurement uncertainty estimation usingarmediate precision

The general approach is to estimate the intermegiacision and to determine it by repeated
independent analysis of samples in analytical thas represent the long-term variation of
analytical components within the laboratory, e.gfedent operators, stock solutions, new
batches of critical reagents, recalibrations ofigapent, etc. Also, samples should represent
the different matrices and concentrations to whiah estimates of MU will be applied. In
particular, samples with a GMO content close tothresholds against which results will be
compared should be included (which is typically tbgal labelling threshold of 0.9 % for
authorised events [2] or 0.1 (m/m) % for LLP evdB{3$. MU estimates should be updated or
at least verified as new results become available.

Repeated independent results produced on at I&asarhples should be used X 15). In
order to maximise the matrices and concentratidndied it is recommended that the
smallest replication e.g. two independent measunésng = 2) per sample (two extractions
from the same sample), is applied to the largesthar of samples possible.

For the following approach the observation thatrtteasurement uncertainty is composed of a
constant partup) which is independent of the GM content measureti arelative partu)
which is proportional to the GM content measuredused. Measurement uncertainty is
therefore dominated hy, when lower GM contents are measured andywhen higher GM
contents are measured. Both aspects are takeconsitderation in the following approach.

The standard deviatios)(is calculated twice for two different situatior@nce using the six
results with the lowest mean GM contetN <6, n=2) and once using the remaining
samples with higher mean GM conteNtX 9, n = 2). The standard deviation derived from
results with low GM content gives the constant péithe measurement uncertainty)(and
needs to be combined with the standard deviatioivete from samples with higher GM
content (p0) and the uncertainty related to the biagi.{, together representing the
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proportional part of the measurement uncertainky, fia9. In this way the repeatability
component will be included twice, but is normaltyl small in comparison to the between-
day variation. For the same reasoning the resulitagdard deviations) is directly used
(Equation 4 and 5) to estimate MU as s and not divided by the square root of the number
of measurement). This approach is valid if the repeatability betmethod is negligible
compared to the day-to-day variation. For furthetads see [20].

Note: The availability of samples is often the limg factor in the above described approach.
The laboratory may be forced to estimate the MUewer samples and/or different sample
matrices (in the extreme case only using a referenaterial). In such cases the laboratory
should consider to add an uncertainty componenthi@rparts which can (currently) not be

investigated due to the lack of samples represeathdr routine analysis. Such an additional

uncertainty component can for instance be estimattethe basis of observations made with
other species and/or matrices and is referred teamsciliation procedure [19].

It is in all cases recommendable that the laboyaterifies that the estimated MU covers the
observed scatter of measurement results observatydoutine measurements. If this is not

the case, this is an indication that the MU hasnbenderestimated and needs to be
reconsidered (Section 5.2.2.3, Equation 7).

5.2.2.2 Intermediate precision

The mean ¢ ) of two independent analytical results is caledaas (Equation 1):

Cipt Cip
ci = —2
ci mean of two analytical results
G1 result of first analysis of sample 7
G2 result of second analysis of sample 7

The absolute differenced() between the first and the second analysis isutziled as
(Equation 2):

d; = |cip — ¢
d absolute difference between two analytical results
G1 result of first analysis of sample 7
G2 result of second analysis of sample 7

The relative difference between analyskg( is calculated in per cent as (Equation 3):

d;
direl = — - 100
Ci
A rel relative difference
d absolute difference between two analytical results
Ci mean of two analytical results

23



Given a set of differences and relative differerzasulated from the analysis of a number of
samples N > 15,n = 2) the mean differendg ) and mean relative differen¢d, ;) can be
calculated. Afterwards the data derived from thxergsults with the lowest mean GM content
(N=6,n=2) are used to calculasg and the remaining samples with higher mean GM
content N> 9,n = 2) are used to calculatg,.

In the case of two independent measurements rgauit), 5 is estimated via (Equation 4):

So = o 113 Ug
S0 standard deviation associated with samples with a lower GM content
d mean difference
@ 1.13 (rounded constant depending on the number of independent measurements (1)
[20])
o measurement uncertainty associated with samples with lower GM content

The standard deviation associated with samples igther GM contents,) is estimated as
a relative parametesyo re) and given by (Equation 5):

_ di,rel _ di,rel _
Spro,rel - d - 1.13 - upro,rel
2 .

Sprorel  Telative standard deviation associated with samples with a higher GM content
dirq mean relative difference
a 1.13 (rounded constant depending on the number of independent measurements [20])

5.2.2.3 Trueness control

A CRM with its certified value and uncertainty shobe used for the trueness control. After
the measurement of a CRM the bias can be quantif@dthis the absolute difference
between the mean measured value and the certdiee ¢an be calculated as (Equation 6):

dm = |Cm_ CCRMl

dn difference between mean measurement result and certified value
Cn mean measurement result obtained for the CRM
crv  certified value of the CRM

The uncertainty ofd,, is calculated from the uncertainty of the certfigalue and the
uncertainty of the measurement result.

The uncertainty of the measurement resuly) can be estimated by dividing the standard
deviation by the square root of the number of mesamsants carried out (Equation 7):
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Um standard uncertainty of the measurement result
S standard deviation of the measurement result
n number of independent measurement results

The expanded uncertaintiekgryv Of each certified value are given on the CRM dedie.
The standard uncertaintycrv, Of the certified value is obtained by dividingetistated
expanded uncertainty by the coverage factor givethe certificate.

The combined standard uncertainty.)( of measurement result and certified value
(uncertainty ofdy,) is calculated according to (Equation 8):

U = Vumz + uCRMz

U combined standard uncertainty of the measurement result and certified value
U standard uncertainty of the measurement result
UcrM standard uncertainty of the certified value

Note: In case of asymmetric uncertainties of theifesd value, the uncertainty concerned
has to be taken. For example, if the measured Jalabdove the certified value the 'plus’
uncertainty of the certified value has to be taken.

The expanded uncertainty, corresponding to a confidence level of approxetya®5 %, is
obtained by multiplication afi. by a coverage factor (Equation 9):

U=k - u,
U expanded uncertainty of difference between result and certified value
k coverage factor
U combined standard uncertainty of the measurement result and certified value

Note: For most purposes it is recommended thatvarage factor ok = 2 is used as the
statistical observations have a degree of freedian least 6 [19].

If dn (the absolute difference between the mean measaleé and the certified value) is
smaller or less thatJ (the expanded uncertainty of the difference betwessults and
certified value), then there is no significant difnce between the measurement result and
the certified value, meaning that the method da#shave a bias. In case a bias is found, the
cause has to be investigated and preferably eltedn&pproaches to calculate a bias can be
found in theGuide to the expression of uncertainty in measuneés{&UM) [19], but have to

be considered carefully as a bias may be a constam@y be proportional to the measured
GM concentration.

In the case that no CRM with the required concéntnaevel is available for bias control,
CRMs certified for their GM purity can be used. Tsandard uncertainty of a sample
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produced by the laboratory has to be estimatedyusso the purity data of the CRMs used
(Section 7.2.2).

5.2.2.4 Estimation of the uncertainty component asgted with bias

The relative standard uncertainty associated Wighbias (nias re) IS given by (Equation 10):

SCRM,rel 2 UcRrRM 2
Upias,rel = \/( \/H ) + <CC . 100)
RM

Ubiasrel  Telative uncertainty related to the bias

Scrmrel  relative standard deviation associated with the CRM measurement
n number of measurements
UcrM standard uncertainty associated with the certified value of the CRM
CCcRM certified value of the CRM

Note: In case of a bias the experimental set-uplghme changed until no bias is found. If the
bias cannot be eliminated the approach describeg] beonly adding the uncertainty related
to the trueness control and the bias quantificaipns ), is not sufficient. In case that the
bias is not eliminated, which is generally not meotended, the bias needs to be added
additionally to the uncertainty estimation. Fortlar information see [19].

5.2.2.5 Calculation of the proportional part of theandard uncertainty

The proportional part of the standard uncertainty, {) is combined with the relative
uncertainty associated with biag,{s ) using (Equation 11):

— 2 2
Upro,bias,rel = \/upro,rel + Upjas,rel

Uprobias, rel relative standard uncertainty associated with bias and samples measured with a
higher GMO content

Uproyrel relative standard uncertainty associated with samples with a higher GMO
content

Ubias rel relative standard uncertainty associated with bias

Note: The individual standard uncertainties neeldaee the format of a standard deviation in
order to allow summing up. Independent uncertantien be combined by taking the square
root of the sum of the individual squares [19%orer @nd Upiasrel are not completely
independent from each other as all measurementsinfiteenced by the intermediate
precision of the measurements. The effect of takigytwice into account for the uncertainty
estimation is considered to be negligible.
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5.2.2.6 Evaluation of measurement uncertainty

The uncertainty contributions are assumed to beposed of a constant contribution and a
contribution proportional to the measured conteldoth can be estimated from intermediate
precision data obtained on within-laboratory sampfor the standard uncertainty, and
Upropias, rel (EQuation 4 and 11) are combined. The standardrtamcty u associated with a
measurement resudtis given by (Equation 12):

2 (C ' upro,bias,rel)z
u= |up+

100

U measurement uncertainty associated with samples with lower GM content
c measurement result
Upro,bias, rel relative standard uncertainty associated with bias and samples measured with a

higher GMO content

Note: It has to be stressed that equation 12 id walder the assumption thaj is constant
and uprobias, rel IS proportional to the GM conteot This assumption should be checked using
in-house validation or verification data.

It can occur thatly is so small that it can be neglected.

Regulations (EC) No 1829/2003 [2] and (EC) No 12808 [21] set a labelling threshold for

the total authorised GMO presence on an ingrediasis. As such, the GMO contents for
various events of one ingredient must be addedhegand the uncertainties associated with
each individual GMO measurement combined. The Miasious methods can be combined
by adding the squares and taking the square rabeasum (Equation 13):

— 2
Ue = § umeth,i
i=1n

uc combined standard uncertainty associated with the measurement result for one
ingredient
n number of methods applied

Umethy  absolute standard uncertainty of individual method

The expanded uncertainty (giving a confidence level of approximately 95 &yiven by
(Equation 14):

U=2 " u

U expanded standard uncertainty
u standard uncertainty (in case of various events u)
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6 Measurement unit for GMO quantities — ISO/IEC 126, Section 5.6.2.2.1

The measurement signals of gPCR are Cq (quanidicatycles), which correspond to the
number of amplification cycles a DNA extract has uondergo in order to pass a set
fluorescence detection threshold. The Cq valueahagaverse correlation with the number of
amplifiable DNA targets in the extract. But thesenio simple and theoretically predictable
correlation between the number of initial DNA tasgand the Cq measured by gPCR. As
various reaction conditions of gPCR and potentiatrix effects influence the measured Cq,
knowledge about the genetic composition of the tphaaterial does not allow to predict the
measurement results. In order to translate the Ktgireed for DNA extracted from an
unknown sample into a measurement result, caldoraif the gPCR signals is required. The
calibration determines whether the measurementtnssexpressed in GM mass fractions or
in GM-DNA copy numbers relative to target taxon<pe DNA copy numbers calculated in
terms of haploid genomes.

Measurement results of GM food and feed samplesbeaaxpressed as a percentage and
would be either mass fractions or GM DNA in relatim total species DNA. In both cases
the measured GM content is expressed relativeefertative to the mass of the species or
relative to the taxon-specific gene content).

The intended calibration approaches describedaridtiowing are meant to be used together
with the EURL-GMFF validated qPCR methods.

6.1 Calibration of gPCR measurements for resultgexssed in mass fractions

For all GM events authorised in the European Un©RMs are available which are either
certified for a GM mass fraction or for their mas$ated purity (nominal 0 and 100 % GMO
CRMs).

6.1.1 Calibration with CRMs providing values for Maus mass fractions

CRMs certified for different GM mass fraction arged to extract DNA and to set up two
calibration curves: one for the transgene and ametlfe taxon-specific gene. Each mass
fraction CRM leads in this case to a point on eegalibration curve. Using the CRMs in this
way ensures that dilution does not eliminate pdssitatrix effects of food and feed samples.

The other approach often applied, namely to extEddA from the CRM containing the
highest concentration of the GM event and to dillne extracted DNA to set up the two
calibration curves, requires a further quality cohto check for possible matrix effects
(Section 7.4).

It is important to set up both calibration curvesni the same DNA extract and individual
extracts need to be pooled beforehand. By enstiniisg possible mistakes related to DNA
guantity measurements are equalled out (e.g. arestumated DNA quantity would be
equally overestimated for the transgene and tapexic calibration curves).
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Using the certified value of the CRM and taking tt#ution factors including their
uncertainties into account, the transgene calidmaturve allows conversion of the measured
Cq for the transgene in an unknown sample into a B&4s and the taxon-specific gene
calibration curve allows conversion of the measugdor the taxon-specific in an unknown
sample into the total species mass. The ratio tf ives the GM mass fraction.

Note: In both cases of setting up a calibrationveua minimum of 5 calibration points
should be used per calibration curve [7].

6.1.2 Calibration in mass fractions with pure GM GRS

DNA is extracted from the CRM containing pure GMtaral and is diluted to set up the two
calibration curves: one for the transgene and ong¢hke taxon-specific gene. Afterwards the
ratio of both is obtained as described in Sectidnl6

A further quality control check for potential mateffects is required (Section 7.2.1 or 7.2.2).

6.2 Calibration of gPCR measurement results expexssn GM DNA copy
number ratios

For a few GM events authorised in the EU, CRMsctdibration of measurements expressed
in haploid genome ratios are available.

Note: With respect to many plants, which are pajigpin the mitotic phase (sporophyte), the
haploid genome would still represent more than ger@dome equivalent in the meiotic phase
(gametophyte). Thus, the term 'haploid’ might bsl@ading and should be understood in this
context as 'holoploid' (for further information 4@@j).

6.2.1 Calibration in haploid genome ratios with aleble CRMs

A plasmid CRM containing both the transgenic and taxon-specific DNA fragments,
certified for its DNA sequence and suitable forilwation is used for setting up the two
required calibration curves. The various calibmatfmints are achieved by dilution of the
same plasmid solution. More details can be fourf@3h

Note: In both cases of setting up a calibrationveua minimum of 5 calibration points
should be used per calibration curve [7].

6.2.2 Calibration in haploid genome ratios in théosence of CRMs

In the absence of a CRM for calibration, a plasogdtaining the two targets (transgene and
taxon-specific gene) in a known ratio can be u§€ate has to be taken that the purity of the
plasmid can be guaranteed (no contamination e.th plasmids containing a different
number or ratio of the two targets) and that thesiplid is suitable for PCR amplification
(identical efficiency of the targets during ampétion). Information about the suitability
check for calibration can be found in [24].
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6.3 Additional notes

(a) Calibration processes are linked to an uncestaiin general, the uncertainty of the
calibration process has to be added. To cover ¢peoducibility of the calibration, it is
recommendable to carry out several calibrationsindurthe method application or
verification. Use of these values to estimate thg Mked to the GMO quantification
measurements ensures that the uncertainty covergphoducibility of the calibration curve.
In case of a mass fraction certified CRM the uraiety of the calibrant is given by the
certified value and its expanded uncertainty. Hoe tertified plasmid calibrants the
uncertainty has been found to be negligible. Howeseen for the mass fraction CRMs the
uncertainty is often less than one third of theantanty arising from the reproducibility of
the gPCR method and can therefore, using the GUdoagh [19], be neglected. A careful
evaluation of the uncertainty linked to the caltlma process is strongly recommended. In
particular the non-equivalence of plasmid and ganddNA in the PCR process has to be
considered.

(b) The conversion from measurement results expdessmass fractions into measurement
results expressed in haploid genome copy numbeosras connected with a huge
uncertainty, which leads often to meaningless tesa$ discrimination from zero is not
possible anymore, for details see [25].

(c) Also the mass fraction based reference systemrtificial, as gPCR quantifies DNA
targets. As these DNA targets are not necessayugly present (and accessible) in different
samples of the same mass with the same GM evespamies identity, the CRM and the
gPCR methods set the reference system and thes#fotdd be specified when reporting the
measurement results. One should be aware thatresase of several CRMs with different
mass fractions for the calibration curve compam@drne CRM (dilution of the extracted
DNA) influences the reference system. In the fosse the reference system is based on the
two varieties used as GM and non-GM componenthénG@RMs: in the second case the
reference system is based on the variety used am@terial.

(d) The application of thaCq method is generally not recommended. Ag method uses
one calibration curve for the ratio of transgenrd gaxon-specific DNA fragments and
depends on identical efficiencies of the PCR anwaliion of transgene and taxon-specific
target genes, which is often not realised. Befgplyang a ACq method it needs to be
verified that the PCR amplification efficiencies bath, the transgenic target and the taxon-
specific target are not significantly differentiinceach other. This is checked during method
validation and verification. In this case DNA istected from various CRMs and used to
establish the required calibration curve. The \ai@h which would be required after a
transformation of a validatetiCq method into a qPCR method using two standarmsesus
not covered by this document. The related minime@nigpmance requirements which would
need to be met during the validation of the qPCRhotkare outlined in [4].
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7 Selection and use of reference material — ISO/IBEC025, Section 5.6.3

CRMs with certified values traceable to Sl Units measurement shall be used when
available [1]. The quality control with a CRM veei$ if a correct measurement procedure
(including calibration) has been carried out andhi#é measurement results obtained on
routine samples can be trusted. Only CRMs certifeedheir GM content expressed in the

same measurement unit as the one established duoahigration can be used for a

meaningful quality control.

7.1 Quality control with CRM available with the adaate GM concentration

A different CRM from the one used for setting up ttalibration curves is used for quality
control of the measurement system. This CRM istécedike an unknown sample and
analysed using the two calibration curves. The orealsvalue and its standard deviation
should be compared to the certified value and misertainty as outlined in Section 5.2.2.3
[16].

When using such a matrix CRM for verification, tnecertainty derived from the verification
data covers the uncertainty related to the extracttep.

For measurements calibrated in haploid genomesrahe matrix CRM certified for its
haploid genome ratio is used for quality contrdliSTCRM is treated as an unknown sample
and analysed using the two calibration curves éshaa with the independent calibrant.
Note: CRMs certified for their GM concentrationhaploid genome ratios are only available
for a few GM events.

7.2 Quality control with CRM materials mixed in tHaboratory

Some of the CRMs are not available in the desirétl @ncentrations and the laboratory
may need to produce other GM concentration, ergdébtermining the LOQ and LOD or to
have a quality control material close to the GMamntration of interest.

Four situations in which additional GM concentratievels need to be produced by the
laboratory can arise:

* the GM and non GM CRMs are only available as pe®dsmaterials (Section
7.2.1);

» the GM and non GM CRMs are only available as pueder materials (Section
7.2.2);

* the mixed GM CRMs are only available with inadegu&M concentrations
(Section 7.2.3);

e the GM and non GM CRMs are only available as extchdNA solutions
(Section 7.2.4).
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7.2.1 GM and non-GM CRMs available as pure seed eniais

As the material is certified to be pure non-GM gnde GM material, respectively, no
homogeneity issues need to be considered for thd @Rl a lower sample intake than the
minimum sample intake recommended for analysis lmarused. Two possible ways are
proposed:

7.2.1.1 Mixing at seed level

Provided the average mass weight of the seedmikasithe seeds are counted and mixed to
achieve the desired composition (1 GM seed wittR19&1-GM seeds for a 0.05 (m/m) %).
The whole sample is first ground in a blender. Aftat, the powder is ground in a mortar to
achieve a homogeneous material.

Note: This approach is only feasible for small seekt the same time very small seeds may
be time consuming to count and the use of balamigist be considered. Attention should be
paid to the fact that GM seed batches may contéim avcertain (low) probability non-GM
seeds. Grinding of the samples may lead to diftgparticle sizes or larger particle sizes than
required. In this case (or in the case that thimoabe excluded) mixing at DNA level and
control of matrix effects by spiking into a non-GMéxtract is recommended (Section
7.2.1.2).

Currently only a limited number of CRMs are avaiéahas pure seed materials.

7.2.1.2 Mixing at DNA level

As stipulated in [7] separate portions of non-GMdsand GM seeds are ground, and the
DNA extracted separately from both. The contenth& taxon-specific gene for the GM
positive (solutiond) and the GM negative (solutid®) DNA extract should be measured on
the same plate with the same calibration curve. idleame required of solutioB can be
calculated using the following formula (Equation):15

B=(3) - @-1

b
B volume of solution B[uL] (required per pL of solution A)
a copy number of the taxon-specific gene in solution A4 [puL] (GM positive DNA extract)
b copy number of the taxon-specific gene in solution B[pL] (GM negative DNA extract)
d targeted dilution factor (e.g. from 10 % GM to 1 % GM = 10)

Example:

Solution A is DNA extracted from a pure GM material (nomid#@l0 (m/m) % GM) and
solutionB is extracted from a non-GM material (nominal Orinf GM). A volume of 5 pL

of both solutions is measured by PCR and the velajuantity of the taxon-specific gene
determined. As the taxon-specific gene quantitydetermined relatively only limited
information about the theoretical copy numbers,abherage genome size and the zygosity is
needed. The theoretical copy number should be atarto avoid that a sample contains less
than 30 copies.
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The quantification of the taxon-specific gene gives example 1000 copies/5 puL
(= 200 copies/uL) for solutiom and 800 copies/5 pL (= 160 copies/pL) for solutidn
Targeting a dilution factor of 10 (and a nominahcentration of 10 (m/m) % GM), the
volume required of solutioB (in puL) to dilute 1 pL of solutio can be calculated using
Equation 15:

B = (200/160) (10-1) = 11.25 pL, so that 1 pL of solutidnhas to be mixed with 11.25 pL
of solutionB. For practical reasons it is advisable to mix @0 pL of solutiorA with 1125
pL of solutionB.

After adding together the two DNA solutions accagly, the new DNA solution has to be
mixed thoroughly.

The mixtures can be used to test the correctnessméasurement result using the diluted
extract from a pure GM material and analysing trea@ples in triplicate, on three different
days.

Note: For the estimation of the uncertainty therapph outlined in Section 7.2.2 can be
used.

7.2.2 GM and non-GM CRMs available as pure powdeaterials

As the materials are certified to be pure non-GM anre GM material, respectively, no
homogeneity issues need to be considered for thd @Rl a lower sample intake than the
minimum sample intake stated on the certificatelmansed. Furthermore, the materials have
been ground using industrial mills which lead tatipkes sizes that allow weighing of
samples in the mg range without the introductiotoofhigh scatter.

It should be noted that the total DNA content ia lure GM and non-GM material should
not be significantly different. This is normally viestigated by the CRM producer and
reported in the certification report. Additionallgare must be taken that the extraction
method employed does not introduce a bias.

In the case that different DNA contents were foumdhe non-GM and GM powder, the
approach as outlined in Section 7.2.1.2 shouldseel fior mixtures at DNA level.

Example:

A 1 g sample containing 10 g/kg (or 1 (m/m) %) qfaaticular GM can be obtained from the
following two CRMs:

* GM material certified to contain with 95 % probatyil> 985 g/kg (> 98.5 (m/m) %)
of the GM event;

* non-GM material certified to contain with 95 % padldity < 1 g/kg (< 0.1 (m/m) %)
of the GM event.
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In order to avoid the introduction of a bias duedifferent water contents of the GM and
non-GM material, it is recommended to equilibrdie tvater content of both powders for
24 h (spread the powder on a dish and exposetaitlin the laborator$)

Afterwards the laboratory should use an analytlwa@lnce to weigh 0.99 g of non GM
powder and 0.01 g of GM powder. The GM mass fracfisy) is calculated as (Equation
16):

1000 (mgym * Pem + MngMm * IPNGM)

mgm + MngMm

WeM =

Wem GM mass fraction [g/kg]

1000 conversion factor from [g/g] to [g/kg]
mem mass GM powder [g]

DM purity GM powder [fraction]

myev  mass non-GM powder [g]

Ipnev  impurity non-GM powder [fraction]

Formgym = 0.01 g,pem = 1, Myew = 0.99 g andpgm = 0 equation 16 results in a GM mass

fraction of 10 g/kg. In the next step the labonatibas to estimate the uncertainty associated
with the produced 10 g/kg (1 (m/m) %) sample. Fstandard uncertainty sources have to be
considered:

* uncertainty associated with the weighing of the @terial (ingm),

* uncertainty associated with the purity of the GMenal Upcwm),

e uncertainty associated with the weighing of the-w material (ilnem) and
* uncertainty associated with the impurity of the 1@ material (ipcm).

The uncertainty of the GM and non-GM material pudan be derived from the certificate.
The accredited calibration service reported for #malytical balance a relative standard
uncertainty of 0.4 %. This uncertainty contributesthe combined standard uncertainty
during the weighing of the GM and non-GM materiablehas to be transformed into an
absolute standard uncertainty.

A mass of 0.01 g is weighed for the GM materiahgsa balance with a relative standard
uncertainty of 0.4 %. The mass of the GM matena&\) is therefore (0.01000 £+ 0.00004) g.
The purity of the GM material is certified to be 985 g/kg (98.5 (m/m) %) with 985 g/kg

being the lower limit of the certified 95 % confitk interval. The purity of the GM material

(pem) is therefore (1.0000 + 0.0077), with 0.0077 chltad as (1.000 — 0.985) / 1.96. The
division by 1.96 transforms the uncertainty expedssas 95 % confidence interval

(corresponding to 1.99 into a standard uncertainty (corresponding §p. 1

A mass of 0.99 g is weighed for the non-GM matearghg the same balance with a relative
standard uncertainty of 0.4 %. The mass of the Gbh-material (mwew) is therefore
(0.99000 + 0.00396) g. The purity of the non-GM enia is certified to be < 1 g/kg
(0.1 (m/m) %) with 1 g/kg being the upper limit tife certified 95 % confidence interval.
The impurity of the non-GM materiaipgcwm) is therefore (0.0000 = 0.0005), with 0.0005

2 In case only intact seed CRMs are available,atligised to crush the GM and non-GM seeds sepgiatel
mortars and to also allow them to equilibrate ®wshme water content for 24 h.
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calculated as 0.001/1.96. Again, the division 1096 transforms the uncertainty into a
standard uncertainty.

The four variablesnicm , pom, Mvem andipnew) are neither all dependent nor independent
from each other (equation 16 involves multiplicatoand divisions and at the same time
additions) and combining the standard uncertaintieguires the generation of partial
differentials [19]. As a practical approach the agspread sheet software is recommended as
outlined in more detail in Annex E2 of [19]. In shapproach the GM mass fractionsfy) is
calculated by adding to each variabhas(; pem, Mvem andipnew) its associated standard
uncertainty Umem ,UpGM, UmNGM anduipNGM), resulting inmgpm + Umem = 0.01004 gpPcm t Upgm

= 1.0077 Mnem + Unnem = 0.99396 g an'chM + Upnem = 0.0005.

In the next step equation 16 is resolved four tireash time replacing a different variable by
the variable and its associated uncertaimgy+ Uncm, Pem + Upem, Myem + Umnem iPem +
Upngm). From the resulting mass fractionggy (10 g/kg)is subtracted. The absolute
differences are the individual standard uncertanatytributions for each variable:

UwGM,mGM) = | WM + UmcM - WoM | =0.03960 g/kg
UmweM,paM) = | WeM + UpcM - WeM | =0.0765 g/kg
UGNGM,mNGM) = | WoM + UmNGM - WoM | =0.03944 g/kg
UWNGM,ipNGM) = | WaM + UipGM - WoM | =0.5051 g/kg

The combined uncertainty is calculated by taking skquare root of the sum of squares of
these values (Equation 17):

— 2 2 2 2
u= \/u(wGM,mGM) + Uwempem)® T UwemmneM)” T UweM,ipNGM)

u combined standard uncertainty

UwGM, mGM) standard uncertainty in function of wgm and the weighing GM material
UM, pGM) standard uncertainty in function of wgm and the purity GM material

UwGM, mNGM standard uncertainty in function of wgm and the weighing non-GM material
UWwGM, ipGM) standard uncertainty in function of wgm and the impurity non-GM material

The combined standard uncertainty is calculatebet®.51 g/kg. The real GM value of the
produced sample and its rounded standard uncer{gi6l is therefore estimated to be:

10.0 g/kg = 0.6 g/kg (1.00 = 0.06 (m/m) %)

Note: The above calculation concerns the combitaadard uncertaintyuf as required for
instance for trueness control. If an expanded coatbiuncertainty ) is required, the
obtained combined standard uncertainty has to bépted with the appropriate coverage
factor k) [18].

The DNA should be extracted from the combined nmaerusing a suitable extraction
method from the whole 1g sample, avoiding the néedmix the powder samples
homogenously (see co-extraction procedure in Se¢ti®.3). Smaller samples can be used to
produce a sample, but will be linked to higher utaiety contributions from the weighing
step.

% Uncertainties are commonly rounded in such a Waythe uncertainty introduced by rounding corresiscto
3-30 % of the uncertainty. In the example giverehtée value 4.01 is therefore rounded down to 4.
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Likewise, attention has to be paid to the DNA esticmn step. As further outlined in Section
7.2.3 a co-extraction procedure should be appheaatder to avoid the need for a mixing step
at powder level, which could easily lead to norfisightly homogeneous samples.

7.2.3 Mixed GM CRMs available as powder materialghwinadequate GM
concentrations

The powders can be used in a so-called co-extragtiocedure. As the CRMs are certified
GM mixtures homogeneity issues need to be congidmnd the minimum sample intake has
to be respected. In a co-extraction proceduredhaired amounts of two CRM powders are
weighed (using individual minimum weights equabtoabove the minimum sample intake),
combined and extracted as one DNA extraction samiphere is no need to mix of
homogenise the two samples with each other as twdewamount of two samples is used
together in the following DNA extraction step. Mixgj of the powders (or the use of less than
the amount of the two added samples) should notidd®e as homogeneity cannot be
guaranteed.

It should be noted that the total DNA content ie lure GM and non-GM material should
not be significantly different. Furthermore, thetpde sizes of the non-GM and GM material
should not be significantly different as this othise introduces a bias on the amount of
DNA extracted. These two parameters are normallgstigated by the CRM producer and
described in the certification report. Additionalre must be taken by the laboratory that the
extraction method employed does not introduce 8. [ikis is of utmost importance in cases
where the composition of the GM material has bdtmeaa by the genetic modification (e.qg.
starch-modified potatoes).

Example:

To get a 1 (m/m) % material while having a 2 (mf#)and a nominal 0 (m/m) % material,
one can co-extract the DNA from a combined samplgaining the same amount of both
materials. If the minimum sample intake is 100 ragloth materials, the final sample will
be 200 mg from which DNA needs to be extractedgiaisuitable DNA extraction method.
The uncertainty of the GM content of the resultmgterial is the combined uncertainty of
the values stated for the two CRMs used.

Alternatively the approach as outlined in SectioR.IZ.2 can be used for mixtures at DNA

level.

7.2.4 GM and non-GM CRMs available as extracted pudNA solutions

Mixing is required at DNA level to achieve the deditest concentrations.
The example given in Section 7.2.1.2 can be folkhwe

The estimation of the related uncertainty followws example given for a mass-based mixture
in Section 5.2.2.3.
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7.3 Additional notes

(a) For measurements calibrated in mass fractiohg ane set of CRMs is available. The
guality control of measurements expressed in nrastién is usually limited as the materials
used for calibration and quality control are dediieom the same batch of CRMs. It is
therefore recommended to use the CRM certifiedhiferhighest GM concentration for setting
up the calibration curve and to use a CRM certifi@da lower concentration for quality
control or to follow the example given in Sectio2.2.3. However, the user must be aware
that the measurement process cannot be fully déedrim this way.

(b) The use of extracted DNA solutions as CRM foalgy control does not cover the DNA
extraction step. Checking for matrix effects byksmy into an extract from non-GM material
is required. It might be difficult to source a n@hM material which is proven to be
completely free of GMOs. However, CRMs certifiedt o contain a specific GM event
could be used to set up a systematic check.

(c) For quality control, also materials analysed ahared by various laboratories could be

considered. However, special care has to be takehebuser that the material is sufficiently
homogenous and stable.
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8 Measurement traceability and monitoring of keywegment and methods —
ISO/IEC 17025, Sections 5.5.2, 5.6.1 and 5.9.2

All equipment used within the scope of accreditatamd whose accuracy may significantly
affect the accuracy or validity of the test reshiall be calibrated by a laboratory competent
for the task. It is up to individual laboratories grovide formal documented assurance that
the requirements for calibration have been metommetent calibration laboratory may be a
laboratory accredited for the specific task by tretional accreditation body or by an
accreditation body of a country which is a signatdo the European Accreditation
Multilateral Agreement. All calibration certificaessued by an accredited laboratory will
contain a statement about traceability of the memseant result, including uncertainty and
confidence levels.

Non-accredited calibration laboratories may be wgleenever such an option is inevitable.

However, the selected laboratory has to proveatepetence. Alternatively, and provided
that the appropriate technical competence is availaithin the organisation, it can calibrate
its own equipment internally. In such cases, latooies must develop detailed calibration
procedures including estimations on the measuremecertainties associated with these
calibrations.

It should be noted that metrological traceabil#yalso checked by the use of CRMs (Section
7).

For GMO laboratories there are three key piecesgafpment to monitor: balances, thermal
cyclers and microlitre pipettes (MPs) [27].

8.1 Thermal cycler check

8.1.1 Maintenance

In general maintenance should be carried out cemanal basis. The frequency of usage and
the cleanness of the incubation chamber (e.g. fdesthandling areas) should be taken into
account when defining the required maintenancevateThe maintenance needs to include:
cleaning, background testing, general checks ahdrapecific checks depending on the
equipment used. Software updates should be coesidér recommended by the
manufacturer.

The maintenance demands defined by the suppligreo$pecific instrument have to be met.
This includes the messages delivered by the ingnunsoftware on maintenance needs.
Many laboratories opt for a full instrument mairdane performed by an external company
on an annual basis, while specific maintenancequhaies are carried out by the laboratory
itself with higher frequencies. As long as the dedsaare met full instrument maintenance
and specific maintenance may as well be carriedptbe user himself.

After completion of the maintenance it is advisatideanalyse an internal quality control
sample.
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8.1.2 Inspection of the performance of the PCR gell

Inspection of equal amplification and detectionoasrthe PCR wells should be carried out at
least once per year or after a certain number oR Pahs. The procedure can be the
following: a master mix which contains a DNA targedivided up among all wells in order
to have approximately 1000 copies of DNA targets well (a linearised plasmid can for
instance be used in conjunction with a dedicate® R@thod).

The measured Cq values are imported into an Exeosttsand theoretical copy numbers
which should obtained in each well are calculataling the number of PCR cycles into
account and assuming 100 % PCR efficiency. Meamdsird deviationsf and RSD (RSD
[%] = s/ mean x 100 %) are calculated for each well.

For acceptance, the RSD must be less than or &m2al %. The deviation from the mean is
determined for each well. It must be less thangoiaéto 25 %.
If any of the criteria are not fulfilled, a secotast is carried out.

Note: Commercial tests can also be used to vehnigyperformance of all PCR wells. They
require for instance the proof that the PCR insemtncan distinguish between 5000 and
10000 targeted DNA copies with a 99.7% confidemsell applying replicate analysis of the
two samples. In cases of doubt they could be coatpaith the outcome of an inspection
carried out as outline before.

The described inspection does not verify the comess of the Cqs measured, but compares
the generated Cqgs averages. As the variance agé#ution is the critical factor (and not the
exact Cqgs), this approach is regarded as suitabliéé inspection of a gqPCR measuring Cqgs
which are used to express a ratio. The inspectogarried out on an annual basis or
depending on the number of PCR runs. However,itisigection cannot replace the controls
used on each PCR plate.

8.1.3 Background testing and cleaning of the PCRsirument

Background testing and cleaning of the parts irdlircontact with the PCR wells (e.g.
thermal block or chamber including the rotor) netmlde carried out in regular intervals
taking into account the manufacturer’s instructions

The background test is performed according to natufer’s instructions (e.g. fluorescence
measurement for 2 min at 60 °C of a plate contgidid pl of ultrapure water per well).

8.1.4 Specific checks

Specific checks need to be carried out and manufacs instructions have to be considered.
It is up to the laboratory to define if the specifihecks are carried out by an external
company or by the laboratory itself. They shouldcheried out in regular intervals taking
into account the frequency of use.

The specific check can for instance concern a ldn using a dedicated pre-filled plate,
allowing the software to map the position of thdlsveo that, during instrument operation,
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the software can associate increases in fluorescertb specific wells. The halogen lamps
should also be checked in accordance with the naatwrer’s instructions and depending on
the number of PCR runs performed on the device.

A temperature drift monitoring system for thermgklers can also be used as periodic
validation of the PCR instrument. The accuracy aad-uniformity of the temperature in a

PCR cycler are then measured.

8.2 Microlitre pipette control

Each MP needs to be clearly labelled, located aticdted to a specific use. MPs shall be
checked and/or calibrated before use [1, Sectib2b.

Inspections are carried out depending on the usdetlan volume of the MP. They can be
based on ISO 8655 [28] and ISO 4787 [29].

MPs should be calibrated at least once a year refihethe laboratory or by an external
calibration service. For internal checking of voksrof less than 50 pL a five-digit balance is
required. A balance connected with software forigment validation can be used. For
example, the check can consist of 10 repetitionlrat different levels (e.g0, 100 and 200
pL for an MP with an upper volume of 200 pL). Theftware calculates trueness and
repeatability, and indicates the acceptance limits.

It is up to individual laboratories to define tlrequency of the MP control.

8.3 Internal quality control

The selection of internal quality control samplsguency of use and reporting in quality
control charts is important. CRMs can be used fdaernal quality control. It is up to
individual laboratories to define the frequencyusfe of internal quality control samples
based on the total number of samples analysedgser Yhe results obtained from internal
guality control samples should be reported on gmute control charts, using graphical and
statistical methods for interpretation. If qualdgntrol data are found to be outside of pre-
defined criteria, action shall be taken to idenéihd eliminate the problem.
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9 Proficiency testing —+SO/IEC 17025, Section 5.9

The advisory document&uidance on the level and frequency of proficieregting
participationandILAC Policy for Participation in Proficiency TestrActivities[30, 31] give
guidance on the level and frequency of proficietesting (PT) participation. The document
does not state a fixed number of tests to be paddrwithin a specified period of time,
which still is a requirement from accreditation kesd (EA members) in some countries.
Rather,Guidance on the level and frequency of proficielesying participatiorsays that it is

up to individual laboratories to define their lewld frequency of participation after careful
consideration of their other quality managementsuess. Other quality assurance measures
may include (but are not limited to):

* regular use of CRMs,

» comparisons of analysis by independent techniques,

» use of internal quality control measures,

» other inter/intralaboratory comparisons, e.g. asialyof blind samples within the
laboratory.

Note: Beside the above, conclusions about the pedoce of a laboratory could also be
drawn from the comparison of data obtained durlr@sl organised for method validation or
CRM characterisation [30].

Besides the above mentioned quality assurance masasevel and frequency of proficiency
testing participation may depend on:

* number of tests undertaken,

» turnover of technical staff,

» experience and knowledge of technical staff,

» source of traceability (use of CRMs or other mailsji
* known stability/instability of the analytical prabere.

9.1 Level of participation

The documentGuidance on the level and frequency of proficietesting participation
acknowledges that it is unlikely to be feasible ddiaboratory to participate in a specific PT
for every analytical procedure, GM event conterd anery product. Instead, laboratories
should identify groups of products on which thecomte of a PT can serve as a proof of the
competence of the laboratory for this specific grofiproducts.

With reference to products to be tested, diffengrdducts may be included in the same
group. Provided that they have a similar behavehuing GM quantification, the number of
groups determines the number of product specifie #Bboratory should participate in.

The minimum frequency of participation for each -sligxipline should be identified by the
laboratory.
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In all cases, a laboratory must be able to jushify technical arguments for determining the
level and frequency of PT participation. The juséfion should be documented.

9.2 Proficiency testing strategy

According to ISO/IEC 17025:2005 [1, Section 5.9diality control procedures should be
planned activities. Once the level and frequencypafticipation have been established,
laboratories should develop a proficiency testiRg)(strategy for which the content and
extent of this strategy will depend on the circuanses and scope of the individual
laboratory and the availability of PT schemes. Timtegy should be a part of the
laboratory’s overall quality control strategy. Tlhi®cumentGuidance on the level and
frequency of proficiency testing participatisacommends that the strategy covers at least
one accreditation cycle (period between two fulemsments). Furthermore, the laboratory
should review the strategy annually and evaluatappropriateness.

Example:

This example concerns a GMO testing laboratorydod, feed and seed, which is accredited
for the following testing activities:

» detection and quantification of MON810 maize, MIRIBaize and GTS 40-3-2 soya

in feed,

» detection and quantification of MON810 maize, MIRI6aize and GTS 40-3-2 soya
in food,

» detection and quantification of MON810 maize, MIRIBaize and GTS 40-3-2 soya
in seed.

The laboratory identifies that it uses the samesmesanent technique (qPCR) for food, feed
and seed, but is using a different sample premarathd DNA extraction method for seeds
compared to food and feed. Although different GMeret¢ may be considered as different
parameters, the laboratory can justify and dematestequivalence between the gPCR
methods for MON810 maize, MIR162 maize and GTS 4sdya by method verification
data. In this case the resulting sub-disciplinesld/be:

» detection and quantification of GM maize and soyteed and food
» detection and quantification of GM maize and sayadeds
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10 Summary

The quantification of GMO by gPCR is well estabédhin European GMO testing
laboratories even if the measurement principle i 9s, compared to more traditional
chemical analytical methods, relatively recent. ibgirthe last 10 years, a number of GM
testing laboratories have obtained an ISO/IEC 17@26reditation from their national
accreditation bodies. However, the ISO/IEC 1702mdard has been interpreted in various
ways and a harmonised specific guidance for theeddation of laboratories performing
GMO testing useful for both assessors and tessingratories was missing.

This document justifies the need for flexible scapereditation of GMO testing laboratories.
Furthermore it covers two major points relevant both parties. First, it gives a detailed
guidance on the interpretation of ISO/IEC 17025 ttowvse undertaking the GMO testing.
Guidance is provided for specific ISO/IEC17025 med that were interpreted differently or
needed further explanation.

Secondly, the document outlines on which basiserildle scope of accreditation can be
granted. It explains the different levels wherexifddity is possible and provides the
additional specific requirements.

This guidance document should allow a better harsation of the accreditation process and
should facilitate the work of both assessors andd@kkting laboratories.
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