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European food safety concernsEuropean food safety concerns

Related to several previous outbreaks, Related to several previous outbreaks, 
according to according to EurobarometerEurobarometer : : 

European public opinion globally European public opinion globally 
against GMO (ca. 76%)against GMO (ca. 76%)
Lack of public confidence in food Lack of public confidence in food 
safety and government safety and government 
administration, and even administration, and even 
scientists to some extent.scientists to some extent.

–– Public Public opinionopinion may change: at may change: at 
present consumerspresent consumers ’’ attitudes are attitudes are 
divided into:divided into:

+/+/--30% for GM food30% for GM food
+/+/--30% against GM food30% against GM food
+/+/--30% wait and see what are the 30% wait and see what are the 
benefits for the consumerbenefits for the consumer

–– Labeling is a strong European Labeling is a strong European 
demand by the EU population demand by the EU population 
(similar requests in third (similar requests in third 
countries e.g. USA).countries e.g. USA).
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EuropeanEuropean backgroundbackground
Mandatory labeling above a Mandatory labeling above a 
threshold of fortuitous presence ofthreshold of fortuitous presence of
–– 0.9% for approved GMOs0.9% for approved GMOs
–– 0.5% for unapproved GMOs but with 0.5% for unapproved GMOs but with 

positive safety assessment (temporary)positive safety assessment (temporary)

Obligation (01/18 et 1829/03) made Obligation (01/18 et 1829/03) made 
to to notifiersnotifiers to provide sampling to provide sampling 
plans and quantitative identification plans and quantitative identification 
methodmethod
Forecasted increase of GMO Forecasted increase of GMO 
pressure in EUpressure in EU
–– Growing number and acreages of GMO Growing number and acreages of GMO 

for food and feedfor food and feed
–– NonNon--food and nonfood and non--feedfeed--GMO not GMO not 

having to enter the food supply chainshaving to enter the food supply chains



EuropeanEuropean backgroundbackground

Timing between GMO release in a third country and Timing between GMO release in a third country and 
the official release in EU of a validated detection the official release in EU of a validated detection 
method (asynchronous approvals)method (asynchronous approvals)
Need for detecting unknown GMO  (i.e. not Need for detecting unknown GMO  (i.e. not 
approvedapproved……))

A need for A need for 
rapid and costrapid and cost--effective methods not effective methods not 
impacting end products pricesimpacting end products prices
Filling the gaps of EU regulationFilling the gaps of EU regulation



European backgroundEuropean background

GMO approvalGMO approval
–– NotifiersNotifiers have to develop and support the costs of have to develop and support the costs of 

validationvalidation

GMO Traceability (1830/03)GMO Traceability (1830/03)
–– Mandatory obligation: general and GMO specificMandatory obligation: general and GMO specific
–– Costs reductions by mostly analyzing raw products to be Costs reductions by mostly analyzing raw products to be 

further traced further traced 
–– Labeling of products with or without analytesLabeling of products with or without analytes

���� principle of “one step up” & “one step down”

Primary                      Supplier                    Producers               Transportation                Trade
production

178/02/EC

ISO 22000
ISO/TC34 WG 8 

ISO/CD 22519
ISO/TC34 N 1130



European food quality requestsEuropean food quality requests

Social evolution: growing marketsSocial evolution: growing markets ’’
requests of requests of 
–– Organic Organic ““ qualityquality ””

–– ““ Wild typeWild type ”” products instead of industrialproducts instead of industrial

–– ““ quality signsquality signs ”” e.g. AOCe.g. AOC

Concerns about frauds Concerns about frauds 

Growing part of consumers requesting Growing part of consumers requesting 
better and better and ““ certified  / tracedcertified  / traced ”” quality quality 
productsproducts

Together with the lowest pricesTogether with the lowest prices



Some GMO traceability related Some GMO traceability related 
FP5 research programsFP5 research programs

Several FP5 programs on food safety and quality, Several FP5 programs on food safety and quality, 
detection methodsdetection methods……

DNAtrackDNAtrack: N. : N. MarmiroliMarmiroli
QPCRGMOFOOD: 2000QPCRGMOFOOD: 2000--2003 A. Holst2003 A. Holst--JensenJensen
GMOCHIPS: 2001GMOCHIPS: 2001--2004 2004 J. J. RemacleRemacle & Y. Bertheau& Y. Bertheau
ENTRANSFOOD Cluster: H. ENTRANSFOOD Cluster: H. KuyperKuyper

Results Results 
provided first insights on GMO detectionprovided first insights on GMO detection
Evidenced issues on GMO detectionEvidenced issues on GMO detection
Influenced the European regulation: 1829/03, 1830/03Influenced the European regulation: 1829/03, 1830/03



EC FP6 programs on EC FP6 programs on 
CoCo--existence and/or Traceabilityexistence and/or Traceability

SIGMEA (FP6, SIGMEA (FP6, STREP)SustainableSTREP)Sustainable Introduction of GMOs Introduction of GMOs intointo
EuropeanEuropean Agriculture: 2004Agriculture: 2004 --2007 2007 

J. J. SweetSweet & A. Mess& A. Mess ééan INRAan INRA

CoCo--Extra (FP6, IP): 2005Extra (FP6, IP): 2005 --2009  2009  CoCo--existenceexistence and and traceabilitytraceability in in 
the GM and nonthe GM and non --GM GM supplysupply chainschains

Y. Bertheau, INRAY. Bertheau, INRA

PETER (FP6 Specific Support Action) Promoting EC PETER (FP6 Specific Support Action) Promoting EC 
traceability researchtraceability research

M. M. DebordDebord , CCI , CCI GersGers

TranscontainerTranscontainer (FP6, STREP) (program on tools for biological (FP6, STREP) (program on tools for biological 
containment)containment)
R. De R. De MaagdMaagd , Wageningen Univ., Wageningen Univ.



PETERPETER
European Commission has invested 100MEuropean Commission has invested 100M €€ in research on in research on 
food traceability: harmonization needed food traceability: harmonization needed 

Promoting European Traceability Excellence & Resear ch Promoting European Traceability Excellence & Resear ch 
(PETER) is a Specific Support Action providing an (PETER) is a Specific Support Action providing an 
international forum for focusing and disseminating EC international forum for focusing and disseminating EC 
traceability resultstraceability results

There is an urgent need for rapid consolidation and  There is an urgent need for rapid consolidation and  
dissemination of European expertise to developing dissemination of European expertise to developing 
countries and countries and SMEsSMEs so that they can have access to the so that they can have access to the 
global markets that now exist.global markets that now exist.

Comprises a network of key projects: Comprises a network of key projects: TRACE,  CoTRACE,  Co --Extra, Extra, 
SEAFOOD PLUS, GTIS CAP, SEAFOOD PLUS, GTIS CAP, GeoTraceAgriGeoTraceAgri , DNA, DNA--
TRACK, Olive Track, ALCUFOOD, Food Trace.TRACK, Olive Track, ALCUFOOD, Food Trace.



CoCo--ExtraExtra
GM and non GM GM and non GM supplysupply chainschains : : 

theirtheir COCO--EEXXistenceistence and and TRAceabilityTRAceability

An EC Integrated ProjectAn EC Integrated Project

55 partners 55 partners 
(EU, BR, AR, RU) + (EU, BR, AR, RU) + collabcollab . USA. USA

18 countries 18 countries 22 M22 M€€
( http://( http:// www.coextra.euwww.coextra.eu /)/)



BBackgroundackground
GMO productionsGMO productions

Main currently concerned productionsMain currently concerned productions

• Food supply chains contaminations: 
Starlink, pig vaccine corn

Tomato, papaya, Bt10, LLRice601, 

New productions and supply chains

potato tomato papaya
rice squash sugarbeet

Future GMO for industry,
phytoremediation, biofuel,

pharmacy…



European supply chains’ Co-existence
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CoCo--Extra objectivesExtra objectives

Areas

� Co-existence

� Traceability

� Practical implementation 

Aspects

� Technical

� Economic

� Legal 

Fill-in the gap between the set European legal
framework and its practical implementation



WP1: Biological approaches
for gene flow mitigation

WP2: Supply chains analysis, 
description and modelling

WP3: Economic costs and 
benefits of traceability and 

co-existence

WP7: Integration with respect 
to legal, scientific, social and 

traceability issues

WP8: Dialogue and communication

WP4: Development of testing 
and sampling approaches

WP5: Development and 
integration of analytical 

traceability tools

WP6: Technical challenges 
of GMO detection

WP0: management



Key issuesKey issues
TechnicalTechnical

Worldwide increasing number Worldwide increasing number and acreage of GMO,and acreage of GMO,
Duration and costs of technical developments,Duration and costs of technical developments,
3 regulatory thresholds (food and feed: approved, u napproved but3 regulatory thresholds (food and feed: approved, u napproved but
with a positive risk assessment, unapproved), seeds , etc.with a positive risk assessment, unapproved), seeds , etc.
GM stacked lines / mixture of GMO,GM stacked lines / mixture of GMO,
Compatibility of different assay techniques,Compatibility of different assay techniques,
Measurement uncertaintyMeasurement uncertainty to avoid additional analysesto avoid additional analyses ……

EconomicEconomic
Cost effectiveness and duration of analyses along t he chains Cost effectiveness and duration of analyses along t he chains 
Traceability of items between countries,Traceability of items between countries,
Qualified staff Qualified staff vs. vs. stakeholders and doc traceability,stakeholders and doc traceability,
Prices at the consumer level of nonPrices at the consumer level of non --GM productsGM products ……

SafetySafety
Food and feedstuffs Food and feedstuffs vs.vs. industrial, pharmaceutical, industrial, pharmaceutical, 
phytoremediationphytoremediation GMOsGMOs



Issues coveredIssues covered

Testing Testing 
–– biocontainmentbiocontainment methods: methods: 

CMS: maize, sunflower, tomato CMS: maize, sunflower, tomato 
cleistogamycleistogamy: rapeseed : rapeseed 

–– seeds admixtures on harvestseeds admixtures on harvest

Modeling pollen flow over large Modeling pollen flow over large 
fragmented landscape fragmented landscape 
Plastid transformation as containment Plastid transformation as containment 
strategystrategy



Issues coveredIssues covered

Empirical description and analysis of several supply Empirical description and analysis of several supply 
chains (maize, soybean, sugarchains (maize, soybean, sugar--beet etc.) domestic beet etc.) domestic 
and/or from third countriesand/or from third countries
CostsCosts--benefits analyses of the implementation of benefits analyses of the implementation of 
supply chainssupply chains’’ coexistence and traceabilitycoexistence and traceability
Economic modeling of decision systems, of Economic modeling of decision systems, of 
segregation, segregation, 
Consumers propensity to pay a premium for nonConsumers propensity to pay a premium for non--
GM productsGM products
Focus groups and questionnaires on practices, Focus groups and questionnaires on practices, 
expectations, etc.expectations, etc.



Issues coveredIssues covered

Improving reliability of current methodsImproving reliability of current methods

Ring trials validations of new methods Ring trials validations of new methods 
(AMPE + (AMPE + DualChipDualChip®®) ) 

Assessing and providing sampling plans Assessing and providing sampling plans 
e.g. for commoditiese.g. for commodities

Reducing costs and durations of analysesReducing costs and durations of analyses

Detecting unknown GMOsDetecting unknown GMOs

Detecting stacked genes Detecting stacked genes 



Analytical methods



GMO detection protocolGMO detection protocol

Sampling / sub samplingSampling / sub sampling

Grinding / homogenization Grinding / homogenization 

Analyte extractionAnalyte extraction

AnalysesAnalyses (kind and numbers)(kind and numbers)

Results interpretation (measureResults interpretation (measure mentment
uncertainty) and expressionuncertainty) and expression

Further analyses when neededFurther analyses when needed

All the steps have to be considered for reducing th e impact of 
analytical procedures together with documentary tra ceability
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Stages to be considered to Stages to be considered to 
reduce costs and durationreduce costs and duration

Control plansControl plans
Protein based methods vs. DNA based methodsProtein based methods vs. DNA based methods
Grinding, reduction, homogenization, extraction met hodsGrinding, reduction, homogenization, extraction met hods
Qualitative Qualitative vs. vs. quantitative PCR methodsquantitative PCR methods
Alternative Alternative 
–– Apparatus, Apparatus, 
–– DNA based methods,DNA based methods,
–– ChemistriesChemistries

Analytical procedure: Analytical procedure: nnumber of replicatesumber of replicates ,, calibration calibration 
curves and pointscurves and points , dilutions, , dilutions, DDDDDDDDCt, Ct, other other softwaressoftwares ……
Analytical strategies: multiplex, matrix approach, Analytical strategies: multiplex, matrix approach, 
consensus PCR, differential quantitative PCRconsensus PCR, differential quantitative PCR ……
Decision trees to apply techniques, analyze results  and Decision trees to apply techniques, analyze results  and 
take decisionstake decisions



Reduction of controls costsReduction of controls costs

Using documentary traceabilityUsing documentary traceability

Development costs of multiDevelopment costs of multi--purpose methods not purpose methods not 
covered by EU regulationcovered by EU regulation
Facing a growing number of GMO Facing a growing number of GMO 
–– development  of multidevelopment  of multi--purposes methods (matrix purposes methods (matrix 

approach, consensus identification system per taxon, approach, consensus identification system per taxon, 
universal taxa identification system)universal taxa identification system)

–– Modular approach and its modulesModular approach and its modules
–– Multiplexing methods: duplex PCR to SNPlexMultiplexing methods: duplex PCR to SNPlex
–– Detection of unknown GMODetection of unknown GMO
–– Detection of stacked genesDetection of stacked genes



Lot Sample Analysis

Total Error

Sampling Error Analytical Error

Biological factor
% GM material

Units: kernel, DNA content …



Considering the controlsConsidering the controls’’ aimsaims

Seeds production: field monitoring, purity Seeds production: field monitoring, purity 
certificationcertification

Grain production: production separation in Grain production: production separation in 
silossilos

Environment monitoringEnvironment monitoring

Food and feed supply chains controlsFood and feed supply chains controls

Detection / quantification of approved vs. Detection / quantification of approved vs. 
unapproved GMOsunapproved GMOs



Purposes of detection Purposes of detection 
and kind of methodsand kind of methods

Unit not defined by EU regulationUnit not defined by EU regulation
–– Kernels / mass Kernels / mass ‘‘contamination unitcontamination unit’’

–– DNA copies DNA copies vsvs. haploid genome . haploid genome 
equivalent equivalent ‘‘traceability unittraceability unit’’

Different methods can be usedDifferent methods can be used
–– For seeds production and in fields: For seeds production and in fields: 

mostly immunological techniques mostly immunological techniques 
with multiple control plans by with multiple control plans by 
attributesattributes

–– Food and feed controls: DNA based Food and feed controls: DNA based 
methods generally with simple methods generally with simple 
control plan by attributescontrol plan by attributes



Choosing appropriate Choosing appropriate 
control planscontrol plans



Reducing sampling plans costsReducing sampling plans costs

Sampling plan: the basis of the reliability of Sampling plan: the basis of the reliability of 
the detection processthe detection process
Differ according to Differ according to 
–– supposed distribution of targetssupposed distribution of targets
–– Producer and consumer negotiated risksProducer and consumer negotiated risks
–– Kind of matrix (raw material to packaged endKind of matrix (raw material to packaged end--

products)products)

Should take into account biological factors of Should take into account biological factors of 
kernelskernels



Reducing sampling Reducing sampling plans plans costscosts

Using same control plans and laboratory Using same control plans and laboratory 
samples for several analytes (mycotoxins, samples for several analytes (mycotoxins, 
GMOGMO……) would induce labs) would induce labs ’’ rere--organizationorganization
Control plans Control plans by by attributesattributes
–– Simple / multipleSimple / multiple
–– Multiple: Multiple: 

SingleSingle stage,stage,
Double Double stagestage ……

Quantitative methods  Quantitative methods  vs.vs. qualitative methods qualitative methods 
in relation with automated extractions on in relation with automated extractions on 
smaller test portionssmaller test portions and multiple control and multiple control 
plans by plans by attributesattributes ……

Choosing appropriate sampling plansChoosing appropriate sampling plans
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European current control planEuropean current control plan

Quantitative method e.g. 2 tests portions with duplicate or 
triplicate on e.g. : precision…

Bulk sample

Laboratory sample: 
1 attribute

Test portion

According to the matrix 
• Do we need quantitative results or position around a threshold?
• Are multiple control plans by attribute with QL PCR methods and 
automated extraction as expensive as quantitative P CR methods?



Choosing costChoosing cost --effective effective 2 2 steps steps 
control plan by multiple attributescontrol plan by multiple attributes

QL PCR
no GMO   Presence   ...      no GMO    � N groups 

of GMO of n kernels

X groups with GMO
¯

decision
X < A  ®®®® GMO threshold not exceeded
X > A  ®®®® GMO threshold exceeded

First step:  N1 groups of  n1 grains    ® X1 GMO-positive

X1 £ A1 ® lot accepted

R1 £ X1 ® lot refused

A1 < X1 < R1 ® second step

Second step: N2 groups of  n2 grains    ® X2 GMO-positive

X2 £ A2 ® lot accepted

A2 < X2 ® lot refused

According to a control cost 
function: calculate the least 
expensive acceptance sampling 
plan Kobilinsky and Bertheau. 2005
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Operating characteristics curves of single and double control plans

• Efficient OCC
• Buyer’s and seller’s 
risks
• Comparison of costs 
of QL PCR vs. 
QRT-PCR



Integrating QRTIntegrating QRT--PCR variability PCR variability 
into sampling plansinto sampling plans

Using sellerUsing seller’’s and buyers and buyer’’s s 
risksrisks
Comparing qualitative and Comparing qualitative and 
quantitative methodsquantitative methods
Recommendation of 4 Recommendation of 4 
attributes with 3 replicatesattributes with 3 replicates
Currently limited to Currently limited to 
assumption of similarity of assumption of similarity of 
biological factors between biological factors between 
sample and calibrantsample and calibrant

Laffont et al. 2005



Integrating heterogeneous distributionIntegrating heterogeneous distribution

JRCJRC’’ss Kelda and Kelda and KesteKeste project and softwareproject and software

Homogeneous Lot Heterogeneous Lot

Distribution of GMOs in real lots

What is the What is the 

reality?reality?

BinomialBinomial
OKOK NONOX

XX

YY

ZZ

Other possible scenarios: different Other possible scenarios: different 
GMOs with GMOs with different distributionsdifferent distributions

Distribution of GMOs in real lots

YY

XX
ZZ

Z

X

Y

The first version The first version 
of of KeSTEKeSTE is now is now 

availableavailable



Scope of proteins and DNA Scope of proteins and DNA 
based methodsbased methods

Seed Grain Ingredient End-product

Fitness for purpose

Integrity

Processing

Number and applicability of controls

Growing Traceability needs
Control costs

DNA test preferred

Protein tests preferred

GAP

No international consensus: 
possible analyses duplication and suits



Biological factors affecting the methods compatibil ityBiological factors affecting the methods compatibil ity
Ex: Genetics of plant seeds Ex: Genetics of plant seeds –– relative parent contributionsrelative parent contributions

0022seedcoatseedcoat

1122endospermendosperm

1111embryoembryo

����

0022seedcoatseedcoat

0022endospermendosperm

1111embryoembryo

����

0022seedcoatseedcoat

----endospermendosperm

1111embryoembryo

����

endosperm (3n) endosperm (2n)

embryo (2n) embryo (2n)
embryo (2n)

seedcoat (2n) seedcoat (2n) seedcoat (2n)

monocot (maize): Chenopodiaceae (beet) Fabaceae (soya)

A. Holst-Jensen



Effect of parental contributionsEffect of parental contributions

0022seedcoatseedcoat

1122endospermendosperm

1111embryoembryo

����

endosperm (3n)

embryo (2n)

seedcoat (2n) Maize:
Embryo � 48 % of total DNA?
Endosperm� 49 % of total DNA?
Seedcoat� 3 % of total DNA?

GM � X non-GM �
GM = 24 + 33 + 3 % = 60 % of total DNA

Non-GM � X GM �
GM = 24 + 16 + 0 % = 40 % of total DNA

GM � X GM �
GM = 48 + 49 + 3 % = 100 % of total DNA

What does 0.7 % GMO mean in Qn analysis?

From Trifa & Zhang
J. Agric. Food Chem.
52: 1044-1048 (2004)

A. Holst-Jensen et al. 2005



Open questionOpen question

2 major aims with different needs of units2 major aims with different needs of units
Biological factors impacting the Biological factors impacting the 
–– Compatibility of methodsCompatibility of methods
–– Choice of unitsChoice of units
–– veracity of DNA based methodsveracity of DNA based methods

Bridge?Bridge?
–– No unit but position No unit but position vsvs. thresholds for e.g. . thresholds for e.g. 

kernels?kernels?
–– Biological factors for conversion?Biological factors for conversion?
–– CoCo--existence of different units?existence of different units?



Modular approachModular approach
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Approach of high relevance worldwide accepted



Modular approachModular approach

Highly adaptable as able to integrate new modules (microHighly adaptable as able to integrate new modules (micro--
arraysarrays……))
Validating only the PCR moduleValidating only the PCR module
Residual issues:Residual issues:
–– Multiplication of modules: several modules per taxon and GMOMultiplication of modules: several modules per taxon and GMO
–– Theoretical commutability of modules (e.g. unique taxon referencTheoretical commutability of modules (e.g. unique taxon reference e 

system): but shall be internally validated by laboratoriessystem): but shall be internally validated by laboratories
–– Combination of measurement uncertaintiesCombination of measurement uncertainties

Search for consensus modules for e.g. each taxon, Co-Extra 
Task-force

Search for unique / universal taxa reference system: QL 
(plastids) or QN (nuclear)



Test portionsTest portions

One single attribute (qualitative or One single attribute (qualitative or 
quantitative methods)quantitative methods)

Multiple attributes (qualitative or quantitative Multiple attributes (qualitative or quantitative 
methods) = submethods) = sub--samplingsampling



Choosing costChoosing cost --effective effective 2 2 steps steps 
control plan by attributescontrol plan by attributes

QL PCR
no GMO   Presence   ...      no GMO    � N groups 

of GMO of n kernels

X groups with GMO
¯

decision
X < A  ®®®® GMO threshold not exceeded
X > A  ®®®® GMO threshold exceeded

First step:  N1 groups of  n1 grains    ® X1 GMO-positive

X1 £ A1 ® lot accepted

R1 £ X1 ® lot refused

A1 < X1 < R1 ® second step

Second step: N2 groups of  n2 grains    ® X2 GMO-positive

X2 £ A2 ® lot accepted

A2 < X2 ® lot refused

According to a control cost function: 
calculate the least 
expensive acceptance sampling plan
Kobilinsky and Bertheau. 2005, OPACSA 2007



Reference materialReference material



Certified Reference MaterialCertified Reference Material

Current CRM: Current CRM: 
–– costly, late release costly, late release 

–– Certified for mass, to be certified for DNA copiesCertified for mass, to be certified for DNA copies

–– Issues about Issues about 
Continuity by withdrawal of GMO e.g. Bt176, StarlinkContinuity by withdrawal of GMO e.g. Bt176, Starlink

Stability over years, see Bt176 and Bt11 casesStability over years, see Bt176 and Bt11 cases

Request for DNA based methods of costRequest for DNA based methods of cost--effective, effective, 
rapidly released CRMrapidly released CRM

Data interpretation when CRM not available (e.g. Data interpretation when CRM not available (e.g. 
unknown GMOs)unknown GMOs)



Alternative Alternative 
Certified Reference MaterialCertified Reference Material

Genomic DNA:Genomic DNA:
–– Lately released as current CRMLately released as current CRM
–– Stability, continuity issues not resolvedStability, continuity issues not resolved
–– Probably commutable with current mass CRMProbably commutable with current mass CRM

Issue: disappearance of the current CRM used for seeds and Issue: disappearance of the current CRM used for seeds and 
monitoringmonitoring

PlasmidsPlasmids
–– Rapidly releasedRapidly released
–– Stability and continuity ensuredStability and continuity ensured
–– Low cost Low cost 
–– Commutability to be demonstratedCommutability to be demonstrated

JRC IRMM: first certification of DNA content based CRMJRC IRMM: first certification of DNA content based CRM



DNA based methodsDNA based methods

Hybridization (Southern, EALA, microHybridization (Southern, EALA, micro --arrays...)arrays...)

Nucleic acid amplification (target or signalNucleic acid amplification (target or signal , , 
multistepsmultisteps vs. one temperature, combination of vs. one temperature, combination of 
methods e.g. SNPlex)methods e.g. SNPlex)

Combination of both (e.g. ligAmp, PCR with Combination of both (e.g. ligAmp, PCR with 
micromicro --array hybridization)array hybridization)

Emerging techniquesEmerging techniques (nanotechnologies(nanotechnologies ……))

Quantitative vs. qualitative methods (multiplexing)Quantitative vs. qualitative methods (multiplexing)



Amplification methodsAmplification methods
–– QQbb ��replicase replicase (signal, Gene Trak)(signal, Gene Trak)

–– PCR PCR (polymerase chain reaction, target, Roche)(polymerase chain reaction, target, Roche), SPA , SPA (single primer (single primer 
amplification, target, Igen)amplification, target, Igen), BDA , BDA (boomerang DNA amplification)(boomerang DNA amplification)

–– LCR LCR (ligase chain reaction, signal, Abbott)(ligase chain reaction, signal, Abbott), LAT , LAT (ligation activated (ligation activated 
transcription)transcription)

–– TAS & 3SR TAS & 3SR (transcription(transcription--based amplification system & self sustained based amplification system & self sustained 
sequence replication, target, Baxter Diagnostics)sequence replication, target, Baxter Diagnostics), NASBA , NASBA (nucleic acid (nucleic acid 
sequencesequence-- based amplification, target, Organon)based amplification, target, Organon), TMA , TMA (transcription (transcription 
mediated amplification, target, Genmediated amplification, target, Gen--Probe)Probe)

–– ERA & GERA ERA & GERA (end(end--run amplification, gappedrun amplification, gapped--endend--run amplification, run amplification, 
target and signal, Beckman)target and signal, Beckman)

–– SDA SDA (strand displacement amplification, target, Becton Dickinson)(strand displacement amplification, target, Becton Dickinson), , 
SSA SSA (strand switching amplification, target, Syva Co.)(strand switching amplification, target, Syva Co.), LAMP, LAMP

–– CPTCPT (Cycling Probe technology, signal amplification)(Cycling Probe technology, signal amplification)

Combination of methods e.g. LigAmp, SNPlexCombination of methods e.g. LigAmp, SNPlex



Accuracy, comparability of results, 
fitness for purpose of methods and apparatus...
Avoiding dictates and fashion effects 

Fitness of purpose of 
methods and apparatus

• QC-PCR

• QL Thermocyclers
• Isothermal cyclers
• Lab on a Chip…



Alternative chemistries

SYBR Green ISYBR Green I FRETFRET

5’
3’

3’
5’

5’ 3’
provider

P 3’5’
receptor

5’

3’

3’

5’5’ 3’ P 3’5’

5’

Q

5’

3’
5’

3’
5’

forward
primer

RR
QQ

Taqman®, Scorpio...

• Different chemistries with 
unknown costs and accuracy
• QC-PCR…
Cost-effectiveness and 
reliability…



Alternative Alternative 
apparatus and chemistriesapparatus and chemistries

Most of validations carried out with only a Most of validations carried out with only a 
few kind of apparatus and chemistry (e.g. few kind of apparatus and chemistry (e.g. 
TaqManTaqMan®® + ABI)+ ABI)
How to easily and rapidly transfer How to easily and rapidly transfer 
validated methodsvalidated methods
How to costHow to cost--effectively implement in effectively implement in 
laboratories validated methods with an laboratories validated methods with an 
apparatus and chemistry (e.g. for apparatus and chemistry (e.g. for 
accreditation)??accreditation)??



Measurement uncertaintyMeasurement uncertainty



CauseCause--andand--effect diagram for uncertaintyeffect diagram for uncertainty
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Validation must cover the application Validation must cover the application 
range with an acceptability valuerange with an acceptability value

*+++

�������
��������������
+


++

�++

 ++

$++

+ 
++ �++  ++ $++

%
���

���
��

�����������
������
��

��������
�
������
*�,

�-�����������

.����
���������������

������������

M. Feinberg



Measurement uncertainty reductionMeasurement uncertainty reduction

Validating only optimized methodsValidating only optimized methods
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Inter-laboratories comparison with calibrants
of 2 detection methods of a GMO (JRC unpublished da ta)

Company provided method INRA provided method



Improving precisionImproving precision

Usual confidence interval estimation of GMO 
concentration using the calibration 
regression straight line defined by the 
standards (S)

Estimation of GMO concentration using different 
dilutions of the tested  solution (T). 

The concentration  of the tested solution is deduced from the 
horizontal shift between the two straight lines associated with S 
and T. A confidence interval can be obtained by Fieller’s method. 

Bertheau Y., Kobilinsky A. 2004. Detection of GMO’s,  
In Virus resistance in Poaceae. Eds. Lapierre and Signoret. INRA 
editions.

Using all replicates to
Improve trueness and 
precision



Improving trueness and precision Improving trueness and precision 

Ct

Log(C)

S
S S

S

S

Calibration line badly determined

Ct

Log(C)

S
S

S

S
S

The standard points are more spaced. The 
calibration line is more correctly determined. 
The LOQ f(    )can be improved by increasing 
the number of replicates

Looking for the optimality of the calibration curve , e.g. 
around a threshold, but being careful with the extre me points 

(inhibition, greater variability: Fieller’s curve…)

Error of quantification:
n

value
genefvaluemean

genefdevstd
GMOvaluemean

GMOdevstd -´+ %)
)_(Re_

)_(Re_
)(_

)(_(



Improving accuracy of Improving accuracy of 
detection methodsdetection methods

Calibration Calibration vsvs . . DDDDDDDDDDDDDDDDCtCt methods (PCR with different methods (PCR with different 
efficiencies)efficiencies)
Improving precision involve considering several Improving precision involve considering several 
stepssteps
Improved precision should reduceImproved precision should reduce
–– Costs (reducing replicatesCosts (reducing replicates ’’ numbersnumbers ……))
–– Legal disputes Legal disputes 

Guidelines and DSS (Decision Support System) for Guidelines and DSS (Decision Support System) for 
interpreting data, reporting and taking decisionsinterpreting data, reporting and taking decisions



Reducing costs and duration Reducing costs and duration 
of analyses by multiplexingof analyses by multiplexing



1: Screening (P35S / Tnos / nptII…)
2: Construct-specific test
3: Event-specific test
4: Plant reference genes (from 1 per plant species to one for all)

5. Donor organism when needed (INRA’s CaMV test saved tons 
of seeds)

Multiplex PCR – Potential targets

Plant 
genome

1 12 23 3

genepromoter terminator

insert Plant 
genome



Decreasing the number Decreasing the number 
of targets and stepsof targets and steps

Multiplexing simplex PCRMultiplexing simplex PCR
Decreasing the number of modules:Decreasing the number of modules:
–– The minimum: one standardized reference gene The minimum: one standardized reference gene 

per taxon: per taxon: CoCo--Extra TaskExtra Task --forceforce
–– An optimum: one reference gene for all plant An optimum: one reference gene for all plant 

species (species ( GMOChipsGMOChips and Coand Co --Extra European Extra European 
programsprograms ))

Identifying several GMOs in a step: Identifying several GMOs in a step: 
Consensus PCR, Consensus PCR, ““ Matrix approachMatrix approach ”” through through 
micromicro --arrays, SNPlexarrays, SNPlex ……



MAIZE GMO insert

Forward Primer Reverse Primer

GMO’ specific PCR products

Bt11 171 bp 
T25 151 bp 
ADH 134 bp
Bt176 104 bp 
Mon810 90 bp

Decreasing the number of steps: Decreasing the number of steps: 
developing rapidly multiplex PCRdeveloping rapidly multiplex PCR



Optimisation of a multiplex PCR 

in a few steps using multifactorial plans

Simplex PCRs
with specific primers

Bt11

Bt176

Adh

T25

Mon810

Multiplex before optimisation
(2,000 and 200 copies each GMO)

Multiplex after optimisation
(2,000 and 200 copies each GMO)

Bt 176
Adh
T25
Mon 810

Bt 176
Adh

Development of methods is part of their costs



Limits of the multiplex strategyLimits of the multiplex strategy
CurrentlyCurrently : duplex (INRA) and triplex (: duplex (INRA) and triplex ( GeneScanGeneScan ): P35S): P35S--
TnosTnos , T35, T35--PnosPnos , P35S, P35S--TnosTnos --IPCIPC

Interactions between primers and probes to be manag edInteractions between primers and probes to be manag ed
(new softwares)(new softwares)

QRTQRT--PCR: PCR: 
limited amount of simultaneous targets because of t he limited limited amount of simultaneous targets because of t he limited 
amount of amount of fluorophoresfluorophores whose spectra can be analyzed whose spectra can be analyzed 
simultaneously by the available realsimultaneously by the available real --time time thermocyclersthermocyclers

Interest for multiplexed QL PCR with Interest for multiplexed QL PCR with 
control plans by multiple attributescontrol plans by multiple attributes



Decreasing the number of steps: 
consensus PCR (Leimanis et al. 2005)

Using FP1/RP1 on :

GMO1 : amplification of P35S-cryI(A)b-T35S

GMO2 : amplification of P35S-bar-Tnos/Pact-cryI(A)b -T35S

Reliable publicly available information on sequence s

FP1, RP1 and RP2 Consensus primers

GMO-2

GMO-3

RP1

Tnos

FP1

RP2

RP1

GMO-1

FP1

P35S T35ScryIA(b)

P35S T35S

FP1

bar

cryIA(b)P35S

Tnos PAct cryIA(b)

RP2



AGROBACTERIUM 
METHOD
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DNA in Plasmid

Bacterial transfer of DNA

Agrobacterium

Chromosome

Plant Cell

Acceleration of particles
to plant cells

DNA coating on microscopic
metal particles

DNA PARTICLE 
GUN METHOD

Plant Cell

Example: consensus PCR and 
transformation methods

LB – RB: a signature usable in consensus PCR



Consensus PCR Consensus PCR 
withwith detectiondetection by by micromicro --arraysarrays

Sampling
grinding

Capture probes consensus 
and specific

GMO, plants, control,  
specific sequences

Genomic DNA extraction

Amplification and 
labeling

(biotinylated dNTP or 
primers )

Amplicons
hybridization

Step I: PCR Amplification

Step II: microarrays hybridization

Detecting several GMO in a step



Cheap arrayer

Cheap scanner

Cheap slides

Reduced 
costs

Costs-benefits
analysis for 
acceptability



Detecting unknown GMOsDetecting unknown GMOs



GMO 
Identification

Negative

Positive

Authorized?

Plant and 
GMO 

Screening

No yesIllegal

Assay individual 
ingredient

Less than 0.9%No need for labeling

Labeling More than 0.9%

GMO Quantification
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GMO



Approaches for detecting Approaches for detecting 
unknown GMOsunknown GMOs

Qualitative differential PCRQualitative differential PCR

Quantitative differential PCRQuantitative differential PCR

Matrix approachMatrix approach

Fingerprinting (anchored PCR, etc.)Fingerprinting (anchored PCR, etc.)



Qualitative differential PCRQualitative differential PCR

Sequence detected e.g. P35SSequence detected e.g. P35S

No authorized GMO with such No authorized GMO with such 
sequence detectedsequence detected

No donor organism for this sequence No donor organism for this sequence 
detected e.g. CaMVdetected e.g. CaMV

Suspicion of presence of unknown GMOSuspicion of presence of unknown GMO



Quantitative differential Quantitative differential 
approach (approach ( dQdQ PCR): principlePCR): principle

Detect and quantify a Detect and quantify a 
consensus element, consensus element, 
common to a group of common to a group of 
GMOsGMOs
–– set of primers specific of the set of primers specific of the 

consensus elementconsensus element (e.g. (e.g. 
P35S)P35S)

Detect and quantify all the Detect and quantify all the 
approved GMOs presenting approved GMOs presenting 
this consensus elementthis consensus element
–– sets of eventsets of event --specific primers  specific primers  

for each of these GMO (e.g. for each of these GMO (e.g. 
edgeedge --fragments)fragments)



Example of Example of dQdQ PCR applicationPCR application

� Consensus element : P35SConsensus element : P35S
� Authorized GMO containing P35S: Mon 810, T25, 
Bt176… + unknown GMO

Testing m=0

)quantquantquant(quant Bt176T25Mon810P35S ++-=m

Applicable to Tnos, Pnos, T35S, CryIA(b), EPSPS, etc. 
with appropriate controls (CaMV, Agrobacterium, etc.)
Ancel et al. 2008 in Press



The ‘matrix approach’

GMO-1 GMO-2 GMO-3
P35S x x x
Tnos x x
T35S x x

cryI(A)b x x x
bar x
nptII

� Numerous small sequences common to several GMO 

(‘screening’ sequences)

� Both primers are located inside those genetic eleme nts 

such as P35S, T35S, Tnos, Pnos, nptII, CryIA(b), so me 

construct specific…

Need of reliable publicly available information on sequences



�
��	� 
����
��������	��������

Advantages: Quantification and use for other approaches like differential QRT 
PCR (INRA Co-Extra)

Drawbacks: numerous PCR due to limited chemistries; use of QL PCR

GR: reference genes
GI: genes of interest
C (+) et (-): positive and negative controls
NTC: No Template Control (without target DNA)

- Grinding
- DNA extraction …

Qualitative PCR

Sample X

P35S Pnos  GR-1  GR-3  GR-5   GR-7   GI-1    GI-3    GI-5   

Tnos T35S  GR-2  GR-4   GR-6   GR-8   GI-2   GI-4    GI-6
C (+) et (-) NTC

Decreasing frequency in GMOs
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CCaMv,aMv,
AGROAGRO

--++----++--++++--++T35ST35S

XXXX

++--++----++--++--++PnosPnos

++++--++----++----++TnosTnos

++++++++----------++P35SP35S

- Identification of approved GMO 
and/or suspicion of presence of 
unapproved GMOs

- Comparison with matrices of 
approved GMOs (see EAT 
software in Co-Extra)

!
���� '

dplx1

dplx2

Matrix approach: example of analysis

Analyse des résultats

Screening and/or Matrix 

approach, edge fragment.

(choice according the context 

(matrix…) 
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----++--++++++--++++++--------++TnosTnos

----++--++------++----++++++++++P35sP35s

--++++++--++------++--++----++++T35sT35s

++----++++++--------++--++--++++PnosPnos

Matrix approach: maize case
Sample X

Only Maize

Conclusion : making appropriate choice for screening methods 
P35S/Tnos et Pnos/T35S

First validated commercially available micro-array (DualChip®)



The ‘Matrix Approach’

Several GMO sequences amplified, e.g. through Several GMO sequences amplified, e.g. through 

multiplex PCRmultiplex PCR

Discrimination between GMOs based on Discrimination between GMOs based on 

amplification  patterns (P35S, T35S, Tamplification  patterns (P35S, T35S, T --nosnos , , nptIInptII , , 

junctionsjunctions ……) and further microarray hybridization,) and further microarray hybridization,
Scope:Scope:
�� all matrices (raw products to highly processed food ) all matrices (raw products to highly processed food ) ––
‘‘From farm to forkFrom farm to fork ’’
�� discrepancy of patterns can indicate the presence o f discrepancy of patterns can indicate the presence o f 
‘‘unknownunknown ’’ GMOGMO



Current applications of the Current applications of the 
““ Matrix approachMatrix approach ””

Qualitative PCR: up to 9plexQualitative PCR: up to 9plex

MicroMicro --arrays: arrays: DualChipDualChip ®® first interfirst inter --
laboratories validated chiplaboratories validated chip

SNPlexSNPlex ™™: up to 48 targets amplified in : up to 48 targets amplified in 
a time (see M. Chaouachi speech)a time (see M. Chaouachi speech)

Whole genome amplification and microWhole genome amplification and micro --
arrays detection, including vectors arrays detection, including vectors 
sequencessequences



Whole genome amplificationWhole genome amplification

Looking for all sequences Looking for all sequences 
(including vectors) used (including vectors) used 
in GMOsin GMOs
Choosing for unique Choosing for unique 
sequencessequences
Amplifying the whole Amplifying the whole 
genomegenome
Detecting by microDetecting by micro --arrays arrays 
hybridizationhybridization

TornsteinTornstein et al. BMC biotech. et al. BMC biotech. 
20072007



SNPLexSNPLex ™™ principleprinciple

-1- OLA reaction OLA “Encoding”
Generation of products specific of genotypes via a 
multiplex ligation of oligonucleotides (OLA): LCR

-2- Amplification
Multiplex PCR multiplex with universal primers on 

adapters ligated by OLA

-3- “ Decoding ” (deciphering)
Electrophoresis or Hybridization of “ZipChut”

universal primers to amplicons (identification of 
initial targets)

Francisco M. De la Vega et al., 2005



-1- Encoding Ligation reaction “OLA”

C

+C B

-2- PCR amplification

C
B

SNPLex principle

S

G
C

T

/A
Target DNA

PCR adapter

Adapter for “Zipchut”
possible hybridization

Zipchut

�3�R�V�V�L�E�O�H���V�X�S�S�R�U�W���I�L�[�D�W�L�R�Q

PCR adapter�/�L�
J�D�

V�H

�/�L�
J�D�

V�H

�/�L�
J�D�

V�H

�/�L�
J�D�

V�H

-3- Decoding Electrophoresis



Wash and elute
Drag Chutes Load on CE instrument

Example of amplification detectionExample of amplification detection

SNP 1

SNP 2

Software

« Gene Mapper »

Allel 1

Allel 2

(3730xl ABI)

Accurate identification to comply with 
AFNOR/CEN/ISO standards?
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Matrix data can detect several GMO in a Matrix data can detect several GMO in a 
time: interpretation of datatime: interpretation of data
Matrix approach can detect unknown GMOMatrix approach can detect unknown GMO

Need of standardized DSS for Need of standardized DSS for 
Data interpretation (software, e.g. from EAT)Data interpretation (software, e.g. from EAT)
Reporting Reporting 
Decision makingDecision making



Detecting stacked genesDetecting stacked genes
(see N. (see N. PapazovaPapazova speech)speech)



Detecting stacked genesDetecting stacked genes

Combination of Combination of 
–– a control plan by multiple attributesa control plan by multiple attributes
–– With qualitative PCRWith qualitative PCR

Results in a probability of presence of stacked Results in a probability of presence of stacked 
genesgenes
Methodology availableMethodology available

Generalization with QRTGeneralization with QRT --PCR: mathematical PCR: mathematical 
modeling under studymodeling under study

How far should the analyses be pursued How far should the analyses be pursued 
(costs issues)?(costs issues)?



ConclusionConclusion

EU regulation is covering an appreciable part but o nly EU regulation is covering an appreciable part but o nly 
a part of laboratories needsa part of laboratories needs
A growing number of qualitative multiplex methods t o A growing number of qualitative multiplex methods t o 
be used with control plans by multiple attributesbe used with control plans by multiple attributes
Interest for high throughput non destructive detect ion Interest for high throughput non destructive detect ion 
methods (NIR, see Comethods (NIR, see Co --Extra)Extra)
Beside some Beside some ““ idealideal ”” situations (quantification of situations (quantification of 
approved GMOs), there are still numerous decisions to approved GMOs), there are still numerous decisions to 
take in uncertain environmentstake in uncertain environments

DSS (Decision Support Systems) shall be generalized  for DSS (Decision Support Systems) shall be generalized  for 
deciphering data, reporting and taking harmonized deciphering data, reporting and taking harmonized 
relevant decisions (lab and Competent Authorities)relevant decisions (lab and Competent Authorities)



It is a Chain Exercise

to satisfy consumer’s expectations
on Food Safety and Food Quality


