EC FP6 programs on Co-existence and/or Traceability

Altogther > 30 M€ spent by the EC on risk assessment, traceability and coexistence issues http://ec.

The 2 main European pillars

• 258/97 regulation on novel food and novel ingredients: mandatory labeling (irradiated products, any ingredient new in the EU, GMOs, etc.)

• 178/02 regulation also called "General food Law": mandatory traceability one step up, one step down • Public: CEN, ISO, etc.


• Private: GAFTA, ISTA, AOSCA, AOAC, etc.

• Mandatory or not (e.g. EC emergency plans)

• For several purposes and products:

• from seeds to commodities and packaged products, • from coexistence research to control plans 

Scope extension to some processed products

How that works… 

% GMO - - -<0.1 - -1.3 0.2 0.3 - - - - - -0.5 Strip Rating - - -4 - -10 8 8 - - - - - -7
Elements of bulk grain threshold testing

• Estimate probability of detecting 1 positive in a large number (binomial distribution) • Establish maximum sample size (number of kernels)

• Only outcome of test is positive or negative • 1 positive kernel must always be detected

• Sensitivity (threshold level) determined by:  Modest heterogeneity strongly affects the definition of the optimal sampling plan.

n 1 grains  X 1 GMO- positive X 1  A 1  lot accepted R 1  X 1  lot refused A 1 < X 1 < R 1  second step Second step: N 2 groups of n 2 grains  X 2 GMO- positive X 2  A 2  lot accepted A 2 < X 2  lot
 KeLDA was the first study assessing GMO distribution in real lots.

 KeSTE is the first tool to define sampling strategies and to estimate sampling errors as function of lot properties.

 EC recommendation

Key features of sampling plans

• The number of incremental samples (locations sampled):

• larger numbers incremental reduce uncertainty caused by heterogeneity.

• The total mass (or number of grains) of analytical sample homogenized for analysis:

• higher masses reduce uncertainty caused by GM product being present at low concentrations in grain lots.

• Larger numbers of incremental samples and higher masses cost more.

And the analytical method used to test the laboratory sample must be considered

Numerous sampling plans

• ISO standards, private standards (e.g. GAFTA), ISTA standards… with numerous possibilities of application,

• Taking into account homogeneous or heterogeneous targets distribution,

• From "light" sampling plans to "drastic" sampling plans for e.g. safety issues such as mycotoxins.

• From field and coexistence related issues to packed processed products Reducing costs by considering the controls' aims • SOME SAMPLING PLANS ARE MORE DRASTIC THAN OTHERS (more attributes or more increments)…

• QUESTIONS:

• Does it make sense to use the same sampling plan for different purposes (e.g. use a 'mycotoxin plan' for mycotoxins and GMOs)? Zero additional cost for GMOs?

• Are current sampling plans and analytical methods right for GMO LLP?

Reducing sampling plan costs The effect of analytical uncertainty

• We need to know about analytical performance to design the right control plan.

• We express analytical performance as measurement uncertainty which tells us how far away the measurement result might be from the true concentration in the sample sent to the laboratory.

•Two major sources of information about analytical performance are For methods that are 'just good enough…'

• For ENGL validated methods

• "RSD R < 35%"

• Result display a log-normal distribution.

• Hence, as a general guide, uncertainty is a factor of 2

• Result more than 1.8% may demonstrate need for labelling.

• An enforcement authority can be confident that a product requires labelling when Result -Uncertainty > Limit

• A producer can be confident that a product does not require labelling when Result + Uncertainty < Limit

• Nobody is comfortable with other results

CRL Validation of method for GA21: This shows absolute uncertainty

Analytical uncertainty and labelling decisions

A sample must contain no more than 0.1% GM product to (nearly) always give a result in the green (must not label) zone.

Analytical uncertainty and labelling decisions

CRL Validation of method for GA21: limit of assurance, the highest concentration of GM product that will (nearly) always give a result that demonstrates no need to label

Analytical uncertainty and labelling decisions

Even low level presence may have an impact on stakeholders who are subject to demands that measurement results be in the green zone when assessing products against the labelling limit. Proficiency test results

• Samples of known concentration sent to many laboratories.

• Laboratories use any method they like.

•The spread of these results gives us measurement uncertainty if we don't know anything about the method used to produce a result.

• Results tell us that if we know nothing about the analytical method, that measurement uncertainty is a factor of 3 -Result more than 2.7% demonstrates need for labelling -Result < 0.3% demonstrates no need for labelling 

Specific guidance on sampling

• For samples analyzed by quantitative DNA methods... •Take samples from of N locations. Where

• "91" applies when the analytical uncertainty is a factor of 2. • If analytical uncertainty is higher then heterogeneity uncertainty is effectively where a smaller number of locations are sampled.

• For maize, homogenize an analytical sub sample of 10,000 grains.

• This plan produces effectively-zero sampling uncertainty and limits based on analytical uncertainty can be used. (asynchronous approvals issue and withdrawn GMOs)

• We have the analytical/sampling methods capable of detecting LLP.

• LLP is a real issue for stakeholders and CA.

We need a QUALITY INFRASTRUCTURE:

• Formal validation of methods at low levels.

• CRMs at low levels.

• Proficiency testing at low levels.

• Stakeholders and legal opinion on the required performance.

Integrating QRT-PCR variability into sampling plans (seeds)

• Using seller's and buyer's 

Results

• Ability to detect unknown GMO containing P35S: between 0 and 5% of UGM for copy numbers between 100, 400 and 1,600 HGE

Results

The The 'matrix approach'(example)

GMO-1 GMO-2 GMO-3 P3 5 S x x x Tnos x x T35S x x cryI(A)b x x x bar
x nptII 

The Matrix approach

• Ability to both detect unapproved GMOs and identify approved GMOs -

P35S -Tnos -pat -bar -Cry1Ab-1 -Cry1Ab-2 -Cry1Ab-3/Cry1Ac -EPSPS-a -EPSPS-b -EPSPS-c -Pnos-nptII -Cry3Bb1
• 7 Plant species targets:

-Maize -Rapeseed -Soybean -Cotton -Sugar beet -Potato -Rice

• 11 Event specific insert-to-plant junction targets:

-GA21 -Bt176 -MON810 -Bt11 -MON863 -GTS40-3-2 -T45 -GT73 -MON531 -MON1445 -MON15985
• 1 Contamination control target:

- • Controls for donor organisms (Agrobacterium, Bacillus thuringiensis when homologous sequences, etc.) • A need for keeping two kinds of CRM (grinded seeds and plasmids) for GMOs quantification and "Matrix approach",

• Validation of such methods (e.g. matrix approach) without reference material?

• EU regulation covering only a part of laboratories' and stakeholders' needs: gaps in regulation and techniques (e.g. CRL validation of screening methods for the 'Matrix Approach' for detecting unknown GMOs): new mandate for EURL? • Procedures for detecting UGM to be harmonized between EU and third countries such as USA dQ-PCR: the first cost-effective method directly applicable in day to day analyses of UGM also able to confirm data for approved GMOs (event-specific versus screening methods)

Issues of tailed queue, atmospheric dispersal and landscape heterogeneity

• Long distance according to pollen characteristics (e.g. Agrostis stolonifera: 20 km) and meteorological events

• Sampling and measurement uncertainties practical threshold shall be less than 1/3 of labeling threshold (generally 1/10 th )

• GMO-free (2 thresholds in France: 0.9 and 0.1%) and organic farming (EU vs. French definitions)

• Peasants' seeds and participative breeding… 

Conclusion

• Numerous sampling issues still to be solved from fields to shelves,

• Costs are a limiting factor of traceability and coexistence • Sample preparation and measurement uncertainty impact sampling and coexistence issues

• Software and DSS may help operators, • Stakeholder's pragmatic practical threshold below the labelling threshold: 0.1 to 0.01% (effect on crops' coexistence, seeds' threshold, etc.)

• Genes dispersal -and thus coexistence -is more complex than expected

• Certified (and renewed) seeds vs. peasants seeds and participative breeding

Conclusion

• GM animals (see AquaBounty GM salmon) and their dispersal / growth conditions

• Non food / non feed GMOs… • Expertise crisis: all experts?

  2001/18 or 1829/03 have to develop and support the costs of validation • GMO traceability (1830/03/EC, 2001/18/EEC, 1829/03/EC) -Obligation: general (178/02/EC) and GMO specific -Costs reductions by mostly analyzing raw products to be further traced -Labeling of products with or without analytes  principle of "one step up" & "one step down" networks (DE, FR, BE, etc.) • ENGL (28 EU MS, CH, NO) + EC DG observers + third countries observers (China, Black Sea, Maghreb, etc.): methods validation, working groups on e.g. performance criteria, detection of UGM, accreditation, etc. chaired by JRC IHCP • EURL-GMFF (formerly CRL-GMFF) and IRMM-JRC Some GMO traceability related FP5 research programs • Several FP5 programs on food safety and quality, detection methods… • DNAtrack: N. Marmiroli • QPCRGMOFOOD: 2000-2003 A. Holst-Jensen • GMOCHIPS: 2001-2004 J. Remacle & Y. Bertheau • ENTRANSFOOD Cluster: H. Kuyper Results • provided first insights on GMO detection • Evidenced issues on GMO detection • Influenced the European regulation: 1829/03, 1830/03 FP7 research projects • GMSAFood biomarker for health post-market monitoring • GMULTI multiplex detection of unapproved GMOs • GRACE Risk assessment and communication of Evidence • AMIGA Assessing and monitoring the impacts of genetically modified plants on agro-ecosystems • PRICE coexistence issues In support to: ENGL, EcoB, US AC21… With several conflict of interests, revolving doors and confirmation bias ("myside bias") issues In a ordered, logical and technocratic way defined by the EC and MS to which nature and research data shall adapt to…

  • from biodiversity studies to search for unexpected escape of transgenes in landraces Detection methods of GMOs • Phenotype (e.g. herbicide tolerance of seedlings, kernels…) • Immunoassays • DNA based methods (PCR, LAMP, SNPlex, NAIMA, micro-arrays, LCR…) • Different units impacting controls and coexistence issues, see for instance the 2011 HCB advice on coexistence Model of control plan Proportion of GM product Heterogeneity Number of primary samples: enough primary samples to defend against heterogeneity Size of working sample (number of kernels): large enough to capture rare events Particular pattern of replication %GM DNA, between and within laboratory variation and limit of detection: accurate enough in context of sampling and fitness for purpose Test portion preparation: an important source of uncertainty Fitness for purpose • Fit for purpose measurement: • Cost is constrained by budget • RSU is minimised for that cost • Or: • RSU is low enough • Cost is minimised for that RSU Immunoassay Formats • Each format has advantages and disadvantages -Fully automated -clinical analyzers -Laboratory kits -ELISA -Field tests -"Strip tests" -'Research' methods -western blot • Choice of method is determined by specific application -Performance specifications -Ease-of-use (user training)

  : possible analyses duplication and suits DNA based methods Mostly the QRT-PCR (labs and on-site) Trends towards LCR, LAMP, NAIMA, SNPlex, micro-arrays… 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) ≈ 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) Effect of grinding (e.g. beet seeds) Homogenous (all seeds have GM embryo)  heterogenous sample (embryoderived particles = GM, endosperm derived particles = non-GM) size • Increase precision of analytical method European current control plan Quantitative method e.g. 2 tests portions with duplicate or triplicate on e.g. : precision… 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 PCR methods? Choosing cost-effective 2 steps control plan by attribute 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: N 1 groups of

  refused According to a control cost function: calculate the least expensive acceptance sampling plan Kobilinsky and Bertheau 2005 integrated into ISTA software…  Lot properties are unknown.  The optimal sampling technique depends upon the features of the lot.

•

  Seeds production: field monitoring for research modeling or GM content assessment before harvest, purity certification • Grain production: production separation in silos • Environment monitoring, escape of transgene toward landraces • Food and feed supply chains controls (packaged or not products) • Detection / quantification of approved vs. unapproved GMOs • Qualitative testing of 'sub-samples' or quantitative measurement.

•

  proficiency test results • method validation studies Method validation studies • Where the validation study includes the whole method (extraction and analysis of extracts)… • Variation displayed during method validation plus • Uncertainty about the true concentration of GMO in materials used in validation. gives • Prediction of measurement uncertainty when we use the method

  Macarthur, Feinberg, and Bertheau. 2010. Construction of measurement uncertainty profiles for quantitative analysis of products derived from genetically modified organisms based on validation data. JAOAC Int., 3: 1046-1056. Strange use of anal. uncertainty: see 2012 polemics about pesticide content Analytical uncertainty and labelling decisions

  be designed with analytical uncertainty in mind. (analysis should be undertaken with sampling uncertainty in mind)• For example: quantitative DNA based methods have an uncertainty of a factor of approximately 2 -A result above 1.8% demonstrates a concentration above 0.9% • Sampling should be good enough to not add any more uncertainty.BUT …no more drastic then that required to add 'no uncertainty' from sampling.

•Fitness

  sampling plan can be used for less drastic control purposes • Both quantitative and qualitative methods can be used in relation with automated extractions… • OPACSA could help reduce the number of attributes to be analyzed in a cost-effective and accurate way • We have a better understanding of analytical uncertainty and how to optimize sampling and analyses • Low level presence of GMO can be detected but is a real issue for stakeholders and CA Improving accuracy of detection methods Calibration vs. Ct methods (non need for calibrants): are similar PCR efficiencies a prerequisite? • Improving precision involve considering several steps • Improved precision should reduce -Costs (reducing replicates' numbers…) -Legal disputes Guidelines and DSS needed for harmonized ways of interpreting data, reporting and taking decisions Some insights on technics devoted to GMOs detection which could be helpful in other areas of detection From: Holst-Jensen & Berdal (2004) J AOAC Int 87(4): 927-936 Approach of high relevance, worldwide used: study of measurements uncertainty Modular approach • Highly adaptable as able to integrate new modules (micro-arrays…) • EURL-GMFF validating only the PCR module • Residual issues: -Multiplication of modules: several modules per taxon and GMO -Theoretical commutability of modules (e.g. unique taxon reference system): but shall be internally validated by laboratories (costly) -Combination of measurement uncertainties Search for consensus modules for e.g. each taxon, former proposal of joint Co-Extra Task-force to EuropaBio Search for unique / universal taxa reference system: QL (plastids) or QN (nuclear) Certified Reference Material (not needed in Ct methods) • Current CRM: -costly, late release -Certified for mass, to be certified for DNA copies -Issues about • Continuity by withdrawal of GMO e.g. Bt176, Starlink • Stability over years, see former Bt176 and Bt11 cases • Request for DNA based methods of cost-effective, rapidly released CRM • Data interpretation issues when CRM not available (e.g. UGM as from asynchronous approvals) as current CRM -Stability, continuity issues not resolved -Probably commutable with current mass CRM Issue: disappearance of the current CRM used for seeds and monitoring • Plasmids -Rapidly released -Stability and continuity ensured -Low cost -Commutability to be demonstrated -Lack of whole sequence for assessing methods e.g. screening mostly used by stakeholders JRC IRMM: certification of DNA content based CRM Accuracy, comparability of results, cost-effectiveness fitness for purpose of methods and apparatus... Avoiding monopoly, dictates and fashion effects simultaneous targets because of the limited amount of fluorophores whose spectra can be analyzed simultaneously by the real-time thermocyclers • Need for rapid and user-friendly optimization methods (e.g. by fractionary plans) Growing interest for multiplexed QL PCR and other QL methods to be used with control plans by multiple attributes

  power of the test can be calculated according the analysts or CA needs The accuracy of the test improves with the HGE copy numbers dQ-PCR validation: Co-Extra / ENGL collaborative trial • Testing the robustness of the statistical tool • As far as possible: representative of real-life • Maize kernels with Bt176, Mon810 and T25… at different levels prepared by BIPEA • All methods allowed provided they are fully implemented • No specific SOP • Work finished: manuscript in preparation

••

  Numerous small sequences common to several GMO ('screening' sequences) Uses according to their frequency of occurrence • Both primers are located inside those genetic elements such as P35S,

cross react No single method will detect all biotechnology- derived products (DNA or protein-based)

  

	Drawbacks
	• Methods are trait specific (generally not GMO
	specific) and must be validated for each matrix (DNA
	and Protein-based)
	Established use in food industry
	• Cost effective
	• Timely Analysis

• Reliability of result stated in terms of statistical confidence rather than analytical precision

Advantages of immunoassay Methods

• Directly measure biologically active protein of interest, some resistant peptides • Validatable/reproducible • Quantitative analysis • Qualitative analysis • High sample throughput • Easy to perform and transfer to other laboratories • Widely accepted method by regulatory agencies •

• Limited to use of protein containing processed ingredients and final food products

• Some products may not express a detectable protein in grain

• Antibodies may

CaMV 31 targets detected in 1 assay according to ISO standard requests DualChip® v2.0 content

  

	Operator name: Analysis date: Silverquant detection kit lot: DualChip GMO Kit Box 1 Lot: DualChip GMO kit batch number box 2: GM event(s) present Genetic target elements DualChip® Validation report (ISO 5725) John File name: File2.txt 05/06/2008 Experiment date: 26/03/2008 z654321 Sample number: 1 x123456 Sample designation: XXX y456789 Comments: none DualChip ® GMO Report Specified GM events and hybrids based on event-Detection of all the currently EU GMO (2007) ISO 17025 authorized Report compliance with the Recent (Co-Extra) applications of the in the frame of Co-Extra "Matrix approach"
	Screening: bar cry1Ab-1 cry1Ab-2	Detected Not detected Not detected	GM event Bt11	Event-specific Absent specific target element	by:
	cry1Ab-3		Bt176	Absent	
	cry3Bb-1	Not detected	GA21	Absent	
	EPSPS-A	Not detected	GT73	Absent	
	EPSPS-B	Not detected	GTS 40-3-2	Absent	
	EPSPS-C	Not detected	MON1445	Absent	
	P35S	Detected	MON15985	Absent	
	pat Pnos-nptII T-nos Plant species:	Not detected Detected Not detected	MON531 MON810 MON863 T45	Absent Absent Absent Absent	the event specific
	Brassicaceae Cotton Maize	Not detected Not detected Not detected	GM hybrid GA21 x MON810 MON15985 x MON1445	Event-specific Absent Absent	elements
	Potato	Not detected	MON531 x MON1445	Absent	
	Rice	Not detected	MON863 x MON810	Absent	
	Soybean	Detected			
	Sugar beet	Detected			
	Event-specific:		Specified GM events and hybrids based on	
	Bt11	Not detected		pattern analysis	
	Bt176	Not detected	GM event	Pattern analysis	
	GA21	Not detected	DAS1507	Absent	
	GT73	Not detected	DAS59122	Absent	
	GTS 40-3-2	Not detected	H7-1	Absent	
	MON1445	Not detected	Nk603	Absent	
	MON15985	Not detected	T25	Absent	
	MON531 MON810 a MON810 b	Not detected Not detected Not detected	TOPAS19/2 GM hybrid DAS107 x NK603	Absent Pattern analysis Absent	Pattern analysis
	MON863	Not detected	MON863 x NK603	Absent	
	T45	Not detected	MS1 x RF1	Absent	
			MS1 x RF2	Absent	
			MS8 x RF3	Absent	
	Contamination control		NK603 x MON810	Absent	
	CaMV	Detected			
	Process controls Positive hybridization controls: Negative hybridization controls:	OK OK	Unspecified GM event Detected screening target element(s) bar	Detection of
	Negative detection controls: Positive detection controls: PCR controls	OK OK OK		P35S Pnos-nptII	" unspecified
	Array variability	OK			GM event"

http://bgmo.jrc.ec.europa.eu/home/docs.htm

• Qualitative PCR: up to 9plex • Micro-arrays: (

32 targets) DualChip® first inter-laboratories validated chip • SNPlex™: up to 48 targets amplified in a time • Whole genome amplification and micro-arrays detection, including vectors sequences ENGL WG guidelines and paper

  

	uncertain environment Quantification of UGM Taking decisions in Conclusion
	• While numerous issues on approved GMOs are resolved by 'new'
	• dQ-PCR can quantify but does not provide regulations (1829/03 and 1830/03) • Matrix data can detect several GMO in a • Still pending issues for UGM
	insights on the GMO% (relation sequence / time: interpretation of data • Issues:
	mass) • Matrix approach can detect unknown GMO
	• The 'Matrix approach' use qualitative
	methods: Need of DSS for
	-Sub-sampling strategy (control plans with • Harmonization of data interpretation
	multiple attributes) for knowing the content • Reporting versus a threshold (e.g. when safety reason • Decision making applies) • In combination with doc traceability

  • Importance of landscape composition and heterogeneity, domino effect, multiple sources of pollen flows…

	Post-market environmental
	monitoring plans
	• Differentiation between specific and general
	surveillance plans
	• GS:
	• What to observe?
	• How long?
	• Observation spatial scale? Altogether explain discrepancies between EU MS' • Sampling issues… coexistence measures such as isolation distance See for instance: mirids in China on Bt cotton and fruit trees
	EFSA PMEM guidelines moved from "without a
	Land sharing vs. land sparing… priori" (2006) to experimental fields (2011)

DSS (Decision Support Systems) shall be generalized e.g. for -Monitoring supply chains -deciphering data, reporting and taking harmonized relevant decisions (labs and Competent Authorities) after taking into account information of doc traceability

  Conclusion• Truly consensus sampling plans still missing, • EU regulation covering only a part of laboratories' and stakeholders' needs: gaps in regulation and techniques • Beside some "ideal" situations (quantification of approved GMOs), there are still numerous decisions to take in uncertain environments

kinds of targets: ubiquitous elements (screening), taxa reference genes, construct specific, identification by edge fragments (construct / plan genome)

Consensus PCR and matrix-approach with detection by micro-arrays

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 with software Costs-benefits analysis for acceptability

Unapproved GMOs

Unapproved GMOs

• A residual issue:

-Asynchronous approvals with e.g. wrong segregation of US approved GMOs: Starlink, US papaya from Brazil and Thailand, etc. -Escapes of unapproved GMOs: Bt10, pig vaccine, LLRice601, Bt63 rice, event32, B12 producing microbes…

• A growing concern:

-New producing countries: China, India, etc.

-New expected GMOs: molecular farming, phytoremediation, etc. in the same crops A EU concern shared by USA

Sources of UGM

• Third countries and asynchronous approvals (USA, Canada, Brazil, Argentina),

• Illegal uses in some countries of GMOs approved in other countries,

• New producing countries: China, India, Cuba, etc.,

• Biohacking,

• Bioterrorism UGM: a need of rationalization

• ENGL WG on UGM:

-3 to 4 levels of knowledge -Survey of existing detection methods and strategies -Guidelines for detecting UGM -Perspectives and needs 

Detecting unknown GMOs: the differential quantitative PCR

The first ready to use, accurate, cost-effective and flexible detection method of unknown GMOs and for confimation of approved GMO data

Detecting stacked genes

• Japanese approach: kernel by kernel… -observation networks mobilization and coordination -Inherent costs supported by who? -what is and how establish a baseline with which bioindicator (see issues in biodiversity studies), -How to define "focal species" , particularly for NTO, as GMO traits and growth conditions greatly differ? -Data transparency in several MS… -Long term and long distance to be studied by ecologists instead of agronomists ? -Needs for global biodiversity monitoring without a priori on long term and long distance (cf. China)