History and general context

• Several European crises (contaminated blood, mad cow, from Chernobyl's assertions to NDDL or long term nuclear wastes storage), • Several French crises with merging of medicine / pharmaceuticals committees, • Outcomes: establishment of US then European and French risk assessment commissions then agencies, toward a "professionalization" of the expertise, • Several stakeholders and experts' resignations such as in 2016 the Inserm's CEO from the nutritional labeling Committee. • A number of catchy titles ('High council', 'high authority', 'high level'…) inflating as controversies swell, • The European SAM creation, 'France stratégie' call for contribution on the crisis of the expertise, FRB testing a rather unusual expert elicitation method...

Impact of the GMO status

• Several GMOs (e.g. obtained through somaclonal variations) are exempted of their status implications, • GMOs dossier of sanitary and environmental risk assessment…

• Cost (supposed high but have a look to the CIMMYT study),

• Reliability, • Locally adapted (e.g. about NTO),

• Detection and quantification methods to be provided and interlaboratories validated, for labeling (consumers' choices), • Supply chains', including production fields, coexistence measures,

• Specific and general surveillance mechanisms for monitoring foreseen and unexpected issues,

Risk assessment of GMOs in France

• 1998: Conference of citizens with a guidelines and recommendations' outcome,

• CGG (confined use) and CGB (deliberate release in the environment) administrative Commissions,

• Grenelle de l'environnement (2008)

• 2009-2014 HCB (Haut conseil des biotechnologies)

• Scientific committee • Economics, Ethics and Social committee (stakeholders, Parliament representative, 3 personalities [economics, legal issues, sociology])

• 2015-2019…

A former British experience of stakeholders' involvement Anses involvement in sanitary assessment after its establishment Most of the risk assessment is based on corporates' data No experts' elicitation procedure but numerous attempts to discard any dissent Staff = molecular biologists, no environmentalist GMOs, "hidden GMOs" and NBT 

French case study

France as a case study: NBT at the HCB and the Conseil d'Etat

• Working Group 2008-2015 without referral nor self-referral of tasks to be performed, • December 2015: "discussion on a summary note" of the WG

• No gvt referral nor self-referral, thus without precise request of work to be performed,

• "Written in a weekend or so", • provided to the Scientific Committee 3 working days before the HCB SC meeting,

• with less than a third of the final document (remainder to be provided later on),

• with regulatory and economic considerations of the CEES but not of the CS, • provided to CEES the same day (contrary to the procedures' scheme), • which will be announced the days after as to be provided as a notice to the government, • request for dissent refused: resignation of a SC scientist then several stakeholders of the CEES.

• Communication "double talk" to justify a misuse of procedures, • Resignation of the CS: an expert intuitu personae vs. organizations of the highest quality, • Status of the document regressed several times on the HCB website but was always presented by the gvt as a "advice" of the HCB, • Request to the gvt to urgently provide the HCB with an official referral on NBT, • New SC WG on NBT started in 2016 for writing a new CS document… delivered November 2017 despite a new dissent, • Ad-hoc working group ('coach', chairs and staff) i.e. a judge and party WG on HCB governance. Conclusions after several months: the rules of procedures have to be applied, the documents have to be provided in due time, procedures have to be transparent, minority opinions have to be taken into account as stated by the procedures...

France as a case study: NBT at the HCB and the Conseil d'Etat HCB:

• After a clear lack of reflection on how to organize the scientific expertise,

• Some stakeholders deceived by the CEES as present for co-management of GMOs issues,

• After the resignations: "business as usual" to be compared to the same issue of dissent for an Anses' expertise of several years and its professional ethics committee, • No consequence for the HCB governing board despite the non-compliance of tendering rules, as stated in the conclusions of the ad-hoc group.

'Hidden-GMOs', NBT and the Conseil d'état: • Judicial procedure in 2015 before the Conseil d'Etat by organizations against Prime minister's decisions of "VrTH" ("hidden GMO") approvals, • NBT were included during an exceptional 'investigation at the helm' ('enquête à la barre', June 2016),

• The Conseil d'Etat then sent several preliminary questions to the European Court of Justice (ECJ),

• ECJ General advocate comments delivered on February 2018…

After the GMOs, the NBT: biased semantic and rhetoric battles to mask the financial goals NBT: some general considerations NBT : rhetoric and omerta

• Exaggerated cost of the corporates' dossier compiling (see the CIMMYT case study on GMOs),

• Confusing copy-paste, without any updating or critical thinking, among numerous documents, ex:

• the story of the definition of recombinant DNA and the nucleotides,

• Traceability / detection / identification, from the industry arguments to the European SAM report,

• From flooding of promises reminiscent of GMOs and cloning promises 30 and 20 years before, with many omissions: breeding acceleration, feeding the world… to a fabulous world 2.0 without genetic diseases nor harmful organisms, around precision medicine,

• An abuse of undefined wording such as 'natural' (e.g. use of natural mechanisms such as NHEJ, but current GMOs also use natural DNA reparation mechanisms), a semantics of fight ('new' synonymous with breakage for patents, and 'plant breeding / selection' for falling asleep citizens), 'editing' rather than modification, this despite the many errors, 'precision' despite several unintended effects such as off-target ...

• A focus on 'targeted mutagenesis' not mentioning the unexpected effects of old techniques (protoplastisation, regeneration of plants...) used to generate mutations and new techniques of genome modifications,

• A mechanistic presentation of the 70s-80s of the genome and molecular biology instead of the current one of dynamic networks constantly interacting between genomes of a cell, between cells, between tissues,

• A biased choice of mechanisms and of their relative importance e.g. RdDM (a way of obliterating the problem of gene regulation, pleiotropy…):

• 'Methylation of DNA as a natural process',

• 'Unmodified DNA sequence'…,

• A mix of confusing situations: old reassuring techniques such as grafting but with GM rootstock without consideration of the remote effects on the scion and its products ...

• Confusion maintained for example by the different definition between countries about e.g. agro-infiltration (agro-infection itself and floral-dip included or not),

• A flooding of patents covering mostly insect resistance and herbicides tolerance traits, not satisfying consumers needs,

• Gibberish confusion with 'concepts' (e.g. cis-, intra-and trans-geneses using the same techniques) presented at the same level as techniques.

A semantic battle and biased rhetoric to mask the financial goals

The effective expertise framework Who's expert in which context?

• As a kid, you can be the expert for the bicycle of your sister,

• Administrations' delegates: OECD, EC's committees… with several instructions,

• As a "connoisseur", such as a scientist or as stakeholders' representative… But • Experts are generally chosen trough non transparent procedures despite the official calls,

• There are no efficient career award or earning motivations, as shown by several reports, for young experts, whatever the work quality, • Several 'experts' are collecting nominations as corporate administrators are collecting attendances fees,

• Experts are themselves "politicians" influenced by their training, networks and opinions (as the scientists in their labs)

with different opinions and strategies, hidden agendas… • Experts may be rare, difficult to mobilize, particularly in controversial areas, possible biases in their choice by e.g. the nominated chairs… • Experts are generally questioned about unstable situations, with large uncertainty margins, affecting different possible scenarios, sometimes with guidelines and norms (e.g. toxicology) not taking into account recent research data… • Expertise can be also mostly based on stakeholders documents (expertise privatization?) without power of initiating additional research, in very short expertise timing, • The quality of expert's work is generally not assessed (some are just making summaries instead of applying critical mind or checking the application of legal directives), nor bad job sanctioned, • Generally highly depending on the secretariat competence, a staff whose members can publish to express their viewpoints (see e.g. EFSA's staff) and thus influence the experts.

The experts / politicians relationships

• The enlightened prince, a kind of epistocracy,

• The empire of standards: the legitimacy of "science based" and the full epistocracy. Which expert to choose and who is nominating them through which non transparent procedure? • The technical democracy: the power of experts decreases, citizens are involved (consensus conference, HCB CEES…). But who is representing? Several limits (see the debate about nanotechnologies in France).

Direct interferences during the expertise

• Social pressures of an economy of promises:

• Colleagues' interventions about e.g. socio-economic impacts (feeding vs. nurturing the world, children's nutritional deficiencies, supposed huge costs of approval dossiers…), • Nationalist arguments: agricultural exportations and trade balance, improving competitiveness, Shangai's ranking of our research, • Authority arguments during colleagues' interventions about what "everybody knows", tribunes of renowned scientists of other domaines, • The usual and intentional confusion between science and their applications, • Number of "successful publications" (forgetting the fashion effect, the funding needs with claims for disruptive technics, the publication and votecounting biases…) • No compliance to scheme rules (e.g. CS HCB meeting on dec. 16, 2015 and following steps) and their control (internal WG's conclusions: to respect the rules of procedure, be transparent, provide documents in time…), independent structure without ethical committee at the difference of Anses professional ethics Committee (recent dissensus issue)

In conclusion: the red Queen race of Alice in Wonderland

The Promethean myth Crispr-endonucleases: fashion and new opportunities of funding...

And the bias of publications (as for cloning 20 years ago…)

A self-fulfilling prophecy Beside the 'Frankenfood' effect, are consumers, but also supply chains, really wishing such changes?

As for the 80% of new products withdrawn from retailers' shelves, the enthusiastic predictions of experts based on corporates promises are often disconnected from the day-to-day realities. 

Experts' integrity

• Unclear expertise aim/formulation, or referral including its own response (see. HCB request for referral in 2016 on NBT), • Direct links of interests and earnings (merchants of doubt, funding effect…), but also having direct links with alternative solutions (e.g. CTPS representative in HCB), 

•

AN EXAMPLE OF CIRCULAR REASONING: THE IDENTIFICATION OF THE INITIALLY USED NBT TECHNIQUES AND DERIVED PRODUCTS

Principle of the matrix Approach (gathering a converging proof network) http://www.inra.fr/Entreprises-Monde-agricole/Resultats-innovation-transfert/Toutes-les-actualites/Detecter-les-OGM-inconnus

Classic premises of identification

• Principle:

• Observe / distinguish characters, traits ... eg shape of flowers, animals, hair or feathers ... • Inventory the elements: locomotion devices, bone, disposition, ontogenesis ... • Classify the elements: phenotypic, genotypic, epigenotypic, epitranscriptomic ... • Analyze nucleic acid sequences; proteins, compare DNA / proteins (exon jumps, alternative splicing) ... • Combine the elements if necessary according to the desired degree of precision, • Correlate, for example in trees (evolutionary tree ...)

• Users: Aristotle, Linnaeus, Jussieu, Darwin ... breeders of seed companies ... How to become one of the experts of the technical and scientific police, or -more prosaically -how to identify varieties to do marker-assisted plant selection ...

Genetic polymorphism

"In addition, the plant genome is extremely diverse," says Jeffrey Sander, scientist at the Pioneer Molecular Engineering (Johnston, Iowa), "Between two varieties of corn, there is almost the same genetic distance as between man and monkey. "

Depending on the context, the "weight of evidence" (here the number of identification bands differentiating individuals in these forensic studies) may differ ...

Another example of the matrix approach

The matrix approach to identify the NBT techniques initially used and the derived products is based on the assemblies of markers of different types, for example in genomes and epigenomes -Choice of a combination for unambiguous legal identifications -Choice of one (or some) relevant marker (eg PCR on targeted mutation-PAM) for routine detections (aspects of cost, speed ...)

Conclusion

• The circular reasoning was: the NBT mutation is supposed similar to a natural mutation, as such we cannot identify the NBT used for producing it, there is thus no identification method for distinguish the product from a naturally occurring one,

• Do not be fooled by the tree that hides the forest:

• An element, alone, isolated, might not be an unambiguous signature (but an edge fragment or a rearrangement internal to an insert is sufficient for GMOs of transgenesis ...), this is what you are generally asked to consider for NBT (to make you admit that the modification is natural), not all...

• Various elements collected (see above for NBT and mutagenesis in vitro vs. in vivo) make it possible to determine the technique employed and then to trace the product by using only a part of the elements (cost aspect, speed... according to the needs of the analysts)

• These matrix approach practices are already in use (detection of known and unknown GMOs, to reduce costs, simplify complex samples detection ...) and made more user-friendly using the labs' databases and DSS ...

What are precision, unintended modifications and publication's bias? 

Links of interest

• Direct:

• e.g. scientist paid by a stakeholder, published results are generally more favorable to the funding companies… • Your company or public research institute and its policies, hierarchy and carrier…

• Indirect: institutional… e.g. lab. funding and temporary positions of team's personnel (e.g. backlash from colleagues in position to influence the results of your research proposals),

Message to take home: you cannot expect a scientist selling the entire week a technique such as NBT, for funding his/her team, to change his/her state of mind and being critical when entering into an expertise's room…

Bioethics

• Enhanced gene drive: organisms' eradication (despite it is already known it is unsustainable) means a privatization of public health policies (see. WHO director's statements at the appearance of Zika, Chikungunya… viruses in Brazil…) • Plants as a proof of concept, to test the accuracy of the methods, • Huge demand of perfect children, particularly in some countries…

As for GMOs, large differences observed in polls in western countries about changes of human somatic vs. germinal lines, as well as for pharmaceuticals issued from modified organisms (different 'cost-benefits' analyses).

  Cherry picking of publications, reproducibility crisis, lack of data confirmation (ex: Germini et al. 2018), • Personal opinions of the experts, influencing the work, definition of the common goods, • Biased information / communication (see the lack of explanation of the HCB CS to CEES on 'related techniques'), • Circular reasoning (e.g. identification of NBT techniques and derived products, effects of genes modification vs. verifications....), • As for GMOs, an asymmetry of evidence (see the recent Schaefer et al. 2017 retraction on mice's off-targets: new standard, hiding exon skipping, structural rearrangement... Vs. false positive after NBT use),, • Lack of controls of the quality and integrity of the expertise work, sanctions.

  First training… Then start ... for missing a lot ... • Many total or partial homologies in the rest of the genome, • Thermodynamic considerations, • Many recipes attempting to reduce the number of off-targets (of a 1,500 factor...) • As a result: occasional insertions / deletions or not, chromosomal rearrangements (inversions, • translocations...), exon skipping effects, epimutations… difficult to predict and detect... • Additionnally: false positive not checked, circular reasoning accepted… Finally, only presumed successful data are published: the usual bias of publication"People just don't have the time to characterize some of the very basic parameters of the system," says Bo Huang, a biophysicist at the University of California, San Francisco. "There is a mentality that as long as it works, we don't have to understand how or why it works."Some misleading metaphores(which influence your perception and then your ways of thinking and finally of acting )

  

  

  

  

  

  

  

  

  

  

  

  

SLR: backdoors still present… Usurpations (see HCB advice on a peer-review paper)… Main concern about the citizens and NGOs' abilities to understand and prepare counterarguments…

  

	Increasing the 'weight of evidence' Taking decision in uncertain situations
	• Explicit rationale, • Peer-reviewed protocol, • Statistical uncertainty / burden of by decreasing the uncertainty • Systematic bias avoidance, proof (Analytical error propagation, Monte Carlo simulations, sensitivity analyses, Bayesian, Robuste • Transparency,
	decision making...) • Conflicts of interest,	
	• Compiling scientific advice with expert • Plurality, elicitation by interviews, the Delphi, the • Reliability, Cooke's or Focus groups Decision methods, Nominal Group Technique, Q méthodology, • Traceability, MCDA (Multi-Criteria Decision Analysis), • Stakeholders' involvement, metaanalyses, systematic literature reviews... • Subjective judgement • Repeatability / reproducibility, • Incomplete knowledge / gaps • External experts / political • Systematic errors decision.	• People not always rational but proficient, • Context-bound modeling vs. context-free, Collective expertise • Process-orientation vs. prediction of outcomes, • Empirical-based prescriptions, • Experts' situation: stress, time pressure, dynamic conditions, ambiguous information, ill-defined goals, vote-counting, • Minimizing biases such as cherry-picking and
	• Temporal variation	• Appreciating the robustness of papers for meta-
	• Inherent stochasticity • Decreasing experts' a priori	analyses and narration, • Weight of evidence integrating plurality / dissensus and, as far as possible, reliable
	convictions and related biases	probabilities.

  • A series of agricultural technical evolutions, often improperly described as 'revolutions' (as for middle-age, green...), • A technical evolution of molecular biology: GMOs, then NBT, synthetic biology, • Related techniques: cooking recipes that have been used for several decades generating mutations and epimutations (see the London's October 2016 seminar) • Techniques used without evaluation guidelines on certain impacts (e.g. epigenome, see EFSA symposium, June 2016) nor an appropriate quality assurance scheme, • Societal issues that led to the refusal by citizens of certain techniques and leading to regulatory questions (what is mutagenesis, GMO or not, exempted or not?) being processed at the level of the ECJ, • A society where technical progress and innovation are asserted as a source of happiness and wellbeing by both private and public actors (ministries in charge of the environment and agriculture, CTPS vs. Evaluation agency ...)

	What can be learned from the current NBT controversy (ZFN, TALEN, Crispr-nuclease)
	and other techniques (negative segregants, RdDM, RNAi, OdM, grafting ...), copy /
	paste errors, positions of experts and authorities they control, business lobbies and
	policies?

  An economy of promises and a race of lies

	Authority arguments
	• Usual sentences during sessions: 'everybody knows',
	• Appeals to authority such as chair taking the time instead of favoring the
	expression of diverse opinions,
	Foreseen RNAi applications • Subordinate relationship, funding or positions backlash in future e.g. call for Economic interest for the producers currently tenders…
	overproducing apples? • Standardized risk assessment (e.g. toxicology) vs. research issued
	Products may not assessment (e.g. epigenetics without guidelines, effects of fed miRNA on
	'fit the times' as for instance local productions host's genes regulation…),
	Crispr body-builded dogs • Using several cognitive biases,
	• Disqualification by politicians of experts suspected of opposition (see
	OPECST April 2016 online video).
	Dolly

e.g. vitamin C content and flavors of the unoxidized Artic® apple?

•

  The identification of NBT techniques and products is only an application of the methods and targets used in taxonomy, phylogeny / cladistics / phenetics / statistics, varietal identification, marker-assisted selection, detection of GMOs ... assisted or not by various statistical tools, databases, decision support systems (DSS) ...

	Other examples Another example of the matrix approach Another Another example of the
	Of the matrix approach example of matrix approach
	the matrix	
	approach	
		Basic principles of
		scientific identification as
	differentiation in dactyloscopy Some characters / traits of Multipoints facial recognition Iris recognition	synthesized by Alphonse Bertillon in judicial anthropometry

Detection Methods

Available methods

• Phenotypic (ex: tolerance to a herbicide, immunology ...)

• Omics (metabolomic modification, proteomics ...)

• Molecular: genomes and epigenomes / epitranscriptomes (DNA, proteins, RNA):

• DNA, RNA and modified or unmodified proteins

• Simplex (PCR, LCR, OLA ...) multiplex (SNPLex, DNA chips ...),

• From the nucleotide (LCR, OLA ...) to the large chromosomal rearrangement (border fragment ...),

• Isothermal or not (LAMP, NASBA ...)

• Combined or not (eg SNPLex = LCR + PCR + DNA chip)

• Sequencing (Sanger, NGS, ChiSeq, RNASeq ...) with or without reference genome,

• On isolated tissues or cells, nucleus or organelles,

• In the laboratory or in the field (PCR, LAMP, sequencing ...)

• Using molecular scars and signatures • Analyzes with various software (assemblies, comparisons, phylogeny, statisitics, cartographies)

• Combinable and modular according to the needs: legal identification vs. routine detection

Messages to take home

• There are no technical bottlenecks to distinguish:

• In vitro from in vivo mutated organisms, • Identify NBT used for producing any product, • Detect the derived product • Only political and lobbying pressures impeded since 2013 the development of the identification / detection methods of NBT and derived products,

• Worldwide traceability and labeling of NBT products is a inexpensive tool depending only on the wishes of consumers and willingness of retailers

How language matters to get citizens' consent

• The direct impact of using words and expressions on the reasoning and acceptance of both scientists and laypersons (e.g. "new breeding techniques"), • Outrageously simplified language and metaphors (e.g. genome editing) to build up a politically correct language and change the perceptions, thinking and furthermore acting, 

Recurrent politician interferences

• The abuse of metaphors and other rhetoric effects, oversimplified statements, the confusion between science and applications / innovations, • Choice of experts and of the committees' chairs, creation of appropriate new structures when political decisions have not been endorsed by the current expertise areas (e.g. European SAM with "high level" experts), • Requests of changes in e.g. the coexistence issues of GM and non-GM fields production: isolation distances with negotiations between farmers vs. territory management, measurement units to be changed (ENGL advice requested…), • French OPECST's chair, claiming 'we have to avoid with Crispr-Cas9 the current situation of GMOs' refusal by European citizens' (online video, report), • European commissioner declaring in January 2018 it would prefer NBT product being not traceable (ENGL proposed in 2013 to the EC to develop the identification methods)…

How to improve expertise?

• Recognizing early societal issues, developing the democracy of techniques by e.g. citizens' consensus conferences to establish guidelines (on e.g. expertise, NBT...), • Training of experts to professional ethics, compliance with rules, future scientists to philosophy, history of science, professional ethics, controversy and dissent... • Favoring the valorization of expertise and critical thinking, developing appropriate expertise tools (e.g. Delphi method), • Assessing the quality of work of experts to avoid the collections of nominations, establishing independent professional ethics committees in all expertise instances, promoting responsibility and sanctions…

How to deal with expertise's biases such as links of interest?

• Better recognition of the experts' involvement: emoluments, careers' evaluation… • Better recognition and detection of the a priori opinions of the experts in an expertise work,

• Developing and using experts' elicitation tools: Delphi, Q methods (see the current FRB's call for expertise on synthetic biology and environment), involvement of young more critical experts protected from backlash… • Improving the weight of evidence? Scientific collective expertise according to recognized quality standards and rules (see e.g. Inra's EsCo), systematic literature reviews, meta-analyses… But how could the democratic debate be maintained (NGOS expertise in front of e.g. a SLR)?

Messages to take home:

• links of interest cannot be fully discarded, we have to find combined ways to 'manage' them and control the success of the procedures, and the quality of experts' work, • Citizens' conferences should be launched to allow people to discuss about the corresponding choices of society and to establish guidelines as in 1998 on GMOs, • Stakeholders' fora, such as the HCB's CEES on socio-economics issues, should be favored.

Thank you for your attention

After decades of expertise, such as for the HCB, i like to remind this sentence of Pierre Gilles de Gennes (Nobel laureate) :

« You know, experts are often like the military. They are experts of the last war but not of the next… »