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SCIENCE & IMPACT



A rapid progression of techniques

1970s: appearance of the molecular biology of prokaryotes,
with some persistent dogmas over-simplified and
overused...

Horizontal transfers, phylogenetic analyzes, sequencing,

1980s: transformation of eukaryotes (Agrobacterium,
micro-injection ...)
1990s: GMOs, OdMs and meganucleases

2000s: Genome editing (ZFN, interfering RNA, OdM) and
epigenetics take off ...

2010: TALEN, Crispr-endonucleases, epitranscriptomics, the
importance of 3D or even 4D organization of nuclei /
chromosomes ...



THE LIFE COMPLEXITY



Cell nucleus
Thiz containzs almost all
of the genetic material

Supercoiled DHA
Before a cell divides,

the chromozomes cail
up wery tightly, becoming
thicker and shorter

Gene

This is a portion of the DMA
that carries genetic
instructions, such as for
making a protein, Genes
wary considerably in length

DHA backbone
Sugar-phosphate molecules
form the two DHA backbones

DHA helizx| L
DMA consists of
two intertwined
strands that form
a structure called
a double helix

MHucleotide bases

There are four different bazes called
guanine (3], cytasine [Z), adenine
(&), and thyrine (T). Bases always
pairin a specific way

Adenine—thymine
Theze twao nucleotide bases
always pairtogether in DMA

Cell cytoplasm

This material inside the

cell contains structures

inwalved in cell functions

Mitochondria
Thesze units make
the energy that
cellz neeJ.Then,'
contain a small
amount of DHA

Thymine

Guanine—cytosine
These two nucleotide basesz
always pair together in DH&

Free nuclectide base
Free bases in the nucleus
are used to make new
DHA strands

Chromosome
during cell division
Before a cell divides,
the chramosome is
duplicated, forming a
characteriztic ¥ zhape

Centromere
Thiz region on the chromozome joins
together the two copies of the
chromozomes until they are separated
when the cell divides

From the
nucleotide to
the cell then

tissues

Plastes

Etioplaste

Chroplaste Chloroplaste Leucoplaste

Amyloplaste Oléoplaste  Protéinoplaste

@

Statolithe

The majority of considerations
will focus on the eukaryotes’
nuclei, not on the

Organelles’ genomes
(mitochondria, chloroplasts)



Simplified diagram of a protein’s synthesis

Schéma simplifié de la transcription, I'épissage et la traduction d’un géne
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Central dogma of genes’ splicing
in eukaryotes ...




"Central dogma of biology": but in fact ...

MRENA sy -t

b, i

Protein A Protein B Protein C
The RNA transcripts as well as their abundance are representative of a cell at time T ...

Butin fact :

. Alternative splicing produces many isoforms, some of which are pathological (e.g. exon skipping of the Duchenne muscular dystrophy).
. Hence, different abundances for various transcripts, variable according to the tissues

. The transcriptome is a mixture of transcripts of all genes varying according to tissues, age and environmental conditions.

. The human transcriptome consists of tens of thousands of transcripts of 20-25,000 genes (95-98% of non-coding DNA) for more than
100,000 proteins per cell 7

. Proteins "moonlighting" with a changing function (ex: enzyme) one time then another (ex: structural) ...



Eukaryotic transcriptional unit:
the spatio-temporal organization matters
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Levine et Tjian Nature, 2003



Spatio-temporal organization

a3 Genes poor chromosomes

Gens rich chromosomes

Chromosome territones

Schneider et al. 2007 Spector et al. 2003



Spatio-temporal organization

A. Interchromatin domain model
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P e . T 1. Structural attachments (e.g. nuclear lamina, nucleoli)

2. Intrachromosomal contacts maintained by tethering

3. Interchromatin domain (ICD)

4. Intrachromosomal channel

5. Chromatin loop extends out of its territory into the ICDo
6. Rare interchromosomal interactions




Spatio-temporal organization:
inter-chromosomal domains (TAD)

Interactions inter-chromosomiques

o Chrb
Branco et Pombo, 2006

Schneider et al, 2007

Gene synchronization? Co-regulation?

11



Spatio-temporal organization:
inter-chromosomal domains (TAD)

B. Interchromosomal network model
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chromosome
territory

1. Structural attachments (e.g. nuclear lamina, nucleoli)
2. Intrachromosomal contacts maintained by tethering
3. Intrachromosomal mixing by constrained diffusion
4. Interchromosomal contacts maintained by tethering
5. Interchromosomal mixing by constrained diffusion
6. Chromatin loop extends deeper into another territory

12



Recall on genomes and epigenomes

« Very large shares of non-coding DNA, ex: man 95-C ynroLoep poLYMER
98%, previously thought as "DNA junk" now ’ .
known as involved in the gene expression W/w# NN
regulation

° n n i "micgqi "
The Black majcter (the essential "missing" genes CGLDED POLYMER
in some organism)
Equilibrium

 The poor functional correlation between linear globule
and spatial genomic and epigenomic regions. =

Cross-section view

 We are very far from the mechanistic molecular
biology of the 70s-80s

 Epigenomes (DNA, Proteins and RNA): we start to
know where start (see the conclusions of the
EFSA Symposium held in June 2016) Fractal

globule

Message to take home: except neutral mutations and
those improving the fitness in the current
environment, all living organisms do everything to
preserve their genomes from mutations (e.g.
‘Napoléon’s oak’)...




Interactions between "domains" still
very poorly understood

.

Genome Epigenome

Epitranscriptome




Interactions between "domains"
still very poorly known

* DNA and RNA circulate in the blood, placenta and plant vessels: sources
of information and expression of genes in distal parts (including graft-
scions),

* Nucleic acid exchanges with parasitic plants, sources of adaptation and
coevolution,

 Food RNA could regulate the genes of the animal consuming it,
 C. elegans: transport of small RNAs inside the cells,

* Epimutations that are transmitted are taken into account in varietal
breeding programs, as they may explain heterosis,

* Plant micro-RNAs present in royal jelly induce caste changes in the
haemolymph (creation of bee queens),

* SiRNAs of modified plants induce their resistance to insects ...

Message to take home: even a single nucleotide change (SNP) may have
important effects on either neighboring or distal genetic, epigenetic or
epitrancriptomic items, changes which might be visible only in some agro-
environmental circumstances...



Conclusion:
Terra incognita
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But how do these
fabulous changes come
about?




RELATED TECHNIQUES



Agrobacterium method Particle gun method

Agrobacterium
tumefaciens \

Ti plasmid carrying

_ Particles coated
desired genes "H_7with DNA encoding

a) desired genes

Cocultivation of
Agrobacterium with

Particle gun

Bombardment of
_—plant pieces with
particles

plant pieces

DNA transferred
to plant cells

Chromosomes with
integrated DNA
encoding desired genes

Shoot regeneration
followed by root
regeneration

Cell multiplication (callus) Plant with new trait

Agrobacterium:
phytopathogenic
bacteria with many
aborted infections as

observed in Plants (e.g.

sweet potato) ...

A regeneration of
plants limited to a few
species: little hope

to enlarge the circle of
elected

given the costs of
development, returns
on late investments and
from the few
considerations

for publications ...

A specific international
meeting held in London
(Oct. 2016)



Comment les différents compartiments cellulaires
participent a la synthése des molécules produites lors
de I'expression de I'information génétique
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Related techniques

NBTs require the use of "old techniques" used for the transgenesis of already
marketed GMOs:

* protoplastisation, vectorization (very large proteins, remains of genome and
Agrobacterium plasmid ...), cell cultures, modified cell selection systems,
regeneration of non-recalcitrant plants (hence a still limited spectrum of
species),

e All stressful techniques inducing mutations and epimutations (up to 35% for
cell cultures, somaclonal mutants):

— poorly identifiable (reliable software and reference genomes missing) because

often point or indelible mutations, especially in repeated or non-coding regions,
problems of translocations and inversions ...

— Difficult to eliminate (backcrossing by insufficient firms, co-segregations according
to characteristics, regions with non-Mendelian inheritance...) leaving millions of pb
not "cleared" and poorly controllable (see the software and reference genomes
issues)

International meeting held in London in October 2016: laboratories are
desperately looking for good, well-trained chefs and regret the lack of schools to
train future "chefs" ...



NBT TECHNIQUES

WITH ONLY 2 CASE STUDIES



Initial European work

Zinc finger nuclease technology (ZFN1-ZFN3) + TALEN+ meganucleases (then
Crispr-endonuclease added)

Oligonucleotide directed mutagenesis (ODM)
Cisgenesis/ Intragenesis vs. Transgenesis
RNA-dependent DNA Methylation (RAdDM),
Negative segregants

Grafting (GM rootstock / non-GM scion)

Agro-infiltration (Agro-infiltration “sensu stricto”, Agro-infection, Floral-dip i.e.
plant transformation)

Reverse breeding

Synthetic biology (later on abandoned as being taken on board by CBD
protocol despite SB remains still undefined)

A 2007-2012 Euopean working group
Report not publicly available
But largely commented for its "positive" aspects (ex: JKI)



Grafts: interactions between
scions and rootstocks

* pathogens, proteins (eg CrylAc), DNA, RNA, hormones...
circulate,

* Expression regulation (silencing ...), protein synthesis in scions
due to rootstock,

* Genomes communicate with each other with epialleles
http://phys.org/news/2016-01-grafted-genomes.html#jCp

Products of the non-GM scion (e.g. fruit) cannot be considered
as not influenced by the GM rootstock

Credit: Charles Melnyk/University of Cambridge Sam van Aken, Syracuse University, New York.




Crispr-Cas9 et al...




CRISPR

(6 classes, 19 subclasses with little or fully unknown functions)

Clustered Regularly Interspaced Short Palindromic Repeats

"Adaptive acquired immunity" of bacteria against phages
described since 1987, adapted for genome editing in 2012, and eukaryotes
in 2013,

Evolutionary convergences in animals and plants with genome stabilizing systems
ex: mMRNAs and transposable elements, small RNAs and DICER ...

Fundamental objective: to fight invasive DNA

Streptococcus pyogenes CRISPR array

direct repeats
—>

— N ]D—'_D’D?//LC:)I___I—

/ o b
tracrRNA Cas9 Cas1 Cas2 Csn2

spacers 26



Crispr-Cas9/endonucleases:
genomes and épigenomes modifications

Limitations of action in genomes by

(a) RU"":/}'a PAM sequences inducing a search for
other nucleases with other PAM (AT / GC rich) ex:
TargetDNA / protospacer GG Cas9, C2cl, Cpfl (1 single RNA); bringing his own
natural |1 2 m NI PAM..
\“—"""" E“NCD 2 crRNA Limitations of insertion size from where
HHH%*‘: 5 problems for e.g. human modifications,

Unintended effects:
o - Off targets because SDN = sequence directed
tracrRNA mutagenesis (homologies of sequences) and
several thermodynamic considerations...
- Exon skipping (generally not screened)

(b] RU“‘:/%: - Chromosomes’ translocations (undetectable by
TargetDNA ~ protospacer ‘low cost’ off-targets sequencing)...
artificial — jmmumy e IIIIIIIIIIIIIIII Attempts to reduce off-targets by
\_ |||||||| \_NC changes -> nickase activity,
HNH ‘| | ) reduction of reagent quantities, activity duration, RNP
(but with contaminating DNA),
SORNA
RNA-guided DNA cleavage by Cas9. (a) In the native system, the Cas9 C2C2 (Cas13a) and RCas9 for RNA modifications...

protein (light blue) is guided by a structure formed by a CRISPR RNA

(crRNA, in black), which contains a 20-nt segment determining target . . . .
specificity, and a trans-activating CRISPR RNA... Luisa Bortesi, Rainer Numerous cooking recipes of different labs a%hed

Fischer. Biotechnology Advances, Vol. 33, Issue 1, 2015, 41-52 without any quality assurance frame...



NBT such as Crispr-endonuclease are using
double strand DNA reparation system

—

...r"'"__ ™

e

NHEJ e e HR
no donor DNA + donor DNA, + donor DNA, + donor DNA
e [ —— | ——
L §F ] e | ——

S S N
== "

uﬂ
H,

gene knockout gene insertion gene modification gene insertion
(a) (b) (c) (d)
High frequency Low frequency

Canonical and alternatives (MME)J)

The challenge: favoring the less efficient HR DNA reparation system

Message to take home: very rapid and numerous dsDNA breaks followed by very rapid
fragments sticking without any control of the former vicinity of the sticked fragments norzcgf
the absence of changes at the cutting point...



IDENTIFICATION OF THE INITIALLY USED
NBT TECHNIQUES AND DERIVED
PRODUCTS

PRINCIPLE OF THE MATRIX APPROCHE
(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 ...

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
Of the matrix approach

Basic principles of
scientific
identification as
synthesized by
Alphonse Bertillon
in judicial
anthropometry

RELEVE

DU

SIGNALEMENT ANTHROPOMETRIQUE

1. Taille. — 2. Envergure. — 3. Buste. --
4. Longueur de la téte. — 5. Largeur de la téte. — 6. Oveille droite. —
. Pied gauche. — 8. Médius gauche. — 9. Coudée gauche,



Another example of the matrix approach

Some characters / traits of

K%
differentiation in dactyloscopy //://




Another
example of
the matrix
approach

Multipoints
facial recognition




Another example of the
matrix approach

Limbus boundary
Ciliary zone
Pupillary zone
Contractile furrows

Crypt

Collarefte

Pupil

Pupillary boundary
Pupillary frill

Iris recognition

Stroma fibers
Wolffin nodules
Mevi

Source (eyeimage): Dr. Jan Drewes. www. andrewes de
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Pt Genetic polymorphism

DNA Fingerprinting

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 ...

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




CLAMANT CLAIANT

Another example of el 9 (AT e

SUSPECTS HOLT NO. 2
VIGTIM  FROM SITE = e e—— ——y i)
the matrix approach e - =
pp — - o —_— ISR P
Depending on the 7, —_— T = - ey
context, the . sl ey 70 — =
"weight of . = B
evidence" (here e i | R’ E . I TRk
o — — e
the number of I o el
identification - B B — DV =
bands ey T Gt | oyl
differentiating — - o = =
individuals in these - mE2 === - —_— -
forensic studies) | eRem Sees - B -
may differ ... M s | T o o
Identification of a criminal through DNA DNA fingerprints of mother under
finger printing. Suspect number one is real culpn. consideration, the child and two claiman fathers.
as its VNTR bands are matching with specimen Claimant lather No. 2 proved 1o be the

from site of crime. realbiological father



Another example of the matrix approach

Another approach to
facial recognition in
noisy contexts:
similarities of
approach between
sequencing of
genomes and / or
epigenomes and
scanning recognition
methods (eg Viola-
Jones method)




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

4 &
[ Wi}
a4 @ [}
@
9
.‘ L] >
L T |

-0

Markers in all

genome and

epigenomes (ex: used
for a MAS, PAM,
off-targets, translocation,
transversion ... \

Choice of identification
markers
of the species

Choice of markers
differentiating
products from
in vitro techniques

Choice of markers
differentiating one (of)
technique(s), ex.
Crispr-endonuclease (s)
natural mutation (s)

frequency, cartography ...)

- 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

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

An element, alone, isolated, might not be an unambiguous
signature (but a border 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 technigue 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 ...




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,
— Onisolated tissues or cells, nucleus or organelles,

— Inthe laboratory or in the field (PCR, LAMP, sequencing ...)

e Using scars and signatures

—  Univocal (s) or multiple (databases and DSS, see ENGL network works and FP6 Co-Extra
program)

—  Analyzes with various software (assemblies, comparisons, phylogeny, statisitics,
cartographies)

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




IDENTIFICATION / DETECTION
TARGETS



In vitro versus in vivo

It is not forbidden to consider in the modifications of the genomes of the
organelles (mitochondria ...) in addition to the nucleus (cf post-traumatic
stress war of the Golf ...)

A fundamental:

— genomes and epigenomes are stable (in equilibrium as a result of evolution), cf. work on the
stability of animal and plant genomes such as "Napoleon Oak", tomato ...

— only the neutral or pressurized modifications that are transmittable remain.

Random mutagenesis methods: chemical, physical

— Types of induced modifications, eg transversion, micro-deletions according to mutagen (EMS,
ENU, neutron flux, y-rays ...)

— Characterizations (principle and software of tilling / ecotilling, NGS ...): frequencies / statistics,
cartographies, hotspots ...
Related techniques: "scars" (including somaclonal variations following
electroporations, cell cultures, regeneration of calls / plants ...), ...)

— Mutations and random epimutations of DNA, proteins and RNA (the change of a nucleotide
can induce mutations and epimutations, positioning in TAD and gene expression ...)

— Moadification of polymorphisms: genetic maps, SNPs, STR repeat sequences, microsat ...
— Transposable element motions, hotspot studies and recombination coldspots,
— Traces of elimination of modified cell selection sequences (eg Cre-Lox),



General signatures

 Comparison of « cell lineage »,
e.g.https://www.pourlascience.fr/sd/genetiqu
e/suivre-le-devenir-de-chaque-cellule-du-
corps-9810.php) considering nuclear and
mitochondrial genomes and epigenomes




NBT signatures

PAM proximity (sometimes several) and targeted mutation
(s) / epimutation (s), eg Crispr-endonuclease,

Off-targets near PAM, off-targets of RNAi, ZFN and TALEN...

Insertions of vector residues (eg Agrobacterium genome
and plasmid) for SDN, RNA. ...

Contaminating DNA for RNP systems (see results of DNA
insertion in the human genome ...), chromatin
modifications,

Natural or Crispr-based "barcode" for recording changes in
genomes and epigenomes and environmental cues ...

DNA, RNA (including mRNA) and proteins circulating
between rootstock and scion,



Conclusion

The identification of the methods used (in vitro vs in vivo, NBT ...) is possible using
the matrix approach already in use for known and unknown GMOs, as in other areas
of identification / detection ...

The techniques and targets used are of the same type as those used by seed
companies for varietal identification, SAM ...

One, or part, of these targets can suffice in routine, so at the least cost as for the
current GMOs

The proof of concept will be accessible

— Assoon as the research programs proposed by ENGL to the European Commission in 2013 are
launched,

— The reference materials will be provided by the companies as for the GMOs of transgenesis
(regulations 1829/03 and 1830/03)

The premises have not been fulfilled in the HCB, Scientific Advice Mechanism
European... Reports despite the available time (5 years for the HCB...) and
considerable resources (40 experts for the HCB), in absence of elicitation of experts
(ex: Q method) and public consultation demonstrate a political choice (see speech JY
Le Déaut at OPECST in 2016, comment European Commissioner January 2018 ...)
allowed by the use of circular reasoning (a classic of scientific bias)



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

. Working Group 2008-2015

. 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

. 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
HCB,

. Request to the gvt to urgently provide the HCB with an official referral on NBT,
. New SC WG on NBT started 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...

HCB (High Council for Biotechnologies): “business as usual”

Application to the Conseil d’Etat by organizations against Prime minister decisions of “VrTH” (“hidden GMO”) approval,
NBT were included during an exceptional investigation at the helm (‘enquéte a la barre’)
The Conseil d’Etat then sent several preliminary questions to the European Court of Justice (ECJ)
Follow-up of the ECJ general advocate comments delivered on February 2018



Some general questions

* A series of agricultural technical evolutions, often described as revolutions
(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 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,

e Societal issues that led to the refusal by citizens of certain techniques and leading
to regulatory guestions (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, RdADM, RNAi, OdM, grafting ...), copy /
paste errors, positions of experts and authorities they control, business lobbies and
policies?



NBT : rhetoric and omerta

Confusing copy-paste, without any updating or critical thinking, 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. RADM (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),
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 regulatory and financial aims



AFTER THE GMO, THE NBT: BIASED
SEMANTIC AND RHETORIC BATTLES TO
MASK THE REGULATORY AND
FINANCIAL ONES



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 themselves “politicians” (as they are as 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)

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 relatiosnhips

* 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?

* 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

e 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 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 (recent dissensus
issue)

In conclusion: the red Queen race of Alice in Wonderland



I Stepping u
Number of CRISPR papers published and some research highlights

Yearly totals

Doudna et al show how CRISPR
could be used to edit genes

Jennifer Doudna et al apply for
patent on CRISPR gene editing

Zhang publishes paper on editing

Feng Zhang applies for patent
on CRISPR in animals and plants

CRISPR used to control gene
expression in bacteria

CRISPR used to
engineer zebrafish

in human and mouse cells

First monkeys
engineered with
CRISPR (macaques)

CRISPR
used to edit
crop plants,

including
sorghum
and rice

Liver disorder edited
out of mice in
laboratory

Zhang's patent
on CRISPRin
mammalian cells
accepted by US
patent office

)

Crispr-endonucleases: fashion and new opportunity of funding...
And the bias of publications (as for cloning 20 years ago...)

“Gene drive”"demonstrated
in yeast

Chinese group uses CRISPR
to edit human embryo
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Sources: Thomson Reuters Web of Science and InCites; The Economist
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Initiation Pol I-RDR6-dapandant RADM Pol IV-RDR2-dependant RADM

PGS Establish TGS

Nature Reviews | Genetic

Are consumers, but also supply chains, really wishing such changes?



An economy of promises and a race of lies
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Authority’s arguments

Usual sentences during sessions: ‘everybody knows/,

Appeals to authority such as chair taking the time
instead of favoring the expression of diverse opinions,

Subordinate relationship, funding or positions backlash
in future e.g. call for tenders...

Standardized risk assessment (e.g. toxicology) vs.
research issued assessment (e.g. epigenetics without
guidelines, effects of fed miRNA on host’s genes
regulation...),

Using several cognitive biases.



Experts’ integrity

Direct links of interests and earnings
(merchants of doubt...)

Cherry picking of publications

Biased information / communication (see the
lack of HCB CS to CEES communication on
related techniques)

Circular reasoning (e.g. identification of NBT
techniques and derived products, effetcs of
genes modification vs. verifications....)



1

How language matters

* The direct impact of using words and
expressions on the reasoning and acceptance
of both scientists and laypersons (e.g. new
breeding techniques),

e Qutrageously simplified language and
metaphors (e.g. genome editing),
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What are precision,
unintended modifications
and publication’s bias?

First training... - ot
en start ... for

missing a lot ...

Programmable Nucleases

* Many total or partial homologies in the rest of . 400 = ,

the genome, T o T N
 Thermodynamic considerations, og;,}ff:’ -

. . o AP

* Many recipes attempting to reduce the number s _V

of off-targets (of a 1,500 factor...) “ @ o

Therapeutic Target

* As a result: occasional insertions / deletions or

not, chromosomal rearrangements (inversions, Finally, only presumed successful data are
* translocations...), exon skipping effects, published: the usual bias of publication

epimutations... difficult to predict and detect...
e Additionnally: false positive not checked,
circular reasoning accepted...



Some misleading metaphores

(which influence your perception and then your ways of thinking and finally acting )

But ies of cutti
SDN: do not foresee an unique ";"- ut a series or cuttings

(with numerous
and precise cutting 8 8"’ breaks to rapidly and

:” accurately stick)

Editing the genome ... Waiting
for amending electronic
and known languages?

What you have effectively
to “edit”: untranslated
handwritten languages...

asi
e more T beach  arber o€ it

[We Can Edlt Your :I;ext ]

ciivity thattabies place on your oot

The promised precise modification?

906

ACCURATE PRECISE ACCURATE
(Correct] (Consistent) & PRECISE

plus

On a destructed
landscape due to
related techniques:
everything to rebuild

Several 'off targets' obtained
due to rebound effects
from homologous
Sequences

It’s rather Staline’s organ shots

Targeted mutagenesis: were you
thinking about a ‘one shot’?




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: 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
all the week a technique, such as NBT, for funding his 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).



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, telling we have to avoid with NBT the
current situation of GMOs’ refusal,

European commissioner saying it would prefer NBT product being
not traceable (ENGL proposed in 2013 to work on...)...



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

e Better recognition of the involvement: emoluments, careers’
evaluation...

* Experts’ elicitation: Delphi, Q methods (see the current FRB’s
call for expertise on synthetic biology and environment),
involvement of young experts without backlash...

* Improving the weight of evidence? Scientific collective
expertise according to recognized quality standards and rules
(see e.g. Inra’s EsCo), systematic lliterature reviews,
metaanalyses... But how could the democratic debate be
maintained?

Message 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.
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