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From France,

Opinion on the Regulaton of Targeted Mutagenesis in
Plant Breeding

Opinion adapted By the Arademy of deviauinme of France and the Academy of Technaiosy an
Juy 7, 2016

plant breedine as they can aocelerate the creation of vamieties of imberest apd therefore
reduce costs associated with it.

Ir seems bence mportant that the iSsue of access fo new feclmologies for Fenome
mpdification, tarpsted &5 shudied and disossed taking pood acount of the
avpinton of techmges the benefifs they bong in many applicacons demved progress
facts in the life soienres Their Jow cost and ease of implementation woald allow their use by
wony bresding conpapies mEandless of e size, for poblic reseamch laboratomias,
mﬁmmmh&mﬂpﬂmm

Their wse in Barope, hoth in the f=id of research and in asricalsrs] prodocien. will depend
oo repuision: thar will be applied fo them Hemre a clesr Ewopesn mgulstory frams i
peded and vet the ommem Eunropesn resulatory Bodscape is somewhat confised T &
itcally mrpaortans that the Exopesn Conmizsion and its Menber Staies quickly speciy the

ofthese e avoid that iz
starms w::: plant ares b0 mimrun:ﬁmmrf might penalize
plobalimed

Emﬂnpa‘q:ectmnfhuthﬁaeﬁuﬁ&cﬂh:ﬁa fechmuques of @rgeted pudagsnes:
e excluded from the he Drirecve
SPOLTRIEL o the deibeaie el sas of enetcally modifed ocgmans o G emirormment
The Acsdemy of Agricalitore of France apd the Academy of Technoloey express ther
mmmmmmmmuhmnm
including field experiments and accordimefy use their resulis im order to

resulatory framework which imcorporates both bicomonit l-]h:hlu:ﬂm
theat these new fechnodogies may provide .
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Opinion on the Regulation of Targeted Mutagenesis in
Plant Breeding

Opinion adopied by the dcadeeqy of devicuiture af France and the Academy of Techrnology on
July T, 2016

Since dhe early 18005 rechnigues of induced mumragemest forgeted by Bresechmelogicel
processes have been developed

Targeted murtadens obrained are of greal migrest for pland breedimg as they can gecelerale
the creation o varieder of tnferen and (hergfore redues conls associared with &

In o regulatery landscape 168 confused ar the European level, and i the absemee of
Rindvighs om comnerete data from che field, the two Fremeh Academies m thefr apinion voted

on July 7, 2006 call pubfe esuthorities perm® fhe develspment of the oxperimenty M
progresy, inclnding field operments, and fo wee thewr rewelts m o oorder fo prepars @
repulatory framework which mesrperates bodh Siomontorimg and rechnical advanees that
these mew fechnologies may provide,

Il Explanatory memoerandmn

1T Orpinion of the Academies of Asriculture of France and Technslogy on
the regulation of targeted mutagenesiz by editing the genome of plants

Appendix to the Opinion of the Academies of Agriculiure
and Technology on the Regulation of Targeted
Mutagenesis by Editing the Genome in Plants
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Opinion on the Regulation of Targeted Mutagenesis in
Plant Breeding

Opinton adopeed By the dcademy of dgricuinmre 5 France and the dcademy ¢f Technalagy on
Jufy 7. 2006

Stnee the early 19905 fechmiguer of mdnced muragemess mrgeied b Shereclmelogical
Frocesses hapee heem diveloped

Targered muragons sbiained are af grear meerest for plont breeding as they can accelerare
the creation o variedes of inrerest and thergfore reduce costs aveociared with i
In o reguigiory lamdicope sill comfised o the European level, and m the absemce af
Rendsight on conerete darg from the field, the twe Fremch Academides v ihefr apimion voied
on July 7, 200§ call public aurhorities permit the developmend of the experimenty i
progress, mclndmg fTeld opemments, and fo wse ther resmls im oorder fo prepare a
regiigtory framewerk whick meorpereies both Siomentorimg and fechnical advanees thar
these mew iechuologies may provide.

I} Explanatory memorandum

Hiztoncally the Academy of Agnoultore bes been very early interested in adwvances in plant
bresdings and confributes fo debates of soctety in science and tecknology. Sincs its creafson the
HArademy of Techoolesy has besn nterested i the evolution of techoiques of the Zenoms
maodificanon 2pplied to the case of op mmprovemsnt in weeding programs. Ir: Committes of
Biotechrolagy, m parmicniar, follows the presress of molecular bislogists in tis field It alsa
waiched arenmwely the successive regulatory and legal chanpes o vanstiss authonzation
procedures resuliins fom tos work, both 2t the European Commission and national level.
It will be recallad that in 2013 the Academy of Technology has parmered with the Academy
of Soences and the Academy of Asmmilnme o exchange their member expertize oo the
subject. Foliowing this jomt work the three Acadsmies orgamized on Movembsr 19, 2003 a
SYDIposam open to discuss with a wider audience of advanced Genetically Modified Plamrs
(GMF) m the world, the benefits and fimits that conld be allocacsd o them and the stre of the
French and European regulagons. Armimis to BOnE theis exparise o te Freatest mumber, the
Arademiss, following thes conferences wrote a widely circulafed opinion that conrluded with
thess wards: "Tio move forward in this debate the acadenvies requirs that sciennfic ssues and
apmicutmoml affacring the GWVE are thoroush on an e'bjsctive basis. This imvolves restoring the
fresdom fo concwct research and testing. mckading Seld festing and lonz-term. umdsr existng
regulstions ™

The Biotechnology Comnsizszson supported the pubdicanion m 3004 of a boak "Ten Quentons
to Bernard Le Buanec on the Sulject off GO that answers the many goestons asked by the
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publx The Academy of Apmoulure workins soup en genetically medified plants alsa
pablished i 3015 2 book “Plasss (enerically Modifed Threar or Hope™ edited by Jean-
Clznde Pemollst

At ke spd of 2015 a pew workine Zoup was sef up within the Commission of Biotechmology
of the Academny of echnologas to wark oo "New technologies and asmicalnre" which was
associated the Acadensy of Amicalhme. At the Academty of Apriculftare working sroup "HHew
Bigtechnalozy for Food and Apriculmre” exmvines the use of new bistechoolesi=s, incloding
these eearding chanses to the genome, The joint working group of the two Academies brings
together experts fom the biotechnolozy of the Academv of Techrology Commizsion as well
as paany of these of the Acadewry of Ammicalore It is therefore manaral that the guestion poased
by the availability of new technigues for penome modification without “foreize” DA mmn
az A selerron too! mplant bresding process should be addressed Seweral academic reparts
wers considered, inchiding in parnouiar the report published by EASAC, the Europsan
Aszpciation of Academies of Sciences. that also publizhed the same year by the Genman
academmies, which Acatech mor sister Acadenty and finally wery recemily, ops af thres
American acadenties,

It seams Dmpartant that the issae of acces 10 pew tecimologies for penoms modifcaton,
targeted mufagenesiz, 1= stodied and discussed tmking good acommt of the syobstoo of
techmigues and the bepefits they bring i many applications dertved progress faces m the bfe
sciences (See Techoical Appendid). Their low cost and ease of moplementation would allow
their as by many breedine compamies regardless of their size, for public ressamch
laboraomies, commbubog o mapminns the diversiy of planr breeding stakebolders.
Howrever their use in Europe, both in the £ald of research and in apncuinmal prodoction, will
depend om reguiapon: that wall be applied w them I iz mopomant that the Eusopsan
Comomizsion and s Member Siates quickly specify the status of these technologies m the
plant atea to mvoid any unceroirty that mizht penalize the research, mnovaton and Europsan
apricuitare in & socig-sconomic comfext incrsasmely globalized

It is i this comtext that the two academies now offer the advice belowr This is m Ime with the
response of the French government in the i3sae of Decemvbar 12 3015 the member Brigite
Allain asked the Mmisoy of Ecology, Sustamabls Develppment and Enerzy oo the new plani
brssding technigues: "It chould ensare that the decisions wken at Ewrepean level ae
proparticnats to the nsks and challenges of these techniqoes and ke mte accoimt the papese
of the applications that can be developed with these technigues. Arabysis of HCB (French
bagsafety commuties) shows that the regulaten of GMOs chould oot apply fo some pew
techmigues. The French government will alse be alert to the legal cemainty of decisions taken
at Eurppean level ™

This joint approech, to the feld of plant bresding, does pot exchade a broader joimt efecton
oo the uses of these npew fechniques in the modification of apina] Fepomes



Appendix to the Opinion of the Academies of Agriculture
and Technology on the Regulation of Targeted

Mutagenesis by Editing the Genome in Plants

A mmation & a blegical phenomenon eoomring o two steps: first o peneral the breakaze
of a T2 A maolecule of a chrompsoms by a frarsient effert of varioos phy=ical or chemical ar
hiological fartors, then repair of this break by cellolar enrypais reactons makine pessible
the emerzence of pew morphological and'er physiological chamaoters (mait) or the removal
previously existine faits.

Spontanesus mutitions

Spoofansms ooamioes anmlly eoom o the envromment. I 15 gpepsrally accepred that they
are fbe source of genetic diversity. Their existence and the pew f=amres they comimol have
Teen enplotted by bumon: o ideneify species and wametiss swited oo their needs These
spomianscas mamion: have had and still have major coosequences om agmcuitore Ome
grample is the commol of fhe adhesion of rce gmins to the pemicle thet allowed the
domestication of this cereal Anather examale amons many, is ilismated by point moufations
of a geme of two-sow barley taming it imte six-row bagley called wmter barley.

Eandom mutaton imduction

In the late [B20s breeders soupht to increase the gemetic diversicy throush vanows mesns
inrloding the "mdwced” mpufafions. These purmtons are caused by etther eleciromasmetic
madiations or by chemical products applied o seeds m the lxboratory. These sesds are then
sowm and planes denved fom them are soned for new desined fraits

Fagarding mdiation the first amempts were using N-my. Subsaguently, at the dawm of the
gboptic age, panmma-rays and pewrons have faken over as this fype of mdiadon could be
moaiinely obizined 10 newly ostalled noclear reseanch power plants. Mutations bave alse been
induced by wiraviolst mdiation oo cells i calture. The changes produced by these physical
processes cam resudt moloss of chromosomal fasments of reamangements in the genome
Fpgardinz chenmicals the EMS (acronym for etind methanesatfonais) i most ofien used.

Thesz induced mmabons o mndom Thersfore very large cohens of muoiam plmts ae
required to ideorify those having agronongc valoe, with comespondmgly high costs. However,
many muatons have been well selecred and imtrodaced nio a number of vansties which are



shll culitvated sark as 200 vamstss of noe @ the wald sonfiewrer, yams, mary froifs and
omamental plants.

Induced mutations led by bistechnological processes

Twne advanced techniques allowed the development of induced muntons which are directsd
or mrg=t=d (for the so-called senome editing): [i) Fepome sequencins wiich from the 18803
precisaly identifies the maclectide sequences of gemes oo the DNA molecule; the first
sequencing of an enfire pland genmomes was published inm 2000 and () the discovery af
"scizsars” (DA macleases) 1o cut bislogical chromosomal DINA af a specific location

The discovery of thess “scissor®™ i3 denved Som an eoryme that has Besp called
megamicleazs wenfified by the team of Bamard Thogon m 1982 at the Pasienr Insofute,
France This restrictiop enryme has the partculanfy o recopmizs A seguence af 18
consecufive oucleofides m a pemome The probability of fnding apother same of I8
porlegtides n the DiA malscole beinz close to zemn, this messmaclease cuiz DEA at a
tazpeted site. This ohservaton was the begioning of new fargefed outiions in the z=noms
Cmee the DA our, it can be repaired independently followring the sams mechantzm as m the
cass of sponiansous munions dascribed above,

Since the d@zcovary of these oew tools DD (Dlipomacleonde Diecred Mutazspssisi weare
uwsed m the late 10905, mocleases mine finger (FFN, Zinc Finger Muckease) in the sarly 2=,
rcocleases efector TATEN (Tramsenption Actvator -Like Muclesse Effectar) m the late 2000
and, simce 3011 the CEISPE system (Clustered Fepularly Interspaced Short Pabndroosc
Fepeatz). In the latter case i &5 oof A proi=in that recopmizes the DA saquence bar 3 BNA
sequence of appros. 1] ouclsofides which associate with a T2A morleaze sach as micksase
Casd. This EMNA. which serves a2 3 puids to "scissor”, §5 easily syothesized in vimo with
nuinima] gost by copying the sequence of the rezion of the targst pene m which ops s=aks o
Create # LeW moaation

Thesze CRISPE. techmiques are geiting bemer copfrolied than the other techniques and the m:k
of offtarpet muration: becomes exiremely low o zero, as explained o the previom
paragraph At this level we must distingnish their applications m plants of those in antmals
and man In planfs they are considerad as a pew tool o create targsted new muatons o be
srudiad in the fisld by the hreader

Thase techricues allow the creation, when the z=nome seguence of the plant is known, 2 pew
nnutation at the same sife of 3 zens that conimolks 3 previsisly identifiad it motsions can be
sperified i advance and serting plants is then preatly simplifiad. thes they allos accelsration
of the work of the breeder and 1o redace coss

We now have effedive tools to induce @reeted onanons of geoome:s. These ona@hnons are

promisms far the development of new plnt vameties o mest the oment challenges of food
prodoction whick 1= @ strong srowth and demand plobally whils pressmims the emviromment



Chur amalyziz of the siuation of these mew techmgues in relation to the
European Directive 20118 ' EC on the deliberate releaze of genetically
modified orgam:ms into the emironment 15 as follows:

A - The Directive defines m Articls 1 a genetcally modifed orpapism (GO} as a "body,
with the exception of humar beines, whose penetic material has been altersd m a way that
does not ocour naturally by mutnplication and | or nafal recombination ™

- Annex 1B of the Dhrective exclades fom ms scope pnragenesis “prowidsd o does mod
mmvaive the use of recombinant mucieic 304 molecales or MO [reguiated].”

- Annex 1A states that are remalated “recombimant technaguas deenoynbomucleic acid meolving
the formation of new combinations of genefic material by the imsertion of mucksic acid
milecules produced m any way ouf of a body, msids of any viros, bactenal plasmed or other
vedlor system and their mcorporation into a host crganism @ which they do not nafurally
ooour baof in which they can grow coobnooushy” The lafter specificaton defines a
recomshinant mucleic acid m the spiret of the directive:

E) - The tarpeted mutasenesis techmioaes muplemented by ODM. mezamucleses, moc fnser
mochkeases or TALEN mucleass or the CRISPE. system {Cas® or Cpfl) can be used m diferent
ways in which these molecular toels will De miraduced info the cell esther by manszenscis, by
ransieni expression of the comesponding gemes, or by direct injecon of the ouck=ase (and its
eide i the caze of EMA CERISDE) or olizomacleotids (CDM) mumazenesis.

The choice depends on the technecal possibalibies of the method used and the type of c2ll of
the considersd plant species. In all cases & &5 possible to obmun 3 fnad product, divecily ar
after senetic segmesafion, without ncorporaton of recombament macletc acid capable of
mulaplying coofinuously in the host argamsm. which 1= easily demenstrabls by modem
techmignes of sequencing



