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7 October 2020

The Nobel Prize in Chemistry 2020

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Chemistry 2020 to

Emmanuelle Charpentier Jennifer A. Doudna

"There is enormous power in this genetic tool, which affects us all. It has not
only revolutionised basic science, but also resulted in innovative crops and
will lead to ground-breaking new medical treatments,” says Claes
Gustafsson, chair of the Nobel Committee for Chemistry. [...]

Since Charpentier and Doudna discovered the CRISPR/Casg genetic scissors
in 2012 their use has exploded. This tool has contributed to many important
discoveries in basic research, and plant researchers have been able to
develop crops that withstand mould, pests and drought.
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Climate and
Sustainable
Agriculture

Our surging population size
and changing climate severely
threaten future food security.

With the ability to modify plant genomes easily and
precisely with CRISPR genome editing, we have an
unprecedented opportunity to make agriculture
more sustainable. Agriculture can be an active part
of the solution to climate change, not a part of the
problem. The IGl is developing crops that are
resistant to pests, diseases, and a changing
climate, and less dependent on chemical fertilizers.
We partner with stakeholders around the world to
ensure that new crop varieties will be broadly

available and benefit those who depend on them.



A CRAC

m\\

B erigna e in campo alimentare. Ma c’e un elefante nella stanza:

«Gli scienziati sono entusiasti delle possibilita dell’editing

produttori e consumatori accoglieranno le piante editate

nello stesso modo in cui hanno accolto le piante il cuigenoma
e stato mutato con raggi X, raggi gamma e mutageni chimici?
Oppure le piante editate avranno lo stesso destino degli OGM,
che hanno incontrato un‘opposizione incredibile, e direi
disinformata, nonostante il loro grande potenziale positivo?»

(Jennifer Doudna, «A Crack in Creation»)

JENNIFER A'. DOUDNA
SAMUEL H. STERNBERG




CRISPR
serve a introdurre

nelle piante gene editing but
not sure what it is?




Mutagenesi

(Genetic Literacy Project)

Traditional Breeding RNA Interference Transgenics Gene Editing

Switching off selected Inserting selected genesusing  When used to delete genes
genes with RNA recombinant DNA methods using engineered nucleases
(CRISPR, TALENSs, ZFNs, etc.)

Crossing plants and
selecting offspring

Desired genels)
inserted with other
genetic material

Targeted gene(s) Only gene{s) inserted at Desired gene(s) deleted
switched off or 'silenced’ desired locations selected only at known locations

few genes to whole genomes 100s - 1,0008 1 -dozens 1-8 Lormore

Safety testing required
depending on jurisdiction;
Mixed regulations

No safety testing required;
Unregulated

Safety testing required; Safety testing required;
Highly regulated Highly regulated

Undesirable, unintended effects rarely occur in the final
product of any crop, regardless which process is used.



CRISPR sta
soppiantando altre
tecniche di editing

(ZFNs, TALENS).
Vengono inventate

varianti sempre
nuove di CRISPR.
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These Are Not Your
Father's GMOs
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Can gone editing delete the fear of GMOs?

Jan/Feb 2018

il

= €he New York Times Magazine 3

Learning to Love
G.M.0.s

Overblown fears have turned the public against
genetically modified food. But the potential
benefits have never been greater.

July 20, 2021
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JRC Scientific and Technical Reports

New plant breeding techniques
State-of-the-art and prospects
for commercial development

Maria Lusser, Claudia Parisi,
Damien Plan and Emilio Rodriguez-Cerezo

EUR 24760 EN - 2017

JRC TECHNICAL REPORT

New Genomic Techniques:
State-of-the-Art Review

Broothaerts, W, j acchia, S, Angers, A, Petrillo, M,
Querdi, M, Savini, C, Van den Eede, G and Emors, H.

2021




Pianta CRISPR
non transgenica
dal genoma

al piatto

Ishii T, Araki M. Plant Cell Rep.
2016 Jul;35(7):1507-18

Modified plants with an implication
in environmental risks

Modified plants with no implication
in environmental risks

risk assessment

L

| Environmental

Plant genome
togacgacgs cocgocacatc
actaccgote cgtoaccton
cocogooghs ctgogtogtc
uggaggacoc caggatgrts
cogtogosga ggactooton

Designing gRNAs or
targeting domains
in silico

Validating nucleases
in plant cells

Test growing

assessment

Food safety 2
in isolated field I

To consumers

Test growing
in open field

analysis
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Regeneration
A plant variety Selected plants Plantlets 3
for test growing o
Modifying a target N,
gene via NHEJ $
‘ R | Selected cells
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\, i ’) | Insertion L !
Preparation of Syt | Deletion ! Selection based on
nucleases R ey on-target modification
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Modified cells



Norway :
> T Proposal: If no foreign DNA, =
lhennotmgulatodasGMO A e

reports

dati aggiornati
al 2020

If no foreign DNA,
then not regulated
as GMO

lfnoforaignDNA
then not regulated
as GMO

Genome-edited crops are X . Genome-edited crops are
- not requlated as GMOs. [L! Discussion is ongoing. regulated as GMOs.

CEMED




L'Italia ha investito nella
ricerca genomica ma
non applica sul campo
queste scoperte.

L'ultimo field trial e stato
approvata nel 2004,

quando CRISPR non
esisteva ancora.

nature italy

Explore content v  About the journal v

nature 2 nature italy > news feature ? article

NEWS FEATURE ‘ 15 June 2021

Riuscira CRISPR afar
cambiare sguardo
sull’agricoltura?

I genetisti agrari italiani sono alle prese con vecchi dubbi e nuove
speranze, in attesa che I'UE metta mano alle norme sulla modificazione
genetica sito-specifica delle piante.

Anna Meldolesi




https://datam.jrc.ec.europa.

eu/datam/mashup/NEW_
GENOMIC_TECHNIQUES

Data-Modelling platform of agro-economics research

m e New Genomic Techniques

No selections applied

Number of applications

Organism and species groups
645

Az6
I, Technique share

ZFN
6.9%
68.5%
CRISPR

B TALEN

1 Genome...
]
Type of Company/Institution

zee a0e cee

Development stage

3, Advan..,

2 2ge 48e

4. EarlyR...

X

i Selections

{ Country

Area layer
Number of
applications

W 212-<264
W 166-<212

Q W 53-<106
M g 275
L5000 km @ OpenStreetMap contributors “
Traits and development stage
Biotic stress tolerance 127
Modified compesition | 115
Plant yield and architec.. 88
6008 e 58 iee




Cereals

Oil and fibre crops
Vegetable crops

Tubers and root vegetables
Fruits

Ormamentals

Other plants

Sugar crops

Forage and grasses

Selezionando
plants + EU =>

Legumes 1

5 1e 15 20 25
Number of applications

90 applications

Traits and development stage

Biotic stress tolerance 79

o

Modified composition 24

Plant yield and architec... 15 24

Herbicide tolerance , 7
(%]




Geografia UE dei
progetti diricerca su
piante modificate con

Nuove Tecniche
Genomiche
censiti dal Joint
Research Centre

Number of
applications

W 30-<37
W 15-<386
W 8-<15
W 5-<8
1-<5

500 km 4 © OpenStreetMap contributors



Germania 37
Francia 16
Paesi Bassi 10

Italia g

Spagna g
Belgio 8

L'Italia risulta avere g application, quasi tutte
frutto di ricerca pubblica e quasi tutte a uno stadio
iniziale di sviluppo.

Development stage Type of Company/Institution

11.1%

88.9% _

[ [




Il panorama dei
brevetti

(Nat.Biotech. 37, pag.613—
620, 2019)

250

Number of patent families

50 -

200 -

150 -

100 -

= Technical improvements (general)
= Plants
» Industrial applications
» Medical
Farm animals, aquaculture
0 Other in vitro use

2.59 ® Plants, before 31 May 2017
Plants, after 31 May 2017
I Farm animals, before 31 May 2017
Farm animals, after 31 May 2017
® Aquaculture, before 31 May 2017
© Aquaculture, after 31 May 2017
61
18
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Biotecnologie
per il made in Italy

Un programne ministeriale finanzia progett di genetioa agraria
dedicati alle filiere produttive pia mportanti per Fitadia

i Auna Meldodess
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RISPR in campé):
€

Il vino ha bisogno di
innovazione genetica

“ Anna Meldolesi
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Domesticazione

eX NoVo:

editando in multiplex
architettura della
pianta, tempo di

fioritura e
dimensione del
frutto e stato ri-
domesticato il
pomodoro selvatico

(Li et al.,Nat. Biotech. 2018;

Zsogon et al., Nat. Biotech.
ploxts))

Multiplex editin



Leena Tripathi
(International Institute
forTropical Agriculture,
Nairobi, Kenya) con
banani Cavendish
editati per la resistenza
a patogeni
(Xanthomonas

campestris pv. Musacearum)

-

Credit: Jaindra Nath Tripathi



TABLE 4.9

Examples of technological innovations relevant to 1.5°C enabled by

general purpose technologies (GPT)

AGRICULTURE Precision agriculture (improvement of energy Biotechnology ICT, Al
and resource efficiency including reduction of
fertilizer use and N20 emissions)
(Pierpaoli et al., 2013; Brown et al., 2016;
Schimmelpfennig and Ebel, 2016)

Methane inhibitors (and methane-suppressing  Biotechnology
vaccines) that reduce livestock emissions from

enteric fermentation (Wedlock et al., 2013;

Hristov et al., 2015; Wollenberg et al., 2016)

Engineering C3 into C4 photosynthesis to Biotechnology
improve agricultural production and productivity
(Schuler et al., 2016)

Genome editing using (#i{&d: to improve/adapt  Biotechnology
crops to a changing climate (Gao, 2018)




IDCC

INTERGOVERNMENTAL PANEL ON
climate chanee

@e

«New molecular biology tools have been developed that can
lead to fast and precise genome modification. Such genome
editing tools may moderately assist in mitigation and
adaptation of agriculture in relation to climate changes,
elevated CO,, drought and flooding.

These tools could contribute to developing new plant varieties
that can adapt to warming of 1.5°C and overshoot, potentially
avoiding some of the costs of crop shifting. However, biosafety
concerns and government regulatory systems can be a major
barrier to the use of these tools as this increases the time and
cost of turning scientific discoveries into ready applicable
technologies.» (2018)
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Gli italiani sono tra i meno informati in Europa.

Special Eurobarometer
Wave EBS13

Nel 2019 solamente |'8% aveva sentito parlare di editing
del genoma (la media nell'UE e il 21%, con la Finlandia
che raggiunge il 62%).

Soltanto il 13% degli italiani era preoccupato per le
malattie delle piante (rispetto a una media UE del 45%),
mentre il 38% era a conoscenza del problema dei residui
di pesticidi nel cibo (65% nell'UE) — due delle questioni
che intendono affrontare i ricercatori che lavorano con le

Fieddwork

April 2019 nuove tecniche.

June 2018
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biotechnology
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Responsible governance of gene editing in
agriculture and the environment

Gene aum and other
Nntn.hno)omu have the potential to address
wgent dflemmas 1n the enviroament.
buman health and food securtty' . However,
these technologies also raise potenttal
for soctetal concerns, emvireamental and
health risks, and conicts with cultural and
spirtual values. Previoas experience with
the introduction of genetically modifled
organisms (GMOs) Into the food system
s In some Instances resudied 1n public
mistrust, undesscoring the need for greater
transparency, better govermance and
tmproved oversight of the deployment of
these technologles™.

As representatives of non-governmental
organizations (NGOs), we recognize the
potential societal benefits of gene-aditing
technologses, while acknowledging thetr
potential risks. However, we contend
that the Uniled States has Inadequate
regulatory oversight to address concerns
peesented by biotechnalogy” *. Thas far,
efforts to arttculate princtples that might
govern the safe development and release of
biotech products have largely taken place
Im the academic domain, have omttted key
stakeholder endorsements and have lacked
2 strategy for influencing govermance and
consumer acceptance. In contrast, NGOs
focused on consumer and enviroamental
advocacy, with miions of members,
actively engage with government regulators
and industry staieholders. Ltke other
authors™, we are concerned that gene-edited
prodacts could follow the same path
25 GMOs, which suffer from ltmited
prodacts, exdastve development, and
substanttal consumer avotdance and
skepuictsm. These factors lead to the
potential societal benefis of such products
rematning unnealized. Our princtples cocld
apply to products produced with aimost
any technology, but we have focused on
groetic editing becusse of the following:
this methodology bas the potenttal for
safe and benefictal applications; new
products are being developed rapidiy
regidation and introduction of new
products Into comumerce & controversial
(unitke tmtroduction of cooventional
crops prodaced using mutagenesis);
and the lack of appropriate governance
coald lead to unintended environmental
consequences of severdly limit s use.
Therefare, here we offer governance
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Stx principlos for g of

Thesa ffl within one or more of the throa traming concey

and inctusion, and trarsparoncy and acooss.

products in ana the

o peivate and public managamant, aquity

peinciples as a starting poind and
roadmap for collaboration among many
sectors {sclentists, product developers,
policymakers, regulators, companies, civil
society, and consumers) that coald Jolntly
develop a pathway to the responsible
Imnovation, governance, and deployment of
gene-editing technology.

Advancing this dialog 1s timely
because several developers are potsed
to introduce g:m -edited products tnto
commerce’. In 2020, under a0 Executive
Order o “streamline processes and remove
overly burdensome regulations” the US

approaches and to bring the perspecttves
and spport of our munry members.
Theredore, our peinciples (Fig. | and
Table !) for gene-editing governance In
the puhlic and private sectors foas on
the US context, recogmizing that governance
i the United States can influence
outcomes elsewhere. Gene-editing
techniques, while often allowing more
rapld and predise penetic alterattons
than earller \:\-hmiogus , are not
tndependent of the broader soctal,
ecological and economic histortes, contexts
and debates related to earlier genetic

chmal. tncludiz

Department of Agriaatuse sub Iy
deregudated gene-sdited plants and proposed
a stmilarly mintmial oversight system for
pene-edited animals. Withou sfficient
govermance, gene-edited products released
into the environment muy pose risks to

addition to the volumary solutions proposed

by some authors (for example, ref ¥), the

peinciples we endonse here include policies,

such 25 the introduction of a natioral

reglstry of gene-editing spplications In

tsse In the United States, that are critcal to

managing risk and fostertng public trust.
The Biden administration in the

United States will likely take a fresh look

at blotech oversight and decide whether to

continue or reverse deregulation. They will

lock to our organtzations for constructive

E $ ng
percetved prior harms and Eflures of
heotechnologles to ltve up to promises to
deltver broad societal benefit.

We have focused on gene-editing
applications in ;gﬂcmmz and the

n di Ing these

both because CRISPR. Cas and other
advances are supporting rapid development
of new products and because we see
the current governance and regulatory
framework 23 tnadeguate foc addressing

applications of these technologles™~. Since
these products are betng, and will conttnue
to be, developed and applied tn agriculture
and the environment, we must consider
bow this activity occurs and under whoss
management, overstght and stewardship.
In the text below, we outiine stx principles
for responsible govermance.
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