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Grapevine cultivation

The world vineyard surface area is estimated to be 7.2 million hectares

Global grape production 80.1 million tonnes (mf)
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Grapevine growth cycle

The juvenile phase of grapevine life, from seed germination unftil the reproductive maturity

typically lasts 2-5 years ,

GRAPEVINE LIFE CYCLE
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Grapevine berry development

> non climacteric fruit
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Flowering

> very long ripening, almost 3 months and strongly affected

by environment
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Berry ripening is highly affected by climate change

Climate variability is impacting grape ripening by accelerating the process and
leading to earlier harvests. Warmer conditions are decoupling the ideal acid to sugar

ratio and the flavour right accumulation
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The vineyard system faces strong pest and disease pressures

Downy mildew

Pierce’s disease Grapes receive about 40%

of the fungicides used in the

EU, despite covering only

Plasmopara
viticola

~3% of the agricultural area

Reducing pesticide use is a

Agrobacterium
vitis

key issue to improve

Armijo et al., 2016

viticulture sustainability



What can we do to adapt grapes?

» improvement of viticulture practices (pruning times, training system, water usage...)

» geographical diversification, new winegrowing regions could emerge in previously

unsuitable areas

> development of new cultivars with a high degree of resistance against pathogens and a

higher resilience to abiotic stresses and later budbreak and ripening periods

classical breeding

« fime consuming
 |oss of the varietal genetic background due to the high level of heterozygosity

new genomics techniques

« recalcitrance inin vifro propagation
 |lack of information on gene function



Genome editing in grapevine: two principal approaches

Advantages:

-stable fransformation in
grapevine has been Korobaiieriam

. Protoplast
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Editing induction in grapevine protoplasts

In 2016 it was demonstarted that the RNP complexes were able to enter in the protoplasts and induced

the mutation. However, it was not possible to regenerate whole plants from these genome-edited
protoplasts
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This system can be exploited for
regeneration of DNA-free genetically

edited fruit crop plants

ORIGINAL RESEARCH article

Front. Plant Sci., 20 December 2016 This article is part of the Research
Sec. Technical Advances in Plant Science Topic
Volume 7 - 2016 | Genome eca
https. i/ dolorg/10 3389/fpls 2016.01904

i for Crop wngrovements

DNA-Free Genetically Edited Grapevine
and Apple Protoplast Using
CRISPR/Cas9 Ribonucleoproteins

PROTOCOL

Mg/ /tol g N0 WOA/ w4 B58-018.00067 9

CRISPR-Cas9-mediated genome editing in apple
and grapevine

Yuriko Osakabe'™, Zhenchang Liang™", Chong Ren?, Chikako Nishitani®, Keishi Osakabe',
Masato Wada®, Sadaso Komori®, Micksel Malnoy®, Riccardo Velasco®'?, Michele Poli’,
Min-Hee Jung®, Ok-Jae Koo™®, Roberto Viola®, Chidananda Nagamangala Kanchiswamy® "™



Grapevine protoplast regeneration

P>

Plant Cell, Tissue and Organ Culture (PCTOC)
https://doi.org/10.1007/s11240-019-01619-1

2019

—
Plunt Cell Reports (1995) 15:238 -241

Plant regeneration of grapevine (Vitis sp.) protoplasts isolated
from embryogenic tissue

Gittz Reustle *, Margit ITarst°, and Gerhardt Alleweldt?

P

Plant Soence 123 (1997) 151 |87

Highly efficient system of plant regeneration from protoplasts of
grapevine (Vitis vinifera L.) through somatic embryogenesis by
using embryogenic callus culture and activated charcoal

Yan-Ming Zhu', Yoichiro Hoshino®, Masaru Nakano", Eikichi Takahushi®,
Masahiro M *

ORIGINAL ARTICLE

Regeneration of plants from embryogenic callus-derived protoplasts
of Garganega and Sangiovese grapevine (Vitis vinifera L.) cultivars

Edoardo Bertini' - Giovanni Battista Tornielli' @ . Mario Pezzotti'® . Sara Zenoni'®

Received: 17 January 2019 / Accepted: 2 May 2019

© Springer Nature B.V. 2019

Garganega

Sangiovese

e
Check for
updates



Embriogenic callus induction




Embriogenic callus induction

Embriogenic callus
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Protoplasts regeneration through somatic embryogenesis

First cell division Further cell divisions Formation of micro-colonies

After 10 days After 30 days After ~40 days

Globular stage Heart stage Torpedo stage Mature embryo

After ~60 days After ~70 days After ~90 days After ~100 days



Protoplasts regeneration through somatic embryogenesis

Embryo
4-5 weeks

on the light

4 weeks in the dark

Germinated somatic embryo
Shoot and root development



Protoplasts regeneration through somatic embryogenesis

Final stages of plant regeneration

Regenerated plant

in-vitro regenerated plant

4 weeks

8-10 weeks



Grapevine protoplasts regeneration

How much time?

‘ 6 Months 4 Months | 1 Month | 3/4 Months |
>
Anthers Embriogenic calli Embryo Germination Regenerated
cultivation and protoplasts plant
iIsolation

After about 15 months from anthers cultivation, we obtained a whole plant



protoplast
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~ 2 million protoplasts - ~ 150-200 germinated embryos -

Grapevine protoplasts regeneration

cotyledonary embryo

0.01-0.15 %o 15-60 %

v

germinated embryo

9-15%

v

whole plant

v

~ 15-20 whole plants




Editing induction in grapevine protoplasts
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Editing induction in grapevine protoplasts

Horticulture et October 2022 we published the first DNA-free
Research - _ .

editied grapevine obtained by protoplast
Article
DNA-free genome editing in grapevine using
CRISPR/Cas9 ribonucleoprotein complexes followed by
protoplast regeneration

transfection and regeneration

Samaneh Najafi, Edoardo Bertini, Erica D'Inca, Marianna Fasoli and Sara Zenoni ({)+ T' M E PROC ESS SOLUT'ON/M ED ' U M
Department of Biotechnology, University of Verona, 37134 Verona, italy
*Corresponding suthor E-mail: sara zenoni@unive it ( . -3 * > ( < - B
i 812 (" Sareening of the selected varietes e o T e R
. . 0 > ) 2. -
months | for protoplast regeneration efficiency ethanesulfonic ackt (MES), 0.5 M mannitol, pH 5.7
. Washing solution: 10 mM CaCl,, 0.5 M mannitol )
5 Target design and Y || Cas9 and sgRNA at 1:1 weight ratio (60119:60419) ]
wooxs |t synthesis of sgRNAs in-vitro ( MMG solution: 0.4 M mannitol, 15 mM MgCl,, 4 mM MES, pH 5.7 i
PEG solution: 40% (w/v) PEG 4000, 0.2 M mannitol, 0.1 M CaCl,
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PROTOPLAST PLATFORM

oL Inflorescence Stamens and pistils  Embryogenic calli Embryogenic calli Protoplasts
’ sampling cultivation formation proliferation isolation
EMBRYOGENIC CALLI
Protoplast
isolation INDUCTION AND
, PROLIFERATION
T ! v_l, "
DOV 0 3 months 5 months
i I I )
0 AN TIME AFTER
EXPLANTS CULTIVATION
DNA RNA RNP
) Germinated somatic Regenerated
%‘ .
\_0'09 _ embryo whole plant
Protoplasts First cell Further cellular Microcolonies Somatic embryos
Without selection division divisions formation development
! SOMATIC
.i%)n EMBRYOGENESIS
NN 7
Regeneration AND PLANT
| REGENERATION
a'e
™~
S 9 0 7-10 days 1 month 2 months 3 months 4 months 7 months
\ I I I I I - -
Transgene-free TGM plantlets TIME AFTER

PROTOPLASTS ISOLATION
Li, B. et al. Nat Rev Genet (2024)



Adapting the strategy to the genotype

Rank of genotypes performance (1 = best)

Inflorescence Stamens and pistils Embryogenic calli

i S ] Embryogenic calli Protoplasts
sampling cultivation formation proliferation isolation 1 Chardon nay ]
: 2 Merlot
. X 3 Glera
i 4  Syrah
0 3 months 5 months 5  Thomson Seedless
| l > 6 Corvina
TIME AFTER
EXPLANTS CULTIVATION / Cabernet ]
Germinated somatic Regenerated
_ embryo whole plant 1 Chardonnay
Protoplasts First cell Further cellular Microcolonies Somatic embryos
division divisions formation development 2 Syrah
3  Cabernet
4  Thomson Seedless
5 Corvina
6 Glera
7 Merlot
0 7-10 days 1 month 2 months 3 months 4 months 7 months
I I I I I -
TIME AFTER

PROTOPLASTS ISOLATION 21
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Co-editing
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Modified from Scintilla et al. (2022)

. transfectlon
callise Protoplast

Editing events
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regeneration
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regeneration

—-
regeneration

S—
regeneration

—-
regeneration

Monoallelic
edited plants

Biallelic
homozygous
edited plants

Biallelic
heterozygous
edited plants

Co-edited
plants

64 edited vines

~ 260
regenerated plants

Efficiency

~ 25%




Susceptibility genes for downy mildew

Simultaneous editing of two the plant journal SKEJB
DMRG6 genes in grapevine

results in reduced susceptibility & Free Access

to downy mildew Arabidopsis DMR6 encodes a putative 20G-Fe(ll) oxygenase
that is defense-associated but required for susceptibility to

Lisa Giacomelli*, Tieme Zeilmaker?®, Oscar Giovannini’, downy mildew

Umberto Salvagnin®', Domenico Masuero?, Pietro Franceschi’,
Urska Vrhovsek®, Simone Scintilla®,
Jeroen Rouppe van der Voort® and Claudio Moser*

Mireille Van Damme, Robin P. Huibers, Joyce Elberse, Guido Van den Ackerveken 2«

Grapevine DMR6-1 Is a Candidate Gene for Susceptibility to Downy 0
Mildew =
. DMR6
by Carlotta Pirrello 1.21.% &9 Gjulia Malacarne 1 &% Marco Moretto ' &Y Luisa Lenzi 1 &, & OH
Michele Perazzolli 13 &7, Tieme Zeilmaker 4 &, Guido Van den Ackerveken 5 & 2, Stefania Pilati 1 &2, OH
Claudio Moser 1 £9%9 and Lisa Giacomelli 1."3 £ €
o OH
Degradazione dell’ Acido salicilico, ormone di resistenza




e Chardonnay plant edited for DMR6.1

Genome seguencing

DNA-free edited Chardonnay

DMR6._1-edited

Biallelic
heterozygous
re—;gtrecge mutation
. M . s |
vineyard , | | =
I o : t—
plants | = — I , ' . |
DMR6.1

edited plants |

Non-edited

< ————— 1 bp deletion

40 b deletion

e — i m— . e -




Genomic characterization: off targets

off-target Sequence Mismatch Position Locus
TGAATTAGTACAAGCATGAGTGG SRR Intron
TGGATCAGTACATTCCAGACCGG  ceeeeeeeeee R Exon
CCCAACAGTACACGCCTGAGGAG R K e, Exon
TCCATCAGTAAACGGCTGAGTGG T e e Intron
TGGATCAGTACATTCCGGACCGG  eeeeeeeee, FRKLE Exon
TGGAACAGTCGAGGCCTGAGAGG AT L Intergenic

No predicted off-target sequence modifications



Test #1

Test #2

Resistance assessment

Leaf disk assay
(6 days after inoculation)

% P-value <0.0001
DMRG6.1-edited plant ...

Control plant # i

DMRG6.1-edited plant .“

Control plant :

Inoculation: suspension of 50,000 sporangia/ml

Resistance score

(according to OIV 452-1 descriptor)

-*

—

O 1 2 3 4 5 6 7
Resistance score

8 9

= DMR6.1-edited plant
control plant

Significant

Increase of
resistance




Genomic characterization: neo mutations

B
“& DMR6.1-edited
Chardonnay plants

15 SNPs

gRNAs-transfected
' controls

Vineyard-grown
Chardonnay plants

: : : . Non-transfected
No increase of mutation frequency in edited plants controls

Mutations likely accumulated during in vitro cultivation




Genomic characterization: distribution of neo mutations

& ¢
& & Q~°$ &
& &
§ €08
Y
*a
DMR6.1-edited 15 SNPs 12 1 2 0
Chardonnay plants
B
.
" gRNAs-transfected 15 SNPs 10 3 1 1
controls
s
*a
' Non-transfected
' controls 6 0 0 1

No differences in neo mutation distribution in edited plants




CULTIVATION AND CONSUMPION OF NGTs CROPS

On_May 30th 2023 an amendment to the Drought
Law Decree of 14 April is approved which allows field
testing of plants obtained with Assisted Evolution
Techniques (TEA)

On June 13th 2023 the decree becomes law and
article 9-bis is inserted

«Art. 9-bis (Disposizioni urgenti in materia di ge-
netica agraria). — 1. Per consentire lo svolgimento del-
le attivita di ricerca presso siti sperimentali autorizzati,
a sostegno di produzioni vegetali in grado di rispondere
in maniera adeguata a condizioni di scarsita idrica e in
presenza di stress ambientali e biotici di particolare in-
tensita, nelle more dell’adozione, da parte dell’Unione
europea, di una disciplina organica in materia, 1’autoriz-
zazione all’emissione deliberata nell’ambiente di organi-
smi prodotti con tecniche di editing genomico mediante
mutagenesi sito-diretta o di cisgenesi a fini sperimentali
escientifici ¢ soggetta, fino al 31 dicembre 2024, alle di-
sposizioni di cui al presente articolo.

2. La richiesta di autorizzazione ¢ notificata all’au-
torita nazionale competente di cui all’articolo 2 del decre-
to legislativo 8 luglio 2003, n. 224. L’autorita nazionale
competente, entro dieci giorni dal ricevimento della no-
tifica, effettuata 1’istruttoria preliminare di cui all’artico-
lo 5, comma 2, lettera a), del medesimo decreto legislati-
vo, trasmette copia della notifica al Ministero della salute,
al Ministero dell’agricoltura, della sovranita alimentare e
delle foreste e a ogni regione e provincia autonoma inte-
ressata. L’autorita nazionale competente invia copia della
notifica all’Istituto superiore per la protezione e la ricer-
ca ambientale (ISPRA), che svolge 1 compiti della sop-
pressa Commissione interministeriale di valutazione di
cui all’articolo 6 del citato decreto legislativo n. 224 del
2003. I’ISPRA, entro 1 successivi quarantacinque giorni,
effettua la valutazione della richiesta ed esprime il pro-
prio parere all’autorita nazionale competente e alle altre
amministrazioni interessate. Entro dieci giorni dal ricevi-
mento del parere dell’ISPRA, 1’autorita nazionale com-
petente adotta il provvedimento autorizzatorio. Dell’esito
della procedura ¢ data comunicazione alle regioni e alle
province autonome interessate.



AUTHORIZATION FOR FIELD TESTING
OF EDITED CHARDONNAY

Request made on 5 June 2024

$

Authorization received on 5 September 2024

After a long bureaucratic process

m amte.MASE.REGISTRO UFFICIZ f\

/////J/?/r //// //7//////r e ///// tewiesiea ( 226 //f//rvz

DIREZIONE GENERALE TUTELA DELLA BIODIVERSITA” E DEL MARE

[L. DIRETTORE GENERALE

Oggetto: Notifica B/IT/24/03 per I’emissione deliberata nell’ambiente di OGM per qualsiasi
fine diverso dall’immissione sul mercato ai sensi dell’articolo 9-bis, comma 2, del
decreto-legge 14 aprile 2023, n. 39, convertito, con modificazioni, dalla legge 13 giugno
2023, n. 68 — Rilascio del provvedimento di autorizzazione

Si trasmette in allegato 1l provvedimento in oggetto con cui si autorizza codesta Societa a
effettuare la sperimentazione mn pieno campo di piante di vite (Vitis vinifera L.), varieta Chardonnay,
modificate con tecniche di editing del genoma per resistere alla peronospora della vite, di cui alla

notifica B/IT/24/03



SEPTEMBER 30, 2024 - second ltalian trial
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CONCLUSIONS

The possibility to apply genome editing via the CRISPR/Cas? system and produce DNA-

free geneftically improved grapes have been deonstarted

NGTs (TEA in Italy) plants currently are classified as GMOs even if they are characterized

by a precise mutation of the target gene(s) and the absence of exogenous DNA

At the moment in Europe, the proposed law is being evaluated which classifies these

plants as NGT1, for which the application of GMO regulations is not expected.

We have other TEA grapevines in the greenhouse for which we are ready to request

authorization for deliberate release for open field testing
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R1s81mo: the first NGT
field trial 1n Italy

14.5.25

VITTORIA BRAMBILLA



1n our lab we are i1nterested 1n
studying the molecular bases of
photoperiodic flowering



rice growing areas



we know that two florigenic proteins, Hd3a
and RFT1 are expressed 1n leaves under
photoperiodic i1nductive conditions

Tamaki et al., Science 2007; Brambilla and Fornara BBA 2017



1n 2014 we mutated by CRISPR/Cas9 the rice
florigens to observe how flowering was affected

the single mutants have different
flowering behaviours in growth chambers

the double mutant is non-
flowering

Mineri, Cerise et al., The Plant Journal 2023; Giaume et al., Nature Plants 2023



LAB PROTOCOL



these mutants contained no transgene but only
small insertions or deletions, we therefore
thought that we could also make field
experiments

Mineri, Cerise et al., The Plant Journal 2023



On November 11,
2016 Fabio Fornara
wrote to the
Italian Ministry of
the Environment to
confirm that he
were allowed to
grow these mutants
outdoors

the answer came 1

month later: we |—

were told to wait

for the ruling of

the European Court
of Justice




the Judgement comes 2 years later and says that CRISPR
plants should not be exampted from the definition of GMO,
whatever mutation they contain



On November
16, 2018,
Fabio
receives the
final answer
from the
Ttalian
Ministry:
our CRISPR
plants will
not be able
to go 1nto
the field



Fabio Fornara



We are interested 1n flowering: but what
are the main concerns of rice farmers?

rice blast 1s the main problem for rice
cultivation worldwide, caused by the fungal
pathogen Maghaporthae oryzae



1t 1s known that mutations in P7Z21 gene
cause durable resistance to rice blast



mutations in P721 were not introgressed

1nto Italian varieties by breeders
because the gene 1s within a a region

that confers lower eating quality



In 2017 we simultaneusly mutated by
CRISPR/Cas9 P721 (OSHIPPS5), HMAIL
(OsHIPP19) and AMAZ (OsHIPP20), that are
two other genes important for M.oryzae
penetration 1nto the plant cell

Sophien Kamoun Thorsten Langner

The project was developed 1n collaboration
with plant pathologists Sophien Kamoun and
Thorsten Langner



HMAL1 (OSHIPP19) and HMA2 (OsHIPP20) can
stabilize AVR-Pik effector to improve fungal
penetration 1n the rice cells

OIKAWA ET AL., 2020 HTTPS://DOI.ORG/10.1101/2020.12.01.406389
OIKAWA K, ET AL., 2024 por: 10.1371/3JOURNAL.PPAT.1012647.



we chose a widely grown (1n 2016) Italian
blast susceptible élite variety named
Telemaco of the Arborio risotto type

Telemaco variety
Arborio type

pi2l
0

HMA2
HMA1

lower eating quality region TELEMACO TEA Ris8imo



Laboratory tests proved a reduced
susceptibility to blast after leaf
1noculation

TELEMACO TELEMACO TEA Ris8imo



wWe chose and propagated two

«TELEMACO TEA» 1lines without
transgene

These contain the following
mutations:

Nome linea: TELEMACO TEA 1

-gene Pi21: delezione di 4 bp + inserzione di 1A frameshift
-gene HMAI: delezione di 19 bp + inserzione di 1T frameshift
-gene HMA?2: inserzione di 1T e di 1 A frameshift

Nome linea: TELEMACO TEA 2
-gene Pi21: delezione di 4 bp + inserzione di 1A frameshift

-gene HMAI: inserzione di 1T + inserzione di 1T frameshift
-gene HMA?2: delezione di 74 bp — frameshift



Regione Lombardia






To notify the field trial the procedure is the same as that for
GMOs except that there no need to provide risk evaluation for
agrobiodivesity




to send a notification 1t 1r required to pay
1549,37 euro



Last notification of GMO plants before
ours was from 2004 and was rejected



exact location of experiemtal field has
to be published online even before
approval- requirement of the Italian law



subsequently, the EXACT location 1s also
published on the Ministrey of the
Environment website

Ta
GEOLOCALIZZAZIONE
e richiesta da:
-decreto
legislativo n.
224/2003 -art.
12, comma 6, art.
27, comma 4,
articolo 30,
comma 1, e
allegato IITI B e
-Consiglio 813
del 2002 che
stabilisce 11
modello del
summary
Notification
Information
Format




on the 2nd of January we submitted an
application to plant our R1s81mo rice plants 1n
Federico Radice Fossati farm in Lomellina (PAVIA)

Pi21
HMA2
HMA1



Oon the 27th of march we received authorization



SPERIMENTAZIONE
DI RISO «RIS8imo» TEA

Notifica «B/IT/24/01» autorizzata dal
Ministero dell’Ambiente e della
Sicurezza Energetica 1n data 27 marzo
2024 per 1’emissione deliberata
nell’ambiente di OGM per qualsiasi
fine diverso dall’immissione sul
mercato ail sensi dell’articolo 9-bis
del decreto-legge 14 aprile 2023, n.
39, convertito con modificazioni
dalla legge 13 giugno 2023, n. 68



on the 13th of may be brought the plants to the field









Quotidiano
09-02-2024
Pagna 1+l Diffusione: 25.000

Fogio 1



http://www.ecostampa.it/

in the night of the 21st of June 2024 unknown
vandals destroyed the field






some plants survived but the
experiment was not significant

15th of July 2024 17th of September 2024

«La Commissione Industria e Agricoltura del Senato ha accolto 'emendamento del DL
Agricoltura presentato da Luca De Carlo e Giorgio Bergesio che proroga la sperimentazione in
campo delle Tecniche di Evoluzione Assistita (TEA) fino al 31 dicembre 2025»



we collected seeds and started
working for a Ris8imo - bis



we applied for a Ri1s81mo
bis with more varieties

Nome linea: VIALONE NANO TEA 1*
-gene Os04g0621500: delezione di 2bp

Nome linea: TOMMASO TEA 1
-gene Pi2]: inserzione di 1A;

-gene Gnla/OsCKX?2 delezione di Sbp;

Nome linea: TOMMASO TEA 2
-gene Pi21: inserzione di 1A;
-gene Gnla: delezione di 2bp

Nome linea: TOMMASO TEA 3
-gene Pi21: inserzione di 1A;
-gene Gnla delezione di 5 bp

Nome linea:PACIFICO TEA 1
-gene Pi21: inserzione di 1G;
-gene Gnla: sequenza identica al wt

Nome linea:PACIFICO TEA 2
-gene Pi2]: inserzione di 1A;

-gene Gnla: inserzione di 1C;

APPLICATION NUMBER:

B/IT/25/01



*Another gene possibly 1nvolved
1n blast resistance

collaboration with:

- Giampiero vale Universita
del Piemonte Orientale,
Vercelli

- -Blanca San Segundo CRAG,
Bacel lona, Spagnha



CRISPR lines show i1ncreased resistance to
leaf 1noculation 1in the lab



opposers publish the sites online



on the 30th of September 2024 the group of Sara zZenoni and
Mario Pezzotti planted in valpolcella (VR) the first field
trial with genome edited grapevine, resistant to downy
mi ldew



Destroyed by
unknown
vandals on
the 13th of
February 2025



BEYOND SINGLE GENES KNOCK OUT

https://www.fisv.org/2024/03/18/genome-editing-di-piante-agrarie-per-1la-
sostenibilita/



PRIME EDITING TO ACHIEVE AN AMINOACIDIC
SUBSTITUTION IN OSFT-L1 AND IMPROVE SEED NUMBER
PER PANICLE

Giulia Ave Bonho

Hanzawa et al. (2005)



thanks to the young researches of the lab and
to you for your attention

WEBSITE (soon online) www.ricelab.unimi.it



http://www.ricelab.unimi.it/
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Federal Office of
Consumer Protection
and Food Safety

Considerations for developing a proportionate and science-
based risk assessment of NGT category 2 plants in the light

of the Commission’s proposal

Anastasia Matthies, Department Genetic Engineering and other Biotechnological Processes




% EederalOﬁgce of
nsumer Protection o o
and Food Safety Starting point

Can we use existing guidelines and adapt them to the new regulation by simply
omitting certain requirements?

= Exercise on ticking the requirements of the guidance material using NGT plant case
studies

= did not work well - too many "if" and "in case of” - impossible to omit requirements in
general due to big variety of possible traits/editings .

= Actual guidance materials are based on the assumption that a transgene is always
introduced, i.e. that there is a specific, characterized hazard . This allows for certain test
hypotheses and thus specific requirements for risk assessment.

I For the NGT, we need a separate approach that is more case specific.
Generally applicable requirements will not be possible.

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 1



Federal Office of
® and Food afety Prerequisites and framework

Consideration of scientific and regulatory frameworks for tailoring of appropriate
risk assessment

Scientific principles of risk assessment Regulatory circumstances

= Ascience-based approach = Political reality reflected in compromises

= (Case-specific = Possible strict specifications for risk profiles

= Principle of problem formulation and hazard = Exemptions/specific regulatory requirements
identification for certain NGT-traits, e.g. HR

= Tiered approach

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 2



Federal Office of
® and Food afety Prerequisites and framework

Consideration of scientific and regulatory frameworks for tailoring of appropriate
risk assessment

Edited plant

Proposal for a

REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

on plants obtained by certain new genomic techniques and their food and feed, and
amending Regulation (EU) 2017/625

\F Safe harbour targeting

(via SDN-3)

Plants are risk
assessed based on

Criterion 5 (History
of use) and Criterion
6 (Function and
structure associated
to the new allele)

EFSA, 2022 EUROPEAN COMMISSION, 2023

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 3



% Federal Office of
Consumer Protection
and Food Safety

Prerequisites and framework

Consideration of scientific and regulatory frameworks for tailoring of appropriate

risk assessment

Edited plant

\F Safe harbour targeting

Random H (via SDN-3)

Plants are risk
assessed based on
Criterion 5 (History
of use) and Criterion
6 (Function and

structure associated
to the new allele)

EFSA, 2022

Proposal for a
REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

on plants obtained by certain new genomic techniques and their food and feed, and
amending Regulation (EU) 2017/625

= provides a basic structure within risk assessment
should take place.

= set outin Annexes I and II.

EUROPEAN COMMISSION, 2023

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 4



Federal Office of
® and Food afety Prerequisites and framework

Consideration of scientific and regulatory frameworks for tailoring of appropriate
risk assessment

Proposal for a

REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

. . . . .. . sir food and feed, and
Objectives of the new regulation: to be appropriate to certain risk profiles

- Distinction between NGT Category 1 and NGT Category 2 plants

|

should take place.

= setoutin Annexes I and II.

EFSA, 2022 EUROPEAN COMMISSION, 2023

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 5



Federal Office of
® and Food afety Prerequisites and framework

Consideration of scientific and regulatory frameworks for tailoring of appropriate
risk assessment

Proposal for a

REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

. . . . .. . sir food and feed, and
Objectives of the new regulation: to be appropriate to certain risk profiles

- Distinction between NGT Category 1 and NGT Category 2 plants

assessment

What is the framework for a
proportionate risk assessment for
NGT category 2 plants set out in the
Commission proposal?

n
structure associated
to the new allele)

EFSA, 2022 EUROPEAN COMMISSION, 2023

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 6



Federal Office of
® ond Food Sofey. Commission proposal: Annex II

General framework and principles for risk assessment of NGT category 2 plants

Part1l
= defines general principles of risk assessment (hazard identification and characterization, exposure

assessment, risk characterization)
= defines the mandatory and optional requirements

= specifies the conditions under which optional data may be required in addition to the mandatory

requirements.

Parts 2 and 3

= describe optional data requirements

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 7



Federal Office of
® ond Food Sofey. Commission proposal: Annex II
General framework and principles for risk assessment of NGT category 2 plants

General principles of risk assessment according to the Directive 2001/18/EC remain:
= Hazard identification and characterization
= Exposure assessment

= Risk characterization

The type and scope of the requirement are adapted to the respective risk profile:

= Characteristics of the NGT plant (trait, function of the inserted/modified or deleted sequences)
= Experience/History of use of the plant/product as food/feed/cultivation (including similar products)
= Scope and circumstances/conditions of release

= Intended use of the NGT plant/product

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 8



% Federal Office of
Consumer Protection
and Food Safety

Commission proposal: Annex II

General framework and principles for risk assessment of NGT category 2 plants

/

Part1

Molecular characterization and information on recipient plant

~

(obligatory)
F=
I
I
I
- v
N
N
N . .
Part 2: specific information for the environmental risk Part 3: specific information for the safety
assessment of category 2 NGT plants assessment of category 2 NGT food and feed
optional (optional)
(op ) JAN
Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 9




% Federal Office of
Consumer Protection
and Food Safety

Commission proposal: Annex II

General framework and principles for risk assessment of NGT category 2 plants

/

Part1

Molecular characterization and information on recipient plant

(obligatory)

~

Additional information from Part
2 and 3 only if a plausible test

hypothesis exists!
N/
o\ . .
Part 2: specific information for the environmental risk Part 3: specific information for the safety
assessment of category 2 NGT plants assessment of category 2 NGT food and feed
optional (optional)
Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 10




% Federal Office of
Consumer Protection
and Food Safety

Commission proposal: Annex II

General framework and principles for risk assessment of NGT category 2 plants

Part1

Molecular characterization and information on recipient plant

(obligatory)

Additional information from Part
2 and 3 only if a plausible test

Can we better navigate the hazard

criteria to establish “hazard categories"?

identification process by using the Annex I

hypothesis exists!
/
N/
/
Part 2: specific information for the environmental risk Part 3: specific information for the safety
assessment of category 2 NGT plants assessment of category 2 NGT food and feed
optional (optional)
Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 11




% Federal Office of
Consumer Protection
and Food Safety

Commission proposal: Annex I

Identification of “hazard categories” based on equivalence criteria

In addition to the definition of the boundary between category 1 and category 2 NGT plants for management and

regulatory purposes, Annex I indicates which aspects may be relevant to risk and thus have to be considered in the

risk assessment:

= Interruption of endogenous gene (by cis/intragenesis)

= Expression of chimeric protein(s)

= Long insertions/substitutions (> x bp) in protein coding
sequence(s)

= Targeting of multiple genes/gene families

Further politically discussed issues:
= Hazardous characteristics/trait of the recipient plant (e.g. HR)

ANNEX I

Criteria of equivalence of NGT plants to conventional plants

A NGT plant is considered equivalent to conventional plants when it differs from the
recipient/parental plant by no more than 20 genetic modifications of the types referred to in
points 1 to 5, in any DNA sequence sharing sequence similarity with the targeted site that can
be predicted by bioinformatic tools.

ey
@
3

C))
&)

substitution or insertion of no more than 20 nucleotides;
deletion of any number of nucleotides;
on the condition that the genetic modification does not interrupt an endogenous gene:

(a) targeted insertion of a contiguous DNA sequence existing in the breeder’s gene
pool;

(b) targeted substitution of an endogenous DNA sequence with a contiguous DNA
sequence existing in the breeder’s gene pool;

targeted inversion of a sequence of any number of nucleotides;

any other targeted modification of any size, on the condition that the resulting DNA
sequences already occur (possibly with modifications as accepted under points (1)
and/or (2)) in a species from the breeders’ gene pool.

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025

Page 12




ﬁ%l Ei;r',iFL%gfsﬁ‘iﬁt‘éiﬁon Possible approach to risk assessment in the light of the
and Food Safety
COM proposal

[ STEP 1: NGT2 STATUS CONFIRMED (INCLUDING CONFIRMATION OF THE ABSENCE OF UNINTENDED rDNA-RESIDUES) — Annex | of COM Proposal ]

Anastasia Matthies EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 13



% Federal Office of
Consumer Protection

and Food Safety

Possible approach to risk assessment in the light of the
COM proposal

STEP 1: NGT2 STATUS CONFIRMED (INCLUDING CONFIRMATION OF THE ABSENCE OF UNINTENDED rDNA-RESIDUES) — Annex | of COM Proposal

)

= =

/ OBLIGATORY \

STEP 2: MOLECULAR CHARACTERISATION UNDER CONSIDERATION OF INFORMATION ON RECIPIENT PLANT - Part 1 of Annex Il of COM Proposal

types of modification/risk profiles

according to Annex | of the COM proposal — identification of potential hazards associated with specific characteristics of the introduced modificationin a
particular recipient plant

Long insertions/substitutions (> xbp) in protein Long insertions/substitutions Hazardous
Interruption of Expression of chimeric coding sequence(s)—the protein is EXPRESSED but (> xbp) in protein coding Ta_r_geting Uf_ gene characteristics of the
endogenous gene protein LOSS/REDUCTION/MODIFICATION of original sequence(s) —the protein is NOT Slles(pultiplaxine recipient plant
(by cis/intragenesis) function EXPRESSED/KNOCKED OUT

The data requirements for MC depend on the intended type of modification, taking into account the function of the modified protein, intended use and
recipient plant characteristics

~

Anastasia Matthies

EFSA GMO Network subgroup on NGTs meeting, 14 May 2025
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% Federal Office of
Consumer Protection

and Food Safety

Possible approach to risk assessment in the light of the
COM proposal

/ OBLIGATORY \

STEP 1: NGT2 STATUS CONFIRMED (INCLUDING CONFIRMATION OF THE ABSENCE OF UNINTENDED rDNA-RESIDUES) — Annex | of COM Proposal J
STEP 2: MOLECULAR CHARACTERISATION UNDER CONSIDERATION OF INFORMATION ON RECIPIENT PLANT - Part 1 of Annex Il of COM Proposal \

types of modification/risk profiles

according to Annex | of the COM proposal — identification of potential hazards associated with specific characteristics of the introduced modificationin a
particular recipient plant

Long insertions/substitutions (> xbp) in protein Long insertions/substitutions

. . Hazardous
Interruption of Expression of chimeric coding sequence(s)—the protein is EXPRESSED but (> xbp) in protein coding Ta_r_getlng Uf_ gene characteristics of the
endogenous gene e LOSS/REDUCTION/MODIFICATION of original sequence(s) —the protein is NOT families/multiplexing recipient plant
{by cis/intragenesis) function EXPRESSED/KNOCKED OUT

The data requirements for MC depend on the intended type of modification, taking into account the function of the modified protein, intended use and
recipient plant characteristics /

No hazard identified

OVERALL ASSESSMENT UNDER CONSIDERATION OF THE TRAIT
AND INTENDED USE

Anastasia Matthies

EFSA GMO Network subgroup on NGTs meeting, 14 May 2025
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% Federal Office of
Consumer Protection

and Food Safety

Possible approach to risk assessment in the light of the
COM proposal

/ OBLIGATORY \

STEP 1: NGT2 STATUS CONFIRMED (INCLUDING CONFIRMATION OF THE ABSENCE OF UNINTENDED rDNA-RESIDUES) — Annex | of COM Proposal J
STEP 2: MOLECULAR CHARACTERISATION UNDER CONSIDERATION OF INFORMATION ON RECIPIENT PLANT - Part 1 of Annex Il of COM Proposal \

types of modification/risk profiles

according to Annex | of the COM proposal — identification of potential hazards associated with specific characteristics of the introduced modificationin a
particular recipient plant

Long insertions/substitutions (> xbp) in protein Long insertions/substitutions Hazardous
Interruption of Expression of chimeric coding sequence(s)—the protein is EXPRESSED but (> xbp) in protein coding Ta_r_geting Uf_ gene characteristics of the
endogenousgene e LOSS/REDUCTION/MODIFICATION of original sequence(s) —the protein is NOT families/multiplexing recipient plant
(by cis/intragenesis) function EXPRESSED/KNOCKED OUT

The data requirements for MC depend on the intended type of modification, taking into account the function of the modified protein, intended use and
recipient plant characteristics /

Hazard identified

Evaluation of identified hazard under consideration of the available body of knowledge
(including and taking into account existing experiences/HOSU of modified gene/allele,
trait, product, plant) AND the scope of application/anticipated exposure pathway

No plausible pathway to No hazard identified
harm ftest hypothesis

OVERALL ASSESSMENT UNDER CONSIDERATION OF THE TRAIT
AND INTENDED USE

Anastasia Matthies

EFSA GMO Network subgroup on NGTs meeting, 14 May 2025
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% Federal Office of
Consumer Protection

and Food Safety

Possible approach to risk assessment in the light of the

COM proposal

STEP 1: NGT2 STATUS CONFIRMED (INCLUDING CONFIRMATION OF THE ABSENCE OF UNINTENDED rDNA-RESIDUES) — Annex | of COM Proposal J

= =

/ OBLIGATORY \

STEP 2: MOLECULAR CHARACTERISATION UNDER CONSIDERATION OF INFORMATION ON RECIPIENT PLANT - Part 1 of Annex Il of COM Proposal \

types of modification/risk profiles

according to Annex | of the COM proposal — identification of potential hazards associated with specific characteristics of the introduced modificationin a
particular recipient plant

Long insertions/substitutions (> xbp) in protein Long insertions/substitutions Hazardous
Interruption of Expression of chimeric coding sequence(s)—the protein is EXPRESSED but (> xbp) in protein coding Ta_r_geting Uf_ gene characteristics of the
endogenousgene e LOSS/REDUCTION/MODIFICATION of original sequence(s) —the protein is NOT families/multiplexing recipient plant
(by cis/intragenesis) function EXPRESSED/KNOCKED OUT

The data requirements for MC depend on the intended type of modification, taking into account the function of the modified protein, intended use and

recipient plant characteristics /

Hazard identified

Evaluation of identified hazard under consideration of the available body of knowledge
(including and taking into account existing experiences/HOSU of modified gene/allele,
trait, product, plant) AND the scope of application/anticipated exposure pathway

Plausible pathway to harm /test hypothesis

No plausible pathway to No hazard identified
harm ftest hypothesis

4 OPTIONAI.\

STEP 3: CASE-SPECIFIC CHARACTERISATION - Part 2 and 3 of Annex Il of COM Proposal

Additional data, case-specific, addressing the identified test hypothesis

Specificinformation for the specific information for the
environmental risk assessment safety assessment

OVERALL ASSESSMENT UNDER CONSIDERATION OF THE TRAIT
AND INTENDED USE

/

Anastasia Matthies

EFSA GMO Network subgroup on NGTs meeting, 14 May 2025
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IR | Coveimer Prtection Possible approach to risk assessment in the light of the

and Food Safety

COM proposal

Questions, critics, challenges...

How to reflect both — scientific considerations, facts and principles and political specifications
Technological approach (fitting in with the regulatory reality)

How to provide both groups - risk assessors and applicants - with reliable navigation for risk

assessment

Balance between formalized and tailored assessment

Anastasia Matthies

EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 18



Consumer Protection

Federal Office of
L and Food Safety

e

Consumer Protection an

Food Safety

¥ : | j-\ y s »
|

21 Tl

Wi ——

Thank you for your attention!

Contact:
anastasia.matthies@bvl.bund.de
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