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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 (mt)

~ 50% of wine grapes 

~ 35% of table grapes 

~ 15% of dried grapes

World wine production is estimated 

at 237 million hectolitres of wine



Grapevine growth cycle

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

typically lasts 2-5 years

The annual growth of grapevine includes several 

phenological phases

 



➢ non climacteric fruit

Grapevine berry development

➢ very long ripening, almost 3 months and strongly affected 

by environment

• ORGANIC ACID 

ACCUMULATION

• CELL DIVISION

 

• CELL EXPANSION AND TEXTURE 

MODIFICATION

• MALIC ACID DEGRADATION

• PIGMENTS AND AROMAS 

ACCUMULATION



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

Berry ripening is highly affected by climate change



The vineyard system faces strong pest and disease pressures

Grapes receive about 40%

of the fungicides used in the

EU, despite covering only

~3% of the agricultural areaPlasmopara
viticola

Downy mildew

Powdery mildew

Botrytis

Pierce’s disease

Collar tumor

Gray mold

Reducing pesticide use is a 

key issue to improve

viticulture sustainability



➢ improvement of viticulture practices (pruning times, training system, water usage…)

➢ geographical diversification, new winegrowing regions could emerge in previously 

unsuitable areas

What can we do to adapt grapes? 

➢ 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

• time consuming

• loss of the varietal genetic background due to the high level of heterozygosity  

new genomics techniques

• recalcitrance in in vitro propagation 

• lack of information on gene function



Genome editing in grapevine: two principal approaches 

Advantages: 

-stable transformation in 

grapevine has been 

setup and the use of 

marker genes helps the 

selection of 

transformants

Limits: 

-random insertion of the 

transgene

-creation of a GMO plant 

-self-cross to remove the 

transgene changes the 

genetic background

Advantages: 

-no transgenes

-absence of 

chimeras

Limits: 

-recalcitrance of 

protoplast 

regeneration 

-no marker gene 



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



Grapevine protoplast regeneration 

2019

Sangiovese Garganega



Embriogenic callus induction



Embriogenic callus

Embriogenic callus induction



Protoplasts regeneration through somatic embryogenesis

First cell division

After 10 days 

Further cell divisions

After 30 days

Formation of micro-colonies

After ~40 days

Globular stage Heart stage Torpedo stage

After ~60 days 

Mature  embryo

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



Embryo

Germinated somatic embryo 
Shoot and root development

4 weeks in the dark

4-5 weeks 

on the light 

Protoplasts regeneration through somatic embryogenesis



Final stages of plant regeneration

4 weeks

in-vitro regenerated plant

Regenerated plant

8-10 weeks

Protoplasts regeneration through somatic embryogenesis



Grapevine protoplasts regeneration

How much time?

Anthers 

cultivation

Embriogenic calli 

and protoplasts 

isolation

6 Months 4 Months

Embryo

1 Month

Germination

3/4 Months

Regenerated 

plant

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



~ 2 million protoplasts   → ~ 150⎼200 germinated embryos  → ~ 15⎼20 whole plants

cotyledonary embryo protoplast germinated embryo 

whole plant 

0.01⎼0.15 ‰ 15⎼60 % 9⎼15 %

Grapevine protoplasts regeneration



Messa in 
coltura 

antere

Calli embriogenici 
da cui 

isolare i protoplasti

6 MESI 4 MESI

Formazione 
dell’embrione

1 MESE

Germinazione

3/4 MESI

Pianta 
completamente 

rigenerata

Editing induction in grapevine protoplasts 

With PEG 



October 2022 we published the first DNA-free 

editied grapevine obtained by protoplast 

transfection and regeneration 

Editing induction in grapevine protoplasts 



Li, B. et al. Nat Rev Genet (2024)
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PROTOPLAST PLATFORM



Adapting the strategy to the genotype

Inflorescence
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cultivation

Embryogenic calli 
formation
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proliferation

Protoplasts
isolation
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0
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Somatic embryos
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Germinated somatic
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whole plant

TIME AFTER
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0

Rank of genotypes performance (1 = best)

21



Monoallelic

edited plants

Biallelic 

homozygous 

edited plants 

Biallelic 

heterozygous 

edited plants

Co-editing

transfection

Modified from Scintilla et al. (2022) […]

Co-edited

plants

64 edited vines

~ 260

regenerated plants

17

10

31

6

Efficiency

~ 25%

Editing events



Susceptibility genes for downy mildew   



DNA-free edited Chardonnay

• Chardonnay plant edited for DMR6.1

DMR6.1-edited Non-edited

24

Genome sequencing

reference 

T2T.v5

1 bp deletion
49 bp deletion

DMR6.1 

edited plants

vineyard 

plants

Biallelic 
heterozygous 

mutation



Genomic characterization: off targets 

No predicted off-target sequence modifications



Resistance assessment 

Resistance score

(according to OIV 452-1 descriptor)

0 1 2 3 4 5 6 7 8 9

Resistance score

DMR6.1-edited plant

control plant

*

*

p-value < 0.0001
*

Control plant

DMR6.1-edited plant

Leaf disk assay

(6 days after inoculation)

Inoculation: suspension of 50,000 sporangia/ml

Control plant

DMR6.1-edited plant

Test #1

Test #2
Significant 

increase of 

resistance 



Genomic characterization: neo mutations

Inflorescence
sampling

Stamens and pistils
cultivation

Embryogenic calli 
formation

Embryogenic calli 
proliferation

Protoplasts
isolation

3 months 5 months

TIME AFTER
EXPLANTS CULTIVATION

0

DMR6.1-edited 

Chardonnay plants

Vineyard-grown 

Chardonnay plants

gRNAs-transfected

controls

Non-transfected

controls

15 SNPs

7 SNPs

15 SNPs

RNPs

gRNAs

No increase of mutation frequency in edited plants

Mutations likely accumulated during in vitro cultivation



Genomic characterization: distribution of neo mutations

DMR6.1-edited 

Chardonnay plants

gRNAs-transfected

controls

Non-transfected

controls

15 SNPs

7 SNPs

15 SNPs

12 1 2 0

10 3 1 1

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



Request made on 5 June 2024

Authorization received on 5 September 2024

AUTHORIZATION FOR FIELD TESTING 

OF EDITED CHARDONNAY

After a long bureaucratic process



SEPTEMBER 30, 2024 – second Italian trial



FEBRUARY 13, 2025



CONCLUSIONS

• The possibility to apply genome editing via the CRISPR/Cas9 system and produce DNA-

free genetically 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



THANK YOU FOR THE ATTENTION
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Ris8imo: the first NGT 
field trial in Italy



in our lab
studying the molecular bases

we are interested in
of

photoperiodic flowering



rice growing areas



Hd3aRFT1

we know that two florigenic proteins, Hd3a
and RFT1 are expressed in leaves under

photoperiodic inductive conditions

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



by CRISPR/Cas9 the ricein 2014 we mutated
florigens to observe how flowering was affected

wt

hd3a rft1

wt hd3a wt rft1

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

the single mutants have different
flowering behaviours in growth chambers

the double mutant is non-
flowering



LAB PROTOCOL



mutants contained no transgene but onlythese 
small insertions or deletions, we therefore

fieldthought that we could also make
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 
Italian 
Ministry: 
our CRISPR
plants
not be
to go

will
able
into

the field



Fabio Fornara



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

cultivation worldwide, caused by
rice blast is the main problem for rice

the fungal
pathogen Magnaporthae oryzae

Blast susceptible variety grown in Vercelli
province, Italy



it is known that mutations in Pi21 gene
cause durable resistance to rice blast



mutations in Pi21 were not introgressed
into Italian varieties by breeders

because the gene is within a a region 
that confers lower eating quality



In 2017 we simultaneusly mutated by
CRISPR/Cas9 Pi21 (OsHIPP5), HMA1

(OsHIPP19) and HMA2 (OsHIPP20), that are
two other genes important for M.oryzae

cellpenetration into the

Sophien Kamoun Thorsten

plant

Langner

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



HMA1 (OsHIPP19) and HMA2 (OsHIPP20) can 
fungalstabilize AVR-Pik effector 

penetration in the
to improve 
rice cells

OIKAWA ET AL., 2020 HTTPS://DOI.ORG/10.1101/2020.12.01.406389 

OIKAWA K, ET AL., 2024 DOI: 10.1371/JOURNAL.PPAT.1012647.



Pi21

HMA2 

HMA1

lower eating quality region

Telemaco variety 
Arborio type

We chose a widely grown (in 2016) Italian 
named 
type

blast susceptible élite variety 
Telemaco of the Arborio risotto

TELEMACO TEA Ris8imo



TELEMACO TEA Ris8imoTELEMACO

Laboratory tests proved a reduced 
susceptibility to blast after leaf 

inoculation



We chose and propagated two
«TELEMACO TEA» lines without 

transgene
These contain the following 

mutations:

• Nome linea: TELEMACO TEA 1
• -gene Pi21: delezione di 4 bp + inserzione di 1A frameshift
• -gene HMA1: delezione di 19 bp + inserzione di 1T frameshift
• -gene HMA2: inserzione di 1T e di 1 A frameshift
•
• Nome linea: TELEMACO TEA 2
• -gene Pi21: delezione di 4 bp + inserzione di 1A frameshift
• -gene HMA1: inserzione di 1T + inserzione di 1T frameshift
• -gene HMA2: delezione di 74 bp – frameshift



Regione Lombardia



since 2023 in Italy fields 
trials are allowed



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
1549,37

it ir required to pay
euro



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



exact location of experiemtal field has
published online even beforeto be

approval- requirement of the Italian law



subsequently, the EXACT location is also
published on the Ministrey of the

Environment website
la 
GEOLOCALIZZAZIONE
è richiesta da:
-decreto
legislativo n. 
224/2003 -art. 
12, comma 6, art.
27, comma 4,
articolo 30,
comma 1, e 
allegato III B e
-Consiglio 813
del 2002 che 
stabilisce il 
modello del
Summary
Notification 
Information 
Format



On the 2nd of January we submitted an
application to plant our Ris8imo rice plants in
Federico Radice Fossati farm in Lomellina (PAVIA)

Pi21
HMA2
HMA1



On the 27th of march we received authorization



Notifica «B/IT/24/01» autorizzata dal 
Ministero dell’Ambiente e della 

Sicurezza Energetica in data 27 marzo 
2024 per l’emissione deliberata 

nell’ambiente di OGM per qualsiasi 
fine diverso dall’immissione sul 

mercato ai sensi dell’articolo 9-bis 
del decreto-legge 14 aprile 2023, n.
39, convertito con modificazioni
dalla legge 13 giugno 2023, n. 68

SPERIMENTAZIONE 
DI RISO «RIS8imo» TEA



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







Foglio 1
www.ecostampa.it

Quotidiano
09-02-2024
Pagina 1+II Diffusione: 25.000

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

17th of September 202415th of July 2024

«La Commissione Industria e Agricoltura del Senato ha accolto l’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
bis with more

for a Ris8imo 
varieties

Nome linea: TOMMASO TEA 1
-gene Pi21: inserzione di 1A;
-gene Gn1a/OsCKX2 delezione di 5bp;

Nome linea: TOMMASO TEA 2
-gene Pi21: inserzione di 1A;
-gene Gn1a: delezione di 2bp

Nome linea: TOMMASO TEA 3
-gene Pi21: inserzione di 1A;
-gene Gn1a delezione di 5 bp

Nome linea:PACIFICO TEA 1
-gene Pi21: inserzione di 1G;
-gene Gn1a: sequenza identica alwt

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

•

Nome linea:PACIFICO TEA 2
-gene Pi21: inserzione di 1A;

-gene Gn1a: inserzione di 1C;

APPLICATION NUMBER: B/IT/25/01



*Another gene possibly involved
in blast resistance

collaboration with:

- Giampiero Valè Università 
del Piemonte Orientale, 
Vercelli

- -Blanca San Segundo CRAG,
Bacellona, Spagna



CRISPR lines show increased resistance to 
leaf inoculation in the lab



opposers publish the sites online



group of Sara Zenoni andon the 30th of September 2024 the 
Mario Pezzotti planted in Valpolcella (VR) the first field
trial with genome edited grapevine, resistant to downy

mildew

november 2024



Destroyed by 
unknown 

vandals on 
the 13th of 
February 2025



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

BEYOND SINGLE GENES KNOCK OUT



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

PER PANICLE

Giulia Ave Bono

Hanzawa et al. (2005)



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

2023

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

http://www.ricelab.unimi.it/
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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



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

▪ 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. 

For the NGT, we need a separate approach that is more case specific. 

Generally applicable requirements will not be possible.

Starting point 

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



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

Regulatory circumstances

▪ Political reality reflected in compromises

▪ Possible strict specifications for risk profiles

▪ Exemptions/specific regulatory requirements 
for certain NGT-traits, e.g. HR

Scientific principles of risk assessment

▪ A science-based approach

▪ Case-specific

▪ Principle of problem formulation and hazard 
identification

▪ Tiered approach

Prerequisites and framework

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



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

Prerequisites and framework

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

EFSA, 2022 EUROPEAN COMMISSION, 2023



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

Prerequisites and framework

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

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

▪ set out in Annexes I and II. 

EFSA, 2022 EUROPEAN COMMISSION, 2023



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

Prerequisites and framework

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

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

▪ set out in Annexes I and II. 

Objectives of the new regulation: to be appropriate to certain risk profiles 

- Distinction between NGT Category 1 and NGT Category 2 plants

EFSA, 2022 EUROPEAN COMMISSION, 2023



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

Prerequisites and framework

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

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

▪ set out in Annexes I and II. 

EFSA, 2022 EUROPEAN COMMISSION, 2023

Objectives of the new regulation: to be appropriate to certain risk profiles 

- Distinction between NGT Category 1 and NGT Category 2 plants

What is the framework for a 
proportionate risk assessment for 

NGT category 2 plants set out in the 
Commission proposal?



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

Part 1

▪ 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

Commission proposal: Annex II 

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



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

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 9

Commission proposal: Annex II 

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

Part 2: specific information for the environmental risk 

assessment of category 2 NGT plants

(optional)

Part 3: specific information for the safety 

assessment of category 2 NGT food and feed

(optional)  

Part 1

Molecular characterization and information on recipient plant

(obligatory)



Anastasia Matthies  EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 10

Commission proposal: Annex II 

Part 2: specific information for the environmental risk 

assessment of category 2 NGT plants

(optional)

Part 3: specific information for the safety 

assessment of category 2 NGT food and feed

(optional)  

Part 1

Molecular characterization and information on recipient plant

(obligatory)

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

hypothesis exists!

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



Anastasia Matthies  EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 11

Commission proposal: Annex II 

Part 2: specific information for the environmental risk 

assessment of category 2 NGT plants

(optional)

Part 3: specific information for the safety 

assessment of category 2 NGT food and feed

(optional)  

Part 1

Molecular characterization and information on recipient plant

(obligatory)

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

hypothesis exists!

Can we better navigate the hazard 
identification process by using the Annex I 
criteria to establish “hazard categories"?

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



Anastasia Matthies  EFSA GMO Network subgroup on NGTs meeting, 14 May 2025 Page 12

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: 

Identification of “hazard categories" based on equivalence criteria

Commission proposal: Annex I 

▪ 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)



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

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

Page 13
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Possible approach to risk assessment in the light of the 
COM proposal

Page 14
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Possible approach to risk assessment in the light of the 
COM proposal

Page 15
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Possible approach to risk assessment in the light of the 
COM proposal

Page 16



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

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

Page 17



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

▪ 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

▪ …

Questions, critics, challenges…

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



Contact:

We live

Consumer Protection and

Food Safety

anastasia.matthies@bvl.bund.de
Thank you for your attention!
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