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Plants are essential for life on earth

• About 400,000 known species of terrestrial plants populate Earth. We use about 8,000 of them as food, medicines, or raw
materials for industry (timber, textile fibres, ….).

• Plants, through photosynthesis, fix CO2 from the atmosphere and produce the O2 we breathe and all the organic matter that
we ultimately use as food.

Worldwide distribution of plant biodiversity (Barthlott et al, 1996) The photosynthetic cycle



Plant breeding has prevented widespread famine in the past decades



We live at the beginning of the 6th mass extinction

Worldwide distribution of plant species at risk of extinction Main causes of plant extinction (1)

(1) Kew Gardens «State of the World’s Plants and Fungi»

• Around 40% of plant species are at risk of extinction globally. 
• This figure  fluctuates between 10%-45% for crop wild relatives, and reaches 60% for some groups 

(cycads, epiphytes, orchids)



Crop wild relatives and  landraces are reservoirs  of pathogen resistance genes
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The plant breeding paradigm

(Zamir, 2021)
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European governments fund a series of Research Infrastructures…but none of them is 
dedicated to PGR conservation and their use in breeding 

www.esfri.eu



We’re not starting from scratch

>90 EU-funded projects have generated novel
genetic resources and associated knowledge and
methods on important crop plant taxa. The
phenotypic data generated require a long-term
repository.

Information systems of PGRFA (EURISCO), forest genetic resources and
botanic species are in place, but are largely not communicating



The GRACE (Plant Genetic Resources Community for Europe) Research Infrastructure

PGR conservation
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Research community

Plant breeding community
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UN sustainable
development goals

Plant-based bioproducts

• ˜ 400 institutes holding «ex situ» PGR 
collections

• ˜ 900 botanical gardens/arboreta

• Hundreds of European plant research
institutes

• Hundreds of natural reserves/Natura 
2000 sites

• International organizations: ECPGR, 
European forest genetic resources
programme (EUFORGEN), European
Plant Science Organization (EPSO), 
European and Mediterranean Plant 
Protection Organization (EPPO)

• Seed exchange NGOs, farmers’ 
organizations

• Private seed companies

The GRACE main stakeholders



1st PROBLEM: LIMITED ACCESS TO EX SITU CONSERVED ACCESSIONS

From Theo van Hintum’s Pillar 1 presentation

Only 38% of accessions listed on Eurisco are 
available in practice. 

Different reasons: Understaffing, under-funding, 
improper conservation, insufficient personnel to 
carry out phytosanitary/legal procedures for 
distribution, non-streamlined request system..

The role of GRACE-RI:  

• To determine a minimum common standard of services to be provided. 

• To provide technical, scientific and certification services to support quality conservation, phytosanitary and 
legal procedures (thus alleviating undestaffing and underfunding, especially on small genebanks). 



2nd PROBLEM: THE COMPLEXITY OF IN SITU CONSERVATION

From Nigel Maxted’s Pillar 2 presentation
Different players: ECPGR, national authorities, natural reserves genebanks and, in the future, GRACE-RI

The role of GRACE-RI:  t
• To provide technical and scientific services to support decision making, conservation and access (but not to be 

the decision making body)



The GRACE-RI proposed scientific services

I. SERVICES FOR EX SITU 

CONSERVATION

CAPACITY BUILDING AND OUTREACH

•Quality management 

system

•State-of-the-art 

conservation protocols 

•Routine use of (cyto) 

genomics and 

phenomics in PGR 

management

•Well-characterized core 

collections

•Safety duplication of 

collections

• In situ PGR inventories

and conservation 

strategies for natural 

populations

•On-farm/ in-garden 

conservation of 

landraces

•Genomic-phenomic 

monitoring of in situ 

populations

•Safety ex situ 

duplication of 

threatened populations/ 

landraces

II. SERVICES FOR IN SITU 

CONSERVATION
IV. CHARACTERIZATION AND 

(PRE)BREEDING SERVICES

•Genotyping/ 

sequencing/ eDNA 

barcoding

•Cytogenomic, 

metabolomic, phenomic, 

introgressiomic services

•Data analysis

III. DATA AND INFORMATION 

MANAGEMENT 

•Enhanced EURISCO

•Standardized data 

formats

• Integrated solutions for 

PGR project data 

management

• Integrated systems for in 

situ and ex situ data

•AI-powered data 

curation

•Predictive Modeling

V. SERVICES FOR

PGR ACCESS

•Regulatory support 

services for PGR users

•Phytosanitary 

infrastructure 

•Scientific expertise for 

policymakers

•Regulatory support for 

conservation strategies

GRACE-RI SERVICES



Pillar 1: SERVICES FOR EX SITU CONSERVATION

A quality management system  for Genetic Resource 
Centers, including monitoring, auditing and certification

State-of-the-art protocols for ex situ conservation, 
regeneration 

Routine application of (cyto)genomics and phenomics to 
ex situ PGR management

Core collections for priority taxa

Safety duplication of accessions 



Pillar 2: SERVICES FOR IN SITU CONSERVATION

In situ PGR inventories and conservation strategies for 
natural populations

On-farm/ in-garden conservation of landraces

Genomic-phenomic monitoring of in situ populations

Safety ex situ duplication of threatened populations/ 
landraces



Pillar 3: DATA AND INFORMATION MANAGEMENT 

Integrated systems for in situ and ex situ data

AI-powered data curation

Predictive Modeling

Enhanced EURISCO

Generation of standardized (meta)data formats
• Collaboration with EUFGIS, PLANTSEARCH,
ELIXIR, EMPHASIS, DiSSCO and GBIF

Integrated solutions for PGR project data 

management
• Data management guidelines
• Advice and support for (meta)data curation
• Streamlining to recommended repositories. 
• Assignments of DOIs
• Linking with passport data in EURISCO.

Phenotype databasesIn situ data



Pillar 4: CHARACTERIZATION AND (PRE) BREEDING SERVICES

Genotyping Sequencing

eDNA Cytogenomics

Metabolomics

Phenomics

Introgressiomics

Genome-wide association Pangenomes & pan-phenomes Breeding performance prediction



Pillar 5: SERVICES FOR PGR ACCESS

Regulatory and  legal support for PGR users Phytosanitary support for GRCs and users 

Scientific advice to policymakers Technical support for national and EU 

conservation strategies



CAPACITY BUILDING AND OUTREACH

Educational modules

Comprehensive training programs
Training for data curation and 

management

Support networks for stakeholdersCommunication and Awareness campaigns

Outreach and citizen science



COORDINATION IN THE EUROPEAN LANDSCAPE

•
From J Prohens
Pillar 1 presentation



SYNERGIES WITH OTHER RIs

From J Prohens
Pillar 1 presentation



Thank you for your attention!

www.grace-ri.eu

giovannigiuliano1@gmail.com
pro-grace.project@enea.it

mailto:giovannigiuliano1@
mailto:pro-grace.project@enea.it
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