
Why a European Research 
Infrastructure on Plant 
Genetic Resources?

Giovanni Giuliano – PRO-GRACE Coordinator
PRO-GRACE-EMPHASIS Policy Symposium and Workshop
Brussels, 27 June 2024



Plants are essential for life on earth

• About 400,000 known species of terrestrial plants populate Earth. We use about 40,000 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



Terrestrial plants are essential for CO2 capture

The atmospheric carbon cycle

Annual oscillations in terrestrial vegetation

Annual oscillations in atmospheric CO2 concentration



Plants are the planet’s best organic chemists

Metabolite class Examples and applications
Alkaloids Morphine (analgesic), atropine (used in ophthalmology and as antidote 

to nerve agent poisoning) , caffeine (stimulant), quinine ( antimalarial), 
vincristine (anticancer agent), capsaicin, piperine (food flavors)

Isoprenoids, steroids and 
saponins

β-carotene, crocin, (food antioxidants) azadirachthin (insecticide), 
menthol (aroma),  artemisinin (antimalarial), steviosides (sweeteners), 
cannabinoids (treatment of chronic pain), vitamin K, vitamin E, 
phytosterols (anticholeterolemic) , taxol (anticancer agent),  natural 
rubber

Flavonoids and 
phenylpropanoids

anthocyanins, isoflavones. resveratrol, curcumin (food antioxidants), 
tannins (leather tanning), coumarins (bioimaging), lignin (wood 
industry)

Glucosinolates Sinigrin, glucoraphanin (food flavors)

Cyanogenic glucosides Amygdalin (defence compound)

General structure

• Over 1 million different secondary metabolites are synthesized by terrestrial plants
• 20% to 30% of our pharmacopeia is bioinspired from plant metabolites



Plant pandemics: past and present of a global threat

• Caused by Phytophthora
infestans, a fungus that
arrived from an area different
from the potato center of 
origin.

• Reduced Irish potato
production by 90% in two
years

• Caused 1 million deaths and 1 
million migrants (25% of the
total population).

UG99 wheat stem rust (1988)

Wheat
production

The Irish Potato Famine (1845)

Xylella fastidiosa olive syndrome (2013)

Potential Asian spread routes

Climate-permissive Mediterranean
areas



Crop wild relatives and  landraces are reservoirs  of pathogen resistance genes

S. demissum
(potato wild relative) 

The plant breeding paradigm
(Zamir, 2021)

Phytophthora-resistant
potato

R gene

A. sharonensis
(wheat wild relative) 

PI 374670
(low yielding

wheat landrace) 

R gene

R gene

UG99-resistant
wheat



Loss of genetic diversity during domestication and breeding

Wheat: the majority of the genetic diversity present in landraces is not represented in modern varieties (Chen et al, 2024) 

A. Domestication in 
Peru - Ecuador

B. Migration of wild 
cherry tomato to Mexico

C. Introduction of Peruvian landraces 
to Spain, Italy (1500-1800)

D. Introduction to N. America 
(1700s)

E. Transfer of R genes from 
wild species (1900s) Genetic diversity

A B C D E

Tomato: the genetic diversity present in early domesticates was lost during migration to Europe and breeding. It was partially regained
through trasfer of R genes  to modern varieties (unpublished).



Loss of biodiversity in the wild

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)



How to prevent the loss of plant biodiversity

Ex situ conservation (Genebanks)In situ- on farm conservation Seed vaults (the last resort)

• Around 4 M of plant accessions are conserved in worldwide genebanks (1), of which around 2 M in Europe (2)
• The European accessions are spread over 400 different institutions, with dishomogenous management standards
• International regulations, and phytosanitary hurdles prevent the effective exchange of materials
• Active in situ / on-farm population conservation is very limited and does not meet proposed standards (3)

(1) https://www.genesys-pgr.org/ (2) https://eurisco.ipk-gatersleben.de/apex/eurisco_ws/r/eurisco/home
(3) http://www.fao.org/agriculture/seed/sow2/en/

Safety

Documentation & access

https://www.genesys-pgr.org/
https://eurisco.ipk-gatersleben.de/apex/eurisco_ws/r/eurisco/home%20(3
http://www.fao.org/agriculture/seed/sow2/en/


We’re not starting from scratch

>10 EU-funded projects have
generated novel genetic resources
and associated knowledge and
methods on important crop plant
families (Cereals, Solanaceae,
Legumes).

The European Search Catalogue for Plant Genetic Resources (EURISCO) provides
passport and phenotypic data on >2 million accessions of crop plants and their wild
relatives, preserved ex situ by about 400 institutes from 43 member countries.



The life cycle of an ESFRI Research Infrastructure

PRO-GRACE



Europe funds a series of Research Infrastructures…

www.esfri.eu



…but none of them is dedicated to the conservation and improvement of the plants that 
feed humanity



Key messages for the future GRACE-RI 1

•Plants are essential for the survival of humanity and of the maintenance of healthy ecosystems.

•We are on the brink of the 6th large extinction on this planet. Both species and their genetic diversity are
threatened. Terrestrial plants are particularly at risk. The upcoming crisis will be global, not local.

•Climate change, emerging pathogens, water scarcity and overpopulation will increasingly require the
breeding of novel, resilient food plant varieties.

•Therefore, PGRs should be considered a heritage for future generations. They need to be effectively
conserved and made freely available for use, with clear rules on reciprocity and benefit sharing.



Key messages for the future GRACE-RI 2

• No EU Research Infrastructure presently addresses the study, conservation and valorization of PGRs.

• The GRACE-RI will have a large impact on several important economic sectors: seed production,
agriculture, and the plant-derived bioeconomy.

• The GRACE-RI will contribute, directly or indirectly, to the following UN sustainable development goals:
zero hunger, good health and well-being, life on land, decent work and economic growth, and
partnerships.

• These problems can only be tackled through a Europe-wide (and, in perspective, global) infrastructure
on research, conservation, and utilization of PGRs.



We need a paradigm shift, and we need it now

PGR conservation
community

Research community

Plant breeding community

GRACE
RI

Agricultural sector

UN sustainable
development goals

Plant-based bioproducts

Ancient Greeks depicted Kairos (the right
occasion or moment) as a young man with
wings, long hair on the forehead and shaved on
the back. It meant that either you catch it when
it’s coming towards you, or once it has passed
by, it’s too late.



Thank you for your attention!

www.grace-ri.eu

giovanni.giuliano@enea.it
pro-grace.project@enea.it

mailto:giovanni.giuliano@enea.it
mailto:pro-grace.project@enea.it
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