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Crops Resequencing (number 
of accessions)

NGS Genotyping (number 
of accessions)

Average % of resequencing and genotyping data 
currently available in public databases

Major cereals
(maize, rice -Asian and African, wheat, barley, pearl 
millet)

3,676 110,829 81%

Roots and tubers
(potato, cassava, sweet potato, yams, Andean roots 
and tubers - Ullucus tuberosus and Oxalis tuberosa) 
and bananas

400 24,404 12%

Minor cereals
(small millets, sorghum) 448 1,629 34%

Pulses
(common bean, groundnut, chickpea, lentil, pea, 
cowpea, pigeonpea, faba bean, grasspea)

5,567 7,778 46%

Forages
buffelgrass, napiergrass, rhodes grass, Urochloa spp, 
Megathrysus maximus, Sesbania sesban, 
Neonotonia wightii, Lablab, Brizantha, Brachiaria)

2,378 0%

CGIAR genebanks and resequencing / genotyping





• To improve conservation of genetic resources
• Diversity / core collections
• Taxonomic identification
• Gap analyses
• Duplicates
• Genetic integrity

• To enhance use of genetic resources
• identify useful alleles/haplotypes or 

candidate genes
• Identification of donors for specific traits

Large-scale genotyping in CGIAR genebanks



DSI storage and 
access by CGIAR



An example of a 
repository maintained by 
one CGIAR Center – 
Banana Genome HubBanana Genome Hub

Visitors in last 3 months



Conditions under which the data are 
made available
• Generally follow academic practices on data sharing:

o Sequence data are deposited in INSDC databases
o Access is open and free
o Follows Toronto statement 2009 on prepublication data sharing

• Specialized portals maintained by CGIAR Centers usually don’t 
require login, but do require acknowledgement / attribution and 
prohibit IPR claims over the data

• One CGIAR center requires login and click-wrap license agreement 
for non-exclusive non-transferable use of genetic data subject to 
conditions such as not claiming IPRs over it.



• Recent work by the DSI Scientific 
Network attempting to classify 
sequence data based on types of 
organisms and the scope of 
international conventions 

• The number under ITPGRFA refers 
to sequences from Annex 1 
species – around 10% of all 
sequences on INSDC

• Limitations:
• Only INSDC – does not include 

genotyping data
• Only Annex 1 species

How much DSI is out there from and for the agricultural sector and the 
crop sector in particular? 



Approaches to investigate how much MLS material 
is being used by recipients to generate DSI

• Through DOIs included in publications and datasets
• Searches across multiple journals using keywords – name of 

particular genebanks, traits, sequences.
• Individual tracking of publications
• Automatic methods to be developed with AI?



Building knowledge: Genome wide association studies

 



Genomic data in breeding

Pixley, K.V. et al. Genome-edited crops for improved food security of 
smallholder farmers. Nat Genet 54, 364–367 (2022)



DSI-related capacity building

Plant Treaty Governing Body Resolution 16/2023
“The Governing Body …

Welcomes and acknowledges the technical assistance … 
undertaken by the CGIAR Centers in order to reduce the 
existing gap on capacity regarding generation, access to and 
use of DSI/GSD and recommends that this work be continued 
and strengthened”

https://hdl.handle.net/10568/131562

https://hdl.handle.net/10568/131562




Crop improvement – value creation without DSI

Incorporation of genetic material in final product 
as basis for fair and equitable benefit sharing 



DSI changes how we use genetic resources in agricultural 
R&D: benefit sharing implications   

1. DSI delinks use of genetic resources for research and development

2. DSI-related technologies enable in vitro and in silico replication of 
units of heredity

3. DSI enables discovery of unrelated genetic resources containing the 
same sequences



1: DSI delinks use of genetic resources for 
research and development

Genetic resources used for research

Reference 
genomes

Genome Wide 
Association Studies

Genetic resources used for 
development of commercial products

Knowledge and tools

Hundreds / thousands of samples 
from different countries



Conventional ABS:
in vivo replication

2. DSI-related technologies enable in vitro and 
in silico replication of units of heredity

Mother Father

Offspring

Product

GM and 
gene editing:

DNA in vitro

Synthetic biology:

DNA sequences 
in silico



3. DSI enables discovery of unrelated genetic 
resources containing the same sequences

• Use materials from the MLS or other ABS regime in research 
phase to discover desirable sequence

… then find/obtain desired sequence in an unregulated 
source and use it for product development



ABS implications

Benefit sharing in the era of DSI can only be fair and equitable if it
• delinks payment obligations from incorporation of DNA sequences 

into final products, and
• Recognizes, reflects and rewards the value contributed by DSI through 

upstream research



De facto multilateral access and use of DSI 
• Multilateral reality

• Digital infrastructure facilitates pooling and availability of data from 
genetic resources world wide

• Stimulating scientific break-through
• Being used to create value at multiple levels
• Ag R&D is now dependent on generation, availability and use of DSI. 

• Reality check
• Lots of non-monetary benefit sharing. Largely unmeasured
• No monetary benefit sharing

• Need a solution that raises funds, reflects value addition of DSI to ag R&D, shares 
those benefits, and supports continued availability of DSI  



Country-based view of the use of DSI of Annex 1 crops and forages

Source: WiLDSI project

https://www.dsmz.de/collection/nagoya-protocol/digital-sequence-information


What could delinked benefit-sharing look like?    

Aggregate level payments on whole portfolios of products, whether 
they were developed using accessed DSI or not

Contributions from users based on %age additional fees for cloud-
based services

Contributions from DSI service providers: 
reagents, sequencing, analysis, etc



Thank you.
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