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Compilation of Submissions on Capacity Building Needs for Accessing and Using
Digital Sequence Information / Genetic Sequence Data

Note by the Secretary

In Resolution 16/2022, the Governing Body requested the Secretary to invite Contracting Parties and
stakeholders to provide information about their capacity building needs for accessing and using digital
sequence information / genetic sequence data and to share their experiences in this regard.

In response to the notification by the Secretary, a number of Contracting Parties, non-Contracting
Parties and other stakeholders submitted information. This document contains the compilation of the
submissions, in the form and language received.

FAO-ITPGRFA documents can be consulted at: www.fao.org/plant-treaty/meetings/meetings-detail/en/c/1618930/
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CONTRACTING PARTIES

ECUADOR

INFORMACI(')I,\I DIGITAL SOBRE SECUENCIAS Y RECURSOS GENETICOS PARA LA
ALIMENTACION Y LA AGRICULTURA

Ecuador considera que los mecanismos que existen para el manejo de los DSI, deben estar en armonia con el
mecanismo del CBD.

Ecuador reconoce la relacion intrinseca entre la informacion de secuencias digitales y los recursos genéticos. Es
importante definir DSI, por lo que Ecuador considera que un alcance mas amplio podria evitar nuevas
incertidumbres sobre la distribucion justa y equitativa de los beneficios de su utilizacion en el futuro.
Consideramos que una solucion para la distribucion de beneficios que surja de la utilizacion de DSI debe tener
consideraciones especiales para respetar los derechos e intereses de los paises a través del consentimiento libre,
previo e informado y términos mutuamente acordados, segin corresponda. Ademas, consideramos que la
trazabilidad para recursos genéticos no esta clara y que se debe definir un mecanismo adecuado para la
trazabilidad y rastreo y buscar un mecanismo que pueda incluir que la utilizacion de DSI pueda generar
beneficios de productos ya en comercializacion.

Ecuador también cree que la cooperacion con los proveedores de datos es crucial, mientras que se necesita una
mayor conciencia y compromiso de la comunidad cientifica para mejorar las formas de abordar la declaracion
del origen de los recursos genéticos de los que se obtienen los DSI. Estamos convencidos de que ambos
apoyarian el desarrollo y la implementacion de cualquier posible solucion para la distribucion justa y equitativa
de los beneficios que surja de la utilizacion de DSI con seguridad juridica y transparencia.

Consideramos que el CDB, la Comision de Recursos Genéticos y el TIRFAA ofrece disposiciones sustanciales
y flexibles para acordar una solucion para la distribucion justa y equitativa de los beneficios de la utilizacion de
DSI para contribuir a la conservacion y uso sostenible de la biodiversidad, asi como al bienestar humano.
Teniendo esto en cuenta, es importante no crear dificultades para aquellas partes que ya han desarrollado
sistemas ABS nacionales para abordar la DSI y que cualquier solucién deberia permitir que las Partes adapten
sus regulaciones nacionales a la misma.

Ecuador apoya la importancia que se incluya acciones ambiciosas para mejorar la transferencia de tecnologia,
el desarrollo de capacidades, la cooperacion cientifica y la movilizacion de nuevos recursos, como una solucion
para reducir la brecha existente entre los paises desarrollados, en desarrollo y en economias en transicion. Sin
embargo, vemos con preocupacion que los datos generados en las investigaciones figuren como las principales
formas no monetarias de participar en el acceso a las DSI ya que localmente tenemos poca experiencia al
respecto.

Ecuador ve con preocupacion la tendencia a forzar la participacion de beneficios monetarios de los DSI a través
del mecanismo multilateral, que, nos quitarian la posibilidad de negociaciones bilaterales. Ante lo cual debemos
tener en cuenta los sistemas hibridos que se estan proponiendo.

MADAGASCAR/MALI (via Africa Rice)

For Madagascar concerning the capacity building needs for accessing and using DSI/GSD:

Capacity building to access, analyze, interpret, and utilize DSI/GSD related particularly the following
subjects:

§ Basic concepts: the fundamental concepts of data science, including data types, sources, and
analysis techniques.

§ Data collection and management: how to collect and organize data, ensuring data quality and
privacy.

§ Data analysis:data analysis techniques, including data visualization, statistical analysis, and
interpretation of results.

§ Data ethics and privacy: awareness ethical considerations and privacy concerns related to data
access and usage.

§ Provide hands-on training on GIS software, how to collect, analyze, and visualize geospatial data.
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§ Remote sensing technical, how to interpret satellite imagery for various purposes,
§ Practical Application of DSI/GSD

Madagascar and Mali wish to be exposed to a training on digital sequences information.

THE PHILIPPINES

For the Philippines, we need the basic training on DNA/genetic fingerprinting and of course for the upgrading
of the facilities of the national research centers holding the germplasm.

NICARAGUA

Hemos revisado la notificacion de la Secretaria Tratado Internacional sobre los Recursos Fitogenéticos
para la Alimentacion y la Agricultura, en base a la ultima propuesta del PIC( Presidente Independiente del
Consejo de la FAO), sobre las necesidades de creacion de capacidad en materia de Secuencia digital/Datos de
secuencia genética(DSI/DSG), para las partes Contratantes y las partes interesadas, Resolucién 16/2022 del
Organo Rector del Tratado Internacional, sobre la Consideracién de la Informacién Digital sobre
Secuencias /Los Datos sobre Secuencias Genéticas para los Objetivos del Tratado Internacional.

Consideremos que en Nicaragua las instituciones que se dedican a la investigacion y el desarrollo de tecnologias
agropecuarias del sector publico, privado y academia, tienen necesidades en materia de DSI/DSG, requieren
tener mayor capacidad y mayor acceso para utilizar los DSI/ DSG, vinculados a la conservacion y la utilizacion
sostenible de los recursos genéticos para la alimentacion y la agricultura (RGAA).

Solicitamos que la Secretaria Tratado Internacional sobre los Recursos Fitogenéticos para la Alimentacion y la
Agricultura nos indiquen los procedimientos para acceder al apoyo en el desarrollo de capacidades en materia
de los DSI/ DSG, también solicitamos nos faciliten informacion sobre las novedades que se estan desarrollando
anivel internacional en materia de DSI/DSG, basado en el seguimiento que la secretaria esté realizando en otros
foros, para que nos sirva de insumos y realizar nuestros analisis sobre dichas repercusiones derivadas de estas
novedades y el acceso a los RGAA que se puedan utilizar en el sector agroalimentario.

Requerimos que la secretaria nos comparta informacion sobre el uso de las aplicaciones potenciales de la
informacion digital sobre secuencias digitales y genéticas en la conservacion y la utilizacion sostenible de los
RGAA, que refleje las practicas y experiencias comunes sobre como se genera y utiliza la informacion digital y
el modo de tener acceso a ella un aspecto relevante es que las partes Contratantes y las partes interesadas puedan
utilizar secuenciaciones de ultima generacion que nos permitan acceder a secuencias mas grandes, asi como
también podamos contar con personal calificado en materia de Bioinformatica y Bioestadistica.

Recomendamos a la secretaria que organice talleres dirigidos a para las partes Contratantes y las partes
interesadas sobre los instrumentos y organizaciones pertinentes, a fin de sensibilizar a las partes interesadas
acerca del papel de la informacion digital sobre secuencias para la investigacion y el desarrollo en relacion con
los RGAA, abordar el estado actual de la informacion digital sobre secuencias de los recursos genéticos,
presentar las posibles consecuencias que podrian tener las tecnologias conexas en la investigacion y el desarrollo
en relacion con los RGAA y examinar los desafios para acceder a la informacion digital sobre secuencias y
hacer pleno uso de ella.

ZIMBABWE

Background

Following the notification (ref NCP 05-GB10) by the ITPGRFA Secretary in line with resolution 16/2022 of
the Governing Body which is requesting contracting parties to submit information on capacity building needs
related to the access and use of DSI/GSD as well as any experiences, Zimbabwe makes its submission.

Introduction

Zimbabwe is among the many developing countries with limited capacity to fully exploit modern
biotechnologies including access and use of DSI/GSD in research on plant genetic resources. Technologies such
as DNA/gene sequencing, gene editing, genotyping are among key tools being used extensively in exploring
genomes of biological organisms using advanced DNA processing and data analysis tools and equipment.
Current biotechnology techniques generate DSI/GSD which can be further processed and analysed yielding
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valuable information and knowledge on genetic diversity of biological organisms. This has revolutionized
genetic studies on biological organisms through increased efficiency and accuracy of analysing genomes. There
are limited efforts locally by research organisations in utilising biotechnology in plant breeding where
techniques such as marker assisted selection and DNA analysis are employed in most cases in collaboration with
international research institutions. There have not been any experiences locally in dealing with DSI/GSD due to
capacity limitations related to the generation, access, utilization and data storage. The following are the capacity
needs on DSI/GSD as gathered from various stakeholders involved in PGRFA research in the country.

Capacity Building needs on DSI/GSD for Zimbabwe

1. Human Technical Capacity on :
o Knowledge and understanding of DSI/GSD among researchers, policy makers, government agencies
e Technical capacity to access and use DSI in databases from the global research community.

e Knowledge on Taxonomy, molecular biology applications for DNA/RNA including its extraction from
genetic resources and PCR and/or sequencing, digital sequence information processing, generation
and storage

e (Capacity to perform big data analytics, bioinformatics, database management including use of
artificial intelligence

2. Funding and technical support to improve existing and acquire new
e Infrastructure facilities, including standard accredited laboratories
e Advanced equipment for biotechnology

e Hardware and software or computer programs to facilitate the processing and utilization of Digital
Sequence information

3. Curriculum review at higher learning institutions to strengthen:
e Content and practicals on “Access and Utilization of Digital Sequence information/Genetic Sequence”

e Research projects and innovation around DSI/GSD at Academic Institutions
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IVORY COAST

Le séquengage des génomes est devenu un outil essentiel en biologie moléculaire. A cet effet, en réponse
I’appel lancé par 1’Organe directeur du Traité International sur les Ressources Phytogénétiques pour

I’ Alimentation et I’ Agriculture (TIRPAA), les propositions de la Cote d’Ivoire en mati¢re de renforcement des
capacités a accéder a « I’information de séquencage numérique/données sur les séquences génétiques » et
I’utilisation de ces informations, plus particuliérement dans les travaux de recherche fondamentale conduits au
laboratoire, sont axées sur les thématiques suivantes:

1- Exploration des génomes

Cette formation permettrait de rechercher dans les bases de données, des génomes séquencés des especes
veégétales cultivées. Cela permettrait également au chercheur de localiser des QTLs sur les chromosomes, de
localiser des marqueurs et des genes importants dans I’amélioration génétique des plantes.

2- Transcriptomes et ontologie des génes

Les transcriptomes constituent I'ensemble des transcrits d'un génome (toutes les séquences exprimées). Leur
analyse permet de déterminer le mode d'implication des geénes dans les caractéres d'intérét. Pour ce qui
concerne l'ontologie des geénes, connue sous le terme anglais "Gene Ontology", cette formation en bio-
informatique destiné a structurer la description des genes et des produits géniques dans le cadre d'une
ontologie commune a toutes les especes. Cette analyse permettrait de déterminer les familles de genes et de
comprendre les voies métaboliques impliquées dans certains caractéres notamment la résistance aux maladies,
la production d’une qualité particuliére etc.

3- Extraction et analyse des séquences protéiques
Cette formation permettrait de prédire a partir des régions exprimées du génome, la séquence des acides

aminés qui en sont issus et a la suite les protéines qui pourraient en résulter et de méme que leur fonction.

ZAMBIA

Capacity Building for Zambia on Generation, Access and Utilization of Digital Sequence
information/Genetic Sequence Data

A. Technical Capacity building:

e National training of Researchers and other key stakeholders for them to understand DSI/GSD in
general.

e National training of scientists on molecular biology as it relates to DSI.
e (Capacity building on researchers and scientists in different regions.
B. Technical support to infrastructure

e (Capacity building in infrastructure and equipment such as tools (computers and programs) for data
generation and analysis and biotechnology equipment.

POLAND

In Poland, the main units responsible for plant genetic resources are two scientific institutes that act as gene
banks. These are: the Institute of Plant Breeding and Acclimatization - National Research Institute and the
Institute of Horticulture - National Research Institute. These units as well as other external units cooperating in
the field of conservation of plant genetic resources conduct a number of studies, as a result of which data on the
genetic sequences of plant genetic resources are generated.

These studies are carried out as part of the Subsidies of the Ministry of Agriculture and Rural Development, the
Subsidy of the Ministry of Education and Science and numerous external projects implemented with domestic
and foreign funds. As part of this research, genotyping of various species of agricultural and horticultural plants
is carried out. The analyzes are based on both low-throughput sequencing of selected genome fragments and
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high-throughput sequencing of the reduced genome representation. In addition, transcriptomic work is being
carried out.

Both institutes have the infrastructure to generate and analyze DSI/GDS to a limited extent. For economic
reasons and the lack of modern high-throughput and effective equipment, some analyzes are outsourced to
commercial external laboratories. Both units employ highly qualified scientific staff conducting research related
to DSI. In the course of the research, data containing information about the genome sequence of the studied
species or related species were used many times. The positions of both units are consistent in terms of
insufficient funds allocated to research in the field of genotyping of genetic resources. Compared to other EU
countries, Poland significantly lags behind in the amount of generated data on genetic sequences, i.e. only a
small percentage of plant genetic resources has been genotyped. The generation and use of DSI/GDS is crucial
for the effective management of a gene bank through the identification and verification of duplicates, the
development of core and special collections, the assessment of genetic diversity, the verification of genetic
integrity after long-term storage and reproduction, molecular taxonomy and identification. In addition, these
data are of great importance for comparative genomics to identify genes responsible for important traits and for
breeding development.

The technological progress that has taken place in recent years has significantly influenced the scope of data
necessary for the effective use of genetic resources. Currently, apart from passport data and data from
characterization and evaluation, users of genetic resources expect information about the DNA sequence. Due to
the development and extensive use of deep machine learning and artificial intelligence technologies, DSIs now
carry more weight than phenotypic and phenological data.

According to opinion of both institutes, the DSI/GDS generated in the course of characterization of genetic
resources should meet the FAIR (findability, accessibility, interoperability, reusability) standards. It is important
that system solutions in this area allow for unlimited, free use of DSI/GSD in scientific research and protect
scientific teams and units in terms of priority use and publication of research results. It is important that
DSI/GDS are placed on national servers and in international databases dedicated to this type of data, they are
marked with a digital object identifier (DOI), which, unlike URL identifiers, does not depend on the physical
location of the document, but it is permanently attached to it. It is also important to determine at the country
level which Creative Commons (CC) license such data should be covered by. At the same time, in centers dealing
with the storage of plant genetic resources, there are no IT and bioinformatics facilities that would allow for the
storage and effective use of the generated DSI/GDS.

It seems reasonable to make the DSI/GDS available on the basis of a standard agreement modeled on the
Standard Material Transfer Agreement. However, providing effective tools to verify the implementation of its
provisions is unlikely. The risk of uncontrolled flow of DSI/GDS and biohacking also increases significantly
when commissioning analyzes in commercial laboratories often located outside the EU. Making DSI/GDS
available in the public domain is necessary for the advancement of science and biological progress, but it carries
the risk of biohacking, which cannot be avoided. Contrary to appearances, the availability of genetic resources
in the public domain DSI/GDS may contribute to improving their protection and protection of property rights,
and facilitate the sharing of benefits resulting from the use of genetic resources. It will be possible to easily and
indisputably identify the plant material.

In the Poland opinion, the production, collection and sharing of DSI/GDS should not affect the farmers rights.
Objects made available from the gene bank, e.g. for scientific research are free of third party rights, so there is
no reason for the generated DSI/GDS to affect the farmers rights.

BHUTAN

This is in pursuant to your notification no. NCP 05-GB10 DSI submissions — Digital Sequence Information /
Genetic Sequence Data (DSI/GSD): Invitation to submit information on capacity building needs

In Bhutan, we have very limited understanding of DSI and based on limited understanding we have, we have
prepared a list of of capacity building needs in the areas of DSI for Bhutan for your kind consideration.

Sl.no Capacity building needs Slots
1. Molecular biology 3
2. Different molecular tools 3
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3. Genetic characterization of landraces 3
4. De Novo Sequencing 3
5 Whole-Genome sequencing 3
6. Transcriptome sequencing, gene expression 3
7. Targetted Sequencing 3
8. Genotyping by Sequencing (GBS) 3
9. Environmental DNA sequencing 3
10. Genomics and transcriptomics 3
11. Bioinformatics 3
12. Genome editing e.c. CRISPR 3
13. Epigenetics 3
14. Tracing DSI 3
15. Digital biopiracy 3
16. Synthetic DNA sequence 3
17. Storage and management of DSI 3
CUBA

Sobre DSI nuestras necesidades atraviesan el orden financiero para equipos e insumos. También, para publicar
en revistas de impacto.

De igual manera, requerimos capacitacion del personal en dichas técnicas. Esta debe ser desde un nivel basico
e ir progresivamente incrementando en conocimientos y habilidades. Para ello debe conveniarse
entrenamientos en centros regionales del CGIAR.

De manera general, es fortalecimiento de capacidades humanas e institucionales al menos para el Banco
Central de Germoplasma de Cuba, que radica en Inifat.

Tenemos colecciones sin estudiar y valdria la pena por la alta diversidad de Cuba para algunas especies como
frijol y maiz, por solo citar algiin ejemplo. Esta alta diversidad, se explica por aislamiento geografico, mosaico
de suelos y condiciones medio ambientales variables.

IRELAND

In Ireland there is some Digital Sequencing carried out on potatoes by the Department of Agriculture, Food &
the Marine (DAFM) and on Barley which is outsourced by DAFM for research purposes.

This data is then made available to plant breeders in anticipation of breeding varieties suitable for Ireland.

Ireland is a small market for agricultural crops and breeding companies are not focused on breeding varieties
suitable for Irish conditions.

DAFM have funded research to determine traits of relevance to Ireland which will then be made available to
breeders. Further Information on this research can be viewed using the following links:

(1) Climate resilience and heritage grains: interdisciplinary approaches to sustainable agronomy - Earth Talks

(ucd.ie)

(2) VICCI - Teagasc | Agriculture and Food Development Authority

Further digital sequencing would be beneficial in other species but is limited by available resources and lack
of demand in research.

URUGUAY

La Representacion Permanente de Uruguay se dirige a la Secretaria del Tratado Internacional sobre los Recursos
Fitogenéticos para la Alimentacion y la Agricultura y en referencia a la resolucion 16/2022, emanada de la 9*
Reunion del Organo Rector del TIRFAA sobre la Consideracion de la Informacion Digital sobre Secuencias/Los
Datos sobre Secuencias Genéticas para los objetivos del Tratado Internacional, desea comunicar el interés de
Uruguay en mejorar su capacidad para acceder y utilizar la DSI /los DSG.


https://earthtalks.ucd.ie/sonia-negrao/
https://earthtalks.ucd.ie/sonia-negrao/
https://www.teagasc.ie/crops/crops/research/programme-activities/programmes/vicci/
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En ese sentido, solicita participar en actividades de capacitacion, en particular la creacion de sistemas de
registro, seguridad juridica internacional y acceso de las secuencias y de la informacion, los sistemas de
distribucion de beneficios y su vinculacion con el patentamiento.

Asimismo, es de interés de Uruguay participar en foros de intercambio de experiencias de cooperacion con
otros paises en esta tematica.

NIGERIA

LCRI has the national mandate for genetic improvement of Wheat, Millet and Barley in Nigeria.

In line of the foregoing, our Institute is highly interested and in need of this paramount opportunity.

NIGERIA

CAPACITY BUILDING NEEDS FOR DIGITAL SEQUENCE INFORMATION/GENETIC
SEQUENCE DATA (DSI/GSD) FOR NIGERIA

In response to the request for capacity building needs for DSI/GSD, we present four areas in no order of
preference, which we would need assistance:

1. Technical expertise: Developing technical expertise especially in the areas of genomics, bioinformatics,
data analysis is crucial for effective deployment in plant resources. We need training on these areas.

2. Data management/sharing: These require specialized skills and we need capacity retraining in data

management, data sharing protocols, use of relevant databases and platforms.

3. Infrastructure and resources: Developing capacity requires access to genomics and bioinformatics tools.
We would need infrastructures to carry out sequencing of our materials.

4. Other areas of need

- How to track the movement of released varieties among farmers.
- How to benefit from open access to sequence data,

- Knowledge about Central genomic sequence ecosystem to strengthens biodiversity conservation and
sustainable use of crops.

- Leveraging on genomics and bioinformatics for PGRFA utilization.

- Helps in the understanding of the genetic basis for both biotic and abiotic occurrence.

INDONESIA

INFORMATION FOR THE CAPACITY BUILDING NEEDS

Digital sequence information (DSI) and genetic sequence data (GSD) play crucial roles for effective gene bank
management. They support conservation efforts, facilitate research and breeding programs, enable
documentation and inventory management, address intellectual property concerns, and foster international
collaboration and policy development in the realm of genetic resources.

In the past years, we have initiated activity programs in this regard.

L.

Implementing a digital object identifier (DOI) for supporting the management and exchange of plant genetic
resources for food and agriculture (PGRFA). The program was focussed on developing the Toolkit v2.0.4
for the DOI-registration protocol in collaboration with IRRI and the ITPGRFA-FAO Secretariat. The Toolkit
has been disseminated and implemented in 13 Asian-African countries (Indonesia, Bangladesh, Bhutan,
Cambodia, Lao PDR, India, Malaysia, Myanmar, the Philippines, Pakistan, Sri Lanka, Zambia, and
Burundi) during the activity program in 2014-2019 financed by BSF ITPGRFA-FAO.

Developing the IP-GR Toolkit. In the period of 2018-2021, ICABIOGRAD has actively promoted the
PGPI-Pusat Genom Pertanian Indonesia (in English: Center for Indonesian Agricultural Genomes) website
as a platform for sharing DSI and GSD to public. In collaboration with WIPO, we developed the Intellectual
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Property Toolkit for Genetic Resources Data: Integrated Rights Management for Genetic Material and
Digital Sequence Information. This toolkit has been disseminated to stakeholders during 2020-2021.

In order to improve our knowledge of the management of IPR, our staff has already taken a distance learning
course on "IP and Genetic Resources in the Life Sciences" organized by WIPO in 2020. However, we urgently
need capacity building related to the management of IPR and DSI/DSD to equip our current staff that under the
Ministry of Agriculture.

Here are some key aspects of capacity building in this context:

L.

Data Management and Bioinformatics: Capacity-building programs should focus on training individuals in
data management techniques and bioinformatics tools specific to DSI and genetic data resources. This
includes data collection, quality control, storage, retrieval, and analysis methods.

Information and Communication Technologies (ICT): Capacity building efforts should cover ICT skills
necessary for handling DSI and genetic resource data. This includes training on database management
systems, data integration, data sharing protocols, and data security practices. Familiarity with ICT tools and
platforms facilitates efficient data exchange and collaboration among researchers, gene banks, and relevant
stakeholders.

Legal and Policy Frameworks: Capacity building should address the legal and policy aspects associated
with DSI and genetic resource data. This includes understanding international agreements, national laws,
and regulations governing access and benefit-sharing, intellectual property rights, and data sharing. Training
programs can help stakeholders navigate the legal landscape, develop institutional policies, and ensure
compliance with relevant regulations.

Ethical Considerations: Capacity-building initiatives should emphasize ethical considerations related to DSI
and genetic resource data. This includes understanding issues of consent, privacy, and data sovereignty.
Participants should be trained in ethical guidelines and best practices for handling sensitive genetic
information and respecting the rights and interests of communities providing genetic resources.
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NON-CONTRACTING PARTIES

SOUTH AFRICA

DIGITAL SEQUENCE INFORMATION / GENETIC SEQUENCE DATA (DSI/GSD)

Reference is hereby made to the request for Contracting Parties and stakeholders, in accordance with
Resolution 16/2022, to provide information about their capacity-building needs for accessing and using
DSI/GSD and to share their experiences in this regard.

Noting that South Africa is a provider and user of DSI/GSD, cooperation on capacity-building and
development, technology transfer and technical and scientific cooperation to support generation of, access to,
and use of digital sequence information on genetic resources for research and development, bioprospecting
and commercialization of the data is very critical for South Africa as a developing country. Capacity building
around genomic database management, bioprospecting capabilities as well as commercialization of genomic
data are also amongst South Africa’s needs.

THAILAND

The Department of Agriculture (DOA) would like to take this opportunity to express our sincere thank for
your mail to participate in the Resolution 16/2022 of the Governing Body of the International Treaty, on the
consideration of Digital Sequence Information/Genetic Sequence Data on Genetic Resources for the
Objectives of the International Treaty.

In this connection, the DOA would like to submit our need capacity building needs as follow:

1. The maintenance of the germplasm conservation system such as genebank and field collection including the
budget support for the valuable germplasm utilization .

2. Human resource development in terms of;
2.1) Technology about Digital Sequence Information/Genetic Sequence Data: DSI/GSD .
2.2) Technique of Plant Conservation .

3. The enhancement of the understanding about the standard Mutually Agreed Terms: SMAT; the earn from
the fair and equitable benefit sharing of the benefits from the use of PGR DSI and then will go back to the
local community of digital sequence information on genetic resources should be mutually supportive and
adaptive.



IT/GB-10/23/17.2/Inf.1 11

OTHER STAKEHOLDERS

SOUTHERN AFRICAN DEVELOPMENT COMMUNITY (SADC)

Southern African Development Community Capacity Building Needs on DSI

1 Improve Knowledge and understanding of DSI/GSD among researchers, policy makers, government
agencies

2 The importance of DSI/GSD in the context of the International Treaty for Plant Genetic Resources for
Food and Agriculture and the Nagoya Protocol for Access and Benefit Sharing.

3 Basic concepts: the fundamental concepts of data science, including data types, sources, and analysis
techniques.

4 Practical Application of DSI/GSD

5 The terminology of DSI/GSD and the types of DSI/GSD that are relevant to the utilization of plant
genetic resources for food and agriculture.

6 The access, handling and use of digital sequence information generated from the Multilateral System
of Access and Benefit-Sharing for Plant Genetic Resources for Food and Agriculture (MLS).

7 Taxonomy, molecular biology applications for DNA/RNA extraction from genetic resources, PCR
and/or sequencing, digital sequence information processing and generation

8 Big data analytics, bioinformatics, database management including use of artificial intelligence

9 Infrastructure, facilities and equipment for biotechnology

10 | DNA and RNA sequencing activities, and analysis of the molecular structure of proteins.

11 | How to download DNA/RNA sequences from public databases, reconstruct the DNA and then use it as
one would for a gene extracted directly from an organism.

12 | Know the principles and applications of new high-throughput sequencing methods (NGS)

13 | Be able to choose the right technology for your project

14 | Master the different sequencing and high-throughput methods (Solid, Illumina, lon torrent, 454 roche,
Pacific biosciences, etc.)

15 | Data collection and management: how to collect and organize data, ensuring data quality and privacy.

16 | Data analysis: data analysis techniques, including data visualization, statistical analysis, and
interpretation of results.

17 | Data ethics and privacy: awareness ethical considerations and privacy concerns related to data access
and usage.

18 | Introduction to geospatial data: what is geospatial data, its sources, and its applications.

19 | Geographic Information System (GIS) training: Provide hands-on training on GIS software, how to
collect, analyze, and visualize geospatial data.

20 | Remote sensing technical, how to interpret satellite imagery for various purposes, such as land use
planning or environmental monitoring.

21 | Geospatial analysis and decision-making: how to conduct spatial analysis and make informed
decisions using geospatial data.
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INTERNATIONAL COCONUT COMMUNITY (ICC)

Rationale

It is a fact that the major concern of conservation is focused on preventing loss of crop genetic diversity
worldwide. Hence, international agreements have been designed to encourage preservation of genetic diversity
and promote the exchange of germplasm. In coconut conservation several challenges were encountered and
must be addressed to ensure the sustainability of genebanks activities and exchange of germplasm. It is of
paramount importance to safeguard collections for coconut, being an economically important and long-term
perennial crop as major source of incomes to various economies of coconut growing countries world-wide. As
per report of the International Coconut Community (ICC, 2022) the total world planted area of coconut is
about 12 million hectares with the annual estimated potential production of 70 billion nuts. Currently, India,
Indonesia and Philippines are the major coconut producers, contributing more than 75 percent of total global
production”.

COGENT aims to strengthen international collaboration in sustainable conservation and use of coconut
genetic resources through research and development to support food security and to address environment-
related global issues, to promote improving coconut production on a sustainable basis, and to boost
livelihoods and incomes of coconut stakeholders.

In 1999, COGENT (then hosted by Bioversity International ') established five International Genebanks (ICGs)
across the globe designating each of the five member countries as the “Host Country” for each of the five
ICGs. In compliance with the Treaty objectives of establishing a global coconut germplasm repository, and the
establishment of these regional genebanks, selected countries signed a Memorandum of Agreement (MoA) to
host these genebanks. Based on this agreement and the Treaty, host countries are held responsible for the
conservation and regeneration of the designated germplasm. COGENT serves as a conservation network for
coconut and facilitates and coordinates achieving the two-pronged objectives of safeguarding the existing
ICGs and National genebanks (NCGs): 1)

towards improving productivity of the coconut landscape and 2) protecting coconut diversity for future
generations.

Aside from the five International Genebanks (ICGs) there are 19 National Genebanks world-wide established
by the International Coconut Genetic Network (COGENT). However, these coconut genebanks manage their
germplasm data differently. In addition, the existing Coconut Germplasm Data Management (CGDMS) needs
upgrading and harmonizing under a new, upgraded common system to replace COGENT’s old Coconut
Genetic Resources Database (CGRD). It is vital that coconut germplasm data should be collected and
managed according to a standard protocol, so that coconut conservation and breeding processes are
harmonized to achieve international coherence among genebanks globally and scientifically acceptable.

OBJECTIVES

More than 1,000 coconut accessions representing more than 400 varieties are conserved within five resource-
constrained international coconut field genebanks (ICGs) and 19 national coconut genebanks (NCGs) across
the world. All five ICGs, and some NCGs accordingly do not operate in compliance to the minimum required
germplasm management standards, thus limiting coconut germplasm exchange. In 2020-2022 COGENT) with
the funding from ACIAR-DFAT conducted genebank appraisals to assess each collection’s: 1) hosting
agreement status; ii) management effectiveness; iii) roles, services and use, and linkages with users and other
stakeholders; iv) performance targets and work plans; and v) collection status within the global context. Based
on the appraisal findings, major recommendation is to appropriately upgrades technical capacity especially on
the data and information management of the valuable coconut accessions. Hence, this information aims to get
technical supports or capacity building in developing protocols for establishing a new open-access, compatible
and user-friendly Coconut Germplasm Database Management System (CGDMS), and for accessing and using
DSI/GSD

PROPOSED STRATEGIES

1. Establish a trait dictionary of coconut ontology (controlled vocabulary) to be elaborated based on the
traditional descriptors and using the available data of the CGRD.

! now the Alliance of Bioversity and CIAT, within the OneCGIAR
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2. Upgrade the Data Management System (DMS) using advance program and standard data collection

and prescribed data set for germplasm exchange, breeding purposes and conservation requirements

Identify data managers, genebank curators and focal point for each genebank

Assess and evaluate the challenges and formulate mitigating measures.

5. Estimate what resources will be needed to collect/manage germplasm data (personnel, technical
capacity, time, funds, equipment) using standard protocols.

6. Build a new system and structure and assess the capacity of selected genebank data officers to an
initial pilot evaluation phase, using the Coconut Ontology and all the database available options

7. Agree on principles for an ideal germplasm database / management system

8. Select the most suitable, user-friendly, affordable, universal and sustainable option of data
management system

9. Organize a workshop and skills training to introduce the upgraded DMS and capacitate ICGs and
NCG’s data managers and curators.

10. Adopt and execute the new system for better genebank management and germplasm exchange for use
of the industry.

W

Based on the present situation and the potential of these conservation efforts, it is imperative to develop
standards and protocols to revive and revitalize the genebanks and safeguard the collections. Aiming for
highly significant impact, the project shall focus on ICGS and some potential NCGs such as the Philippines,
Malaysia, Jamaica at the start. These are countries which are known for vast coconut populations being the
major coconut growing countries. This capacity building will provide competency of the curators and data
managers in benchmarking and providing the needed information across all coconut producing countries
pertaining to their coconut collections and shall be extended to the countries with known superior coconut
genetic resources.

Collections of the ICGs and NCGs established by COGENT are yet to rationalize duplicated accessions,
which will require international support and host countries’ long-term and sustainable commitment. Without
safety duplication, unique accessions are vulnerable to permanent loss and of utmost value for diversity
conservation. Another concern is that some genotypes are unique to one genebank while others are found in
more than 15 countries. There is a need to develop and implement a more harmonized genebank management
approach using standard operating procedures and this has to head start with enhancing capacity of genebank
personnel specifically on Coconut Germplasm, Data Management System (CGDMS) and setting the standard
protocols for all coconut genebanks.

In 2021, this capacity building activity was already proposed but due to the impact of the COVID-19
pandemic, this was set aside pending the commitment of the host countries to identify focal persons to be
trained in the data management system. In 2022, the training/workshop organized by ICC-COGENT has
limited resources to have a face-to-face platform for this activity. Hence, the need for fund support for this
crucial activity in germplasm conservation especially in the case of coconut as an economic crop of the future.
Attached herewith is the matrix of the Activity Plan which was prepared in 2022 with initial discussion with
the curators of the genebanks and head of the host institutions.

Survey will be done prior to the capacity building to determine the current situation of the genebanks and the
intent of the identified genebank host countries to support in long-term duration the data collection, data
management, germplasm characterization, promotion and utilization of the available genetic resources for
preservation, selection and breeding purposes. Thus, this proposal is of utmost priority for this year to be
funded to achieve the fundamental element of conservation and germplasm exchange.
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CGIAR

Technical assistance to strengthen national agricultural
research organizations’ capacities to use digital sequence information

A submission from CGIAR for consideration by the Governing Body of the International Treaty
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1. Introduction

CGIAR submits this report in response to an open request from the Plant Treaty Secretary, received June
1, 2023, for submissions regarding, a) contracting parties’ and stakeholders’ capacity building needs for
accessing and using digital sequence information (DSI)/genomic sequence data (GSD) and b) ‘technical
assistance’ and ‘actions taken’ by stakeholders (including CGIAR) ‘to reduce the existing gap on capacity
regarding DSI/GSD’.

The primary objective of this paper is to respond to the second part of the request by sharing information
about how CGIAR Centers and Initiatives have been assisting organizations outside CGIAR to access,
generate, share, analyse, and use DSI for the conservation of plant genetic resources for food and
agriculture (PRGFA) and for the use of PGRFA in pre-breeding and breeding.? This paper does not
provide an exhaustive account of al/l of the Centers’ relevant activities, but it does provide a general
overview of the kinds of activities in which the Centers have been engaged. CGIAR very much
appreciates the Governing Body’s initiative, as expressed in Resolution 16/2022, to ask the Plant Treaty
Secretariat to gather and synthesize information about both demand for, and supply of, capacity
strengthening related to DSI linked to plant genetic resources for food and agriculture, with the overall
objective of working to close the capacity gap between developed and developing countries. It is our hope
that, based on the outcomes of this exercise, CGIAR will be able to further adapt and improve its own
approach to capacity sharing in response to needs prioritized by the Governing Body.

CGIAR has already submitted, to the Plant Treaty’s Governing Body, the Conference of the Parties to the
Convention on Biological Diversity (CBD) and the FAO Commission on Genetic Resources for Food and
Agriculture (CGRFA), detailed reports concerning how CGIAR scientists are using DSI in their own
conservation and crop improvement programs.® We will repeat only as much of that information here as is
necessary to set the context for our capacity strengthening engagement with organizations outside
CGIAR.

2. CGIAR

CGIAR is a global research and innovations partnership;* its mission is to deliver science and innovation
that advance the transformation of food, land, and water systems in a climate crisis. The primary focus of
CGIAR’s research and development are resource-poor farmers and consumers in developing countries.
CGIAR seeks to scale up research outputs and innovations through capacity development and policy
advice, delivered through regional and global initiatives in close collaboration with partners around the
world, including national and regional research institutes, civil society organizations, academia,
development organizations and the private sector.

CGIAR includes 15 international agricultural research Centers, as depicted in Figure 1, with more than
9,000 scientists working with more than 3,000 partner organizations in 90 countries around the world.
Eleven of the Centers maintain, collectively more than 750,000 accessions of ‘in trust’ crops and forages,
pursuant to agreements that those Centers signed with the Plant Treaty’s governing body in 2006. CGIAR
Centers coordinate breeding programs for more than 25 crops, forages and trees.

2 This paper does not address the unresolved issue of the definition of the term Digital Sequence Information (DSI). For the purposes
of this submission, we are using the term to refer to sequences derived from DNA or RNA, including short and long reads and all
derived molecular markers such as Single Nucleotide Polymorphisms (SNPs), Presence Absence variations, insertions and deletions
(InDels), chromosomal translocations and rearrangements detected through sequencing and associated annotations setting out current
knowledge of the functions of different parts of the genome. This corresponds to the narrowest potential definition of DSI as set out
by the CBD Secretariat (2020a), and comprises a subset of potential broader definitions. We have adopted this definition for matters
of convenience, because it corresponds to the scope of activities described in this paper. We do not want to be understood as taking a
position on the scope of information that can or should be included in a definition of DSI that the international could possibly adopt
in the future. From this point forward in this paper, we will refer to DSI and not DSI/GSD.

3 Sackville Hamilton et al. 2020. ‘Digital sequence information is changing the way genetic resources are used in agricultural
research and development: implications for new benefit-sharing norms: a submission from CGIAR to the CBD/COP 15°, available at
cgspace.cgiar.org/handle/10568/125749, and CGIAR. 2023. ‘Issues for further consideration concerning digital sequence
information: a submission from CGIAR’, available at www.cbd.int/notifications/2023-003 (Number 24, under ‘Observers’).
4‘www.cgiar.org/how-we-work/strategy/
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Figure 1: map showing CGIAR Centers’ locations

As of January 1, 2022, CGIAR research is organized under three Action Areas: System Transformation,
Resilient Agrifood Systems, and Genetic Innovation. Each Action Area is made up of Research
Initiatives. Most research and development activities working directly with genetic resources for food and
agriculture and associated information (including DSI) take place under the Genetic Innovation Action
Area. This Action Area includes the CGIAR genebanks, genomics research and the plant breeding
programs.

In the following sections of this submission, we describe how the generation and use of DSI can be useful
for the conservation and sustainable use of PGRFA, and we include examples of how CGIAR Centers
provide assistance to other organizations to use DSI, either as partners in CGIAR Research Initiatives,
participants in training courses, or as downstream users of the tools, technologies, methods, knowledge
and data that CGIAR Centers have generated.

The following sections of this paper are organized around fundamental activities or steps that involve
DSI, from deciding what materials to sequence and how to sequence them, to using genomic tools in
genebank operations, pre-breeding and plant breeding activities. Of course, in reality, these activities are
usually not discrete. Most of the efforts of CGIAR to assist other organizations using DSI do not focus on
a single step as presented below, but address knowledge and technology gaps along comprehensive
research and development chains.

3. Generating DSI

DNA sequence information is extremely helpful for understanding genetic variability among cultivars and
populations across and within species, and for identifying and deploying key genes controlling important
agronomic traits.

Sequencing and annotating a genome accurately from scratch is time consuming and expensive. Although
time and costs have been reduced dramatically in recent years, it remains expensive to undertake on a
large scale. A single genome that has been sequenced with high accuracy and reliability may be used as a
“reference genome” enabling cheaper low-cost high-throughput genotyping or resequencing (using next
generation sequencing -NGS- approaches) of many related genomes to identify genetic diversity. This
low-cost genotyping and resequencing data then becomes a recurrent and dynamic resource; new data can
be added incrementally over time and re-used by multiple researchers simultaneously around the world
for a wide variety of purposes including trait discovery, mapping and incorporation into breeding
programmes.
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In order to build the knowledge that they need in an efficient manner, research organizations must first
address fundamental questions such as what to sequence and what for, and whether or not the desired
genetic information has been already generated and is available. Depending on the answers to these
questions, sequencing efforts may need to cover whole collections of PGRFA or subsets; they may focus
on whole genome resequencing or targeted sequencing; they may require more or less sequencing
coverage and hence different technologies and expertise. Many research organizations located in the
developing countries lack the necessary infrastructure, expertise and knowledge to address these
questions in an informed manner.

CGIAR Centers and Initiatives deliver courses that include training sessions aimed at improving decision-
making in relation to DSI generation and use in conservation and breeding activities. We present some of
these courses in subsequent sections of this paper. In addition to these courses, medium to long term
partnerships and collaborations between CGIAR Centers and Initiatives, and national agricultural research
organizations often help strengthen the capacity of those partners to make informed decisions about what
sequencing practices and genomic tools to use as part of their countries’ national conservation and plant
breeding programs. Examples of these collaborations are presented below, in Box 1.

Box 1: Supporting partner organizations with decision-making in relation to DSI generation and use
Strategic advanced genotyping in Mozambique

Collaborative activities between the CGIAR (through the ‘Excellence in Breeding’ Platform), the
International Center for Maize and Wheat Improvement (CIMMYT), the Instituto de Investigacdo Agraria
de Mogambique (IIAM) and Zambeze University have sought to implement effective genotyping practices
in the context of diversity characterization and crop improvement in the Zambezia, a central province of
Mozambique where periods of drought have become longer and more frequent.

The collaboration included heterotic group characterization from the Mozambique Genebank for
improvement of rice, cowpea, and maize populations in view of current production challenges.

The collaboration contributed to better prioritization of genotyping efforts, faster delivery of results, and
avoidance of work duplication among institutions.

Genotyping activities in West Africa for yams (Nigeria, Ghana, Benin and Cote d’Ivoire)

As part of the ‘Excellence in Breeding’ Platform of CGIAR, CGIAR Centers carried out the AfricaYam
project, which was funded by the Bill and Melinda Gates Foundation, and implemented together with
national agricultural research organizations in West Africa such as National Roots Crop Research Institute
(NRCRI), Nigeria; Ebonyi State University, Nigeria; CSIR-Crops Research Institute (CRI), Ghana; CSIR-
Savannah Agricultural Research Institute (SARI), Ghana; University of Abomey-Calavi, Benin Republic;
and Centre National de Recherche Agronomique (CNRA), Cote d’Ivoire. The project developed strategies
to select samples (both landraces and breeding lines) for genotyping using advanced NGS technologies
with the objective to advance pre-breeding and breeding of yam in these countries.

Through this collaboration, several yam genotypes have been selected and genotyped and trait-marker
associations have been established using GWAS (genome-wide association studies) and QTL (quantitative
trait analyses) for several targeted traits. Several training programs have been organized for sample
collection, sample preparation and data analyses for NARS partners. This collaborative effort has provided
platform to NARS partners to strategize their sampling efforts including selection of genotypes for
genotyping and identification of duplicates across different institutes.

Not all organizations involved in PGRFA conservation and use can afford to have their own sequencing
or genotyping platforms. In addition to acquiring the sequencing equipment and paying for its
maintenance, organizations need to cover the costs of instruments, reagents and work that are necessary to
process each sample (including, for example, instruments for nucleic acid quantitation, quality analysis
and isolation; instruments and expertise for library preparation; and sequencing reagents). Moreover, to
keep up with the rapid evolution of sequencing and genotyping technologies and avoid becoming
dependent on old, slow, expensive equipment, they need to invest frequently in upgrading the equipment.
Contracting external services is often more effective than ‘in-house’ options, but the public genebanks
and breeding programs do not always have access to the optimal services, lacking knowledge about
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providers, and not having sufficient demand for sequencing or genotyping to be able to negotiate
advantageous terms. To address these gaps, CGIAR Centers and Initiatives offer sequencing and
genotyping services, both in-house and through agreements with external providers, at low financial and
administrative costs. Box 2 provides some details.

Box 2: Sequencing services
Center of Excellence in Genomics and Systems Biology

The Center of Excellence in Genomics and Systems Biology of the International Crops Research Institute
for the Semi Arid Tropics (CEGSB of ICRISAT; https://cegsb.icrisat.org/) offers genomics and
informatics services to CGIAR programs and national research organizations on a cost-to-cost basis. The
CEGSB houses genomics platforms including HiSeq 2500, MiSeq, ABI3730, Microarray Spotter &
Scanner, and more. It also has a high-performance computational analysis platform with 600 cores, 6 TB
RAM, and 830 TB storage capacity. The services offered include De novo and re-sequencing of genomes,
RNASeg/Transcriptome sequencing and small RNA sequencing, ChiP-Seq, Methylation/Bisulfite
sequencing, SNP (KASPar assay) and SSR genotyping, DArT genotyping, qRT-PCR analysis, Sequence
alignment and variant calling, basic genome and transcriptome analysis and Genotyping-by-sequencing
analysis. Until now, CEGSB has generated 56 TB data through sequencing DNA/RNA and 22 million
datapoints from more than 16000 samples using different genotyping platforms. The objective is to scale-
up genomics applications in breeding and research at ICRISAT and partner organizations.

ILRI's Genomics and Bioinformatics platforms

The Genomics Platform of the International Livestock Research Institute (previously the BecA-ILRI
Hub), which is based in Kenya, offers standardized protocols and last-generation technologies to Africa-
based research organizations and researchers. A wide range of services on offer include nucleic acid
extraction, quantification and amplification, library preparation, RT-qPCR analysis and DNA/RNA
sequencing using Sanger, [llumina (MiSeq, HiSeq & NextSeq) and Oxford Nanopore (MinION &
Flongle) technologies. In terms of molecular biology, the platform also offers DNA cloning, bacterial
transformation, and transfection, and random mutagenesis services and single-cell sequencing and gene
expression analysis.

ILRI’s Genomics platform is complemented with a Bioinformatics platform offering services which
include data storage and data analysis using an on-site High-Performance Cluster equipped with four
compute nodes totalling 128 CPU cores and 5,120 GPU cores for massively parallel computing. The team
has developed a strong capacity in whole-genome sequencing and assembly at chromosome level, using
various techniques to aid scaffolding (long reads, chromosome conformation capture) and to enhance
genome annotation (transcriptomics, repeat analysis and masking, annotation transfer, etc).

SAGA

The Genetic Analysis Service for Agriculture (SAGA) located at CIMMYT is a research and service
laboratory that uses the DArTseq method of genotyping, offering high, mid and low density DArTseq
services for agriculture. The sequencer at SAGA can read up to 100,000 samples annually and generates
large quantities of data at a comparatively low price. SAGA provides genotyping services to national and
international collaborators, including CIMMYT, the International Center for Agricultural Research in the
Dry Areas (ICARDA), the International Center for Tropical Agriculture (CIAT), the Mexican Instituto
Nacional de Investigaciones Forestales, Agricolas y Pecuarias (INIFAP), national genebanks in Latin
America, private companies and universities. In addition to genotyping service, staff at SAGA offer
support to clients to explore, understand and interpret data generated, facilitated through workshops, small
group and 1:1 training focusing on the appropriate generation, use and interpretation of genotypic data for
research and germplasm development.

CGIAR Initiative ‘Breeding Resources’

The CGIAR Initiative ‘Breeding Resources’ negotiates contracts with validated DNA extraction and
genotyping service vendors based on anticipated bulk demand across eligible CGIAR and national
agricultural research organizations. The Initiative receives and aggregates demands for genotyping to
negotiate competitive genotyping prices with vendors, using one centralized administrative and
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contracting process. This simplifies paperwork and reduces the price of genotyping considerably. The
CGIAR Initiative ‘Breeding Resources’ has published manuals and video tutorials explaining how to
make use of this service effectively.

The low-density genotyping service is based on Kompetitive allele specific PCR (KASP). Low-KASP
genotyping is highly specific to a target: it can be used for QC analysis, dropdown selection, marker
assisted selection and forward breeding. The markers are known, validated and in use. They are in the
public domain and accessible at excellenceinbreeding.org/module3/kasp. The list of markers is
continuously updated and improved. To illustrate the volume of this service, Figure 1 shows that 13,000
samples of 10 crops in 8 African countries were genotyped from September to December 2019.

Samples
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Figure 2. Number of samples, crops they belong to and provenance of the request for genotyping through
the Low-density KASP genotyping service in September-December 2019.

The mid-density genotyping service is based on DArTag method providing a fixed, pre-defined set of
markers for select species. The service is primarily intended for genomic selection applications, but mid
density panels can also be used for background recovery in marker assisted selection.

By June 2023 mid-density DArTAg panels have been implemented for common bean, cowpea, groundnut,
maize, pigeonpea, potato, rice, sorghum and wheat.

Recently, high-density genotyping services have started to be provided through a service agreement with
Texas A&M University. This is being used for example in generating 3x skim-sequencing data on rice
samples for approximately $35/sample.

4. Maintaining and analyzing DSI

Bioinformatics tools to manage and analyze DSI data are essential for plant genome research. Many plant
genome databases have been established and continue to expand. Analytical methods based on
bioinformatics are also well developed in many aspects of plant genomic research including comparative
genomic analysis, phylogenomics, transcriptomics, genome-wide association studies, etc. The need to
constantly upgrade computational infrastructures including high-capacity data storage and high
performing analysis software, and the need to count on a skilled bioinformatics workforce are challenges
for the effective use of DSI. Many research organizations, often those located in developing countries,
lack the necessary expertise and infrastructure to process large genomic datasets.

Bioinformatics training in most parts of the world occurs primarily in university programs which are
usually tailored for those who want to specialize in bioinformatics. To gain proficiency in programming
languages, data management and processing, which are essential for effectively handling various
genomics-related tasks, bioinformatics training typically spans several months or even years. This
comprehensive approach may not be optimal for individuals seeking to concentrate on a specific area,
such as analyzing genotyping data in plants. In such cases, it becomes crucial to have tailored training
materials and tools that do not necessitate extensive bioinformatics expertise. Some CGIAR Centers
provide short trainings that equip plant scientists from developing countries with the necessary
bioinformatics skills to analyze DSI.
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Box 3: Examples of Bioinformatics courses involving CGIAR Centers

Bioinformatics and modern breeding methods courses at ICRISAT by the Center of Excellence in
Genomics & Systems Biology (CEGSB)

CEGSB of ICRISAT (cegsb.icrisat.org/) has continuously been engaged in building expertise in
bioinformatics and computational biology to effectively analyse and interpret large scale sequencing and
genotyping datasets. So far, CEGSB has conducted 16 training programs in the area of crop genomics and
sequencing data analysis for national agricultural research organizations, and trained in total 492
participants from 36 countries in the area of crop breeding modernization and improvement. These
training programs have also fostered collaborations and partnerships with different universities and
institutes to promote knowledge exchange, and resource and expertise sharing.

Bioinformatics courses at ILRI

Since 2013, ILRI has regularly organized short training courses on bioinformatics for African researchers
in collaboration with other expert organizations, where participants are provided some form of
scholarship.

Capacity development in the Genomics Platform of the International Livestock Research Institute
(previously the BecA-ILRI Hub) includes annual hands-on training workshops in key skill areas; research
placements enabling early career scientists to spend up to six months at the Hub; and institutional support
to key laboratories and individuals in the region. As part of network building, the hub has established 13
communities of practice, linking African scientists of different disciplines with similar interests, some of
them related to genomics. Recently, two unique and in-depth bioinformatics training programs have been
implemented at ILRI Genomics Platform which aimed at helping early-career African researchers harness
the power of long-read DNA sequencing to unlock the genetic potential of crops and livestock in Africa.
The second iteration of these training programs was entitled ‘3rd Generation Genomics and
Bioinformatics in Africa' and was jointly organized by the International Livestock Research Institute
(ILRI, Kenya), the John Innes Centre (JIC, UK) and the Earlham Institute (EI, UK) with support from UK
Research and Innovation (UKRI) Biotechnological and Biological Science Research Council (BBSRC)
and Oxford Nanopore Technologies. It was delivered in three phases: ‘Develop’, ‘Demonstrate’ and
‘Deploy’. The 'develop' phase was a two-month long hybrid (residential and online) training program that
introduces all the major steps in long-read sequencing from DNA extraction, library preparation,
sequencing, and bioinformatics analyses. The 'demonstrate’ phase allowed for project-based learning
where trainees got hands-on experience from three short projects. The 'deploy’ phase will extend the
impact of the training to the home institutions of the trainees across the continent. In this phase, the
trainees will implement a long-read sequencing project they design themselves and will also train others in
their home institutions.

As a tangible output of these two in-depth training programmes in bioinformatics, the trainees have led an
effort whose outcome was the publication of the first chromosome-level genome for Lablab purpureus
(hyacinth bean), and they are working on assembling and annotating complete genomes for two other
neglected African crops, Sphenostylis stenocarpa (African yam bean) and Dovyalis caffra (kei apple). The
29 early-career trainees of these two cohorts are now occupying prominent positions in institutes with
regional or continental reach in Africa and the Middle East, or completing their PhD studies.

Bioinformatics Training Courses at IITA

The International Institute of Tropical Agriculture (IITA) conducts two bioinformatics workshops
annually, one as ‘Basic Bioinformatics Workshop’ and the other as ‘Advanced Bioinformatics Workshop’.
These workshops target research scientists, lecturers and teachers, graduate students, technicians, and all
those who require knowledge of bioinformatics within Africa and beyond. These workshops are being
provided from 2019 and through applications from interested participants after the announcements is made
every year twice. The registration fees for these courses are $100 for each course and covers tuition fees,
course materials and training certificate. The aim of these training workshops is to equip participants with
the basic knowledge and skills of bioinformatics. These training comprises of 3-day workshop that
includes theoretical and hands-on training in basic bioinformatics techniques. Participants are also
introduced to online repositories and trained on how to work with them. The ‘Basic Bioinformatics
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training course’ includes the following sessions: Introduction to Bioinformatics, Hands-on training on
DNA repositories (National Center for Biotechnology Information of the National Institutes of Health -
NCBI, the European Nucleotide Archive -ENA, Hands-on training on protein repository (UniProt),
BLAST sequence alignment, Hands-on BLAST search, PCR primer design and evaluation, Phylogenetics
tree construction, Introduction to next generation sequencing, and Introduction to RNA-seq data analysis.
At the end of the training, the participants are evaluated based on their experience in the use of online
tools like BLAST for sequence search, knowledge and experience in primer design and evaluation, and
knowledge and experience in the use of online repositories. Similarly, the ‘Advanced Bioinformatics
training course’ includes sessions such as Analysis of next-generation sequencing, RNA-sequence
analysis, Metagenomics analysis, De-novo sequencing, and Gene annotations. At the end of this training,
participants are evaluated based on their knowledge and experience on analyzing and interpreting genetic
data and information.

CABANA project

The project ‘Capacity building for bioinformatics in Latin America’ (CABANA) was designed to
strengthen local capacity for data-driven biomolecular research by creating a sustainable capacity-building
program focusing on three challenge areas — communicable disease, sustainable food production and
protection of biodiversity. CABANA was orchestrated by an international consortium of ten organizations
- nine in Latin America (including the International Potato Center - CIP) and one in the UK. The project
promoted networking, collaboration and open sharing of information. CABANA activities included: 1)
Secondment of Latin American scientists to the European Bioinformatics Institute; 2) Train the trainer
activities to disseminate knowledge; 3) Workshops/short courses — one per participating country per year —
to build a community of practice; and 4) E-learning resources to catalyze the roll-out of bioinformatics
education and support ongoing collaboration. By the end of the project, over 100 bioinformatics trainers
were trained and more than 800 scientists attended one of the project’s bioinformatics workshops.
Bioinformatics positions had increased by over 80% amongst participating institutions, whereas the
number of projects generated by partners rose by an average of 5 per year compared to baseline;
international collaborations of partner institutions increased by almost 30%. The project generated 20
publications and 95% of partners reported submitting all their data to publicly available databases. After
the project ended, the community of practice continued and managed to generate a follow up project
‘CABANAnet’.

Bioinformatics courses from South Green platform

The South Green platform delivers a wide range of courses in genomic data analyses on an annual basis.
These courses cover various topics such as transcriptomics, genome sequencing, scientific programming,
and reproducible research. The platform is strongly supported by French institutions IRD, CIRAD,
INRAE, and the Alliance of Bioversity International & CIAT.

Most of these courses are conducted in Agropolis, Montpellier, France, where a rich pool of expertise is
available. However, South Green has expanded its reach beyond France and has successfully organized
courses in other countries as well, including Senegal, Burkina Faso, and Vietnam. This global outreach
has allowed the platform to engage with diverse scientific communities and foster collaboration on an
international scale. Over the past 10 years, South Green has organized more than 50 courses. These
courses are designed to be hands-on and offer practical training experiences to participants.

In addition to the courses, the platform also serves as a hub for hosting students and visiting scientists who
wish to undertake longer training periods. This facilitates the exchange of knowledge and expertise
between researchers from different backgrounds. These individuals have the opportunity to engage in joint
research activities, enabling them to collaborate on cutting-edge projects and contribute to the
advancement of genomics research.

S. Sharing DSI

Data volumes, data backup, and site design are massive challenges that make the maintenance of DSI
repositories extremely expensive. Developing and maintaining DSI repositories is well beyond the means
of most researchers and labs in both developed and developing countries. By incurring the costs of
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maintaining DSI repositories and making these resources freely accessible, CGIAR Centers help lower
and overcome other organizations’ barriers to entry into research and development that depends on access
to and use of such DSI.

CGIAR Centers develop and host repositories for DSI related to genebank and/or breeding material. The
following text box describes some examples of DSI repositories that have been developed by CGIAR
Centers, or that are maintained by CGIAR Centers.

Box 4: Public repositories maintained by CGIAR Centers
SNP-seek database

The International Rice Research Institute (IRRI) has developed the Rice SNP-seek database that allows
quick retrieving of SNP alleles for all varieties in a given genome region, finding different alleles from
predefined varieties and querying basic passport and morphological phenotypic information about
sequenced rice lines (Mansueto et al., 2017). SNP-seek was initially populated with data from the 3000
rice genomes sequencing project and the earlier 2000 accessions genotyped on the high-density 700,000-
SNP HDRA. It is currently being extended with data from resequencing of thousands of elite breeding
lines, the 10,000 rice genomes sequencing project, and skim-sequencing of 5000 georeferenced
accessions. This data is directly traceable to source accessions in the IRRI genebank, facilitating use of
this data and these accessions by researchers in many countries.

CicerSeq

CicerSeq is a public repository developed by ICRISAT that includes a global map of genome variation
based on sequencing of 3,366 Cicer genomes representing 3,171 cultivated species accessions and 195
accessions of seven wild species (Varshney et al, 2021). Information about genotype, passport data and
different variants including SNPs and various structural variations (SVs) can be accessed through this
repository. This database provides information to facilitate genomics-informed decisions in chickpea
improvement.

Dataverse collections

The Dataverse Project is an open-source web application to share, preserve, cite, explore, and analyze
research data. It was developed by the Harvard University’s Institute for Quantitative Social Science
(IQSS), along with many collaborators and contributors worldwide. Most Centers maintain Dataverse
Collections that facilitate access to DSI data under permissive Creative Commons licenses. For example,
the CIMMYT Dataverse Research Data and Software Repository Network and CIMMYT wheat and
maize Germinate Instances, managed and maintained by CIMMYT, together house DSI and associated
datasets on over 100,000 accessions from CGIAR and partner genebanks together with data from
germplasm from CGIAR and partner breeding programs.

Genotype Investigator for Genome-Wide Analyses (GIGWA)

GIGWA software was developed by CIRAD. It helps explore large amounts of genotyping data by
filtering based on variant features, including functional annotations, and on genotypes. To date, GIGWA
has been adopted to create and maintain repositories of DSI for musa collections maintained by the
Alliance of Bioversity International and CIAT, and for all collections maintained by ICARDA. There has
been an agreement that all the other CGIAR Centers hosting collections under Article 15 of the
International Treaty on Plant Genetic Resources for Food and Agriculture will also adopt GIGWA for
sharing their own DSI repositories.

CGIAR scientists use also online public platforms that are maintained by other organizations to publish
DSI and make available genomic tools such as markers. Examples of these platforms are the Germinate
platform. Germinate is an open-sourced platform for plant genetic resource information. It hosts data for a
wide range of crops in collaboration with international partners like CIMMYT and the Crop Trust.
Germinate repository includes genotypic data of maize and wheat from the Seeds of Discovery project,
which was carried out by MasAgro (Mexico) and CIMMYT (Raubach et al., 2020), as well as the
information arising from the CIMMYT-led Allele Mining Initiative. This initiative focuses on targeted
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trait discovery and deployment activities for climate change adaptation from the immense germplasm
bank resources of the CGIAR. Using the power of GWAS and genomic prediction approaches the
initiative leverages the intrinsic value of collection site historic climate data to identify genomic features
of landrace collections associated with climatic features of breeding interest. In addition, when publishing
scientific results based on DSI, CGIAR scientists submit raw DSI datasets to the International Nucleotide
Sequence Database Collaboration database, as expected by academic publishers and in line with current
good practices in the scientific community.

Without these repositories, researchers would be limited to just genomic data they themselves have
generated. Providing access to these datasets ensures their use and does not remain limited to the
organisations that generated them. It has been demonstrated that when data are made available through
open access infrastructures, scientists in both developed and developing countries access and use, in
roughly the same proportions, DSI generated from genetic resources outside their borders and DSI
generated from genetic resources located within their borders (Scholz et al, 2021). While there are
significant differences among countries in the number of scientists and the volume of use and reuse of
DSI, this finding nonetheless underscores the utility of increasing investments for scientists in low and
middle-income countries (LMICs) to access, generate, make available, and use DSI.

Box 5 describes whole genome sequencing activities and genotyping activities in which CGIAR Centers
have participated and which are leading to new DSI being made public and easily browsable on online
repositories, including the ones mentioned above. It is worth noting that many of these activities focus on
less widely used crop and tree species which are crucial for food and nutrition security, and production
diversification and sustainability.

Box 5: Ongoing whole genome sequencing activities and resulting DSI made available in public
repositories

African underutilized crops and trees

The African Orphan Crops Consortium (AOCC) is hosted by the World Agroforestry (CIFOR-ICRAF) at
the headquarters in Nairobi, Kenya. The Consortium is sequencing whole genomes of 101 African
underutilized trees and crops. The sequencing services are available only for the trees and crops mandated
by the then New Partnership for African Development (NEPAD), now the African Union’s Development
Agency (NEPAD-AUDA) in a project-based partnership model. Until now, the consortium has published
14 whole genome sequences, eight of which are available at a dedicated branch of the Online Resource for
Community Annotation of Eukaryotes (https://bioinformatics.psb.ugent.be/orcae/aocc/; yssel et al, 2019)
and the remaining will be added soon. Currently, AOCC partners are sequencing 30 more genomes. The
AOCC operates in a public-private partnership model which currently comprises 38 partners which offer
their expertise spread across knowledge generation, data analytics, sequencing and complementary
technologies, instrumentation, capacity building, and advocacy & fund raising.

Minor grains and legumes

Together with collaborators and partners from different countries, ICRISAT’s Center of Excellence in
Genomics and Systems Biology (CEGSB) has generated sequencing data for developing reference
genome assemblies for each of ICRISAT’s mandate crops, and whole genome resequencing has taken
place for 6632 germplasm accessions (3366 chickpeas; 300 pigeonpea, 1800 groundnuts, 994 pearl millet
and 172 finger millet). All the sequencing data are available on NCBI.

Tropical forage species

Tropical forages are among the most neglected or forgotten crops and it remains difficult to get digital
sequence information on most of the species. ILRI has been working on reference genome sequencing of a
few of the species: Lablab purpureus (Njaci et al. 2023), Melilotus albus (Wu et al., 2022) and Napier
grass (Yan et al. 2021) in collaboration with Chinese researchers at Lanzhou University. The genomes of
these species are publicly available on the NCBI and the Chinese National Genomics Data Center
(NGDC).
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Root and Tuber Crops

IITA in collaboration with Japan International Research Centre for Agricultural Science (JIRCAS), the
Iwate Biotechnology Research Centre (IBRC) Japan, the Earlham Institute, UK and the Sainsbury
Laboratory, UK generated the first ever whole genome reference sequencing of white guinea yam
(Dioscorea rotundata Poir) (Tamiru et al., 2017). The high-quality draft genome sequence is available in
the public databases DNA Data Bank of Japan (DDBJ) and NCBI. Similarly, a highly contiguous
chromosome-scale genome assembly of water yam or greater yam (Dioscorea alata L.) was generated by
IITA in collaboration with the National Root Crops Research Institute of Nigeria and the University of
Berkeley through funding from the National Science Foundation (Bredeson et al, 2022). The genome
sequence, annotation, and SNP data are browsable at Phytozome or YamBase. The D. alata nuclear
genome, transcriptome, plastid, and mitochondrion assemblies were deposited in the NCBI GenBank
database. Recently, an IITA researcher received ‘Greater Good Initiative’ award from Illumina to carry
out whole genome resequencing of 1000 yam genotypes. This data will allow genome-wide mining for
targeted genes for economically important traits.

Other crops

A public-private partnership between the CGIAR Initiatives ‘Crops to End Hunger’ and ‘Breeding
Resources’ and Corteva Agriscience has led to high quality reference genomes of eight banana varieties
(three wild banana diploid varieties, one edible diploid banana variety, three improved diploid banana
parents, and one plantain variety), one early maturing, photo-insensitive, disease resistant variety of
cowpea, and two potentially heat, drought and pathogen resistant common bean varieties. Currently other
crops are in the pipeline. The genomes are publicly available through CIMMYT Dataverse and are meant
to address a key bottleneck of lack of good reference genomes that are needed to develop molecular tools
for breeding.

Viromes of food security crops (sweetpotato in Africa, Potato in Peru & Burundi)

CIP in collaboration with a US university and NARS in 12 African countries, generated the African
sweetpotato virome database, identifying and containing sequence data for all viruses in the crop. A
similar effort was done for potato in Peru and Burundi. These data are openly available and provide an
overview of identity and prevalence of viruses in different regions that serves as a resource for breeders,
seed producers and researchers alike. Several new viruses were identified for both crops that may
represent potential threats in the future.

6. Applying DSI in PGRFA genebanks

DSI can be used for the rational, efficient and effective conservation and use of biological diversity in ex
situ collections. Genome sequences can be processed to identify and catalogue functionally relevant
variants in accessions. Many sequence variants have no known effect on the regulation of genes and
contribute little to functional diversity; focusing specifically on functionally distinct variants transforms
the task of optimising conservation based on DSI into an achievable as well as an effective task.

With a catalogue of functionally distinct variants, the composition of a collection can be altered to
maximise the functional diversity that can be conserved within a fixed budget, by archiving accessions
that bring little unique diversity to the collection and creating space to bring in different accessions with
greater diversity. Addressing the challenge of limited budgets for ex situ conservation has been a priority
for many years, but without DSI it is essentially unsolvable.

DSI data that are generated with genotyping platforms that minimize ascertainment bias (i.e., those that
do not rely excessively on insufficient reference genomes) shed light on the genetic relationships among
accessions. These data also facilitate identification of gaps, as well as genetically redundant accessions,
both within and across multiple germplasm collections conserved by different genebanks. Such cross-
genebank analyses can enhance the efficiency of the global system of conservation of PGRFA by 1)
contributing to reduce redundancies within and among genebank collections; and 2) supporting decisions
to collect new germplasm based on the total diversity conserved across multiple genebanks.



IT/GB-10/23/17.2/Inf.1 25

DSI can also be used to study the diversity within accessions. This helps genebanks adopt appropriate
conservation and regeneration strategies to preserve the genetic integrity of accessions.

Under the CGIAR Initiative on Genebanks, CGIAR Centers are providing support to selected national
agricultural research organizations in developing countries for the integration of DSI in the work of
national genebanks.

Box 6: Increasing capacities for applying DSI in genebanks

Strengthening DSI Capacity in Latin America: Collaborative Efforts of the CoP for PGRFA
Conservation and Utilization

The Alliance Bioversity International & CIAT and CIMMYT have collaborated since 2021 to establish a
Latin America and the Caribbean Community of Practice (CoP) focused on enhancing capacity in DSI for
the conservation and utilization of PGRFA. Their primary focus is on crops with centers of origin in the
region, including common bean, maize, potato, and cassava. The first step in forming the CoP involved
conducting a comprehensive survey to understand the needs and interests of national genebanks in Latin
America. The survey received responses from 48 participants representing 14 countries and 33 institutions,
providing valuable insights. The survey revealed that genebank collections varied in size, ranging from 1
to 50,000 accessions, with the majority falling between 1,000 and 10,000 accessions. Most genebanks had
genotyped only a small proportion (0-20%) of their collections, primarily for genetic diversity studies, trait
discovery, association analysis, and germplasm characterization. Challenges related to sharing datasets
between collaborators were identified, including issues of trust, policies, intellectual property, data size,
permits, and agreements. To address these capacity gaps, during 2022 the CoP conducted two virtual and
one in-person workshops where participants shared experiences and knowledge on sample traceability and
genotyping methods for generating DSI. During the in-person workshop organized in Mexico, and
sponsored by the CGIAR Genebank Initiative, the CoP reviewed different tools and methods for DSI
curation, analysis and data interpretation and provided an opportunity for participants to use the DArTseq
genotyping platform at the Genetic Analysis Service for Agriculture (SAGA) at CIMMYT to genotype
accessions of various crops. In 2023, the CoP reconvened in April to socialize their experiences and
results of DSI from their collections. With genotyping data now available to the genebanks, the CoP aims
to compare the conserved diversity among national genebanks in the Latin American region. Based on
initial results, additional funding may be sought to conduct more comprehensive cross-genebank diversity
studies. These collective efforts have not only fostered a community of practice among Latin American
genebanks but have also paved the way for addressing other genebank-related topics beyond DSI in the
future. The CoP is actively planning collaborative initiatives and seeking opportunities for further
advancement in the field of plant genetic resources conservation and utilization.

Training and supervision of students for DSI generation and use in genebanks

Training and mentoring of students are very common in CGIAR Centers’ genebanks. More and more
often, the students’ work involves generating and applying DSI in accession characterization. Some recent
examples: AfricaRice genebank supervised two PhD studies by Benin PhD candidates “Genetic Resources
Characterization of African Rice”, which involved the development and validation of diagnostic SNP
markers for quality control genotyping in a collection of four rice (Oryza) species and the comparisons of
sampling methods for assessing intra and inter accession genetic diversity in three rice species using
genotyping by sequencing; and “Screening of traditional accessions from Indica group for their resistance
to rice yellow mottle virus (RYMV)”, which applied DSI to identify RYMYV resistant rice landraces.

7. Modernizing breeding

Advancements in genomics and genetic research have revolutionized the field of plant breeding, from the
development of molecular markers and their use in marker assisted selection to the application of more
efficient and targeted approaches to trait selection. One such approach is Genome Wide Association
Studies (GWAS), which utilizes whole-genome genotyping data to identify genetic markers associated
with specific traits. GWAS allows for the identification of chromosomal regions that may be involved in
controlling target traits, making it a valuable tool in phenotyping trials. It is scalable and transferable, and,
where genome sequences have been resolved into genes and regulatory regions, it can be used to identify
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candidate genes (i.e. genes that may control, but that have not been proven to control, the target trait).
Building on GWAS, various techniques can be used to further enhance understanding of the genotype-
phenotype relationship. For example, fine mapping can be used to refine genotype-phenotype correlations
to smaller genome regions, thus reducing the number of candidate genes; and gene editing can be used to
knock out (or disable) a candidate gene and thus prove whether or not it does indeed control the target
trait.

Genomic selection is a new approach for improving quantitative traits in large plant breeding populations.
It combines whole-genome molecular marker data with phenotypic and pedigree data (when available) to
estimate breeding value through genomic prediction. Genomic selection by-passes the need for trait-
specific knowledge and uses advanced algorithms and machine learning techniques to guide breeding
work based on the genome. It helps to increase genetic diversity and speed up genetic gains in crop
improvement programmes. Similarly, haplotype-based breeding (HBB), which utilizes information about
specific combinations of alleles, known as haplotypes, holds great potential to improve the efficiency and
precision of plant breeding programs.

GWAS, fine mapping, gene editing and genomic selection/prediction have become important tools in
CGIAR pre-breeding and breeding programmes. Recently, CGIAR Centers that apply these tools have
started collaboration with breeding programs in Africa, Asia and Latin America for their application in
collaborative breeding with national programs. Some Centers have made great advances in this direction.
For example, ICRISAT, together with partners from national agricultural research organizations from
Asia and Africa, established and implemented trait mapping pipeline for crop breeding resulting in the
development of 21 genomics-bred varieties and hybrids (12 in chickpea, 6 in groundnut and 3 in pearl
millet) for release and commercial cultivation.

Box 7 includes examples of training activities led by, or involved CGIAR Centers, that have focused on
the use of DSI in crop breeding. As mentioned in Box 3, ICRISAT’s Center of Excellence in Genomic
and Systems Biology (CEGSB) has long experience in raising national partners’ capacities in
bioinformatics and the application of “omics” technologies in breeding. Since this experience has been
presented in Box 3 above, we won’t mention it again in Box 7.

Box 7: Training national partners on the use of “omics” technologies in breeding
African Plant Breeding Academy (AfPBA)

The African Plant Breeding Academy has trained 151 plant breeders across 28 African countries in five
cohorts over the span of last seven years for deploying genomics technologies in pre-breeding and
breeding programs. These plant breeders work on 125 crops including 60 underutilized African crops and
trees. This fully sponsored program by the academy is managed and governed by the University of
California Davis (UCD) and hosted by the World Agroforestry (CIFOR-ICRAF) at Nairobi, Kenya. The
candidates are selected in an open and highly competitive process by giving due consideration to gender
and regional representation. The academy is primarily supported by Alliance for Green Revolution in
Africa (AGRA), Mars Incorporated, and other philanthropic organizations.

Recently, the AfPBA, in partnership with Innovative Genome Institute (IGI) at the University of
California, Davis and International Institute of Tropical Agriculture (IITA), has started a multi-year
program to train 80-100 African scientists in genome editing technologies, specifically the CRSIPR.
Currently, the first cohort of 10 scientists representing six African countries has completed two sessions at
Nairobi, Kenya, and will complete the third and the last session by the end of 2023.

Hands-on Training on Molecular Techniques at IITA

The Bioscience Center of IITA at Ibadan, Nigeria, organizes a five-day ‘Hands-on Training Course on
Molecular Techniques’ quarterly every year. These training courses target laboratory scientists, research
technicians, graduate students, and lecturers in Molecular Biology across Universities and National
Agricultural Research Institutes in Nigeria and other countries. The participants register by paying a fee of
N90,000 ($100) that covers the cost of consumables, training, course materials and training certificate. The
training involves both theory and practical sessions covering different topics including the fundamentals of
research techniques, including real-time PCR/gene expression studies, DNA sequencing analysis,
introduction to DArTseq and its applications, and other techniques. The practical sessions include training
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on molecular biology techniques such as DNA extraction, Polymerase Chain reaction (PCR) analysis,
sequencing, NanoDrop spectrophotometry analysis, and Agarose gel electrophoresis. In addition, the
participants are trained on laboratory safety procedures, the use and proper handling of laboratory
equipments, and basic biostatistics analysis of molecular data. At the end of the training, participants are
evaluated based on their knowledge and experience from the training course.

In general, most of the students and even researchers coming from national universities and research
organizations have only the theoretical knowledge. The quarterly training on Molecular Biology
techniques was initiated in 2018 to provide hands-on training to young graduates including interns,
National Youth Service Corp (NYSC) members, Masters and PhD students as well as lecturers or
researchers from various African universities and national institutes, representing different disciplines,
including molecular biology, genetics, biotechnology, biochemistry, and microbiology. The aim of this
training is to equip participants with the basic knowledge and skills required to function in a molecular
biology laboratory.

In addition, the Bioscience Center carries out individual trainings to young researchers who enrol
themselves in Molecular Breeding and needs training on molecular biology techniques to complete their
research work. The center thus provides individual training on specific areas of interest that helps these
young researchers to get trained as well as finish their degree.

Training on CRISPR/Cas-9 gene editing technologies in India

Recently, ICRISAT’s BioNcube’ concluded a hands-on training program on ‘CRISPR/Cas9-based Gene
editing technologies in plants’. Twenty-three participants from different parts of India, including scientists,
industry representatives and post-doctoral/doctoral students attended the training with national-level
experts serving as resource personnel, providing valuable insights into the diverse tools, approaches, and
applications of gene-editing technologies in agriculture. This highly popular training program is the third
in the series since October 2022.

GWAS training for African scientists and students

AfricaRice with the support of USDA provided an online practical training to scientists from national
agricultural research organizations and African students on the use of whole-genome genotyping data to
identify genetic markers associated with specific traits through the Genome-Wide Association Studies
(GWAS) approach. A total of 17 participants from West and East Africa, including 6 women and 11 men
were involved in this training. The training was designed to equip participants with skills in the following
areas: (a) Understanding the concept of GWAS; (b) Manipulating and filtering genomic and phenotypic
datasets (c) Implementing different statistical GWAS models to identify candidate SNPs with significant
p-values for highly associated traits (d) Utilizing GWAS results in crop genetic improvement research or
pre-breeding. The training enabled participants to acquire the expertise necessary to effectively leverage
GWAS techniques in their research endeavors.

Training postgraduate students in Ethiopia

A team of ILRI scientists working with staff at the ILRI forage genebank organized a series of
postgraduate student training workshop on ‘basic data wrangling in the R environment’ for national
partners in Ethiopia (Ethiopian Institute of Agricultural Research, Addis Ababa University, Wachamo
University and Ambo University). The workshop covered genetic diversity analysis, developing markers-
trait associations, applying GWAS, QTL identification, and marker-assisted selection.

Basics of genomic selection

The training webinar “Basics in Genomic Selection”, which is available online through the CGIAR
Platform ‘Excellence in Breeding’, explains the methodology and presents the different scenarios where
the methodology can be used are presented. Experts from the CGIAR system including CIMMYT, IRRI,
and ICRISAT present case studies on the proper deployment of genomic selection in breeding programs.
Software packages for genomic selection using dense molecular markers and pedigree can be obtained for
free from CIMMYT.

3> BioNcube is an incubator for start-ups in the area of agricultural biotechnologies. BioNcube is supported by the Biotechnology
Industry Research Assistance Council (BIRAC) of the Department of Biotechnology of India.
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Huge advances have been made in the last decade to develop and adopt breeding informatic solutions that
facilitate the sharing, management and utilization of DSI along the breeding pipeline, from trait discovery
to genomic selection. CGIAR Centers have been involved in the development of various applications that
are freely available for adoption by any breeding programme. These applications come with huge
amounts of DSI that were generated by CGIAR Centers and other organizations during the course of the
application development, testing and utilization. Various CGIAR Centers support national agricultural
research organizations from developing countries that are interested in adopting these applications for
collaborative breeding.

Box 8: Open access platforms for modern and collaborative breeding
Breedbase

Developed by Boyce Thompson Institute together with IITA, CIP, the Alliance of Bioversity International
and CIAT and other partners, Breedbase is an open-source, web-based application that provides breeding
workflows, data management procedures, and analysis tools to address breeder informatics needs. The
system allows users to upload and use genotypic and phenotypic data of various crops. Breedbase is based
on Cassavabase, which was developed as part of NextGen Cassava, a project that sought to modernize
cassava breeding in Africa through the use of cutting-edge tools. Cassavabase has accumulated an
immense amount of cassava breeding data, consisting of information on more than 500,000 cassava
accessions, characterized in over 4,000 trials, and nearly 35,000 genotyping experiments (Morales ef al.,
2022; Agbona et al. 2023). Similarly, through YamBase, SweetpotatoBase and MusaBase a large number
of yam, sweetpotato and Musa breeding data including genotyping as well as phenotyping has been
deposited.

Enterprise Breeding System

The Enterprise Breeding System (EBS) is a comprehensive platform designed by the CGIAR rice, maize
and wheat breeding programs to support collaborative, multi-country and multi-institute breeding
networks. The vast majority of germplasm records have pedigrees traceable to founding accessions. It
currently stores over 600,000 germplasm records and over 3 million trial datapoints for rice alone, and is
the cornerstone for information management in the global CGIAR rice breeding partnership. The maize
and wheat EBS instances also house substantial collections of germplasm information with over 1.7
million germplasm records for maize and over 8.4 million germplasm records for wheat. The availability
of phenotypic data for maize and wheat is also increasing both from active usage of the system and from
migration of historical data into the EBS. The EBS supports the collaborative exchange of information
between CGIAR Centers working on the same crop and is also designed to enable data sharing within
breeding networks.

Tools for Polyploids project

Several researchers across CGIAR Centers are involved in the Tools for Polyploids project. Funded by
USDA NIFA under Speciality Crop Research Initiative, this project responds to the realization that
polyploid specialty crops were not capitalizing on the rapid advances in genomics as were diploid crops
due to the lack of computational tools needed to use the data in these complex genetic systems. This
project coordinates efforts to resolve the common analytical issues faced by all polyploid crops across
multiple plant families (Asteraceae, Actinidiaceae, Dioscoraceae, Convolvulaceae, Ericaceae, Poaceae,
Rosaceae, Rubiaceae, Solanaceae) representing many economically important food, fodder, and
ornamental crops throughout the world. The list of polyploid specialty crops used for food includes roots
and tubers (potato, sweet potato, yam), fruit (strawberry, blackberry, blueberry, European plum, tart
cherry, kiwi, persimmon, banana), vegetables (leek, watermelon), and others (coffee, basil, hops). This
project aims to develop a suite of genomic/genetic/analytical tools and training materials that integrate
genomic information into applied polyploid plant breeding programs. This project leverages on the
existing datasets and current genomic tools available in rose, blackberry, tart cherry, strawberry,
blueberry, potato, sweetpotato to train and adopt to other crops.
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8. Strengths, weaknesses, and opportunities for capacity building

In the pursuit of its mission, CGIAR already plays a significant role in technology transfer, knowledge
sharing, and capacity building for use of DSI in agricultural research and development in developing
countries.

Research and development partnerships between CGIAR Centers and Initiatives and national agricultural
research organizations, universities and other actors are perhaps the most effective means for effective
tech transfer, capacity building and knowledge sharing in both directions. These partnerships entail direct
interaction between experts from CGIAR Centers and national research organizations, facilitating
effective knowledge transfer and mentorship. Partnering with national institutions has helped to ensure
that capacity building components of projects are tailored to the specific needs and priorities of the
respective countries or regions. This approach promotes ownership and sustainability, as the acquired
skills can be integrated into national research agendas and long-term breeding programs.

In addition, CGIAR Centers and Initiatives have developed and coordinated capacity strengthening
programs in the form of training programs, workshops, and knowledge-sharing activities that aim to
enhance the understanding and application of genomics techniques. They include training in areas such as
genotyping, diversity analyses, bioinformatics, marker-assisted selection, and genomic data analysis such
as GWAS or Genomic selection, data management as well as related policies for access and benefit
sharing.

Some of the trainings and other capacity strengthening activities highlighted in this submission are
organized within the scope of specific projects or grants, and as such, represent isolated efforts that are
not integrated into a long term, broad-based capacity strengthening programs. To ensure sustainable
capacity building to close capacity building gaps in line with the expectations of many contracting parties
and stakeholders engaged in discussions at the level of the Plant Treaty’s governing body, and the
Convention on Biological Diversity, a broader, more long-term, coordinated approach is required,
building on evidence-based analyses of capacity strengthening needs of research and development
organizations in developing countries. CGIAR looks forward to the additional clarity that will result from
contracting parties’ and other stakeholders’ submissions concerning their capacity strengthening needs to
be better able to generate, access, and use DSI. It is our hope that, with a sufficiently well-defined set of
priorities developed by the Governing Body, CGIAR will be able respond by tailoring its own
contributions to address those prioritized needs.
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