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Abstract 
The Global Genome Biodiversity Network (GGBN) is an international consortium of biodiversity biobanks and collections that strives to 

standardize and exchange best practices, and to share information on molecular biodiversity resources held in repositories around the 

globe. GGBN’s goal is to bridge the gap between biological material stored in these biobanks and the broader research community by 

establishing a searchable index of the world’s genomic resources, openly available to the scientific community and all stakeholders. Here, 

we provide examples of how GGBN interacts synergistically with other biodiversity programs and initiatives to (1) connect researchers 

with physical materials linked to rich, highly structured contextual metadata and (2) strengthen the biobanking community. 

Keywords GGBN, biodiversity biobanks, stable identifiers, data infrastructure, genetic resources. 
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Background 

he global biodiversity data infrastructure landscape has evolved into 

 complex network of data, services, research, and collection infras- 

ructures that support the documentation, sharing, analysis, and ap- 

lication of biodiversity knowledge worldwide. Each infrastructure 

pecializes in certain data types, including specific biobank data. The 

rowing demand for seamless data exchange relies on shared sta- 

le identifiers, metadata standards, and interoperability frameworks 

Bingham et al. 2017 , Schulman et al. 2021 ). Together, the connections 

etween different data types, as well as between data and physical col- 

ection material, create the potential for a more comprehensive and 

ultidimensional understanding of biodiversity. They also enable the 

reation of more robust, policy-relevant indicators for tracking biodi- 

ersity change, supporting global frameworks such as the Kunming- 

ontreal Global Biodiversity Framework (Convention on Biological 

iversity 2022 ). Collaborations, including the Global Biodata Coalition 

Hobern et al. 2019 , Global Biodata Coalition 2025 ) and the Alliance for 

iodiversity Knowledge, have been formed to address these aspects 

nd associated challenges. 

Data infrastructures are part of a global, integrated, and open bio- 

iversity data ecosystem aiming to make biodiversity and genomic 

ata F indable, A ccessible, I nteroperable, and R eusable (FAIR) (Penev 

t al. 2024 ), where specimen data, DNA sequence data, metadata stan- 

ards, and biodiversity knowledge are fully connected and openly 

ccessible for research, conservation, and innovation (Letsch et al. 

025 ). Within this data ecosystem, the Global Genome Biodiversity 

Network (GGBN) provides an information infrastructure for physical 

biological materials (e.g., DNA samples, tissues, environmental sam- 

ples, cells, cultures, specimens, and others) used to generate molecu- 

lar data or allow specific applications. Various other data infrastruc- 

tures either serve as primary storage, such as the International Nu- 

cleotide Sequence Database Collaboration (INSDC) and the Barcode 

of Life Data Systems (BOLD) or as aggregators, such the Global Bio- 

diversity Information Facility (GBIF) or the Distributed System of Sci- 

entific Collections (DiSSCo). Others focus on research data workflows 

and data life cycles, such as the National Research Data Infrastructure 

(NFDI) or the Biodiversity Community Integrated Knowledge Library 

(BiCIKL). To link and share data, they either develop standards (e.g., 

the Genomic Standards Consortium [GSC], DiSSCo, or INSDC) or adopt 

them, such as GBIF, BiCIKL, or NFDI. Together with GGBN, they form 

a robust and reliable global biodiversity data knowledge graph allow- 

ing complex linkages between biological material and data (see box 1 ), 

for example, the information that a DNA sample is derived from a tis- 

sue sample. In addition, a tissue sample is often related to a voucher 

specimen whose data can be found in GGBN, DiSSCo, and GBIF. Fur- 

thermore, sequences in INSDC or BOLD, as well as publications where 

the physical material has been used, can be linked to both the samples 

and the voucher specimen. 

The key players in the overall global infrastructure landscape are 

described in more detail in box 2 . Their connections with biodiver- 

sity biobanks and GGBN are shown in figure 1 . An alphabetic list of 

abbreviations can be found at the very end. 
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Figure 1 GGBN in the global landscape of biodiversity infrastructures. Local collection databases provide data to platforms such as GGBN, GBIF, and 
DiSSCo. Established or planned partnerships exist between GGBN and ENA (European Nucleotide Archive as part of the INSDC), DiSSCo, and the local 
collection databases (GGBN members). Links to publications and BOLD (Barcode of Life Data System) are currently only unidirectional. Like GBIF, GGBN 

uses certain checklists from Checklistbank as its taxonomic backbone. For example, the National Center for Biotechnology Information (NCBI) taxonomy 
(as part of INSDC) is available via Checklistbank. Furthermore, both BOLD and INSDC supply occurrence records to GBIF and INSDC, enabling data 
integration across these platforms. INSDC also maintains bidirectional links with publications, ensuring that sequence data and associated research 
outputs are interconnected and easily accessible. 
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Box 1 Benefits of collaborations between data 
infrastructures 

Collaborations between biodiversity infrastructures such as GGBN, 

DiSSCo, NFDI, GBIF, INSDC, BOLD, GSC, and BiCIKL foster . Seamless interoperability among different infrastructures . Improved provenance, reproducibility, and compliance with 
FAIR (Findable, Accessible, Interoperable, and Reusable; 
Wilkinson et al. 2016 ) and CARE principles (Collective Bene- 
fit, Authority of Control, Responsibility, and Ethics; Carroll et al. 

2020 ) . Integration of persistent identifiers (PIDs) into workflows . Harmonized APIs (Application Programming Interface), data 
standards , and identifiers . Development of cloud-based, cross-domain analysis tools 

Box 2 Data infrastructures and standards 

The International Nucleotide Sequence Database Collabora- 
tion (INSDC) is a global collaboration of databases that capture, in- 
tegrate, and archive nucleotide sequence information and associated 

annotations, building a comprehensive collection of data and enabling 

broad data sharing and reuse. INSDC members, DNA Data Bank of 

Japan (DDBJ) at the National Institute of Genetics, National Library of 

Medicine, National Center for Biotechnology Information (NLM-NCBI), 

and the European Nucleotide Archive (ENA) at the European Molecu- 

lar Biology Laboratory, European Bioinformatics Institute (EMBL-EBI), 

provide the data resources (sequence data and annotations, sample, 

project and experimental metadata) and several tools and services 

that support management and sharing of information. The ENA Cross- 

Reference Search service is a powerful tool to enable links to exter- 

nal resources, such as GGBN, currently providing over three million 
st on 08 O
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GGBN-ENA crossrefs. By using the relationships between biological 

material records stored in GGBN, not only can the direct physical re- 

source be cited, but also all derivatives, for example, DNA, tissue, and 

specimen. 

The Barcode of Life Data System (BOLD) is a global informatics 
platform supporting DNA barcoding by providing infrastructure for 

specimen registration, sequence data management, validation, and 

identification services (Ratnasingham et al. 2024 ). Since its launch in 

2005, BOLD has become a critical resource for biodiversity genomics, 

linking specimen records, sequence data, and collection metadata 

through a structured, self-service system. With more than 21 mil- 

lion specimen records representing over one million species, BOLD 

supports applied monitoring projects and large-scale discovery of 

species. Its data model and workflows ensure that DNA barcode 

records are tied to voucher specimens, images, geospatial data, and 

taxonomic information, maximizing data utility and reproducibility. 

BOLD is unique in supporting the full research data lifecycle from pre- 

publication data capture, secure sharing with research partners and 

networks, and validation to deposition in INSDC databases. 

The Genomic Standards Consortium (GSC) is a global commu- 
nity focused on making genomic data discoverable, reusable, and in- 

teroperable through the development of community-driven genomic 

metadata standards as methods of capturing and exchanging meta- 

data (Eloe-Fadrosh et al. 2024 ). Established in 2005, the GSC coordi- 

nates the development of MIxS (Yilmaz et al. 2011 ), genomic check- 

lists, and environmental extensions. The GSC’s Compliance and Inter- 

operability Working Group (CIG) promotes alignment among major 

biodiversity data standards by supporting the reuse of MIxS terms 

and fostering interoperability with frameworks such as the GGBN 

Data Standard and Darwin Core. In 2016, the GSC backed the “GGBN 

Data Standard Specification” project (Droege et al. 2016 ), which aimed 

to harmonize MIxS and GGBN attributes. Collaborative efforts are 

further advanced through the Global Biodiversity Working Group 

(GBWG), a joint interest group of TDWG (Biodiversity Information Stan- 

dards) and the GSC, which coordinates cross-community standard- 

ization activities. The 2022 Memorandum of Understanding between 

TDWG and the GSC formalized the joint commitment to sustainable 

convergence of metadata standards, including alignment between 

DwC and MIxS. 

The Distributed System of Scientific Collections (DiSSCo) is 
a pan-European research infrastructure designed to digitize, stan- 

dardize, and integrate natural science collections held in museums, 

herbaria, and related institutions. Its central objective is to create dig- 

ital representations of specimens that are accessible through persis- 

tent identifiers and interoperable metadata standards (Addink and 

Theocharides 2024 ). By linking these digital specimens across infras- 

tructures, DiSSCo enables bidirectional integration with external data 

sources such as GBIF, BOLD, ENA, and GGBN, thereby contributing to 

a machine-actionable biodiversity knowledge graph. 

The Global Biodiversity Information Facility (GBIF) is an inter- 
national network and data infrastructure that provides anyone, any- 

where, free and open access to data about all types of life on Earth. 

GBIF.org and its related services currently deliver more than three bil- 

lion occurrence records mobilized by thousands of data publishing 

institutions with the support of GBIF’s distributed node network. GBIF 

is a Global Core Biodata Resource. Users can access GBIF-mediated 

data by filtering and downloading records directly through GBIF.org 

as well as through the robust GBIF API and through R and Python 

users to maintain the provenance and transparency of the data they 

access and use, allocating credit to data sources used in published 

research and policy. 

The National Research Data Infrastructure (NFDI) is a German 
initiative, coordinated by 26 consortia that are funded by the DFG 

(German Research Foundation), to systematically manage and net- 

work research data across disciplines. The NFDI promotes open, FAIR, 

and sustainable research by developing community-driven standards, 

procedures, and cross-disciplinary metadata frameworks. Within this, 

NFDI4Biodiversity and NFDI4Microbiota each bring together around 

50 partner institutions, including research centers, museums, and 

natural history societies, to mobilize biodiversity, environmental, mi- 

crobiological, and microbiome-related data for research and conser- 

vation. They provide access to high-quality standardized data, tools, 

and services for data archiving, publishing, searching, and analysis, 

as well as metadata frameworks, curated databases, and comprehen- 

sive training opportunities required for cross-institutional data use. It 

is driven by the understanding that stakeholders in science, health, 

agriculture, policy, nature conservation, and landscape management 

require reliable data to make informed contributions to biodiversity 

conservation and health. The consortium collaborates with major Eu- 

ropean and international initiatives, including the European Life Sci- 

ences Infrastructure for Biological Information (ELIXIR), the European 

Open Science Cloud (EOSC), EMBL-EBI, and GSC. Notably, through 

the NFDI4Microbiota project, the German Collection of Microorgan- 

isms and Cell Cultures (DSMZ) has further developed the StrainInfo 

database (Lissin et al. 2025 ). Originally developed by the Belgian Co- 

ordinated Collections of Microorganisms (BCCM), StrainInfo now in- 

tegrates all existing identifiers and information on microbial strains 

from culture collections, sequence databases, and scientific literature 

to enhance their findability, reusability, and traceability. 

The Biodiversity Community Integrated Knowledge Library 
(BiCIKL) , a Horizon 2020 project (2021–2024), played a pivotal role in 
establishing methods, tools, standards, and workflows for linking bio- 

diversity data between Research Infrastructures (RIs), including links 

between genomic and collection and taxonomic data (Penev et al. 

2022 ). A special focus of BiCIKL was the extraction and liberation of 

data from millions of pages of published literature, making it accessi- 

ble and reusable. BiCIKL delivered global-level access to data and tools 

for seamless linking and usage along the data life cycle: collecting 

specimens > extracting molecular sequences > identifying species > 

analyzing and publishing results > constructing a biodiversity knowl- 

edge graph > reusing data for new discoveries and addressing soci- 

etal needs. 

Biodiversity biobanks 

Biodiversity biobanks collect, store, and curate biological materials 

(such as tissues, cultures, environmental samples, and biochemical 

isolates, such as DNA or RNA; see figure 2 ) along with their associ- 

ated metadata under standardized conditions that maintain viability 

or molecular integrity (Hewitt and Watson 2013 , International Orga- 

nization for Standardization 2018 , Astrin and Corrales 2023 , Interna- 

tional Society for Biological and Environmental Repositories 2023 ). 

The physical samples are stored in specialized facilities, often at ultra- 

low or cryogenic temperatures (Allison et al. 2021 , Corrales and Astrin 

2023 , Reichel et al. 2026 ). Biodiversity biobanks support a broad spec- 
libraries. Digital Object Identifier (DOI)—based data citations enable 
trum of research fields, such as taxonomy, genetics, evolution, ecology, 
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Figure 2 The diversity of biological material in GGBN’s collections is categorized and described through recommended vocabularies, shown here 
along with examples. As a network of biodiversity biobanks, GGBN does not include human genetic resources, except for ancient human remains and 
organisms found in or on humans. Fossils are out of scope due to the complete degradation of DNA. 
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nd biotechnology, as well as a wide range of applications, including 

iodiversity conservation and monitoring, breeding, artificial repro- 

uctive technologies, and the enforcement of biodiversity protection 

egislation. In addition to maintaining specific storage conditions for 

heir physical samples, biodiversity biobanks developed sophisticated 

atabases to manage the metadata associated with these samples, en- 

bling published scientific results to be linked to the corresponding bi- 

logical material, such as voucher specimens and sequence informa- 

ion. This is essential for reproducibility (Yeates et al. 2016 , Buckner et 

l. 2021 , Renner et al. 2024 ). Moreover, biobanks establish permanent 

inks with preserved specimens and cultures, which provide author- 

tative taxonomic and morphological references, whereas other links 

ssociate tissues, environmental samples, or DNA extracts with DNA 

equence data used for genomic and phylogenetic analyses (Schindel 

nd Cook 2018 , Lendemer et al. 2020 ). Physical samples preserved in 

iodiversity biobanks can be used for multiple molecular analyses, 

hereby enabling the integration of research data to become additive 

egarding the same specimen (Kilian et al. 2015 ). 

DNA sequence and other molecular information is increasingly rel- 

vant for discovering and delimiting species, reconstructing the Tree 

f Life, health research, monitoring biodiversity, enforcing regula- 

ions (e.g., molecular identification of samples of organisms poten- 

tially falling under the Convention on International Trade in Endan-

gered Species of Wild Fauna and Flora [CITES]), assessing intraspecific

genetic variation, and supporting a broad spectrum of applications in

bioeconomy (including biotechnology, breeding, and bioprospecting).

Beyond serving as a source for scientific information, banked samples,

often particularly the viable ones (e.g., seeds, frozen cell cultures, and

gametes), are also used in conservation and other applications. Con-

sequently, biological material organized in biodiversity biobanks and

its associated data are a critical but underrepresented component of

biodiversity infrastructures and data systems. Biodiversity biobanks,

therefore, also constitute a major element in a collectomics approach,

which aims to digitize and interconnect materials preserved in col-

lections with associated information (e.g., publications and genetic

sequences), as well as with infrastructures such as GBIF and INSDC,

thereby supporting efforts to address global challenges (Sigwart et al.

2025 ). 

GGBN’s mission and achievements 

The Global Genome Biodiversity Network (GGBN) ( www.ggbn.org/ ),

often also referred to as the Global Biodiversity Biobank Network, was
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ounded in 2011 as an international consortium of biodiversity repos- 

tories holding biological materials, preserved at the molecular level 

Droege et al. 2014 ). Since its inception, GGBN has grown to 121 mem- 

er organizations from over 40 countries worldwide and has evolved 

nto a highly interconnected, community-driven, and collaborative 

etwork (figure 3 ). 

The Executive Committee is at the core of GGBN’s governance. It 

unctions as the primary decision-making body and is responsible 

or setting strategy, policy, direction, and budget for GGBN; develop- 

ng the network’s work plans; fundraising; reporting; and overseeing 

embership applications. Additionally, the Executive Committee es- 

ablishes dedicated task forces (box 3 ) to complete high-priority tasks 

or GGBN’s development. 

Box 3 GGBN Task Forces 

GGBN operates a dynamic task force structure that enables the ef- 
fective addressing of current technical and policy-related topics. These 

include: 

◦ Data Standards and Data Access for Biological Material: 
Establishes guidelines for standardizing and sharing data for 

biological material and streamlines and implements data stan- 

dards 

◦ Policies Related to Management and Stewardship of Bio- 
logical Material : Promotes Access and Benefit-Sharing (ABS) 
by raising awareness, developing best practices, and assessing 

implementation 

◦ Biobank Procedures: Develops repository workflows and 
studies sample preservation methods, leading to best practices 

and guidelines 

◦ Document Library: Curates the documents in the GGBN Doc- 

ument Library 

◦ Communications and Outreach: Recruits new members, en- 

gages global stakeholders, and prepares outreach materials 

GGBN’s day-to-day operations are supported by two offices for a 

xed term of 5 years. The Secretariat Office handles overall coordina- 

ion, administration, communications, and member support. It was 

osted by the Smithsonian National Museum of Natural History until 

he end of 2025, when the Leibniz Institute for the Analysis of Bio- 

iversity Change, Museum Koenig Bonn, assumed this role until the 

nd of the term. The Technical Management Office manages the GGBN 

ata Portal, Document Library, and the Registry and provides techni- 

al support to members. The Technical Management Office is hosted 

y the Botanic Garden and Botanical Museum Berlin and, since 2021, 

s funded by the German Federal Ministry of Research, Technology, 

nd Space (BMFTR). 

As of August 2026, 45 members are contributing data to the GGBN 

ortal, totaling over 7 million biological material records. This count 

s rapidly rising (figure 4 ). The strong increase of data in 2019 and 

onstant growth in membership reflects the success of GGBN’s con- 

erence series, including two regional workshops in 2017 (Asia and 

orth America), webinars (e.g., during the pandemic), and the GGBN- 

lobal Genome Initiative (GGI) Awards Program (sponsored by the 

mithsonian National Museum of Natural History from 2017 to 2022), 

ll of which helped to mobilize data, as well as two joint conferences 

one in 2016 with the Society for the Preservation of Natural History 

ollections, SPNHC, and one in 2025 with the International Society 

for Biological and Environmental Repositories, ISBER). Another sig- 

nificant milestone was the publication of the GGBN Data Standard 

in 2016 (Droege et al. 2016 ), which facilitates data sharing through 

GGBN’s data portal. 

The Global South is home to many of the world’s most biodi- 

verse regions; however, the presence of GBBN—and of biodiversity 

biobanks—in these areas is still limited. GGBN is working to enhance 

international visibility and encourage active participation from insti- 

tutions in the Global South by (1) organizing biannual conferences in 

the region (e.g., Mexico 2023, South Africa 2025) and (2) inviting key 

collections and speakers from the region. Currently, four representa- 

tives of GGBN’s Executive Committee are based in the Global South, 

including chair and vice chair. Furthermore, over the years the GGBN- 

GGI Awards Program has been an important tool to empower collec- 

tions from low- or middle-income countries, many in the Global South. 

GGBN’s collections span the entire Tree of Life. Animal samples 

comprise the largest contribution to GGBN’s data portal, both in terms 

of the number of taxa represented and biological material records (fig- 

ure 5 ). 

The samples within GGBN are not equally suited to all applications, 

and not all of them are stored in liquid nitrogen or −80◦C freezers. A 

very large proportion of samples contain DNA fragments spanning 

several tens of thousands of base pairs. However, a growing num- 

ber of samples now contain high-molecular-weight DNA, as illustrated 

by the reference genome sequencing projects featured in this article 

(both the voucher specimens from these initiatives and newly col- 

lected materials intended to support future genome sequencing ef- 

forts). Additionally, viable biological materials, particularly cell cul- 

tures, are becoming increasingly relevant within GGBN, opening com- 

pletely new pathways to conservation and research. 

All samples held by GGBN members represent valuable resources 

for the scientific community, particularly when information on sam- 

ple quality is available. The GGBN data standard supports detailed 

metadata descriptions, and the use of standardized vocabulary for 

sample preservation methods is strongly recommended. Despite this, 

only 18% of GGBN records currently include preservation informa- 

tion through the GGBN portal. In practice, researchers frequently re- 

quest this data directly from collection managers and curators. GGBN 

is actively working to increase the proportion of records with detailed 

preservation metadata online. 

Technical GGBN infrastructure 

The GGBN infrastructure is built entirely on open-source technolo- 

gies and consists of four components. First, at its core is the GGBN 

Data Portal, which provides a unified, global access point to biodi- 

versity biobanking resources held by GGBN members, and unique 

linkages between molecular data and the underlying biological ma- 

terial. With the release of a new version of the GGBN Data Portal in 

2025, a new system of HTTP-based (Hypertext Transfer Protocol) glob- 

ally unique and persistent identifiers (GUIDs) was introduced for all 

object types processed within GGBN. Participating biobanks do not 

need to change or replace their established local GUID systems; in- 

stead, a central service synchronizes local IDs with the unified GGBN 

identifiers. In addition, a mechanism was implemented to redirect 

calls to GGBN identifiers to the corresponding object metadata in 

the form of HTML (Hypertext Markup Language) pages or machine- 

readable RDF (Resource Description Format) representations depend- 
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Figure 3 GGBN members and records of biological material available on the GGBN Data Portal. This map shows sample locations (small dots) for ca. 
5.4 million georeferenced biological material records, such as tissues, DNA extracts, cultures, specimens, and environmental samples, as well as all 121 
GGBN members (larger circles). The latter are classified in three groups: data-providing members (filled circles, n = 45), non-data-providing members 
(empty circles, n = 71), and consortia (circles with dot, n = 5) (see also www.ggbn.org/members ). Map created with QGIS and OpenStreetMap. 

Figure 4 Growth in members and biological material records available on the GGBN Data Portal over time. Starting with 60,000 records and 13 members 
in 2011, GGBN currently (August 2026) has 121 members and 7.1 million biological material records shared through its data portal. Stars = GGBN 

conferences. The significant increase in data between 2018 and 2020 is based on the successful establishment of the conference series and the 
publication of the GGBN Data Standard, which enabled large collections or consortia such as Arctos and Guelph to make their data available through 
GGBN. 
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ng on whether the Uniform Resource Identifier (URI) was called by a 

uman or a machine (content negotiation). This new consistent identi- 

er layer creates the foundation for cross-linking between GGBN and 

ther biodiversity informatics infrastructures, including literature 

figure 1 ). 

As part of the development of the new portal, a first example of

such cross-linking was established between GGBN and ENA (figure 6 ).

It is now possible to link sequences in ENA (as part of INSDC) to

the corresponding objects in GGBN, and vice versa. Linking to ENA

further enhances GGBN data. Figure 6 demonstrates how associated
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Figure 5 Representation of major taxonomic groups on the GGBN Data Portal. Ca. 151,000 taxa are represented on GGBN’s data portal; animals, com- 
prising about 95% of all biological material records, are the largest major taxonomic group, followed by plants, microorganisms, and fungi. Different 
scales are used to combine this information. 

Figure 6 Hierarchical relationships between a physical DNA sample (GGBN object https://id.ggbn.org/2ZBR8F ), other tissue samples of the same 
specimen, and related resources, such as sequences and publications. The graph is taken from GGBN’s identifier landing pages. The example shows 
how through the use of GGBN identifiers, INSDC sequences and publications are associated with three material entities (2ZBR8F (DNA), 2ZBRQG (tissue), 
2ZBRR9 (specimen)). Two additional tissues (2ZBR99 and 2ZBR81) are related to the same specimen but have no association with DNA, sequences or 
publications. The relationship between materials is defined by the data-providing collection (e.g., “same individual”). 
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ublications are identified by connecting ENA records with publica- 

ions linked to GGBN identifiers, based on the known relationship 

etween the two datasets. Building on this concept, cross-linking be- 

ween GGBN and further data infrastructures (e.g., DiSSCo) is planned. 

This newly conceived core infrastructure of the network, developed 

ith German federal (BMFTR) support, makes an essential contribu- 

ion to the interoperability of GGBN data within the biodiversity data 

nfrastructure landscape, and provides a crucial foundation for pro- 

essing the continuously growing data volumes in the field of biodi- 

ersity biobanks. 

The second data infrastructure component is the member registry, 

hich provides information about each of GGBN’s 121 member col- 

ections, together with the corresponding data. Third, the Document 

ibrary provides access to over 1300 documents, including presen- 

tations from GGBN conferences and other events, reports, and pub- 

lished and gray literature related to biobanking. The fourth compo- 

nent is a wiki that complements the document library and provides 

general information about GGBN (e.g., Terms of Reference, How to be- 

come a member). All four resources provide unique biobank-related 

information for the community and are available on the GGBN web 

portal. 

How the scientific community uses GGBN 

GGBN provides a trusted hub for data sharing and integration, knowl- 

edge exchange, and a physical distributed biobank infrastructure (see 

figure 7 ). 
ober 2026
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Figure 7 GGBN’s core activities: Data sharing and integration, knowledge exchange, and physical biobank infrastructure. This diagram illustrates 
the three core activities of GGBN that underpin its role in advancing biodiversity research and conservation. The figure emphasizes GGBN’s unique 
contributions to the scientific community through its structured approach to data sharing and integration, community-driven knowledge exchange, 
and physical infrastructure of member biobanks. 
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In particular, GGBN serves the following functions for the commu- 

ity: 

Data sharing and integration 

hrough its data portal, GGBN mirrors and integrates biodiversity 

iobanks held by its members, offering centralized, citable access to 

iological material and associated data. A common persistent iden- 

ifier infrastructure enables genomic DNA, tissue samples, voucher 

pecimens, and other collection objects to be uniquely identified, cited, 

nd linked to sequence data, literature, permits, and related resources 

cross institutions. This supports both individual end users as well 

s large platforms and networks (e.g., INSDC, BOLD, DiSSCo, NFDI, 

uropean Reference Genome Atlas [ERGA], Earth BioGenome Project 

EBP], Consortium of European Taxonomic Facilities [CETAF]), while 

roviding essential attribution to member collections as well as pro- 

oting the Extended Specimen concept (Lendemer et al. 2020 ), which 

ntegrates genetic and morphological data. GGBN member collections 

enefit from global visibility through the GGBN data portal, serving 

esearchers with a single point of access to biobanked materials held 

cross multiple partner institutions. This shared approach enhances 

esearch resource accessibility, reduces the need to search across indi- 

vidual institutional portals, and strengthens collaboration across the

biodiversity biobanking community. 

The network has a strong cross-domain approach, aiming to bring

together a diverse range of communities, collection types, and stake-

holders that have an interest in biobanking for different purposes

such as research, species conservation, or applications in forestry

and agriculture. By taking into account their knowledge and re-

quirements, GGBN has developed an infrastructure that facilitates

data sharing across many biobanking domains. Targeted outreach to-

ward key stakeholders, such as the European Association of Zoos and

Aquaria (EAZA), as well as networks and organizations such as the

Union for Conservation of Nature (IUCN) Species Survival Commission

(SSC), Animal Biobanking for Conservation Specialist Group (ABCSG),

and the World Federation for Culture Collections (WFCC), has led to

partnerships and collaborations, thereby enhancing visibility and ac-

cess to biological material of so far underrepresented domains, includ-

ing microorganisms and fungi, and information that can be used for

the development of conservation strategies. (For a description of the

mentioned partners, see box 4 .) To support these efforts, GGBN mem-

bers receive guidance on aligning internal databases with GGBN data

standards, whereas collaborations with open-access collection man-
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gement systems (e.g., Specify, Arctos, Symbiota) further help mobilize 

ata. 

The GGBN Data Standard supplements existing frameworks such as 

he Access to Biological Collection Data (ABCD) standard for exchang- 

ng collection and observation data (Holetschek et al. 2012 ) and Dar- 

in Core (DwC), the most widely used standard for sharing biodiver- 

ity occurrence data (Wieczorek et al. 2012 ) by introducing special- 

zed terms for laboratory data (e.g., extraction or preparation method 

nd date, DNA concentration) and preservation data (e.g., storage tem- 

erature and medium), as well as information on associated permits 

nd loan availability, which are key elements mostly missing in col- 

ection databases before the introduction of the GGBN Data Standard. 

he GGBN Data Standard constitutes the basis of the GGBN data portal 

Droege et al. 2016 ) and enables biobank data management in com- 

liance with the Nagoya Protocol. It integrates terms from the MIxS 

Minimal Information about any (x) Sequence) standard (Yilmaz et 

l. 2011 ) and DwC, and contributes terms to GBIF’s data mobilization 

f DNA-derived data and Metabarcoding Data Programme. Organiza- 

ions such as ABCSG and WFCC benefit from collaborating with GGBN 

o include new collection types and terms. Those organizations can 

dopt the GGBN Data Standard, which enhances interoperability with 

ther platforms, such as GBIF, and their samples can gain more visi- 

ility and discoverability through the GGBN data portal, particularly 

enefiting underrepresented collections or taxa. In addition, conser- 

ation practitioners get improved access and a transparent and re- 

iable framework for requesting genetic resources through the net- 

ork. 

For example, collection curators use the GGBN Data Standard to 

ecord standardized metadata and maintain explicit links between ge- 

omic samples, their voucher specimens, and derived sequence data. 

ersistent identifiers ensure that these relationships remain trace- 

ble across institutional databases and international repositories; this 

akes genomic samples easier to discover, reuse, and integrate into 

lobal research infrastructures while supporting FAIR and repro- 

ucible research. In addition, collaborating with GGBN improves sam- 

le access for conservation practitioners through a well-established 

ramework that complies with international legislation. 

Knowledge exchange 

y convening curators, scientists, and data managers from a broad 

pectrum of organizations (e.g., museums, botanic gardens, zoos, 

esearch institutions, and universities), GGBN promotes transdisci- 

linary dialogue that fosters innovation and capacity-building and 

reates a dynamic forum for the sharing of expertise, best practices, 

nd emerging solutions in biodiversity biobanking. Regular work- 

hops, webinars, and global conferences offer members and partners 

pportunities to collectively address challenges such as data standard- 

zation, sample preservation, ethical and legal considerations, and 

he practicalities of implementing new technologies or workflows. 

he topics for these may be proposed by the Executive Committee, 

ask Forces, or by individual members, ensuring that GGBN’s activ- 

ties align with the network’s strategic goals and heeding new chal- 

enges faced by the collections. These activities not only support the 

echnical integration outlined in the previous section, but also help 

hape a shared understanding of the responsibilities and best prac- 

ices required for effective biobank stewardship worldwide. GGBN’s 

nowledge exchange thus complements its data sharing activities and 

strengthens global cooperation, ensuring that the value of biobanked 

resources is maximized for research, conservation, and education. 

A key aspect of GGBN’s knowledge-sharing efforts is its support for 

policy compliance, particularly regarding international ABS regula- 

tions, through the GGBN Policies Task Force, which provides guidance 

and practical support on ABS-related challenges to GGBN members 

and the broader biodiversity research and biobanking community. 

To meet international obligations, researchers, biological collections, 

and biobanks that routinely receive, preserve, and distribute biologi- 

cal material globally must understand the Nagoya Protocol and its ABS 

principles. In simple terms, ABS means obtaining permission before 

accessing and utilizing biological material and ensuring that benefits 

are shared with the country where those were originally collected. 

GGBN supports FAIR data sharing by making information about bi- 

ological material discoverable and interoperable, while supporting 

compliance with ABS requirements by linking sample records to rel- 

evant ABS-related restrictions and documentation, where available. 

This enables researchers to discover collections and understand the 

conditions associated with their use, although recognizing that access 

to and utilization of the underlying biological material remain sub- 

ject to permit conditions and applicable ABS requirements under the 

national legislation of provider countries. 

As a best practice, collections should store Nagoya Protocol-relevant 

information and documentation together with biological material, as 

it facilitates future transfer and responsible utilization. The GGBN Poli- 

cies Task Force has facilitated this process by making support mate- 

rial freely available on the GGBN Data Portal. These resources include 

guidance for researchers and curators, as well as compilation of best 

practices, codes of conduct, and learning tools that could be tailored 

and used by institutions beyond GGBN. 

ABS compliance is further strengthened through GGBN by integrat- 

ing standardized terms for loans and permits into its data framework. 

For example, the GGBN Data Standard includes fields for recording 

and tracking permits under the Nagoya Protocol, ensuring institutions 

can document and share material responsibly, a critical step for global 

biodiversity research. 

Moreover, ABS goes beyond genetic resources and the Nagoya Pro- 

tocol. Countries began claiming benefit-sharing from the use of ge- 

netic sequences available in open-access databases, also known as 

digital sequence information (DSI). GGBN’s Policies Task Force, in col- 

laboration with the DSI Scientific Network, has actively engaged in 

international negotiations under the Convention on Biological Diver- 

sity (CBD), developing information materials such as policy briefs and 

peer-reviewed papers, and coordinating outreach with country dele- 

gates (all available at www.dsiscientificnetwork.org ). 

Physical biobank infrastructure 

GGBN’s member collections constitute the physical foundation for de- 

positing, managing, accessing, and providing biological material, in 

accordance with agreed-upon quality standards and common poli- 

cies. GGBN biobanks serve as critical sources of reference materials 

for international projects such as ERGA and iBOL (International Bar- 

code of Life), ensuring high-quality genomic or high-throughput se- 

quencing. 

Stakeholders 

GGBN’s success relies on both its members and collaborative relation- 

ships with a diverse array of stakeholders across the biodiversity data 
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andscape. These stakeholders can be broadly categorized into sev- 

ral groups: professional networks and community groups (such as 

BCSG, CETAF, EAZA, or WFCC) that connect dedicated organizations 

nd specialized experts around collaborative research, conservation, 

nd biobanking goals; sequencing initiatives and consortia (including 

BP, ERGA, and iBOL Europe) that drive large-scale genomic sequenc- 

ng efforts; and data infrastructures and standards described in the 

ackground chapter above and in box 2 that compile and provide ac- 

ess to biodiversity data at global scales while developing data stan- 

ards and technical frameworks. Together with GGBN, these stake- 

olders enhance an interconnected ecosystem that facilitates data 

haring, standardization, and scientific collaboration across domains 

nd collections, taxonomic groups, and geographic regions. 

Professional networks and community groups 
rofessional networks and community groups are committed to pre- 

erving biodiversity by maintaining high-quality biological collec- 

ions, whether they focus on animals (ABCSG, EAZA), microorganisms 

WFCC), or all biodiversity (CETAF) (box 4 ). Many of their members 

re also GGBN members, forming an integral part of GGBN’s phys- 

cal biobank infrastructure and expertise. Each network and com- 

unity brings together institutions and experts to share resources, 

nowledge, and capabilities, recognizing that biobanked samples and 

ell-documented collections are essential for genomics and molecu- 

ar research, taxonomy and systematics, conservation planning and 

anagement, and biotechnology and applied science. These organi- 

ations rely on and actively support global access to collections, con- 

ributing to and benefiting from FAIR data principles and data link- 

ges provided by GGBN’s infrastructure. Across all communities, the 

stablishment and adoption of standardized protocols, high-quality 

ample preservation, proper documentation, and ethical and legal 

ompliance (e.g., ABS) are recognized as fundamental to enabling 

ffective and responsible use of biological materials. Each of these 

rofessional networks and communities is vital for GGBN’s cross- 

omain approach, encouraging active participation from their mem- 

ers, thereby promoting greater visibility and availability of, for ex- 

mple, underrepresented taxonomic groups, such as microorganisms, 

nd associated data. 

Box 4 Professional networks and community groups 

The World Federation for Culture Collections (WFCC) serves as 
a global authority on all matters related to culture collections such 

as the operation and management as well as addressing issues in a 

wider context such as the importance of (i) standardization and best 

practices guidelines, (ii) networking, capacity building, and education, 

(iii) postal, quarantine and safety regulations, (iv) intellectual property, 

patent and commercialization, (v) access, policies, and legal frame- 

works, and (vi) sustainability of endangered collections. WFCC inter- 

acts with different global organizations to promote the importance 

of culture collections with emphasis placed on the contributions and 

impact they make on science, biotechnology, agriculture, health, ed- 

ucation, and society. Microbial culture collections have been provid- 

ing biological resources to many different sectors, as well as offer- 

ing preservation services to microbiologists working in different fields. 

Historically, GGBN has been dominated by zoological and botanical 

biobanks. For instance, WFCC members such as the German Collec- 

tion of Microorganisms and Cell Cultures (DSMZ) now share fungal 

and bacterial cultures through GGBN’s portal—expanding its reach 

beyond traditional animal and plant collections and supporting stud- 

ies in environmental microbiology. The WFCC-GGBN partnership, for 

instance, enables access to microbial cultures for conservation efforts. 

The Animal Biobanking for Conservation Specialist Group 
(ABCSG) was formed by the International Union for Conservation 
of Nature (IUCN) Species Survival Commission (SSC) in 2022. It aims 

to unite a global community of practitioners that work on animal 

biobanking for conservation purposes. The ABCSG currently has four 

Task Forces. Three of these are committed to different specializa- 

tions in biobanking technologies: (i) viable cell cultures, (ii) reproduc- 

tive cells, and (iii) blood fractions and frozen tissues. The fourth Task 

Force on Justice, Equity, Diversity, and Inclusion focuses on reshaping 

biobanking practices consistent with ABS practices that properly ac- 

knowledge the FAIR and CARE principles. The ABCSG also recognizes 

the need for a framework to ensure that information on samples is 

available to conservation practitioners, and the role that GGBN can 

play to support this. Moreover, the IUCN SSC has also created the Mi- 

crobial Conservation Specialist Group, which aims to integrate micro- 

bial biodiversity into conservation frameworks (Gilbert et al. 2025 ). 

The European Association of Zoos and Aquaria (EAZA) Biobank 
is a centralized, long-term repository for high-quality samples from 

the animals held in its member institutions and wild counterparts. 

Uniquely, in partnership with Species360, the EAZA Biobank is inte- 

grated in the globally largest database for managed populations, the 

Zoological Information Management System (ZIMS), enabling direct 

linkage between sample data and the animal’s existing records in 

ZIMS, its demographic data, and health records. The EAZA Biobank 

represents a strategic shift from fragmented sample storage to a coor- 

dinated, scientifically robust system that underpins modern zoo pop- 

ulation management, supporting conservation and research. Looking 

ahead, EAZA Biobank plans to integrate its data more thoroughly with 

GGBN to increase its contribution to making samples and research 

results available for species conservation. 

The Consortium of European Taxonomic Facilities (CETAF) is 
Europe’s network of biological and geological collections-holding re- 

search institutions. CETAF acts as a catalyst for integrative taxonomic 

research, enhancing species description and data linkage. The collab- 

orative character of modern taxonomy has always called for reliable 

documentation and the possibility to revisit material and literature for 

the validation of existing and the addition of new knowledge. The ad- 

vent of molecular methods in taxonomy has enormously sped up and 

refined taxonomic knowledge generation, whereas advances progres- 

sively made under different initiatives, such as TETTRIs (Transforming 

European Taxonomy through Training, Research and Innovations), en- 

sure that taxonomy relies on correct standards and protocols, and is 

supported by innovative methods and tools. 

Sequencing initiatives 
Sequencing initiatives are large-scale, long-term scientific programs

that collect or access biological specimens and sequence their DNA

or RNA to create genetic reference databases for biodiversity. iBOL

Europe focuses on DNA barcodes, ERGA creates complete reference

genomes for European species, and EBP strives to create a compre-

hensive genomic library of all known eukaryotic species on Earth.

All of these initiatives depend on reliable specimens and associated

metadata deposited in repositories and made available, for example,
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an be verified. Their shared goal is to create accessible, scientifi- 

ally robust genetic resources that support, for example, conserva- 

ion, biomonitoring, taxonomy, or evolutionary research. Sequencing 

nitiatives are important users of and contributors to biobank collec- 

ions (Astrin et al. 2013 ), as exemplified for GGBN by the projects high- 

ighted in box 5 . 

Box 5 Sequencing initiatives 

The Earth BioGenome Project (EBP) aims to sequence the genomes 
of ∼1.8 million named eukaryotic species in 10 years, a “biology moon- 
shot.” The project is nearly halfway toward meeting the Phase I goal 

of sequencing 10,000 species, including one representative species of 

half of the ∼10,000 eukaryotic families. Looking ahead, EBP envisions 
deeper integration between GGBN’s sample registries and genome 

project tracking systems, enabling end-to-end traceability from field 

collection to genome assembly. 

The European Reference Genome Atlas (ERGA) is Europe’s re- 
gional node of the Earth BioGenome Project with a mission to coordi- 

nate efforts across projects and researchers working on producing 

and utilizing reference genomes for European eukaryotic biodiver- 

sity. ERGA is committed to guiding members to follow standardized 

and harmonized procedures and practices to ensure that genomes 

are accompanied by rich metadata and associated reference materi- 

als, including traditional morphological vouchers, digital images, and 

molecular vouchers such as tissues and/or nucleotide extractions. 

Moving forward, ERGA aims to continually adapt its procedures in line 

with technological advancements in the field while strengthening con- 

nections with stakeholders and end-users to ensure that reference 

genome resources are both scientifically robust and broadly accessi- 

ble. 

iBOL Europe is the European node of the International Barcode of 
Life Consortium (iBOL). It was established in 2021 to coordinate the 

growing DNA barcoding community across Europe by connecting ex- 

isting networks, scientists, and projects exploring biodiversity using 

DNA barcoding. The iBOL project aims to deliver DNA-based species 

identification and discovery, unravel biological interactions, and en- 

able high-throughput DNA biomonitoring. A key part of this work for 

iBOL Europe is to produce, curate, and provide access to a complete 

DNA barcode reference library of European eukaryotic biodiversity. A 

crucial element to enable this goal is the availability of well-identified 

specimens, with associated vouchers and suitable metadata. Its mis- 

sion aligns closely with GGBN, which provides centralized access to 

genomic data and encourages high-quality standards. 

Conclusions 

he Global Genome Biodiversity Network has become a pivotal force 

n the global biodiversity collections and data infrastructure land- 

cape by unifying biodiversity biobanks—repositories of biological 

aterials such as tissues, cells, DNA, environmental samples, cul- 

ures, and specimens—to enhance genomic research, conservation, 

ealth, and many other disciplines. Through its data portal, standard- 

zed frameworks (e.g., the GGBN Data Standard), and collaborations 

ith networks such as WFCC or ERGA, GGBN has enabled the cen- 

ralized discovery and sharing of over 7 million biological material 

ecords across GGBN member institutions. Its identifier system and 

cross-infrastructure linkages with platforms such as ENA have en- 

hanced interoperability, whereas the GGBN-GGI Awards Program has 

expanded representation of poorly covered regions and taxa. By prior- 

itizing ABS compliance and fostering partnerships across disciplines, 

GGBN has not only improved data-driven biodiversity research pro- 

cesses but also reinforced the ethical and equitable use of biological 

resources globally. 

Looking forward, GGBN’s success hinges on three pillars: 

1. Standardization: Deepening alignment of the GGBN Data Stan- 

dard with evolving frameworks such as Darwin Core, the Dar- 

win Core Data Package, and MIxS. This standardization ensures 

seamless interoperability with global systems while incorporating 

emerging standards to reflect the dynamic landscape of biodiver- 

sity informatics. 

2. Integration: Scaling the ENA linking model to platforms such as 

GBIF and DiSSCo, leveraging GGBN’s unified identifier system to 

create transparent connections between biological material, se- 

quence data, and metadata. This integration ensures traceability of 

derivation histories and supports reproducibility, with open stan- 

dardized interfaces enabling full integration into the global biodi- 

versity knowledge graph. 

3. Collaboration: Fostering knowledge sharing and collaboration 

among biobanks and institutions through GGBN conferences, we- 

binars, and the document library. GGBN relies on an engaged global 

community, as reflected in its member-driven governance. Topics 

such as data management, ABS, and sample preservation are ad- 

dressed collectively, helping shape and adapt best practices. 

It is commonly recognized that further biodiversity biobanks 

should be established in the Global South to counteract biodiversity 

loss (Angeles and Catap 2022 , Streit et al. 2024 ). To achieve this goal, 

prioritizing capacity-building in institutions in that region through 

programs such as the GGBN-GGI Awards is only logical, but several 

challenges remain to be addressed, including limited governmental 

research funding, infrastructure constraints, limited capacity build- 

ing, and sequencing costs that often exceed those in wealthier nations, 

along with the need to directly connect genomic research with societal 

and conservation priorities (Corrales et al. 2023 , Sánchez-Pacheco et 

al. 2025 ). To further strengthen the representation of the Global South 

within GGBN, it is planned to reach out to various genomic initia- 

tives for potential partnerships. In Latin America, these include the 

Colombian Genomic Network, the 1000 Genomes Project from Chile, 

the Neotropical Biogenomes Latin American Network, and the Ge- 

nomics of Brazilian Biodiversity consortium. East and Southeast Asia 

will be another key strategic focus over the coming years, with the 

2027 GGBN meeting in Asia planned to serve as a catalyst for new part- 

nerships and for the advancement of biodiversity biobanking across 

the region. 

A key function of the GGBN network is its role as a mediator at the 

interface between physical sample and specimen collections, and the 

sequence information derived from them. As DNA-derived data con- 

stitutes a rapidly growing segment of biodiversity data, the systematic 

linking of global biodiversity data with the world’s biobank data will 

remain essential for achieving both FAIR and CARE principles. This 

linkage is also critical for enabling efficient, transparent, and trusted 

data exchange across disciplinary, institutional, and national commu- 

nities involved in, for example, biodiversity and environmental re- 

search, health, and conservation. 
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However, during its establishment phase, GGBN had a strong focus 

n rapidly expanding the network and increasing the volume of data 

ade available through the GGBN Data Portal. To date, only limited 

tructured analyses have been conducted of data access patterns, as- 

ociated requests for material, or the composition of the user commu- 

ity (e.g., GGBN members versus external users and their respective 

esearch communities). In the next phase of development, we intend 

o place a stronger emphasis on the user perspective, with the aim 

f better understanding the needs of different user communities and 

sing these insights to guide the future evolution of the network. 

Regarding physical molecular and viable collections, the increased 

eposition of samples in the distributed physical infrastructure oper- 

ted by the GGBN members should be encouraged, particularly for 

arge-scale initiatives, in order to ensure long-term storage and sus- 

ained access to—and use of—both data and samples. This must be 

chieved in full compliance with the Nagoya Protocol and applica- 

le legal and regulatory frameworks. Accordingly, a continued core 

ocus of GGBN will be the international coordination and documen- 

ation of shared procedures and standards for the storage, handling, 

nd documentation of biological material, as well as for the consistent 

rovision of associated metadata. This includes, in particular (but not 

xclusively), the development and dissemination of best practices for 

ocumenting and providing genome-quality information, which is es- 

ecially critical when samples are used for long-read DNA sequencing 

nd other emerging high-resolution genomic approaches. 

The operation of the GGBN network will continue to require a broad 

nd diverse range of activities, including community coordination, 

apacity building, standards development and documentation, soft- 

are development, service operation, and help desk support. These 

ctivities are essential to maintaining interoperability, ensuring data 

uality, and supporting the growing, increasingly diverse user and 

iobank communities. Although some of these efforts can be sup- 

orted through in-kind contributions from GGBN members and, to 

 limited extent, through membership fees, the stable functioning of 

he technical and administrative offices will continue to depend on 

ubstantial financial support from research funders. Such support is 

ssential in recognition of the key role of the GGBN network in linking 

iodiversity data beyond the core domains of its partner institutions 

nd in enabling cross-domain integration at a global scale. 
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