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Abstract

Omic BON is a thematic Biodiversity Observation Network under the Group on Earth Observations Biodiversity Observation Net-
work (GEO BON), focused on coordinating the observation of biomolecules in organisms and the environment. Our founding partners
include representatives from national, regional, and global observing systems; standards organizations; and data and sample man-
agement infrastructures. By coordinating observing strategies, methods, and data flows, Omic BON will facilitate the co-creation of
a global omics meta-observatory to generate actionable knowledge. Here, we present key elements of Omic BON'’s founding charter
and first activities.
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Background

Omics biodiversity observation - challenge and
opportunity

All life on earth - from microbes to giant sequoias - depends
on biomolecules involved in the transfer of information, such as
genes, transcripts, and proteins. Analysis of these biomolecules
can help us monitor biodiversity and understand how it is chang-
ing in response to human activities, environmental or biological
pressures, or due to genetic drift or mutations. Molecular tech-
niques, collectively known as omics, offer a powerful toolset for
such investigations.

Referring to the holistic study of elements that compose a
greater whole, omics is used by the biomolecular community
to describe the study of DNA and RNA sequences, proteins,
metabolites, and other biomolecules in (i) organisms (genomics,
transcriptomics, proteomics, or metabolomics) or (ii) environmen-
tal material samples (environmental DNA/RNA, metagenomics,
metatranscriptomics, metaproteomics, and metabolomics
analyses).

Widely applied in biomedical research, omics has great po-
tential in environmental and biodiversity studies [1, 2]. Various
sociotechnical challenges, however, continue to impede the use
of biomolecular evidence in public policy and resource manage-
ment options [3, 4]. The challenges to be surmounted include
(i) insufficient coordination among the various actors involved
in biodiversity omics; (ii) sparse and infrequent omic observa-
tions across many regions, environments, or ecosystems, espe-
cially with respect to baseline and time-series data; (iil) insuffi-
cient convention and agreement on common practices for access-
ing, tracking, and storing the biosamples that underpin omic anal-
yses; and (iv) a lack of standardized practices and operational-
ization of FAIR (Findable, Accessible, Interoperable, Reusable) [5]
and CARE (Collective Benefit, Authority to Control, Responsibil-
ity, and Ethics) [6] data principles. Taken together, these obstacles
challenge the seamless integration of omic observations in scien-
tific syntheses and can have significant ethical, legal, and social
implications (e.g., contributing to the limited success of Conven-
tion on Biological Diversity (CBD) Access & Benefit Sharing (ABS)
provisions [7]).

Addressing these challenges will require global coordination
of key actors; overcoming regional silos by ensuring compati-
bility of baselines, time-series, and reference libraries; develop-
ing concerted strategies and agreed-on common practices for
managing biosamples; coordinating and maturing data, informa-
tion standards, and strategies; and connecting to social benefit
areas.

The Omic BON Solution

The Group on Earth Observations Biodiversity Observation Net-
work (GEO BON) endorsed the Omic Biodiversity Observation Net-
work (Omic BON) to address the above challenges. Founding part-
ners of Omic BON include observing networks, data/sample in-
frastructures, and standards and best practices organizations. Its
overarching aim is to implement a meta-observatory of life at the
molecular scale across earth systems (Box 1).

Omic BON will coordinate efforts along eight principal axes:
(i) localized omic observatories; (ii) networks of observing plat-
forms; (iil) data infrastructures; (iv) curated, long-term stores of
biosamples; (v) (meta)data standardization bodies; (vi) coordina-
tion and integration with other biological and environmental ob-
serving; (vil) documentation and coordination practices and stan-

dards; and (viii) identification and iteration on requirements to
benefit science, society, and nature.

Box 1: Omic BON’s vision, mission, and goals
Vision
A sustainable, responsive, and globally integrated omic

meta-observatory that monitors biodiversity at the molec-
ular level.l

Mission

To transition the fragmented observations of biomolec-
ular diversity into coordinated contributions to a meta-
observatory for collective insight and action.

Meta-observatory

A distributed observatory to which anyone performing well-
documented observations - from citizen science initiatives
to established long-term observatories - can contribute.
The observations conducted independently across time and
space are integrated into a coordinated body of (meta)data
through a harmonized community of practice, shared stan-
dards, and agreed-on methods. Benefits are shared among
the contributors and with broader society for the common
good.

Goals

® Provide a forum to discuss and coordinate omics meth-
ods, standards, and approaches among the land, ocean,
freshwater, and human-health observing communities

® Facilitate standard protocol development to build reli-
able baselines of biomolecular diversity

® Facilitate calibration among partners as omic technolo-
gies develop, are adopted, and evolve, channeling inno-
vations (new sequencing technologies, automated sam-
plers, data science) into meta-observatory operations

® Support partners in overcoming regionalization and silo-
ing of biomolecular observations, data, and applications

® Facilitate the establishment, sustainability, and interop-
erability of omic time series

® Facilitate sharing and sustained delivery of trusted
biomolecular (meta)data and information products to
global aggregators (International Nucleotide Sequence
Database Collaboration [INSDC], Ocean Biodiversity In-
formation System [OBIS], Global Biodiversity Informa-
tion Facility [GBIF]), compatible with specifications rel-
evant to the essential biodiversity variables (EBVs),
essential ocean variables (EOVs), and other biodiver-
sity monitoring mechanisms at local to global scales
and with proper respect for ethical, legal, and social
issues

® Highlight contributions of partners by establishing a reg-
ular global assessment of change in biomolecular di-
versity, reporting trends in biomolecular-based variables
and indicators worldwide

® Support mechanisms to detect sudden or consequential
events that facilitate appropriate authorities in consid-
ering collective, targeted actions in response to emerging
threats (e.g., to health of humans, agriculture, aquacul-
ture, and fisheries) or needs (e.g., in monitoring invasive
species or illegal trade in protected species)

In order to achieve Omic BON'’s goals, we will start with three
initial activities:
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1. Establish an operational Omic BON with funding, gov-
ernance, and administrative support

2. Develop Omic BON’s data strategy to improve the avail-
ability, reusability, and interoperability of global omics
biodiversity data and achieve the sustained delivery of
key data/information products in support of the Omic
BON goals

3. Establish Omic BON’s strategy for tracking/indexing
samples to build the meta-collection pillar of the meta-
observatory, including recommended practices (in sci-
entific, ethical, legal, social dimensions) for accessing,
tracking, and storing the biosamples that underpin
omic observations and future analyses of those sam-
ples (sharing samples, ex situ access)

These foundational activities will evolve and grow in number
to reflect current and future priorities in omics observing.
For up-to-date information on Omic BON activities, please
consult our website [8].

1As such, Omic BON will address the finest scale of biodiver-
sity, as noted in the CBD.

Omic BON emerged through joint collaborations across existing
initiatives. Omic BON was formed by the union of the Global
Omics Observing Network (GLOMICON, an outcome of the At-
lantOS project) and the Genomic Observatories Network (GOs
Network [9], a collaboration of GEO BON and the Genomic Stan-
dards Consortium [GSC]). Forming Omic BON under GEO BON was
envisioned in consultation with Marine BON (MBON) at the 2018
AtlantOS Workshop and the GSC21 meeting in 2019.

Omic BON was formally proposed to GEO BON in 2021 with the
support of founding partners from

® Long-term observatories and observation networks: National

Science Foundation’s National Ecological Observatory Net-
work (NEON), Marine Global Earth Observatory (MarineGEO),
Agriculture and Agri-Food Canada (AAFC), European Marine
Biological Resource Centre (EMBRC), Australian Microbiome
Initiative (AM), and MBON
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Figure 1: High-level positioning of Omic BON across related projects and initiatives. Omic BON originated out of the union of the Global Omics
Observatory Network (GLOMICON) and the Genomics Observatories Network (GOs Network), partnering with established observatory-grade activities.
With its partners, Omic BON will support the coordination of omics observations into a meta-observatory. Within GEO BON, Omic BON will
complement thematic BONs focused on environments (Marine BON, Freshwater BON, Soil BON), as well as National and Regional BONs. Omic BON will
additionally work closely with the GEO BON Genetic Composition Working Group as well as the Species Population Working Group and will coordinate
with the relevant Knowledge Hubs as they arise. Further, Omic BON will contribute to the coordination of omics-enabled essential variables (EVs)
between GEO BON and the Global Ocean Observing System (GOOS). Within the context of the UN Decade of Ocean Science for Sustainable
Development, Omic BON will work closely with the Decade’s Ocean Biomolecular Observing Network (OBON), which will be a key contributor to the
marine component of Omic BON. Through OBON, Omic BON will further coordinate with the relevant Decade Actions such as the Marine Life 2030
(ML2030) program, the Digital Twins of the Ocean (DITTO) program, the Better Biomolecular Ocean Practices (BeBOP) project, and so on. Moreover,
Omic BON will collaborate with the relevant data and sample infrastructures, such as the Global Biodiversity Information Facility (GBIF), the Ocean
Biodiversity Information System (OBIS), the International Nucleotide Sequence Database Collaboration (INSDC), and the Global Genome Biodiversity
Network (GGBN), with relevant standards and best practices bodies, such as the Genomic Standards Consortium (GSC), Biodiversity Information
Standards (TDWG), and the Ocean Best Practices System (OBPS), to support their application and maturation, as well as with ethical, social and legal
bodies, such as the Local Contexts initiative to ensure responsible practices.
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Start-up phase

intended duration: ~1 year

Operational phase

intended duration: unlimited; with terms of election for the SC

Exploratory Committee (EC)

Charge: Initiate the coordination and
management structure for Omic BON; that
is, its Steering Committee, Secretariat, and
General Assembly and ensure that such a
structure is: 1) efficiently co-designed by
partners, 2) sustainable, and 3) inclusive,
representing varied interests across
continents and societal benefit areas.

Advisory Committee (AC)

Charge: Provide the EC and SC with
advice on how to engage multiple domains
from science to applications (e.g.
conservation, aquaculture/agriculture,
natural heritage, and policy development)
in its operational phase.

Steering Committee (SC)

Charge: Set the strategic direction of
Omic BON

General Assembly (GA)

Omic BON institutional / individual
contributors

Legend

Charge: Select the SC; Review and implement
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will establish |_> consists of

Is actively and persistently/repeatedly/continually
contributing data to the meta-observatory (a node in
the network)

Is actively helping to curate, uplift, extend or
otherwise augment data used by the meta-
observatory

Is actively developing software, workflows, or other
tooling which augments the meta-observatory

Is providing infrastructure, personnel time, or other
core capacity to the meta-observatory

Is otherwise concretely and continuously supporting
the operations, resourcing, or steering of the meta-
observatory
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relevant to omics observing
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Charge: Address specific, time-limited other distribution channels
tasks relevant to omics observing with
the aim to develop a particular product
—> Omic BON founding members

Secretariat

Charge: Implement the strategy, as set by the SC,
and be responsible for the administration and
coordination of Omic BON

Participated in creation of and reviewed draft of
published founding charter
Supported initial creation of Omic BON

Figure 2: Omic BON'’s proposed governance structure and its parts main responsibilities.

Start-up phase: Omic BON will formalize its organization during the start-up phase (anticipated duration 1 year) with 2 transitional committees: an
Exploratory Committee (EC) tasked with coordination and management and an Advisory Committee (AC) representing key partner organizations.
Operational phase: This will progress into the operational phase, where the initial committees will transition into clearly scoped bodies and
mechanisms, operating along publicly released terms of reference. To transition, the EC will appoint the first Steering Committee (SC), which will set the
strategic direction of Omic BON. The SC will initiate the Omic BON membership and form a General Assembly (GA) thereof. In addition to the founding
members, we envision the GA will include both contributors who are actively contributing or managing data as a node in the network and community
members who participate in discussions and contribute in other ways toward the BON. Subsequently, members of the SC will be nominated and elected
by the GA. Implementation or fulfillment of SC strategy and decisions will be carried out by a Secretariat, which is appointed by and reports to the SC.
Interest groups (IGs) and working groups (WGs) will be formed based on the strategy laid out by the SC, which will put out a call for IGs and WGs every
year at the annual meeting. Based on that call, motions to form IGs/WGs can be proposed by members of the GA and reviewed by the secretariat and

SC.

® Data and sample infrastructures: GBIF, OBIS, and Global
Genome Biodiversity Network (GGBN)

® Standards and methodology management organizations:
GSC, Biodiversity Information Standards (TDWG), and Ocean
Best Practices System (OBPS)

® Global ocean observing networking programs: Global Ocean
Observing System (GOOS) and Ocean Biomolecular Observing

Network (OBON

With the official endorsement in 2022, Omic BON became the
first thematic BON focused on an observational technique.

Omic BON will continue to bring together observers and ob-
servatories across sectors and environments. We benefit from
the coordination already occurring in the marine domain, in part
due to the mobilization spurred by the United Nations Decade of
Ocean Science for Sustainable Development (UN Ocean Decade),
and similar but at present largely parallel efforts in the
terrestrial, freshwater, atmospheric, and space/extra-terrestrial
domain.

Figure 1 shows the high-level positioning of Omic BON across
related projects and initiatives. Organizations are encouraged to
join Omic BON from across the omics biodiversity observing com-
munity to facilitate global collaboration and operationalization.

The co-authors of this charter agree to champion Omic BON and
help formalize the relationship between Omic BON and their re-
spective organizations as necessary and appropriate.

To build a structural foundation for Omic BON's long-term suc-
cess, it will operate with a defined governance structure with dis-
tributed responsibilities and terms. The initial governance struc-
ture of Omic BON is illustrated in Figure 2.

Ethical, legal, and social considerations are essential in omics
biodiversity observation to ensure responsible and sustainable
practices. An example of particular importance for omics is the
Nagoya Protocol of the CBD, which aims to ensure fair and eq-
uitable distribution of benefits derived from the study and uti-
lization of genetic resources [10]. Recent developments consider
how ABS provisions might extend to Digital Sequence Information
(DSI) and, under the Law of the Sea, to areas of biodiversity be-
yond national jurisdiction (BBNJ). More broadly, Omic BON will ad-
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dress how toimplement the CARE principles (e.g., implementation
through the Traditional Knowledge and Biocultural Labels and
Notices, see [11]). These mechanisms support Omic BON in mak-
ing Indigenous data visible and transparent for Indigenous au-
thority and governance. Additionally, it will be essential to develop
a diversity, inclusion, and equity strategy to ensure that the inter-
ests and operational realities in Omic BON’s scope are well repre-
sented. Further, the effective communication of research findings
will be instrumental in enhancing public understanding and par-
ticipation in biodiversity conservation. To achieve this, it is crucial
to ensure quick dissemination of trusted information products,
along with realistic and transparent information about the capa-
bilities and limitations of omics, including environmental DNA,
technologies. Collaboration between researchers, policymakers,
private sector, and other stakeholders is key to developing guide-
lines and pipelines that ensure responsible, inclusive, and effec-
tive/informative practices in omics biodiversity observation. With
these aspects, omics biodiversity observation can build a founda-
tion to uphold ethical standards, comply with legal frameworks,
and promote positive social outcomes.

Conclusions

Omic BON will serve the global omics biodiversity community
through open, trusted, and inclusive coordination. This is crucial
to help coordinate omics research and technology information to
effectively and sustainably contribute to the global baselines and
trusted indicators needed to address pressing threats to the bio-
sphere and opportunities for conservation and sustainable devel-
opment. We envisage that the Omic BON community will estab-
lish a meta-observatory with decadal strategies and interoperabil-
ity models, forging sustained links to an ever-growing collection
of stakeholders and global programs. This fundamental step in
mainstreaming omic approaches will help build the collective ca-
pabilities and intelligence needed to address the grand scientific
and societal challenges of our time.
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United Nations Decade on Ecosystem Restoration; WG: Working
Group.
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