TREE 3290 No. of Pages 5

Trends in

Ecology & Evolution

A global inttiative for
ecological and
evolutionary
nologenomics

Aoife Leonard’,
Earth Hologenome
Consortium? and
Antton Alberdi

Initiative

1,

The Earth Hologenome Initiative
(EHI) is a global collaboration to gen-
erate and analyse hologenomic data
from wild animals and associated
microorganisms using standardised
methodologies underpinned by
open and inclusive research princi-
ples. Initially focused on vertebrates,
it aims to re-examine ecological and
evolutionary questions by studying
host-microbiota interactions from a
systemic perspective.

Towards a deeper understanding
of hologenomes

Most animals on Earth live in intimate as-
sociation with microorganisms, which
provide their host with an array of func-
tional capabilities that can influence phys-
iological processes and individual fitness
[1]. Hologenomics comprises the joint
analysis of host genomes, microbial
metagenomes (see Glossary), and their
combined functional attributes, to unravel
the underpinnings of such host-microbiota
interactions [2]. To date, hologenomic in-
formation remains scarce, dominated by
amplicon sequencing data derived
from humans, model organisms, and
farm/domestic animals, with limited repre-
sentation of wild animals (Figure 1A and
see also the supplemental information on-
line). However, there is an ongoing rise in
both the number of animal reference ge-
nomes and catalogues of functionally

annotated prokaryotic genomes [3,4]. In
addition, powerful tools for shotgun se-
quencing-based data generation and
analysis have also recently been developed
[5-7]. These significant advancements
now enable the comprehensive exploration
of (meta)genome-wide information in wild
host-microbiota systems or holobionts [8]
(Figure 1B). Ecological niche shift, range
expansion, invasion, domestication, dis-
ease transmission, and resistance devel-
opment, extinction, and adaptation to
environmental change are but a few of the
eco-evolutionary processes that can be
revisited from the integrative perspective
of host-microbiota systems [9].

The complexity, spatiotemporal variability,
and scale-dependent nature of eco-
evolutionary processes require a large
and coordinated effort to systematically
generate comparable host-microbiota data
from a taxonomically, ontogenically, func-
tionally, environmentally, and geographically
representative number of animal species
worldwide. In response to this need, the
EHI (www.earthhologenome.org) was es-
tablished to promote, facilitate, coordinate,
and standardise hologenomic research on
wild organisms. Focused on terrestrial ver-
tebrates in its initial phase, the EHI encom-
passes projects with diverse study designs
and goals following standardised and
open-access sample collection and preser-
vation, data generation, and data manage-
ment criteria. By establishing a robust
consortium and implementing an open,
transparent database, we strive to actively
cultivate collaboration and knowledge
transfer, improve data generation quality
and efficiency, and yield beyond state-
of-the-art scientific outputs.

Goals and anticipated outcomes
The EHI aims to achieve five strategic
goals that will benefit the scientific com-
munity in terms of scientific outputs, meth-
odological development, infrastructure
availability, and networking, all grounded
in solid ethical principles (Figure 1C).
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Glossary

Amplicon sequencing data: genetic information
obtained through sequencing of a selectively
amplified DNA region.

CARE principles: research principles that consider
the rights and interests of Indigenous peoples to ensure
collective benefit, authority to control, responsibility, and
ethics in working with research data.

FAIR principles: research principles that aim to
facilitate data sharing by making research data
findable, accessible, interoperable, and reusable.
Microbial metagenome: collective genetic material
derived from a microbial community in a particular
sample.

Reference genome: a representative version of a
genome that serves as a template for comparing and
analysing the genetic material of individuals within a
species.

Shotgun sequencing data: genetic information
obtained through sequencing total DNA.

Terabase: genomic data of a magnitude of

one trilion (10" nucleotide bases.

Science

The main scientific objective of the EHI is
to investigate eco-evolutionary processes
through a host-microbiota lens, by jointly
analysing whole-genome (re)sequencing
data of wild animal hosts and genome-
resolved metagenomic data of associated
microbial communities, encompassing
large spatiotemporal scales, including host
genetic structure, host phenotypic traits,
functional microbiome properties, and envi-
ronmental features. Accounting for these
factors increases our capacity to generate
higher-order conclusions about animal—
microbiota interactions, and their contribu-
tions to eco-evolutionary processes. Some
examples include microbial contributions to
local adaptation, adaptive radiation of host
animals, and host contributions to functional
diversification and spatial distribution of
microorganisms. Collectively, these findings
can provide valuable insights for policy-
makers and managers, empowering the
development and implementation of
microbiome-aware wildlife conservation
and management strategies [10].

Methodology
The primary methodological objective of
the EHI is to develop and implement
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Figure 1. Overview of hologenomic datasets available at public INSDC databases and the goals of the Earth Hologenome Initiative (EHI). (A) A
programmatic search (details in supplemental information online) for linked animal genomic and microbial metagenomic information in international research data
archives yielded 31 research projects, none of them based on wild animals. (B) The EHI was conceived to fill this knowledge gap, by generating paired animal genomic
and microbial metagenomic data in wild animals worldwide within an open and collaborative framework. (C) Overview of the five strategic goals of the EHI. INSDC
stands for International Nucleotide Sequence Database Collaboration, and interconnects the DDBJ (DNA Data Bank of Japan), ENA (European Nucleotide Archive),
and NCBI (National Center for Biotechnology Information, USA) databases.

standardised sampling, preservation,
and laboratory methods based on open
resources and knowledge. This effort
aims to address the limited comparability
and reproducibility of microbiome studies
to date, resulting from the high sensi-
tivity of microbiome analyses to cross-
contamination and variations in sample

collection, preservation, and data gen-
eration methods [11]. All procedures
are openly shared with the research
community through the EHI website
and developed so that they can be
reproduced, automated, and deployed
in different laboratories, with maximum
cost-effectiveness.
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Infrastructure

The main infrastructure goal of the EHlis to
pioneer a novel strategy for transparent
and reproducible research. This entails
providing other researchers with direct ac-
cess to real-time information on project
progress, sample processing updates,
and data generation status. In addition,
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we aim to maximise outcomes from field-
work efforts by making biological samples
and DNA extracts available for other re-
searchers, whenever allowed by legislation.
This will aid multidisciplinary research in-
vestigations and help to decrease costly
field sampling and disturbance of wild ani-
mal populations while fostering collabora-
tion among researchers.

Network

Disentangling the complexity of host—
microbiota interactions in wild animals
requires joint contributions of researchers
encompassing multiple disciplines,
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geographical regions, and career develop-
ment stages. This network is essential
to make the most informed decisions re-
garding the scientific questions to be ad-
dressed, collect samples worldwide, and
analyse and interpret the generated resullts.
The EHI network provides an opportunity
to build international bridges to foster muilti-
directional knowledge transfer among re-
searchers interested in ecological and
evolutionary hologenomics.
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across Earth is only achievable through
the inclusive collaboration of diverse re-
searchers and communities around the
world, and responsible sharing of local ge-
netic resources and knowledge. As such,
the EHI is governed by open science, em-
bracing CARE and FAIR data governance
principles [12,13], and complying with all in-
ternational, national, and regional regulations
stemming from the United Nations’ Conven-
tion on Biological Diversity (www.cbd.int).

Progress status and future steps
Conceived in 2020, the EHI is progressing
through three phases (Figure 2A). The initial
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Figure 2. Overview of sample collection and data processing of the Earth Hologenome Initiative (EHI) in early 2024. (A) A 10-year roadmap indicating the
main tasks associated with the three phases of the EHI. (B) World map with the geographical locations of sampled animals as shown on the www.earthhologenome.org
website. Only samples stored in the EHI biobank and indexed in the database are displayed. The map reflects the geographical bias of the developmental phase of the EHI,

which was primarily limited to Europe while administrative and logistic aspects of worldwide sampling were being addressed. (C) Sankey diagram displaying an overview of
sample and data amounts throughout the EHI workflow. Abbreviation: MAG, metagenome-assembled genome.
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developmental phase (2020-2023) focused
on building the administrative, logistic, and
technical framework, and generating pre-
liminary data (see supplemental information
online). This resulted in the distribution
of 170 standardised EHI sampling kits
among 86 participants, which yielded a cu-
mulative submission of over 8500 samples
from 244 distinct vertebrate species across
the world (Figure 2B). The generation of
hologenomic information from these sam-
ples has already produced >10 terabases
of sequencing data, with an even split
between host genomic and metagenomic
data. Reference genomes with variable
assembly levels were only available for
19% of the analysed species (see supple-
mental information online), which highlights
the ongoing need to coordinate informa-
tion exchange with reference genome-
generating consortia [14]. The other half
of the generated data, namely the
metagenomic fraction, yielded nearly 30
000 draft bacterial genomes (Figure 2C).
Fewer than 15% of these genomes were
annotated at the species level, underscoring
the fact that wild vertebrates harbour an
enormous quantity of bacteria heretofore
undescribed by genomic science. The
knowledge generated in this preliminary
phase has been crucial in shaping the
design and guiding future steps. During
the next consolidation phase (2024-2026)
we are initiating targeted studies concen-
trating on one or a few focal taxa, following
study-specific designs. The subsequent
integration step (2027-2029) will entail
the utilisation or reutilisation of hologenomic
data derived from diverse individuals,
populations, and species, with the goal
of unravelling global patterns and ad-
dressing overarching biological questions
at the forefront of science.

The EHI boldly steps into the realm of a
largely unexplored scientific territory, with
significant work ahead to achieve a com-
prehensive overview of host-microbiota
systems or holobionts across taxa and
biomes. With over 15 active projects and
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more than 60 participating agreements
in place, a rich scientific output is an-
ticipated. Furthermore, the initiative's
transparent procedures and collaborative
ethos are likely to attract a wave of innova-
tive researchers equipped with fresh per-
spectives and advanced analytical skills.
This collective drive is poised to propel pio-
neering hologenomic research to deepen
our insights into the intricate interconnec-
tedness of Earth's life forms, while tackling
challenges at the frontiers of the global
research, biodiversity, and sustainability
agendas [15].
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