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Abstract 

Background: The Earth Hologenome Initiative (EHI) is a global endeavor dedicated to revisit fundamental ecological and evolutionary 
questions from the systemic host–microbiota perspective, through the standardized generation and analysis of joint animal genomic 
and associated microbial metagenomic data. 

Results: The first data release of the EHI contains 968 shotgun DNA sequencing read files containing 5.2 TB of raw genomic and 

metagenomic data derived from 21 vertebrate species sampled across 12 countries, as well as 17,666 metagenome-assembled genomes 
reconstructed from these data. 

Conclusions: The dataset can be used to address fundamental questions about host–microbiota interactions and will be available to 
the research community under the EHI data usage conditions. 

Keywords: Bacteria, Genome, Genome-resolved metagenomics, MAG, Metagenome-assembled genome, Metagenomics, Microbiome, 
Microbiota 
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ackground 

he Earth Hologenome Initiative (EHI) [ 1 ] stands as a global scien-
ific undertaking dedicated to revisit fundamental ecological and
volutionary questions from the systemic host–microbiota per-
pective [ 2 , 3 ]. This goal is pursued through hologenomics, namely,
he joint generation and analysis of host genomic and associated

icrobial metagenomic data [ 4 ]. The EHI unfolds through a 2-
evel approach with the participation of worldwide researchers
epresenting > 80 countries. At the initial level, the small- to

edium-scale projects are executed, aiming to address taxon- or
nvironment-specific scientific inquiries. While the sampling de-
igns of each project are tailored to particular scientific questions,
ll projects follow standardized sample collection, metadata ac-
uisition, and data generation procedures [ 5 ]. The second level

everages the inherent comparability of previously generated data
o explore broad ecological and evolutionary questions requiring
xtensive taxonomic and geographical representation and larger
mounts of data. 

The EHI methodologies fully rely on DNA shotgun sequencing,
nabling genome-wide analyses of animal hosts [ 6 ] and genome-
esolved metagenomic analysis of their associated microbial com-
unities [ 7 ]. Due to the primary interest in intestinal microbial

ommunities, both data types are primarily sourced from fecal
amples, which serve both as a proxy for lower intestinal micro-
ial communities [ 8 , 9 ] and as a useful data source for population
enomic analyses [ 10 ]. Alternative sample types, such as blood
nd tissue samples, are also used when the amount of host DNA in
eces is insufficient for host genome analyses. Occasionally, other
ample types, such as skin or oral swabs, are also collected in the
ontext of specific projects. Samples are usually obtained from
ive animals captured in the wild to ensure the collection of un-
ltered specimens along with relevant metadata about the host.
he animals are released immediately after sampling. 

This EHI data release includes raw DNA sequencing read files
nd metagenome-assembled genomes derived from these data
 11 ]. All sequencing data are associated with a rich set of stan-
ardized metadata encompassing host phenotype, fieldwork, and

aboratory information, which are required for the interpretation
f the results. 

ata Description 

ontext 
his first EHI data release contains raw sequencing data derived
rom 21 vertebrate species (Table 1 ). A total number of 902 sam-
les were collected from animals across 317 sampling events that
ook place in 12 countries between January 2021 and December
023 (Fig. 1 ). The sampling locations spanned 20 biomes, with
ost samples derived from temperate woodlands, followed by

ropical forests, temperate shrublands, lakes or ponds, and polar
undra. All sampled specimens except the Greenland sled dogs
 Canis lupus familiaris ) were wild animals. 

Six different types of samples were processed: anal/cloacal
wabs ( n = 22), colon contents ( n = 26), feces ( n = 891), oral swabs
 n = 13), skin swabs ( n = 6), and skin tissue samples ( n = 5). For
 comparison of the quality of data generated from fecal and
nal/cloacal swabs, see Pietroni et al. [ 5 ]. From these samples, 963
ibraries were sequenced to yield 5,198 GB of data, with an average
f 5.39 ± 3.84 GB per sample, representing 33% of the total data
enerated within the EHI until March 2025. The released data in-
lude 6.88% ± 7.14% of low-quality DNA, 16.57% ± 27.52% of DNA
apped to host genomes, and 76.54% ± 28.74% of metagenomic
NA. 
The current data release also includes 17,666 metagenome-
ssembled genomes (MAGs) derived from the binning of individ-
al metagenomic assemblies conducted on the released sequenc-

ng data (Fig. 2 ). These MAGs derive from 15 different vertebrate
pecies (Fig. 3 ) and have an average completeness value of 83.5%

15.3% and contamination value of 1.84% ± 2.07%. The catalog
pans 33 phyla, with Bacillota A (7,660 MAGs) and Bacteroidota
5,466 MAGs) encompassing 73.9% of the reconstructed genomes.
 total of 15,539 MAGs displayed an average nucleotide identity

ANI) below 95% with respect to any genome available at the R214
TDB database [ 12 ], indicating an average novel species discov-
ry rate of 87.9% [ 13 ]. All amphibian and reptile species displayed
ovel species discovery rates above 90%, with a maximum rate
f 97.5%, as observed in the common wall lizard Podarcis muralis
Table 1 ). 

ethods 

ata were generated using the standardized field, laboratory, and
ioinformatic procedures implemented in the EHI, which are ex-
lained below. 

ample collection 

ample collection was conducted by the field scientists included
n the author list, as specified in the Author Contributions sec-
ion. Every field researcher received identical sampling guidelines
nd a standardized EHI sampling kit equipped with barcoded
ample collection tubes containing 1 mL DNA/RNA Shield buffer
Zymo Research). In accordance with the manufacturer’s guide-
ines, a 1:10 sample-to-buffer ratio was employed, equating in
he case of feces to approximately 100 mg of material. Adhering
o EHI sample collection guidelines, samples were systematically
ccompanied by standardized metadata as outlined by Leonard
t al. [ 1 ]. Most individual animals contributed at least 2 samples:
ecal samples or anal/cloacal swabs were collected to generate
ut microbial metagenomic data, while blood or tissue samples
ere collected to generate host genomic data when the host DNA

n feces was insufficient for genome analysis. The samples were
rozen within 2 weeks from collection, and details regarding sam-
le preservation procedures prior to freezing were documented in
he EHI database. 

aboratory processing 

aboratory sample processing was conducted at the Globe Insti-
ute’s (University of Copenhagen) molecular laboratory in Copen-
agen, Denmark, following the established EHI laboratory proto-
ols [ 14 ]. In summary, samples underwent bead-beating before
NA isolation employing silica magnetic beads (G-Biosciences)
ith solid-phase reversible immobilization. The concentration
f DNA extracts was quantified through a Qubit 3 Fluorometer
Thermo Fisher Scientific) using dsDNA HS (High Sensitivity) As-
ay Kits (Thermo Fisher Scientific). Subsequently, DNA was frag-
ented into approximately 450-bp-long fragments using a Co-

aris LE220 platform (Covaris). Library preparation followed the
igation-based BEST protocol [ 15 ], utilizing a standard input of
00 ng DNA in 24 μL or the closest amount feasible based on the
ample DNA concentration. We used 1.5 μL of 20 μM adapters
or a 50- to 200-ng DNA input, 1.5 μL of 10 μM for 10–50 ng, 1.5
L of 5 μM for < 10 ng, and 1.5 μL of 2 μM for samples below

he quantification range. Libraries underwent quantitative PCR
creening to determine the optimal number of library indexing
CR cycles [ 16 ], followed by PCR amplification using unique dual
ndex primers with an adjusted number of cycles. The result-
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ing libraries underwent automated capillary electrophoresis using 
Fragment Analyzer (Agilent) for assessment of fragment-length 

distribution, adapter dimers, and adapter-to-library molar ratios. 
Finally, samples were pooled into 21 sequencing batches, and se- 
quencing was performed across multiple lanes of NovaSeq6000 
(RRID:SCR_016387) and NovaSeq X (RRID:SCR_024569) plat- 
forms (Illumina), generating an average of 5 GB (approximately 
16.6 million reads) of 150-bp paired-end sequencing data per 
sample. 

Bioinformatics 
The raw sequencing data underwent processing through the au- 
tomated EHI bioinformatic pipeline [ 17 ], which is briefly explained 

below. The raw, intermediate, and final data were archived in the 
Electronic Research Data Archive at the University of Copenhagen 

[ 18 ]. Meanwhile, sample locations and pertinent metadata were 
stored in the EHI Database, built upon the Airtable software. Com- 
putation tasks were executed on the local cluster of the Globe In- 
stitute (Mjolnir), using custom bioinformatic pipelines based on 

Snakemake (RRID:SCR_003475) [ 19 ] and executed through slurm 

[ 20 ]. 
In the preprocessing step, fastp [ 21 ] was employed for quality 

filtering, followed by alignment against the reference host genome 
using Bowtie2 (RRID:SCR_016368) [ 22 ]. Mapped reads were re- 
tained for genomic analyses, while unmapped reads were isolated 

using SAMTOOLS (RRID:SCR_002105) [ 23 ] for subsequent metage- 
nomic analyses. The unmapped fraction underwent complexity 
analysis using Nonpareil 3 [ 24 ] and microbial fraction estimation 

using SingleM [ 25 , 26 ]. Subsequently, metagenomic assemblies 
were conducted for each individual sample using MEGAHIT v1.2.9 
[ 27 ], followed by binning using CONCOCT [ 28 ], MaxBin2 [ 29 ], and 
Table 1: Summary statistics of the animal species represented in the
part of the supporting files. 

Species Taxonomy 
Sampling 

events Individuals

Calotriton asper Urodela, Amphibia 5 31 
Canis lupus familiaris Carnivora, 

Mammalia 
14 58 

Chalcides striatus Squamata, Reptilia 2 2 
Geospizopsis unicolor Passeriformes, Aves 1 2 
Lepus europaeus Lagomorpha, 

Mammalia 
15 25 

Lissotriton helveticus Urodela, Amphibia 16 88 
Natrix astreptophora Squamata, Reptilia 2 2 
Perisoreus infaustus Passeriformes, Aves 2 2 
Plecotus auritus Chiroptera, 

Mammalia 
1 2 

Podarcis filfolensis Squamata, Reptilia 9 43 
Podarcis gaigeae Squamata, Reptilia 17 61 
Podarcis liolepis Squamata, Reptilia 2 13 
Podarcis milensis Squamata, Reptilia 8 26 
Podarcis muralis Squamata, Reptilia 35 154 
Podarcis pityusensis Squamata, Reptilia 12 43 
Psittacula echo Psittaciformes, Aves 49 48 
Salamandra atra Urodela, Amphibia 1 2 
Sciurus carolinensis Rodentia, 

Mammalia 
47 65 

Sciurus vulgaris Rodentia, 
Mammalia 

76 74 

Trichosurus vulpecula Diprotodontia, 
Mammalia 

2 2 

Zonotrichia capensis Passeriformes, Aves 1 2 
etaBAT2 [ 30 ]. Assembly statistics were generated using QUAST
5.2.0 [ 31 ]. The bins were subsequently refined using MetaWRAP’s
efinement module [ 32 ] with CheckM [ 33 ]. Taxonomic annotation
tilized GTDB-tk v2.3.0 [ 12 ] against the R214 GTDB database [ 34 ],
nd the phylogenetic tree of MAGs was constructed by pruning
he reference genomes using drop.tip function of the ape R pack-
ge [ 35 ]. 

ata archiving 

aw sequencing data (FASTQ format) were archived at the Eu-
opean Nucleotide Archive (ENA), while draft bacterial genomes 
FASTA format) were compiled in a tarball file and archived in Zen-
do. We also offer users the option to obtain download links to
pecific MAGs directly from the EHI database [ 36 ]. Metadata spe-
ific to this data release, as well as the code used for visualization
nd summary statistics, are stored in GitHub, with a release frozen
n Zenodo. Relevant URLs, DOIs, and accession numbers are men-
ioned in the Data Availability section. 

ata validation and quality control 
e implemented numerous measures in the field, laboratory, and 

ioinformatic procedures to ensure that the generated data were 
epresentative of the collected biological samples and comparable 
cross samples obtained by different field researchers across the 
orld [ 37 ], as detailed below. 

ield quality control 
he quality control measures implemented in the field included
he usage of standardized sampling kits and guidelines to en-
ure all samples were collected following identical procedures. All 
eld researchers were informed about the sensitivity of shotgun 
 first EHI data release. Detailed metadata tables are available as 

 Samples Data (GB) 
Microbial 
genomes 

Percentage 
new 

37 230.4 745 95.0 
58 333.7 1,252 39.3 

2 39.5 0 −
2 18.3 0 −
50 252.6 711 85.4 

97 444.7 1,590 95.9 
2 32.8 0 −
2 32.5 0 −
2 42.1 0 −

43 174.7 693 91.9 
61 303.5 1,280 97.3 
13 67.0 232 92.2 
26 149.7 590 96.6 
165 998.5 2,670 97.5 
43 220.8 1,046 93.1 
50 591.2 123 53.6 
2 23.8 0 −

120 533.1 1,686 95.8 

123 660.5 1,033 72.3 

2 20.9 61 88.5 

2 28.0 0 −
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Figure 1: Phylogenetic placement and geographic origin of the samples. (A) Phylogenetic tree of all vertebrate species represented in the EHI collection 
in 2025 Q1, with the phylogenetic position of the species included in this data release highlighted. (B) World map indicating the number of samples 
sourced from each of the represented countries. 
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equencing procedures regarding environmental contamination
nd cross-contamination, thus requiring them to employ clean

tems for storing and manipulating the animals and the sam-
les, using protective synthetic gloves and continuously sterilizing
ools. Samples were frozen at or below −18◦C, ideally within a day
nd at maximum within the first 2 weeks after sample collection.
ime until freezing was recorded as one of the technical metadata
ariables. 

aboratory quality control 
ll sampling tubes were prelabeled with identical human-

eadable (5-digit code with 3 letters and 2 numbers; e.g., ABC99)
nd machine-readable (QR code) barcodes. Upon arrival at the
lobe Institute, samples and metadata sheets were cross-checked
nd inconsistencies addressed before indexing the samples in the
HI database. This manual quality control also included logging
eviations from standard procedures (e.g., overstuffing tubes with
ample material) and technical issues such as leaking of sam-
le tubes, which resulted in the disposal of unsuitable samples.
ll DNA extraction batches included blanks to monitor contam-

nation and were organized according to expected DNA yield to
inimize cross-contamination. Due to the variability of sample

ources and types, concentrations of all DNA extracts were mea-
ured using a Qubit 3 Fluorometer, both to adjust the volumes for
ibrary preparation and to account for DNA template amount in
tatistical analyses. Sequencing adapter molarities were adjusted
o the amount of input DNA to minimize the formation of adapter
imers and other artifacts, and all libraries were screened through
uantitative PCR (Mx3005p; Agilent) to assess library preparation
uccess and tailor the number of required indexing PCR cycles to
ach library. All indexed libraries were analyzed through capillary
lectrophoresis for high-quality measurement of library molari-
ies, to ensure the required amount of sequencing data was gen-
rated. 
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Figure 2: Phylogenetic trees of the EHI-reconstructed bacterial and archaeal genomes. Each tip represents a genus, and the tip size indicates the 
number of released genomes within the genus. 
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Bioinformatic quality control 
We employed multiple criteria to assess the quality and represen- 
tativeness of the generated data. Following standard quality fil- 
tering, we removed reads with average phred-scores below q30 (1 
sequencing error expected every 1,000 bases) and trimmed reads 
with low-quality endings and adapter remnants. To further assess 
library preparation success, we estimated duplication rates using 
the reads mapped to the host reference genome. Unmapped reads 
were further screened for complexity using Nonpareil 3, and the 
microbial read fraction was estimated using SingleM. Through all 
these measurements, we estimated expected levels of diversity 
and complexity, which we then used to assess the representative- 
ness of the generated MAGs. Following field standards [ 38 ], only 
bins exceeding 50% completeness and maintaining contamina- 
tion levels below 10% were considered MAGs to be included in 

downstream analyses. 

Ethics 

The EHI is governed by open science principles, adhering to CARE 
and FAIR data governance frameworks [ 12 , 13 ], as well as comply- 
ing with all international, national, and regional regulations stem- 
ming from the United Nations’ Convention on Biological Diversity 
 39 ]. In line with these commitments, the rights and interests of
ndigenous peoples are fully considered by actively involving local 
cientists in research projects. These scientists co-own the sam- 
les collected within the EHI framework, as well as the data de-
ived from them. All sample collection, exportation, and data gen-
ration strictly adhere to local and international legislation on ac-
ess and benefit-sharing (ABS) of genetic resources, as outlined in
he Nagoya Protocol and implemented through national ABS laws.
ccordingly, all sampling, material transfer, and ABS permits are 
led in the EHI database. Finally, this data release serves as a tes-
ament to our commitment to making the data findable, acces-
ible, interoperable, and reusable (FAIR), ensuring its maximum 

esearch and societal impact. 

euse potential 
he Earth Hologenome Initiative was established to promote high- 
uality, open hologenomic research on wild animals and their 
ssociated microorganisms. This data release, like those to fol- 
ow, reflects our commitment to fostering collective efforts to 
nderstand and conserve biodiversity on our planet. Following 
he norms set in the Bermuda Principles, Fort Lauderdale agree- 

ent, and Toronto International Data Release Workshop [ 40 ], the
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Figure 3: Host breadth of the reconstructed bacterial taxa. Only genomes reconstructed from individual assemblies are displayed in this figure. 
Chalcides striatus , Geospizopsis unicolor , Natrix astreptophora , Plecotus auritus , Salamandra atra , and Zonotrichia capensis did not yield any 
metagenome-assembled genomes from individual assemblies. Note that only the most abundant bacterial phylum names are displayed for the sake 
of visualization. Exact data can be found in the supplementary materials. 
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authors kindly request users to respect the rights of the many 
researchers who invested significant effort in collecting samples 
and generating data for primary research. For 1 year following 
this article’s publication, anyone wishing to use these data to in- 
vestigate animal or microbial ecological and evolutionary ques- 
tions should first contact the corresponding author. Following this 
communication, the EHI Management will facilitate discussions 
between interested users and the original researchers to ensure 
efforts are coordinated with the people that are already working 
with these data. 

Availability of Source Code and 

Requirements 

Project name: Earth Hologenome Initiative Data Release 1 
Project homepage: https://github.com/earthhologenome/ 
EHI_data_release_1 
Operating system(s): Platform independent 
Programming language: R 

License: CC0 

Abbreviations 

ABS: access and benefit-sharing; ANI: average nucleotide iden- 
tity; EHI: Earth Hologenome Initiative; ENA: European Nucleotide 
Archive; FAIR: findable, accessible, interoperable, and reusable; 
GB: gigabases; MAG: metagenome-assembled genome. 
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