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. Soil eukaryotes, including fungi, protists, plants, and animals, are central to biosphere

. functioning and resilience. The Global Standardised Soil Eukaryome Dataset (GIoSED) is the

. first dataset encompassing the entire spectrum of soil eukaryotes, covering 4,063 sampling

. sitesin 121 countries on all continents, revealing nearly one million operational taxonomic

. units. All samples were collected and analysed using a standardised protocol minimizing

© technical biases. Long-read sequencing of full-length ITS and 185-V9 regions provide broad

© taxonomic coverage and high-resolution identification supported by specialist curation

: of “dark taxa”. A rigorous bioinformatic processing ensures against homopolymer errors,

: PCR-mediated chimeras, and index switching providing high data quality. The dataset is

. supported by raw sequences and an open-source containerised workflow for reproducible

. analyses. The samples are accompanied by land-cover description and directly measured soil
. pH, 8'3C, 8N, as well as P, K, Ca, Mg, and total C and N contents. GIoSED is the first database
. that enables ecological and biogeographic studies of entire soil eukaryotic communities from
. local to global scales.

: Background & Summary

. Soils harbor an extraordinary diversity of eukaryotic life that underpins the functioning of terrestrial ecosys-
. tems. Soil-dwelling eukaryotes, including plants, fungi, animals, and diverse groups of protists, are important
. drivers of nutrient cycling, carbon storage, and ecosystem functioning, stability, and resilience'. Over the past
¢ decade, global datasets based on environmental DNA sequencing that mapped the diversity and distribution of
. soil eukaryotes have focused only on individual functional groups or taxa at kingdom, phylum or class levels:
fungi in general®~> and mycorrhizal fungi in particular®, dominant protist taxa”®, nematodes’, earthworms'?, and
© springtails'!, among others.

: Despite remarkable progress in mapping specific groups, no global dataset has yet captured the full spectrum
. of eukaryotes in soil samples. Soil organisms, however, do not operate in isolation; instead, they form complex
. interaction networks, including predation, parasitism, competition, and symbiosis"'2. The need to study these
: groups together within an integrated framework has long been recognised'?~'*. Yet, cross-group comparisons
. demand standardized protocols, the use of universal metabarcoding primers and curation of taxonomic anno-
: tations by specialists in many taxa. Due to these challenges, a globally standardized dataset spanning multiple
. eukaryotic kingdoms has not yet been produced, limiting the ability to conduct integrated analyses across tax-
: onomic and functional groups.

: Some existing databases, however, offer the potential for expansion. The Global Soil Mycobiome Consortium
. (GSMo), established in 2014, initially produced a comprehensive dataset of global soil fungal diversity’. GSMc
. employs long-read sequencing of universal eukaryotic primers - full-length internal transcribed spacer (ITS)
* and partial 18S rRNA gene (SSU) regions — enabling a taxonomic expansion beyond fungi. Here, we lever-
. aged this capability to encompass a broader range of soil eukaryotes, including fungi, protists, animals, and
. plants. To achieve this, we (i) reprocessed all sequences using an improved bioinformatic workflow to enhance

: #Afulllist of authors and their affiliations appears at the end of the paper.
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data accuracy; (i) increased taxonomic resolution by applying the curated EUKARYOME reference database';
and (iii) incorporated 1059 new sampling sites, extending the dataset’s geographical coverage from 108 to 121
countries.

Here we present a globally representative dataset of soil eukaryotic diversity — GloSED (Global Standardised
Soil Eukaryome Dataset). GIoSED inherits from its predecessor, the GSMc database, the key advantage of meth-
odological consistency across geographic regions, achieved through standardised sampling and analytical pro-
tocols. The dataset is accompanied by soil chemical and habitat metadata and is supported by raw long-read
sequence data and a fully automated open-source bioinformatics pipeline that runs in a standardised, portable
software environment, ensuring transparency, reproducibility, and flexible user customization.

Methods

Sampling and sample pre-processing.  Soil samples were collected following a standardised approach?®
Each sampling plot comprised a 50 X 50 m square or a 56 m diameter circular area (2500 m?). Within each plot,
40 soil cores (5cm diameter, 5cm depth) were collected, with cores taken in pairs on opposite sides of ran-
domly selected trees 1.5m from the tree trunk (in forests) or at random locations (in non-forested ecosystems).
Sampling points were positioned at least 8 m apart to ensure spatial independence while providing comprehensive
plot coverage.

Individual soil cores were pooled by combining equal volumes (approximately 25% of the total volume per
core), thoroughly mixed, and air-dried within 24 hours of collection. Dried samples were manually homoge-
nised through vigorous rubbing in sealed plastic bags. After homogenization, approximately 30-50 g of the finest
material was retained for further analyses. Samples were either shipped to the University of Tartu, Estonia, with
silica gel for centralised processing or processed immediately in contributor laboratories following standardised
protocols described below.

All sampling was conducted under appropriate national permits and followed local regulations for soil col-
lection. The DNA extracts and soil samples are stored in the Collections of DNA and environmental samples
(TUE) of the Natural History Museum at the University of Tartu.

Soil chemical analyses. Soil pH was measured potentiometrically in 1 M KCl extract at a 1:2.5 soil:solution
ratio. Available phosphorus and potassium were measured in 1 M ammonium lactate extracts by flow injection
analysis using a Tecator autoanalyser (method ASTN 9/84). Exchangeable magnesium and calcium were deter-
mined in 1 M ammonium acetate extracts by flow injection analysis (method ASTN 90/92). At least 0.1 g of
ball-milled soil was analysed for total carbon, *C, total nitrogen and '*N content using an elemental analyzer
coupled with an isotope ratio mass spectrometer in 2-6 replicates. §'*C and §°N were obtained following inter-
national standards'®.

Molecularanalyses. DNA extraction was performed from 2 g of homogenised dry soil using the PowerMax
Soil DNA Isolation kit (Qiagen, Carlsbad, CA, United States) following the manufacturer’s protocols. Extracted
DNA was further purified using the FavorPrepTM Genomic DNA Clean-Up kit (Favorgen, Vienna, Austria) to
remove inhibiting compounds and improve amplification success.

Polymerase chain reaction (PCR) was used to amplify the full internal transcribed spacer (ITS) region
and 18S-V9 variable region using universal eukaryotic primers ITS9mun (5'-GTACACACCGCCCGTCG-3’)
and ITS4ngsUni (5'-CGCCTSCSCTTANTDATATGC-3’)'7!8. This primer combination amplifies nearly all
known eukaryotes with minimal taxonomic bias', excluding only Microsporidia due to primer mismatches.
Each primer pair was labeled with identical 12-base indices selected from 115 combinations to minimize
index-switching artefacts (Hamming distance between each pair of indices was no less than 3).

PCR reactions contained 5l of 5x HOT FIREPol Blend Master Mix (Solis Biodyne, Tartu, Estonia), 0.5 ul
each of forward and reverse primers (20 uM), 1 ul DNA extract, and 18 ul ddH,O in 25 pl total volume. Thermal
cycling comprised initial denaturation at 95 °C for 15 min, followed by 25-30 cycles of denaturation (30s at
95°C), annealing (30s at 57 °C), and elongation (1 min at 72 °C), with final extension at 72 °C for 10 min. PCR
products were checked on 1% agarose gels for 600-800 bp amplicons. Samples failing initial amplification were
re-amplified using 28-38 cycles.

Library preparation and sequencing were performed at the Norwegian Sequencing Centre, University of
Oslo, Norway. PacBio SMRTbell libraries were prepared following the manufacturer’s protocols and sequenced
on Sequel IT instruments using Sequel II Binding kit 2.1, sequencing chemistry 2.0, with 15-hour movie times
and 20-minute pre-extension periods. Samples producing <2000 reads after the first sequencing attempt were
re-amplified and re-sequenced (this applied to 929 samples). For these samples, reads from repeated runs were
combined in the final dataset (in raw sequencing data, reads are provided in independent files for each sequenc-
ing attempt), and 97.8% reached the minimum target depth. Sequencing was distributed across 122 SMRT cells.

Bioinformatics pipeline.  GloSED was analysed using the fully automated bioinformatics pipeline NextITS
v.1.0.0% (DOI:10.5281/zenodo.15074881) implemented with the workflow manager Nextflow v.25.04.6*! and run
in standardised, portable software environments (Docker and Singularity containers)?** to ensure reproduc-
ibility. The open-source NextITS pipeline is freely available as a command-line workflow at https://Next-ITS.
github.io/ and is also distributed through the cross-platform PipeCraft2 application?* (https://pipecraft2-manual.
readthedocs.io/en/latest/), which provides a graphical user interface for running the pipeline.

Raw reads were processed through circular consensus sequence (CCS) generation using SMRT Tools (Pacific
Biosciences) with minimum pass requirements of 3 and an accuracy threshold of 0.99. Demultiplexing was
performed using LIMA v.2.12.0 (Pacific Biosciences) with ‘--min-score 93’ settings for precise index identifi-
cation. Quality filtering removed sequences with >4 ambiguous nucleotides, >0.01% expected errors®, and
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homopolymer repeats longer than 25 nucleotides. In addition, reads lacking both primer sites in the correct ori-
entation were discarded after primer trimming with cutadapt v.5.0%. Full-length ITS regions were then retrieved
by ITSx v.1.1.3% targeting all eukaryotes using the updated hidden Markov model (HMM) profile database
(provided by R. Henrik Nilsson, University of Gothenburg, Sweden). For sequence processing, we used SeqKit2
v.2.9.0%%, When selecting representative ITS sequences after ITSx-based extraction, preference was given to the
sequence with the highest average Phred score. Chimeras were detected in a two-step scheme with VSEARCH
v.2.29.4%: an initial de novo detection using the UCHIME algorithm?® and a maximum chimera score of 0.6*
followed by reference-based verification against the EUKARYOME v.1.9.4"° database, with any sequence flagged
in either step being excluded. Within each sample, homopolymer correction was performed using the algorithm
implemented in NextITS. Within each sequencing run, index-switch (tag-jump) artefacts were removed using
the UNCROSS2 algorithm?! with the parameter f=0.01. Prior to clustering, ITS sequences shorter than 250 bp
or containing more than 0.6 expected errors per 100 bp were discarded, and the remaining reads were denoised
using the UNOISE3 algorithm?? with parameters alpha = 6 and minsize = 1, which retains singleton sequences.
Surviving denoised reads were then clustered at 98% pairwise similarity using VSEARCH, and these clusters
were used as operational taxonomic units** (OTUs) in downstream analyses, approximating species-level group-
ings and collapsing individual, potentially intragenomic sequence variants®***>. We thus retain rare variants at
the denoising step and summarise diversity at the 98%-similarity OTU level, rather than treating each denoised
exact sequence variant as a separate analytical unit, because long amplicons contain many singleton and other
low-abundance variants that may represent genuine rare taxa, and removing them at the denoising step could
lead to an underestimation of rare diversity***®. The 98% similarity threshold represents a pragmatic compro-
mise across divergent eukaryotic lineages and may affect richness estimates in groups with different rates of ITS
evolution, but implementing lineage-specific clustering thresholds at this scale is currently not feasible.

Representative ITS sequences of each OTU, as well as the corresponding small (SSU) and large (LSU) sub-
unit fragments of the same representative, were queried with BLASTn v.2.16.0+°7 against the EUKARYOME
database, retaining the ten best hits. Extensive manual curation was performed using taxon-specific E-value and
sequence similarity thresholds®. Additionally, long-read chimeras were detected by comparing region-specific
taxonomic assignments across the SSU, ITS, and LSU segments of each read. Reads were classified as chimeric
when these segments yielded incongruent higher-level placements, as determined by manual inspection of the
top BLAST hits, using phylum-level disagreement for Ascomycota and Basidiomycota and order-level disagree-
ment for other taxa. Disagreement restricted to lower taxonomic ranks was not treated as sufficient evidence of
chimerism. Non-target OTUs (e.g., sequences of archaeal or bacterial origin) were removed. Samples with <500
total reads or identified as potentially contaminated (i.e., had >30% of reads corresponding to molds or shared
OTUs with negative or positive controls) were excluded from the final dataset. To reduce the amount of unidenti-
fied OTUs and improve the precision of chimera detection, we also amplified and sequenced an ultra-long rRNA
gene fragment spanning the SSU V3 through ITS through LSU D8 from >900 soil samples using the prim-
ers EUK575F (5-TASCYGYGGTAAYWCCAGC-3’) and 21R (5'-AGAGACGAGGCATTTGGCTAC-3/)3%%
on PacBio Sequel IT and Revio platforms.

To complement EUKARYOME-based taxonomic annotations of fungal OTUs, we additionally performed
UNITE Species Hypotheses (SH) matching*~*? to assign persistent DOI-registered identifiers to representative
ITS sequences. The analysis was performed using the SH-matching analysis tool v.2.0.3, which places query
ITS sequences into existing SHs in the UNITE database v.10.0** or assigns to new SHs with preliminary codes.
The stable identifiers enable unambiguous cross-study referencing of “dark taxa”**, remain valid as taxonomy
changes, and facilitate reporting and reuse of DNA-derived occurrences. Because SHs are integrated into the
GBIF (https://www.gbif.org/) taxonomic backbone, SH-based occurrences from this study can be directly com-
pared, aggregated, and cross-linked with GBIF records and other datasets.

Data Records

The GloSED dataset is available at Zenodo*® (versioned release archive DOI: 10.5281/zenodo.17827890). The
Zenodo deposit is organised as a set of files, including: (1) detailed sample metadata with environmental var-
iables (‘GIoSED__Sample_metadata.xlsx’), (2) quality-filtered OTU sequences in FASTA format (‘GloSED__
OTU_sequences.fasta.gz’), (3) sample-by-OTU abundance matrices (‘GloSED__OTU_table.tsv.zip’ and
‘GloSED__OTU_table.parquet’), and (4) curated taxonomic annotations (‘GloSED__Taxonomy.tsv.zip’ and
‘GloSED__ Taxonomy.parquet’).

‘GloSED__ Sample_metadata.xlsx’ is the main metadata table and contains one row per sample. The accom-
panying legend sheet defines all column names and measurement units. The key linking fields are ‘SampleID’
and ‘TUE code, where the latter is the accession of the physical soil sample in the University of Tartu collection.
The metadata describe when and where each sample was collected, including geographic coordinates, elevation,
locality, administrative unit, land-cover type, and co-occurring plant taxa. The table also includes measured soil
properties, including pH, total soil carbon and nitrogen, C:N ratio, stable isotope abundances, as well as nutrient
concentrations for phosphorus, potassium, calcium, and magnesium.

OTU abundance data are provided as ‘GloSED__OTU_table.tsv.zip’ and ‘GlIoSED__OTU_table.parquet’ The
Parquet file stores the abundance information in long format with the fields ‘OTU’, ‘SampleID) and ‘Abundance,
whereas the tab-delimited file contains sample-by-OTU abundance matrix in wide format. Taxonomic anno-
tation is provided in ‘GloSED__Taxonomy.tsv.zip’ and ‘GloSED__Taxonomy.parquet. These files contain the
OTU identifier, the representative sequence, accession number of the best EUKARYOME match (column
‘AccID’) and its alignment statistics (sequence identity percentage, coverage, E-value, and BLAST bitscore),
curated taxonomic ranks from ‘Kingdom’ to ‘Species; and the UNITE fields ‘SH_30" to ‘SH_05, which record
persistent fungal species-hypothesis identifiers at progressively finer similarity thresholds (from 3% to 0.5%).
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Fig. 1 Examples of environmental gradients represented by GloSED (A) GloSED sampling sites are distributed
across 351 terrestrial ecoregions. Dots mark sampling sites; ecoregions within the same biome share color hues.
(B) GloSED represents soil types in proportion to their global distribution. (C) Soil pH, total carbon, and 615N,
measured directly in GloSED samples, have broad distributions within and across land-cover types.

Files in Apache Parquet*® format provide a programming-language-independent columnar file structure that
allows efficient storage and high-performance analytical operations, whereas TSV files offer broader compat-
ibility. Representative OTU sequences are supplied separately in ‘GloSED__OTU_sequences.fasta.gz, with
FASTA headers matching the OTU identifiers (40-character hexadecimal strings based on the SHA1 hash of the
primer-trimmed sequence prior to ITSx extraction).

For common downstream workflows, the same core data are additionally distributed as a biological observa-
tion matrix (BIOM) v.2.1 format file*” for QIIME2*® integration (file ‘GloSED__BIOM.biom’) and as a phyloseq*
object for R-based analyses (‘GloSED__phyloseq.RData’). ‘Contributors.xlsx’ provides the contributor list asso-
ciated with the release. Raw demultiplexed FASTQ files are available from the European Nucleotide Archive
(ENA) under project PRJEB103811%.

Data Overview

The GloSED is a structured dataset including 4,147 samples from 4,063 sampling sites worldwide (Fig. 1A), ana-
lysed using standardised field and laboratory protocols. Each site record contains geographic coordinates, sam-
pling date, land-cover type assigned by the field collector, and plot-level information on the dominant plants,
mostly for woody land cover types. For nearly 95% of sites, directly measured soil properties are recorded,
including pH, total carbon and total nitrogen contents (g kg™"), 8N (%o), 6"°C (%o), as well as available phos-
phorus and potassium, and exchangeable magnesium and calcium contents (each mg kg™).
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All samples are associated with read counts for each of 988,824 operational taxonomic units (OTUs) of
eukaryotic organisms. Each OTU is taxonomically annotated using the EUKARYOME reference database,
assigned a species hypothesis (SH) identifier using the UNITE reference database, and linked to quality-curated
representative sequences of full-length ITS and 18S-V9 regions. Median observed OTU richness and effective
number of OTUs per sample were 829 (Q1-Q3: 526-1213) and 184 (Q1-Q3: 106-280), respectively.

Technical Validation
Methods for technical data validation.  All analyses, and visualization were conducted in R v.4.5.2°!. For
high-performance operations on large datasets, we performed data manipulation and processing using the data.
table v.1.17.8°? and Apache arrow v.21.0.0%* packages. Taxonomic resolution and sequencing completeness metric
were assessed with the metagMisc package v.0.5.0%%. Observed abundance-based sample coverage was used to
estimate sequencing completeness after correcting singleton counts with a modified Good-Turing estimator®.
The effective number of OTUs was calculated as the exponential of the Shannon diversity index, following Jost™.
Spatial data were processed using the sf package v.1.0-21”. For map visualizations, we used the Equal Earth
projection®. Sample administrative location was assigned using GADM v.4.1 boundary polygons®’, biomes
and ecozones were determined following Loidi et al.®’, and ecoregions and soil types were assigned using the
Ecoregions 2017 dataset® and Harmonized world soil database v.2.0%, respectively. We quantified environmen-
tal novelty of unsampled locations using a dissimilarity index (DI) following the area-of-applicability frame-
work®. The DI was calculated from 14 Z-standardized, importance-weighed bioclimatic and edaphic predictors
identified as key drivers of soil fungal communities*.

Sampling consistency and representativeness. A consistent sampling design is a fundamental prereq-
uisite for obtaining unbiased biodiversity data®. For soil biota in particular, differences in sampling time, effort,
area, depth at which soil is collected, and compositing strategy can cause orders-of-magnitude variation in bio-
diversity estimates®>. Similar effects arise from inconsistencies in analytical protocols®*-*". GloSED minimizes
these potential biases by applying identical sampling and analytical procedures across all sites.

GloSED applies a 5cm sampling depth to target the most biologically active soil layer where root density,
microbial activity, and organic matter content are typically the highest®®. The relatively large sampling area
(2,500 m?) - one of the largest commonly used in soil microbial ecology - ensures comprehensive representation
of local biota, including soil macrofauna such as annelids and arthropods.

Furthermore, on-site descriptions of land cover by collectors coupled with direct measurements of soil chem-
ical properties, provide data that are more representative of real-world conditions than those derived from mod-
elled or predicted datasets.

Bioinformatic validation. For the database, more than 73 million HiFi PacBio DNA reads were generated
from 122 sequencing runs targeting full-length ITS and 18S-V9 variable regions. During bioinformatic pro-
cessing, to ensure high data quality, we paid special attention to homopolymer errors, PCR-mediated chimeras,
and index switching - technical artefacts that are common in amplicon sequencing but typically undetectable
by default pipelines'®%. Comparison with reference sequences revealed more than one million chimeric reads,
and de novo analysis combined with manual curation flagged additional 58,119 chimeras. Index switching rate
was within acceptable thresholds (0.02%). All the chimeric reads and false assignments were removed prior to
downstream analyses. The 4,147 samples that passed all stages of technical control yielded more than 27 million
high-quality sequences with a median number of 5,193 sequences per sample (IQR: 2,766-8,409). Median sample
coverage was 0.95 (Q1-Q3: 0.92-0.97), suggesting a high sequencing completeness for most samples.

Geographical and environmental coverage. Sufficient geographical and environmental coverage
is a prerequisite for a global dataset suitable for cross-regional comparisons and predictive modelling®7°. The
GloSED spans from -73.0° to 79.6° latitude, encompassing all terrestrial climate zones (as per Beck et al.”!),
351 terrestrial ecoregions and all major soil types with broad distributions of soil properties (Fig. 1). Previous
global models of soil biodiversity identified regions with high uncertainty in predictions, as these regions differ
substantially in environmental conditions from the data observed at sampling locations*”2. In a recent sampling
campaign, we specifically targeted such regions. For instance, substantial contributions of samples from Australia,
India, Saudi Arabia, Algeria, Liberia, Kazakhstan, Suriname, and Uruguay improved the representativeness of hot
and temperate deserts as well as tropical and grassland biomes (Fig. 2) - large areas that have shown the greatest
variability in soil fungal biodiversity predictions across studies.

Taxonomic coverage and resolution. Owing to the use of universal eukaryotic markers (full-length ITS
and 18S-V9 regions), GloSED is the only pan-domain soil dataset, with a standardized design, currently available.
It encompasses 546,665 fungal OTUs (73.6% of reads), 316,021 protistan OTUs (16.8% of reads), 103,021 animal
OTUs (3.4% of reads), and 19,186 plant OTUs (5.7% of reads) (Fig. 3A).

Over 40% of fungal OTUs were taxonomically annotated to the genus level (Fig. 3B). As is typical for soil
fungal communities, Ascomycota (235,918 OTUs) and Basidiomycota (130,119 OTUs, with 88% belonging to
Agaricomycetes) represent the richest phyla. Notably, GloSED taxonomic annotation based on EUKARYOME,
curated by leading specialists in fungal and protist taxonomy”*>-%, achieves exceptional resolution for underex-
plored lineages that may account for a substantial part of the community. For instance, non-Dikarya fungi com-
prise 180,367 OTUs (33% of total fungal diversity), including 76,113 OTUs from Rozellomycota (also known as
Cryptomycota), 24,388 OTUs from Glomeromycota, 23,545 OTUs from Chytridiomycota, 13,319 OTUs from

SCIENTIFICDATA|  (2026) 13:1016 | https://doi.org/10.1038/s41597-026-07315-y 5


https://doi.org/10.1038/s41597-026-07315-y

www.nature.com/scientificdata/

<T, conditions well represented by GIoSED
T — 2T, slightly underrepresented
2T — 4T, moderately underrepresented

4T - 6T, highly underrepresented )\ =
NA (ice shields) 120°W 0° 120°E
3705 = o ogo
| © 0 00 ©
000 00000 OO0
000 000000
3252] 1 ©60°56050000000
0000000000000 O
000
]
2799

00000000
00000000000
000000000000

o
o
o
°
o
o
o
o
o
o
o
o

©00000000000000

€

€ o S2.5CHN
g:_‘ 00
=S 1893

0000000000
© 0000000000
[}

0000000 000000
00000000 000 O

—

- ©
MAT.°C © o

Fig. 2 Examples of GloSED coverage of global environmental space. (A) Based on 14 climatic, vegetation,

and edaphic predictors of total soil fungal diversity*, 71.6% of global terrestrial area falls within the GloSED
sampling range (dark purple), and 26.3% deviates from this range by less than twofold (purple). Red and orange
colors (0.72% and 0.04% of total area) denote the most environmentally novel terrestrial areas relative to the
currently sampled space. (B,C) show that GloSED captures the majority of the global range of mean annual
temperature (MAT) with precipitation (MAP), and topsoil pH with total nitrogen concentration, respectively.
Dots mark environmental bins represented by GloSED samples.

Mucoromycota, and 10,088 OTUs from Mortierellomycota. Owing to a substantially redesigned bioinformatic
workflow, the sequence representatives in GIoSED differ in both composition and number from those in GSMc.

Among animals, almost half of the data belong to Nematoda (45.6% of metazoan reads; 48,674 OTUs),
followed by Arthropoda (36.0% of reads; 37,545 OTUs) and Annelida (10.3% of reads; 3,432 OTUs). Other rep-
resented groups include Gastrotricha (2.3% of metazoan reads; 7,097 OTUs), Tardigrada (2.9%; 2,522 OTUs),
Rotifera (0.6%; 1,624 OTUs), and Platyhelminthes (1.6%; 1,511 OTUs). Over 16% of animal OTUs are taxonom-
ically annotated to the family level and over 32%, to the order level.

Protistan data span more than 30 phyla, with 74.9% of reads belonging to Alveolata (150,508 OTUs), includ-
ing almost 40,000 Apicomplexa OTUs - a largely parasitic group associated with major public-health burdens
and substantial economic losses””. Almost 7% of protist reads belong to each of Amoebozoa (59,179 OTUs) and
Rhizaria (49,195 OTUs), 4.7% to green algae (13,120 OTUs), and 3.8% to Straminipila (19,580 OTUs) with 3,308
OTUs belonging to Oomycota - the most economically damaging protist group’®. Almost 50% of protist OTUs
are identified to the order level.
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Fig. 3 GloSED taxonomic coverage and resolution. (A) GloSED taxonomic coverage and (B) resolution allows for
functional annotation of the majority of soil eukaryotes. Sector angular span denotes the percentage of operational
taxonomic units (OTUs) belonging to taxonomic groups. Due to limited space, not all taxa are labelled.

Tracheophyta (vascular plants) cover 73.1% of plant reads (14,030 OTUs, with 98% belonging to angio-
sperms), and Setaphyta (bryophytes) 26.9% (5,156 OTUs). Over 65% of plant OT'Us are annotated to the genus
level. This enables the inclusion of plants - key ecosystem engineers — alongside soil microbes, reflecting their
reciprocal influence as both drivers and responders within soil biodiversity patterns.

The broad taxonomic coverage of GlIoSED enables integrative research of soil eukaryotes including pri-
mary producers, decomposers, consumers, and parasites. The achieved taxonomic resolution allows functional
annotation for a substantial proportion of the GloSED OTUs using databases such as FungalTraits” for fungi,
Nemaplex® for nematodes, Functional TraitsAmoebozoa® for Amoebozoa and Rhizaria, and TRY for plants®.

Cross-dataset comparability. As taxonomy constantly advances, OTUs must be traced across multiple
data sources supporting their re-annotation. This is achieved with the UNITE species hypothesis (SH) system - a
standardised digital framework for discovering and communicating fungal species, particularly those identified
from environmental DNA*. In the GloSED dataset, nearly half of all fungal OTUs are assigned to existing SHs at
the 97% similarity cut-off, with approximately 20% assigned at the 99.95% threshold. Each SH is associated with
a stable DOI-linked reference integrated with the PlutoF and GBIF taxonomic backbones.

Usage Notes

Raw sequencing data can be re-analysed using the NextITS workflow. The source code of this bioinformat-
ics pipeline and its documentation are available under MIT license at https://github.com/vmikk/NextITS and
https://Next-ITS.github.io/, respectively. For reproducible execution, containerised environments are hosted at
Docker Hub (https://hub.docker.com/r/vmikk/nextits) and Singularity library (https://cloud.sylabs.io/library/
vmiks/nextits/nextits). Processing the full GIoSED dataset on the University of Tartu high-performance com-
puting (HPC) cluster using AMD EPYC 7702 processors required approximately 13,300 CPU hours, with
wall-clock runtime depending on the execution profile and degree of parallelisation. ITSx represented the main
bottleneck in the pipeline, and the BLAST searches required an additional approximately 20,600 CPU hours. To
support data reuse, we followed the guidelines of Hug et al.®.

Data availability

The dataset and sample metadata are available on Zenodo*® (https://zenodo.org/records/17827890), and the
raw sequencing data have been deposited in the European Nucleotide Archive (ENA) under project accession
PRJEB103811 (sample accession numbers ERS27941879 - ERS27946063; sequence accession numbers
ERR15957609 - ERR15964175)C.
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Code availability
Analysis scripts for manuscript figures and supporting analyses are deposited at GitHub (https://github.com/
Mycology-Microbiology-Center/GloSED).
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