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FAIR data principles & open data

Q00

Schiermonnikoog Fungal ITS
@ h Identifiers

Organism soil metagenome

BioSample |BioSample v |||
Advanced

Full

BioSample: SAMEA104212669; SRA: ERS1871687

unclassified entries; unclassified sequences; metagenomes; ecological metagenomes

Attributes collection date 2012

broad-scale environmental context Salt marsh

>|EHOOWJO1BK2Y9 xy=533_195 local-scale environmental context  Soil chronosequence

ATTAGCAGTAAGATCCGTAGGTGAACCTGCGGAAGG
ATCATTATCGAAACGAATAGGAATGGGGGAGCAAGAC
GGCAAAGCAAAAGACTGTCGCTGGCTAGATTCATTTC
TGGCATGTGCACGTCCTTGCTTTTTTCGTCGACCTTTC
TCTTTCTTTCTTTCACACCTGTGCACCCGTTGTAGGTC
CTCGAAAGAGGATC

>|EHOOWJO01DVNLG6 xy=1473_2492
TAGTGTAGATAGATCCGTAGGTGAACCTGCGGAAGG
ATCATTATCGAATCGTAGGCGAGGGTTGTCGCTGGCC
TCTCGGGGCATGTGCACGCCCGAGCCCTTGAATCCC
AAACACCACATGTGAACCCACCGTAGGCCTTCGGGC
CTATGTCTTATCATATAATCTGAATGTCTAATAGAATG
TAAACCCATTTCGTTGC

>|EHOOWJ01CDNO3 xy=858_2645
CGTATGGACAGATCCGTAGGTGAACCTGCGGAGGAG
CATATCAGTAAGCGGAGGAGCATATCAATAAGCGGA
GGAGCATATCAATAAGCGGAGGAATCCGTAGTGAAC
CTGCGGAGGAGCATATCAATAAGCGGAGGAGCATAT
CAATAAGCGGAGGAGCATATCAATAAGCGGAGGAGC
ATATCAATAAGCGGAGGAGT

[ ]
elixir

CZECH
REPUBLIC

environmental medium
geographic location
investigation type

project name

sample name

ENA first public

ENA last update
ENA-CHECKLIST

External Id

INSDC center alias

INSDC center name

INSDC first public

INSDC last update

INSDC status

Submitter Id

geographic location (depth)
geographic location (elevation)
geographic location (latitude)
geographic location (longitude)
sequencing method

soil environmental package

Soil

Netherlands

mimarks-survey
Schiermonnikoog Fungal ITS
SchierFungal_ITS_59
2017-08-17

2017-08-14

ERC000022
SAMEA104212669
UNIVERSITY OF GRONINGEN
UNIVERSITY OF GRONINGEN
2017-08-17T17:03:062
2017-08-14T17:15:052

public

SchierFungal_ITS_59

0.1

0

53.4785962

6.1560311

lllumina MiSeq

soil



FAIR data principles & open data

« - C @ QO B nttps;//microbeatlas.org/index.htmi?action=samples

® 0 QTxe Samples Projects [ Publications & Sample Groups == MAPseq £ Information ~
Explore more than 2 million analyzed samples
- Samples Explorer

sl x o

Only Include Samples €
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B with Taxa
With Geographic Location

Only Display Samples €)
With Publications

Sequencing Protocols to Include

B Amplicon 1.7M

H whole Genome Sequencing 1809K
B ana-Seq 187K

B Other Sequencing Protocols 230.1K
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How to best study fungal biodiversity and
distribution on a global scale?

Due to ecosystem diversity and enormous diversity of fungi, coordinated
sampling efforts are unfeasible to cover global distribution of fungi

Large data accumulated over time in high-throughput sequencing studies

Data of sufficient quality can be used to model fungal distribution

Meta-analysis approaches and data re-analysis have high potential

» Collect available data from all published papers reporting fungal community
composition

» Use metadata on climate, vegetation, soil properties, vegetation, ... to
identify drivers of fungal distribution and biodiversity



Fungal distribution through meta-
analysis of published records

£ 479 potentially rel t

= . . .po entally refevan papers. 0 additional papers identified

= identified through database searching th b oth

-:E (Web of Science Core Collection) rough other sources
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ARTICLE

| —

 https://doi.org/10.1038/541467-019-13164-8 | N

479 papers after duplicates removed

M A meta-analysis of global fungal distribution
reveals climate-driven patterns

- v 222 papers excluded from full text
% . ) screening, a_s they q'q_”ot '.nat‘Ch atleast Tomas Vétrovsky'", Petr Kohout"21!, Martin Kopecky® 34, Antonin Machac?567, Maté&j Man?,
S 289 papers included for screening one of the five eligibility Crlte!’\a‘ . Barbara Doreen Bahnmann', Vendula Brabcova', Jinlyung Choi®, Lenka Meszarosova', Zander Rainier Humz
» 1) Samples came from soils (incl. litter) not X ) ) 1 R iy R g A
. . Clémentine Lepinay® ', Salvador Lladé', Rubén Lépez-Mondéjar', Tijana Martinovic', Tereza Masinova',
subject to experimental treatment g B - ; 1 -y a BN -
2) GPS coordinates recorded for each Daniel Morais@® ', Diana Navratilovd', Inaki Odriozola® ', Martina Stursova', Karel Svec', Vojtéch Tlaskal',
. sample Michaela Urbanova', Joe Wan®, Lucia Zif¢akova!, Adina Howe?®, Joshua Ladau'®, Kabir Gabriel Peay 9,
g ! . . ; 56 (13 . T
— v 3) The whole fungal community was subject David Storch™®, Jan Wild” & Petr Baldrian

to amplicon sequencing

67 papers assessed for eligibility, i.e., 4) The internal transcribed spacer regions

retrieval of metadata and raw sequencing

(ITS1, ITS2, or both) were subject to

36 studies included in quantitative synthesis (meta-analysis)

The evolutionary and environmental factors that shape fungal biogeography are incompletely

data amplification understood. Here, we assemble a large dataset consisting of previously generated myco-
5) The samples could be assigned to biomes biome data linked to specific geographical locations across the world. We use this dataset to
according to the Environment Ontology describe the distribution of fungal taxa and to look for correlations with different environ-
mental factors such as climate, soil and vegetation variables. Our meta-study identifies
) climate as an important driver of different aspects of fungal biogeography, including the
_ global distribution of common fungi as well as the composition and diversity of fungal
— o f:ai;::rs excluded for ane of these communities. In our analysis, fungal diversity is concentrated at high latitudes, in contrast
L - with the opposite pattern previously shown for plants and other organisms. Mycorrhizal fungi
A - The raw sequencing data were neither appear to have narrower climatic tolerances than pathogenic fungi. We speculate that climate
= 36 studies included in qualitative synthesis publicly available nor provided by the change could affect ecosystem functioning because of the narrow climatic tolerances of key
% authors upon request fungal taxa.
% - It was not possible to unambiguously
£ assigned the sequences to the samples and
the authors did not provide information
—

Vétrovsky et al. 2019 Nature Communications



The GlobalFungi Database

T GlobalFungi

All publicly available data on .
fungal community composition € > 06

from published scientific
papers

OPEN FAIR DATA e

@ Geosearch

B studies

[ Results

Release 5
November 2023

® How to cite
@ About GlobalFungi

& Join mailing list

84 972 samples © 1

[ +] Submit your study

© Leave a message

77 000 species of fungi

#% Collaborators

5 billion of observations of fungi
globally

https://globalfungi.com
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O 8 ntp globalfungi.com

Welcome to GlobalFungi!

GlobalFungi dataset release 5.0 (16.11.2823). Taxonomy based on UNITE version 9.0 (16.10.2022).
Actual number of samples in the database: 84972; actual number of studies included: 846.
Number of ITS sequence variants: 593 399 355; number of ITS1 sequences 1 233 820 63@; number of ITS2 sequences 3 474 636 588.

W GlobalFungi Twitter page YouTube tutorials: 3 How to use GlobalFungi Database (tutorial) B3 How to Submit your Study (tutoriz
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Vétrovsky et al. 2020 Scientific Data



Data, metadata and annotation tools
in the GlobalFungi Database

All studies

.- GIohaIFungi‘ DNA nucleotide “ et
Database ?tt, »

| sequences
FUNCTIONS e

Z ITS1 + ITS2 sequence variants
Sequence search

- ITS1 sequenc s
@8 Geoseach MariaDB

ITS2 sequences

Used studies
A
Manually
‘ ‘ curated
Bioclimatic variables hetadata studies

Q, Taxon seach MySQL database Nucleotide )
Tables with Taxonomical annotation sequences
Taxonomy ACTG from
B studies - u n I-t GTcAl  public
Environmental . repositorie A 4
variables el
J
\

R+

Samples
with GPS -
coordinates

J

P metadata
elixir

crECH The database is a service of ELIXIR-CZ Research Infrastructure
REpUBLIC o E||IXIR-CZ provides hardware and contributes to development



Database content — fungal species

Piltered resolt is covering 201 samples (WO PILTERS APPLIED)

SHs Sample type & Biome MAT & MAP pH Geography Map Metadata

Abundance
00-01%

(—rrcric Ocean ¢ 01-10%

+ Abundance - ! P
; 00-01% * : g

~J 01-10%

1.0-10.0 %
10.0-100.0 %
o% -
8 @ default
e } (O foto
o -
Q g (o] | |_|all samples
}
QJORTH AMERICA OPE (o} =
® o oL
[o] ® o ') o) ASIA
(o)

o

Variable Variable Study

Sampled Sequencng 4548cche e Compartan and Vabdation ofSome
platiorm 7S Primes Pairs Ushul o Fumgal
Atlantic Longtuce - Metsborcoding Sudes
Latitude Tea. o=

Ocean

(o) PI—

marker Authors e Beeck, M0, Lievens, B,
Busschasrt, P, Deckerck, S,
Vangronsveld, 1. and Colpaert, 1\

O Py Europe
o Year 2014
ifi Beigm
Pacific Ocean AFRICA & soumal  Plosone i6}e976z9.
Location Limburg, Belgum ®
5 00
Sample type sl Sampie
ContactJan.colpaer
Bome forest o
53 Sbmitied  lobalfung
Blome (E¥0) condarous forest atiacia by
SOUTH AMERICA Mok
Fm— o ona UnraClean Soll ONA olation kit (oBio
o AT () study 10 i 1 showstudy sampes
WP ) stucy ™ method
Indian Ocean AUSTRALIA ‘Sampla 1D in study Prisers [rsiETS2 & Download sequences
o Area covered by sampling Primer CTTGGTCATTTAGAGGANGTAN/GCTGCGTTCTTCATCGATGE
sequences
Area represented by GPS ™ n
" pHmethod
Numberofsubsamples 4
o matier 07
Sampliog depth (o o0 pti e
Sampiing year 2000 ompankc
e content (%
Leaflet | Tiles ® Esri Zf‘“’"'"’
Total P
Sampie descrpton 20cm depth content
(ppen
Cacontent
{ppen
L4
Kcontent
Boletus edulis
Dominant  Pinus sylvestrs
plantis]
other mosses, ichens, grasses, Calluna vigars
plants
Addeionat
sampie nfo
“Ploase note that metadata were provided I the study o b the authors. Check Methods pape

NA ot assessed
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Database content - samples

Sample types Habitats
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Database functions

~d GlobalFungi
= Sequence search 35 Database
>bfeOclab088e7e908fc275fe7b95db91 (" T (e e )

AATTCTCAACCATGTCTTGAATTAGGCATGGCTTGGACTTGGGGGTTGCTGGCACACGTTGTCAAGCTC B
TCCTGAAATGCATTAGCGATGTTCAGCAAGCCTGAACGTGCACGGCCTTTTCGACGTGATAACGATCGTC o
GTGGGCTGGAGCGTAGGGTGAGCAGTGAATCGCTTCTAATCTATACCTCAGTTACTAGTCGGTCGT

Q, Taxon seach :
A) Studies

SH (e.g.: SH1644963.08FU)
Species (e.g.: Boletus edulis)
Genus (e.g.: Boletus)

\ 4

ITS sequence variants

A 4

Search (e.g.: "Plant invasion [ \
MySQL database

impacts on fungal community") @

F/ Ay :
%’ Geoseach — MariaDB

Tables with taxonomy
+ B > vl and Environmental

=N w0 il RN B \va riables /

\ 4

\ 4

m e H @
L ]
°

e
(g -
N 4w
select the X
area of > ;
. 2 ..‘ n. o ° Haana : howing 1t0 10 of 4,276 entrie .
interest nl® W v get observed species

Both databases invites participation of the scientific
community in that it encourages submission of data by the
authors of studies that are not yet covered.

Submit your study!

A 4




The science: Drivers of fungal distribution

1.0

Each column represents
one fungal species

Random forest model performance (R?)

* Climatic factors explain most of fungal distribution.
* The most important climatic variables are complex, indicating, e.g., aridity

Vétrovsky et al. 2019 Nature Communications



The science: The future of pathogens

- 'SSP126 SSP245 SS_P37O SS_P585
o ] & 2 5
o No. of scenarios that é
E o follow the trend f}
5 4t ol : .
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- Qe ¢ Mean: Mean: 1 Mean: % Mean:
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-180 0 180 0 20 40 0 30 60 O 40 80 0 40 80
Longitude Relative change (%) Relative change (%)  Relative change (%) Relative change (%)
Forest Grassland Cropland Soil Shoot Root
150 70y 57¢v: 150 ew: 407cv: ey 15076y
X Slope = 1.052 Slope = 1.010 Slope =0.885 Slope = 1.039 d Slope = 0.904 Slope =1.120
; Pearson r=0.435 _ ea Pearson r = 0.456 Pearson r = 043% Pearson r = 0.564 Pearson r=0.487
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2 100 2 100 100
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* Increase in pathogen diversity is predicted under most climate change scenarios

Li 2023 Nature Communications



The science: New species

boed

:H”}W\tte‘ o dea i
@ A. rodenticum : o \sia
@D A simile
© A zoogenum incian
E pe

a ) : c

—_\\v/f * Newly described, potentially pathogenic Arthroderma species from wild
e rodents. Where are their reservoirs?
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The science: Directing future research

Relative distance

0 1
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Directing future research priorities

Unexplored areas of global biodiversity

https://www.spun.earth

Averill 2023 Nature Microbiology
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