- ACADEMIE
+AGRICULTURE
W d4e FRANCE g1

* *
* oK

AGRICULTURE m ALIMENMTATION ® ENVIROMMNEMENT

Commission

européenne
.|

Development of DNA metabarcoding tools
for rapid assessment of soll faunal diversity

Arjen de Groot
Wageningen Environmental Research (ALTERRA)

Stefan Geisen
Netherlands Institute for Ecology (NIOO)

In collaboration with Bryan Griffiths, Maarten Schrama & Jiayi Qin

WAGENINGEN

Launch of the Global Soil Biodiversity Atlas in France,
UNIVERSITY & RESEARCH

28t November 2016




Understanding functions of soil biodiversity

" Role in provision of ecosystem services

" Human impact and use as ecological indicators
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Spatiotemporal patterns in soil communities
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Spatiotemporal patterns in soil communities

Data for soil fauna often restricted to limited sets of locations / time points
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Characterizing soil fauna

Still based largely on morphological identification:
® Time consuming
® Unique characters lacking e.g. in juveniles
® Depends on highly skilled taxonomists

® Bias due to soil extraction and cultivation

> Molecular alternatives promise higher throughput & resolution
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Soil fauna in perspective

Huge diversity of other soil eukaryotes, many of which are poorly understood
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The principle of DNA metabarcoding

" DNA-barcode: fragment of DNA of which the code differs among taxa

" Up to 200 samples analysed in one run
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A tiered approach for high taxonomic resolution

Tier 1
Eukaryotes
incl. protists
(18S)

8
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Tier 2
Microarthropods
(CO1)
Enchytraeids
(H3)

Nematodes
(18S)

Lumbricids
(CO1)
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Method validation: mock communities

" DNA extracts from artificial communities with known composition

" Majority of added taxa retrieved, but some are missing
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Comparison of methods: ways to extract DNA

: : Animal elutriation Direct DNA extraction
/ 1 Total soil DNA eDNA
Morphological “"Biodiversity soup” extraction extraction
‘ (10 gram) (1 -5 kg)
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Comparison of methods: morphology vs DNA

Nematode taxonomic and functional composition via three methods:

A Morphological identification

€ DNA metbarcoding (diversity soup)

Bl DNA metbarcoding (total soil DNA)
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Comparison of methods: ways to extract DNA

Accumulation curve
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Protist parasites revealed

" Metabarcoding approach on a known mock community

" Immense diversity of non-added taxa
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Protist parasites revealed

" Metabarcoding approach on a known mock community

" Immense diversity of non-added taxa

" Many of which closely resemble plant or animal parasites

oTuId Taxonomic groups Ml (%) Accession # Best blast hit Reported host Rel. aI:;,.) pooll Rel. at();,.) pool2 Rel. a?‘;’.) pool3
FwOTU24 Apicomplexa 89 AF108862 Cryptosporidium felis Animals 0,21% 0,37% 0%
FwOTU56 Apicomplexa 87 10570325 Gregarina sp. Isopod 0,09% 0,02% 0%
98 EF024723
evOTU40 Apicomplexa ; ﬁjsgﬁgé Cryptosporidium struthionis Ostrich 0% 0,04% 0%
evOTU45 Apicomplexa i ;gzz;iz Gregarina tropica Insects 0,05% 0% 0,06%
RevOTU82 Cercozoa 100 KF111226 Polymyxa graminis Plants 0% 0,04% 0%
FwOTU27 Ciliophora 95 U51554 Anophyroides haemophila Lobster 0,11% 0% 0,41%
FwOTUG66 Ciliophora 95 F1858379 Paranophrys marina Fish 0% 0,07% 0%
evOTU77 Ciliophora 97 1X914665 Philasterides dicentrarchi Fish 0% 0,03% 0%
98 DQ512674
evOTU84 Ciliophora 98 AY547546 Anoplophrya marylandensis Annelids and anura 0,02% 0% 0%
FwOTU40 Fungi 100 HM135172 Paecilomyces hepiali Nematodes 0% 0,19% 0%
RevOTU7 Fungi 100 KJ909964 Curvularia lunata Plants; humans 0,91% 0,78% 0,38%
}evOTU33 Fungi 100 KC610804 Cordyceps cardinalis Insects and worms 0,05% 0,04% 0%
FwOTU59 Fungi 93 NWO003533857 Leptosphaeria maculans Plants 0,05% 0,09% 0%
FwOTU74 Fungi 96 AB016011 Syncephalis depressa Fungi 0,05% 0% 0%
}evOTUG9 Fungi i ﬁg;g;izg Sphaerocreas pubescens LW:;x?I;ZSr:Snd 0,02% 0% 0,06%
RevOTU32 Fungi 100 KF816444 Athelia rolfsii Plants 0,07% 0,04% 0,06%
}evOTU37 Fungi 100 EU192366 Malassezia pachydermatis Animals 0,09% 0,08% 0%
FwOTU38 Other eukaryote 97 AY630452 Lepinotus reticulatus Plants 0% 0,09% 0%
FwOTU44 Other eukaryote 99 AF139485 Phthirus pubis Animals and plants 0% 0,09% 0%
100 AB830755
}evOTUGS Stramenopiles 99 XR608068 Phytophthora parasitica Plants 0% 0% 0,28%
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Effects of grazing intensity on

soil biodiversity
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Airborne dispersal of (soil) organisms

" Two sites on Wageningen Campus

" 21 days continuous sampling

" Three markers:
e rbcL (plants)
e 18s (fungi, protists, fauna)

e 16s (bacteria)
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Airborne dispersal of (soil) organisms

16S (Bacteria)

18S (eukaryotes)
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Take home messages

" DNA metabarcoding tools now available for rapid and high throughput
assessment of the soil faunal biodiversity

" Versatile set of markers to zoom in on specific taxonomic groups

" Observed communities will slightly differ among identification methods,
but DNA-based methods may detect larger diversity
" DNA-based methods open doors to explore new study questions:
e Variation across time, space, climates, etc

» Effects of land management / climate change
on e.g. ecosystem service provision

e Deeper understanding of functional interactions

» More detailed food webs
» Host relations and dispersal of pathogens / parasites

WAGENINGEN

UNIVERSITY & RESEARCH



Thank you!

And thanks to:

Paul Henning Krogh
Francis Martin
Rudiger Schmeltz

Dalila Costa
Dote Stone
Marc Buée
Bryan Griffiths
Jiayi Qin

Lars Hestbjerg Hansen
Maarten Schrama
Anton Vizcaino
Michael Bonkowski

Ivo Laros
Basten Snoek

Pieter Slim Further information:

WAGENINGEN

UNIVERSITY & RESEARCH g-a-degroot@wur-nl / 0031-317485926



