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My long journey

Behaviour Symbiosis
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Six points tour into
eDNA world




1. eDNA is not a tool by itself
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At the beginning there
was DNA barcoding

Microbisium parvulum
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eDNA is just DNA...

eDNA:

“DNA that can be extracted
from environmental samples
(such as soil, water or air),
without first isolating any
target organisms.”

Molecular Ecology (2012) 21, 1789-1793
Environmental DNA

PIERRE TABERLET,* ERIC COISSAC,*
MEHRDAD HAJIBABAEIt and LOREN H.
RIESEBERG, 1§

*Laboratoire d’Ecologie Alpine, CNRS UMR 5553, Universite
Joseph Fourier, BP 53, F-38041 Grenoble Cedex 9, France,
tBiodiversity Institute of Ontario, Department of Integrative

Biology, University of Guelph, Guelph, Ontario, N1G 2WI,

Canada, $Department of Botany, University of British
Columbia, Vancouver, BC V6T 124, Canada, §Department of
Biology, Indiana University, Bloomington, IN 47405, USA

Keywords: DNA metabarcoding, environmental DNA (eDNA),
next-generation sequencing
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eDNA Is just DNA...

Mass sequencing

by Viktor S. Poor




The analysis of eDNA is a plethora of
methods, techniqgues, approaches




HiSeq 2000 / 2500 ————.\
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HiSeq X Ten

NGS: Next Generation DNA Sequencing

HTS: High Throughput DNA Sequencing




...these are the |
DNA sequencers only!




Nice_
We have So nany

- Deep whole genome
- Low pass whole genome
- Deep whole exome
-Cenomevide array

How would you like
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2. What can | see in eDNA?

How long does a DNA molecule persist in water?

OPEN a ACCESS Freely available online = PLOS one

Persistence of Environmental DNA in Freshwater
Ecosystems

Tony Dejean’?3, Alice Valentini'%, Antoine Duparc?, Stéphanie Pellier-Cuit®, Francois Pompanon?,
Pierre Taberlet?, Claude Miaud®*

1 SPYGEN, Savoie Technolac - BP 274, Le Bourget-du-Lac, France, 2 Laboratoire d'Ecologie Alpine, UMR CNRS 5553, Université de Savoie, Le Bourget-du-Lac, France, 3 Parc
Naturel Régional Périgord-Limousin, La Coquille, France, 4Laboratoire d'Ecologie Alpine, UMR CNRS 5553, Université Grenoble |, Grenoble, France
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2. What can | see in eDNA?

How long does a DNA molecule persist in soil?

All crops (red), Triticeae (green), Potato (blue)

25 permil @

MOLECULAR ECOLOGY

Molecular Ecology (2012) 21, 3647-3655 doi: 10.1111/§.1365-294X.2012.05545.x
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FROM THE COVER
DNA from soil mirrors plant taxonomic and growth form
diversity

N. G. YOCCOZ,* K. A. BRATHEN,* L. GIELLY,t]. HAILE,}§ M. E. EDWARDS,q T. GOSLAR,**
. voN STEDINGK,q A. K. BRYSTING,tt E. COISSAC,t F. POMPANON,t]. H. SONSTEBQ, ++
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So there is a warning:
You are working on DNA,
not with organisms.
Be very careful before drawing
your conclusions




Conserv Genet (2016) 17:1-17

THE ECOLOGY of eDNA
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Fig. 1 Processes and properties within four domains of eDNA ecology (a—d) and key technical challenges (e) can guide eDNA conservation and
research applications




Conserv Genet (2016) 17:1-17

THE ECOLOGY of eDNA
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Fig. 2 eDNA ecology affects population inferences. a eDNA from population size differences. ¢ Resuspension of old sedimentary eDNA
reproduction and decomposition could produce similar temporal patterns could produce false inferences of presence after organisms are gone.
despite different origins. b Different filter types could yield different d Different environmentally-mediated eDNA decay rates could confound
eDNA concentrations that reflect particle size classes rather than inferences about population size or biomass from eDNA concentration




3. Plan researches “like an engineer”




“We wanna do some
eDNA work...”
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“Too much information.
We do not need all of this.
We were interested in
Lactobacillus only...”




Molecular Ecology. 2020;29:4258-4264.

TARGET

ENVIRONMENTS
e.g. «Water eDNA»

DNA
EXTRACTION

TARGET TAXA

e.g. «Fish eDNA»




4. At the beginning it was
presence/absence on bacteria...

PAWLOWSKI eT AL
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Molecular Ecology. 2020;29:4258-426A4.
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FIGURE 1 The number of publications by years referring to environmental DNA studies targeting microbial diversity, macrobial diversity
or both. Microbial diversity encompasses bacterial and viral diversity as well as eukaryotic micro- and meiofauna. The figure is based on

a PubMed NCBI search (on May 5, 2020) of titles and abstract containing the term “Environmental DNA," excluding studies containing
“medical” or “cancer.” This resulted in 1,009 papers. After manual inspection, 192 papers were removed from this list because they

clearly were outside a biodiversity context. The full list of all papers considered is available upon request [Colour figure can be viewed at

wileyonlinelibrary.com]




.then the macrobial life

l O 1 O g y Biol. Lent. (2008) 4, 423-425
doi:10.1098/rsbl.2008.0118

I ett e rs Published online 9 April 2008
Population genetics

Species detection using
environmental DNA from

water samples

Gentile Francesco Ficetola'?*, Claude Miaud?,
Francois Pompanon' and Pierre Taberlet'

'Laboratoire d ’Ecologie Alpine, CNRS-UMR 5553, Université Joseph
Founu, BP 53, 38041 Grenoble Cedex 09, France

2Laboratoire d’Ecologie Alpine, CNRS-UMR 5553, Université de
Savoie, 73376 Le Bourget du Lac Cedex, France

* Author and address for correspondence: Dipartimento di Scienze
dell’Ambiente e del Territorio, Universita Milano Bicocca, Piazza della
Scienza 1, 20126 Milano, Italy ( francesco.ficetola@unimi.it).

American bullfrog (Lithobates catesbeianus)



But there is a caveat:
Working on macrobial leads to
some limitations to the possible
eDNA approaches




5. DNA metabarcoding vs. metagenomics

UNTARGETED TARGETED TARGETED
APPROACH: APPROACH: APPROACH:
METAGENOMICS DNA PCR / RTPCR

METABARCODING




SHOTGUN AMPLICON

The shotgun approaches targeting
macrobial life is much more
complicated (and expensive)
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Same # of reads,
different coverage,
different costs,
different results




6. eDNA as a barometer of
anthropogenic pressure

Sdence of the Total Environment 637-638 (2018) 1295-1310

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Review

The future of biotic indices in the ecogenomic era: Integrating (e)DNA
metabarcoding in biological assessment of aquatic ecosystems
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Angela Boggero ¢, Angel Borja ', Agnés Bouchez &, Tristan Cordier?, Isabelle Domaizon &, Maria Joao Feio ",
Ana Filipa Filipe ¢, Riccardo Fornaroli ', Wolfram Graf’, Jelger Herder ¥, Berry van der Hoorn ', J. Iwan Jones ™,
Marketa Sagova-Mareckova ", Christian Moritz °, Jose Barquin P, Jeremy J. Piggott 9, Maurizio Pinna ',

Frederic Rimet & Buki Rinkevich °, Carla Sousa-Santos‘, Valeria Specchia’, Rosa Trobajo “, Valentin Vasselon &,
Simon Vitecek ¥, Jonas Zimmerman *, Alexander Weigand *¥, Florian Leese *, Maria Kahlert *

* Department of Genetics and Evolution, University of Geneva, (H-1211 Geneva, Switzerland

® School of Biology & Environmental Science, University College Dublin, Ireland

© Eawag Swiss Federal Institute o fAquatic Science and Technolagy, Department of Aquatic Ecology, Uberlandstrasse 133, (H-8600 Diibendorf Switzerland Department of Evolutionary Biology and
Environmental Studies University of Zurich, Winterthurerstrasse 190, CH-8057 Ziirich, Switzedand

4 (BIOYInBIO-Centro de Investigacio em Biodiversidade e Recursos Genéticos, Universidade d to, Campus Agrdrio de Vairdo, Rua Padre Armando Quintas, 4485-601 Vairdo, Portugal; CEABN/
InBIO-Centro de Estudos Ambientais 'Prof. Baeta Neves', Instituto Superiar de Agronomia, U idade de Lsboa, Tapada da Ajuda, 1349-017 Lishoa, Portugal

€ LifeWatch, Italy and CNR-Institute of Ecosystemn Study (CNR-ISE), Largo Tonolli 50, 28922 Verbania Pallanza, Italy

T AZT1, Marine Research Division, Herrera Kaia, Portualdea s/n, 20110 Pasaia, Spain

% INRA, UMR42 CARRTEL, 75bis Awenue de Corzent, 74203 Thonon les Bains Cedex, France

" Marine and Environmental S aculty of Sciences and Technology, Department of Life Sciences, University of Coimbra, Portugnl|

! University of Milano Bicocca, Department of Earth and Environmental Sciences(DISAT), Piazza della Sdenza 1, 20126 Milano, Italy

' Institute of Hydrobiology and Aquatic Ecosystem Management ([HG), 1180 Vienna, Austria

* RAVON Postbus 1413, Nijmegen 6501 BK The Netherlands

' Naturdis Biodiversity Center, Leiden, The Netherlands

™ School of Biological and Chemical Sciences, Queen Mary University of Landon, London, UK

" Crop Research Institute, Epidemiology and Ecology of Microorganisms, Drnowska 507, 16106 Praha 6, Czechia

? ARGE Limnologie GesmbH, Hunoldstrafée 14, 6020 Innsbruck Austria

P Environmental Hydraulics Institute ‘1HCantabria”, Universidad de Cantabria, C/ kabel Torres n°15, Parque Gentifico y Tecnolégico de Cantabria, 39011 Santander, Spain

9 Department of Zoology, School of Natural Sciences, Trinity College Dubfin, the University of Dublin, College Green, Dublin 2, Ireland; Department of Zoology, University of Otago, 340 Great King
Street, Dunedin 9016, New Zealand

" Department of Biological and Environmental Scences and Technologles, University of Salento, S.P. Lecce-Monteron{ 73100 Lecce, Italy

* Israel Oceanographic and Limnological Research, Tel- Shikmona, Haifa 31080, Israel

¥ MARE - Marine and Environmental Scences Centre, ISPA - Instituto Universitdrio, Rua Jardim do Tabaco 34, 1149-041 Lishoa, Portugal

“ IRTA Institute of Agriculture and Food Research and Technology, Marine and Continental Waters Program, Carretera Poble Nou Km 5.5, E-43540 St. Carles de la Rapita, Catalonia, Spain

¥ Department of Limnology and Bio-Oceanography, Faculty of Life Sdences, University of Vienna, Althanstrafe 14, 1090 Vienna, Austria; Senckenberg Research Institute and Natural History Mu-
seum, Senckenberganlage 25, 60325 Frankfurt am Main, Germany

" Botanic Garden and Botanical Museumn Berlin-Dehlem, Frete Universitit Berfin, Konigin-Luise-Str. 6-8, 14195 Berlin, Germany

* University of Duisburg-Essen, Aquatic Ecosystern Research, Universitaetsstrasse 5, 45141 Essen, Germany

¥ Musée National d'Histoire Naturelle ue Miinster, 2160 Luxembourg Luxembourg

* Swedish University of Agricultural Sciences, Department of Aquatic Sdences and Assessment, PO Bax 7050, SE - 750 07 Uppsala, Sweden




6. eDNA as a barometer of
anthropogenic pressure

SCIENTIFICREPORTS| (2020) 10:8365 | https://doi.org/10.1038/s41598-020-64858-9

Environmental DNA can act

as a biodiversity barometer of
anthropogenic pressures in coastal
ecosystems

Joseph D. DiBattista?®, James D. Reimer®*, Michael Stat*, Giovanni D. Masucci?,
Piera Biondi3, Maarten De Brauwer’, Shaun P. Wilkinson®, Anthony A. Chariton® &
Michael Buncel”®

Loss of biodiversity from lower to upper trophic levels reduces overall productivity and stability of
coastal ecosystems in our oceans, but rarely are these changes documented across both time and space.
The characterisation of environmental DNA (eDNA) from sediment and seawater using metabarcoding
offers a powerful molecular lens to observe marine biota and provides a series of ‘snapshots’ across a
broad spectrum of eukaryotic organisms. Using these next-generation tools and downstream analytical
innovations including machine leaming sequence assignment algorithms and co-occurrence network
analyses, we examined how anthropogenic pressures may have impacted marine biodiversity on
subtropical coral reefs in Okinawa, Japan. Based on 18 S ribosomal RNA, but not ITS2 sequence data
due to inconsistent amplification for this marker, as well as proxies for anthropogenic disturbance,

we show that eukaryotic richness at the family level significantly increases with medium and high

levels of disturbance. This change in richness coincides with compositional changes, a decrease in
connectedness among taxa, an increase in fragmentation of taxon co-occurrence networks, and a shift
in indicator taxa. Taken together, these findings demonstrate the ability of eDNA to act as a barometer
of disturbance and provide an exemplar of how biotic networks and coral reefs may be impacted by
anthropogenic activities.




Global Ecology and Conservation 17 (2019) e00547
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Fig. 2. Applications of environmental DNA metabarcoding in aquatic and terrestrial ecosystems.




Global Ecology and Conservation 17 (2019) e00547
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Anthropogenic pressure. Transform: Presence/absence

Resemblance: S7 Jaccard
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Figure 2. Canonical Analysis of Principle Coordinates (CAP) ordination plot of the presence/absence of
eukaryotic families detected based on seawater samples collected at 14 sites in Okinawa, Japan and 18 S rRNA
sequences. The relationship of eukaryotic community assemblages identified in each sample using a Jaccard’s
coefficient for factor “Impact” is shown. Pearson correlation vectors (r > 0.4) represent the eukaryotic taxa

driving the relationship among samples.

SCIENTIFICREPORTS| (2020) 10:8365 | https://doi.org/10.1038/s41598-020-64858-9




J. Pawlowski et al. / Science of the Total Environment 637-638 (2018) 1295-1310
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Fig. 2. Schema of key steps in DNA metabarcoding applied to bioassessment.




Integrated approach

Regional species pool

Previously measured
dark diversity
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COST-EFFECTIVE CHOICE:
DETECT]ON FIELD SAMPLING
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But still there are open questions...

KEEP
CALM

AND

KNOW
YOUR LIMITS

Can we use eDNA for the species X, Y, Z7?

Can we use eDNA to estimate abundance/density?
What are the chances of false positive/negative?
How much does it really cost?

How far downstream can eDNA be detected in a river?



READY FOR QUESTIONS ON EDNA
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Methods in Ecology and Evolution, 7, 1008-1018

WHAT to sample?

Terrestrial habitats: 1. Soil macrofauna, 2. Aboveground macrofauna, 3. Soil
microbes, meiofauna and microfauna. Air: 4: Spores & pollen Aquatic habitats:
5. Macro-fauna, 6. Suspended micro-organisms, 7. “eDNA”, 8. Sediment
macrofauna, 9. Sediment microbes, meiofauna and microfauna.

¥ ¥ ¥

“Conventional”macro-invertebrate Filtration of .

Soil or sediment
cores

sampling, e.g. kick sampling, water/air
malaise/pitfall traps samples

Subsampling taxa/ | Homogenisation e AR Organismal extraction | Homogenisation
partseg.1,2,5,8 | eg.1,2,5,8 9- 4 9, eg.1,3,89 | eg.3,9

DNA extraction
Sample-specific extraction methods

Data analysis, e.g.:
« Assembly
S « Comparison to
' reference databases
(taxonomic and
s e functional)
> Sioe SRR v Kt e 8 OTU-clustering

lechnique based Single-cell
n researct Genomics

HOW to sample?

Metatranscriptomics || Metabarcoding Metagenomics




