Monitoring biodiversity using environmental
DNA: the future is already here.
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Environmental DNA (eDNA)

All the genetic material (DNA) from
living organisms or their traces (skin
cells, mucus, scales, urine, feces,
saliva, gametes or decomposing
bodies) present in the environment
(water, soil, biofilm, etc.)
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OPINION

Environmental DNA: What's behind the term? Clarifying
the terminology and recommendations for its future use in
biomonitoring
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eDNA applications

Endangered species

* Species detection and identification m / .@
* Biomonitoring and biodiversity RN .
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Metabarcoding approach uses /" Environmental impact '
high-throughput sequencing technology. _—_
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Metabarcoding workflow
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*PCR = chain reaction using
polymerase enzyme

Environment Sample
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Pre- and post-amplification laboratory analyses are conducted in separated rooms.
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Holistic approach to biodiversity @Y\\zﬁﬁi}
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The same environmental sample
allows to study eDNA of all the
organisms of the Tree of life, from

bacteria to animals

OLATES
Dinoflagellata

groups studied with the
Biology module of the
Swiss system for
analysing watercourses

ALV E

groups studied with the
eDNA approach

Tree of life of the domain of T 02 g€

eukaryotes (domains bacteria and QCHAEPLAST\DA
archea are not represented)



Holistic biodiversity inventories ID-GENE
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Fish community survey
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European Grayling

Species Common name Status CH Drize Aire Allondon | Vengeron| Versoix | Seymaz
Salmo labrax Black Sea salmon X X X X
Thymallus thymallus European grayling Endangered X X
Alburnoides bipunctatus Spirlin Vulnerable X X
Telestes souffia Souffia Vulnerable X
Barbatula barbatula Stone loach Near Threatened X X X X
Barbus barbus Common barbel Near Threatened X X X
Cottus gobio European bullhead Near Threatened X X

Salmo trutta/trutta fario Brown trout Near Threatened X X X X X
Esox lucius Northern pike Least Concern X

Gobio gobio Gudgeon Least Concern X X X X
Perca fluviatilis European perch Least Concern X X X
Phoxinus phoxinus Common minnow Least Concern X X X X X X
Rutilus rutilus Common roach Least Concern X X X X X
Squalius cephalus European chub Least Concern X X X X X
Tinca tinca Tench Least Concern X
Ameiurus nebulosus/melas |Brown/Black bullhead Introduced X X X
Gasterosteus aculeatus Three-spined stickleback Introduced X

Lepomis gibbosus Pumpkinseed Introduced X X X
Oncorhynchus mykiss Rainbow trout Introduced X X X

Spirlin

Congruence of eDNA and conventional inventories:

Vengeron
Seymaz

eDNA (2022)

1 species

13 species

conventional method
O species in 2021

13 species in 2019

Souffia

Common barbel

Photos: species.infofauna.ch et sfv-fsp.ch
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Protected species survey

Monitoring newt communities in urban
area using eDNA metabarcoding
MetabarCOdlng a”OWS to deteCt a” Léo Charvoz', Laure Apothéloz-Perret-Gentil'?, Emanuela Reo’,

species of newts in Switzerland. Jacques Thiébaud’ and Jan Pawlowski"*¢

I. alpestris

. L. v. meridionalis

L. helveticus

y B T. cristatus

© Andreas Meyer: o Andreas-Meyer

Lissotriton helveticus  Lissotriton vulgaris Lissotriton vulgaris
meridionalis

T. camifex

@ Andreas Meyer

Ichthyosaura Triturus
alpestris cristatus/carnifex

Photos: karch.ch
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Invasive species monitoring

is recommended by Swiss Federal
Office for the Environment and
conducted by the cantons.

Dreissena bugensis

Corbicula fluminea

Neogobius melanostomus
ID-Gene projects:

e Canton Vaud

e Canton Zurich

* Canton St. Gall
* Canton Argovie
* Canton Grisons
* (Canton Geneva

Ponticola kessleri

Dikerogammarus villosus

Crangonyx pseudogracilis

Physella acuta

Pacifastacus leniusculus
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Pathogen detection in water samples

Crayfish pathogens:

- Oomycete Aphanomyces astaci causing the Crayfish plague

Fish pathogens:

- Oomycete Saprolegnia parasitica causing saprolegniasis

- Cnidarian Tetracapsuloides bryosalmonae causing the Proliferative kidney disease (PKD)

T.bryosalmonae spores
Bryozoa i Salmonid I .
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Diatom Molecular Index

DNA-based diatom molecular index has been
successfully developed in Switzerland and other
European countries showing excellent correlation
between molecular and morphological data.
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Molecular versus morphological data for benthic diatoms
biomonitoring in Northern Europe freshwater and consequences
for ecological status ©

Ecological Indicators

Bonnie Bailt, Agnes Boucher”, Alain Franc’,Jean- Mare Figerio?, Frangois Keck'2,
Development of a novel metric for evaluating diatom assemblages in rivers ) Agna Bouches’, Alln x e i e

using DNA metabarcoding

M Sapp, ELewis™,

4G 5. G Mann, §Sata”, R
U Hany, p kil KWl

R2 = 0.83
p=0
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Benthic Diatom Communities in an . .
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Metabarcoding & Hetagenomics 0010 a7y 3 56k L
Research Article. -
Assessing pollution of aquatic environments with diatoms’ DNA T —
metabarcoding: experience and developments from France Water e o
Fr k Directit ks |
ramenort Drective networ N Monitoring the ecological status of rivers with diatom eDNA  [P4* n
Yo i R A, Do a1 Mo O, el o’ i A Foomprlrilsiinbuptorn 3
analytical approaches for the inference of a molecular diatom — s
index T
Ecological Indicators —_
i Lavre Apothéor et Gen2 0. | Agois Boucher” | Trstan Cordr™ | a
Avielle Cordonier" | Julie Guéguen® | Frederic Rimet’ | Valentin Vasselon™* | - < -
Jan Pawlowski' "

L)
‘The potential of exact sequence variants (ESVs) to interpret and assess the |55
impact of agricultural pressure on stream diatom assemblages revealed by

DNA metabarcoding

N
“ “({;{ ]

Science of the Total Environment

Ecological Indicators

licability of DNA approach in the o m Peem—— 7
Portuguese rivers using diatoms = .
Andeia Mortigus®, Valntin Vasslon’, Ricardo Olvie’, o s, Gcle Chardon', .
s Bouchez, Frédéric Rimet , Maria Joio Feio', Salomé F.P. Almeida e — N A
Cyprus’diatom diversity and the association of environmental and g0
anthropogenic influences for ecological assessment of rivers using
DNA metabarcoding
Panayiots Psardon . Valenti Vascion " Adrcas st . Tofana Chnovs
T Aihina Papathendouo - Kteins Drakcs . kovos Toortz . Gersld Dorfinger
g Fredoric R Aates Bouches ' arkn Vs
_—

Eval d sensitivity analysis of diatom DNA for
'WFD bioassessment of Mediterranean rivers

Javier Pérez-Burillo**, Rosa Trobajo*,Valentin Vasselon**, Frédéric Rimet .
‘Agnés Bouchez”, David G, Mann 4

Ring Test: https://www.youtube.com/watch?v=uTM_ReSPtFk
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e What is environmental DNA, or eDNA?

Environmental DNA applications . . . . o . .
in/biomonitoring and :izassessment e How is eDNA analysis applied for biomonitoring of aquatic ecosystems?

of aquatic ecosystems

e What are the steps of the eDNA sequencing workflow, from field to lab?

o What are the current challenges and future directions for a wider
implementation of eDNA sequencing in routine environmental monitoring?

@ eDNA monitoring at ID-GENE

@ Examples of eDNA applications
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Perspectives
- Airborne eDNA - —

measuring biodiversity from
DNA in the air

Pilot studies:

* \Vertebrates (Lynggaard et
al. 2022)

* Insects (Pumkaeo et al.
2021, Roger et al. 2022)

* Plants (Johnson et al.
2021)

 Microbes (de Groot et al.
2021, Gusareva et al.
2022) N — | m Qr—

Trends in Ecology & Evolution

Bohmann & Lynggaard 2022
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Challenges and limitations eDNA does not allow:

Inferring species abundance

Detecting changes of any

Completing barcoding reference databases morphological features

Evaluating physiological state

) Swiss Barcode of Life (population age)

A genetic inventory of Swiss biodiversity

Detecting hybridization




Advantages of eDNA e

Easy and non-invasive sample collecting Sensitivity — early
without toxic fixative substances @ detection and detection of
rare or elusive species
O Processing in batches using
standardized protocols and automated S .
QO P 4 Biotic indices can be inferred

rocesses — volume, reproducibilit ¢
P P Y ,’ @ from molecular data,
52 congruency with

2 Fast pipeline - results within few weeks = :
morphological approach

Conclusion

Metabarcoding approach allows processing of higher numbers of samples and thus allows
better coverage and higher frequency of monitorings compared to morphological analysis.

Whole biodiversity from bacteria to animals can be assessed simultaneously from a sample.

» Metabarcoding is a robust ready-to-use tool with potential to improve biomonitoring.



Our partners in Switzerland
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THANK YOU FOR
YOUR ATTENTION!

INNOVATIVE

DNA SOLUTIONS
FOR ENVIRONMENTAL
MONITORING

ID-Gene, Ch. du Pont-du-Centenaire 109, 1228 Plan-les-Ouates/Geneva, Switzerland Contact:+41 076 693 51 69, info@id-gene.com



