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SF’Y;}EN Case study: vertebrate

First study showing species detection using eDNA from water samples

Bullfrog
(Lithobates catesbianus)

— Sampling of water (15 ml * 3 tubes per sampling location) over 9 ponds .
Detection
- High density
- Low density
- Absence

Ficetola et al. 2008



SPY;}EN Case study: vertebrate
Comparative study for the survey of the bullfrog on 49 sites (SW France)

- Classical survey: Diurnal observations & nocturnal calling surveys
- eDNA survey: 3 samples of water (15 mL) — specific primer pair for target organism

eDNA survey:
Detection on

Classical survey:
38 sites

Detection on
7 sites

Dronne river
1km

Dronne river

2,5 times faster in the field and 2,5 times cheaper than traditional surveys

- eDNA:
Dejean et al. 2012



SF’Y;}EN ® Sampling strategy

Sampling location

Ficetola et al., 2008
Local versus

widespread
sampling
strategies
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Perspectives: SF’YB;DAT* - more exhaustive sampling
(optimised detection of rare species)

Airboat equipped with

- Peristaltic pump
- Interchangeable hull
- Remote control

- Video camera




SPYPEN Case study: parasite

Life cycle of
trichobilharzia sp.
causing cercarial

dermatitis or Humans are exposed to
i g the d titis-produci

swimmer ‘itch c;.-c;.-irg;f Hs-produeing Cercariae penetrate
the skin of the birds
and migrate to blood
vessels to complete
the cycle.

A’
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The parasite develops in a S —— Iil:?é:'sateaﬁiraiit?ia_

Annecy Antwerpen molluscan intermediate host.

Comparative study to evaluate the efficiency of the eDNA approach to detect

Trichobilharzia sp. within natural swimming areas



SF’Y;}EN Case study: parasite

Method for detecting the parasite in the field

1) Collect substrate on the bottom using quadrats

2) Isolate lymnea, count and measure them

3) Put the lymnea in the fridge then under
a lamp to stimulate the release of
cercariae

4) Count the number of cercariae released
(usually less than 1%)
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Case study: parasite

SPY;}EN
Proposed method for detecting the parasite using eDNA

1) Sample around the pool (water samples, filtration or sediments)

2) Develop short and specific primers

3) Extract DNA + gPCR

4) Sequence to identify the parasite

Positive control: Annecy site where the parasite was known to be present (0,8% in 2012)

—> Trichobilharzia frankii detected and identified in different samples

- eDNA method efficient, less time consuming, easier to implement

—> Perspectives for the detection of other parasites and pathogens and the prevention of
health risks for humans and animals
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2) Multispecific approach (eDNA metabarcoding)

 Markers
 Reference databases
« Case study: fish diversity assements in streams






SPY;}EN Metabarcodes

eDNA metabarcodes

- Must amplify short DNA fragments

- Must be adapted for the different taxonomic groups

- Must be highly versatile (to equally amplify the different target DNAs)
- Must have a good taxonomic resolution (ideally to the species level)

Identified markers based on those criteria

Amphibians 12S 23-59 bp

Teleostean fishes 12S 60-80 bp -~
Mammals 12S 71-87 bp

Chiroptera 12S 71-87 bp

Molluscs / Arthropods  16S 35-40 bp

Odonates Under development

Crayfishes Under development
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Reference databases

Reference databases developed at SPYGEN (soon public)

- Chiroptera: 42 species in Europe

- Fishes: 83 species in Europe

- Amphibians: 47 species in Europe
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GGCTGATT TlGCAAlGAT TGGTEGGGTAGAT CGGGGTTTAT CGATTATAGARCE
GGCTGATTTEGCAARNGAT TGGTEGGGTAGAT CGGGGTTTAT CGATTATAGAACE
GCGCTGATTTEGCAARNGATTGGTEGGGTAGAT CGEGEGTTTAT CGATTATAGAACE
GGCTGATTTEGCAANGET TGGT GAGGTEEAT CGEGEGTTTAT CGATTATEGALCT
GGCTGATTTGGCALEENGT TGGT GAGGTEHAT CGGEGGTTTAT CGATTATGGAACT
GGCTGATTTEGCAREGET TGGT GAGGTEHAT CGGGGTTTAT CGATTATGEGAACT
GCCTGATTTEGCAARENGT TGGT GAGGTEEHAT CGEGEGTTTAT CGATTATEGAACT
CGGCTGATTENGCAAEGATTGGTHAGGT AGAT CGGGGTTTAT CGATTARGGRACT
GECTGATTENGCARABGAT TGGTHAGGT AGAT CGGGGTTTAT CGAT TARMGGRACT
GGCTGATTENGCAAREGATTGGTHAGGTAGAT CGGGGTTTAT CGATTARGGAACE
CGECTGATTTEGCAANGANTCGGTHAGGT AGAT CGGGGTTTAT CGATTATAGRAC!
CGGCTGATTTEGCAABGATTGGT GAGGTAGAT CGGGGTTTAT CGATTATAGRACT
GGECTGATTTEGCAABGAT TGGT GAGGT AGAT CGGGGTTTAT CGATTATAGRAAC!
GGECTGATTTEGCAANGANTGGT GAGGT AGAT CGGGGTTTAT CGATTATAGRACT
CGGCTGATTTEGCAABGAT TGGT GAGGTAGAT CGGGGTTTAT CGATTATAGRAC!
GGCTGATTTEGCALNGANTGGT GAGGTAMAT CGGGGTHTAT CGATTATAGAACT
GGCTGATTTEHGCALRNGANTGGT GAGGTANBAT CGGGGTTTAT CGATTATAGAACE
GGCTGAET TEGCARGGGETGGT GAGGTEHAT CGGGGTTTAT CGATTATAGGACE
GECTGATTTEHGCAANGATTGGT GAGGTEEAT CGGGCGTTTAT CGATTATAGARCT
GGCTGATTTEGCAABGATTGGT GAGGTEGEAT CGGGGTTTAT CGATTATAGRACT
GGECTGATTTEGCAABGAT TGGT GAGGTGEAT CGGGGTTTAT CGATTATAGRACT
GG CTGAGT TEGCALRGEGHETGGT GAGGTEHAT CGGEGTTTAT CGATTATAGEACT
GG CTGAGT TECGCALAGEGETGGT GAGGTEMAT CGEGEGTTTAT CGATTATAGEACT
GCCTGATTTEHGCEAECGET TCGCGTHAGGTAGAT CGEGGCTTTAT CGATTARMGGAACE
GGECTGATTTEGCEABGGT TGGTHAGGT AGAT CGGGGTTTAT CGAT TARMGGRACT
GGECTGATTTGGCARAGGAT TGGTHAGGT GEANMCGGGGTTTAT CGATTATAGRACT
CGGCTGATTTGGCARGGAT TEGGTHAGCGTGEANCCGEGT TTAT CGATTATAGRACT
GGCTGATTTEGCARGGATTGGTHAGGTGHAMCGEGGGTTTAT CGATTATAGAACE
GGCTGAET TEGCARGGET TGGT GAGGTIEAT CGGGGTTTAT CGATTATAGAACE
CGECTGANT TEGCARAGGET TEGGTGAGGT AT CGGGGTTTAT CGATTATAGRACT
GG CTGAETTEGCARGGEGHTGGT GAGGTIMAT CGGGGTTTAT CGATTATAGEACT
GGCTGAETTGGCAAGCGGETGGT GAGGTIAT CGGGGTTTAT CGATTATAGGAC!
GGCTGAET TGGCARGGGETGGT GAGGTIAT CGGGGTTTAT CGATTATAGGACT
GGCTGETTTEGCARGGANTGGT GAGGTAMAT CGEGEGTTTAT CGATTATAGAACT
GCGCTGETTTEGCARGGANTGGT GAGGTAMAT CGEGEGGTTTAT CGATTATAGAACE
GGCTGETTTGGCALGGANTGGT GAGGT AMAT CGGEGGTTTAT CGATTATAGAACT
GGCTGATTTEGCARGGATTGGT GAGGTGHANCGGGGT TTAT CGATTATAGAACE
GGCTGATT TEGCARGGAT TGGT GAGGTEGHANCGGEGT TTAT CGATTATAGAACE
GGCTGATTTEGCARGGAT TGGTHAGGTAMAT CGEGEGGTTTAT CGATTATAGARCT




SPY(GEN' Sases
biodiversity in streams

eDNA metabarcoding

o

et des milieux aquatiques
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3) Multigroup approach (global biodiversity screening)
« Biodiversity inventories
« Bioindication
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SPY;}EN Multigroup approach

eDNA for biodiversity inventories and environmental watch

- Find out what organisms exist in a given area:
Optimise the detection and monitor rare, endangered or cryptic species

Evaluate conservation priorities of an area

Bioprospecting

- Allows an early detection of alien species:

7 chances of eradication

\ impact of the alien species on the ecosystem

\ cost of eradication action

- Allows to adapt conventional methods to the species present on the sites to gather

additional field data (e.g. age classes, quantitative data, etc...)



SPYPEN Multigroup approach

eDNA for bioindication

- Detect species that can be used to monitor the health of an environment or ecosystem
(i.e. species whose function, population, or status can reveal the degree of integrity of an

ecosystem)

e.g: Macroinvertebrates, diatoms

- Produce aquatic biodiversity indices and follow its evolution through time

Which target groups would be interesting to survey?

(Insects, molluscs, parasites, plants ... ?)
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SPY;}EN Multigroup approach

% Nudleotide K2P Distance Identified Unknown Bulk
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0,001-0,009

gﬂ:lu-laéoa [Hydropsyche spama [ 6.867] 0,160] 0,185 0.084] 0.061]
R :|H].fdmpaych«abﬂ#sni *] [ 0.030] o.058] 0.27] 0.082]
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Oxyethira serrafa EERH 0,003
Bredoptlia maculata 0,393 0.045] 0.012] 0.005
Emﬂmpmamnmx ® 0,018 0,030] 0,185 0,134
Agrayisa multipunctata 1861 B416] 2.248] 2711 1438
T Helicopsyche boreslis * 0.005] o0.088] 0.353] 0.014
Ontholrchia sp. | 0,382
Micrasema rusticum +* 0.392] 0.003]
Plilostomis semifasciala * 0.060_1.475| 0.175] 0427
Tnaenodes injustus * 0.001
Triaenodes tarus 1,563 0.001] 0.003
Mystacides sepulchralis 0.008
Nectopsyche albida +| 0,382
Oecells inconspicua | O.784
Oecelis cinerascens * 0.382]
. s ol Tricorythodes mosegus [ | | | [ 0.001]
= Need for optimised metabarcodes 5 [ T ol el m| wsil osia
a |Plawditus sp, CHUZ [ 0.392] 0.008] 0.003] 0.112] |
e Baotls rusficans *[oae] | | | |
Q Acentrells parvula *] I [ 0.003] 0.445] [
E Caenis sp. *| | ©0.032] 0.300] 0.363] 0.054]
ﬁ ﬂ|5!snmnhhﬂrmmcia!mn [ o.784] 0.034] 0.018] 0.028] 0.088]
w | Maccaffortium mediopunclatum 0,001
y -_I L Maccaffertium modestum 0392 0.024] 0.014] 0.058) 0.039
a% 4 Fallceon thermaophilos * 0.170] _0.478] 0.394] 0.604
M Leucrocuta fewetf] 0.392| 0.422| o.780|0000E 0.224
' :|Ephammﬁamveﬁu ] [ 5.003] 0.058] G.008] [

Hajibabaei et al. 2011
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4) Challenges / limits

* Primer validation

» Laboratory requirements
» Bioinformatics



SPY;:;EN Challenges / limits

Risk of errors:
- False positives: species detected while it is not present

—> non-specificity of the primers used for DNA amplification

—> contaminations (in the field and/or in the laboratory)

—> protracted DNA persistence after the death of the organism
- Poor reference database

- False negatives: species not detected while it is present

-> non-adapted primers

—> poor sampling

—> poor extraction protocol efficiency

—> presence of PCR inhibitors in the samples

- Insufficient amount of DNA of the focus species/group in the
ecosystem

—> Poor reference database
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Primer validation

Primers /probes DNA sequences
available for the - available for the
target target

YES
DNA extraction ,
Primer and

from tissues + ) S
: : probe design
sequencing using
universal primers PASS

. FAILED
U2 In silico test g

PASS

Primers / Probes
purshased

: FAILED
In vitro test

PASS

Primers / Probes PASS FAILED

In situ test

validated




Primer validation
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SF’Y;}EN : Laboratory requirements

Classical laboratory

DNA extractlon room

eDNA laboratory

- Physical separation between rooms

- Differential pressures between rooms
- UV treatments

- Special equipments

- Specific rules
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SF’YPEN : Laboratory requirements

eDNA laboratory:

Very rare DNA @
(Wa}cler ancient ™ Rare DNA (Feces,

— .
DNA) Hairs...)

¢ 7

Classical DNA

C———
extraction —

DNA amplification
and sequencing




SF’Y;}EN : Laboratory requirements

Classical laboratory

DNA extraction room

B




SPY;} EN Bioinformatics

- Increasing amount of data produced
(e.g. HiSeq 200: 6 billions of reads of 100 bases
representing 3000 tons of paper if printed)

- Need for more server storage capacity,
computing, reliable softwares

- Time consuming!

- Difficulties with amplification/sequencing errors (difficulties to work with rare
species/MOTUS)

= Need for improved bioinformatics softwares



SF-’Y;:;EN : Conclusions

- eDNA as a useful and promising tool for biodiversity assesment and
conservation, complementing field methods

- Need for high quality reference databases from different countries, using
defined markers - Partnership important
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%VIi?\ederstichting zgﬁ&qg&g ANTWERPER
(fishes, amphibians, (macro- (chiropters)
mammals, insects) invertebrates)
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- A consortium (similar to CBOL) would be very useful!



EEE——
Acknowledgments

SDY’GE

Thanks for your attention!

And thanks to colleagues, partners and
collaborators:

Tony Dejean, Alice Valentini, Coline Gaboriaud, Pierre
Taberlet, Christian Miquel, Claude Miaud, City of
Antwerpen, Thierry Vercauteren, RAVON, ONEMA,
INRA ...




