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SF’Y;}EN Need for biodiversity assessment

Loss of biodiversity at the world scale from several decades
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SPYPEN y Need for biodiversity assessment
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e.g. 1/3 of more than 6000 recorded am'phib’ian species are threatened by extinction



SF’Y;}EN Environmental DNA

Refers to DNA that can be extracted from environmental samples (such as
soil, water or air), without first isolating any target organism

Characterized by a complex mixture of
genomic DNA from different organisms
and by possible degradation

Total eDNA contains cellular DNA
(living cells or organisms) and
extracellular DNA (resulting from
natural cell death and subsequent
destruction of cell structure)
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SF’Y;}EN ® Sources of eDNA

Feces contains DNA from all consumed items
plus host DNA

e Hairs

 Soil contains:

— Intracellular DNA mainly from bacteria, fungi,
roots

— Extracellular DNA from all organisms living
around (bacteria, fungi, plants, animals, etc.)

« Water contains animal / plant / microorganism
DNA

« Other sources: e.g. urine, tracks from soil or
snow, environmental samplers
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7 7 7 Complexity of DNA extracted
Single Mu!tiple Environmental samples
specimen specimens (air, water, soil, feces ...)

(bulk samples)
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Taberlet et al. 2012
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Identification level

Species level —

Genus, Family or Order leve| =

Single Mu!tiple Environmental samples
specimen specimens (air, water, soil, feces ...)

(bulk samples)
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Complexity of DNA extracted
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Identification level

Species level —
Type of
markers
Standardized barcodes
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Other markers
Complexity of DNA extracted
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Single Mu!tiple Environmental samples
specimen specimens (air, water, soil, feces ...)

(bulk samples)
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DNA barcoding

(sensu stricto)
Identification level ®) \\:\‘e
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Species level —
Type of
markers
Standardized barcodes
Genus, Family or Order leve| =
Other markers
Complexity of DNA extracted
7 / /
Single Multiple Environmental samples
specimen specimens (air, water, soil, feces ...)

(bulk samples)
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Taberlet et al. 2012
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Identification level

Species level —

Standardized barcodes m—

Type of
markers

Genus, Family or Order leve| =

Other markers

/

. DNA barcoding (sensu lato)

DNA barcoding (sensu lato)

Single Mu!tiple Environmental samples
specimen specimens (air, water, soil, feces ...)

(bulk samples)
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Terminology

Complexity of DNA extracted

Taberlet et al. 2012



SF’Y;}EN Terminology

DNA metabarcoding
Identification level

. DNA metabarcoding
Species level — (sensu lato)
Type of
markers
Standardized barcodes
DNA
metabarcoding
Genus, Family or Order leve| = (sensu lato)
Other markers
Complexity of DNA extracted
/ / /
Single Mu!tiple Environmental samples
specimen specimens (air, water, soil, feces ...)

(bulk samples)

Taberlet et al. 2012
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Identification level

. eDNA (meta)barcoding
Species level —
Type of
markers
Standardized barcodes
eDNA metabarcoding
Genus, Family or Order leve| =
Other markers
Complexity of DNA extracted
/ / /
Single Mu!tiple Environmental samples
specimen specimens (air, water, soil, feces ...)

(bulk samples)

Taberlet et al. 2012
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DNA barcoding DNA metabarcoding

Identification level .

DNA barcodifg
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@ . ’ eDNA (meta)barcoding

DNA metabarcoding

Species level  _ (sensu lato)
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barcoding metabarcoding
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Complexity of DNA extracted
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DNA Barcoding

DNA Amplification San
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using specific
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SPYPEN 3 Methodology

eDNA Barcoding

Classical  mmmp Electrophoresis

DNA / PCR
l______ ﬁ (SYBRgreen or TagMan)

mm) EXtraction
g N gPCR
) &8 S
using specific
primers for Hyla

arborea (<100 pb)
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eDNA Metabarcoding

Next Generation
DNA Amplification using Sequencing
=) extraction mssp amphibian primers )

@f@f@b\f’k < 100 pb

hae

Comparison with
reference databases



SPY;}EN : Primers
Standard barcodes » OV ,—”“"
Z\! w’:‘"’" o

* 658 bp of Cytochrome Oxydase | (CO1) for animals a9 SR
 ~500 bp of rbcL or ~800 bp of matK for plants OF LIFE

« ITS2 for fungi |
Qﬁf 7

7Y

Not usable with eDNA because:

- The amplified fragments are too long for degraded DNA

- COL1.: strong bias when amplifying a mixture of species
(Coding regions: 3 base highly variable)

eDNA metabarcodes

- Must amplify short DNA fragments WWMMWM
Axoers ol W

- 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)
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Studying plant biodiversity

o —

R Ly Ta s

1

Above ground surveys

R —— = |
Case study: terrestrial environments

eDNA sampling

- Amplification using trnL fragment (gh primers)

Yoccoz et al. 2012
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® Case study: terrestrial environments
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Studying plant biodiversity

Size of the pictures proportional to ....

... Species density ... humber of sequences

Above-ground
surveys

Yoccoz et al. 2012
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How long does a DNA molecule persist in soil?

All crops (red), Triticeae (green), Potato (blue)
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Yoccoz et al. 2012



Case study: terrestrial environments
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Earthworm diversity: eDNA-based approach vs traditional handsorting method

Earthworms = important role with the functioning of an ecosystem
Their diversity can be used as an indicator of ecosystem health

Conventional extraction methods laborious and time consuming

Reference database: 14 species from french Alps > Design new primer pairs (16S)

ewA ewB ewD
— — —
CET T ]
= - -
ewC ewE ewF

V
~470 pb

Bienert et al. 2012
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Case study: terrestrial environments

Earthworm diversity : eDNA-based approach vs traditional handsorting method

Chartreuse

DNA (no. of sequence
reads)

Grenoble

DNA (no. of sequence
reads)

Handsorting Handsorting
Species ewB/ewC ewD/ewE (no. of individuals) ewB/ewC ewD/ewE (no. of individuals)
Allobophora chlorotica — — — 95 149 3918 —
Aporrectodea cupulifera — — — 472 702 84 217 5
Aporrectodea icterica 1 486 631 123 684 — 2 193 386 05 841 —
Aporrectodea longa — — — 516 596 52 225 —
Aporrectodea rosea 2106 (?) 17 017 — — — —
Aporrectodea sp. 107 789 — 32 — — 9
Lumbricus castaneus — — — (?) (?) 4
Lumbricus friendi — — 7 — — —
Lumbricus terrestris — — — 449 025 77 425 116
Octolasion cyaneum 472 285 29 482 12 — — —
Octolasion tyrtaeum 306 476 14 430 — — — —

Endogeic species

Epigeic species

- Better representation of earthworm diversity could be achieved by
taking larger samples

Bienert et al. 2012
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Fungi diversity in permafrost samples
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Case study: terrestrial environments
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® Case study: terrestrial environments
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Brown bear (Ursus arctos) and
golden marmot (Marmota caudata)
plant diets in the Himalayan

env“. Onm ent Deosai National Park, Pakistan

Golden marmot
« 12 feces from each species :
Key:

@ Apiaceae
« Universal plant primers @ Asteraceae
® Caryophyllaceae
« 454 sequencing [ s

Fabaceae

@ Poaceae

@ Polygonaceae

® Others

TRENDS in Ecology & Evolution

— Different diets of the 2 species: bears prefer Poaceae, whereas marmots prefer

Caryophyllaceae
Valentini et al. 2009
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Leopard cat diet
(carnivore)

38 feces
Universal vertebrate primers

lllumina sequencing

Universal vertebrate primers

P B = e b
— D GO ] O N s D D e D 0 00 ) O L s LD B —

0 20 40 60 80 100

[ e ——
Case study: terrestrial environments

Universal vertebrate primers
+ blocker for leopard cat

10 20 40 60 80 100

. Leopard cat . Rodentia . Insectivora |:| Lagomorpha

|:| Piciformes . Galliformes . Passeriformes . Columbiformes
Others No considerable PCR product

B O -

Shehzad et al. 2012



SPYPEN f Case study: stagnant waters

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
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SF’Y;} EN’ Case study: stagnant waters

How long does a DNA molecule persist in water?

1.0

06

Frequency of positive detection
04

0.2

0.0

Time (days) Dejean et al. 2012
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Distribution of the Asian carp in the U.S
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Distribution of the Asian carp in the U.S

Case study: canals

Fig. 1 Environmental DNA results as of June 11, 2010
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Note: The Little Calumet River below the O’Brien Lock sampled
three times in 2010, but eDNA from Asian carp only

Areas with positive detections in 2010
Sampled, no Asian carp eDNA detected in 2010
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SF’YPEN : Case study: running waters
Amphibians Fish Crustacean
100 -
% Lakes and ponds
80
Streams
70 1
60 - Fish
% S50 -
40 - e
30 - Mammal
Eﬂ - m
10 -
0 -
Pelobates Triturus Misgurnus  Leucorrhinia  Lepidurus Lutra Misgurnu
fuscus cristatus fossilis pectoralis apus lutra s fossilis

Environmental DNA detection rates by gPCR in natural freshwater ponds (% positive
localities out of the total number of localities surveyed for each species).

Thomsen et al. 2012
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Case study: sea waters

Detection of marine fishes using eDNA from seawater samples (1st study)

e Mean over 2009-2010-2011
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Number of fish species recorded by 9 different
conventional survey methods and eDNA at
The Sound of Elsinore, Denmark.

2011 only

From 0.5 liter of seawater
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Thomsen et al. 2012
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Environmental samplers




Mammals

[FEE—————— |
Environmental samplers
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Environmental samplers

Pyrenees Honey Wild Flower Honey

Fagaceae

Bryaceae

Asteraceae

Lythraceae
Ranunculaceae Finaceaa
Saxifrag - Cistaceae
Orobanchaceas
Campanulaceae Athyriaceae
Boraginaceae
Caryophyllaceas
Poaceae Plantaginaceae

Salicaceae

Poaceae

Erassicaceae
Rosaceae

Valentini et al. 2010
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Environmental samplers

DNA copies/gram blood (% left)
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Schnell et al. 2012



Environmental samplers
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SF’Y;}EN Environmental samplers

Cephalophus Philantomba Hexaprotodon Hyemoschus
jentinki maxwellii liberiensis aquaticus

01015112 X111SAH
Jo
snup21ifb sNiNJayly

Crocidura sp.

Myonycteris
torquata

Cercopithecus
campbelii

Cercocebus
atys

‘ds sajsiupnaAg

Piliocolobus

badius badius ~ Cercopithecus
nictitans

Colobus
polykomos

monstrosus

LU/

Arthroleptis sp.

Calvignac-Spencer et al. 2013
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 Meaningful results when studying plant, animal and fungi DNA for
different applications (Diet analysis, Detection of target species,
Biodiversity analyses) and from different sources (Feces, soil,
water, eDNA samplers)

— Sampling and DNA extraction validated

e Challenges: need for further optimizations at different levels:
- Sampling strategy

- Laboratory

- Markers

- Reference databases

- Bioinformatics / Biostatistics



Thanks for your attention!

MOLECULAR
ECOLOGY

SPE RONMENTAL DNA

More studies in the special issue of
Molecular Ecology (vol 21, issue 8)




