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L’ADN dans les cellules
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Qu’est-ce que ’ADN environnemental ?

* |l s’agit de 'ADN qui peut étre extrait d’'un
échantillon environnemental sans isoler a
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Emergence de 'ADN
environnemental
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Emergence de 'ADN
environnemental

1126 1100

1100

1000 —

900

800

700 -

600 —

500

400 —

300

200

100 —

741

549

400

272
219

132 161

16 20 40

T
2011

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Publications

Source: “metabarcoding” dans le Web of Science, 19 Mars 2023



Les différentes
facons d'analyser

I’ADN

environnemental

Expérimentation pilote (optionnelle)
|
Conception de I'expérimentation

|

Echantillonnage d’ADNe sur le terrain

!

v

Amplification par PCR
d’une espece unique

Identification
d’une espece
unique

Extraction d’ADN

/ N\

Amplification simultanée

de plusieurs espéces Capture par

par PCR hybridation
N\ /
Séquencage

de 'ADN
‘

Analyse

des séquences

‘

|dentification simultanée
de nombreuses especes

Metabarcoding

|

Séquencgage d’ADN
“shotgun”

|

Analyse
des séquences

|

Informations sur
I'aspect fonctionnel
et sur les génomes

Metagénomique

> Interprétation biologique <



Metabarcoding: identification simultanée
de plusieurs especes a partir de leurs ADN

Echantillon I ADN de qualité Metabarcode ADN E}F’se de
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Le paradoxe du metabarcoding:

« Chague étape est tres simple au niveau
technique

« Mais globalement, c’est difficile de concevoir une
expérimentation solide
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TECHNICAL ADVANCES
New perspectives in diet analysis based on DNA barcoding
and parallel pyrosequencing: the trnL approach

ALICE VALENTINI*f CHRISTIAN MIQUEL,* MUHAMMAD ALI NAWAZ 1§ EVA BELLEMAIN f*
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Crémieux, BP 5706, F-91057 Evry cedex, France, **Norwegian Institute for Nature Research, NO-7485 Trondheim, Norway

Abstract

The development of DNA barcoding (species identification using a standardized DNA
sequence), and the availability of recent DNA sequencing techniques offer new possibilities
in diet analysis. DNA fragments shorter than 100-150 bp remain in a much higher proportion
in degraded DNA samples and can be recovered from faeces. As a consequence, by using
universal primers that amplify a very short but informative DNA fragment, it is possible
to reliably identify the plant taxon that has been eaten. According to our experience and
using this identification system, about 50% of the taxa can be identified to species using the
trnL approach, that is, using the P6 loop of the chloroplast trnL (UAA) intron. We demon-
strated that this new method is fast, simple to implement, and very robust. It can be applied
for diet analyses of a wide range of phytophagous species at large scales. We also demon-
strated that our approach is efficient for mammals, birds, insects and molluscs. This method
opens new perspectives in ecology, not only by allowing large-scale studies on diet, but also
by enhancing studies on resource partitioning among competing species, and describing
food webs in ecosystems.

Valentini et al. (2009) Molecular Ecology Resources, 9, 51-60.



Mollusques

Deroceras reticulatum (1)
Arion rufus (1)
Helix aspera (1)

Insectes

Gonfophocerippus rufus (2)
Chorthippus biguttulus (1)

Oiseaux

Tetrao urogallus aquitanicus (4)
Tetrao urogallus major (2)

Mammiferes

Ursus arctos (12)
Marmota caudata (12)




MOLECULAR ECOLOGY

Molecular Ecology (2012) 21, 1951-1965 doi: 10.1111/}.1365-294X.2011.05424.x

Carnivore diet analysis based on next-generation
sequencing: application to the leopard cat (Prionailurus
bengalensis) in Pakistan
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Régime alimentaire du chat Iéopard
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Mammals

House rat
(Rattus rattus)

I:I Himalayan wood mouse
(Apodemus rusiges)

Murree vole
(Hyperacrius wynnei)

House mouse
(Mus musculus)

(b) Chitral Gol National Park

- Asiatic white toothed shrew

(Crocidura pullata)

@ Cape hare

(Lepus capensis)

Birds
Kalij pheasant
(Lophura leucomelanos)

|:| Chicken
(Gallus gallus)

|:’ Kashmir flying squirrel Koklass pheasant

(Eoglaucomys fimbriatus) (Pucrasia macrolopha)
Forest dormouse Chukar partridge
(Dryomys nitedula) (Alectoris chukar)

Babbler
(Timaliidae)

- Jungle crow

(Corvus macrorhynchos)
Woodpecker

- (Dendrocopos sp.)

E Rock pigeon
(Columba livia)
Amphibian
Murree hill frog
(Paa vicina)
Fish

Cat fish
(Siluriformes)

Shehzad et al. (2012) Molecular Ecology, 21, 1951-1965.



Analyse de I'eau



b i O l O g y Biol. Letr. (2008) 4, 423-425
I tt doi:10.1098/rsbl.2008.0118

e e rs Published online 9 April 2008
Population genetics

Species detection using
environmental DNA from
water samples
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The assessment of species distribution is a first
critical phase of biodiversity studies and is necess-
ary to many disciplines such as biogeography,
conservation biology and ecology. However, sev-
eral species are difficult to detect, especially
during particular time periods or developmental
stages, potentially biasing study outcomes. Here
we present a novel approach, based on the limited
persistence of DNA in the environment, to detect
the presence of a species in fresh water. We used
specific primers that amplify short mitochondrial
DNA sequences to track the presence of a frog
(Rana catesbeiana) in controlled environments
and natural wetlands. A multi-sampling approach
allowed for species detection in all environments
where it was present, even at low densities. The
reliability of the results was demonstrated by the
identification of amplified DNA fragments, using
traditional sequencing and parallel pyrosequen-
cing techniques. As the environment can retain
the molecular imprint of inhabiting species, our
approach allows the reliable detection of secretive
organisms in wetlands without direct observation.
Combined with massive sequencing and the
development of DNA barcodes that enable species
identification, this approach opens new perspec-
tives for the assessment of current biodiversity
from environmental samples.

Lithobates
catesbeianus
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Next-generation monitoring of aquatic biodiversity using
environmental DNA metabarcoding
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Analyse des sols
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FROM THE COVER
DNA from soil mirrors plant taxonomic and growth form
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Releves botaniques traditionnels versus
metabarcoding sur le sol
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Relevés botaniques traditionnels

Avenella flexuosa

Metabarcoding sur le sol

Bistorta vivipara

Carex sp.

™

Festuca sp.

biflora

Equisetum sp.
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Tracking earthworm communities from soil DNA
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Analyse des sédiments
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Sediments du lac d’Anterne
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Sediments du Lac d’Anterne

Analyse de 47 tranches d’'une carotte de
20 m correspondant aux derniers 10.000 ans
Marqueurs ADN utilisés

— Intron du trnL (ADN chloroplastique) pour les
plantes (amorces Sper01)

— Court fragment du gene 16S (ADN mitochondrial)
pour les mammiferes (amorces MammOQ2)

2 extractions d’ADN par tranche
4 PCRs par extraction
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eDNA from
lake
Anterne
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