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What is the eDNA?Z

» All the living organisms have DNA
» The eDNA is released in the environment by an organism

» |t comes from cells arising from:

- Skin, hair, scales, efc.
- Gut trait
- Egg and sperms

- Organic matter (carcasses)
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Defined as: genetic

marterial obtained

— ~ directly from
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e Voo i ey etfc.) without any
obvious signs of
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By Thomsen & Willerslev,
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WHat's eDNA?




Potentially uses nuclear DNA or
RNA, but more frequently
mitochondrial DNA (mtDNA)

* In every cell there are many
copies of |

mitfochiondrial DNA is more stable
in the environment

The mitochondrial genome is
ort (average 16,000 bp), so
itochondrial sequences are
available in many species

il ditoscheletro & una rete i
di filamenti id R
presente nel citoplasma

What is the eDNA?

i cilgisol & la parte del citoplasma nel nucleolo si formano le subunita ribosomiali
che contiene enzimi e diversi soluti
OIganid & inorganid

cromatina
la membrana nudeare

nei mitocondri avvengono & formata da un doppio strato
le reamoni chimiche 1 nudeo &l ik aande
che fomiscono energia | nucieo & Il Corpo pils gr

per le atvitd cellulan all'intemo defla cellula

il reticolo endoplasmatico & un
complesso sistema di membrane
Sis cui S sintetizzano proteine e alire
molecole crganiche

sui ribosomi gli amminoacidi
sono assemblati in proteine

i lisosomi & | perossisomi sono
vescicnle contenenti enzimi

che idrofizzang o elaborano
macromolecole

i centrioli int no
nefla divisione cedlulare

la membrana cellulare agisce come
una barriera selettivamente
permeabile fra Fambiente intemo

& quello esterna

l'apparato di Gnrgi & un centro
di elaborazione e imballaggio
di molecole complesse



The eDNA analysis

Collection

Concentration

Extraction

Amplification

Detection
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How to detect target species and not
.I.h e O.l.h ers? (a) Amplification plot = ., (b) Standard curve
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Quantitative Polymerase Chain
Rea Ction (q PC R) = r? = 0-996, Efficiency = 104%,
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In the 1990s, microbiologists were the first to use
the eDNA technique to identify microbes in soil
and water in order to:

ldentify toxic algae during algal bloom
(Neilan et al., 1995; Oldach et al., 2000, ecc.)

 Detect faecal contaminations in the water
network
(Sinton et al., 1998; Meier et al., 1997, ecc.)

« |dentify environmental pathogens
(Barker et al., 1994; Baudart et al., 2000; Truyen et al.,
1998)

* Microbiome characterisafion
(Koops et al., 1991; Troesch et al., 1999, ecc.)



Molecular Ecology (2003) 12, 1663-1667 doi: 10.1046/].1365-294X.2003.01823.x

SHORT COMMUNICATION
Genetic marker investigation of the source and impact
of predation on a highly endangered species

MOLECULAR ECOLOGY SAM C.BANKS*ALAN HORSUP,tALAN N. WILTONfand ANDREA C. TAYLOR”

*School of Bielogical Sciences, PO Box 18, Monash University, Clayton, Victoria, 3800, Australia, + Queensland Parks and Wildlife
Service, PO Box 3130, Rockhampton, Queensland, 4701, Australia, $Scheol of Biotechnology and Biomolecular Sciences, University of
New South Wales, Sydney, NSW 2052 Australia

B Full Access
Population size estimation in Yellowstone wolves with error- MOLECULAR ECOLOGY
prone noninvasive microsatellite genotypes RESOURCES
Scott Cree| %, Goran Spong, lennifer L. Sands, Jay Rotella, Janet Zeigle, Lawrence Joe, Kerry M. Murphy & Full Access

, Douglas Smith

Optimizing the use of shed feathers for genetic analysis
FIONA E. HOGAN, RAYLENE COOKE, CHRISTOPHER P. BURRIDGE, JANETTE A. NORMAN

First published: 28 June 2008 | https://doi.org/10.1111/j.1471-8286.2007.02044.x | Citations: 51
B2 Fiona Hogan, Fax: +61 39251 7626; E-mail: fiona.hogan@deakin.edu.au
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BNIC Genetics .. P

Research article _ MOLEULAR EOLGY |
Genetic characterisation of farmed rainbow trout in Norway: intra- RESOURCES

and inter-strain variation reveals potential for identification of
escapees
Kevin A Glover

Resource Article | (3 Full Access

Quantifying sequence proportions in a DNA-based diet study
using lon Torrent amplicon sequencing: which counts count?

Bruce E. Deagle 8, Austen C. Thomas, Amanda K. Shaffer, Andrew W. Trites, Simon N. Jarman

First published: 17 April 2013 | https://doi.org/10.1111/1755-0998.12103 | Citations: 118



biology Biol. Letr. (2008) 4, 423425

Population genetics

Species detection using
environmental DNA from
water samples

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

LV aboratoive d'Beolopie Alpime, CNRS-UMER 5553, Universied Joseph
Fourer, BP 53, 38041 Grenoble Cedex 09, Franes

*Labararoire o' Ecologie Alpine, CNRS-UIMB 5553, Eniversizd de
Savie, 73376 Le Bowrger du Lar Cedex, France

*Author and address for correspondence: Diparrimento dif Scienze

dell Ambicnre ¢ dal Territorie, Univernrd Muano Bicocca, Miazza defla
Sceenza 1, 20126 Milano, Fraly ( francesco. ficeralarglemim, i),

I tt dor 10, V098 reh. 2008 01 18
e e rs Published ondine 9 April 2008

“Sight-unseen” detection of rare aquatic species using
environmental DNA

Christopher L. Jerde'!, Andrew R. Mahon', W. Lindsay Chadderton?, & David M. Lodge'

! Center for Aquatic Conservation, Department of Biological Sciences, University of Notre Dame
2 Great Lakes Project, The Nature Conservancy

Freshwater Science, 2013, 32(3):792-800

@ 2013 by The Snciel'{' for Freshwater Science
DOL: 10.1899 /13-(46.

Published online: 18 June 2013

Environmental DNA as a new method for early detection of New
Zealand mudsnails (Potamopyrgus antipodarum)

Caren S. Goldberg'®, Adam Sepulveda®?, Andrew Ray*’,
Jeremy Baumgardt"®, anp Lisette P. Waits'”’

L Fish and Wildlife Sciences, University of Idaho, Moscow, Idaho 83844-1136 LISA
2US Geological Survey Northern Rocky Mountain Science Center, Bozeman, Montana 59715 USA



Scientific papers’ trend on the eDNA

Documents by year

500
447
400
wv
£ 300
L)
=
=
o)
S 200
100
; !

1992 1995 1998 2001 2004 2007 2010 2013 2016 2019 2022

Year



Applications of eDNA analyses

Detection of cryptic, rare or elusive
species

Detect migrations or reproductive
behaviors

- Nonitor species abundance changes
over time

- Determine species assemblages

- Evaluate monitoring actions

- Create databases giet | ronuor || G || foimes || St

Interactions




Detection of crypfic, rare or elusive species

* Monitor invasions as a quick detection method

« Studying threatened species (conservation)

« DNA evidence cannoft flee or hide




Detection of cripfic, rare or elusive species

Parfial list of the animal
species studied through
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Rhéne sireber European pond turtle Louisiana ‘Eicrayhish

e D N A ana |YS es. Zingel asper Emys orbicularis Procambarus clarkii
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American bullfrog Weather loach Common spadefoot
Lithobates catesbeianus Misgurnus fossilis Pelobares fuscus

Y

Great crested newt Marbled newt

dd-Ne LN
African clawed toad

Iriturus cristatus Triturus marmoratus Xenopus laevis



...even the more crypfic and elusive species

LOCH TEST MONSTER Scientists to test
water of Loch Ness for DNA to find out
once and for all if Nessie is real

Professor Neil Gemmell will gather water samples and
analyse them using the same techniques as police forensic
teams

Sun Reporter
3 Apr 2017, 0:18 | Updated: 4 Apr 2017, 450




...even the more crypfic and elusive species

The creatures behind repeated sightings of the fabled Loch Ness Monster

LO Ch Ne S S MOHSter may be a- giant may be giant eels, according to scientists.
e e 1 . Say SCientiSt s Researchers from Mew Zealand have tried to catalogue all living species in the

Lloch by extracting DMA from water samples.

C} 5 September 2019

Following analysis, the scientists have ruled out the presence of large animals
=aid to be behind reports of a monster.

Mo evidence of a prehistoric marine reptile called a plesiosaur or a large fish
such as a sturgeon were found.

Catfish and suggestions that a wandering Greenland shark were behind the
sightings were also discounted.

GETTY IMAGES N uNIVERSITY OF OTAGO

The modern myth of the monster gathered pace in the 1930s but this famous 1934 photo was later revealed tobe a

L Prof Neil Gemmell and his team collected water samples from Loch Ness
ake




...but some clarifications on the eDNA
technigue are needed:

OPEN 8 ACCESS Freely available online P I_JOS one

Persistence of Environmental DNA in Freshwater
Ecosystems

Tony Dejean’'%?, 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, 4 Laboratoire d’Ecologie Alpine, UMR CNRS 5553, Université Grenoble |, Grenoble, France

OPEN a ACCESS Freely available online @' P LOS | T

Persistence of DNA in Carcasses, Slime and Avian Feces
May Affect Interpretation of Environmental DNA Data

Christopher M. Merkes" %, 5. Grace McCalla®, Nathan R. Jensen?®, Mark P. Gaikowski®, Jon J. Amberg?®

TIAF Warldwide Services Inc Upper Midwest Environmental Sciences Center, La Crodse, Wisconsin, United States of America, 2 United Statec Gealogical Survey, Uipper
Midweest Emvironmental Sdences Center, La Crosse, Wisconsin, United States of Amerlca
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Early detection of invasive species

vev - ISSUES BRIEF

Invasive alien species and climate change

» Invasive alien species (IAS) are animals, plants or other organisms that are introduced into places outside their natural range, negatively impacting native biodiversity,
ecosystem services or human well-being.

» |AS are one of the biggest causes of biodiversity loss and species extinctions, and are also a global threat to food security and livelihoods.

* |AS are compounded by climate change. Climate change facilitates the spread and establishment of many alien species and creates new opportunities for them to
become invasive.

 |AS can reduce the resilience of natural habitats, agricultural systems and urban areas to climate change. Conversely, climate change reduces the resilience of
habitats to biological invasions.

= |tis essential that |AS be incorporated into climate change policies. This includes biosecurity measures to prevent the introduction of IAS to new regions as a result
of climate change, and rapid response measures to monitor and eradicate alien species that may become invasive due 1o climate change.



Early detection of invasive species

Early Detection and Rapid Response

While invasive species prevention is the first line of defense, even the best prevention efforts will not stop all invasive
species. Early Detection and Rapid Response (EDRR) is defined as a coordinated set of actions to find and eradicate
potential invasive species in a specific location before they spread and cause harm. USGS activities that support
EDRR span the geography of the country and address organisms and pathways most appropriate to address the
needs of our partners. USGS provides scientific support to DOl Bureaus and other partners to aid in implementation of
EDRR efforts and inform management actions. In certain cases, USGS leads multi-agency / partner rapid response

efforts where specific skill sets are required.
Source: https://www.usgs.gov
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Adapted from the Invasive Blants and Animals Policy Framework, State of Victoria Department of Primary Industries, 2010



Genetic analyses — A. pallipes e P. clarkii in FVG (Italy)

A. pallipes P. clarkii

® <1 ® <1
®1-3 ®1-4
@>10 O >4

C Siti senza specie di gamberi
O Collegi di pesca del FVG
Aree protette della Rete Natura 2000



Genetic analyses — A. pallipes and P. clarkii in FVG
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eDNA detection fo monitor P. clarkii in Slovenia
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