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Environmental DNA typing

Me: from the deep-sea … to the deep-field

But always in good company!

environmental DNA (eDNA)
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Outline

• Biodiversity: what we know and why does it matter

• Agrobiodiversity and why it is essential for ecosystems services

• Barcoding

• environmental DNA

• Metabarcoding

• Metagenomics

• To the future and beyond: portable genomics in the field!
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• «The variety and variability of living organisms and 

the ecological systems that include them»

(Office of Technology Assessment, US Congress, 1987).

• «Variability of all kinds among living organisms»

(IUCN, The World Conservation Union, 1994).

• «The total variety of life on Earth»

(Takacs, 1996).
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• Biodiversity refers to the variety of all life on 

Earth. 

• Exists at different levels, from ecosystems to 

species to genes.



Environmental DNA typing

• Biodiversity refers to the variety of all life on 

Earth. 

• Exists at different levels, from ecosystems to 

species to genes         functional diversity

• Genetic diversity provides the potential for a 

species to adapt to environmental changes.
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Why is the study of biodiversity important?
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Why is the study of biodiversity important?

Intrinsic value 

Human beings are an integral part of 

nature and the environment.
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Aesthetic and recreational value

Tourism, sport, contemplation.

Anthropocentric value

The direct and indirect economic 

benefits derived from it.



Scientific value

TO BE DESCRIBED: 10 MILLIONS OF SPECIES



TO BE DESCRIBED: 10 MILLIONS OF SPECIES

TO BE SEQUENCED: EVEN MORE

Scientific value
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“The Creator must have an 

inordinate

fondness for beetles”

J.B.S. Haldane 
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AGROBIODIVERSITY IS CENTRAL TO OVERALL BIODIVERSITY

• Mixed agro-ecosystems

• Crop species/varieties

• Livestock and fish species

• Plant/animal germoplasm

• Soil organisms in cultivated areas

• Biocontrol agents for pests

• Wild species

• Cultural and local knowledge

Agrobiodiversity is the result of natural selection 

processes and the careful selection and inventive 

developments of farmers, herders and fishers over 

millennia.

BIODIVERSITY

AGROBIODIVERSITY
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LEVEL OF AGROBIODIVERSITY

Agrobiodiversity is the result of natural selection 

processes and the careful selection and inventive 

developments of farmers, herders and fishers over 

millennia.

BIODIVERSITY

AGROBIODIVERSITY
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Who lives in a field?
Weeds / spontaneous herbs
Perennial plants at field margins

Papaver rhoeas

Chenopodium album

Taraxacum officinale
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Who lives in a field? Pollinators
Other insects (enemies of pests and pests)
Birds
Small mammals
Amphibians and reptiles

Bombus spp.

Coccinella 
septempunctata

Sturnus vulgaris

Podarcis muralis

Microtus arvalis
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Who lives in a field?



Ecosystem services of agrobiodiversity

a property or process in an ecosystem that confers either direct or indirect benefits to humans. 

These renewal processes and ecosystem services are largely biological

their persistence depends upon maintenance of biological diversity (Altieri, 1994)

When these natural services are lost due to biological simplification, the economic and environmental costs can 

be quite significant



To summarize



To summarize
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Genetic diversity

It enables an individual to interact with their

physical and biological environment, as well as

compete both within and between species. In 

essence, it enables tolerance of environmental

variations and survival through natural

selection.
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It is the 

POTENTIAL

In terms of 

functionality of 

organisms

The key to 

heredity: DNA

Genome: the whole GENETIC 

MATERIAL - DNA - In a cell, in 

an organism, or in a species
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How do we measure genetic biodiversity? 

DNA-based phylogenies: genetic diversity is assessed by reconstructing evolutionary 

trees from DNA or genomic data.

Why it matters: phylogenetic approaches capture not only the number of species, but 

also the depth of evolutionary history they represent.
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The tree of life of life is a metaphor, model 
and research tool used to explore the 

evolution of life and describe the 
relationships between organisms, both living 

and extinct

Genomics and evolution



Phylogenetic reconstruction

Reconstructing relationships between 

taxa in the form of an evolutionary 

tree

Character status

The various ways in which a character can 

manifest itself

Study of characters

Any characteristic used by to highlight 

variations within and between species.

it allows the characters to be coded and 

analysed

From Darwin 

notebook
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The root of the tree represents the ancestral lineage, and the tips of 
the branches represent the descendants of that ancestor

As you move from the roots to the 
tip, you move ahead in time

When a speciation event occurs, a 
single ancestral lineage gives rise to 
two or more daughter lineages



Species concept

Phylogenetic concept

An irreducible (fundamental) 

grouping of organisms, 

diagnostically distinct from 

other similar groups and 

within which there is an 

ancestor-descendant 

parental model.

Willi Henning 

(1913-1976)

Zoologo

Leipzig University 



HOW DO WE RECONSTRUCT PHYLOGENY 
AND THEREFORE BIODIVERSITY?
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A technique, proposed in 2003 by 
Canadian researcher Paul D. N. 

Herbert:

 a specific DNA sequence becomes 
the key to uniquely identifying the 

species to which an organism 
belongs

Barcoding





DNA extractions



PCR: POLIMERASE CHAIN REACTION



Kary Mullis (1944-2019)

Micheal Smith (1932-2000)

Inventor of PCR

Nobel Prize in Chemistry 1993

Scrivi il 

tuo tema 

o la tua 

idea

Inventor of PCR

Nobel Prize in Chemistry 1993



Barcoding markers

The number of mutations (i.e., 
genetic distance) can be used as an 
indicator of the time elapsed since 
the separation of two generations.

Hebert et al. (2003) suggested a 
threshold of 3% for COI to separate 

different species.

The mitochondrial gene CO1
(cytochrome c oxidase 1)

648 bp

precise interspecific 
variability, but low 
variability within 
individuals of the 

same species. 



Metabarcoding

The main difference 
between barcoding and 
metabarcoding is that 
metabarcoding does not 
focus on a specific 
organism, but aims to 
determine the species 
composition within a 
sample.



Metabarcoding markers

• E.g. for vascular plants, plastidial markers matK and rbcL

• Choice of marker also depends on mutation rate and 
subsequent taxonomic definition obtainable

• See https://www.boldsystems.org/

Different primers 

target different

taxa 

https://www.boldsystems.org/


Metabarcoding markers





Dispersing misconceptions and identifying opportunities for the use of 'omics' in soil microbial ecology (agrilife.org)

Metagenomics

http://college.agrilife.org/rootbiome/wp-content/uploads/sites/38/2015/06/2015-JI-Prosser-Opinion-dispersing-misconceptions-and-ident-opport-for-use-of-omics-in-soil-ecology-Nat-Rev.pdf


A hypothetical metagenomics analysis pipeline starts from 
amplification of sampled DNA

• Through bioinformatics, amplicons are assigend to operational
taxonomic units (OTU). OTUs each represent one individual
taxa, whatever that is

OTUs are devoid of 
taxonomic assignation, 
and are defined on the 
basis of sequence
similarity



Kucharzyk et al 2018

• Databases can be used to assign taxonomy to OTUs at
different levels (species, genus, etc)



• Barcoding and metabarcoding are a step behind metagenomics

• The analogy is with amplification-based molecular markers VS 
full genome sequencing

(meta) barcoding-based methods

• Targeted amplification

• Cheaper data (less sequences
produced)

• Less diversity, no function
information

• Possible bias from target selection

• «Simple» dataset

(meta) genomic methods

• Naive method, no prior
assumptions

• All sort of sequence in the 
genome produced

• More sequencing depth
needed

• Highly complex dataset



Early works used
genotyping of selected
markers, such as rRNA 
genes

• Easy to amplify

• Conserved across very
long phylogenetic
distances (everybody
needs ribosomes!)

Clear separation between
bacteria, archea, eukarya

Early approaches in 

molecular phylogenetics 



Metagenomics unlocks new perspectives on life on Earth 

• Newly sequenced 1000+ organisms,  mostly uncultured bacteria sampled in shallow 

aquifer systems, a deep subsurface research site in Japan, a salt crust in the Atacama 

Desert, grassland meadow soil in northern California, a CO2-rich geyser system, and 

two dolphin mouths

• 3,083 organisms in total

• Extraction of rDNA sequences and comparison across genomes



A more accurate tree of life



A step forward: environmental DNA (eDNA)

DNA captured from an environmental

sample without first isolating any target 

organisms (Taberlet, Coissac, Hajibabaei, & 

Rieseberg, 2012). 

Traces of DNA can be from faeces, mucus, 

skin cells, organelles, gametes or even

extracellular DNA. Environmental DNA can 

be sampled from modern environments

or ancient environments (Thomsen & 

Willerslev, 2015).

Some definitions:





A step forward: environmental DNA (eDNA)

We could use it to identify the agrobiodiversity within an agroecosystem



eDNA in agricultural systems

Yellow boxes designate 

applications of eDNA which 

are used in natural systems 

and are emerging in food 

production systems.

(Kestell et al., 2022)

Accurate identifications to capture diversity

and rapid scalable monitoring methods are 

necessary to identify emerging threats, inform 

on ecosystem health, and provide evidence 

for new management practices 



eDNA from spider webs

• Spider are key 
predators present all 
year

• Very diversified group in 
agrosystems

• Spiderwebs filter a large 
volume of air and 
capture (among other 
things) eDNA

(Newton et al., 2023)

Experimental approach 
to biotraps for eDNA 
sampling



Colombia/Perù

300 samples

3 substrates for eDNA

The B-REAL project: characterization of below-ground and above-ground 

biodiversity in multiple sites to monitor biodiversity as associated with 

different agricultural practices conducted in B-REAL

aereal 
part of 
plants

spiderwebs

soil

Kenya



Expected results 

The production of eDNA 

sequencing data from all 

samples involved in the study

A definition of the 

potential of 

biodiversity 

characterization by 

eDNA for each 

substrate

The characterization of 

biodiversity associated 

in each target 

substrate in each 

sampling area 
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Real time sequencing with pocket size devices

Readout of ion current changes occurring when 

single- stranded DNA passes through a protein 

pore
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Real time sequencing with pocket size devices

Readout of ion current changes occurring when 

single- stranded DNA passes through a protein 

pore
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eDNA challenges

• Optimizing and standardizing procedures

• The problem of contamination

• Primer design and reference database

• Understanding spatial and temporal dynamics: How long does it 
persist? How does it expand in between? 

• At sea: large volumes of water, additional abiotic factors such as 
salinity, currents

• Population parameters that cannot be obtained by eDNA 
metabarcoding alone
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Time for questions!



EDNA: ADVANTAGES

•No need for experts for taxonomic recognition

•No identification errors

•No impact on the environment and biological communities (applications in marine 
protected areas)

•Useful for elusive or small species

•Low costs
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Edna advantages

•No need for experts for taxonomic recognition
•No identification errors
•No impact on the environment and biological 
communities (applications in marine protected 
areas)
•Useful for elusive or small species
•Low costs
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