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e.g. 1/3 of more than 6000 recorded amphibian species  are threatened by extinction 
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• Refers to DNA that can be extracted from environmental samples (such as 

soil, water or air), without first isolating any target organism  

• Total eDNA contains cellular DNA 

(living cells or organisms) and 

extracellular DNA (resulting from 

natural cell death and subsequent 

destruction of cell structure) 

• Characterized by a complex mixture of 

genomic DNA from different organisms 

and by possible degradation 

Environmental DNA 



 

• Feces contains DNA from all consumed items 

plus host DNA 

 

• 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 

Sources of eDNA 
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Standard barcodes 

 
• 658 bp of Cytochrome Oxydase I (CO1) for animals 

• ~500 bp of rbcL or ~800 bp of matK for plants 

• ITS2 for fungi 

 

Not usable with eDNA because: 

- The amplified fragments are too long for degraded DNA 

- CO1: strong bias when amplifying a mixture of species 

 (Coding regions: 3rd base highly variable) 

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) 

Primers 



Studying plant biodiversity            

Above ground surveys eDNA sampling 

Yoccoz et al. 2012 

 Amplification using trnL fragment (gh primers) 

Case study: terrestrial environments 
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How long does a DNA molecule persist in soil? 

Yoccoz et al. 2012 

Case study: terrestrial environments 



Bienert et al. 2012 

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) 
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Bienert et al. 2012 

Earthworm diversity : eDNA-based approach vs traditional handsorting method 

Epigeic species 

Endogeic species 
 Better representation of earthworm diversity could be achieved by  
taking larger samples 

Case study: terrestrial environments 



Bellemain et al. 2012 

Proportion of OTUs identified according to their putative 

ecological groups  

Fungi diversity in permafrost samples 

79 permafrost cores 

(16,000-32,000 

years-old) from 

Siberia 

Duvany Yar Maine River 

Case study: terrestrial environments 



Valentini et al. 2009 

Brown bear (Ursus arctos) and 

golden marmot (Marmota caudata) 

plant diets in the Himalayan 

environment.  

 

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

Caryophyllaceae 

• 12 feces from each species 

 

• Universal plant primers 

 

• 454 sequencing 

Case study: terrestrial environments 



Shehzad et al. 2012 

Universal vertebrate primers 

Leopard cat diet  

(carnivore) 

Universal vertebrate primers 

+ blocker for leopard cat 

• 38 feces 

 

• Universal vertebrate primers 

 

• Illumina sequencing 

Case study: terrestrial environments 



First study showing species detection using eDNA from water samples 

Ficetola et al. 2008 

Bullfrog  

(Lithobates catesbianus) 

 

Sampling of water (15 ml * 3 tubes per sampling location) over 9 ponds 

- High density 

- Low density 

- Absence 

Detection 

Case study: stagnant waters 



How long does a DNA molecule persist in water? 

Dejean et al. 2012 

Case study: stagnant waters 
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Distribution of the Asian carp in the U.S 

Jerde et al. 2011 
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Distribution of the Asian carp in the U.S 

Jerde et al. 2011 

Case study: canals 



Thomsen et al. 2012 

Environmental DNA detection rates by qPCR in natural freshwater ponds (% positive 

localities out of the total number of localities surveyed for each species).  
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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 Mean over 2009-2010-2011 

Thomsen et al. 2012 

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

From 0.5 liter of seawater 

Case study: sea waters 



Environmental samplers 
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Mammals 

Environmental samplers 



Valentini et al. 2010 

Environmental samplers 



Schnell et al. 2012 

Environmental samplers 



Schnell et al. 2012 

The Truong Son munjtac (Muntiacus truongsonensis) 

  

Elusive mammalian species 

Environmental samplers 



Calvignac-Spencer et al. 2013 

Environmental samplers 
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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 

 

• Challenges: need for further optimizations at different levels: 

- Sampling strategy 

- Laboratory  

- Markers  

- Reference databases 

- Bioinformatics / Biostatistics 

Conclusions 



Thanks for your attention! 

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


