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Environmental DNA 
(eDNA)

“genetic material obtained directly 
from environmental samples 
without any obvious signs of 
biological source material” –
Thomsen & Willerslev, 2015

www.coffeetablescience.com



DNA barcoding

“a method of specimen 
identification using short, 
standardized segments of DNA. 
Every species has its own barcode, 
just as every person has their own 
fingerprint. These DNA barcodes 
can be compared to a reference 
library to provide an ID.” –
International Barcode of Life 
(ibol.org)

(Hebert, et al., 2004)



From DNA barcoding to eDNA

Method 1: DNA metabarcoding

• DNA barcoding of 
multiple species from the 
same sample using high-
throughput sequencing

• Samples can be bulk 
samples of multiple 
specimens or 
environmental samples
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From DNA barcoding to eDNA

Method 2: quantitative PCR

• Detection and 
quantification of organisms 
using species-specific PCR-
based assays

• Uses small pieces of 
synthetic DNA that bind 
and amplify only the target
species
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eDNA for weed management

• Monitoring all or targeted plant 
species in the studied area 
without labor-intensive sampling

• Detection of problematic weeds 
without seeing them

• Assessment of ecosystem health

• Prediction of weed outbreak

• Confirm eradication

weeds.brisbane.qld.gov.au daf.qld.gov.au



Reference library-from DNA barcoding to eDNA 

• Develop from common DNA barcoding region

• Usually consists of thousands of sequences of targeted and non-targeted species

• Can be public or in house database

• Critical for taxonomic identification in DNA metabarcoding

• Critical for designing qPCR assays



How does it work?

• Sample collection

• DNA extraction and purification

• Quantitative PCR (qPCR) analysis 
(targeted species) and/or

• Metabarcoding analysis (entire 
community)

(Jones, et al, 2021, Communications 

biology, s42003-020-01562-4)



Environmental sample collection
Dust sampling Big Spring 

Number Eight dust traps

(Zabihi, et al., 2018)

Water sampling using the 

Smith-Root eDNA sampler

www.gsarp.org



High throughput equipment in 
Advanced Gene Technology Centre



The story of Amazon frogbit eDNA study
• A fast-growing, perennial 

aquatic plant 
• Dense colonies on the water 

surface, smothering native 
freshwater plants

• Easily spread by flood water
• Sexual and asexual 

reproduction
• Herbicide control 
• Easily re-emerged from 

residual seeds and 
propagules

• Similar to Australian native 
frogbitImages taken by Terry Inkson 

(weeds.dpi.nsw.gov.au/weeds/details/286)
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The story of Amazon frogbit eDNA study

Limnobium laevigatum

Hydrocharis dubia

Sagittaria platyphylla

Eichhornia crassipes

Sagittaria platyphylla

 Nymphaea odorata | AY779190.1

Lemna disperma

Pistia stratiotes

Ludwigia peruviana

Neptunia oleracea | KX302339.1

Alternanthera philoxeroides

Salvinia molesta

 Alternanthera philoxeroides | FR775269.1
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The story of Amazon frogbit eDNA study

2g frogbit

10 L purified water

0.2g frogbit

10 L purified water

0.02g frogbit

10 L purified water

Purified water

Filter 0.5 L water

• Qiagen DNeasy Plant Pro

• Qiagen DNeasy Blood & Tissue *

• Applied Biosystems MagMax

Extract DNA with 3 different kits

* Blood & Tissue worked best

Detect frogbit by qPCR

Made with images from Pixabay.com



The story of Amazon frogbit eDNA study

0.5g frogbit 

10 L lake water

0.05g frogbit

10 L lake water

0.005g frogbit

10 L lake water

Lake water

Filter up to 2 L water

• Qiagen DNeasy Plant Pro

• Qiagen DNeasy Blood & Tissue *

• Applied Biosystems MagMax

Extract DNA with 3 different kits

* Blood & Tissue worked best

Detect frogbit by qPCR

Made with images from Pixabay.com



The story of Amazon frogbit eDNA study

Frogbit biomass in 10L lake water Extracted eDNA quantity (copies / µL)

0.5 g (replicate 1) 66,500

0.5 g (replicate 2) 77,700

0.5 g (replicate 3) 65,200

0.05 g (replicate 1) 8,563

0.05 g (replicate 2) 11,180

0.05 g (replicate 3) 13,700

0.005 g (replicate 1) 1008

0.005 g (replicate 2) 836.4

0.005 g (replicate 3) 735.7



The story of Amazon frogbit eDNA study

Limits of 

detection in 

aquarium 

environment

Living plant 

experiment

DNA longevity 

in aquarium 

environment

Application in the field

Made with images from Pixabay.com
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