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Agenda

1. Learning objectives and introductions to each 
other

2. Introduction to eDNA: what is it? What are the 
strengths and weaknesses of this method?

3. Overview of the process: Sample collection, lab 
work and data analysis

4. Ways you can incorporate eDNA in the classroom
[Break]
5. Activity: data analysis
6.    Wrap-up



Learning objectives

Understand the basic principles behind eDNA analysis and 
how it can be used to measure biodiversity

Explain the difference between the two major types of eDNA 
analysis

Describe the basic components of eDNA analysis from 
sampling to data analysis

Use a reference database to identify an unknown species



Introductions to each other!

• Liz Alter sealter@gmail.com; 
ealter@csumb.edu

• Twitter: montereyfishlab
• Your name, where you have taught or 

currently teach, a little about why you were 
interested in this workshop

mailto:sealter@gmail.com
mailto:ealter@csumb.edu


1. Introduction to eDNA: what is it? 
What are the strengths and 
weaknesses of this method?



Organisms leave DNA behind

• Sloughed cells from 
skin and gut

• Injuries
• Decomposing tissue
• Digested tissue
• Gametes

Environmental DNA methods analyze this “left behind” DNA to 
learn about organisms that live in a particular habitat! 



• Important to understand the 
spatio-temporal distribution 
of biodiversity for restoration 
and conservation planning

• But....relatively little scientific 
attention has been paid to 
these ecosystems

• Changes can occur rapidly 
from one year to the next

Why do we need eDNA
methods?
Aquatic biodiversity is 
surprisingly poorly known 



Challenges in surveying aquatic species diversity

• Traditional survey methods are time and labor-intensive and therefore 
costly

• Can cause mortality, stress in both target and non-target species
• May miss cryptic taxa (rock-dwelling, etc)
• Difficulty in water access and safety concerns
• Many taxa are rare, small, cryptic  difficult to sample
• Different life stages can make identification challenging
• Fewer and fewer taxonomists



eDNA: 2 major methods

Extracted DNA

Metabarcoding

• Detects broad range of species with
single primer set

• Returns list of sequences

• Much more data
• Muore labor and 

cost

Quantitative PCR
(qPCR)

• Single species assay
• Reports quantity of target sequence 

present

• 1 dimensional, but more 
quantitative data

• Much faster, cheaper 



Quantitative PCR (qPCR)

• Technique based on 
quantification of a fluorescent 
probe that sticks to the 
sequence of interest

• We measure increase in the 
amount of PCR product over 
time.

• The increase correlates 
inversely to the initial amount 
of DNA template



qPCR quantifies eels in the Bronx River
Abundance eDNA concentration



Metabarcoding



Traditional DNA barcoding

DNA barcoding: identifying species using short, standardized 
gene region(s)



New technique: metabarcoding for species identification 
(still relies on reference database)

Barcodes: Stoeckle
Images: Clarke-Hopcroft,
Hopcroft, Bluhm, Iken



DNA extraction

Biodiversity 
data

Amplification of 
barcoding marker

Whole genome shotgun 
sequencing

Sequencing

Quality filtering Sequence binning Assign taxonomy

Build phylogenetic tree



Why eDNA now?



Strengths of the eDNA approach

• Ease of sampling: no special expertise necessary, 
facilitates sampling across seasons, many habitats

• Can improve results after the fact, without re-
sampling – long-term snapshot of diversity

• ID cryptic, invasive species & different life stages; 
migration and spawning behaviors

• Possible to ID species from many taxonomic groups 
simultaneously (species assemblages)



eDNA compared to other methods of surveys 
(Thompsen et al. 2012 PloS ONE)



Weaknesses of the eDNA approach
• Contamination can be an issue and vigilance is required
• Many variables affect shedding rates and preservation of 

eDNA (pH, temperature, food availability, season, 
turbidity, UV)

• No single agreed-upon pipeline (yet)
• While sample collection is easy, sample processing and 

data collection requires specialized equipment and 
expertise

• Inferring abundance is tricky and may not be possible for 
many taxa/systems

• Accurate IDs depend on accurate reference database



How long does eDNA persist in water?

• Can be on the order 
of hours-weeks

• In stagnant water 
versus flowing

• Temperature-
dependent

• Life span in 
sediment >>> life 
span in water

Dejean et al. 2012



Degradation rates may be species- and 
environment-specific

Thomsen et al. 
2012 PLOS ONE



2. Overview of the process: Sample 
collection, lab work and data analysis



Field and lab workflow

1. Filter water sample, extract DNA from filter 
2. Amplify (a segment of mitochondrial) DNA 

-60 base pair region 12S gene (ribosomal RNA)
-primers designed for a particular taxonomic group
-PCR replicates (3-10)

3. Combine PCR reps and sequence on Illumina or other platform
4. Filter and match sequence reads to NCBI database



Sampling in the field

• When? Consider 
seasonality, dynamics over 
short-term (rain events, 
tidal cycles)

• How many samples/what 
volume?

• Where?
– Water: surface, at depth, 

benthos
– Soil: surface, cores



Sample preservation
• Filter on-site (water samples) 

& preserve filters
• Ethanol
• Silica gel drying
• Storage in DNA extraction 

buffer
• Snap-freezing in liquid 

nitrogen (not practical in the 
field most of the time)

• Hustle back to lab for DNA 
extraction…



Extracting DNA from tissue
• Many different methods, from cheaper/faster (chelex) to 

more expensive/longer (Qiagen kits – PowerSoil, PowerWater)

Nearly all involve 
three steps: 1) an 
alkaline lysis step 2) 
selective adsorption 
or centrifugation in a 
high-salt buffer, and 3) 
finally elution of 
purified DNA in water 
or buffer.

DNA is stable frozen 
but will degrade if re-
thawed many times!



Data analysis - overview

qiime2.org



Data analysis!

• After sequencing and data quality filtering, sequences 
will be matched against a reference database like 
NCBI to assign species identity



Sixthresearcher.
org



Sixthresearcher.
org



Final dataset



What kinds of questions can you 
answer with taxonomic tables?

• What species are present at each site and how do 
they compare across sites?

• Does overall diversity vary across sites? (diversity 
indices)

• How many more species do you detect with each 
additional sample (rarefaction)?

• How does the composition of the community 
compare across sites?

• Are nonnative/pathogenic species present?



Sixthresearcher.
org



Sixthresearcher.
org



Sixthresearcher.org



Some tools for analysis

• DNA Subway: DNAsubway.cyverse.org –
implements QIIME2

• Excel for basic stats/figures!
• R/R studio: VEGAN package for diversity 

analysis (will estimate diversity indices, create 
rarefaction curve, PCoA plot and more)



3. Ways you can incorporate eDNA in 
the classroom



Field sampling and water filtration
• Students can collect water 

along with environmental 
data (temperature, 
turbidity etc) 

• Water can be filtered on 
site using syringe filters, or 
in the lab with a vacuum 
pump

• Filters can be frozen for 
later DNA extraction

• If extraction and PCR 
equipment is available, 
students can do a single-
species PCR to detect 
presence/absence

• Otherwise collaboration 
with a lab is needed…OR…



Jonah Ventures
https://store.jonahventures.com/products/aquatic-edna-kit-single



Low-tech “PCR” exercise (no computers 
needed!)

• Students each get a sequence of a marine 
organism printed on paper and have to match 
against paper primers (and complete the 
complementary sequence) to simulate PCR

• They then match their sequence to barcode 
sequence on reference cards to determine what 
species it is

• They complete a worksheet interpreting the 
class results   



Data analysis
• Advanced students can use the 

resulting data (taxonomic table) to 
perform statistics in either Excel or 
R

• Quantify diversity metrics (Shannon 
and Simpson indices) (Excel or R)

• Create stacked barplots to show 
proportions of taxa in each sample 
(Excel or R)

• Principle components analysis to 
show community composition 
(Vegan package in R)



4. Hands-on activity: identifying 
species from DNA sequences using a 

reference database!



5. Wrap-up
• Questions?
• Discussion: how might you introduce eDNA in 

the classroom?
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