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Bases:
• Adenosine
• Guanine
• Cytosine
• Thymidine



Species have unique DNA sequences

GTAATGTTCGTAATCAGCTATCGGGATACGTGCTACG

GTAATGTGCGTAATTAGCTGTCGGGATTCGTGCTACG

GTAATGTTCGTAATCAGCTATCGGGATCCGTGCTACG

Species ID by sequence!



Polymerase Chain reaction (PCR)

• “Make more DNA”

• Cellular replication 
machinery

• Design short DNA 
stretches (primers)

• Amplify specific DNA 
stretch (amplicon)

GTAATGTTCGTAATCAGCTATCGGGATACGTGCTACG

GTAATGTGCGTAATTAGCTGTCGGGATTCGTGCTACG

GTAATGTTCGTAATCAGCTATCGGGATCCGTGCTACG

TTCGTAATCAGCTATCGGGA Primer

Amplicon

CGGGA

Shark specific PCR

TTCGT



Polymerase Chain reaction (PCR)
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Temperature
Cycling:
96°C
56°C
72°C

30x



PCR alternative: Loop-Mediated Isothermal 
Amplification (LAMP)
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6-8 Primers
65°C



LAMP (PCR)

• Specific primer 
design 

• Amplify DNA 
Detect 
amplification 
(Y/N)
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GTAATGTTCGTAATCAGCTATCGGGATACGTGCTACG

GTAATGTTCGTAATCAGCTATCGGGATCCGTGCTACG

ATCAGCTATCGGGATAC

ATCAGCTATCGGGATAC
ATCAGCTATCGGGATAC

ATCAGCTATCGGGATAC
ATCAGCTATCGGGATAC

ATCAGCTATCGGGATAC

X



quantitative (q)PCR

• Measure DNA 
amplification

• Cycle threshold 
(Ct) reported
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GTAATGTTCGTAATCAGCTATCGGGATACGTGCTACG

GTAATGTTCGTAATCAGCTATCGGGATCCGTGCTACG

D
N

A

Amplification cycles

Sample 1

Salmon shark specific qPCR

Threshold

Sample 2

Sample 1

Sample 2



DNA Metabarcoding

• Amplify DNA 
with PCR

• Sequence 
(“read”) the 
DNA amplicon

• Compare to 
database 

GTAATGTTCGTAATCAGCTATCGGGATACGTGCTACG

GTAATGTGCGTAATTAGCTGTCGGGATTCGTGCTACG

GTAATGTTCGTAATCAGCTATCGGGATCCGTGCTACG

TTCGTAATCAGCTATCGGGA Primer

Amplicon



Metabarcoding amplicon selection

• Technical size limit 
to amplicon

• Sequence 
divergence

• Target amplicon 
to question

GTAATGTTCGTAATCAGCTATCGGGATACGTGCTACG

GTAATGTGCGTAATTAGCTGTCGGGATTCGTGCTACG

GTAATGTTCGTAATCAGCTATCGGGATCCGTGCTACG

Can’t differentiate between sharks

Can’t amplify salmon

GCCATATGCGACTATTAGCACTGGGATGTTCGTCGCGTACG



DNA analysis approaches

LAMP (PCR)
• Cheap and fast
• Measure accumulation
• Presence of specific species (Y/N answer)

qPCR
• Moderately expensive and fast
• Quantitative Polymerase Chain Reaction
• Presence and quantity of specific species or group

Metabarcoding
• Expensive
• Sequence (“Read”) the amplified DNA and assign to species
• Presence and “relative abundance of all species“



Salmon shark (Lamna ditropis)

Case study1:
IYS Gulf of Alaska eDNA: Sharks

fishwatch.govpphido

Dietmar Weber / Shark Foundation

Spiny dogfish (Squalus acanthias)

Shark

Oncorhynchus
spp.
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Case study1:
IYS Gulf of Alaska eDNA: Sharks
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Case study 2: DFO’s Conservation & Protection -IUU 
Fishing - North Pacific Offshore Fisheries Inspections
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Case study 2: IUU Fishing - North Pacific 
Offshore Fisheries Inspections

Species composition by vessel

Catch composition 
identified by 
metabarcoding
• Longliners
• Squid boats
• Purse-seiner
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Case study 2: IUU Fishing - North Pacific 
Offshore Fisheries Inspections
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Case study 2: IUU Fishing - North Pacific 
Offshore Fisheries Inspections

qPCR detection of salmonSample collection Species identification
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Metabarcoding of dust with 
elasmobranch specific amplicon:
• 54 shark and ray taxa detected
• Outperformed all other detection 

and identification methods



Assay development (qPCR / LAMP)
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Resource for validated assays:
https://labs.wsu.edu/edna/edna-assays/ 

Bull shark
Great white shark
Tiger shark

Pelagic thresher shark
Bigeye thresher shark
Common thresher shark
Great white shark
Silky shark
Oceanic whitetip shark
Basking shark
Porbeagle shark
Whale shark
Scalloped hammerhead shark
Great hammerhead shark
Smooth hammerhead shark



Mobile 
platforms
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MinION:
Metabarcoding

Biomeme:
qPCR

Biomeme:
DNA extraction kit

LAMP assay
(COVID-19)



Field application options

MinION
Metabarcoding

• ~ $25k equipment

• $1.5k/run 
• Up to 96 samples

• Infinite targets

• 1-2 day turnaround

Biomeme qPCR
• ~ $20k equipment

• $250/run 
• Up to 9 samples

• 3 targets (27 assays)

• 2-3h turnaround
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Genie II LAMP
• ~$20k equipment

• $200/run 
• Up to 9 samples

• 2 targets (18 assays)

• 2-3h turnaround



Potential application

• Species identification
• Elasmobranch samples
• Elasmobranch containing products
• Fishery catches

• Detection of elasmobranch DNA
• Food
• Livestock/pet food
• Cosmetics 
• Pills / potions / remedies

• Identification
• IUU fishing vessels
• Processing facilities
• Transportation
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Thank you!

Christoph.Deeg@dfo-mpo.gc.ca 
chrdeeg@gmail.com
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