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Species have uniqgue DNA sequences
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GTAATGT TCGTAATCAGCTATCGGGAT/CGTGCTACG w

GTAATGT ICGTAATCAGCTATCGGGATCCGTGCTACG

GTAATGTGCGTAATTAGCTGTCGGGAT ' CGTGCTACG

Species ID by sequence!



Polymerase Chain reaction (PCR)

—— Amplicon
* “Make more DNA” |
\T CGTAATCAGCTATCGGGA - Primer CGGGA
 Cellular replication = <= 4 p
machinery GTAATGTTCGTAATCAGCTATCGGGAT/CGTGCTACG %
. q h |
®
Design short DNA GTAATGTTCGTAATCAGCTATCGGGATCCGTGCTACG

stretches (primers)
 Amplify specific DNA GTAATGTGCGTAATTAGCTGTCGGGAT I CGTGCTACG
stretch (amplicon)

Shark specific PCR
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20 to 30 cycles

Millions of copies
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PCR alternative: Loop-Mediated Isothermal
Amplification (LAMP)

6-8 Primers
65°C




LAMP (PCR)

ATCAGCTATCGGGATAC

GTAATGTTCGTAATCAGCTATCGGGAT/ CGTGCTACG W
* Specific primer — '
design GTAATGTTCGTAATCAGCTATCGGGATCCGTGCTACG
 Amplify DNA
Detect ‘
amplification
(Y/N) ATCAGCTATCGGGAT/C ATCAGCTATCGGGATC

ATCAGCTATC ATAC
e 6G6 ATCAGCTATCGGGATAC

ATCAGCTATCGGGATAC




* Measure DNA
amplification

* Cycle threshold
(Ct) reported

guantitative (q)PCR

GTAATGTTCGTAATCAGCTATCGGGAT/ CGTGCTACG W
q |

GTAATGT ICGTAATCAGCTATCGGGATCCGTGCTACG

\ 4

)
4 |
h Sample 1 Sample 2 -
< ~ Sample 1
=
)
Threshold i<
Amplification cycles Sample 2

Salmon shark specific gPCR



il DNA Metabarcoding
iuli;

Amplicon

T CGTAATCAGCTATCGGGA/ Primer

 Amplify DNA = D A
with PCR GTAATGTTCGTAATCAGCTATCGGGAT/ CGTGCTACG %
q h
* Sequence GTAATGTTCGTAATCAGCTATCGGGAT CGTGCTACG <
(“read”) the ]
DNA amplicon : o
GTAATGTGCGTAATTAGCTGTCGGGAT [CGTGCTACG

* Compare to
database



Metabarcoding amplicon selection

* Technical size limit — —
to amplicon GTAATGTTCGTAATCAGCTATCGGGAT/CGTGCTACG
. ence —— .y
quu GTAATGTTCGTAATCAGCTATCGGGATCCGTGCTACG
divergence
. q h
e Target amplicon GTAATGTGCGTAATTAGCTGTCGGGAT ICGTGCTACG
to question

mml)  Can’t differentiate between sharks

Can’t amplify salmon

GCCATATGCGACTATTAG GG GT CG




DNA analysis approaches

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

gPCR
* 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”




Z Case study1:
'YS Gulf of Alaska eDNA: Sharks
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Case studyl:
IYS Gulf of Alaska eDNA: Sharks

Lamna_ditropis eDNA

Squalus_acanthias eDNA
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Case study 2: DFO’s Conservation & Protection -IUU
Fishing - North Pacific Offshore Fisheries Inspections




Catch composition

identified by

metabarcoding
* Longliners

Squid boats
Purse-seiner

Case study 2: IlUU Fishing - North Pacific
Offshore Fisheries Inspections

1.00 mm
0.75
0.50
0.25
. Acanthocybium solandri Gadus morhua Ommastrephes bartramii . Prionace glauca . Thunnus
i Brama | Hyperoglyphe japonica Oncorhynchus . Sardinops - Thunnus tonggol
Species Cololabis saira . Lamna nchus keta . Scomber . Xiphias gladius
Engraulis ﬁ Lamna ditropis - Oncorhynchus kisutch . Scomber japonicus
Gadus Mola mola Percomo rphaceae Teuthida
0.00 -

Speues composmon by vessel 16
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Case study 2: lUU Fishing - North Pacific
Offshore Fisheries Inspections
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Sample collection gPCR detection of salmon Species identification
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[Shark-dust: High-throughput DNA sequencing of processing residues unveils
widespread trade in threatened sharks and rays

Andhika P. Prasetyo,'**" Joanna M. Murray.* Muh. Firdaus A. K. Kurniawan > Naiara G. Sales !

Allan D. McDevitt 147 Stefano Ma

Metabarcoding of dust with

elasmobranch specific amplicon:

* 54 shark and ray taxa detected

* Qutperformed all other detection
and identification methods
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Assay development (qPCR / LAMP)

e SCIENTIFIC
w REPORTS

ORIGINAL ARTICLE WILEY
_— natureresearch

Development of an environmental DNA assay for detecting Rapid detection of CITES-listed

multiple shark species involved in human-shark conflicts in

Australia shark fin species by loop-mediated

isothermal amplification assay with
Anthony van Rooyen! | Adam D. Miller®® | Zach Clark? | Craig D.H. Sherman®? potential for ﬁeld use

Paul A. Butcher® | Justin R. Rizzari® | Andrew R. Weeks'” B B
Grace Wing-Chiu But!, Hoi-Yan Wu??, Kwang-Tsao Shao* & Pang-Chui Shaw'23"

Pelagic thresher shark
Bigeye thresher shark
Common thresher shark

Bull shark Great white shark
‘ f Great white shark Silky shark
. Oceanic whitetip shark
Tiger shark Basking shark
Porbeagle shark
Whale shark
Resource for validated assays: Scalloped hammerhead shark
‘ f Great hammerhead shark

Smooth hammerhead shark

20



platforms




Field application options

MinION II Biomeme qPCR u Genie Il LAMP
Metabarcoding II - » ~ S20k equipment * ~S20k equipment
« ~$25k equipment e $250/run « $200/run
e $1.5k/run  Up to 9 samples « Upto 9 samples
* Up to 96 samples e 3targets (27 assays) * 2 targets (18 assays)
* Infinite targets e 2-3h turnaround

e 2-3h turnaround

e 1-2 day turnaround

22



Potential application

 Species identification
e Elasmobranch samples
* Elasmobranch containing products
* Fishery catches

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

* |dentification
e |UU fishing vessels
* Processing facilities
* Transportation

23



Thank you!

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