Development and validation of a gPCR tool for the environmental
detection of Anguillicoloides crassus, an invasive parasite in the
American eel
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American Eel, Anguilla rostrata
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American Eel Population Status
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American Eel Population Status — South Carolina
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Depleted Stock — Potential Causes




Billion Dollar Industry

e Recreational —9” limits and 10-25
eels/person/day (50 in DE)
« Commercial industry = $1.3 billion

 Licensed fishery in SC and ME — Glass eels
o Limited entry fishery in SC

o lllegal harvest lawsuit — SC, 2016
° 4OOIbS Valued at $740’OOO https://si.wsj.net/public/resources/images/NA-

CBO74_ELVERS_P_20140506192735.jpg

TOP STORY

Men plead guilty to illegal Cooper River harvest
of tiny eels

By Bo Petersen bopete@postandcourier.com Nov 28, 2016 % (1)
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Price: $5895 (51474 /ounce) + §

Note: Mot eligible for Amazon Prime.
In stock. Ships from and sold by La Tienda.
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from Atlantic Coast
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U.S. Domestic Exports of Eels




Eel Aquaculture Production

* Fungal infection

Size Grading
and Harvest




The Invader: Anguillicoloides crassus

* Introduced to Europe from Taiwan in the 1980’s - -
e Germany & Italy 1982 y R
* England 1987

e 1995: 1st detection in wild American eels
* Winyah Bay, SC

2015 reported throughout American eel range

* ~50% Infection in SC in both yellow and glass eels



The Invader: Anguillicoloides crassus
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Anquillicoloides crassus

* Negative impacts on American eel survival

e ANemia (goon etal., 1990; Ooi et al., 1996)
e Swimbladder damage (Molna'r et al., 1995; Lefebvre et al.,2002a, 2012a)

e High mortality rates under stressful environmental
conditions (Molna'r et al., 1991; Molna’r, 1993; Barus™ and Prokes", 1996)

e Sub-lethal effects?




e Decreased survival in stressful conditions

Negative impacts on swimbladder function
e Lesions and tunnel formations in swim bladder from L@y I
migrating larvae Y G s oL

« Epithelial lesions from bloodsucking adults r VB
* Degeneration and inflammation of swim bladder wall ' ¢, & °
 “Cauliflower-like proliferation” 00 e BRSNS




Primary method of A. crassus identification Is lethal




Objectives of Tool Development

Design a species-specific primer and probe for detection of A. crassus and
apply it to a field setting

* Design an efficient compatible primer and probe set

o Test specificity of primer and probe
 Test the limitations in known L, and L, life stages

 Validate tool against synthetic DNA
e Apply ina field settin




Design Primer and Probe Palir

* Primer and probe pairs were tested from a species-specific sequence with-in the
COl region (Grabner et al., 2012)

e Primers were tested for self-complementarity (Primer3 and Oligocalc software)

o |dentify similarities with closely related species (NCBI database) - <85% base
similarity

Reqpon o e copred

TATCAGATCCATGGAGT c GAGTACTAGTCCTAT@AGT
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DNA ATAGTCTAGGTACCTCA - CTCATGATCAGGATACTCA




Assay Efficiency

Amplification

i . . Standard Curve
29T 10- fold serial dilution of S
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Specificity and
Standard curves

o Various life history stages of A. crassus
* Nematode species belonging to the
closely related family Philometridae
collected from various fish species
 American eel tissue (swimbladder wall,
pectoral fin)

No amplification from non A. crassus
samples collected locally




Synthetic DNA

 Artificial DNA fragments of the other Anguillicoloides species:

 A. globiceps

e A. australiensis

e A. novaezelandiae
o A. papernai

RFU

Blue: Synthetic and natural A.
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Can we differentiate the life stage present based on DNA concentration?




Amplification Amplification

« Overlapping DNA concentrations for L2 and one L3
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Field Sampling Results




Inhibition Potential

Chemicals which inhibit PCR are common in environmental samples

 DNA extraction and isolation methods are designed to remove most
Impurities

Tannic and humic acids persist in the final DNA isolation
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Summary

o Assay Is efficient, species-specific and unaffected by inhibition in the Goose
creek area
e A. globiceps may also amplify depending on region of world tool used
« Validated the use of the assay with field collections and the positive detection
In the plankton sample
e Copepods are known intermediate hosts, not surprising positive 1D came
from concentrated copepod collections
e 100% detection with 2 mL of plankton
e 2 mL is an appropriate sample volume




Future work and Management Implications

Future application of the assay to the aguaculture and stock enhancement
practices
e Aquaculture industry can reduce import of infected eels
« Natural resource managers could limit transfer of eels to mitigate the
spread of the invasive species
« Sample numerous American eel elvers at once rather than dissecting
Individuals
Assess temporal and spatial distribution of A. crassus in the south eastern
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