Riaz 12s Metabarcoding with DNA Standard
Quantifies Marine Fish eDNA

also identifies threshold for reproducible amplification, and overcomes distortion due to non-fish vertebrate eDNA
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BACKGROUND

Why quantify marine fish eDNA? 1000

* (Quantitative censusing needed to
 manage fishing impacts (set commercial, recreational quotas)

e assess ocean protected areas, restoration efforts
e Potential advantages eDNA vs traditional methods 3222:223 o
* Low cost Species 3
* Harmless to fish, environment
* Applicable to difficult environments, elusive species
* Potential disadvantages, challenges
 Relating eDNA to traditional survey techniques (capture, acoustic, visual)
* No gold standard—all methods have biases



BACKGROUND

 Metabarcoding generally considered qualitative tool for relative eDNA abundance
« Commensurate experimental goal
* Develop metabarcoding as quantitative tool for absolute eDNA abundance

Bony fish monthly catch weight, January 2020
New Jersey Trawl Survey
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* Marine fish species differ in abundance over multiple orders of magnitude
« Commensurate experimental goal:
* Measure eDNA concentration with error less than 1 order of magnitude



BACKGROUND: Related studies

Ushio et al,, 2018 (“gMiSeq” metabarcoding)
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BACKGROUND: Related studies (Ushio et al. 2018, cont)
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Some samples qMiSeq>>qPCR
Some samples gPCR>>qMiSeq
Total fish eDNA weak correlation gMiSeq, gPCR

* Total fish gMiSeq assay amplifies non-fish eDNA
Overall mostly positive correlation reads vs copies but
a lot of variation among samples, species

“calculated copy numbers showed significant positive
correlation with those determined by quantitative PCR,
suggesting that eDNA metabarcoding with standard DNA
enabled useful quantification of eDNA”

Major limitation may be that fish eDNA concentration
was too low for reproducible amplification

For example, median total fish eDNA 40 copies/ul; most
(80%) species detections had <10 copies/ul sample



QUESTIONS

For marine bony fish

* (Can 12S metabarcoding quantify
relative, absolute concentration eDNA?

* Does non-fish vertebrate DNA distort
metabarcoding results?

* How important are primer, PCR bias?

 What are lower limits to
qguantification, detection?




METHODS
USUAL EXPERIMENTAL VOLUMES
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WATER COLLECTION DNA EXTRACTION PCR INPUT



METHODS-OVERVIEW
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METHODS
Quantifying Marine Fish eDNA with Metabarcoding
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RESULTS

RELATIVE READS DIRECTLY PROPORTIONAL TO RELATIVE COPIES
Linear over at least 1000-fold range (10 to 10,000 copies eDNA)

* Average deviation 1.2-fold; range, 1- to 2-fold (arithmetic scale)
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RESULTS

Copies reflect amount DNA analyzed, reads don’t

» eDNA rarity accounts for drop-outs, pick-ups (threshold ~10 copies/species)
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RESULTS

* Increased drop-outs below 10
copies/species

e Consistent with Poisson
distribution rare eDNA among
PCR aliquots

Replicate detections

| I I
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Ranked by Ranked by
COPIES/SPECIES* READS/SPECIES*

*average positive values (non-detections not included)

e Copies better than reads as
predictor of drop-outs



RESULTS

Species detection robust to
non-fish DNA

Copies robust to non-fish
DNA, reads not

Copies consistent with
season, water volume,
reads aren’t

East River, NYC

250K
200K

150K

Reads

100K
50K
0K

Ostrich copies
DNA (ul)

800
600

400

Copies fish
eDNA

200

0
100K

10K
1K
100
10

1
0.1

# species:

Copies/species

January 2021, 1L

Fllter #702 East River jan2021

August 2021, 1L

Filter #756 East River jul2021

August 2021, 2.5 L

Filter #754 East River jul2021 2.5L, glass fiter

600 60 6 06 O
5 5 &5 5 5

M Ostrich M Fish [ Other vert

X=8 X =166 X=618
600 600 600 596
ug 18 165
2 e 67 c0 6 co
< > ——o —
~ * b 4 X 4 . SN
: — M R T <

6 2 2 4 4

18 19 19 19 18

26 26 28 29 24

Colors represent individual species,
designated species same across charts




RESULTS

Different primers, similar species detection, relative reads
* Consistent with modest primer, PCR bias
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ANSWERS

For marine bony fish,

Can 12S metabarcoding quantify
relative, absolute concentration
of species eDNA?

Does non-fish vertebrate DNA
distort metabarcoding results?

How important is primer, PCR
bias?

What are lower limits of
quantification, reproducible
detection?
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LIMITATIONS

DNA sample: #657 NJ Trawl jan2020
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PRACTICAL INFERENCES
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LOOKING AHEAD

COMPARE quantitative eDNA metabarcoding to traditional survey methods

1000 . €DNA copies/species Marine fish abundance

Assessed by trawl, other established methods

e Test quantified eDNA vs traditional measures fish abundance
* Improve eDNA performance as index of absolute fish abundance
 Monitor ecological restoration



