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A lot has changed in the 5 years Ive been here. So, we have exploring how to deal with these data and how to harness. Been fun. Powerful and transformative. 
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Biodiversity is important

Benthic Habitat (Index of Biological Integrity) (2014) -~
Percent of Goal Achieved g
Proge:

Supports healthy ecosystems
and natural resources

Threats from:
Overharvesting
Climate variation
Invasive species




» MarylandBiodiversity

Home Vertebrates v Insects v Other Invertebrates v Plants v Fungi/Other ~ Explore Links + Sites v

Thumbnails - Brook Floater (Alasmidonta varicosa) '.,_J'. Quick filter... P

Showing 1 to 1 of 1.

= Increased or renewed focus on cataloguing our local
biodiversity (baseline)
—> Monitoring for invasive species



Bio-monitoring by surveying DNA
in the environment?

Coservation biology/monitoring

B Fisheries Management

Detection of invasive species

-
|




What is eDNA?

* The collection of DNA from any species, found
in the environment (aquatic, soil, air).

* Our focus is on macrobial DNA — fish, inverts,
plankton

* Produced by sloughing of cells, mucous, feces,
gametes, hair, etc...



Advantages of eDNA sampling

* Non-invasive sampling (just take water)

* Ability to sample remotely, or in hard to reach
places

e Sequence-based ID (“DNA barcode”) vs
morphological ID



Outline
Introduction to eDNA sampling/analysis

Methodological challenges
Two examples from Chesapeake Bay

— River herring monitoring

— Atlantic sturgeon monitoring

Final thoughts




Basic eDNA sampling workflow

/ Assay design...

ANDe i

ANDe i
“_’ater_ Water Filter
Filtration Filtration Extraction




eDNA development/sampling

* Workflow is simple

— Sample water, filter, extract DNA,
perform PCR/sequencing

* Possible to sample many sites,
cheaply
— Citizen-science potential
— High-school science curriculum

— PCR-based assay amplifies
target species or community

Photos courtesy USGS



Sampling

What volumes are needed?
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You can get rather elaborate. How do you preserve the DNA? 


eDNA sampling challenges

* Filtering of water in sites
of variable water quality

LIGHT TEMPERATURE
— Degradation/inhibition ‘ \

* Assay development
(gPCR) bioinformatics
(metabarcoding)

* Relationship between MICROBES
8 ENZYMES
molecular/sequence g 90e
abundance and true http://fishbio.com/field-notes/the-fish-report/true-or-
abundance? Fate and false-challenges-of-edna-species-detection

transport?




Extraction of DNA from filter

 What kind of filter? What pore size?




Filter material and pore size affects
retention

Membrane Filters: Thin plastic membranes with different pore
sizes and material that retain particles of a certain size

PARTICLE A
RETENTION

100 %
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Which filters to use for eDNA?

Gravimetric analysis = Suspended particle matter (SPM)
s Y % e®
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Precipitation DE -
cantrifugation g

Turner, Renshaw
et al. 2016

Qubit = total eDNA | IR [qPCR = Carp eDNA]



~90% of the macrobial (fish)
DNA is between 1 and 10um

~60% of the total eDNA is in
the smallest size fraction
(<0.2 pm)

Percent of total Carp eDNA

Percent of total eDNA

Pond
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Hinlo R, Gleeson D, Lintermans M, Furlan E (2017) Methods to maximise recovery of envnronmental DNA from water samples. PLOS ONE 12(6):

€0179251. https://doi.org/10.1371/journal.pone.0179251 P L S E




Targeted vs. species specific (eDNA) monitoring

1.)Metabarcoding employs a ‘universal’ gene or marker

2.) qPCR targets a sequences from a single species

Filter/extract Amplify/sequence Cluster/count/ID
Z CO1 -
/ Meta - *( )\
Z »
: gPCR
- t-2
. Z Z cot- #”# -»
Z S. sebastes > ,’ “’,’ »
2 T o
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Revolutionary new approach to monitor species Biomoniter 0 through water.  Only want to briefly intorduce

Environmental DNA (eDNA) is nuclear or mitochondrial DNA that is released into the environment 
Sources: secreted feces, mucous, and gametes; shed skin and hair; carcasses. 
In aquatic environments, eDNA is diluted, lasts about 7–21 days, depending on environmental conditions (Dejean and others, 2011).

2 General approaches : focus on a particular species (qPCR) or all.... May be same gene but more seletion primers… Different sets 



Universal “barcode” Species specific

Species1 | .|

Species 2

Species3 [ [

4

Species 4

Choice of gene or marker?

Mitochondrial DNA is popular — high copy number,
and significant online resources (databases)



Trawl Survey with eDNA (metabarcoding)
Thomsen et al 2016 PloS ONE.
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Hunt for the Loch Ness monster
weerecs et eDNA?

THE HOME OF BBC SCIENCE FOCUS MAGAZINE

FUTURE TECHNOLOGY NATURE SPACE THE HUMAN BODY EVERYDAY SCIENCE PLANET EARTH

Home > Nature > The genetic hunt for the Loch Ness Monster — Neil Gemmell

< cC @ https://www.thedailybeast.com/loch-ness-monsters-existence-could-be-proven-with-edna

MONSTROUS

Loch Ness Monster's Existence Gould Be Proven With
el

Environmental DNA could put the legend of the Loch Ness monster to rest, once and for all.

The genetic hunt for the Lach Ness Monster — Neil Gemmell @ Taiija/Basl (0525118 i2i12 PMIET fl | v &

Professor Neil Gemmell on his project to survey the genetic diversity of Loch Ness using cutting-edge environmental
DNA techniques, and maybe find clues about the Loch Ness Monster.

Monster hunt: using environmental DNA
to survey life in Loch Ness

June 26, 2018 3.49pm EDT

‘With the help of environmental DNA, scientists are compiling a census of life in Loch Ness, which should establish if there is any scientific basis to the centuries-old legend of the Loch Ness monster.
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eDNA analysis of River Herring in
Chesapeake Bay

American Shad & River Herring Commercial Landings
Source: NMFS Fisheries Statistics Division, 2014
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= Petition to list River herring on threatened species list
denied, 2013
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In 2011, the National Resources Defense Council petitioned NOAA Fisheries to list river herring on the endangered species list throughout all or part of the species range. NOAA Fisheries conducted a status review and found that the listing was not warranted in 2013
You might think this is a graph of Oysters. No its RH. (and shad) 


Keystone Herring Initiative —
A monitoring plan

Habitat use in at least 10 tributaries
Run counts in 5 tributaries
Fish passage assessment
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Chesapeake Bay River Herring Monitoring Plan

Matt Ogburn and Tuck Hines, Smithsonian Environmental Research Center (SERC)
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So, we need more data on run size, etc.  The listing did spur more interest … Since this time interesting data on RH bycatch off of new Engalnd…and  better understanidng of population genetics, and stock structure within Ches Bay, but that is not my work. Surprisingly crowded...


Objectives

* Develop a robust eDNA assay for detection
and quantification of river herring (alewife &
blueback herring)

— No amplification of other Alosines

* Examine species-specific patterns of presence
and abundance across the Chesapeake Bay



* Assay is River herring specific:
ID of alewife vs. blueback via

Design/efficiency of the assay

Mitochondrial data publicly
available for Alosines and
Clupeidae

* 98% similarity to hickory shad

gPCR assay tested against DNA
of ~15 estuarine/freshwater fish

sequencing post-detection.
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This is a commmon figure in molecular work – we use trees to describe the relationship among species (or populations) based on sequence differences at a gen or set of genes. Samples are clustered according to their sequence -  Some hybridization? 


Targets

NON- Targets

Blueback
herring

Hickory
Shad
ol .
American §| &
Shad e

ROMIEH

Other
non-target
Clupidea

Cytochrome Oxidase subunit 1 (CO1)

Sequence alignment for the assay




Assay validation and field testing in
Chesapeake Bay
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Shore-specific patterns of river herring
habitat use

| Species
 eDNA detections A S icsbark
for 112/445 Copies |
O 1e+05
(25%) samples O 26+05
39 - OSe+O5
. - Q N
* Highly sensitive T
(down ~ 1 copy) %
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eDNA recovers timing of herring
spawning

 Alewife spawn earlier | Species
. . © Blue back
in the spring (March-
April) T
3
E 300,000 {
* Blueback herring 2 !
spawn later (May) g oo .
8 o
e) | | .
¢ LI T
0.0 @b @ @bfﬁ&@eooe
Apr01  Apri5 May 01  May 15

Date



Comparison of eDNA with traditional
survey methods

* High correlation between
Icthtyoplankton (net
samples) and eDNA datasets
(N=362)

— Spearman’s Rho = 0.60

* Log-log plot eDNA vs
Ichthyoplankton R? = 0.48

e A fair comparison?

Log Ichthyoplankton Count

10.0-
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5.0-

2.5-

0.0- * 00

[ ]
[ ]
[ ]
[ ]
|
:
[ ]
[ ]
[ ]
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5 10
Log eDNA abundance (copies)
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Hickory eggs? Apples and oranges. 


Herring eDNA summary

eDNA is a robust and sensitive
approach to quantify the
relative abundance of river
herring (Plough et al. 2018 PLoS)

— Highly correlated w/ other ‘catch’
survey data

— Recovers run-timing differences
between species

— eDNA data incorporated into
habitat use model (Ogburn,
Plough et al. in prep)




e Over fishing and habitat
degradation led to the
decline of spawning
runs along the US East
coast

’

e 5 ‘population segments
are considered
endangered

Legend N

B GufofMaine |
I NY Bight
I Chesapeake Bay
Il Carolina
I South Atlantic

U.S. Marine Range
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Long lived and late maturing….10-20 years. Only 3-5 years spawning. 


Coastwide Atlantic Sturgeon Commercial Landings and Dead Bycatch, 1880-2014

Source: ASMFC Atlantic Sturgeon Bechmark Stock Assessment, 2017
inserted graph provides same information but for a more recent timeframe, 1950-2014
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Tagging and monitoring of Atlantic
Sturgeon in Chesapeake Bay

r . Tags surgically
implanted

* Acoustic arrays set up in
: the VA and MD portions
of Chesapeake Bay

* Tracking movement
provides insight into
habitat use (potential
spawning grounds)




Alternative strategies to monitoring
Atlantic Sturgeon (ATS)?

* eDNA had been considered but not thoroughly
examined

e Concern about low abundance and low eDNA
detection probability?

* Goal: develop and validate an eDNA assay for ATS

— Are abundances sufficient for detection?
— What is the shedding rate of ATS?



Development of an eDNA assay for
Atlantic Sturgeon

* Single species (targeted)

assay __ |
. . WS T, i ] -
* Testin aquaria, ponds,  |mees . >
and in field | &
i \ —76.0 m:'s._s -_?'5 5
Y Te St I n g O n M a rS hy h O p e Nanticoke River/Marshyhope Creek
Creek (Nanticoke river)
and Pamunkey River
(VA) River

Pamunkey River



Lab-mesocosm results
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Aquaria detections only with low flow 7/7 pond detections



Comparison of acoustic and eDNA
detections

* 18% of field
samples (6/34)

detected sturgeon ¥
DNA :.
* eDNA detections 2
coincide with e

acoustic detections
(black bars)

—
o
|

1 Marshyhope Creek, MD

I 1 PO

1 Pamunkey River, VA




Low eDNA concentrations in field...

25000 N  Whatis the eDNA
° shedding rate of

20000 Atlantic sturgeon?

15000

. * Can eDNA of Atlatnic
10000~ — sturgeon be used to
quauntify relative

o abundance?

Copies per Liter

5000 -

Environ. Pond



Summary of Atlantic Sturgeon
eDNA work

* The assay works in lab, pond, and field trials
 Low eDNA abundances relative to other species...

e On gomg experlments to determine shedd/ng rate




eDNA: great promise, lots of work to do...

The Marine Science & Policy Series N oV. 20—30 20 1 8

MONMOUTH

- MARINE ENVIRONMENTAL DNA UNIVERSITY

~ NATIONAL CONFERENCE ON

NATIONAL
GEOGRAPHIC
JOURNALS A-Z JOURNAL INFO  PRICING & SUBSCRIPTIO!
EMVIROMMENT
New DNA tool 'changes everything Uses and Misuses of Environmental DNA
in marine science' in Biodiversity Science and Conservation
With eDNA, or environmental DNA, scientists can count fish and other animals
just by collecting a small sample of water.

Ryan Kelly, Univ. Washington: “...It always amazes me when we get
Orca DNA in our coastal datasets....but we actually know there are
Orcas are out there... In fact, there are 85, and they all have names!!!”



Automated and remote sampling
of eDNA

| (Courtesy of lan Enochs, NOAA

SUBSURFACE AUTOMATIC SAMPLERS (SAS)

Have... Getting soon!


Presenter
Presentation Notes
MBARI has been a leader in automation of these approaches, putting technology in their drones and cliders/// We can too…. 


Preservation of eDNA in the field

BAC (benzalkonium chloride)

— cationic surfactant commonly used as an
antiseptic/biocide

Results of eDNA longevity experiment
using BAC (0.01%) in cold (4C) or room
temp (25C) over 1 week
— BAC cold/warm show 50-80% of initial
after 1 week

eDNA abundance (Copy #)

C[Q)/CnH2n+1

n=38,10, 12, 14, 16, 18

~
)]
o
-~

500K

250K 1

Treatment
-®= Fresh
BAC Cold

BAC Warm
=@ Cold
Warm
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Eye drops… At 0.01%, may be an effective bacteriocide in water samples, slowing biological degredation of eDNA



Sequencing of entire mitogenomes from
eDNA

7y & B / (d) Bioinformatics ™

. ¥ Reads (1) mapped l‘ﬂdi toreference ——+ (2) De novo assembled reads into scaffolds
(1) WiEsEsE (}Iudy Creek -'"%f "f'_' - —-““"’ \“' \ l
i | e
Isolated DNf from water /solated DN:I from water . - (3) Identified scaffolds with BLAST
oo T ;'H“f-"ﬂ* searches against reference mitogenomes
l -*'J
== {4) Mapped scaffolds to reference if de novo

— - —
Sheared DNA & Sheared DNA & assembly was not complete + —_— -
TS Mextera XT* HTS TruSeq® 4 —
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1 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,529

Methods in Ecology and Evolution [ e

SOCIETY

RESEARCH ARTICLE & OpenAccess ) (®

Long-range PCR allows sequencing of mitochondrial genomes
from environmental DNA

Kristy Deiner i, Mark A. Renshaw iz, Yiyuan Li, Brett P. Olds, David M. Lodge, Michael E. Pfrender

.
De I n e r et a I 2 O 1 7 First published: 14 July 2017 | https://doi.org/10.1111/2041-210X.12836 | Cited by: 10



eDNA surveillance is a powerful monitoring tool for
conservation biology and ecology...but it has limits
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Hone in on longstanding questions that so fundemental, i.e. recriutment viation, how organisms respond to environmentla and how they will evolve – prediction. Advance undstarnign of how animals are evolving in real time or the rencet past to profound changes in their environment. 
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Metabarcoding of zooplankton o
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With Co-Pi J pierson we have recently started a new project examining zooplankton diversity in the choptank river with highroughput sequencine approach called metabarcoding. Sampling across a salinity gradient in Choptank over summer. Using genomic barcdoing to classify who is there and in what abundance. 

Big barnacle set in April. Arthopoda. 


Towards genomic monitoring of
zooplankton

Is @ genomic approach to monitoring feasible?
Sensitive? Cost-saving? (fish diets)

Data from HPL dock 2017
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Other major driver of this work is to explore the feasibility of using genomic metabarcoding to monitor for zooplankton in a very applied context. 

You have thhis slough of plankton to ID morphologically, takes time expertise, and then I have the other pipeline. 
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