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Environmental DNA (eDNA)
What Is It?

* Environmental DNA refers to DNA that can be
extracted from air, water, or soil without isolating
any specific type of organism beforehand.

* Two types:
Intracellular eDNA
Extracellular eDNA

* |ntracellular eDNA is commonly used by
microbiologists and is derived from cells that are
collected.

 Extracellular eDNA is generally assumed to pass
through filtration, despite the high concentration of
naked DNA in the agquatic environment.




eDNA Capture and Extraction

Shed cells are collected by filtering the suspect

water sample and then extracting DNA from the
filter using MoBio PowerWater® DNA Kit.
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eDNA iIs a viable tool to
guantitatively monitor invasive
species

The eDNA methods rely on the combination of
three complimentary technologies:

1. The Barcode of Life.

2. Allelic discrimination and SNP analysis.

3. gPCR ,.,-,//////;,
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Barcode of Life

e In 2003, Paul Hebert proposed “DNA barcoding” as a
way to identify species.

e Barcoding uses the sequence from a 658-base pair
region in the mitochondrial cytochrome c oxidase 1
gene (CO1) the way a supermarket scanner
distinguishes products using the black stripes of the
Universal Product Code.

Hebert, P.D.N., Cywinska, A., Ball, S.L., and J.R. deWaard. 2003. Biological

identifications through DNA barcodes. Proceedings of the Royal Society
London B. 270:313-321. doi: 10.1098/rspb.2002.2218

1234567890
Color DNA sequence barcode for a bee




Barcode of Life

 The Consortium for the Barcode of Life (CBOL) is
an international initiative dedicated to supporting
the development of DNA barcoding.

 More than 4.63 million records are in the public
data portal.

 Importantly, most of the fish species in the Great
Lakes have been Barcoded.
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Barcode of Life

e e T = = 2 (__- -
- - “ ._ + o v - . » - ] 3 %, >
- A T

Project Overview

Title: International Barcode of Life

CBG Units: All
Scope: International consortium and research alliance with the mission to DNA barcode

- 500K species
Project Duration: Phase | - 2010-2015; Phase Il - 2016-2020
Stage: In Progress
Reach: 26 Nodes (partner nations)
Sequences: 4.63M+ DNA barcodes; 500K+ species




First Challenge: Asian Carp

Amplification Plot
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In silico Assessment of gPCR Specificity

CO1 Alignment Great Lakes Fish
Visually select gPCR targets with maximal mismatch.

330 340 350 360 370 380 390 400
1 I I 1 I 1 1 I

375085109.seq CAGGATGAACAGTTTATCCACCACTCGCGGGCAATCTTGCCCACGCAGGAGCATCCGTAAACCTAACAATTTTCTCTCTT 378

63081821.seq CAGETGAACAGTI THiccaccacTcadloacarTcTTadicacceacaccATqiGTARAICTAACAATIRTTI T CT 594:

359326305.seq CAGGATGAACAGTTTATCCACCACTCGCGGGCAATCTTGCCCACGCAGGAGCATCCGTABACCTAACAATTTTCTCTCTT 400

314907005.seq CAGJETGAACAGTTTARCCACCACTCGAGGCAATCTTGCCCACGCAGGAGCATCCGTABACCTAACAATTTTCTAICT 385

321118705.seq CAGGATGAACGTITASCccAcicTiiG G(ﬂﬂGC(CA(GCAGGAGCATCEGT CCTAACAATTTTCTARCTT 400
C

GGCANECTTG CAIGCAGGAGITAYGTAEAICTAA TQCTT 400
ccaficrredicacocacdiocaTdicTARARITAAQEA TR TTCT T 400
CTTGCCCAJGCAGGAGCATANGTIREACCTIACAATITTCTARCTIE 400
aaTcTlicAicaccficd AT GTABACCTAACAATTTTCTARCTT 400
AATCTTGCCCACGCAGGAGAITQUGTAS CﬁTAAiA TTCTqeCTli 400
AﬁCTﬂGC(C.ﬂﬁGCAGGAG(AT cTlEACCTRIA

186884132.seq
186884136.seq
186884244 .seq
186884328.5seq CAGd!TGAACAG s TATCOQUICCACT
186884402.5eq CAGGATGAACAGTTTATCHSCCACTHGC
186884748.seq CAGGATGAACEGTTT Cde (ﬁCTCG
186884868.seq CAGGATdEACTGTTT C(e CACTEG AARCTTGCCCACGOUGHEGCATAE GTASACCTIMACAA TCTCTT 400
186884884 .s5eq CAGQUITGAACAGTRETATCAICCACTCG AATC GCECACG GAEGCATAGTIEACCTAACAA T(ECTT 400
186884924 .seq CEG TGAACHIGTE TASCANCAUCTHG GGCNE( GCCCAIIGCAGGAGCATCCG CCTAACEA CTCTCTT 400
186885112.seq CAG CHGTE TASCANCAICTHG Giﬁ. CTOGCCCANIGCAGHEGCATARGTAS (TEACAA'I_I_I_I'CTCTC'IT 400

186883156.seq CAGGATGAACAGTI TASCAcAICTEGA GGC ccccacacacqBcdircca @A TAAgiATTTTCTQICT 400
186883068.seq (EGGATGAACAGTITASC S clcdiaaTcTTacccaccdiceacd@Tcce eI CTAA TRTTCTCTCTT 400
186883196. seq CAGGATGAACAGTHTATCRIcIc Tl el cocadic TiccccacocacdBodiTccoTTREARI TAABIATTTTCTARCT 400
186883228 seq CAGGATGAACAGTHTATCAicRIcTR Gl ccAlc Tl occcacocacqEciTCCTIRAARITAAQIATTTTCTQRCTH 400
186883248 seq CAGGATGAACAGTHTATCRIclc Tl Gl cocardc locccacocAcdBodiTCcoTIREMRITAABIATTTTCTARCTHY 400
186883328.5eq cagcdia cflcAljcicdgacaT GTIEACTAA TTTTTCECTR 400
186883482.seq GCGGRUAATCTIEGCCCACGAIGGAGATTA G TABA I TRAQUATTTTCTARCTT 400
186883552. seq cdMecaficTTedlcACGCAGRIGCATAIGTABAQITAACAATTTTRTCTCTE 400
186884096. seq cacecaqscl cccacceacqecaTquREACCTAAQEATRTTCTARCTT 200
186884104 seq caqieccaracTTadlcAliccaccAGHRT QG TAEATCTAA TQICTT 400
186884116. seq caicqiaNdcTTelcagcdlcdic tGF TAAQA TAACTT 400

G A

G

G

186885392.seq CAGGATAEACAGTI TASC8c8C TCGCGGRAATCTGCCCAYGCAGAEGCATAIGTABACCTAACAATTTTCTECTT 400
186885412 .seq CAGHETGAACAGTR TAScddccacTlicdlcqiadicliccccaccdqiGeAGeATdAGT
186885460.seq QJGGATJRACEGTTTASCd8cAIC TR GEGGCAATCTIEGCCCACGCAGGAGHRTCCGTHRE
186885472.seq (JJGGATGAACGTTTATCEC cA8GGCANRCTTGCCCAIGCAGGAGCATCCGTRE
186885528. seq CAGGETGAACGiTnEc CTCGAGGC
186885536.seq CAGGATGAAC|GTI TATCCUCCACTCGRGA]A

AQEATETTCTECT 460
CCTEACAATOTTCTCTCTR! 400

cliccccacGeAGGAGCATAGTAS
C A cCTACAATTTTCTARCTR 400

GCCCACGCAGGAGCATRGTAS




Pan Asian Primers and MGB probe pan Asan Forvard primer

qPCR Specificity
CO1 Alignment of Asian Carp & Selected Great Lakes Fish
Also design primers and probe for maximal mismatch.

-
10 20 30 40

CCTGAGCCGGAATAGTGGGMACCGCCCTAAGCCTTCTCATTCGRGCCGA

Micropterus_dolomieu_COI.seq(1>652)

Esox_lucius_COI.seq(1l>651) ==--~-"-"-~

.idella_CO0I.seq(1>671) ======"="="~-"~- —
.molitrix_C0I.seq(1>671) - ~-"-=~-"="=~=-~+
.hobilis_COI.seq(1>637) ~-==="="-""--~
.piceus_C0I.seq(1>689) = =-===="="="~-"~- —
.carpio_C0I.seq(1>7@5) = -===="="="~-"~- —

Perca_flavescens_C0I.seq(1>658) ===+ =

Salmo_trutta_COI.seq(1>652) = =-""="-"- —_

cctgagccggaatagtgggaaccgctctaagccttctcattcgagccga
cctgagccggaatagtgggaaccgccctaageccttctcattcgagccga
cctgagccggaatagtgggaaccgccctaageccttctcattcgagceccga
cctgagccggaatagtgggaaccgctctaagccttctcattcgagccga
cctgagccggaatagtaggaaccgccttaagcctcctcattcgggeccga
cttgagccggaatagtgggcactgccctaagcctgecttatccgagecaga
cttgagccggaatagtgggcacagccctgagcctactaattcgtgcaga
cctgagccgggatagtcggcaccgccctaagtctcttgattcgggcaga
cttgagccggaatagtcggcacagccttaageccttttaatccgggceccga

Pan Asian MGB probe Pan Asian Reverse Primer
R S IEISIC S - -
57 50> €70 g0 90

ACTAAGCCAACCCGGMKCWCTTCTRGGBGATGACCARATTTATAAYGTT

.molitrix_CO0I.seq(1>671) = ~-"-="="="="=-+
.hobilis_C0I.seq(1>637) - ------- -~

Micropterus_dolomieu_COI.seq(1>652)

Esox_lucius_CO0I.seq(1>651) ------ -~

.1della_C0I.seq(1>671) - =="-"="="="="-~ —_

.piceus_COI.seq(1>689) - -----"---- —_
.carpio_CO0I.seq(1>7@5) == =-=-==-~-~-" —_
Perca_flavescens_C0I.seq(1>658) - --- —>

Salmo_trutta_COI.seq(1>652) - ----~-~* —_

actaagccaacccggatcacttctgggcgatgatcaaatttataatgtt
actaagccaacccggatcacttctgggtgatgaccaaatttataatgtt
actaagccaacccggatcacttctgggcgatgaccaaatttataacgtt
actaagccaacccggatcacttctgggcgatgaccaaatttataatgtt
acttagccaacccgggtcgcttctaggtgatgaccaaatttataacgtt
actaagccagcccggcgctctcctaggagacgaccagatttataacgta
actaagccagcccggcgctcttctaggggatgaccagatctacaatgta
actcagccaacccggcgccctcctaggggatgaccagatttataacgta
actaagccagccaggggctctcttaggtgacgaccagatttataatgtt



In vitro Assessment of gPCR Specificity
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Other Invasive Species

Round Goby

NOAA Great Lakes Environmental Research Laboratory
licensed under CC BY 2.0

Sea Lamprey'

NOAA Great Lakes Environmental Research Laborato NOAA Great Lakes Environmental Research Laboratory “Boca de lamprea. Licensed under CC BY-SA 3.0 via
licensed under CC BY 2.0 licensed under CC BY 2.0 Wikimedia Commons

* Snakeheads being added in at-risk regions of NY state


https://www.flickr.com/photos/noaa_glerl/
https://creativecommons.org/licenses/by-nc/2.0
https://www.flickr.com/photos/noaa_glerl/
https://creativecommons.org/licenses/by-nc/2.0
https://www.flickr.com/photos/noaa_glerl/
https://creativecommons.org/licenses/by-nc/2.0

Sea Lamprey (eDNA)

Sea lamprey ACCCCTAATACTTGGTGCTCC
Chestnut lamprey ACCACTAATACTAAGCGCCCC
N. brook lamprey GCCACTAATACTAAGCGCCCC
Silver lamprey GCCACTAATACTAAGCGCCCC

Am. brook lamprey GCCTATAATACTTAGCGCCCC

Sea Lamprey primers and MGB probe




Sea Lamprey (eDNA)

Lamprey Test Amplification

Amplification Plot
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Sea Lamprey eDNA Collection

Winter 2012 collections

Greg Wooster risking it all
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Sea Lamprey (eDNA)
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Round Goby gPCR Amplification

Amplification Plot
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Round Goby gPCR Sensitivity

Standard Curve [(Target: Target 1)

30 -
as -
a7 B
35 -
35 -
34 -
a3 -

32

20 4

Threshald Cyele (C1)

29
M 28 -

27

DI,

26 -
25
f=TE
23

22
1 2 3 & 5 i [} 20 30 100 200 1000 10000 100000 100K
Quantity (Topies)
Slope:-3.486 w-Intercept: 41.561 Risuperscript 23:0.99
Lesgperec]
Bl =tandard Bl riknowwn T Unknown (Flagged) |

Analytical sensitivity is one copy of target




Round Goby Invasion of the Erie Canal
Goby eDNA collection sites as of 2014
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Correlation of eDNA & Electroshocking
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Brook Trout mtDNA copies/L

Fig 1. Brook trout eDNA concentration (mitochondrial DNA copies/L) versus estimated
number of brook trout 275 mm TL per 100 m of stream as estimated by backpack
electrofishing in the observational study. Environmental DNA concentration and brook
trout number were positively correlated (P< 0.001, ¥ = 0.592, n = 46 stream reaches).

Wilcox et al 2016 Biological Conservation 194 (2016) 209-216




Correlation of eDNA & Electroshocking

*
10000 — b
*
=
S |_
© 1000 -
W
Q
(ol —
8 E
<
d
0 100 —
£
DI 10 =
W Observational Mesocosms Caged fish
poweee:
i\ " Fig 2. Estimated eDNA production rates per fish from the observational study (mean =

495 copies/s), mesocosm (median = 990 copies/s), and caged fish (Jane et al., 2015;
median = 430 copies/s) experiments. For the observational study, the middle line and
box represent the model coefficient estimate and 95% CI. For the caged fish and
mesocosm experiments the boxplots represent the minimum, median, maximum, and
interquartile ranges of the observed data.

Wilcox et al 2016 Biological Conservation 194 (2016) 209-216
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Citizen Science

Research e

Creating real life connections




Students Engaging the Environment:
A Student/Scientist Collaboration to Assess
Aquatic Invasive Species

The project brings together Cornell
researchers using cutting edge eDNA
analysis for detecting invasive fish
species.....and student and teacher
citizen scientists collecting samples from
local waterways.




Sharing ASSETs: Expanding Science Opportunities
in K-12 Classrooms

ASSET:

ADVANCING SECONDARY SCIENCE
EpucaTtion THRU TETRAHYMENA

progra

« Older posts

ASSET is BACK!! LOGIN/REGISTER

Posted on July 10, 2015 by admin - chi.ster
B = Login
= Entries ASS
ASSET has received a new 5-year NIH SEPA grant! \We hope you will join us as we « Comments RSS
” (J110 expand the ASSET program in exciting new directions. Here are some of the opportunities = WordPress.org
ASSET will offer.
"' QUICK LINKS
;I Sci jules for el tary and middle school lents. We expanding our = About the ASSET program
I\II.““m materials for middle and elementary level students, using previously tested modules as a = Contact Us
| starting point. We are excited at the opportunity to work with middle and elementary = Modules
I' phet school teachers and students to develop innovative activities that use a hands-on, » Science modules
\ inquiry-based approach to introduce younger students to the wonders of biclogy using  Pioquast & solnos modyle

= Biology & Society Modules
= Science module protocols
= Photos
= Resources & Videos

living protozoa.

Classroom research opportunities for high school students using Tet:
Every so often something in class will catch a student’s interest and imagination. We intend = ASSET How-to videos and
to help capture that moment by making it possible for motivated students to follow up on documentation

an idea that interests thern. Using our existing high school modules as an introduction to = ASIET Multimedia

= Online research resources

the use of Tetrahymena to explore biclogical phenomena, we will provide the opportunity « Totrahymens peopla &

for expanded independent investigation among a limited number of interested, mativated i

students, either individually or as part of a research class. We are especially interested in = Invasive Fish Program
providing opportunities for independent inquiry to students at under-resourced schools.

The student-designed projects will be teacher supervised, with support from the ASSET TWITTER

program. W Follow @sepaasset




Outreach: ASSET

Sharing ASSETs: Expanding Science Opportunities
in K-12 Classrooms

Outreach Infrastructure Initial program impacted >300
teachers and 11,000 students

190
(1

Teacher Contacts
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Qutreach Experience

Funded by NIH SEPA



Education: Schools, Teachers, and
Students

Teachers provide educational
experience, expertise, and
critical feedback.

TIIE

11

"l Students participate in a research

.I'\ i

8 project with clear aims.
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Educational Aims

Introduction to Ecology and Environmental
Stewardship.

Introduction to molecular biology and
bioinformatics.

Bring real life impact of science to students who
might otherwise not be engaged in science.

Address Common Core standards.



Research: Cornell Aquatic Animal
Health Program




Citizen Scientist eDNA Collections
Schools Involved in Pilot Study of Invasive FlSh Species
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Scientist eDNA Collections

Round Goby results
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scientist) vs 2016 (student)
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Other fish species

Asian Carp all negative.
Asian carp are easily detected using eDNA due to their life history, distribution,
and DNA shedding characteristics. Probably not here yet in significant numbers.

Sea lamprey all negative. More complicated story reflects life cycle.
Can detect eDNA from spawning and larval sea lamprey in streams.
Key criteria
Location
- larval lampreys are primarily found in stream sediments
and are relatively sedentary
- successful eDNA monitoring for lamprey larvae is inversely
correlated with the size and discharge of stream
Density
- medium to high density of larvae give most dependable results
Seasonal impact
- lampreys die after spawning, high detection with eDNA
assays during this seasonal window
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Educational Concerns

Student engagement and positive learning outcomes.

Relevant grade-appropriate background information,
collection protocols, and clear interpretation of results.

Teacher support.
Ease of implementation.

Equipment availability.



Materials and Protocols

CORNELL INVASIVE AQUATIC SPECIES PROGRAM
eDNA Collection Protocol

Before Heading into the Field

FMease po ove
et video demonstrating the assembly of
aur welbsite [ Lrabymenaass el ve L cor

3.4

3 k the eDNA Kit Contents Llist (o ensur
the [i

Kit Contents

istilled water fm

300 ml

saurce of di

CORLET | Use glean, well
have not 1 ExXp sh DNA

within a Z-week pericd. Each
cenl locations.

t label since you will need these for FedEx
tare included in the kit

Kits should be stored at
kit containg ensugh materials w process one site at E
Please keep all packaging and the return shipme
return shipment of samples. Directions lor return shi

ngg Kit contents:
ene suction flask

| (2 pieces]
prer for f
lter dises

a gauge)
bags for water collection

und wothpicks

Faore 1. The maumiale

in the field. (Not shown)

[not shown)

return shipment of washed used equipment [pot shown)
nples Not provided

Not provided [Marn phone will provide this information]
17, Clipbeard and waterprool pen/pencil Not provided

Detailed protocols and all materials are provided to facilitate

Lab chicken
(not required
for this
experiment)

1. Collection flask

LIST OF MATERIALS

7. Round toothpicks

.‘-‘ ?’ 8. Yellow force)
‘e . Ye Ps
1 [

9.Cullection'

5. Vacuum pump 8
(hand pump)

2. Biichner funnel
(2 parts)

pronounced: BOOK-ner

use in a class or extracurricular setting.



Minimizing Cross-Contamination

e Complete materials for each site packaged
separately and opened immediately before use.

o After collection, used equipment immediately
| sealed in return bag. No sharing of equipment
i between sites.

1L

1
|noveoe:

Wl ° Between uses, returned equipment
decontaminated in 10% bleach.




Other Research Concerns

e Sample Preservation: Buffer for short term storage,
freezer for long term archiving.

e Accurate identification of sites and samples: GPS

Location 1A Location 1C

coordinates.
- e Repeatability: Multiple samples at each site plus
¥
o negative control.
W
I"..mm- ~50 feet ot
III\'. L id W‘ . Waterway
II“ ?.‘” I Location 1B I

Site 1




Results

Educational
Over 60 teachers (many repeat participants) and schools involved across
the state
Active engagement with teachers and students to optimize protocols
Participating schools range from large NYC schools to very small rural
schools
Very high levels of student interest and enthusiasm

Scientific
>280 sites sampled across the state
Good data

Overall

Increased interest in and awareness of invasive species issues
Increased interest in science and the environment in students not
typically engaged by traditional science education



Student Reactions

**| loved the lab it was incredible.

**We all really had fun and enjoyed every moment.

¢ [t was a very interesting and intriguing experiment.

| highly recommend next year the 9th graders do it.

| learned a lot and found it very enjoyable!

***In my opinion, the lab was really amazing.

It was really cool to see how we test water for many
different types of DNA.

¢ It was cool to explore the world outside of our classroom
or school labs.

** We actually got to test something in the real world that
would be helpful to scientists.

... next year | think we should do it on a nicer, sunnier day.
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