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+ Briefly introduce eDNA
* Sea turtle eDNA

* Biodiversity-wide eDNA
 Human eDNA

e Summary




Environmental DNA (eDNA) — wildlife forensics
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Farrell, Whitmore & Duffy. Environmental DNA — how a tool used to detect endangered wildlife ended up helping fight the COVID-19 pandemic. The Conversation, 2021
https://theconversation.com/environmental-dna-how-a-tool-used-to-detect-endangered-wildlife-ended-up-helping-fight-the-covid-19-pandemic-158286
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eDNA — a validated tool. Now being rolled out by federal &
state environmental and health management agencies
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* Consistently outperforming conventional monitoring approaches for:
* Native species detection
* |nvasive species monitoring
* Pathogen monitoring
* Biodiversity assessments

 Large federally backed initiatives for the adoption of eDNA by managers &
conservationists

* Including eDNA-specific funding to USGS & other agencies in the Bi-partisan
Infrastructure Bill (2022)

e Autonomous samplers & remote sensing

e Health assessments and other metrics still require more traditional survey
approaches



Targeted versus untargeted (shotgun) eDNA

» Targeted (qPCR, ddPCR or metabarcoding sequencing)

* Cost-effective
* Limited information, more upfront effort required (assay/metabarcode design etc.)

* Shotgun (sequencing)
* More costly, but vastly more information recovered per sample
 Simultaneous detection and population genetics/viral variant analysis

* Can study pan-biodiversity in single sample — flora, fauna, microbes & pathogens (e.g. algal blooms,
waste/pollution—associated microbes, charismatic megafauna and prey species)

* Combining Targeted & Shotgun can be highly complementary
* Targeted for large sample numbers & shotgun for deep info. on most crucial samples




eDNA & the GTM NERR

* GTM or GTM-adjacent sites usually make
up the majority of our initial test locations
* Waterways
* Beaches
* Air

i.e. in and around the UF Whitney Lab
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Sand eDNA - Not possible without support of gl

nesting beach patrol volunteers!!

Detection and population genomics of sea turtle species via
noninvasive environmental DNA analysis of nesting beach sand
tracks and oceanic water©

Jessica A. Farrell*? | Liam Whitmore'® | Narges Mashkour'® |
Devon R. Rollinson Ramia’® | Rachel S. Thomas! | Catherine B. Eastman! |
Brooke Burkhalter® | Kelsey Yetsko® | Cody Mott® | Larry Wood’ |
Bette Zirkelbach® | Lucas Meers® | Pat Kleinsasser’ | Sharon Stock!® |
Elizabeth Libert'® | Richard Herren!! | Scott Eastman!? | Whitney Crowder®® |
Caitlin Bovery®® | David Anderson®® | David Godfrey'! | Nancy Condron!® |

David J. Duffy>?

Beach permit holders & volunteers

https://onlinelibrary.wiley.com/d0i/10.1111/1755-0998.13617

RESOURCES

f sea turtle species via
racks and oc

Patrols:

GTM Research Reserve
Mickler’s Landing
Crescent Beach

Vilano Beach
Marineland

Summer Haven

Boca Raton Beaches



Sea turtle eDNA detectable in nesting beach
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Sand eDNA

* Can we detect eDNA left by a single hatchling (lightly) crawling over sand on its way to the ocean?




Sea turtle eDNA detectable even from

Hatchlings weigh
only 18g
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eDNA not just for quantification!



//onlinelibrary.wiley.com/doi/10.1111/1755-0998.13617

https

Sea turtle sand eDNA can non-invasively determine
geographic origin

Phylogenetic analysis of C. mydas and C. caretta mitochondrial genomes
from sea turtle sand samples and NCBI deposited sequences
(whole genome shotgun sequencing)

Cm_JQ034420.1_Caribbean*
Cm_1NegativeFieldControl
Cm_JX454972.1_Cm9277KarpazCyprus
Cm_NC_000886.1_LocationUnavailable
Cm_JQ026233.1_Caribbean
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Cm_9Juvenile”Archie"C_NEFlorida
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eDNA for simultaneous pathogen detection



https://onlinelibrary.wiley.com/doi/10.1111/1755-0998.13617

Sand eDNA-based detection of wild tumor-associated
pathogen ChHV5

ChHVS5 viral genome aligning reads from non-targeted shotgun sequencing
of sand eDNA samples (whole genome shotgun sequencing)

Cm_9 Juvenile "Archie" C
Cc_6 Hatchling Crawl Breath A
Cc_5 Hatchling Crawl 2 A
Cc_3 False Crawl Flipper 2 B
Cc_2 False Nest Surface 1 A
Cc_4 Egg Chamber 3B

Cc_12 Egg Chamber 1 A

Cc_8 Egg Chamber 2 A

Cc_7 Egg Chamber 1 A

Neg. Field Control
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Farrell JA, Whitmore L, Mashkour N et al. (Submitted for review) Detection, quantification and population genomics of sea turtle

species via non-invasive environmental DNA (eDNA) analysis of nesting beach sand tracks and oceanic water samples.

ChHVS5 viral variant analysis from turtle sand

ChHVS5 variant calling from sand eDNA of patient “Archie” (lllumina shotgun sequencing)

Atlantic/Caribbean — 0.0022
West Africa, Brazil,
Puerto Rico

HM348897 1 Cm ChHVS UL30 AtGG 462

0.0000
JN580279.1 Cm ChHVS UL30 AtPR2 473

0.0000
JN580280.1 Cm ChHVS UL30 AtPR 473

0.0021

0.0042

JNE80283.1 Cm ChHVS UL30 AtPRE 473

0.0021
JN938585.1 Cm ChHVS UL30 AtBR 483

0.0000
JN938586.1 Cm ChHV5 UL30 AtBRvar3 483
0.0083 0.0021 0,0000
JN938587.1 Cm ChHV5 UL30 AtBRvar4 483
Pacific — Hawai'i,
Australia

0poQ
AY646893 1 HA variant Cm UL30 483

0.0021
AF299107.1 Cc ChHV5 UL30 PaAUS 483

0.0115

0.0000
HQB78327.2 Cm ChHV5 Reference UL30 483 PaHA (reference genome)

— Florida/ e T e T
Caribbean )
" Cm_9Juvenile’Archie’C_NEFlorida UL30 483 h

0000
AYE46888.1 FL var A Cc UL30 483

=

=)

0.0041

=)

0000
AY646889.1 FL var C Cc UL30 483

0,0000
AYB46892 1 FL var B Cm UL30 483

0.0166 .
AY646890.1 FL var D Cc UL30 483 Florid:
0.0025 . .
007 —————— AY390422.1 Cm ChHV5 UL30 PacA 401 California
0.0024 0.0105 :
AF299109.1 Lo ChHVS UL20 AMEX 483 [Vlexico

Can identify viral variants from sand alone!
Viral variants: think Covid-19 Alpha, Omicron & Delta



eDNA Metagenomics possible from shotgun
sequencing eDNA (pending)
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eDNA — shotgun sequencing interrogated for specific species
reptile, mammal, fish & invertebrate

5 ~ Chelonia mydas — Green turtle
é% Tursiops truncatus | Bottlenose dolphin
_flé ‘_ElSciaenops ocellatus |G Red drum
-g 8 M. merceneria [ Clam
N~
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&2 Tursiops truncatus [IIIEEEEE—  Bottlenose dolphin
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E g M. merceneria — Clam
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Mark Number of reads aligning to reference genome
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Where is eDNA going next?

* Wildlife population genetics from water?
* Heterogenous mix of species per sample

* Not just what species are present, but where do they come from?



Wildlife population genetics from sea water? (500ml)
Human eDNA as proof-of-principle

Mark T gt ‘\
McCauley % LS

5 : \ [
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/’Moultrie Creek

Also juvenile sea turtle habitat from
where we have detected sea turtle eDNA

Human haplogrouping & haplotyping
o African
i Asian

I Euro_Indian
P Native American

Whitmore et al. (2023) Human environmental DNA: inadvertent
human genomic bycatch and intentional capture raises novel
beneficial applications and ethical concerns. Under review.
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Stammitz

Whitmore et al. (2023) Human environmental DNA: inadvertent

human genomic bycatch and intentional capture raises novel

eDNA can also reveal disease-associated mutations / any alleles of
interest in the population

beneficial applications and ethical concerns. Under review.
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Same shotgun eDNA also recovers microbial reads & all other
species

Metagenomics taxonomy (human & microbe) high human water
(no enrichment Oxford Nanopore shotgun long read sequencing, Moultrie Creek B)

® Candidatus Pelagibacter
p ® Bradyrhizobium
® Escherichia
® Pseudomonas
® Acinetobacter
® Pseudoalteromonas
® Shewanella
® N ® Candidatus Thioglobus
® Legionella

® Halomonas

® Francisella
® \ibrio
® Burkholderia

® Arcobacter
® Campylobacter

® Synechococcus

@ Prochlorococcus
. ® Schaalia

® @ Rothia

@ Streptomyces

® Bacillus

@ Staphylococcus

® Streptococcus

@ Clostridium

® \Veillonella
® ® Flavobacterium
root
. ® Chryseobacterium
Llneage ® Fusobacterium

Taxa - Not Classified
@ Taxa - Classified

® Bellamyvirus
® Cymopoleiavirus

. Homo



Human eDNA research arose from identifying human eDNA
as bycatch in our wildlife studies

s human eDNA collection possible? Yes

s human eDNA useful?




Human-specific eDNA assays for rapid and cost-effective wastewater
release/septic tank leeching monitoring

* Pollution of aquifers & waterways
* A problem internationally, including NERRs

How do septic systems

pollute in dry weather?
©
Coastal ecosystems
= damaged by
sewage pollution
Jf ) A=

SEPTIC [—
TANK 2

¢ J i

L4 . o ®° $

Partial treatment
of sewage in soil

Groundwater carries

AL 5 sewage pollution to
® e,y surface waters

https://gtmrr.org/a out/

https://www.surfrider.org/coastal-
blog/entry/how-do-septic-systems-
pollute-coastal-watersheds

https //www studyread com/wp-
content/uploads/2012/01/Water-release-of-industrial-waste-
1.jpg



Effluent Quantification
Presumptive high and low human
eDNA sites, FL samples

!Moultrie Creek

w

Todd Osborne

T

*. N\ Beyond Inlet
SE

https://wusfnews.wusf.usf.edu/environment/2022-09-04/efforts-restore-nature-best-pollution-filters



Human eDNA from intentional water sampling, Florida, human species-specific qPCR assays
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Human eDNA from intentional water sampling, Florida, human species-specific qPCR assays
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Source

Absolute quantity

Human eDNA from intentional water sampling, Avoca River, Ireland,
LILRB2 species-specific (human) qPCR assay
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eDNA-based Human Effluent Quantification
GTM NERR & Irish validation

* Human-DNA-specific wastewater, septic tank leeching, human fertilizer run-off
monitoring

* Those responsible can’t claim the source to be wildlife or animal agriculture (as is
often the case currently)

e Rapid and cost effective (approx. $20 per sample), could be coupled with remote
monitoring

* Absolute Quantification
* Can be compared across global sites and large time courses
* qPCR-based, cost-effective



Whole human genome (hg38) aligning reads from intentional
human high and low eDNA samples
(no enrichment Oxford Nanopore shotgun long read sequencing)

RS island, Snake track 2 11
(no human site)

Human eDNA

* Not just quantification

* Whole genome recovery possible. Utility
for:

* Medical (population-level disease susceptibility)

e Recover of ancient/contemporary remains &
fallen heroes

* Informing future directions in
wildlife/biodiversity eDNA

e Ethical implications

Human environmental DNA: inadvertent human genomic bycatch and intentional
capture raises novel beneficial applications and ethical concerns.

Short title: Promises and dilemmas of human eDNA

Liam Whitmore!?", Mark McCauley!"", Jessica A Farrelll*", Maximilian B Stammmtz®, Samantha
A Koda!, Narges Mashkour!, Victoria Summers!, Todd Osborme!, Jenny Whilde! and David T.
Duffy!#
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eDNA Summary

* What species are present?

 Where do the present individuals come from? (population genetics of fauna)

* Conservation-relevant genetic loci study (adaptability, disease susceptibility etc.)
e Pathogens (human, livestock and wildlife) & invasive species

* Air eDNA: we have applied to human, sea turtle & pathogens, now
working on pan-biodiversity air assessments

* Federal & regulatory support for eDNA to be widely utilized by
management agencies
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ake-home message
eDNA:

* Has HUGE POTENTIAL

* Will be a ROUTINE CONSERVATION & RESILIENCE
MANAGEMENT TOOL

* A lot of information in 10g of sand, 500ml water or thin air!




Human eDNA:
My UF lab
start up

ssGUMB®
IMB& cehee:

Friends of Gumbe Limbo

€  save ourseads
foundation

: S

he o

o

DONATION

“Mearanc SEA TuRTLEs Staxg. . -

/

Sea Turtle Funding
PRIVATE CITIZEN %%ff‘{é
I\

UF

UNIVERSITY of

FLORIDA

j./

Llywodraeth Cymru
Welsh Government

S’

Marie Sklodowska-Curie
Actions COFUND

NATIONAL

SAVE THE SEA TURTLE
FOUNDATION

IRISH
RESEARCH
COUNCIL

An Chomhair]e um
Thaighde in Eirinn

* X %

*
* *

.
* 4 *

European
Commission



BN DI < YR
Acknowledgements

» Jessica Farrell (UF) * Kelsey Yetsko (UF)
 Liam Whitmore (UL/UF) Narges Mashkour (UF)
e Samantha Koda (UF) Maximilian Stammnitz (CU)

« Mark McCauley (UF) Todd Osborne (UF)
e Scott Eastman (DEP) Kurt Foote (NPS)

e Catherine Eastman (UF) Andrew Rich (NPS)

* NE FL nesting beach patrols « NPS staff, Fort Matanzas National
* Nancy Condron (UF) Monument

* Mark Q. Martindale (UF) Voluntary participants (human study)
* Sea Turtle Hospital (UF) P. Murphy & R. Rolfe (TCD)

BUNIVERSITY OF S§ GUMBOQ
P CAMBRIDGE LIMB® ¥ & oa il

< <R RESEARCy,
N

« Jenny Whilde (UF) * A. Krstic & W. Kolch (UCD) ﬁ?z@a
 Larry Wood, IRG & STC * State Permitting Agencies 27——%
QN UF 200
THE WHITNEY LABORATORY UNIVERSITY of The Sea Turtle Hospital

for MARINE BIOSCIENCE FLORIDA at WHITNEY LABORATORY



Questions?

ney.ufl.edu

] ort/av/63125522

news.ufl.edu/2022/05/sea-turtle-edna/
/SeaTurtleHospitalatWhitneylLa
search-facultv/david-duffv-ohd




Population genetics from water, sand & air?

Human eDNA as proof of principle
=y
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Voluntary participants —
approved by UF ethics
board
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https://onlinelibrary.wiley.com/doi/10.1111/1755-0998.13617

Environmental DNA (eDNA) — useful for whole sea turtle lifecycle

Water eDNA

Population range & abundance

l

3. Hatchlings swim out
to sargassum sea

Sea- 4. Juveniles
water recruit to

near-shore
waters




a Supplemental Figure 5
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Human eDNA from intentional sand sampling, Florida, human
species-specific g°PCR assays
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eDNA — shotgun sequencing interrogated for specific species

Chelonia mydas

Tursiops truncatus
Sciaenops ocellatus

M. merceneria

Whitney Dock
2017
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Species-specific gPCR/ddPCR eDNA assays can benefit from

reference genomes

 Species—specific assays for (mitochondrial-based):

* Green (Cm) — published (Yetsko et al. 2020, Harper et al. 2020, Yetsko et al. 2021, Farrell et al.

2022)
* Loggerhead (Cc) — published (Farrell et al. 2022)
 Leatherback (Dc) — MS in preparation (Farrell et al.)
* Kemps (Lk) — Active development (Komoroske group)

* Probably wait/need until full references available. Mito. sequences not great for

assay design for these species
* Hawksbill (Ei) — need full reference?
* Olive (Lo) — need full reference?
* Flatback (Nd) — need full reference?
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Human eDNA from intentional water sampling, Avoca River, Ireland,
ZNF285 species-specific (human) qPCR assay
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Source

Absolute quantity
(10E-2 ng/ul per reaction)

Human eDNA from intentional water sampling, Avoca River, Ireland,
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Shotgun sequencing (lllumina) of water and sand
eDNA
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Problems eDNA can overcome

* Sea turtles are difficult to detect and survey in the wild
* eDNA no need for visual confirmation or capture of turtles
* More cost-effective, so can survey more areas

* Population genetic data for conservation and research requires invasive
blood/tissue sampling, and egg sacrifice is used
* eDNA means no disturbance of individuals, especially females during nesting
* Samples can be taken from sand hours after the nesting event
* So don’t need to see nesting, can get samples the next morning

Farrell, Whitmore & Duffy. 2021. The Promise and Pitfalls of Environmental DNA and RNA Approaches for the FISLEN
Monitoring of Human and Animal Pathogens from Aquatic Sources. BioScience, 71 (6). oot



Sea turtle eDNA detectable in nesting beach sand
tracks




Sea turtle population genetics from sea water?

2

Human eDNA as proof of principle

Water
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18s rRNA pan-eukaryotic eDNA level within each Irish sample, from
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