USU eDNA from the wake of the whales:

advances and applications to cetaceans
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vecies identification of cetaceans
F"
~ at seaiis uncertain®

= 1 89+ species
—15 baleen whales

—74 toothed whales
e dolphins
* porpoises
* beaked whales
e Sperm whales

16 shown for the North Pacific




Beaked whales are a
particular challenge

» 23 known species
- 4 new species validated in the last decade
* Rare, elusive and/or cryptic
- some never seen alive
- _unknown popula_tion structure WAR oF THE WHALES
 Limited morphological characters
- shape and position of teeth in mature males
o Susceptible to Navy sonar JOSHUA HORWITZ



Confident identification
requires DNA barcoding
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DNA-survelllance for
cetacean barcoding

Witness for the Whales - ldentifping Cetaceans with DNA - Microsoft Internet E xplorer
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DNA-surveillance

Species identification with DNA
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e The Science
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e Copyright

¢ Submit a sequence
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Select reference set |AII Cetaceans (initial family 10 =

all cetaceans

Representing 89 cetacean taxa
» 399 control region seguences
» 264 cytb sequences
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Collecting genetic samples of
cetaceans iIs challenging

strandings S
‘scientific’
whaling

biopsy darting

fecal sampling



What about environmental (e)DNA?

biology Biol. L. (2008) 4, 423-425 E—
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SpeCieS detection using environmental DNA
environmental DNA from
water samples
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Objective: Characterize (and optimize)
eDNA detection of cetaceans

Phase 1. Phase 2:
Inshore sampling with ddPCR  Open-ocean sampling with
and DNA barcoding MiSeq meta-barcoding
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Phase 1: Detecting the eDNA ‘plume’

Dabob Bay. leshg
Hood Canal B v
AN Hai»

Main Basin

Killer whales of the Salish Sea (Puget Sound) provide a practical
‘natural experiment’ for assessing the limits of the eDNA plume

because of,
* predictable seasonal occurrence

* relatively calm, inshore waters
» diagnostic genetic differences of known ecotypes



ddPCR and eDNA barcoding
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Case history
12 August, 2015

Data 510, NOAA, US. Navy, NGA, GEBCO

ddPCR
30000 T mean = 1.5 capies/pl I

« 5 serial samples (in duplicate) 5000 _H" S T
with likely detections £ 20000 L
- detection after 1 hr and with drift < |
of 5 km ©
3 detections confirmed by DNA 10000 1
sequencing* s000

copies/yl 45 125 004 044 5 |y g 148 L3704 41 007

sample # 45 46 47 48 49 |

* * *



Phase 1:
Conclusions

« Validated power of ddPCR for quantifying eDNA
« Confirmed re-amplification for eDNA barcoding
- species ID
- ecotype ID
e Confirmed detection of eDNA ‘plume’ for up to 2 hours, with 4-5 km
movement of water column
e Now published

1" frontiers
in Marine Science | Marine Megafauna _ Baker et al. 2018
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Phase 2: Open-ocean sampling with
visual or acoustic detection
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ddPCR with eDNA meta-barcoding
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Filter
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Store filter in DNA extraction by
Longmire buffer for » phenol/chloroform and
transport to lab guench test for inhibitors
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Merge reads and sort
haplotypes (~360 pb)

\

Droplet digital (dd)PCR
with taxa-general
primers and probe

\

Break emulsion,
<= pool samples into 12
‘communities’, re-amplify,
prepare library with indices

High Target

le Coneentration Molecule Concentration

MiSeq ‘nano’ flowcell for
1,000,000 paired-end
reads (250 bp)



Open-ocean sampling in the proximity of
Baird’s beaked whales

With Olga Filatova

Moscow State University
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Results: MiSeq meta-barcoding
out group

Aleutians

gray form

Q B_arnl

____________

* 68% detections from 53 samples
by ddPCR

e 77,125 merged reads (~360 bp) -

. 1 haplotype

by MiSeq
— 2 dominant haplotypes match

published gray form

B Baird's hap gl
Baird's hap g5
Baird's other

B Contamination



Phase 2: Conclusions

 eDNA represents a powerful
tool for detection and
Identification of cetaceans

strandings

‘scientific’
whaling
biopsy darting +
« Adding to the hierarchy of fecal

methods for genetic sampling sampling




Organismal scale of an eDNA sample

» The sensitivity of ddPCR is sufficient to detect
1/128,000,000 of a biopsy sample from 2L of seawater

e But the quantity and quality of eDNA are not sufficient to
replace biopsy sampling



Seawater samples-yield population-level
sequence-data for SE-Alaska harbor porpoise

Kim Parsons--_lLhursday -
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