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Methods Methods

Introduction Results

Environmental DNA (eDNA) utilizes DNA that is released from aquatic Sequencing Inhibition testing In Situ Testing
organisms into the environment to detect their presence and provides E. junaluska DNA was acquired (Graham Co., NC) and published primers All samples were run with an internal positive control (TagMan™ Water sample testing is in progress. Initial results (one replicate for each
' -i ' ' ' mplif 15 BP region of hrom . PCR pr iti i inhibiti . S T :
ag effective, nonﬁ_ln.va?lve meth102d3t(i/\;1e:jermllne Ocrjgame_n preser_1fc_;e or used L?dé_‘ pt' y 8”5 S eg(c)l 0 ;ytoc ome b (i)r’]tb) i ;31 thp OFdUCt; Exogenous Internal Positive Control) to assess potential PCR inhibition. of the fifty samples) indicate two amplifications. These are both in the
d .sence IN an eftficien man.ner . e evg opea species-speciiic wgre Idalirectiona y. sequenced via sanger using eitner bo | eror Little River drainage and consistent with historical E. junaluska records.
oligos to detect a rare species of semiaquatic salamander, Eurycea primer; all sequencing was conducted by ACGT, Inc. (ACGTinc.com). =
Junaluska using eDNA. )\»}J Table 2. Mismatch table and amplification probability for Eurycea junaluska with all
: : , GSMNP salamander species.
- Primer Design Knoxv'"e.rgf@f;vme
] This sequence was aligned with a published E. junaluska cytb sequence e S e mbystoma mscalatum e R
. . . 2 Ambystomatidae mbystoma opacum alarnander ) : . 7
(Sevier Co., TN, Acc. # KF562550.1). Primers and probes were designed \ S s el ok st 011 s 6 o srosestod s
using IDT’s PrimerQuest software in the conserved regions between e b 010 5 3 4  omioni 6
: g Desmognathus aeneus Seepage Salamander 0.18 4 8 3 EU314341.1 519
these two sequences (Figure 3). : Desmognathus conanti SpottedDudky Salamander 014 7 5 4 EU3142751 19
8 Desmognathus imitator Imitator Salamander 014 8 7 6 EU314336.1 519
9 Desmognathus marmoratus Shovel-nosed Salamander 015 6 5 4 EU31435335.1 319
___________________________________________________________ 10 Desmognathus monticola Seal Salamander 010 6 7 5 AY691738.1 783
—————————————————————————————————————————————————————— 11 Desmognathus ocoee Ocoee Salamander 017 7 5 4 EU314297.1 319
________________________ CCGC CTCCTC 12 Desmognathus guadramaculatus Black-bellied Salamander 01 7 6 4 EU314374.1 519
ICIC.CIC-CICCICCICIC CCTC 13 _ngmggmf}gusggﬂjggﬁa}; Santeetlah Salamander .14 B 7 a ElI314334.1 319
CAC CTGC CTTCCTCCGBC CTCCTC 14 Desmognathus gvnigeusgwotli Cherokes Black-bellied Salam. - . N.A. -
] : ) ] : 15 Desmognathus wrighti Pigmv Salamander 010 10 7 6 EU314340.1 519
Figure 3. Two aligned E. junaluska sequences (bottom) with forward primer (upper left), 1 Euwyycea guttolineata Three lined Salamander 042 4 4 1 Q920625 1 1012
probe (middle) and reverse primer (right). E. junaluska sequences are 95% similar. i e aluska Tk e 007 0 0 0 Pedie e
o . 18 Eujj;gga fgngjsguﬂra Long-tailed Salamander 051 3 3 1 JQo20624.1 1.012
In SIIICO TeStlnq 19 Eurvcea lucifuga Cave Salamander 027 3 2 5 EF044248.1 982
. - _— . 20 Eurycea wilderae Blue Ridge Two-lined Salaman. 052 4 1 2 ME(026491.1 439
Primers were tested for specificity against the 31 other salamander 21 Gyrinophilus porphyriticus Speing Salamander 016 6 2 5  EU3363911 783
. . . . . 22 Hemidactylium scutatum Four-toed Salamander 019 4 & 4 AY691752.1 783
species found in the GSMNP (with the exception of the newly described 23 Plethodon glutinosus Northem Slimy Salamander 009 6 7 8 MN723529.1 1,117
. . . 24 Plethodon jgrdaﬂf Jordan’s Salamander 0.10 5 B ] DQ954947 1 649
Desmognathus gvnigeusgwolli (Cherokee Black-bellied salamander) for Fontana Beses oir 25 Plethodon metcalf Southem Gray-checked Salaman. 008 8 8 5 DQU94957.1 632
. . . . . 26 Plethodon oconaluftee Southermn Appalachian Salaman. .10 i) 7 3 DQ994966.1 649
which sequences were not available. Mismatches were quantified via ; ok R 2 Plethodon serratus Souftern Redbacked Salamander 016 4§ 6 KM225293.1 1140
| N alignment in MEGA X and amplification probability was assessed using 3 — ] 0 Pt ontms it 016 3 3 4 xmeswer o
Figure 1. Eurycea Junaluska (the Junaluska salamander) photo by Todd Pierson. : : 13 30 Pseudotriton ruber Blackchimed Red Salamander 018 5 2 4 AY528404.1 1,118
a machine learning model (éDNAssay)"”. T Necturus maculosus oot 021 7 4 3 avermi  im
Figure 5. Sample collection sites in the Great Smoky Mountains National Park, July 2023. 32 Salamandrdae Notophthalmus viridescens EsstemRedspottedNewt 014 8 3 4~ AV69I73LI 783

E. junaluska was first described in 1976 and at first only known from
three creeks in Graham County, North Carolina®*. A combination of Table 1. Quantitative PCR assays developed for E. junaluska.

reexamination of previously collected specimens® and new field work - Length eDNA quantification u

expanded the range to several locations on both the TN and NC sides Oligo °C) (BP) Sequence (5°-3%) Extracted DNA was quantified using a StepOnePlus™ Real-Time PCR C o n c I u S I o n s

of the Great Smoky Mountains National Park as well as to adjacent Forward primer  61.6 23 GCACTATACTGCAGATACTTCCT system. Each run contained tissue-extracted target species DNA (1.0

Polk County, TN®. Currently E. junaluska is now known to exist in a Reverse primer  61.7 28 CGTACTAGTCAACCATAATTTACATCTC ug/mL) as a positive control and also included a non-template negative . Primers designed for E. junaluska were species-specific among the

total of five counties in TN and NC”. Probe 634 22 CCGCATTCTCCTCTGTIAGCTCA control. Each 20.0 pL reaction contained the following: TagMan™ EMM thirty-one sympatric GSMNP species tested in silico and seven tested in

_ | 2.0 (10.0 yL), nuclease-free water (IDT™) (2.0 uL), eDNA extract (7.0 vitro.

In Situ Testing e . pL), and assay (1.0 pL). Thermocycler conditions were as follows: 50°C - Although all amplification probabilities predicted by the model fall below
Water samples were collected periodically from fifty sites throughout the for two min, 95°C for ten minutes, and 55 cycles of 95°C for 15 seconds the recommended 0.55 threshold, E. wilderae (0.52) and E. longicauda
Great SmOky Mountains National Park over a period of two weeks in and 60°C for one minute. Samples will be run in triplicate but onIy one (O 51) are close Fur.ther in vitro q,PCR testing WI” be Compl.eted with
JUIy 2023 (Figures 4 and 5) One liter water SampleS were collected via rep|icate per Samp|e has been Comp|eted at this time. thése SpeCieS .

sterile filter funnels and vacuum filtration. Filters were field preserved in
ATL buffer in 1.5-ml tubes on ice. All collection equipment in contact with
samples was sterilized between sites.

« Initial field eDNA results indicate a relatively low percentage of positive

results, seemingly consistent with the rare status of this species.
e s u s » Future in silico work will examine the efficacy of this assay with E.
aquatica given the uncertain taxonomic status of E. junaluska and E.

Already efforts to collect specimens at the type locality on the Cheoah
River have proven unsuccessful, leading to fears of extirpation resulting
from upstream anthropogenic activities’. Chattin et al.’® suggest that

Applied Ecology 52:823— 826.
4Sever David M.;Dundee, H. A. ;Sullivan C. D. A New Eurycea (Amphibia: Plethodontidae) from Southwestern North Carolina.

In Vitro Testin Herpetologica 32, (1976).
g 5King, W. A Survey of the Herpetology of Great Smoky Mountains National Park. American Midland Naturalist 21, (1939).

_ ] In SIIICO TeStinq aquatica
Figure 2. Eurycea junaluska range, from Ryan and Sever (2005)’. ) = : : : -
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Sk b minimum of seven mismatches with non-target Great Smoky Mountains - -

The extreme endemism of E. junaluska makes it vulnerable to threats b Ll . : e -

that are of lesser concern 1o réore widelv distributed Soecies? g National Park salamander species (Table 2). Amplification probabilities I IO ra
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