
E. junaluska was first described in 1976 and at first only known from 

three creeks in Graham County, North Carolina4. A combination of 

reexamination of previously collected specimens5 and new field work 

expanded the range to several locations on both the TN and NC sides 

of the Great Smoky Mountains National Park as well as to adjacent 

Polk County, TN6. Currently E.  junaluska is now known to exist in a 

total of five counties in TN and NC7. 

Conclusions
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Results

Acknowledgements

Environmental DNA (eDNA) utilizes DNA that is released from aquatic 

organisms into the environment to detect their presence and provides 

an effective, non-invasive method to determine organism presence or 

absence in an efficient manner1,2,3. We developed species-specific 

oligos to detect a rare species of semiaquatic salamander, Eurycea 

Junaluska using eDNA.

In Silico Testing

Primers were tested for specificity against the 31 other salamander 

species found in the GSMNP (with the exception of the newly described 

Desmognathus gvnigeusgwotli (Cherokee Black-bellied salamander) for 

which sequences were not available. Mismatches were quantified via 

alignment in MEGA X and amplification probability was assessed using 

a machine learning model (eDNAssay)13.  

In Situ Testing

Water samples were collected periodically from fifty sites throughout the 

Great Smoky Mountains National Park over a period of two weeks in 

July 2023 (Figures 4 and 5). One liter water samples were collected via 

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.

Figure 4. Sample collection on the Middle Prong of the Little River, Great Smoky 

Mountains National Park.

Water eDNA Extraction

Environmental DNA extraction was performed using a modified version 

of an established protocol14. The extraction was conducted using a 

DNeasy® Blood & Tissue Kit (Qiagen). Extraction was conducted in a 

sterile hood known to previously have no contact with target salamander 

DNA.

PCR optimization 

We evaluated the novel forward and reverse primers via a polymerase 

chain reaction temperature gradient approach to determine the optimal 

annealing temperature (nine temperatures between 57.1 – 66.2oC were 

tested). 
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Figure 1. Eurycea Junaluska (the Junaluska salamander) photo by Todd Pierson.

ResultsIntroduction

• Primers designed for E. junaluska were species-specific among the 

thirty-one sympatric GSMNP species tested in silico and seven tested in 

vitro.

• Although all amplification probabilities predicted by the model fall below 

the recommended 0.55 threshold, E. wilderae (0.52) and E. longicauda

(0.51) are close. Further in vitro qPCR testing will be completed with 

these species. 

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

results, seemingly consistent with the rare status of this species.  

• Future in silico work will examine the efficacy of this assay with E. 

aquatica given the uncertain taxonomic status of E. junaluska and E. 

aquatica.   

Methods

Figure 6. Species specificity test using forward and reverse primers (no probe). 

Reactions were run for 40 cycles at an annealing temperature of 60oC.

In Situ Testing

Water sample testing is in progress. Initial results (one replicate for each 

of the fifty samples) indicate two amplifications. These are both in the 

Little River drainage and consistent with historical E. junaluska records. 

Sequencing 

E. junaluska DNA was acquired (Graham Co., NC) and published primers 

used to amplify a 515 BP region of cytochrome b (cytb). PCR products 

were bidirectionally sequenced via Sanger using either both the F or R 

primer; all sequencing was conducted by ACGT, Inc. (ACGTinc.com). 

Primer Design

This sequence was aligned with a published E. junaluska cytb sequence 

(Sevier Co., TN, Acc. # KF562550.1). Primers and probes were designed 

using IDT’s PrimerQuest software in the conserved regions between 

these two sequences (Figure 3).

Table 2. Mismatch table and amplification probability for Eurycea junaluska with all 

GSMNP salamander species.
(A) (B)

The extreme endemism of E. junaluska makes it vulnerable to threats 

that are of lesser concern to more widely distributed species8. 

Furthermore, the disjunct nature of the population means it is unlikely 

migration would be a means to repopulation following local extinctions9. 

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 activities7. Chattin et al.10 suggest that 

many of the current E. junaluska populations may occupy sub-optimal 

habitat and highlighted the need for studies examining this species. 

Although a proposal to list E. junaluska as federally endangered was 

denied11, the species is currently listed in TN as “In Need of 

Management” and as “Threatened” in NC12. A more thorough 

understanding of the range of this species would greatly enhance the 

understanding of exactly how rare it is and facilitate conservation 

efforts.

The objectives of this study were to: 

A) Develop and validate a qPCR protocol to detect E. junaluska using 

eDNA.

B) Utilize this assay to survey for E. junaluska in the Great Smoky 

Mountains National Park.

Table 1. Quantitative PCR assays developed for E. junaluska. 

Figure 2. Eurycea junaluska range, from Ryan and Sever (2005)7.

(B)

Figure 5. Sample collection sites in the Great Smoky Mountains National Park, July 2023.
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Figure 3. Two aligned E. junaluska sequences (bottom) with forward primer (upper left), 

probe (middle) and reverse primer (right). E. junaluska sequences are 95% similar.   

In Silico Testing

All oligos (forward primer, reverse primer, and probe combined) have a 

minimum of seven mismatches with non-target Great Smoky Mountains 

National Park salamander species (Table 2). Amplification probabilities 

produce by the machine learning model ranged from 0.10 (six species) to 

0.52 (Eurycea wilderae) with non target species but 0.97 for target 

sequences.

In Vitro Testing

End-point reactions (40 cycles, annealing temp. of 60◦C) with target DNA 

and six closely related sympatric species demonstrated little to no 

amplification of seven non-target species, including three Eurycea 

species.

Methods
Inhibition testing 

All samples were run with an internal positive control (TaqMan™ 

Exogenous Internal Positive Control) to assess potential PCR inhibition. 

eDNA quantification

Extracted DNA was quantified using a StepOnePlus™ Real-Time PCR 

system. Each run contained tissue-extracted target species DNA (1.0 

μg/mL) as a positive control and also included a non-template negative 

control. Each 20.0 μL reaction contained the following: TaqMan™ EMM 

2.0 (10.0 μL), nuclease-free water (IDT™) (2.0 μL), eDNA extract (7.0 

μL), and assay (1.0 μL). Thermocycler conditions were as follows: 50oC 

for two min, 95oC for ten minutes, and 55 cycles of 95oC for 15 seconds 

and 60oC for one minute. Samples will be run in triplicate but only one 

replicate per sample has been completed at this time.


