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Abstract

Environmental DNA (eDNA) is a noninvasive method used to determine species presence or abundance, measuring
and monitoring populations. eDNA can detect chloroplast, nuclear or mitochondrial DNA that has been shed from an
organism in water, air, or soil. eEDNA requires both field and laboratory procedures for detecting species. In Western
North Carolina, three freshwater ponds were indirectly monitored to detect the presence of mole salamanders,
Ambystoma talpoideum. Mole salamanders breed in freshwater ponds during winter months, releasing cellular
material. The cellular material left behind in ponds was genetically analyzed by Polymerase Chain Reaction (PCR) to
amplify the COX1 gene. We were able to detect mole salamanders, along with other algae and fish species in vernal
pools and permanent ponds. Future studies will focus on using eDNA to quantify mole salamander populations.

1. Introduction

Biodiversity is rapidly declining as humans over exploit natural resources. Loss of biodiversity from anthropogenic
factors is the result of loss of habitats, habitat fragmentation, invasive species and climate change. Species are being
lost at an increasing rate, with little to no documentation. Monitoring species is more important than ever, and one
relatively new method of monitoring populations involves collecting DNA from the environment. Environmental
DNA (eDNA) can be used to study many different species in various habitats, including invasive or imperiled taxq.

eDNA can detect cellular material in biological cast offs like saliva, urine, skin cells, or feces. Environmental DNA
samples contain nuclear, chloroplast, or mitochondrial DNA released from organisms into the environment. Samples
such as soil, air, or water can be analyzed through single species detection, metabarcoding, or metagenomics for
measuring and monitoring populations®. This noninvasive method makes it feasible to detect the presence of
organisms without having to spend time searching for the organisms, accessing difficult areas, or paying traditional
expensive fees?. Environmental DNA can be used to detect species more accurately than conventional survey
techniques. eDNA can also reveal cryptic and endangered species that are difficult to find because of small population
size. For instance, a turtle species (Rafetus swinhoei) was believed to have a population size of only three males in
Vietnam, until scientists discovered a female in 2020 using eDNA sampling methods?.

The mole salamander, Ambystoma talpoideum, is a species of special concern in North Carolina. They come from
the Ambystoma genus (tiger, blue-spotted, Jefferson, small-mouthed, and the paedomorphic axolotl) from Mexico.
Mole salamanders occupy pond habitats, and like most amphibians, they utilize an aquatic larval stage and terrestrial
adult stage. Some populations of mole salamander have individuals that never leave their larval stage and spend their
entire lives in the water. Ambystomatids are heavy-tailed salamanders with short legs for burrowing, and usually
>160 mm in total length®. In the larval stage, Ambystoma talpoideum are often found in stagnant bodies of water that
may dry up seasonally. The aquatic larvae have gills that are lost when they metamorphose into their terrestrial adult
stage. There are two types of Ambystoma talpoideum: a metamorphic and paedomorphic type. The metamorphic type
are terrestrial adults that lack larval traits. The paedomorphic type keep their gills, remain in aquatic habitat, and



reproduce in the aquatic stage. The paedomorphic type is selected for in stagnant ponds at low densities, while the
metamorphic type is selected in ponds with seasonal drying, found at high densities’. As adults, they typically live
underground, and only come above ground to reproduce. Mole salamanders breed during the winter months, and a
prior study done by Takahashi et at. (2018) revealed that there is an increase in salamander eDNA concentrations
detectable in aquatic systems during the breeding season®.

Environmental DNA could be used to confirm the presence and monitor aquatic salamander populations by
analyzing water samples. This study used eDNA to indicate if Ambystoma talpoideums is present in selected aquatic
sites in western North Carolina. Two of the sites are in south Asheville, one is a vernal pool that dries in the summer
called Sandy Bottom Vernal Pools (SBVP), and the second one is a permanent pond called Sandy Bottom Pond (SBP).
The third site is a retention pond on the University of North Carolina Asheville campus (CP).

2. Materials and Methods

2.1 Sample Sites

The Campus Retention Pond (CP) is located on the University of North Carolina Asheville campus, and is a
stormwater retention pond. Paedomorphic mole salamanders have been found at this site in the past. The Sandy Bottom
Pond (SBP) is a permanent pond that has not been assessed for Ambystoma talpoideum. The third site, Sandy Bottom
Vernal Pool (SBVP), typically floods in the winter and spring, but dries out in the summer. This site is a known
breeding site for metamorphic Ambystoma talpoideum, and metamorphic adults were in the breeding pools at the time
of this study. Water samples were collected and filtered from each sample site in March of 2021.

2.2 Field and Filtration Protocol

Four 1L jars were sterilized with 50% bleach solution for five minutes. Each jar was rinsed 10x to remove any
remaining bleach and labeled CP (Campus Retention Pond), SBP (Sandy Bottom Pond), SBVP (Sandy Bottom Vernal
Pool). All samples were taken back to the lab for filtration.

Samples were vacuum filtered with an electrical pump connected to a 1 L Erlenmeyer flask with 0.45 pum cellulose
nitrate filters. Filters were removed using forceps sterilized in bleach, folded, and placed in 100 mL tubes with enough
ethanol (95%) to cover the filter paper. Samples were then placed in a freezer for later use in DNA extraction assay.
To develop a reference sample, a mole salamander was captured from Sandy Bottom and placed into 250 mL of
distilled water for 45 min before releasing it. Theoretically, the water should be saturated with species DNA.

In February of 2021 samples were collected from CP and SPB and filtered water using sample kits from Jonah
Ventures DNA™, The filtered water samples were mailed to Jonah Ventures DNA™ lab where sample Kits were
analyzed to learn what fish species live in those two bodies of water. Jonah Ventures DNA provided state of the art
eDNA sequencing that identified fish species from our samples.

2.3 DNA Extraction

The Witzel et al. protocol was used to develop our DNA extraction protocol?. Our filter papers were removed from
ethanol and allowed to air dry. The filter paper was cut into thin strips (to aid in the extraction of DNA) and placed in
50 mL tubes with 20 mL of CTAB extraction buffer in each tube. The samples were incubated for 20 h at 55°C and
shaken occasionally. Sample amounts were doubled by adding an 20 mL of phenol:chloroform to each tube and
inverted it for 30 minutes. The remnants of the filter paper were carefully removed using sterilized forceps. Samples
were transferred into clean labeled centrifuged tubes and centrifuge for 5 min. An equal amount of isopropanol was
added to each tube. Samples were centrifuged again for 15 min at 8000 rpm to extract the aqueous phase from the
organic solution. The isopropanol poured right off and pelleted DNA was rinsed with 70% ethanol. Samples were air
dried in a fume hood, and 100 pL of TE buffer was added to each sample to dissolve pellets.

Five primers were purchased from Genbank, an annotated collection of National Institutes of Health (NIH) genetic
sequence databases of all publicly available DNA sequences. A specific species search for the Ambystoma talpoideum
Cytochrome C oxidase (COX1) gene provided multiple primers, and five primers were selected to test our samples.
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Table 1. Primers selected for COX1 gene in Ambystoma talpoideum from NCBI GenBank.

Primer pair 1

Sequence (53T Termplate sirand Length Slari Stop Trm GC% Sl complementarity
Forsand primar CAACTOOAACTCACGOGACA Fius ] #0102 11 SRET 500 400
Rerrerse primer CTECTEAGDOGETATCCTGAG Kenud 20 1360% 13790 5057 &000 SO0
Product kngth ERjL-]

Primer pair 2

Lequence |5»X] Templale slrand Léngth [T Lop Timi GC%  Sall commplismin Larity
Forsard primaer AAAKCTCTTGGTGCAADTTCA Pl 20 110 124 Ep03 S000 400
R i AQGCCTAGTAGTRAGOCOAA Ml 0 44 1E19S B03 5500 600
Product kngth 2510

Primer pair 3

Templale strand Length St Sop  Tm  GC%  Self complementarity

Forward primer Pius 20 E180  SITE A003 5000 400
Rt iele s My 20 W21 W00 SeeT 5500 400
Product length
Primer pair 4

Sequence |§3T) Templale strand Length  Start  Slop  Tm  GC%  Self complementarity
Forward primar ACCAACACGACARCGCCTAT P 0 10414 0433 5997 5000 200
Rervirse pramed TEOGATTGCACCAAGAGTTT LT 20 T 1705 AR03  S000 400
Product length 131
Primer pair §

Sequence [¥>T) Template strand Lemgth  Stast  Stop Tm  GC%  Self complementarity
Forward primer TTCCCACACCAACARACTOA Fiug 0 01 030 D03 5000 200
Reswirii prumed TTEGOETTGCACCAABAGTT Mg i IS 1IPSE E003 SO0 500

Product kngth IS

Polymerase Chain Reaction (PCR) was used to test our primers and amplify the selected COX1 gene. The PCR
protocol included 1 pL of both forward and reverse primers, 6L of PCR H>0, and 10 pL of GoTaq™ master mix
was added into a clean PCR tube and centrifuged for 3 minutes. An aliquot of 2 uL of DNA sample was added to the
mixture and placed into the thermocycler.

The thermocycler amplified DNA at the COX1 locus using the following program. DNA was initially denatured at
94 °C for 2 min, then the thermocycler repeated the following for 35 cycles: 94 °C for 40 s, 59 °C for 40 s, and 72 °C
for 60 s. After a 10 min extension at 72 °C, PCR products were held at 4 °C until analysis.

The DNA concentration of all samples was tested using a Nanodrop N100 Spectrophotometer™ to evaluate DNA
concentration and purity in our reference sample that contained the water used to soak A. talpoideum, and all our
filtered water samples. All samples showed a significant amount of DNA and relatively low contamination.
Polymerase chain reaction (PCR) was used to amplify the COX1 gene. Gel electrophoresis was used to separate DNA
fragments according to their size. The primers were tested first using this technique on our reference samples. Of the
five primers tested on the reference sample, Primer #5 worked the best. Overall, protocol was successful for creating
a reference for Ambystoma talpoideum, without harming the specimen. The same technique was used on all of the
samples from the three field sites using Primer #5 in our PCR.

3. Results

Overall, we successfully detected Ambystoma talpoideum in the Campus Pond and Sandy Bottom vernal pool. Of the
five primers tested on the reference sample, Primer #5 had the most consistent and clear amplicons. Gel electrophoresis
revealed that Primer #5, visible in the bottom of Figure 1, showed clear bands in the 1,000 kb range. Primers #3 and
#4 are visible in the top portion of the gel, but neither had bands in the correct size range for the selected gene.
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Figure 1. Gel electrophoresis from three of the five primers we tested. Primer #5 showed clear DNA amplification
for the selected gene.

Water samples were collected and filtered using eDNA kits purchased from Jonah Ventures™., The samples were
sent back to Jonah Ventures for an eDNA analysis of which fish species occupied the two permanent ponds (CP and
SBP). The data revealed some similarities between the fish at these sites but also some notable differences. Table 1
shows the species detected at the sites. The SBP site contained some genetic sequences from large predatory fish
species like chain pickerel and warmouth, which were absent from the CP site.

Table 1. Fish species identified by Jonah Ventures DNA from eDNA water samples collected at the UNC Asheville
Campus Retaining Pond (CRP) and the permanent pond at Sandy Bottom (SBP). Note the species identified match
the DNA sequences in the samples, but other fish species may contain the same sequence; therefore species
identified may not be entirely accurate.

Common Name Species CRP SBP

Black Bullhead Ameiurus melas Present Present
Brook Stickleback Culaea inconstans Absent Present
Chain Pickerel Esox niger Absent Present
Common Carp Cyprinus carpio Present Present
Creek Chub Semotilus atromaculatus Absent Present
Rainbow Trout Oncorhynchus mykiss Present Absent
Redbreast Sunfish Lepomis auritus Present Absent
Warmouth Chaenobryttus gulosus Absent Present

We detected A. talpoideum DNA in two samples sites, SBVP and CP. Of these two sites, CP has a paedomorphic
population and SBVP is used as a breeding site for metamorphic mole salamanders. PCR and Gel electrophoresis
revealed A. talpoideum for three of the eight samples from the campus pond site and four of the eight samples from
the Sandy Bottom vernal pool site. None of the samples from SBP yielded mole salamander eDNA.
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4. Discussion

Soaking the mole salamander to acquire a reference sample for eDNA was highly effective. Unlike traditional methods
where species are killed for blood and tissue, no organisms were harmed to collect DNA for this study. Over the years
eDNA studies, including the Witzel. et al. protocol, used blood and tissue samples. This technique could be a useful
way for collecting reference samples in the future without the need for a dead specimen or procedures that could harm
a living specimen.

Overall, our protocols were successful for detecting Ambystoma talpoideum in studied sites, and Jonah DNA
detected a variety fish species. Both, the campus pond and the Sandy Bottom Vernal Pool sites now have a known
mole salamander populations. Three out of the eight samples from the CP site had the correct band sizes, from SBVP
four out of eight, and no samples from SBP fit the predicted band size. Water samples were taken in March during the
breeding season, and metamorphic adult Ambystoma talpoideum were observed in the vernal pool site at Sandy Bottom
at the time of our sampling. A study conducted by Takahashi® found a significant increase in DNA concentration for
the Eastern Hellbender during the breeding season. Sampling during the breeding season may provide the best chance
of detecting mole salamander populations.

The three sites differ in terms of physical conditions, but also in biotic factors. The Sandy Bottom Vernal Pool site
often dries out in the summer, preventing the establishment of large fish species that might prey on or compete with
A. talpoideum. The Campus Pond and Sandy Bottom Pond both have established fish populations. However, the Jonah
eDNA kits were able to detect different fish species at both Sandy SB and CP, including some large predatory species.
These two sites are quite different in terms of fish species, while containing some of the same species. Sandy bottom
pond is a permanent body of water and has the potential to have paedomorphic and metamorphic populations. This
site is also located right next to a larger body of water, the French Broad River, and Jonah DNA results indicated that
there may be large predatory fish like warmouth and chain pickerel that may have made it into that pond from the
river. These predatory fish may prey on or outcompete the mole salamanders, and could explain the absence of A.
talpoideum in the SBP site. The Jonah DNA data also detected the presence of possible rainbow trout in the campus
pond, but this is likely erroneous. The campus pond has shallow stagnant water and is not the kind of habitat typically
associated with rainbow trout. The company provided a disclaimer that noted that multiple species could contain a
sequence, and that misidentifications are possible.

The use of eDNA for detecting the presence of species can complement or replace traditional methods. DNA assay
can be helpful for detecting the presence of a single species, invasive species, and rare or threatened species. New
populations can be detected using this method and known populations can be monitored. Our study was successful at
potentially detecting the presence of mole salamanders. The next step would be to send in our PCR products for genetic
sequencing to make sure that our amplified DNA came from mole salamanders, and not one of the closely related
species of Ambystoma that also occur in Western North Carolina.

5. Acknowledgements

Thank you to Dr. Jennifer Rhode Ward for allowing us to use her lab space, equipment, and for providing technical
support. |1 would also like to thank Dr. Matthew Greene for providing technical support. Special thanks to the
Environmental Studies Department at UNC Asheville.

6. References

1. Pilliod, David S., Goldberg, Caren S., Laramie, Matthew B., and Waits, Lisette P. Application of
Environmental DNA for Inventory and Monitoring of Aquatic Species. USGS. November 18, 2012
https://pubs.usgs.gov/fs/2012/3146/

2. Witzel, Nicole A., A. Taheri, B. T. Miller, R. H. Hardman, D. I. Withers, S. F. Spear, and W. B. Sutton.
2020. Validation of an environmental DNA protocol to detect a stream-breeding amphibian, the Streamside
Salamander (Ambystoma barbouri). Environmental DNA: e83..

3. World's Most Endangered Turtle Gets Some Good News In 2020. newsroom.wcs.org. Retrieved 2021-4-
20.

4. Deiner K, Bik HM, Méchler E, Seymour M, Lacoursiére-Roussel A, Altermatt F, Creer S, Bista I, Lodge
DM, de Vere N, Pfrender ME, Bernatchez L. Environmental DNA metabarcoding: Transforming how we

482


https://pubs.usgs.gov/fs/2012/3146/

o

survey animal and plant communities. Mol Ecol. 2017 Nov;26(21):5872-5895. doi: 10.1111/mec.14350.
Epub 2017 Oct 26. PMID: 28921802.

Vitt, Laurie J., and Janalee P. Caldwell. Herpetology . 4th ed., p. 457-517, Academic Press, 2014.

Gregory , T. Ryan. Polyploidy in Animals. The Evolution of the Genome, edited by Barbarara K. Mable,
Academic Press, 2013, pp. 247-517.

Jackson, M., & Semlitsch, R. (1993). Paedomorphosis in the Salamander Ambystoma talpoideum: Effects
of a Fish Predator. Ecology, 74(2), 342-350. doi:10.2307/1939297

Takahashi, M. K., Meyer, M. J., Mcpheg, C., Gaston, J. R., Venesky, M. D., & Case, B. F. (2018). Seasonal
and diel signature of eastern hellbender environmental DNA. Journal of Wildlife Management, 82(1), 217-
225. doi:http://dx.doi.org/10.1002/jwmg.21349

483



