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Abstract We developed and describe a qPCR assay for
the detection of wood frogs (Rana sylvatica) using envi-
ronmental DNA (eDNA) sampling. A single primer set
was designed to amplify a 115-bp region of the wood frog
cytochrome B gene and assessed for target specificity. There
was no evidence of amplification in 11 non-target species.
We evaluated the utility of the primer set in qPCR assay by
conducting geo-referenced eDNA field surveys in Interior
Alaska. Results indicate that the assay consistently detects
wood frog DNA in the environment to 1.83x 107> pg/pL.
The assay provides a complement to traditional survey meth-
ods and can be readily applied in a wider conservation and
management context.
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Wood frogs (Rana sylvatica, ITIS TSN: 775117") are widely
distributed across North America. Northern wood frogs are
a sentinel species for amphibian response to climate change
and land development (Benard 2015; Davenport et al. 2016;
Winter et al. 2016). A species of greatest conservation need
in Alaska, increased monitoring and research efforts are
needed (Fields and Gotthardt 2009). Wood frog distribution
in Alaska is not well-defined (Online Resource 1), nor are
state population trends well-known (Anderson 2004; Got-
thardt et al. 2014). Wood frog monitoring efforts in the north
are complicated due to challenges associated with survey-
ing large expanses of uninhabited wilderness. Further, an
abbreviated aquatic breeding period limits acoustic survey
opportunities.

Environmental DNA (eDNA) monitoring refers to the
detection of trace macro-organismal DNA in the envi-
ronment, most often water, soil, or feces (Bohmann et al.
2014). It is increasingly being used in quantitative surveys of
aquatic ecosystems (Thomsen and Willerslev 2015). eDNA
assays often provide improved detectability over traditional
survey methods, but they also pose unique challenges includ-
ing non-standardized protocols, PCR inhibition, and envi-
ronmental influences on DNA degradation rates (Olson et al.
2012; Bohmann et al. 2014; Biggs et al. 2015). Further, the
use of eDNA techniques for the detection of semi-aquatic
species in ephemeral wetlands (e.g. wood frogs) has not
been extensively assessed (McKee et al. 2015a). Conditions
in ephemeral wetlands may be unfavorable for preservation
and detection of DNA due to elevated temperatures, high
sediment load, and high acidity contrasted with lakes and
streams (Dejean et al. 2011; Barnes et al. 2014; Eichmiller
et al. 2014). Here, we report the design and validation of
a qPCR assay for detection of wood frogs in eDNA at the
northern extent of the species’ range.

U ITIS considers Rana sylvatica invalid, but see Yuan et al. 2016.
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We designed a species-specific primer set to target the
cytochrome B gene of the wood frog mitochondrial genome.
Sequences from the western clade of wood frogs were
obtained from GenBank (PopSet 166030264, Lee-Yaw et al.
2008). The Rasy_00 primer set (Rasy_00_F: TCCTTCATC
AAACAGGATCATCTA, Rasy_00_R: CCTAGTATAATG
GTGAAGCCGAAT) was developed using Primer3Plus and
tested for specificity in silico using NCBI Primer-BLAST
(Online Resources 2 and 3). We tested Rasy_00 in vitro
to ensure positive amplification of six high-quality wood
frog genomic DNA isolates, as well as 500 mL of eDNA
filtrate obtained from the aquarium of a live individual
(Alaska Department of Fish and Game fish resource permit
#SF2016-029; Online Resource 4). No other amphibians
co-occur at the northern range of the wood frog, though to
assess specificity in vitro we tested Rasy_00 against genomic
isolates from closely related and/or co-occurring aquatic
species using the qPCR assay described below. Rasy_00
consistently amplified wood frog DNA with 100% specific-
ity (Table 1).

We collected 1 L water samples from 60 wetlands near
Fairbanks, AK throughout the breeding season to assess
field performance of the eDNA assay (Online Resource
5). Opportunistic visual and acoustic observations were
recorded at each site. Water samples (n=155) were kept
cool and dark and filtered within 24 h of collection. We vac-
uum filtered water samples through 0.45 pm cellulose-nitrate
membranes until they became clogged (0.1-1 L). Each batch
of sample filtrations included a filter blank of distilled water
(n=18). Filter membranes were preserved at — 80 °C for less
than 6 months until DNA isolation.

We isolated total genomic eDNA from filter membranes
using a modified phenol—chloroform protocol (Renshaw et al.
2015; http://dx.doi.org/10.17504/protocols.io.hnfb5Sbn).
Each batch of DNA isolations included a negative control

Table 1 Primer Rasy_00 species specificity, as tested in vitro using
genomic DNA extracts

Species +ITIS TSN Amplification

Wood frog (Rana sylvatica, 775117) +
Columbia spotted frog (Rana luteiventris, 550546)

American bullfrog (Rana catesbeiana, 775084)
Northern leopard frog (Rana pipiens, 775108)

Rough-skinned newt (Taricha granulosa, 173620)
Arctic Grayling (Thymallus arcticus, 162016) -
Least cisco (Coregonus sardinella, 161938) -
Sockeye salmon (Oncorhynchus nerka, 161979)
Northern pike (Esox lucius, 162139) -
Alaska blackfish (Dallia pectoralis, 162159)

Arctic lamprey (Lethenteron camtschaticum, 622287)

Slimy sculpin (Cottus cognatus, 167232) -
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Table 2 gPCR results of wood frog eDNA field surveys

Successful gPCR replicates (n of 4)

0 1 2 3 4

Sites (n=60) 25 19 9 3 4
Negatives (n=28)

Filter blanks 15 3 0 0 0

Isolate blanks 8 2 0 0 0

Raw data available via Dryad, http://dx.doi.org/10.5061/dryad.b7g24

with no filter membrane (n=10). All pre-PCR work was
conducted in a PCR-free building. DNA isolates were used
as templates in a qPCR assay with the Rasy_00 primers.
All gPCRs were conducted in replicate (4X) on an Applied
Biosystems 7900HT Sequence Detection System. PCR con-
ditions were as follows for 20 pL reactions: 10 pL 2x KAPA
SYBR Universal MasterMix, 0.4 pL 10 pM each primer,
0.4 pL 50x ROX dye, 1.25 pL 100% DMSO, and 5 pL
template DNA (diluted 1:200, as determined by serial dilu-
tion). Thermal cycling conditions were 1x (94 °C/4 min),
40% (94 °C/30 s, 55 °C/45 s, 72 °C/45 s) and a melt-curve
analysis of 1x [94 °C/15 s, 55 °C/15 s, 94 °C/15 s (2% ramp
rate)]. Results were scored as the number of positive repli-
cates. Stochastic variation among replicates was observed
due to low eDNA concentrations. A relaxed interpretation
(qPCR score=1) risks false positive detection resulting
from sample contamination, necessitating a cutoff score > 2
to confidently infer species presence (Table 2). All sites with
visual/acoustic detection (n=13) had scores > 2. Non-target
amplifications resulting from primer-dimer artefacts were
produced in the absence of template molecules in both nega-
tive control and unknown samples. They were excluded from
the results through melt-curve analysis (Gudnason et al.
2007). A subset (n=38) of positive samples were confirmed
as wood frog DNA via Sanger sequencing (GenBank acces-
sion #MG002391-MG002398). The limit of detection for
the qPCR assay was assessed on a Qubit 2.0 Fluorometer
using a dilution series of DNA extracted from wood frog
liver tissue (UAM:Herp:122) at 1.83 x 10~ pg/pL.

Our findings suggest eDNA detection is a viable survey
method for semi-aquatic species in ephemeral wetlands. The
assay described here may be improved by substituting DNA
template dilution with a pre-PCR column-based purification
step to reduce assay variance (McKee et al. 2015b). The
widespread use of this assay can provide baseline northern
wood frog occurrence data for use in spatial analyses (Span-
gler et al. unpublished).
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