
Abstract Buccal swabs have recently been used as a

minimally invasive sampling method in genetic studies

of wild populations, including amphibian species. Yet it

is not known to date what is the level of reliability for

microsatellite genotypes obtained using such samples.

Allelic dropout and false alleles may affect the geno-

typing derived from buccal samples. Here we quanti-

fied the success of microsatellite amplification and the

rates of genotyping errors using buccal swabs in two

amphibian species, the Alpine newt Triturus alpestris

and the Green tree frog Hyla arborea, and we

estimated two important parameters for downstream

analyses, namely the number of repetitions required to

achieve typing reliability and the probability of identity

among genotypes. Amplification success was high, and

only one locus tested required two to three repetitions

to achieve reliable genotypes, showing that buccal

swabbing is a very efficient approach allowing good

quality DNA retrieval. This sampling method which

allows avoiding the controversial toe-clipping will

likely prove very useful in the context of amphibian

conservation.
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Buccal mucosal cells collected using cotton swabs have

now long been used as a source of DNA for PCR-

based downstream analyses in medicine, forensics, and

veterinary sciences (e.g., Dickinson et al. 2001). This

sampling method was more recently adopted in popu-

lation studies as a basis for mitochondrial DNA

sequencing and microsatellite typing (amphibians:

Pidancier et al. 2003; Poschadel and Möller 2004, fish:

Smalley and Campanella 2005, reptiles: Miller 2006).

This non-destructive approach seems especially prom-

ising for amphibian species, which have classically

involved destructive toe-clipping. Poschadel and Möl-

ler (2004) showed that mtDNA can easily be extracted

from buccal swabs in a variety of amphibians, and

Pidancier et al. (2003) successfully amplified nuclear

microsatellite loci in four amphibian species. This

alternative to toe-clipping can be particularly valuable

for genetic-based analyses of rare or endangered

species, not to mention the harmful consequences of

removing toes (e.g., McCarthy and Parris 2004), espe-

cially in climbing species such as tree frogs. Yet it is not

known to date how much nuclear DNA can be

extracted from buccal swabs in amphibians, and what is

the level of reliability for microsatellite genotypes

obtained using such samples. Two sources of errors

associated with low template DNA quantity and/or

quality may affect the genotyping derived from buccal

samples: allelic dropouts [ADO: one allele of a

heterozygous individual is not amplified during a po-

sitive polymerase chain reaction (PCR)], and false al-

leles [FA: PCR-generated allele as a result of a

slippage artefact during the first cycles of the reaction].

The detection of ADO and FA requires a comparison

of the genotypes obtained using various types of

samples, or a repetition experiment (multi-tube
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approach, Taberlet et al. 1996). Here we present a pilot

study designed to: (i) quantify the concentration of

DNA extracted from buccal swabs in two amphibian

species, the Alpine newt Triturus alpestris and the

Green tree frog Hyla arborea, (ii) estimate the success

of microsatellite amplification and the rates of

genotyping errors using such samples, and (iii) estimate

two important parameters for downstream analyses,

namely the number of repetitions required to achieve

typing reliability and the probability of identity among

genotypes.

A total of 12 individuals of each species were

randomly chosen among a set of 23 populations of

Hyla arborea and 20 populations of Triturus alpestris

sampled in spring 2005 in Western Switzerland. DNA

was collected using synthetic cotton swabs individually

packaged in sterile polypropylene tubes (Milian). The

buccal cavity of each individual was gently brushed to

collect mucosal cells as described by Pidancier et al.

(2003). Buccal swabs were kept at ambient tempera-

ture (usually around 10–15�C) in the field for

about one to eight hours and then stored dry at – 20

or – 80�C. DNA was extracted using a QIAgen

DNeasy Tissue Kit (QIAgen) following manufacturer’s

protocol, with a few additional steps: samples were

incubated overnight at 56�C in proteinase K, and after

incubation a QIA Shredder was used according to

manufacturer’s conditions. DNA was eluted in a 100 ll

volume (QIAgen Buffer AE), and stored at – 18�C.

The yield of DNA was quantified using a Nanodrop

ND-1000 spectrophotometer (NanoDrop Technolo-

dies, Inc). In the case of H. arborea all the available

DNA in each extract was used for the repetition

experiment (see below), hence the yield of DNA was

estimated in this species using 12 other samples (ran-

domly chosen in the same set of samples and processed

in strictly the same conditions). DNA concentration

ranged from 4.5 to 29.7 ng/ll (mean ± SE = 14 ±

8.4 ng/ll) in Hyla arborea extracts and from 2.3 to

19.5 ng/ll (mean ± SE = 8 ± 4.2 ng/ll) in Triturus

alpestris extracts. These values are all in the lower

range of DNA concentrations classically obtained from

tissue samples, and they are several orders of magni-

tude higher than concentrations obtained using other

non-destructive approaches (e.g., in wild chimpanzee:

shed hair: 0.004 ng/ll, plucked hair: 0.3 ng/ll, faeces:

0.2 ng/ll, Morin et al. 2001). It is also worth noting that

two extracts from H. arborea toes clipped on adult

frogs found dead in the field and one extract from a

T. alpestris toe yielded a similar amount of DNA

(respectively 15, 33 and 28 ng/ll).

Two sets of 7 and 6 microsatellite loci (Table 1)

previously isolated by Arens et al. (2000) and Garner

et al. (2003) were respectively amplified in Hyla

arborea and Triturus alpestris following author’s

protocols (for H. arborea markers, however, 0.625 U of

QIAGen Taq was used, and the number of PCR cycles

was raised to 45). In order to estimate genotyping

success in both species, we determined consensus

multi-locus genotypes by repeating amplifications

8 times for each individual. Amplification success,

recorded as the proportion of PCR reactions that lead

to a readable genotype, ranged between 90 and 100%

for all loci considered (Table 1). The rate of ADO was

estimated for each locus as the ratio of the number of

observed ADO on the number of positive amplifica-

Table 1 Amplification success, rate of allelic dropout, frequency of false alleles, and probability of identity in microsatellite genotypes
of two amphibian species sampled using buccal swabs

Hyla arborea Wha 1–20 Wha 1–25 Wha 1–67 Wha 1–103 Wha 1–60 Wha 5–201 Wha 5–22A

n 96 96 96 96 93a 93a 93a

Amp suc (%) 94.8 90.8 95.0 100.0 100.0 89.8 90.8
ADO rate (%) 0 0 0 0 0 0 0
False allele frequency 0 0 0 0 0 0 0
P(ID)Sib

b 6.08Æ 10–1 4.02Æ10–1 4.29Æ 10–1 3.89Æ 10–1 3.29Æ 10–1 5.27Æ 10–1 5.95Æ 10–1

Triturus alpestris Ta1Caga4 Ta3Ca8 Ta4Ca4U Ta1Ca1 Ta2Caga3 Ta3Caga2

n 96 96 96 96 96 96
Amp suc (%) 91.7 95.0 91.8 91.8 92.9 89.8
ADO rate (%) 0 0 0 12.5 0 0
False allele frequency 0 0 0 0 0 0
P(ID)Sib

b 2.77Æ 10–1 5.22Æ 10–1 4.95Æ 10–1 5.45Æ 10–1 3.49Æ 10–1 5.99Æ 10–1

Estimates are based on 12 randomly chosen individuals of each species repeatedly genotyped 8 times at each locus. n is the number of
amplifications used for the estimates
a In this case a problem during electrophoresis did not allow genotyping the last three samples. Only 93 amplifications were therefore
used to estimate genotyping success at this locus
b Estimated in Gemini following Eq. 3 of Waits et al. (2001)
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tions of heterozygous individuals, following Broquet

and Petit (2004). Only one locus experienced ADO

(Ta1Ca1, Triturus alpestris), and none was affected by

false alleles (Table 1).

These results were used to determine the number of

repetitions needed to obtain reliable genotypes for

locus Ta1Ca1 in T. alpestris case studies. Simulations

performed with Gemini (Valière et al. 2002) showed

that two repetitions allow obtaining 99.65% of correct

genotypes, while this number reaches 100% with three

repetitions. The probability of identity (PID, probability

that two individuals drawn at random from a popula-

tion will have the same multilocus genotype) is another

useful parameter for analyses requiring reliable

fingerprinting (e.g., individual identification or estima-

tion of population size). The software Gemini was used

to calculate P(ID)Sib, a conservative estimate of this

parameter (Waits et al. 2001). All loci combined,

P(ID)Sib was estimated to 4.19Æ 10–3 for Hyla arborea and

to 8.14Æ 10–3 for Triturus alpestris (locus-specific esti-

mates are reported in Table 1). These estimates are in

the acceptable range for most wildlife forensics and

conservation genetics applications; yet they could be

easily improved by typing one or more additional loci.

The yield of DNA extraction from buccal swabs

appeared to be surprisingly high, and it allowed reli-

ably genotyping the two amphibian species analyzed in

this study. Amplification success using this type of

material was also very high, and repetitions appeared

to be required for one locus only. Nevertheless, pilot

studies are strongly recommended as conditions may

vary greatly among study cases (especially regarding

locus-specific susceptibility to error). The results pre-

sented here show that one may expect buccal swabbing

to be a very efficient approach allowing good quality

DNA retrieval, likely to enhance genetic-based appli-

cations in the context of amphibian conservation.
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