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Abstract Faeces have proved to be a suitable non-inva-
sive DNA source for microsatellite analysis in wildlife re-
search. For the success of such studies it is essential to
obtain the highest possible PCR amplification success rate.
These rates are still relatively low in most carnivorous
species, especially in the otter (Lutra lutra). We therefore
optimised the entire microsatellite genotyping process by
combining our findings with results from previous studies to
gain a high rate of reliable genotypes. We investigated the
influence of otter faecal quality in relation to the quantity of
slimy secretions and three levels of storage periods at —20°C
on amplification success. Further, we tested the cost-
effective and time-saving Chelex extraction method against
the profitable QIAamp® DNA Stool Kit (Qiagen), and
compared three PCR methods - a standard single-step PCR
protocol, a single-locus two-step PCR procedure and a
multiplex two-step PCR procedure - regarding success rate
and genotyping errors. The highest amplification success
rate (median: 94%; mean: 78%) was achieved using faecal
samples consisting only of jelly extracted with the QIA-
amp® DNA Stool Mini Kit (Qiagen) immediately after
collection and amplified following the time and cost effi-
cient multiplex two-step PCR protocol. The two-step pro-
cedure, also referred to as pre-amplification approach,
turned out to be the main improvement as it increases
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amplification success about 11% and reduces genotyping
errors about 53%, most notably allelic dropouts.
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Introduction

Microsatellite genotyping of non-invasive DNA sources
like faeces is a novel and increasingly applied approach to
analyse the genetic structure of species. So far it is the only
available technique to study population structure, popula-
tion size, genetic diversity, and relatedness of elusive
animals (Amos and Pemberton 1992; Bruford and Wayne
1993; Queller et al. 1993; Kohn and Wayne 1997; Reed
et al. 1997) such as otters (Lutra lutra).

However, faecal samples typically contain low quantities
of target DNA in a bacterial-enriched environment that
includes PCR-inhibitors (Sidransky et al. 1992; Tschirch
1995; Murphy et al. 2000) and is likely exposed to hydro-
lytic, oxidative, and enzymatic degradation (Kohn et al.
1995; Frantzen et al. 1998; Idaghdour et al. 2003). Thus, the
success of a microsatellite analysis is significantly influ-
enced by the age of the scat (Jansman et al. 2001; Dallas
et al. 2003) and the exposure to weather conditions (Farrell
et al. 2000; Murphy et al. 2000). It has been demonstrated
that diet also affects the amplification success rate strongly
being high for herbivorous species (Flagstad et al. 1999;
Banks et al. 2002), intermediate for omnivorous species
(Gerloff et al. 1995; Goossens et al. 2000; Frantz et al.
2003), and usually rather low in studies with carnivores
(Reed et al. 1997; Kohn et al. 1999; Piggott and Taylor
2003). The first microsatellite studies analysing otter faeces
from wild populations obtained amplification success rates

@ Springer



202

Conserv Genet (2008) 9:201-210

of only 20% (Coxon et al. 1999; Dallas et al. 2003), which
is close to the lower end even for carnivorous species. Such a
low amplification success reduces considerably the suit-
ability of faecal samples for genetic studies in this species.
Therefore, it is of paramount importance to optimise the
genetic techniques to obtain an adequate amplification
success rate. The first attempt to optimise microsatellite
analysis for the otter was presented recently (Hajkova et al.
2006). Hajkova et al. (2006) investigated the impact of
collection temperature and sample type on amplification
success, tested three buffers and ethanol for their efficiency
in preservation and compared the extraction results of two
similar stool kits (Qiagen, Invitek). In our approach we tried
to systemise the optimisation by breaking down the whole
procedure of a microsatellite analysis into its relevant parts.
Four successive steps, each depending on the previous one,
are crucial for microsatellite analyses: (1) the collection of
samples, (2) the subsequent storage method, (3) the
extraction of DNA, and (4) the amplification of DNA using
PCR (polymerase chain reaction). In this study, we con-
centrated our optimisation effort on each of the four steps.

Hajkova et al. (2006) found a pronounced effect of
sample quality. However, even within the same species
sample quality can vary depending on study area, diet, time
of year, and also on the microsatellite loci and amplification
protocol used. Therefore, we tested the influence of faecal
quality on the amplification success as well. Hajkova et al.
(2006) reported that storage time had no effect on DNA
amplification success. This is in stark contrast to a number of
studies (Frantzen et al. 1998; Murphy et al. 2002) and needs
further investigation. Hence, we studied the impact of
storage periods on the success rate using three different
levels of storage time at —20°C (one day/one week/two
weeks). Although it has been shown that for the extraction of
faecal DNA stool kits (e.g. Qiagen) produce high success
rates (e.g. Goossens et al. 2000; Roeder et al. 2004;
Hajkova et al. 2006), they are also the most expensive. We
examined whether the cheap and time-saving Chelex
method can achieve comparable results and could be used
instead. Finally, to include recent advances in PCR tech-
niques, we optimised the PCR conditions of single-locus and
multiplex PCR and investigated whether a two-step ampli-
fication approach (similar to Piggott et al. 2004; Hedmark
and Ellegren 2006) yielded higher amplification success
rates and lower genotyping errors than standard PCR.

Materials and methods
Sample collection

Spraint and anal jelly samples were collected from a
wild otter population in Upper Lusatia, Saxony, Eastern
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Germany. Collections were made mainly during the
morning hours on days without rain or frost. In all trials
only freshly deposited faeces from the previous night were
used. The external layer of the spraint which contains
sloughed gut cells was wiped off with a commercially
available cotton swab. Each cotton swab sample was stored
in a separate sterile 500 ml tube. A pilot study demon-
strated that this technique decreases the risk of sampling
prey hard parts, such as bones or fish scales, while
increasing the proportion of sloughed gut cells sampled. It
is also manageable in the field, and has a reduced risk of
contamination while maintaining a sufficient amplification
success rate relative to other methods.

To test for the effect of the sample quality on the
PCR amplification, 20 samples were classified into three
types of faeces according to the quantity of slimy secre-
tions: spraint (consisting of prey remains and almost no
mucus), spraint plus mucus (consisting of prey remains
and a layer of mucus), and jelly (gelatinous secretion of
anal scent glands without prey remains). Supplementary
data, such as weather conditions and collection time, were
recorded to test these factors for correlation with
DNA amplification success. Faecal samples were extracted
with the most reliable extraction method (see section
““‘Comparison of extractions’’), PCR amplified at six loci
using several PCR protocols, and separated in an ABI
PRISM® 3100 Genetic Analyser (see section ‘‘PCR
amplification’”).

Storage time

The effect of storage time on genotyping success was
tested using 15 faecal samples. Three swabs were taken
from each faecal sample at three different positions of the
surface using a separate cotton swab each time. All swabs
were frozen at —20°C in a 500 ml tube within 10 h of
sampling. Amplification success could thus be tested for
each scat for each of the three storage times: (1) one day,
(2) one week, and (3) two weeks. To avoid any methodo-
logical bias the order of the subsamples was randomised
before proceeding with the following steps. DNA from all
45 subsamples was extracted with the most reliable
extraction method (see section ‘‘Comparison of extrac-
tions’’). Eight microsatellite loci with fragment length
127-211 bp (Lut 435, 457, 604, 615, 701, 717, 733, 832;
Dallas and Piertney 1998; Dallas et al. 2002) were ampli-
fied following the single-locus two-step PCR protocol (see
section ‘‘DNA amplification’’; annealing temperature for
Lut 717: 57°C; Lut 832: 55°C), and separated by electro-
phoresis on 1.75% agarose gels in TBE buffer (68.5 mM
Tris HC1, 89 mM boric acid, 2.5 mM EDTA). DNA was
ethidium bromide stained and visualised using BIO-RAD
Gel Doc 1000.
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DNA extraction

DNA extractions were carried out in a separate laboratory
that was free of concentrated otter DNA or PCR products.
Aerosol resistant pipette tips were used in all working
steps. Negative controls were included in each extraction to
monitor contamination.

Two different extraction methods were tested: The
Chelex® 100 method is a very fast, simple, and cost-
effective technique that has been used in previous studies to
isolate DNA from hair (Walsh et al. 1991; Vigilant 1999;
Frantz et al. 2004) and faeces (Paxinos et al. 1997; Reed
et al. 1997; Palomares et al. 2002; Berry and Sarre,
unpublished). In contrast, the QIAamp® DNA Stool Mini
Kit (Qiagen) is more time-consuming and costly but pro-
duces relatively high-quality template DNA. The Qiagen kit
is based on the GuSCN/silica method (Frantz et al. 2003)
and has been applied to faecal DNA extractions several
times (Goossens et al. 2000; Morin et al. 2001; Frantz
et al. 2003; Nsubuga et al. 2004; Roeder et al. 2004).

The Chelex extraction protocol involved an initial wash
with 0.75 ml PBS puffer (pH 7.4), which was added to the
cotton swab in the 500 ml tube and homogenised by vor-
texing. 500 pl of the supernatant was transferred to a fresh
tube containing 500 pl 10% H,O-Chelex-solution and 4 pl
of proteinase K (10 mg/ml) was added. Samples were then
vortexed before incubation over night at 55°C with rotation.
The following day samples were briefly vortexed, then
boiled for 20 min followed by a 5 min centrifugation at
16,000g. The supernatant was removed into a new tube and
centrifuged again for 5 min at 16,000g before the super-
natant was transferred into a fresh tube and stored at —20°C.

The Qiagen kit extraction was carried out according to
the manufacturer’s instructions except for the initial steps.
Here the cotton swab was suspended in 1.7 ml of ASL
buffer (warmed to 70°C) in the 500 ml tube and vortexed
for 20 s. After 2 min of incubation at room temperature the
extraction was performed as from step 4 of the manufac-
turer’s instructions.

DNA was extracted on the day of collection from 47
faecal samples, which were each wiped at two different
positions with separate cotton swabs to allow a comparison
of both extraction methods for the same scat. Only samples
for which at least three microsatellites could be success-
fully amplified were included in the final comparison, this
was achieved for 24 samples. Amplification was carried out
with six microsatellites (Lut 435, 457, 604, 615, 701, 733;
Dallas and Piertney 1998; Dallas et al. 2002) following the
single-locus two-step PCR protocol (see section ‘‘DNA
amplification’”). PCR products were initially screened by
agarose gel electrophoresis and only successfully amplified
samples were genotyped on ABI PRISM® 3100 Genetic
Analyser (Applied Biosystems).

PCR amplification

PCRs were prepared using aerosol resistant pipette tips in a
DNA UV-cleaner box and all reactions included a PCR
negative control.

In a pilot study 12 microsatellites designed by Dallas
and Piertney (1998) and Dallas et al. (2002) (Lut 435, 457,
604, 615, 701, 715, 717, 733, 782, 818, 832, 833) were
tested for their amplification success rate, allelic richness
and heterozygosity in otter faecal DNA originating from
Saxony. Three of the 12 markers had a very low amplifi-
cation success rate (Lut 782: 14,9%; Lut 818: 12,8%; Lut
833: 10,6%). Moreover, Lut 782 turned out to be mono-
morphic.

Six of the remaining nine microsatellites had the same
optimal annealing temperature (58°C) and were hence
suitable for multiplex PCR. Conditions were optimised for
single and multiplex PCR of these six loci (combinations:
Lut 435, 604, 701; Lut 457, 615, 733) based on the original
PCR conditions described in Dallas et al. (1999). The major
difference between the original standard PCR protocol
and the optimised single-locus and multiplex protocols
described here is that two consecutive PCR reactions were
carried out, with PCR product from the first amplification
being used as the template for a second PCR reaction.
During the single-locus two-step procedure only one locus
was amplified per reaction, whereas the multiplex two-step
approach contained the primers for three markers in both
(first and second) PCR steps. Furthermore, compared to the
original PCR protocol the optimised protocols included
higher (Taq DNA Polymerase, primers) and lower (MgCl)
concentrations of PCR reagents, longer reaction times
during amplification (30 s vs. 15 s), the use of locus-spe-
cific annealing temperatures and a greater extent of cycles
(first PCR: 45, second PCR: 40 vs. 35). To test the effect of
performing two consecutive PCRs, the product from the
first amplification was also genotyped for all samples
identified as positive using the single-locus PCR protocol.

All three protocols (original, single-locus, multiplex)
were performed in 25 pl volumes containing 3 pl of DNA
extract (6 pl of PCR product for the second PCR). The final
reaction concentrations for both single-locus and multiplex
PCRs consisted of 1 x reaction buffer (Taq PCR Core Kit,
Qiagen) with 1.5 mM MgCl,, 200 uM of each dNTP,
0.6 uM of each primer (0.4 pM for the second PCR) and
0.5 units Taq Polymerase (Taq PCR Core Kit). Whereas the
original protocol uses a touch-down profile, we amplified at
the locus-specific annealing temperature. The PCR profile
was: initial 2 min 15 s at 90°C, and then cycles of 30 s at
90°C, 30 s at 58°C and 30 s at 72°C. The first PCR was
replicated for 45 cycles and the second PCR for 40 cycles.
Amplification ended with a final extension at 72°C for
1 min. Reactions were carried out in a BIOMETRA T3
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Thermocycler. Forward primers were end-labelled at the
5’-end with a fluorescent dye and the pigtail ‘GTTGCTT’
was added to the 5”-end of reverse primers to enhance the 3’
adenosine overhang. This avoids typing error due to vari-
ability in non-templated nucleotide addition at the 3’-end of
PCR products (Brownstein et al. 1996).

DNA from 20 faecal samples was extracted immediately
after collection using the most reliable extraction method
(see section ‘‘Comparison of extractions’’) and stored at —
20°C. For each of these 20 samples, three PCRs were
performed with the six loci, giving a total of 60 PCRs per
amplification protocol tested. PCR products were separated
and visualised in an ABI PRISM® 3100 Genetic Analyser
(Applied Biosystems) and analysed using ABI Prism®
GeneMapper Software V.3.0.

In all comparisons PCR amplification success rate was
used as an indicator for the quality of the particular
method and was estimated as the median percentage of
successfully amplified products either over all samples per
locus (see sections ‘‘Effect of storage time’’, ‘‘Compari-
son of extraction’’, ‘‘Comparison of amplification proto-
cols’”) or over all loci per sample (see sections ‘‘Sample
collection’’, ‘‘Comparison of amplification protocols’’).
Due to sample sizes between 15 and 24, non-parametric
tests (Kruskal-Wallis test, multiple comparisons and
Wilcoxon test) were used to test for significant differences
between methods (P = 0.05 after Bonferroni adjustments
for multiple testing, thus in three tests (see sections
““‘Sample collection’’, ‘‘Effect of storage time’’, ‘‘Com-
parison of amplification protocols’’) the level of signifi-
cance is P = 0.0167).

In addition, the three PCR protocols (original, single-
locus, multiplex) were evaluated by comparing the rate of
false alleles and allelic dropout. Due to three replications of
each sample with each PCR protocol (nine PCRs per locus
and sample in total) the criteria established by Frantz et al.
(2003) could be used to obtain reliable genotypes for each
successfully amplified sample. Therefore, genotyping er-
rors were ascertained by comparing scored genotypes with
the reliable genotype. False alleles can occur in all positive
samples, whereas allelic dropout can only be detected in
positive heterozygous samples (Creel et al. 2003; Broquet
and Petit 2004). Hence, both rates were estimated consid-
ering only such genotypes.

Results
Sample collection
There was no correlation between collection time (within

the first 20 h after defecation) and amplification success
rate in any of the three trials (storage time, extraction,
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amplification) (Kruskal-Wallis test: H (2, n = 59) = 2.82,
P = 0.24). Due to constant weather conditions during all
sample collections, predictions about weather effects on
PCR amplification could not be made. Rather, the quantity
of slimy secretions influenced amplification success sig-
nificantly in all three PCR protocols (Kruskal-Wallis test:
original: H (2, n = 20) = 9.92, P = 0.0070; single-locus: H
(2, n=20)=942, P =0.0090; multiplex: H (2,
n =20)=11.13, P =0.0038). PCR amplification success
was low for spraint and spraint plus mucus samples but
high for samples that consisted only of jelly (Table 1).
Pairwise comparisons using multiple comparisons showed
a significant increase in amplification success rate for jelly
samples compared with spraint samples. Compared with
spraint plus mucus samples only the multiplex protocol
achieved a significantly increased success rate for jelly
samples (Table 1).

Effect of storage time

On average, DNA was obtained from 80% of the samples
(n = 15) extracted after one day, while only 63% and 60%
of the same faecal samples (n = 15 each) that were ex-
tracted after one or two weeks amplified successfully
(represented as bands in agarose gel, Fig. 1). Thus, by
increasing the storage time we observed a significant de-
crease in amplification success rate, whereby the highest
decline was detected after one week (Wilcoxon tests:
1 day-1 week: Z=2366, P =0.018; 1 day-2 weeks:
Z=2521, P=0.012; 1 week—2 weeks: Z = 1.400,
P =0.161).

Comparison of extractions

As shown in Fig. 2, the two extraction methods differ
significantly in amplification success rate (Wilcoxon test:
Z =2.201, P =0.028). Also, differences between extrac-
tion methods in successful PCRs were highly significant for
each microsatellite loci (Fisher test: P < 0.001, df = 1). All
six loci amplified in 17 out of 24 (70.8%) kit-extracted
samples, whereas none of the Chelex-extracted samples
yielded positive amplifications at all six loci simulta-
neously. Although positive extracts purified with the Che-
lex method often showed higher signal intensity as the
same kit-extracted sample, some negative Chelex-extracted
faeces did not even display primer dimers, which indicate
the presence of PCR inhibitors (Kohn et al. 1995; Reed
et al. 1997; Vigilant 1999; Palomares et al. 2002). Poten-
tial PCR inhibition, caused by components in faecal ex-
tracts, were tested in supplementary assays by amplifying
tissue DNA (already successfully amplified in former
PCRs) in which kit- or Chelex-extracted faecal DNA were
added. Negative amplifications were only noted from
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Table 1 Median values and statistical significance of the amplification success rate corresponding to quantity of slimy secretions (spraint;

spraint plus mucus; jelly)

Median of amplification success rate

Multiple comparisons

Spraint (1) Spraint plus mucus (2) Jelly (3) 1-2 1-3 2-3

Original 0.00 (n = 5) 0.06 (n = 6) 0.76 (n = 9) P =1 P = 0.016 P = 0.076
Single-locus 022 (n = 5) 028 (n = 6) 1.00 (n = 9) P =1 P = 0014 P = 0.15
Multiplex 0.17 (n = 5) 0.19 (n = 6) 094 (n = 9) P =1 P = 0.019 P = 0018
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Fig. 1 Comparison of amplification success rate of three different
storage times at —20°C. Results are from 45 subsamples of 15 faecal
samples that were extracted using the Qiagen kit one day, one week,
or two weeks after storing at —20°C. Each sample from each treatment
was amplified once with eight microsatellite loci. The percentage of
successful amplification (detected as bands in an agarose gel) for each
locus in each storage time was calculated by pooling the data across
the 15 samples. Boxes represent the interquartile range with the
median square, while error bars signify outliers

mixtures of tissue and Chelex-extracted faecal DNA,
whereas all mixtures containing tissue and kit-extracted
faecal DNA resulted in positive PCRs.

Comparison of amplification protocols

Positive amplification products occurred in 27% of faecal
samples amplified using the original protocol compared
with 51% using the optimised single-locus protocol, and
47% using the multiplex protocol (Fig. 3). Thus, the opti-
mised single-locus two-step PCR protocol showed a near
significant improvement in amplification success compared
to the original protocol (Wilcoxon tests: Single-locus—
Original: Z=2.201, P =0.028; Multiplex—Original:
Z =2.201, P =0.028). Between the single-locus and the
multiplex protocol no significant difference was found

Kit Chelex
Extraction method

Fig. 2 Median of the amplification success rate of two extraction
methods tested with 24 subsamples respectively. One amplification
with six microsatellite loci was carried out for each sample and each
extraction method. The amplification success rate (represented as
bands in an agarose gel and in an ABI PRISM® 3100 Genetic
Analyser) was obtained by averaging the positive samples over six
loci. Variance across loci is illustrated by a box plot chart. Boxes
represent the interquartile range with the median square, while error
bars signify outliers

(Wilcoxon test: Z = 0.944, P = 0.345). Additionally, the
percentage of samples, in which a genotype could be ob-
tained at least once for all six loci simultaneously, declined
from 40% using the multiplex protocol to 35% using the
single-locus protocol to finally 25% using the original
protocol, thus highlighting the improved PCR conditions
(Fig. 4). A similar pattern was noted when the number of
positive replicates over all samples and microsatellite loci
was considered (Fig. 4).

When considering genotyping errors, false alleles dif-
fered between 0% following the original or the optimised
single-locus protocol and 0.02% using the multiplex pro-
tocol. Allelic dropout varied from 13 to 56% in the original
protocol (median 27%), from 16 to 48% in the single-locus
protocol (median 38%), and from 24 to 42% in the mul-
tiplex protocol (median 29%). In all positive amplification
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Fig. 3 Amplification success rate of three PCR protocols obtained by
amplifying 20 faecal samples in triple replication with six microsat-
ellite loci. The percentages of successful amplification per treatment
were calculated as the median of all positive samples across each loci.
Boxes represent the interquartile range with the median square, while
error bars signify outliers

products amplified according to the original protocol, the
signal intensity was conspicuously reduced compared to
those of the optimised protocol, making precise allele
detection much more complicated. Furthermore, separation
and visualisation by the less sensitive electrophoresis in
agarose gels frequently failed due to low peak size (of-
ten < 50 units).

Of each successfully amplified sample using the single-
locus two-step protocol the first PCR product was also
genotyped. Compared to the first PCR, the second ampli-
fication showed an about 11% increase in success rate that
ranged from 6 to 28% across samples. Moreover, the
appearance of genotyping errors (mainly allelic dropouts,
46 of 47) decreased about 53% after performing the second
amplification ranging from 14% to 100% between loci.
From all samples that generated a genotyping error during
the first PCR only 47% repeated this error after the second
amplification. Only once a sample showed artefacts after
performing the second amplification, although the first
PCR amplified the reliable genotype.

Discussion
In order to maximise the amplification success of DNA

from otter faeces, we investigated the effect of four factors:
faecal quality, storage period at —20°C, extraction methods,
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Fig. 4 Amplification success rate of three PCR protocols (original,
single-locus, multiplex) regarding several criteria: (1) samples with at
least one positive amplification in all six loci, (2) at least one
positively amplified replicate over all samples and loci, (3) at least
two positively amplified replicates over all samples and loci, (4) three
positively amplified replicates over all samples and loci. Data
obtained by amplifying 20 faecal samples in triplicate with six
microsatellite loci

and PCR conditions. All four factors had a strong influence
on the amplification success rate.

The first crucial step of using faeces for microsatellite
analysis is the sample collection which is related to faecal
quality. The freshness of faeces is a determining factor for
PCR amplification success (Jansman et al. 2001; Dallas
et al. 2003), hence only freshly deposited scats from the
previous night (up to 20 h after defecation) were collected.
However, within these approximately 20 h after defeca-
tion, we could not detect a decline in amplification success
rate. Comparable results were obtained by Coxon et al.
(1999) and Hajkova et al. (2006), who also failed to detect
significant differences within the first hours after defeca-
tion. In addition, the quantity of slimy secretions is an
important influencing factor. We found that samples con-
sisting only of jelly showed a very high PCR success rate,
whereas PCR success rate was low for samples of spraints
with or without mucus. This result confirms previous
studies that deal with the amplification success of faecal
DNA from otters (Coxon et al. 1999; Hajkova et al. 2006)
and seals (Reed et al. 1997). Anal jelly may contain less
PCR inhibitors, bacteria, and enzymes than spraint that is
composed mainly of prey remains. One reason, why spraint
plus mucus samples achieved comparable low amplifica-
tion success rates as spraint samples, may be that the
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mucilage layer on spraint cannot be equated with the
secretion of anal scent glands called jelly. In the large
intestine mucus, secreted from goblet cells, is used as a
lubricant for faeces which must pass over membranes
(Liebich 1999; Welsch 2006). Whereas the secretion of
anal scent sacs either act as visual and olfactory stimuli
used in the social organisation of the population (Gorman
et al. 1978; Macdonald and Mason 1987) or is of gastric
origin being produced when otters have not eaten for 18-
24 h (Conroy and French 1991; Carss and Parkinson 1996).
Hajkova et al. (2006) chose the classification (i) spraint,
(ii) spraint with jelly, (iii) jelly and equated consequently
the thin layer of mucus on spraint with the anal jelly. In
contrast, we distinguish in our study between these two
types of slimy secretion, which is supported by the high
difference in amplification success between spraint plus
mucus and jelly samples. Also, climatic conditions can
have a high impact on the amplification rate of faeces
(Farrell et al. 2000; Murphy et al. 2000). Humidity, for
instance, might provide a better microclimate for bacteria
and enzymes, while longer periods of rainy weather might
wash away cells from the surface of the scat. Reduced
amplification success rate in wet periods were detected for
faeces from carnivores in western Venezuela (Farrell et al.
2000). During our pilot study we were able to observe the
same findings. Hence, we only sampled faeces during
periods of dry diurnal weather (i.e. without rain or frost).
Finally, the collection method itself might interfere with
the amplification success. It has been demonstrated that
homogenisation of faecal samples yields reduced PCR
success rates compared to surface wash or homogenisation
of surface scrape (Piggott and Taylor 2003). In light of this
and the results of our pilot study we used commercially
available cotton swabs for the sample collection.

Storing faecal samples in a freezer at —20°C is a fre-
quently practised method that should provide protection
against further degradation (Tikel et al. 1996; Reed et al.
1997, Frantzen et al. 1998; Wasser et al. 1997; Ernest et al.
2000; Frantz et al. 2003; Piggott and Taylor 2003).
Therefore, we considered this storage method to be suitable
in combination with our collection technique as reagents or
buffer solutions may remove cells from the cotton swab.
However, we could show that amplification success rate
decreased drastically with increased storage time (i.e. 20%
within two weeks). As a result, we recommend that DNA
extraction should be performed immediately after collec-
tion. Degradation during the thawing process is an unlikely
reason for this effect since all subsamples were treated in
the same manner. In contrast to our study, Hajkova et al.
(2006) recently reported that PCR success rate did not
decline in otter faecal samples that were preserved up to
234 days in a freezer at —20°C, stored in 96% ethanol or
buffers of kits. Our results demonstrated that the decline of

amplification success rate was highest after one week of
storage. Afterwards the decline was rather low. A possible
explanation for the results of Hdjkova et al. (2006) may be
that they extracted most of the samples after the first week
of storing. However, contrasting results may also have
occurred because samples were stored in a buffer solution
which may preserve faecal samples over an intermediate
period of time.

In addition to collection and preservation, the extraction
of samples is the third factor strongly influencing quality
and quantity of template DNA (Wasser et al. 1997;
Flagstad et al. 1999; Banks et al. 2002). The efficiency of
DNA purification can vary greatly among species and even
among individuals (Taberlet and Luitkart 1999; Gossens
et al. 2000; Piggott and Taylor 2003). Due to low DNA
concentration in faeces (Gerloff et al. 1995; Murphy et al.
2000) and a high proportion of PCR inhibitors, nucleases,
bacteria, and enzymes (Deuter et al. 1995; Kohn et al.
1995; Reed et al. 1997; Frantzen et al. 1998) a rapid and
easy to handle (Reed et al. 1997) species specific protocol
should be used to isolate a maximum of DNA while
removing PCR inhibitors simultaneously. Therefore, two
extraction methods were tested. The crucial difference
between the quick, cheap, and simple Chelex method and
the more time-consuming QIAamp® DNA Stool Mini Kit
(Qiagen) is the thorough purification of extracts with the
Qiagen kit, whereas Chelex, as an alkaline chelating resin,
removes only polyvalent metal ions (Walsh et al. 1991;
Reed et al. 1997). In consideration of the 69% higher
amplification success rate obtained by extracting samples
with the Qiagen kit, we suspect that the washing and
purification steps of the Qiagen kit remove PCR inhibitors
to the greatest possible extent. The higher amplification
success justifies the time-consuming washing steps. In our
study the Chelex extractions must still have contained a
large number of PCR inhibitors, since some Chelex-ex-
tracted samples not only failed to amplify, but also showed
no sign of primer dimers, which indicate the presence
of PCR inhibitors (Kohn et al. 1995; Reed et al. 1997,
Vigilant 1999; Palomares et al. 2002). Moreover, control
amplifications that contained tissue extracts and Chelex-
purified faecal samples also failed to amplify. This indi-
cates that the addition of Chelex extracts to successfully
amplifying tissue samples can inhibit their amplification.
Other studies on otter faeces compared the Qiagen kit
with the similar Invitek kit whereby the Invitek kit
yielded a higher amplification success rate (Hajkova et al.
2006).

PCR conditions need to be adjusted according to the
quality and quantity of the DNA faecal extracts. For these
purposes we optimised the amplification protocol designed
for microsatellite loci by Dallas et al. (1999). The opti-
mised single-locus two-step PCR protocol achieved a 24%
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(10% regarding positive PCRs at six loci) increase in
amplification success compared to the standard PCR con-
ditions outlined by Dallas et al. (1999). Major enhance-
ments are the performance of two consecutive PCR
reactions with the first PCR product being the template for
the second PCR reaction, the use of locus-specific
annealing temperatures, a greater extent of cycles, and
modifications in reagent concentrations. Based on the im-
proved protocol for single-locus PCR conditions a more
time and cost efficient multiplex protocol was developed,
despite previous opinions that multiplexing primers of
faecal DNA is difficult to achieve (Ernest et al. 2000). By
using less DNA extract the multiplex protocol allows to
analyse more loci and to perform the necessary PCR rep-
etitions. Genotyping errors (i.e. false alleles and allelic
dropout) occurred at a similar rate in all three PCR pro-
tocols and can only be overcome by a large number of
replicated amplifications (Taberlet et al. 1996; Kohn et al.
1999; Ernest et al. 2000; Frantz et al. 2003; Broquet and
Petit 2004). Due to the low signal intensity, the detection of
alleles was hampered when using the original protocol
instead of the optimised protocols. As we could demon-
strate the use of a two-step procedure, also referred as to
pre-amplification approach, offers an increase in quality
and quantity of the template DNA. This corroborates the
results of recent studies (Piggott et al. 2004; Hedmark and
Ellegren 2006) and highlights again the advantages of the
pre-amplification approach. Piggott et al. (2004) reported
an improvement in amplification success rate and geno-
typing error rate, whereas Hedmark and Ellegren (2006)
found that allelic dropouts generated during the first PCR
step were repeated to a high extent in the second amplifi-
cation. Our results are in line with the ones of Piggott et al.
(2004), as we observed that only 47% of allelic dropouts
from the first PCR appeared also in the second amplifica-
tion, while 53% of the samples generating a genotyping
error during the first step (46 allelic dropouts vs. 1 false
allele) amplified the reliable genotype after the second
PCR. Moreover, we were able to optimise the pre-ampli-
fication approach further and obtained a still more time and
cost effective protocol. Instead of performing an initial
multiplex PCR with all six primers followed by a second
separate amplification for each marker, we amplified three
markers at once in both consecutive amplifications. Thus,
the procedure outlined by Piggott et al. (2004) need seven
PCR reactions per sample to amplify six loci, using our
approach it demands merely four amplification steps per
sample for six markers.

For comparability purposes, the amplification success
rate is often calculated over all samples and loci in the
literature (e.g. Hajkova et al. 2006). We provide an addi-
tional amplification success rate that is based on the
amplification of all six microsatellites simultaneously

@ Springer

(Fig. 4). The restricted estimate of amplification success
offers more information about the value of primers when
dealing with questions such as population size estimates or
parentage analyses.

In summary, DNA of otter faeces is only available in
low concentrations (Gerloff et al. 1995; Murphy et al.
2000), is exposed to degradation (Frantzen et al. 1998),
contains a large number of PCR inhibitors (Deuter et al.
1995; Kohn et al. 1995), and is thus vulnerable to geno-
typing errors (Goossens et al. 2000; Broquet and Petit
2004). This may explain why previous PCR amplification
attempts have met limited success (Coxon et al. 1999;
Dallas et al. 2003). However, these difficulties can be
overcome with a suitable preservation technique that
avoids further degradation and an extraction method that
removes PCR inhibitors to a large extent. Efficient ampli-
fication conditions can compensate for low DNA concen-
trations while replicated PCRs can remediate genotyping
errors. We could assert that the highest amplification suc-
cess rate could be achieved by an extraction of jelly sam-
ples with the QIAamp® DNA Stool Mini Kit followed
immediately after collection and amplified using the opti-
mised multiplex PCR protocol. With this combination we
obtained a median amplification success of 94% (mean:
78%) compared to the 20% of the original methods de-
scribed by Dallas et al. (2003). To apply this method to
future studies it is important to know whether the quantity
of samples will be sufficient if only jelly samples can be
collected. However, even if all types of faecal samples are
collected and analysed the amplification success is still
47% (mean: 47%) over all samples per loci and 40% over
all locus per samples that obtained a genotype at least once
for all six loci. With such success rates, genetic analyses of
otter faeces can provide a powerful way to study otter
populations.
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