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Abstract
We redesigned new microsatellite primers and one sex-specific primer for amplification of
faecal DNA from brown bears (Ursus arctos). We also combined a semi-nested polymerase
chain reaction (PCR) with a newly developed multiplex preamplification method in order
to increase the quality of the amplified DNA fragments. In comparison with a conventional
PCR approach, the genotyping error rate was substantially reduced and the amplification
rate was increased. This new approach could be transposed to other species where conventional PCR methods experience low success due to limited DNA concentration and/or quality.
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Noninvasive genetic techniques have received much interest
in the last few years. The use of DNA from faeces, hairs,
urine or feathers as an individual genetic tag can provide
useful information for population monitoring and the
estimation of important genetic parameters. However, the
amplification of DNA extracted from noninvasive samples
is often problematic because the DNA is usually degraded
and present in low quantity. This can lead to scoring errors
such as allelic dropout or false alleles and will often produce
incorrect genotypes (Taberlet et al. 1996; Taberlet & Luikart
1999; Smith et al. 2000). These problems are now well
understood, and different methods have been proposed to
limit genotyping errors and their impacts on the subsequent
analyses (Schwartz et al. 1999; Mills et al. 2000; Miller et al.
2002; Paetkau 2003; Piggott et al. 2004).
Here, we combined a two-step PCR approach, or ‘seminested PCR’ with the newly defined ‘multiplex preamplification method’ (Piggott et al. 2004) to amplify DNA from
brown bear (Ursus arctos) faecal samples, with the aim to
increase the quality of the multilocus genotypes.
For all collected bear faeces, DNA was extracted using
the Qiamp DNA Stool® kit (Qiagen), especially designed
for this type of material. All extractions were carried out in
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a room dedicated only to processing hairs and faeces. The
final volume of the DNA extract was 150 µL. Negative
controls were included in all extractions batches in order to
check for exogenous DNA contamination. Each DNA extract
was first screened with one microsatellite (G10P; Paetkau
& Strobeck 1994) acting as a species-diagnostic marker.
PCR products were separated on an agarose gel and
viewed, using ethidium bromide, under UV light. Only the
DNA samples that showed a fluorescent DNA band were
kept for subsequent analyses.
Based on genetic data from more than 700 individuals typed
for 18 or 19 microsatellite loci (Waits et al. 2000; E. Bellemain,
unpublished data), we selected the six most informative
for identifying individuals, i.e. those with the lowest probability of identity between unrelated individuals (PI;
Paetkau & Strobeck 1994) and between siblings (PIsibs;
Waits et al. 2000) ( Table 1). Most of the original primers
were redesigned in order to obtain smaller amplified
fragments and more similar annealing temperatures. We
also redesigned new sex-identification primers (Table 1),
amplifying an 80 bp fragment more specific to carnivores
(i.e. avoiding amplifications from most of the prey DNA
co-extracted from a bear faeces).
We combined the multiplex preamplification method
(Piggott et al. 2004) with a semi-nested PCR (Fig. 1; see
Ulrich et al. 1993). The first step involved a multiplex

F*: ATTCAGATTTCATCAGTTTGACA
R*: CCATAAATGGTAGCATGAGC
RI*: TCAGCATAGTTACACAAATCTCC
F: GCCTGTGTGCTATTTTATCC
R: TTGCTTGCCTAGACCACC
RI*: TAGACCACCAAGGCATCAG
F*: GTCTCTGTCATTTCCCCATC
R*: GAGCAGGAAACATGTAAGATG
RI*: AACCTGGAACAAAAATTAACAC
F*: AGCCAGAATCCTAAGAGACCT
R: GAAAGGTTAGATGGAAGAGATG
RI*: AAAGAGAAGGGACAGGAGGTA
F: GCTCCTTTGGGACATTGTAA
R: AGTGTTTGTGGTGCCTGTG
RI*: TGACTGTCACCAGCAGGAG
F*: CAGGACAGGATATTGACATTGA
R*: GATACAGAAACCTACCCATGCG
FI: ACTGATTTTATTCACATTTCCC
F: GAACGCATTCTTGGTGTGGTC
R: CGGTATTTATAGTCCGGGTAGTT
RI: TGATCTCTGAGTTTTGCATTTG
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†F and R represent forward and reverse external primers. FI and RI represent forward and reverse internal primers. *Indicates the microsatellite sequences that were redefined.
PI: probability of identity between unrelated individuals.
PIsibs: probability of identity between siblings.
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Table 1 External and internal primers for Ursus arctos used for the two steps of the multiplex preamplification method
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Fig. 1 General principle of the multiplex preamplification method combined with a semi-nested PCR (the figure shows three replicates out
of eight.

preamplification that simultaneously amplified all loci with
external primers (Fig. 1). Each amplification was repeated
eight times (multi-tubes approach; Taberlet et al. 1996).
Aliquots from the preamplification were then used as
templates in another round of PCRs. In this second step,
we simultaneously amplified two or three loci (Mu10/
G10L; Mu23/Mu50; SRY/Mu51/Mu59) using the internal
fluorescent primers together with the appropriate external
primers. The fluorescent PCR products can be electrophoresed together on the single lane.
PCR preamplifications were prepared in a 25 µL volume
containing 5 µL template DNA, 0.1 mm of each dNTP,
0.01 µm of each primer, 2 mm MgCl2*
, 0.5 U AmpliTaq Gold
Polymerase (Applied Biosystems) and 1 × Taq buffer (containing 100 mm Tris-HCl, pH 8.3, 500 mm KCl, according
to the manufacturer’s specifications; Applied Biosystems).
For the second step, PCR amplifications were prepared
in a 13 µL volume containing 3 µL preamplified product,
0.1 mm of each dNTP, 0.4 – 0.6 µm of each primer (depending on the primer, see Table 1), 2 mm MgCl2*, 0.5 U AmpliTaq Gold Polymerase (Applied Biosystems) and 1 × Taq
buffer (as described above). Amplifications were performed
in a GeneAmp PCR system 9600 (Applied Biosystems) with
the following conditions: 10 min at 95 °C, 25 cycles for the
preamplification step and 35 cycles for the second amplification step, composed of 30 s denaturing at 95 °C, 30 s annealing
© 2004 Blackwell Publishing Ltd, Molecular Ecology Notes, 4, 519–522

* 0.25µL BSA per tube,

at 60 °C, 1-min extension at 72 °C, and as a final extension
step, 7 min at 72 °C. The PCR products from the second
step were mixed (3 µL of Mu10/G10L; 3 µL of Mu23/Mu50
and 4 µL of SRY/Mu51/Mu59). One microlitre of this multiplex was added to a 10 µL mix of formamide and ROX 350
(10:0.2), and then loaded on an automatic sequencer ABI3100
(Applied Biosystems). Electrophoresis was run for 3 h with
a POP4 polymer. Microsatellite patterns were examined
with genemapper version 3.0 (Applied Biosystems).
The PI for the six microsatellites was low: PI = 1.38 × 10 − 6;
PIsibs = 4.52 × 10 −3, which allowed a reliable individual
identification. We compared the results obtained from this
multiplex approach with a conventional approach (same
amplification conditions and primers as described for the
second step of the multiplex approach, with 55 cycles)
for eight samples and eight replicates for each locus. The
amplification rate was improved substantially (Wilcoxon
ranked test; P = 0.058) and the genotyping error (false alleles
or allelic dropouts) rate was much reduced (Wilcoxon ranked
test; P = 0.063). In addition, the DNA typing profiles
were much clarified using the new multiplex method (data
not shown). Next, we diluted the DNA extract from four
to 12 times to simulate more limiting conditions. The genotyping error rate was from two to 10 times lower with
the mutiplex preamplification method than with the conventional method.
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We applied this multiplex approach to more than 1900
faecal samples collected in central Sweden for estimating
brown bears population size (Bellemain et al. 2004). A preliminary study showed that the reliability of the genotyping was not significantly different when using four or eight
replicates, probably because template DNA was not in too
limiting concentration in the extracts. This might be due
to good field climatic conditions leading to good DNA
preservation in the field before the sampling. As a consequence, we used only four replicates for this study and
were able to successfully genotype 75% of the samples. To
ensure the reliability of the results, we randomly repeated
5% of the genotyping and obtained an error rate of less
than 2%, including the sex identification (Bellemain et al.
2004).
The newly defined primers, together with the PCR
strategy described here, have the potential to substantially
improve genotyping success rate and reduce genotyping
errors. Moreover, the strategy of combining the multiplex
preamplification method and a semi-nested PCR could
be transposed to other species where conventional PCR
approaches yield low success due to limiting DNA concentration and/or quality.

Acknowledgements
This work was financed by the Norwegian Directorate for Nature
Management, the Swedish Association for Hunting and Wildlife
Management, the Swedish Environmental Agency, WWF Sweden
and the Orsa Communal Forest. We thank Carole Poillot, Ludovic
Gielly, Delphine Rioux and Christian Miquel for help in the laboratory work. We are grateful to Sven Brunberg from the Scandinavian Brown Bear Research Project for coordinating the field work
and providing faecal samples. Thanks also to Jon Swenson and
Gordon Luikart for comments on the manuscript.

References
Bellemain E, Swenson JE, Tallmon D, Brunberg S, Taberlet P (2004)
Estimating population size of elusive animals with DNA from

hunter-collected feces: comparing four methods for brown bears.
Conservation Biology (in press).
Miller SD, Joyce P, Waits LP (2002) Assessing allelic dropout and
genotype reliability using maximum likelihoood. Genetics, 160,
357–366.
Mills LS, Citta JJ, Lair K, Schwartz M, Tallmon D (2000) Estimating
animal abundance using non-invasive DNA sampling: promise
and pitfalls. Ecological Applications, 10, 283–294.
Paetkau D (2003) An empirical exploration of data quality in
DNA-based population inventories. Molecular Ecology, 12,
1375–1387.
Paetkau D, Strobeck C (1994) Microsatellite analysis of genetic
variation in black bear populations. Molecular Ecology, 3, 489 – 495.
Piggott M, Bellemain E, Taberlet P, Taylor A (2004) A multiplex
pre-amplification method that significantly improves microsatellite amplification and error rates for faecal DNA in limiting
conditions. Conservation Genetics, 5, 417–420.
Schwartz MC, Tallmon D, Luikart G (1999) Using genetics to estimate
the size of wild populations: many methods, much potential,
uncertain utility. Animal Conservation, 2, 321–323.
Smith KL, Alberts SC, Bayes MK et al. (2000) Cross-species amplification, non-invasive genotyping, and non-mendelian inheritance
of human STRPs in savannah baboons. American Journal of
Primatology, 51, 219–227.
Taberlet P, Luikart G (1999) Non-invasive genetic sampling and
individual identification. Biology Journal of the Linnean Society,
68, 41–55.
Taberlet P, Griffin S, Goossens B et al. (1996) Reliable genotyping
of samples with very low DNA quantities using PCR. Nucleic
Acids Research, 24, 3189–3194.
Taberlet P, Camarra J-J, Griffin S et al. (1997) Nonivasive genetic
tracking of the endangered Pyrenean brown bear population.
Molecular Ecology, 6, 869–876.
Ulrich PP, Romeo JM, Daniel LJ, Vyas GN (1993) An improved
method for the detection of hepatitis C virus RNA in plasma
utilizing heminested primers and internal control RNA. PCR
Methods and Applications, 2, 241–249.
Waits LP, Taberlet P, Swenson JE, Sandegren F (2000) Nuclear
DNA microsatellite analysis of genetic diversity and gene flow
in the Scandinavian brown bear (Ursus arctos). Molecular Ecology,
9, 421–431.
Waits LP, Luikart G, Taberlet P (2001) Estimating the probability
of identity among genotypes in natural populations: cautions
and guidelines. Molecular Ecology, 10, 249–256.

© 2004 Blackwell Publishing Ltd, Molecular Ecology Notes, 4, 519– 522

