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AN IMPROVED METHOD OF EXTRACTING DEGRADED DNA
SAMPLES FROM BIRDS AND OTHER SPECIES

UN METODO GENERAL PARA LA EXTRACCION DE ADN DEGRADADO
EN MUESTRAS DE AVES 'Y OTRAS ESPECIES

Fernando ALDA* 1, Isabel REY** and Ignacio DoADRIO*

In recent years, non-invasive genetic sam-
pling (NGS) has proved to be a powerful tool
in population and conservation genetics (Khon
and Wayne, 1997; Taberlet et al., 1999). It is
often applied to elusive or endangered species
because NG samples are easy to find in the
field and do not require interaction with the
animals. Analysis of this data permits species
identification, sexing, tracking of free-ranging
animals, population census, parental analysis...
(Reed et al., 1997; Segelbacher and Steinbriick,
2001; Palsbell et al., 1997; Khon et al., 1999;
Field et al., 1998).

DNA can be isolated from basically any bio-
logical sample found in the field and later am-
plified by PCR. Another important source of
DNA are museum samples (skins, bones, etc),
which can provide important molecular data
about historical populations. Collecting all this
available information depends on being able
to isolate the highest quality DNA in the grea-
test quantities.

Most of the problems that could affect the
reliability of NGS techniques are related to the
PCR (Taberlet ef al., 1996; Gagneux et al.,
1997). Difficulty obtaining PCR products, al-

lele dropout and false alleles (Taberlet ez al.,
1996) are either directly or indirectly related to
DNA extraction. A dirty extraction product will
contain excessive PCR inhibitors; a low extrac-
tion yield will not give enough templates for
amplification or can increase the risk of allele
dropout. Overcoming these problems is crucial
especially for individualizations based on a sin-
gle sample, where genotyping errors would pro-
vide an erroneous result (Waits ez al., 2001).
DNA extraction depends first on the sam-
ple type, (e.g., hairs and feathers contain bet-
ter DNA quantity and quality than faeces), then
length of time the sample is exposed to the en-
vironment before collection (e.g., samples that
have been in the field for a long periods of time,
or that have been exposed to humidity, radia-
tion etc. would have more degraded DNA), col-
lection and preservation method (dried, ethanol,
frozen...; Frantzen et al., 1998), and the time
elapsed between collection and extraction
(Roon et al., 2003; Nsubuga et al., 2004). Fi-
nally the extraction protocol (phenol chloro-
form, Chelex ®, silica-Guanidine Thiocyanate,
diatomaceous earth, QIAmp DNA stool mini
kit, magnetic beads,...) has to be suitable for
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the studied samples (Vigilant, 1999; Pichler et
al., 2001; Parsons et al., 1999; Segelbacher and
Steinbriick, 2001; Flagstad et al., 1999).

In this study, the results obtained were not
sufficiently adequate using traditional methods
(Boom et al., 1990; Walsh et al., 1991) or kits
(QIAmp DNA stool mini kit, QIAGEN), the-
refore it was decided to develop a protocol ba-
sed on other fossil DNA methods (Yang et
al., 1998), that had simple steps, did not re-
quire major changes to the protocol depending
on the sample, and that could be used for a wide
range of sample types.

The performance of the new protocol was
tested with 79 capercaillie Tetrao urogallus,
faeces collected in the field during the months
of April, May and June of 2003. DNA was
extracted three times from all the faecal sam-
ples using a silica gel and guanidine thiocyanate
protocol (Boom et al., 1990), and extracted one
time following the new protocol. Silica gel was
chosen because it was necessary to preserve
the DNA long enough to perform all the re-
peats. Other methods such as Chelex degrade
the DNA when stored for long time periods
(Walsh et al., 1991) and no posterior compar-
isons of genotypes are possible. The usefulness
of the method was also evaluated in different
sample types from capercaillie and other
species (e.g., brown bear Ursus arctos and Iber-
ian lynx Lynx pardinus).

A small amount of faecal sample was crum-
bled, or surface washed with PBS, in 15 ml Fal-
con tubes, and incubated in 2 ml of extraction
buffer (0.5M EDTA pH 8.0, 0.5 % SDS, and
50 pg/ml Proteinase K) overnight at 55°C in a
shaking water bath. The tubes were centrifuged
for 10’ at 2000 g. Supernatant was recovered.
To this, we added the same volume of 4.5M
Guanidine thiocyanate, 0.5M Potassium Ac-
etate pH 5.0 buffer. One QIAquick column was
placed for each sample. Seven hundred and
fifty microliters of the sample was loaded
and spun for 1 minute at 12800 g. Flowthrough
was discarded and the process was repeated
until all the sample liquid had been passed
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through the column. Two washes of 450ul
and 700ul PE buffer were performed. The DNA
was eluted in100 pl of TE buffer after 10’ in-
cubation at room temperature and centrifuged
5”at 12800 g. Extractions were made in a room
exclusively dedicated to ancient DNA process-
ing, and included a negative control to check
for exogenous contamination.

For feather and hair extraction, 2 - Smm of
the tip (depending on the feather size) or of the
hair root was cut longitudinally and transver-
sally and incubated in 1.5 ml of the above-men-
tioned extraction buffer. The same protocol pre-
viously described was followed except only
one 750 ul PE buffer wash was needed.

The results of the extractions were tested by
PCR amplification of a species specific mi-
crosatellite locus (Segelbacher et al., 2000).
Amplification was carried out in 10pul reaction
volume (1x GeneAmp Buffer II, 2mM MgCl,,
0.1uM of each primer, 0.2 mM dNTP, 0.1 pg/ul
BSA, 0.01U of TaqGold Taq polymerase
(Applied Biosystems) and 1ul of the extraction
product. PCRs consisted of 10° of initial de-
naturation at 95°C, followed by 50 cycles of
30”at95°C,45” at 55°C and 45 at 72°C, con-
cluding with a final extension step of 5” at 72°C.
All PCR reactions included a negative and a
positive control. When a band of the expected
size was observed in a 1.5 % agarose gel, the
extraction was considered “successful”. If no
band was observed, the extraction was consid-
ered to be “unsuccessful”.

In the event that an extraction was unsuc-
cessful or the elution was dirty, it was passed
through a new QIAquick column following the
manufacturer’s protocol and eluted in 100l of
TE. The columns were saved in case the extrac-
tion results were negative again, so a third clean-
up of the product could be performed with the
same column.

The three independent silica gel extractions
yielded 14, 19 and 18 successful extractions
(17.7 %, 24.1 % and 22.8 %, respectively). Out
of 237 extraction runs (79 samples x 3), a to-
tal of 27 unique successful DNA extractions
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(34.2 %) was obtained. For the QIAmp co-
lumn-based protocol, 2 samples gave a posi-
tive PCR result right after extraction. After
being passed a second time through a new co-
lumn, 50 (63.3 %) samples were success-
fully amplified. Samples that still were nega-
tive were passed through the same column a
third time and 11 of them were amplified.
Sixty-three samples (79.7 %) were extracted
successfully with this method.

Variations of other extraction methods were
also tried, such as two consecutive silica gel
extractions, and purification of the extraction
product with a QIAmp column. None of
them produced significantly better results than
the single silica gel extraction. At first, a fourth
pass through the columns was performed but
it did not yield additional successful samples.

Feathers, hairs and museum skins produced
an 85-95% of successful extractions. These re-
sults surpassed those obtained in similar stu-
dies (Segelbacher, 2002) that produced 50 %
positive genotypes from moulted feathers.

The new method shortens the incubation pe-
riods of Yang’s protocol (1998) and signifi-
cantly reduces the sample volumes that must
be filtered through the column, thanks to the
use of different buffers. More important is
the possibility of extracting DNA, with one sin-
gle and easy method, from a wide range of sam-
ples of different kind and species. Thus, it was
possible to isolate DNA from; faeces, shed hairs
and teeth of brown bears; faeces, shed hairs
and musem skins of Iberian lynx; and faeces,
moulted feathers, museum skins and egg shells
of capercaillie.

In conclusion, this protocol seems to be a
more efficient method for NGS, saving both
time and financial resources in the laboratory
and in the field.

RESUMEN.—F! uso de muestras no invasivas
se ha convertido una técnica ampliamente
utilizada en estudios de genética y conserva-
cion. La mejora del método de extraccion de
ADN es el primer paso para evitar errores en

el genotipado. En este trabajo se describe un
método de extraccion que unicamente requie-
re que el ADN sea incubado durante una noche
y posteriormente purificado con columnas QIA-
quick (QIAGEN). Se extrajeron 79 excremen-
tos de urogallo comun Tetrao urogallus emple-
ando tanto el nuevo método como un método
tradicional de silice y guanidin tiocianato. Se
comprobo que el nuevo método es mds eficien-
te y adecuado para diferentes tipos de mues-
tras: excremento de ave y mamifero, plumas
mudadas, pelos, dientes y pieles de museo.
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