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Abstract � The present paper reports the extraction of DNA from formalin-fixed Pontoporia blainvillei tissues. Following the
Vachot and Monerot (1996) protocol, fragmented DNA (300-700bp) was extracted from more than 95% of liver and muscle
samples. DNA yield in liver samples was significantly higher than in muscle samples (4.574 ± 1.169µg DNA/mg versus 0.808 ±
0.297µg DNA/mg). Similar results were obtained from nine other species of cetaceans and five species of pinnipeds. It is of
special interest to have a method that allows the utilisation of museum specimens not originally preserved for genetic studies,
which may include rarely available, declining or extinct species.

Resúmen � El presente trabajo reporta la extracción de ADN a partir de tejidos formolizados de Pontoporia blainvillei. Siguiendo
el protocolo de Vachot y Monerot (1996) se pudo extraer ADN degradado (300-700pb) en más del 95% de las muestras de
hígado y músculo analizadas. El rendimiento en ADN fue significativamente mayor en muestras de hígado que en muestras de
músculo (4.574 ± 1.169µg DNA/mg tejido húmedo versus 0.808 ± 0.297µg DNA/mg tejido húmedo). Resultados similares se
obtuvieron en otras nueve especies de Cetáceos y cinco de Pinnípedos. Resulta de gran interés contar con un método que
permita la utilización de especímenes depositados en museos y que no hayan sido originalmente colectados para estudios
genéticos, incluyendo especies de difícil obtención, en franca declinación o extintas.
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Introduction

The utilisation of genetic markers in the study of
phylogeny, behavioural ecology and population biology
has increased dramatically during the last decades. For the
application of these techniques it is essential to obtain
tissue samples that allow the proper extraction of nucleic
acids.  In order to avoid genetic degradation, samples from
sacrificed specimens or from biopsy material should be
immediately frozen or fixed. Cryopreservation and saline
DMSO solution at room temperature are the usual options
for soft tissue preservation (Dessauer and Hafner, 1984;
Amos and Hoelzel, 1991; Sherwin, 1991; Dierauf, 1994;
Bilton and Jaarola, 1996).

Marine mammals cannot be sacrificed and therefore
samples can only be obtained from dead or incidentally
killed animals, increasing the risk of post-mortem
decomposition. This is of particular importance in the
case of the franciscana (Pontoporia blainvillei), because
most specimens are obtained from incidental catches or
strandings. Biopsy or sloughed skin sampling from live
animals, currently applied to a number of species, would
be extremely difficult (or almost impossible) to obtain
from franciscanas.

Formalin is the most acceptable fluid for soft tissue
preservation, and is by far the most widely used in
collections, particularly for Pontoporia. The possibility to
extract DNA from formalin-fixed samples not originally
preserved for genetic analysis, would open great
possibilities to analyse a great variety of marine mammal
species for which tissues are stored in museums or
international tissue banks. This could increase not only the
possibility to study rare or extinct species, but also to study
populations both on a wide time scale and wide
distribution around the world.

The present study reports the results of extraction of genetic
material from formalin fixed tissues of P. blainvillei, and
other marine mammal species.

Material and Methods

A total of 39 samples from 24 franciscanas collected in
northern waters of Argentina were analysed. The samples
were derived from two different treatments; the first group
was fixed in formalin (10% v/v) for approximately 3
months before analysis, whereas a second group of liver
samples were immediately fixed in formalin during the
necropsies (storage time 40-50 months) (Table 1). All the
samples, still stored in formalin, were transported to the
Department of Molecular Biology (Umeå University) for
further DNA analysis.

The tissues were pulverised in liquid nitrogen under
aseptic conditions and treated with the phenol-chloroform
procedures of DNA extraction of Sambrook et al. (1993;
n=5) and Vachot and Monerot (1996; n=34; Appendix I).
Freshly sampled liver from rainbow trout (Oncorhynchus
mykiss) was used as a positive control for the extraction
procedures. Following extraction, 8 to 12µl samples were
run on agarose electrophoresis gels (1.0-1.5%) containing
ethidium bromide and were photographed under UV light
to estimate the size range of DNA fragments. The same
procedures were performed in a set of samples from nine
other cetacean species (Delphinus delphis , Tursiops
truncatus, Stenella coeruleoalba, Orcinus orca, Phocoena
spinipinnis, Ziphius cavirostris, Kogia breviceps, Physeter
catodon and Eubalaena australis) and five pinniped species
(Arctocephalus australis, A. tropicalis, A. gazella, Otaria
flavescens and Mirounga leonina).
To quantify the DNA extracted, a subset of 70-140mg
samples of liver (n=8) and muscle (n=4) were analysed by
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UV-VIS spectrophotometer at 280nm wavelength with 1mm
cells. The concentration and purity of the samples were
determined using the 260/280nm absorbance ratio
(Sambrook et al., 1993), and only samples with absorbance
ratios between 1.8 and 2.0 were used. For comparison, DNA
was also quantified from formalin fixed tissues of common
dolphins (n=4), South American fur seals (n=6) and
Subantarctic fur seals (n=5).

Table 1. Franciscana samples analysed in the present study. See
Materials and Methods for sample treatment description.

Tissue 40-50 months 
in Formalin 

3 months 
in Formalin 

Total 

Muscle ---  7  7 
Liver 4 28 32 
Total 4 35 39 

A comparison of the yields obtained for franciscanas,
common dolphins and fur seals revealed no differences
between seal and dolphin species for either muscle (ANOVA;
F (3,7) = 3.300; p = 0.09) or liver (ANOVA; F (3,8) = 2.375;
p = 0.146) samples.
The extracted material was degraded, with fragments
ranging from 300 to 700 bp, but in some cases high molecular
weight DNA was successfully extracted (e.g. Figure 1 lanes
9 and 12). The same protocol applied to formalin fixed liver
and muscle samples of other marine mammals produced
similar results (Figure 2).

Discussion

Around the world innumerable specimens are preserved
in museums, and many of them are almost impossible to
re-sample for genetic analyses. Many authors emphasize
the importance of museums as sources of DNA for
retrospective studies (Houde and Braun, 1988; Paabo et al.,
1989; Paabo, 1993), and there is an increasing utilisation of
preserved specimens for genetic studies, including
histological paraffin embedded tissues (e.g. Greer et al., 1989;
Stanta and Schneider, 1991; Tyrrell et al., 1995). Other studies
focus on dry or mummified tissues and special extraction
protocols have been developed for such tissues (e.g. Paabo,

DNA yield [mean ± SD (n=)]  
Species 

Muscle Liver Overall  
Pontoporia blainvillei 0.808 ±  0.297 (4) 4.574 ± 1.169 (4) 2.691 ±  2.162 (8)  
Arctocephalus australis 1.446 ±  0.616 (3) 4.541 ±  1.793 (3) 2.994 ±  2.069 (6)  
Arctocephalus tropicalis 0.527 ±  0.385 (2) 3.693 ±  1.248 (3) 2.427±  1.955 (5)  
Delphinus delphis 0.415 ±  0.023 (2) 6.854 ±  0.599 (2) 3.635 ±  3.733 (4)  

Overall 0.860 ± 0.532 (11) 4.723 ± 1.550 (12) 2.877 ± 2.287 (23)  

Table 3. DNA yield in muscle and liver samples of selected marine mammals, expressed as µg DNA/mg of tissue (wet weight). Fixation
time = 3 months.

Table 4. DNA yield in liver samples obtained from the same specimens and exposed to different preservation times, expressed as µg
DNA/mg of tissue (wet weight). Annual Degradation Rate was calculated as the percentage of DNA lost during the prolonged formalin
exposure, presented on a 12-month basis.

DNA yield [Months of Formalin Fixation] 
Type of Franciscana 

Brief Exposure Long Exposure 

Annual 
Degradation 

Rate 

Adult Female 5.24 [3 mo] 1.14 [40 mo] 23.5 % 
Juvenile Female 3.70 [3 mo] 0.19 [47 mo] 24.2 % 
Juvenile Female 5.87 [3 mo] 0.18 [50 mo] 23.3 % 
Adult Male 3.48 [3 mo] 0.03 [50 mo] 23.8 % 
Mean ± SD 4.574 ± 1.169 0.387 ± 0.507 23.7 ± 0.39 % 

 

Results

No DNA material could be detected in agarose gel
electrophoresis of the samples extracted with the protocol of
Sambrook et al. (1993); increasing times in proteinase K
digestion (up to 72hrs) produced no results. In contrast, DNA
was obtained in 96.7% of the samples treated with the
protocol of Vachot and Monerot (1996; Table 2). The amount
of DNA extracted (Table 3) ranged from 0.25 to 7.26µg DNA/
mg tissue (w/w), and the mean yield of DNA from liver
samples was significantly higher than from muscle samples
(Mann-Whitney U < 0.001; p=0.021). A comparison of liver
samples belonging to the same specimens resulted in a
significantly higher DNA yield in samples fixed for 3
months than in those fixed for 40-50 months (Mann-
Whitney U < 0.001; p=0.020). A gross estimation of annual
degradation rate reached about 23% (Table 4).

Table 2. Extraction efficiency, defined as the percentage of the
samples that resulted in a positive DNA extraction, recorded for
both extraction protocols. Number of samples appears in brackets.

Tissue Sambrook et.al Vachot-Monerot 
Muscle 0% [2] 80.0% [5] 
Liver 0% [3] 100% [29] 
Total 0% [5] 96.7% [34] 
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1989; Hagelberg et al., 1991; Hagelberg and Clegg, 1991;
Cano and Poinar, 1993). Liquid-preserved specimens have
been much less studied until recently (Criscuolo, 1992;
Goebel and Simmons 1993; Vachot and Monerot, 1996). The
present study confirms that it is possible to extract DNA
from formalin fixed marine mammal tissues.
Sample preservation in either dry ice or liquid nitrogen has
proven to be the most efficient method for DNA preservation
(Dessauer and Hafner, 1984; Sherwin, 1991; Dierauf, 1994;
Bilton and Jaarola, 1996), although its utilisation is sometimes
very difficult under field conditions. Liquid fixatives can be
used at room temperature during necropsies, and DMSO saline
solutions result in little or no DNA degradation (Amos and
Hoelzel, 1991). Nevertheless samples originally stored for
decades in museum standard collections or tissue banks are
rarely preserved in fixatives other than formalin or alcohol.
The Vachot and Monerot (1996) protocol was found to be
highly efficient, as extraction was successful in more than
95% of the samples studied, including liver and muscle
samples belonging to fifteen marine mammal species. The
yield was low if compared with that from fresh tissues
(about 8 µg DNA/mg fresh tissue; Bilton and Jaarola, 1996),
but the maximum values of DNA concentration found (7µg/
mg in liver and 2µg/mg in muscle) were even higher than
those obtained in DMSO fixed bird tissues (0.7-3.25µg DNA/
mg tissue) by Seutin et al. (1991). The consistent pattern

obtained when comparing liver samples from the same
franciscanas at different exposure times (Table 4) confirms
the results of Vachot and Monerot (1996), who found that
DNA degradation increases and yield decreases with time.
The significantly higher yield found in liver was also found
in avian tissues (Seutin et al., 1991) and these values make
the liver a target organ to be sampled for DNA studies,
whereas values obtained from muscle tissue are
encouraging since it is the tissue most commonly found in
formalin-fixed specimens.
The observed DNA degradation is in agreement with
previous reports on dry marine mammal bones and baleen
(Dizon et al., 1995; Kimura et al., 1997), and it is a common
feature of ancient DNA (Paabo, 1993). Not withstanding,
recent studies have been successfully performed using
highly degraded material (e.g. Kohn and Wayne, 1997).
The low-yield extraction of degraded DNA was a challenge
prior to the development of PCR-based analysis of
microsatellites. These markers, with arrays usually less than
a few hundred nucleotides in length (Rassman et al., 1991)
proved to be extremely versatile and promising (Brufford and
Wayne, 1993; Queller et al., 1993; Wright and Bentzen, 1994;
Goldstein and Schlotterer, 1999). They are extensively used
in marine mammal studies aimed at determining population
social structure and mating systems (Amos et al., 1993;
Clapham and Palsboll, 1997). They are also used for genetic

Figure 1. Separation of muscle and liver DNA by agarose gel electrophoresis (1.2%), in the presence of ethidium bromide. Fixation
time = 3 months. References = 1 Kb marker (lane 1), Pontoporia blainvillei (2-14), Stenella coeruleoalba (15) and Ziphius cavirostris (16).

12 13 147654321 8 9 10 11 15 16
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Figure 2. Separation of muscle and liver DNA by agarose gel electrophoresis (1.2%), in the presence of ethidium bromide Fixation time
= 3 months. References = 1 Kb marker (lane 1), Arctocephalus australis (2), Arctocephalus tropicalis (3), Arctocephalus gazella (4), Otaria
flavescens (5), Mirounga leonina (6), Pontoporia blainvillei (7), Delphinus delphis (8), Tursiops truncatus (9), Stenella coeruleoalba (10), Orcinus
orca (11), Phocoena spinipinnis (12), Ziphius cavirostris (13), Kogia breviceps (14), Physeter catodon (15), Eubalaena australis (16) and Oncorhynchus
mykiss (17) (fresh tissue).

12 13 14 7 6 5 4 3 2 1 8 9 10 11 15 16 17 

700bp 

300bp 

tagging (Palsboll et al., 1997) and determination of genetic
distances among populations (Allen et al., 1995; Andersen et
al.,  1997; Valsecchi et al.,  1997). Moreover, the same primers
have been shown to work in several species, as in the case of
both cetaceans (Schlotterer et al., 1991; Valsecchi and Amos,
1996) and pinnipeds (Coltman et al., 1996; Amos, pers. comm).
Amplification failure is frequently reported with degraded
DNA, mainly of fragments longer than 300-500 bp (Karlsen
et al., 1994; Dizon et al., 1995; Vachot and Monerot, 1996;
Kimura et al., 1997).  Such problems have been suggested to
be correlated to changes in base structure (Karlsen et al.,
1994) although Vachot and Monerot (1996) reported no
sequence variation after formalin exposure. Future studies
should focus on the amplification and sequencing of
degraded DNA obtained from formalin fixed tissues, in
order to evaluate the possibility of obtaining proper
genotypes and the potential utilisation of such material in
more complex analyses.
It is of special interest to have a method that allows the
utilisation of samples not originally preserved for genetic
studies. Museum or laboratory collections usually have fixed
tissues of some rarely available, severely declining or nearly
extinct species, as the case of beaked whales, monk seals or
river dolphins. With the restrictions discussed above, the DNA

extraction from formalin fixed tissues opens great possibilities
for future studies. Genetic studies on Pontoporia blainvillei are
recent and scarce (e.g. Secchi et al., 1998), whereas formalin-
based collections exceed those DMSO-based or cryopreserved.
Hopefully molecular data derived from archival specimens
will complement other studies on the franciscana.
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APPENDIX I

DNA extraction protocol for formalin preserved tissues (after Vachot and Monerot, 1996)

1. Wash four times 75-100mg of tissue with TE (pH=8; Sambrook et al., 1993).

2. Pulverise the sample in liquid nitrogen.

3. Add 460µl of the Extraction Buffer (Φ) first and then 40µl of Proteinase K (concentration
10mg/ml) to a final concentration of 0.8 mg/ml.

4. Incubate 12 hours at 500C with gentle shaking.

5. Add 41.2µl of Proteinase K.

6. Incubate another 12 hours at 500C with gentle shaking.

7. Perform one Phenol/Chloroform (v/v) extraction using 550µl of P/C. Mix gently.

8. Precipitate DNA by adding 1083µl of Ethanol and 153µl of 2M NaCl (final
concentration 0.2M).

9. Precipitate overnight at -200C.

10. Centrifugate at high speed for 15 minutes.

11. Rinse two times with 700µl of 70% Ethanol.

12. Air dry and resuspend pellet in 30µl TE (pH=8).

(Φ) Extraction Buffer:
100 mM tris-HCl (pH=8)
10 mM EDTA
100 mM NaCl
2% SDS
50 mM Dithiothreitol

Received 14 January 2002. Accepted 20 May 2002.


