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Formalin-preserved biological samples obtained from endangered species are valuable in assessing
genetic diversity. To make use of snow leopard samples preserved in formalin over a period of two to
seven years, we optimized the method of extracting DNA from these samples. We used (a) phenol
chloroform : isoamyl alcohol, (b) the Qiagen DNeasy Blood and Tissue Kit (Qiagen, Germany), (c) the
Qiagen DNeasy Blood and Tissue Kit after treating the samples with NaOH for three days and (d) the
Qiagen DNeasy Blood and Tissue Kit after treating the samples with phosphate buffered saline (PBS)
for three days. The usefulness of the extracted DNA was assessed on the basis of mitochondrial (150 to
550 bp) and nuclear (95 to 229 bp) markers. There was no PCR amplification with the first two methods.
The PCR amplification with the NaOH and PBS treatment had a success rate of 30 to 100% for both
mitochondrial and nuclear markers. The PBS method is the best method for extraction of DNA from
formalin-preserved samples of longer period (two to seven years) because of higher success rate in
amplifying mitochondrial gene of ca. 550 bp (60%) than the NaOH method (28%). The overall
amplification of microsatellite markers in such samples was also higher in samples treated with PBS
(43 to 100%) than NaOH (0 to 100%). The PCR products obtained were confirmed through DNA
sequencing to be of snow leopard origin. The optimized protocol will enable genetic studies to be
conducted on tissue samples of other species that have been preserved in formalin. The protocol will
be particularly useful for species that are elusive and from which it is difficult to collect fresh tissue
samples.
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INTRODUCTION

Obtaining samples of endangered wildlife species for
genetic study is laborious and costly, and so it is mostly
museum samples that are used for phylogenetic and
taxonomic studies. Specimens in museum collections are
often the last and only sources available for genetic
analysis and molecular studies, such as when a popula-
tion and species are on the verge of extinction (Schander
and Halanych, 2003). This museum material is also used
to compare present-day and historical genetic structure

and to assess changes arising in genetic structure due to
habitat changes (Larson et al., 2002).

Formalin is the most suitable and economical fluid for
preserving soft tissues. Formalin-preserved specimens
also require the least maintenance. As a result, formalin
is the most commonly used fluid for preserving vertebrate
specimens (Rodriguez et al., 2002; Bucklina and Allen,
2004). But extraction of DNA from museum samples
preserved in formalin is difficult, and therefore such
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samples are of limited use for molecular studies. The
difficulty in extracting DNA from formalin-preserved tissue
samples arises from the various adverse effects, both
direct and indirect, that formalin has on the structure of
DNA. Formalin forms cross-links between the DNA and
cellular protein, and DNA is degraded by unbuffered (pH
not maintained) solutions of formalin as the pH values of
such solutions can be very low (<1) when preserved for
long duration. It undergoes irreversible denaturation,
modification and fragmentation (Chaw et al., 1980; Paabo
et al., 1989; Chang and Loew, 1994; Gilbert et al., 2007).
Based on the fact that 4% formalin is slightly acidic
(French and Edsall, 1945), buffered formalin solutions
(pH 7) prepared by adding chemicals such as sodium
dihydrogen phosphate have been used for preserving
tissue samples, but when these are stored for long
periods, they become very acidic (Means and Feeney,
1995). The pH value of a formalin solution may change
from 5 (at the time of preservation) to 2 (after preser-
vation for a long period), causing denaturation and frag-
mentation of DNA (Koshiba et al., 1993; Kosel and
Graeber, 1994).

Mitochondrial DNA and nuclear markers are used in
phylogenetics (Moore, 1995), evolutionary studies (Avise,
2000) and genetic characterization at the spatial level
(Anderson et al., 2010). Fresh samples of many mamma-
lian species are not available for genetic studies due to
declines in populations as a result of poaching and other
factors. Thus museum specimens are valuable biological
references for comparative genetic studies of species.
The condition of a museum specimen and its quality (in
terms of use for DNA analysis using mtDNA and nuclear
markers) are important in molecular and phylogenetic
studies and in conservation genetics. DNA extraction with
the formalin-preserved samples and PCR amplification
from both nuclear and mitochondrial genes has been
attempted from different species (fishes, mammals, snakes,
etc.), and the success rate has been between 12 and
74% for 100 to 400-bp for both markers (Rassman et al.,
1991; Rodriguez et al., 2002; Gilbert et al., 2007; Friedman
and Dessalle, 2008; Palero et al., 2010; Raja et al., 2011).

The snow leopard (Uncia uncia) is one of the most
elusive large cats, and it is difficult to study. It belongs to
the family Felidae, order Carnivora, and is categorized as
Endangered under C1 by the International Union for Con-
servation of Nature (IUCN). It is found at high altitudes in
mountain ranges in Central Asia, including the Tien, Kun
Lun, Pamir, Hindu Kush, Karakoram and Himalayan ranges
(Nowell and Jackson, 1996; Sunquist and Sunquist,
2002; McCarthy and Chapron, 2003). It is listed in Sche-
dule I of the Wildlife (Protection) Act, 1972 of India. The
snow leopard is restricted to the alpine and sub-alpine
ecological zones, and the major threats it faces are rela-
ted to degradation and fragmentation of its habitat, a lack
of effective implementation and enforcement of laws and
poaching of its natural prey for illegal trade across snow
leopard range. In addition, snow leopards are also killed

for their body parts and skin, which are used in various
high-value products. There is local human-snow leopard
conflict due to predation of livestock, and there is lack of
trans-boundary cooperation and military activity in snow
leopard habitats (McCarthy et al., 2003). Local popu-
lations have declined sharply over the past decade, and
only 3500 to 7000 individuals are globally left in the wild.
In India, only 200 to 600 snow leopards remain in the wild
(McCarthy et al., 2003). Obtaining biological samples of
this elusive, far-ranging species, living in inhospitable
habitats, to undertake genetic studies is very difficult.
Tissue samples of this species that have been collected
by the Forest Departments of Himachal Pradesh and
Uttarakhand from dead animals and have been preserved
in formalin over a period of 2 to 7 years are available.

The objective of this study was to optimize a protocol
for extraction of DNA from formalin-preserved tissue
samples for longer period and determine amplification
success of both mitochondrial and nuclear genes of hig-
her amplicon sizes so as to use them in wildlife forensic
studies and conservation genetics.

MATERIALS AND METHODS
DNA extraction

The most commonly used method for obtaining DNA from different
biological samples involves treatment with an alkaline reagent
(such as sodium hydroxide) and neutralization with a suitable buffer
(Rudbeck and Dissing, 1998). Many studies have been carried out
on pre-extraction treatment of formalin-preserved samples to
increase the quality and yield of the DNA. Pre-treatment methods
often used include: (1) treatment with a hot alkali and addition of
NaOH (with a different pH value and at a different temperatures) to
the digestion buffer (Shi et al., 2002, 2004), (2) adding glycene to
the digestion buffer as a binding agent to release the formalin
(Shedlock et al., 1997) and (3) critical point drying using graded
ethanol washes (Fang et al., 2002). Further, NaOH and phosphate
buffered saline (PBS) have been used as a washing buffer for
removing formalin from preserved samples by enhancing the pH
value prior to the extraction (Chase et al., 1998; Shi et al., 2002,
2004; Diaz-Viloria et al., 2005). Most of these studies have been
limited to samples preserved for a short duration in formalin.
Studies have indicated that the use of PBS and NaOH is relatively
shorter and saves time. Therefore, we decided to use PBS and
NaOH treatments in the present study.

We used a total of seven snow leopard tissue samples (n = 7)
preserved in formalin for a period of two to seven years. These
were provided by the Forest Departments of Himachal Pradesh and
Uttarakhand. We used four methods to extract DNA from the
samples, namely using (a) phenol chloroform : isoamyl alcohol
(Sambrook et al., 1989), (b) the Qiagen DNeasy Blood and Tissue
Kit (Qiagen, Germany), (c) the Qiagen DNeasy Blood and Tissue
Kit after treatment with NaOH for three days and (d) the Qiagen
DNeasy Blood and Tissue Kit after treatment with PBS for three
days.

The tissue samples were cut into small pieces in Petri dishes.
Pieces (100 mg) were placed in 1.5-ml Eppendorf tubes without any
pulverization. DNA was extracted from them using phenol chloro-
form: isoamyl alcohol (Sambrook et al., 1989) and the Qiagen
DNeasy Blood and Tissue Kit (Qiagen, Germany) according to the
standard protocol and the manufacturer’s instructions.
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Figure 1. DNA electrophoresed on 0.8% agarose gel after DNA extraction. Lanes 1 to 7, NaOH-treated samples; lanes 8 to 14, PBS-

treated samples.

We also washed two sets of seven samples each with NaOH and
PBS separately before extracting DNA. We added 800 ul of NaOH
and PBS, respectively to the two sets. We placed both the sets in a
rotating chamber and removed the NaOH and PBS at intervals of 8
h for three days. When the tissue samples started dissolving in the
NaOH and PBS, we stopped adding any further NaOH and PBS to
the tubes. Then we removed the NaOH and PBS from the tubes.
After three days, all the samples were centrifuged at 6000x g for 1
min. The supernatant of NaOH and PBS was discarded, and sub-
sequently the DNA was extracted using the Qiagen DNeasy Blood
and Tissue Kit (Qiagen, Germany). The extracted DNA was checked
on 0.8% agarose gel by loading 1 pl of loading dye (bromophenol
blue) and 4 pl of DNA extract (Figure 1).

PCR amplification of mitochondrial DNA (mtDNA)

To assess the size of amplifiable DNA present in the formalin-pre-
served samples, we carried out polymerase chain reaction (PCR)
amplification of the extracted DNA with universal primers of different
sizes (151 to 550 bp) of mtDNA genes, viz. 12S rRNA (151 bp)
(Rohland et al., 2004), 12S rRNA (384 bp) (Kocher et al., 1989) and
16S rRNA (550 bp) (Guha et al., 2006). The composition of the
PCR master mix for 10 pl of reaction volume was 1x PCR buffer, 2
mM of MgCl,, 200 uM of dNTP, 0.2 pM of each primer, 0.5 U Taqg
polymerase (MBI, Fermantas) and 40 ng of template DNA. The
PCR thermal cycling included initial denaturation at 95°C for 2 min,
followed by 35 cycles of denaturation at 95°C for 45 s, annealing at
55°C for 45 s and extension at 72°C for 45 s, with a final extension
for 20 min at 72°C. Amplification was checked by loading 4 pl of the
reaction mixture on a 2% (w/v) agarose gel. The confirmed PCR
products were cycle sequenced and purified using the BigDye
Terminator and clean-up method. These products were then
subjected to DNA sequencing on an ABI 3130 Genetic Analyzer.
The sequences obtained were examined using SEQUENCING
ANALYSIS 5.2. (Applied Biosystems) and validated at NCBI BLAST
(http://blast.ncbi.nim.nih.gov/ blast. cgi). The NCBI validation
confirmed that the amplified amplicons were only from snow
leopards.

PCR amplification of microsatellite loci

Multilocus genotyping (species-specific and heterologous loci) is a
powerful tool in conservation genetics (Janecka et al., 2008; Waits
et al., 2007). Therefore, we also assessed the success rate due to
different treatments of microsatellite loci specific to the snow
leopard (n = 3), heterologous loci specific to the tiger (n = 2) and
the domestic cat (n = 2). PCR amplification of seven fluorescent
labeled polymorphic microsatellite loci of different sizes (90 to 264
bp) was carried out in singleplex PCR: PUN82 (110 to 115 bp) and
PUN124 (90 to 100 bp) of the snow leopard (Janecka et al., 2008);
E5 (174 to 190 bp), 4A (105 to 297 bp) and A2 (182 to 196 bp) of
the tiger (Sharma et al., 2008); and FCA724 (202 to 218 bp) and
FCA723 (194 to 264 bp) of the domestic cat (Menotti-Raymond et
al., 1999). The composition of 10 pl of the PCR master mix of the
reaction volume was 1x PCR buffer, 2 mM of MgCl,, 200 pM of
dNTP, 0.4 uM of each primer, 0.5 U Tag polymerase (MBI, Fermantas)
and 40 ng of template DNA. The PCR thermal cycling included
initial denaturation at 94°C for 2 min, followed by 40 cycles of dena-
turation at 94°C for 45 s, annealing at 51 to 53°C for 45 s and
extension at 72°C for 45 s, with a final extension for 20 min at 72°C.
The amplification was checked by loading 4 ul of the reaction
mixture on a 2.0% (w/v) agarose gel using a 100 to 1000 bp ladder,
and some of the allele sizes were confirmed using GeneMapper
3.7.

RESULTS AND DISCUSSION

We excluded from our analysis the results of the first two
methods which were without any treatment, namely the
phenol chloroform : isoamyl alcohol method (Sambrook
et al., 1989) and one with the Qiagen DNeasy Blood and
Tissue Kit (Qiagen, Germany) because the DNA was
invisible on 0.8% agarose gel. Extraction of DNA was
successfully accomplished after treatment with PBS and
NaOH as DNA visible on agarose gel (Figure 1).
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Table 1. Success rate (percentage) of PCR amplification of mtDNA genes using DNA
extracted from formalin-preserved snow leopard tissue samples (n = 7) after NaOH and

PBS treatment.

. Treatment
Gene Size (bp)
NaOH PBS
12S rRNA 151 100 100
12S rRNA 384 100 86
16S rRNA 550 28 60
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Figure 2. Success rate of PCR amplification of microsatellite loci using DNA extracted from formalin-
preserved snow leopard tissue samples (n = 7) after NaOH and PBS treatment.

The success in PCR amplification of the 12S rRNA
primer (<384 bp) was between 80 and 100% whereas the
success was 100% with the 12S rRNA primer of 151 bp.
With 550 bp 16S rRNA, the success was 30 and 60% in
samples treated with NaOH and PBS, respectively (Table
1).

All the microsatellite loci (n = 7) were amplified in the
samples, but the success varied with treatment and locus
(Figure 2). There was no relationship between the suc-
cess and the size of a microsatellite locus. However,
there was better success in PCR amplification (43 to
100%) of all seven loci with samples treated with PBS,
whereas the success was only 0 to 100% in samples
treated with NaOH. We had 100% success in PCR ampli-
fication with PUN82 (110 to 115 bp) in both samples
treated with NaOH and those treated with PBS. The
success was >60% with five loci out of seven loci with
samples treated with PBS, as compared the samples
treated with NaOH (>43%). Thus, we concluded that the
PBS pre-treatment method is better than the method
involving pre-treatment with NaOH for amplification of
nuclear markers.

Fixing biological samples using formalin degrades the
DNA. Formalin is a potent agent, causing cross-linking of
DNA with DNA, DNA with proteins, and proteins with
proteins. Degradation occurs at room temperature with
formalin fixation because of the presence of formic acid,
coupled with low pH values and a low salt concentration
(Koshiba et al., 1993; Shi et al., 2004). Because of the
cross-linking and degradation of DNA, very little free
double-strand DNA is released during extraction (Trifonov
et al., 1967; McGhee and Von Hippel, 1975a, b, 1976a,
b). Such cross-linking can be partially broken, and only
limited success is possible in PCR amplification and
electrophoresis. At a neutral pH value 7, formalin reacts
with three bases in the DNA fragment, namely cytosine,
guanine and adenine, which leads to the formation of
reactive formaldehyde compounds via the methylene
group. This inhibits primer annealing and renaturation
and suppresses the replication process during the PCR
reaction (McGhee and Von Hippel, 1975a, b; Neubauer
et al., 1992; Karlsen et al., 1994). It was reported that
2.5% DNA-protein cross-linking remained in the DNA
which made the polymerase enzyme to fail during the



PCR amplification of markers of size greater than 200 bp
(Karlsen et al., 1994). Several studies have been con-
ducted on extraction of DNA from formalin-preserved
samples (Shiozawa et al., 1992; Cano and Poinar, 1993;
Shedlock et al.,, 1997; Chase et al.,, 1998), but the
success has been highly inconsistent.

Chakraborty et al. (2006) reported that they had no
success with amplicons of the target gene (400 bp) of
12S and 16S rRNA with PCR amplification using
published protocols (Walsh et al., 1991; Asahida et al.,
1996; Shedlock et al., 1997; Wirgin et al., 1997; Qiagen,
Germany) for the samples that had been stored for long
periods (3 to 4 years) in formalin. They concluded that
the DNA structure is less affected by covalent cross-
linking, irreversible denudation, modification, etc. when a
specimen is stored for a short period (7 days) in formalin,
and that it is hence easy to extract DNA from such
samples and amplify mtDNA markers of size up to 400 to
550 bp (Chakraborty et al., 2006). Koshiba et al. (1993)
suggested that amplification of PCR products of up to
600 bp is possible with specimens fixed in buffered
formalin and stored at 4°C for short periods (7 days).
Likewise, a reduced exposure of samples to formalin and
fixation at temperatures close to about 4°C greatly reduces
the degradation of DNA, and extraction from these sam-
ples is easy (Koshiba et al., 1993). Palero et al. (2010)
reported a low success rate with formalin-preserved fish
samples with an amplicon size of 250 to 300 bp. The lite-
rature indicates that it is possible to get PCR amplicons
of size 100 to 200 bp from samples preserved for longer
periods in formalin (3 to 25 years). The applicability of
such data is limited to phylogenetic and genetic studies of
closely related species (Bucklina and Allena, 2004;
Chakraborty et al., 2006) due to short DNA sequences.

Our study reveals that the DNA extraction from sam-
ples that have been preserved in formalin for long periods,
that is, two to seven years, is possible with NaOH and
PBS treatments with a success of >80% for 384-bp 12S
rRNA. It is possible to have a success of >60% with 550-
bp 16S rRNA with samples treated with PBS. The suc-
cess with microsatellites was highly variable, and there
was no consistency across microsatellite loci of different
sizes (Figure 2). Therefore we suggest that more different
loci of low to moderate amplicon size (<230 bp) be
selected and screened for the applicability of the method
to snow leopard samples.

Our optimized method has great potential for use with
historical formalin-preserved samples in phylogenetic
studies and conservation genetics. Besides, our method
is of significance for wildlife forensics as samples seized
by enforcement agencies in wildlife offence cases are
often stored in formalin and are crucial for implementation
of national and international acts and treaties.
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