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Abstract: Illegal wildlife trade is currently on the rise, and it is becoming one of the most lucrative
crime sectors. The rarer the species, the higher the demand. Wildlife trade falls under international
regulations, such as the CITES convention. Proving that this convention has been violated is a
complex process and can be very difficult to do. DNA analysis methods remain (in many cases) the
only way to determine whether a certain specimen originated from a protected animal species, a
specific individual, or a species in which it is legal to trade. Tanned animal hides are a specific type of
specimen. With this type of biological material, obtaining amplifiable DNA is often difficult. This
pilot study aimed to map the effect of the chemicals used in the tanning process on the degradation
of the DNA yielded from such samples. The DNA was quantified using two different approaches:
qPCR and Qubit fluorometry. The degree of DNA fragmentation was assessed by determining the
degradation index. The results indicate that reagents containing chromium have the greatest influence
on DNA degradation. However, by using the presented protocol, enough amplifiable DNA can be
obtained from hides treated with aluminum-based reagents.

Keywords: wildlife crime; degradation index; quantification; tanning

1. Introduction

Commerce with wild animal species, whether lawful or unlawful, has catastrophic
implications for the environment. In addition to devastating the natural habitats of wild
animals, commerce in wild animals stands out as one of the foremost factors imperiling
the survival of numerous types of wildlife [1,2]. The trade of endangered wild animals is
governed by the international agreement known as CITES (Convention on International
Trade in Endangered Species of Wild Fauna and Flora), which was established in 1973. At
present, the convention encompasses a staggering array of over 35,000 animal and plant
species, classified into appendices based on the extent of their vulnerability. Appendix I
encompasses species that face direct threats of extinction, resulting in a complete global
prohibition on their trade. Appendix II comprises species that may become endangered if
their trade remains unregulated. Appendix III incorporates species protected in at least one
country that has sought assistance from other CITES signatory parties to regulate the trade
of said species [3].
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Illegal trade in endangered animal species ranks as one of the most profitable organized
crime sectors, following the narcotics trade, human trafficking, and counterfeit goods
in terms of global profit [4,5]. The illegal trading of wild animals involves poaching,
smuggling, capturing, and breeding endangered and protected animal species for various
purposes [6]. One of these purposes includes the trade of various animal-derived products,
such as teeth, claws, or hides, which are highly sought after on the black market. The
hides of animals from the genus Panthera, which includes many endangered species, are
particularly valuable [7–11].

To facilitate the illicit transportation of animal hides and maintain their value, it is
essential to subject them to a protective treatment process—the hides must undergo tanning.
Tanning represents one of the earliest preservation methods developed by humans, enabling
the retention and manipulation of animal hides as a versatile resource. The versatility of
tanning is so extensive that it can be applied in both domestic and industrial settings [12,13].
Regrettably, this reality is exploited by individuals involved in the unlawful trafficking of
endangered animal species.

Lutan FN, Novaltan AL, and chromium sulfate are, according to taxidermists and tan-
ners, currently among the most commonly used tanning agents. Therefore, it is essential to
assess their impact on DNA integrity and their subsequent suitability for downstream anal-
yses. Presumably, chromium sulfate has the most devastating effect on DNA integrity [14].

It is estimated that approximately 70% of criminal offenses associated with wildlife
trafficking fail to result in legal action due to the inaccurate identification of the species
from confiscated animal materials [15]. Accurate species identification is of paramount
importance in investigations, as it is the key factor in determining whether the seized
materials are derived from endangered animal species. In certain forensic cases, a DNA
analysis can serve as the sole method for establishing species affiliation [5,15].

Biological artifacts from endangered species are becoming more prevalent among
forensic samples. The illicit trafficking of body parts and goods derived from individuals
of the subfamily Pantherinae, commonly known as big cats, is widespread not only in Asia
but also in Europe. This can be attributed in part to the substantial demand from Asian
communities residing outside Asia [8]. Tanned hides are one of the frequently traded
commodities on the black market [7].

Tanned hides represent a specific category of biological material that poses challenges
for obtaining viable DNA, with DNA extracted from such material frequently being heavily
degraded [16]. It is hypothesized that the chemicals employed in the tanning process
directly contribute to DNA degradation [17]. Hence, the development of a robust procedure
is imperative for handling forensic samples derived from tanned hides, allowing for a DNA
analysis and the subsequent identification of species or individuals.

2. Materials and Methods
2.1. Materials

A Panthera pardus hide was tanned and used for all subsequent analyses in this study.
The hide was obtained from a deceased individual and was kindly provided by Jihlava Zoo.
For the sampling that was conducted at various stages of tanning, a labeling method was
established (Table 1 legend). All the samples were labeled with the letter “L”, reflecting
their biological origin (leopard skin). The tanning process was divided into nine stages,
and a hide sample was taken from each individual stage. The specific stage is indicated by
a number in the sample label (e.g., the third tanning stage—pickling—is labeled L3). Three
different tanning agents were used individually on separate samples in the tanning process:
Lutan FN, Novaltan AL, and a chromium sulfate agent (all from Bauer Handels, Fehraltorf,
Switzerland). The following abbreviations were assigned to the samples treated with each
specific agent: Lutan FN (-L), Novaltan AL (-N), and the chromium sulfate agent (-C).
Finally, it should be noted that stages L1–L5 denote the early preparatory stages; therefore,
the samples treated with the three agents were prepared for tanning treatment in the same
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manner. The specific tanning agent was introduced into the tanning process at stage L6,
where the process stages were divided into three substages depending on the agent used.

Table 1. Description of the samples and the tanning stage from which they were obtained.

Sample Label Tanning Stage

L1 Untanned skin
L2 Degreasing solution
L3 Pickling solution I
L4 Fleshing and second degreasing bath
L5 Pickling solution II

L6-L Tanning solution—Lutan FN
L6-N Tanning solution—Novaltan AL
L6-C Tanning solution—chromium sulfate
L7-L Tanning solution—Lutan FN with the addition of Eulan SPA 01
L7-N Tanning solution—Novaltan AL with the addition of Eulan SPA 01
L7-C Tanning solution—chromium sulfate with the addition of Eulan SPA 01
L8-L Leather oiling (Lutan FN tanned skin)
L8-N Leather oiling (Novaltan AL tanned skin)
L8-C Leather oiling (chromium sulfate tanned skin)
L9-L Tumbling—Milling (Lutan FN tanned skin)
L9-N Tumbling—Milling (Novaltan AL tanned skin)
L9-C Tumbling—Milling (chromium sulfate tanned skin)

2.2. Tanning

For the tanning of the hide, several solutions were used (Table 2). All the solutions
were freshly prepared and used only for tanning the studied Panthera pardus hide.

Stage L1

Table 2. Composition of solutions used in the tanning process.

Solution Composition

Degreasing solution I

water (30 ◦C) + Supralan 67 1 mL/L
+ Supralan 809 1 mL/L

+ disinfectant Sanitol 0.5 mL/L
+ deodorizer 0.25 mL/L

+ 9 g NaCl/L

Degreasing solution II water (38 ◦C) + Supralan 67 2 mL/L
+ Supralan 809 3 mL/L + NaCl 80 g/L

Pickling solution I water (room temperature) + NaCl 120 g/L
+ formic acid 8 g/L

Pickling solution II water (room temperature) + NaCl 80 g/L
+ formic acid 6 g/L

Tanning solution—Lutan FN
water (room temperature) + NaCl 80 g/L +

Lutan FN 8 g/L + Prinol M31 3 g/L +
Pelgrassol SF 4 mL/L + Eulan SPA 01 2 mL/L

Tanning solution—Novaltan AL
water (room temperature) + NaCl 80 g/L +

Novaltan Al 8 g/L + Prinol M31 3 g/L +
Pelgrassol SF 4 mL/L + Eulan SPA 01 2 mL/L

Tanning solution—chromium sulphate
water (room temperature) + NaCl 80 g/L +

chromium sulfate 12 g/L + Prinol M31 3 g/L +
Pelgrassol SF 4 mL/L + Eulan SPA 01 2 mL/L

Samples taken from this stage represent the untreated hide, which was only cleaned
of fat and tendons.

Stage L2

In the second tanning stage, a process called “soaking” was performed. The hide was
immersed in a degreasing solution for 2 h. Then, the hide was transferred to a new solution
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with an exposure time of 30 min. Subsequently, the hide was rinsed in clean water at a
temperature of 30 ◦C for 5 min. Finally, the hide was centrifuged. At this stage, impurities
and globular proteins were removed, and the hide was degreased.

Stage L3

In the third tanning stage, the hide was transferred to pickling solution I. The exposure
time was 48 h, and the solution pH was 1.5. After the pickling process, the pH of the
solution was 3. At this stage, the hide was acidified to enhance the binding of the tanning
agent molecules to the carboxyl groups of collagen.

Stage L4

In the fourth tanning stage, the hide was thinned using a circular fleshing machine
while preserving the epidermis and an approximately 3 mm thick portion of the dermis.
This was followed by a degreasing soak, in which the hide was immersed for 15 min, rinsed
with lukewarm water at a maximum temperature of 35 ◦C, and then centrifuged. Notably,
the higher-temperature soaking allowed for better degreasing but then had to be followed
by the reacidification of the hide in a subsequent pickle, as will be discussed.

Stage L5

In the fifth tanning stage, the hide was transferred to pickling solution II. The exposure
time was 5 h, and the solution pH was 2.5. After the pickling process, the hide was allowed
to drain for two hours and transferred to stage L6. Stage L5 had to be included to reacidify
the skin to pH 3.5 to 4.0 for the better binding of tannins (tanning agent) in the stage of
L6 tanning itself. After drying, the hide pH was 4. At this stage, the hide was reacidified
before the actual tanning process.

Stage L6

In the sixth stage, the actual tanning of the hide was performed, along with the
addition of fat emulsions. The hide was divided into three parallel pieces (L6-L, L6-N, and
L6-C). Each piece was treated with a different agent (Lutan FN, Novaltan AL, or chromium
sulfate agent). This and all subsequent tanning stages were performed separately for each
piece. The hide pieces were immersed in their respective solutions for 48 h. The solution
pH was 3.5 to 4.5 for the Lutan FN and Novaltan AL tans. For chromium sulfate tanning,
the solution pH was 3.5 to 4.0. The pH of the making solutions was changed during the
process. This led to a softening of the structure of the tanned skins, the removal of residual
fat, and the optimization of skin moisture.

Stage L7

In the seventh stage, Eulan SPA 01 was added to each tanning solution to provide
protection against insects. The exposure time was 2 h. Hides tanned in this manner are
commonly used for taxidermy (after fleshing), and further greasing and drying are not
performed. The moist hides are instead stretched onto a model. However, for our purposes,
additional finishing stages (phases L8 and L9) were performed.

Stage L8

In the eighth stage, the hide pieces were treated with a mixture composed of Prinol M
31, Pelgrasol SF, and water at a temperature of 50 ◦C. The treatment was applied to the side
of the hide without fur. The hide pieces were incubated for 2 h at room temperature before
further processing.

Stage L9

In the ninth stage, the hide pieces were softened through a process called “tumbling”
or “milling.” This process involved placing the hides in a special drum with the addition
of sawdust from deciduous trees and perchloroethylene. This led to a softening of the
structure of the tanned hides, the removal of residual fat, and the moistening of the hides.

After phase L9, the hides were stretched and dried on a frame.
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2.3. Sampling

To ensure the standardization of the input material for subsequent analyses, skin
punch biopsy specimens with a diameter of 2.5 mm were obtained from the hide pieces
using RP03 rapid leather punch pliers set at the smallest configuration.

2.4. DNA Extraction

To investigate the specific nature of the samples, we optimized a protocol for DNA
extraction from solid tissues using a Quick-DNA Miniprep Plus Kit (Zymo Research, Irvine,
CA, USA). The protocol was modified as follows:

• Each hide sample obtained by biopsy was placed into a 2 mL ZR BashingBead Lysis
Tube (Zymo Research, USA) filled with 600 µL of DNA/RNA Shield (Zymo Research,
USA).

• The lysis tubes were then placed in a homogenizer (Disruptor Genie, Scientific Indus-
tries, Bohemia, NY, USA), and the mixture was homogenized for 6–10 min.

• After homogenization was completed, the tubes were briefly centrifuged (for approxi-
mately 10 s) at room temperature.

• Then, 300 µL of lysis buffer (Solid Tissue Buffer, Zymo Research), 20 µL of proteinase
K, and 20 µL of dithiothreitol (DTT) were added.

• The mixture was vortexed for 10–15 s and incubated at 55 ◦C overnight.
• After the incubation was completed, centrifugation was performed for 1 min at 10,000 g

and room temperature.
• The supernatant was transferred to a new 2 mL microcentrifuge tube.

After this last step, the unmodified Quick-DNA Miniprep Plus Kit (Zymo Research)
manufacturer’s protocol was followed, with an elution volume of 50 µL. All samples were
subsequently purified using a OneStep PCR Inhibitor Removal kit (Zymo Research).

DNA was extracted from the hide pieces obtained by punch biopsy from a total of
17 samples, labeled L1 to L9, as described in previous sections. The DNA extraction process
was carried out in duplicate (two parallel extractions).

2.5. DNA Quantification
2.5.1. qPCR

For DNA quantification and the calculation of the degradation index, two pairs
of primers targeting housekeeping genes were selected (Table 3) [18,19]. The optimal
annealing temperature was subsequently tested using gradient PCR. The Basic Local
Alignment Search Tool (BLAST) (Bethesda, MD, USA) on the NCBI website was used to
ensure that the primers targeted the DNA of Panthera pardus.

Table 3. Primers used for qPCR.

Primer Sequence
5′ → 3′ Amplicon Length Reference

28S-F GTTGTTGCCATGGTAATCCTGCTCAGT 133 bp [18]28S-R TCTGACTTAGAGGCGTTCAGTCATAAT
CY-F CAACCCCACCGTGTTCTTCG 369 bp [19]CY-R TTGCCATCCAGCCACTCAGTC

The DNA was quantified using the SYBR Green method. A standard curve was
designed using Panthera pardus DNA of a known quantity at concentrations of 2 ng/µL,
0.2 ng/µL, 0.02 ng/µL, and 0.002 ng/µL (133 bp target), and 0.4 ng/µL, 0.04 ng/µL,
0.004 ng/µL, and 0.0004 ng/µL (369 bp target). The qPCR Master Mix and amplification
protocol are described in Tables 4 and 5, respectively. All samples were analyzed in technical
triplicate. Data were analyzed using QuantStudio Design and Analysis Software v 1.5.2
(Thermo Fisher Scientific, Waltham, MA, USA).
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Table 4. Composition of qPCR Master Mix.

Master Mix 15 µL Reaction Final Concentration

iQ SYBR Green Supermix 7.5 µL /
Primer forward (10 µM) 0.3 µL 0.3 µM
Primer reverse (10 µM) 0.3 µL 0.3 µM

Template DNA 1 µL different
H2O 5.9 µL /

Table 5. qPCR amplification protocol.

qPCR Program Melting Curve Analysis

Step Temperature Time Step Temperature Time

1 95 ◦C 3 min 1 95 ◦C 15 s
2 95 ◦C 15 s 2 60 ◦C 15 s
3 60 ◦C 1 min 3 95 ◦C 15 s

Number of cycles: 40

2.5.2. Fluorometry

The DNA was also quantified using a Qubit 4 Fluorometer (Thermo Fisher Scientific)
with a dsDNA HS Assay Kit, following the manufacturer’s protocol.

2.6. Calculation of the Degradation Index

The quantification data derived from the signal of small amplicons in qPCR were
compared with the data obtained from the large amplicon signal to evaluate the extent of
DNA degradation in the samples. Given that larger DNA fragments are more prone to
degradation than smaller fragments, the ratio between the signals of the two probes can be
utilized to calculate the degradation index (DI) using the following mathematical formula:

DI =
Concentration o f small DNA f ragment
Concentation o f large DNA f ragment

Through the calculated DI, the degree of DNA degradation can be assessed, enabling
the evaluation of its appropriateness for subsequent analyses [20].

2.7. DNA Typing

For the determination of the leopard’s DNA profile, the identification system Ptig
STRPlex was utilized [9], and the protocol described in [9] was followed. The DNA
extracted from the hide sampled at the beginning and end of the tanning process (phases
L1 and L9) was used for the analysis.

2.8. XRF

The elemental composition of the tanned hide was determined using X-ray fluores-
cence spectrometry (XRF), a noninvasive in situ method. The L9-L, L9-N, and L9-C samples
were measured using a portable XRF analyzer (Niton XL3t XRF Analyzer, Thermo Fisher
Scientific, USA). This analysis eliminates the need for sample preparation and enables
measurements to be taken under ambient air conditions. As a result, a rapid preliminary
spot analysis at various locations on the hide was possible.

3. Results
3.1. DNA Quantification

DNA was successfully quantified in all samples analyzed. Overall, the DNA remained
amplifiable throughout all the samples taken from all the tanning stages.



Life 2024, 14, 147 7 of 18

The measured DNA concentrations of the 133 bp amplicon for samples L1 and L2
exhibited relative similarity; however, the degree of DNA degradation was notably higher
in the L2 sample. In the case of sample L3, an increase in the DNA concentration of
the 369 bp amplicon and, therefore, a decrease in the degree of DNA degradation were
observed. This consistent increase was evident even in quantifications conducted prior
to the optimization of the DNA extraction protocol, suggesting that it was not a random
occurrence (see Discussion). Subsequently, in samples L4 and L5, the degree of DNA
degradation did not follow the expected trend, as it decreased. A significant decline in
the DNA concentration of the 369 bp amplicon was observed from the L6 pieces onward,
aligning with the point at which the hides came into contact with the three different tanning
agents. In stages L8 and L9, an unexpected increase in the DNA concentration of the 133 bp
fragment, in both samples treated with Lutan FN and Novaltan AL tanning agents (L8-L,
L8-N, L9-L, and L9-N), was observed (Figures 1–4). The same results, which are contrary
to the anticipated trend, are seen in DNA quantification using a Qubit Fluorometer. This
suggests that it is not a phenomenon coupled only with qPCR quantification. However,
there was no corresponding increase in the measured concentrations of the longer DNA
fragment in these samples.

The samples L6-C, L7-C, L8-C, and L9-C did not exhibit any notable amplification of
the longer DNA fragment (369 bp), indicating that the chromium sulfate tanning agent
induced the most substantial DNA degradation, which is consistent with the hypothesis
(Figures 5 and 6).
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Figure 1. Histograms showing the qPCR quantification of 133 bp amplicon results for the Lutan
FN-tanned samples. DNA extracted from hide samples at different stages of tanning (x-axis) was
used as template DNA. DNA concentration values in ng/µL (y-axis) for each sample are shown as
the mean of the measurements and their standard deviations. The measured 1DNA concentration
values in samples L8-L and L9-L did not follow the expected trend.
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Figure 2. Histograms showing the qPCR quantification of 369 bp amplicon results for Lutan FN-
tanned samples. DNA extracted from hide samples at different stages of tanning (x-axis) was used as
template DNA. DNA concentration values in ng/µL (y-axis) for each sample are shown as the mean
of the measurements and their standard deviations. The measured DNA concentrations values were
very low after the initiation of the actual tanning (L6 phase), indicating that the DNA was highly
degraded in these samples.
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Figure 3. Histograms showing the qPCR quantification of 133 bp amplicon results for Novaltan
AL-tanned samples. DNA extracted from hide samples at different stages of tanning (x-axis) was
used as template DNA. DNA concentration values in ng/µL (y-axis) for each sample are shown as
the mean of the measurements and their standard deviations. The measured DNA concentration
values did not follow the expected trend.
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Figure 4. Histograms showing the qPCR quantification of 369 bp amplicon results for Novaltan
AL-tanned samples. DNA extracted from hide samples at different stages of tanning (x-axis) was
used as template DNA. DNA concentration values in ng/µL (y-axis) for each sample are shown as
the mean of the measurements and their standard deviations. The measured DNA concentrations
values were very low after the initiation of the actual tanning (L6 phase), indicating that the DNA
was highly degraded in these samples.
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Figure 5. Histograms showing the qPCR quantification of 133 bp amplicon results for chromium
sulfate-tanned samples. DNA extracted from hide samples at different stages of tanning (x-axis) was
used as template DNA. DNA concentration values in ng/µL (y-axis) for each sample are shown as
the mean of the measurements and their standard deviations. DNA concentrations values were very
low after the initiation of the actual tanning (L6 phase), indicating that the DNA was highly degraded
in these samples.
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Figure 6. Histograms showing the qPCR quantification of 369 bp amplicon results for chromium
sulfate-tanned samples. DNA extracted from hide samples at different stages of tanning (x-axis) was
used as template DNA. DNA concentration values in ng/µL (y-axis) for each sample are shown as
the mean of the measurements and their standard deviations. In samples obtained after the initiation
of the actual tanning step (L6 phase), no notable amplification of the 369 bp amplicon was observed,
suggesting that only fragments < 369 bp are likely to be present in these samples and that the DNA is
therefore highly degraded.

The degree of DNA fragmentation, which reflects how much DNA has been degraded
during hide tanning, was determined using DI (Table 6). The determination of DI was not
possible for samples L6-C, L7-C, L8-C, and L9-C due to the absence of amplification for
the longer fragment (369 bp) in qPCR. This implies that the DNA in these samples was
degraded into fragments smaller than 369 bp, indicating that the chromium sulfate tanning
process resulted in the most significant DNA degradation. It can be concluded that all
evaluated samples, except for sample L1, exhibited substantial DNA degradation (DI > 10).

Table 6. Calculated values of the degradation index.

Degradation Index

Tanning Stage Lutan FN Novaltan AL Chromium Sulphate

L1 6.8 6.8 6.8
L2 101.4 101.4 101.4
L3 38.1 38.1 38.1
L4 17.2 17.2 17.2
L5 32.7 32.7 32.7
L6 7004.3 2933.6 non-determinable
L7 10,564.2 5180.4 non-determinable
L8 66,268.1 3587.0 non-determinable
L9 2930.1 19,890.3 non-determinable

The DNA was also quantified using the Qubit system. The expected trend of decreas-
ing DNA concentration throughout the tanning process was observed (Figures 7–9). In
the case of samples treated with Lutal FN and Novaltan AL, the L8-N and L9-N samples
displayed an elevated DNA concentration, contrary to our assumption. For samples L6-C,
L7-C, L8-C, and L9-C, the total DNA concentration fell below the detection threshold of the
system (<100 pg/µL), resulting in no measurable value (Figure 9).
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Figure 7. Histogram showing the results of quantification of genomic DNA extracted from Lutan
FN-tanned hides at different stages of tanning by fluorometric measurement on a Qubit system.
A rapid decrease in DNA concentrations was observed between the L5 and L6 phases, which is
consistent with the expected trend. The values of DNA concentrations measured in samples L8-L
and L9-L are outside the expected trend.
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Figure 8. Histogram showing the results of quantification of genomic DNA extracted from Novaltan
AL-tanned hides at different stages of tanning by fluorometric measurement on a Qubit system.
A rapid decrease in DNA concentrations was observed between the L5 and L6 phases, which is
consistent with the expected trend. The values of DNA concentrations measured in samples L8-N
and L9-N are completely outside the expected trend.
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Figure 9. Histogram showing the results of quantification of genomic DNA extracted from chromium
sulfate-tanned hides at different stages of tanning by fluorometric measurement on a Qubit system.
A rapid decrease in DNA concentrations was observed between the L5 and L6 phases, which was
consistent with the expected trend. For samples L6-C, L7-C, L8-C, and L9-C, the DNA concentration
was below the detection value of the system (<100 pg/µL).

3.2. DNA Typing

An STR analysis was conducted to establish the individual DNA profiles of the
following samples: L1, L9-L, L9-N, and L9-C. Sample L1 served as the reference to assess
the comprehensiveness of the DNA profiles obtained (Figure S1). Due to its origin being an
untanned hide, it was considered suitable for obtaining a complete DNA profile. Samples
L9-L, L9-N, and L9-C were selected to assess the feasibility of determining a DNA profile
from fully tanned hide samples.

A complete DNA profile was successfully obtained from all the analyzed samples,
except for sample L9-C, where only a partial DNA profile could be obtained (Figures S1–S8).

The L9-L sample exhibited an electrophoretic artifact known as the “pull-up” effect,
characterized by excessive fluorescence detected in one color channel that spreads into
other channels, appearing as a distinct peak (Figures S3 and S5). This artifact was likely
caused by the compromised amplification of longer DNA fragments and the preferential
amplification of shorter fragments due to DNA degradation in the L9-L sample.

All obtained DNA profiles are available as part of the Supplementary Materials.

3.3. Chromium Detection in Hide Samples

The measurements revealed the presence of chromium in all three tanned leather
samples (L9-L, L9-N, and L9-C). As anticipated, the L9-C sample exhibited the highest
concentration of chromium. Additionally, the composition of other elements in the leather
was also determined (Figure 10).
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Figure 10. Elemental composition of the tanned hides measured via XRF.

4. Discussion

Tanned hides are a problematic type of biological material in terms of genetic analysis,
as the tanning process has a very negative effect on DNA integrity [17,21]. Another
obstacle to successful genetic analysis arises from the PCR inhibitors that are copurified
with DNA during the isolation process. A previous study conducted in 2007 exploring
the impact of vegetable tanning on DNA amplification in PCR demonstrated that only
mtDNA amplification was successful, while nuclear DNA amplification was not [16]. The
authors attributed this outcome to DNA degradation during tanning and the presence of
PCR inhibitors. In contrast, our study achieved the amplification of nuclear DNA in all the
examined samples. However, this favorable outcome is likely attributable to the improved
sensitivity of the PCR-based methods currently employed, in line with our findings.

Our findings indicate that the various tanning methods have distinct impacts on DNA
integrity. However, based on our results, we infer that many substances employed in the
tanning process exert a detrimental influence on the structure of DNA. This observation
aligns with the conclusions drawn in previous studies conducted by Vuissoz et al. [16] and
Ražić et al. [17].

To overcome the challenges of obtaining subamplifiable DNA yields and the copurifi-
cation of PCR inhibitors during the DNA extraction process, we optimized the protocol
for DNA isolation from solid tissues using a commercially available kit commonly utilized
in our laboratory (Quick-DNA Miniprep Plus Kit, Zymo Research). Subsequently, we
validated this optimized protocol specifically for the extraction of DNA from tanned hides.

The low DNA yields obtained from tanned hides may be attributed to the inherent
nature of the tanning process, particularly the formation of crosslinking between collagen
fibers [22]. However, importantly, such crosslinking can also occur between collagen and
DNA, making it challenging to effectively release DNA from this structure during the
extraction process. Therefore, our focus was primarily on optimizing the lysing step within
the extraction process.

To achieve efficient lysis, a combination of mechanical lysis using specialized lysis
tubes (BashingBead Lysis Tubes, Zymo Research) and chemical lysis using the lysis buffer
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provided by the manufacturer, proteinase K, and DTT were employed. To ensure the
maximum preservation of DNA integrity during sample homogenization within the lysis
tubes, the tubes were filled with a protective buffer (DNA/RNA Shield, Zymo Research).
The utilization of lysis tubes has previously demonstrated increased DNA yields [23], while
the DNA/RNA Shield has been shown to positively impact the preservation of nucleic acid
quality within the sample [24] and to enhance DNA yields [25]. It remains unclear whether
the incorporation of lysis tubes into the extraction process or sample homogenization
within the DNA/RNA Shield contributes more significantly or equally to the enhanced
DNA yields from processed hides. Further investigations are needed to elucidate whether
comparable outcomes can be achieved solely by employing sample preservation in the
DNA/RNA Shield and chemical lysis of the sample.

To ensure the normalization of the input amount of biological material during DNA
extraction, two skin punch biopsy samples were obtained from the hide pieces using punch
pliers. Despite the limited quantity of material, it was feasible to extract an adequate DNA
amount from a single skin punch. Building upon our discoveries, we propose the collection
of samples from various locations on tanned hides. This approach serves two purposes:
first, to detect potential instances of false taxidermy and, second, to minimize the possibility
of false-negative results in subsequent downstream analyses.

The findings from the qPCR quantification demonstrated a clear pattern of DNA
degradation during the tanning process, as evidenced by a decrease in DNA yields and an
increase in the rate of DNA fragmentation. This trend was particularly pronounced in the
hides treated with the chromium sulfate tanning agent. Notably, intriguing results were
obtained for the measured DNA concentrations in samples L3, L8-L, L8-N, L9-L, and L9-N.
The minor variations observed in the measured DNA concentrations can be attributed to
the fact that, despite efforts to standardize the collection of material for DNA extraction, it
cannot be guaranteed that the skin punches used will be entirely identical in terms of the
amount of input biological material.

A surprising decrease in DNA fragmentation was observed in sample L3 compared
to samples L1 and L2. This unexpected result appears to be illogical since L3 is a sample
derived from the same hide but taken at a different tanning phase, with the phases following
a chronological sequence. In our methodology, the L1 phase represents the initial stage,
and at the end of each subsequent phase, a representative sample was collected for further
analysis. Consequently, it was assumed that the DNA concentrations would decrease and
that the degree of DNA fragmentation would increase across the tanning phases. Therefore,
if DNA fragmentation reaches a specific value in the L1 and L2 phases, it should either
remain the same or be higher in the L3 phase.

One potential explanation for this unexpected observation could be attributed to the
first chemical treatment of the hide that occurred in the L3 phase (pickling I). It is plausible
that, after the L1 and L2 samples were taken, the DNA in those samples underwent further
degradation (e.g., by microorganisms), while the DNA in the L3 sample remained relatively
“preserved”, resulting in higher DNA yields and lower DNA fragmentation.

A similar situation was observed in the samples treated with Lutan FN and Noval-
tan AL, particularly noticeable in the quantification of the 133 bp amplicon in samples
L8-L, L8-N, L9-L, and L9-N. Three potential explanations are proposed to account for this
observation. The first possibility is an improved availability of DNA in the final stages
of tanning. In those stages, the hide undergoes treatments such as oiling and tumbling,
which lead to the softening of the hide. This could, in theory, release some of the DNA
that has been crosslinked to collagen fibers. Another plausible explanation is contamina-
tion with foreign DNA. However, the argument against contamination is supported by
the absence of similar results in the samples treated with the chromium sulfate tanning
agent. Additionally, during all laboratory procedures, a strict set of rules preventing such
contamination was followed. Thus, contamination may be ruled out as an explanation.
The most plausible explanation is the overestimation of the 133 bp amplicon concentration
in samples L8-L, L8-N, L9-L, and L9-N, which is attributed to the higher likelihood of
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amplifying the shorter amplicon than the longer amplicon in highly degraded DNA [26].
However, this explanation only accounts for the significant fluctuations in measured DNA
concentrations during qPCR. The same trend was observed in the fluorometric measure-
ments using the Qubit system (Figures 4–6), where only the genomic DNA isolate was
utilized, without any amplification. Fluorometric quantification detects the concentration
of total double-stranded DNA in the sample through a fluorescent dye that specifically
binds to DNA. The Qubit system therefore enables the quantification of all DNA present in
a sample, encompassing nuclear DNA; mtDNA; and potentially DNA from various sources,
e.g., microorganisms. Consequently, it is challenging to determine with certainty whether
the measured DNA concentration solely represents leopard DNA. The consistent trend
in both the qPCR and fluorometric quantification results suggests that this phenomenon
occurred before or during DNA extraction. However, none of the presented explanations
fully elucidate this phenomenon. Consequently, the cause of this phenomenon remains
unclear and necessitates further investigation.

However, our results indicate that enough amplifiable DNA can be obtained from
tanned hide samples treated with aluminum-based reagents.

The results of the DNA quantification in the samples from hide pieces tanned with
the chromium sulfate tanning agent are consistent with the established hypothesis. The
quantification of DNA in this sample was only possible by qPCR using a 133 bp amplicon;
the amplification of the longer fragment yielded no significant results. This suggests that
only DNA fragments that are <369 bp long are likely present.

A genetic analysis, in addition to determining species identity, plays a crucial role in
individual identification through DNA profiling using STR genotyping. The demand for
developing STR multiplexes for the individual identification of endangered species is on
the rise. While existing STR multiplexes for the Pantherinae subfamily primarily focus on
Panthera tigris identification [9,27], the recently published Ptig STRPlex [9] is also applicable
for the DNA profiling of Panthera pardus.

To assess the DNA profiles, samples L1 and L9-L, L9-N, and L9-C representing the
untanned hide and fully tanned hides, respectively, were selected. Complete DNA profiles
were obtained for all tested samples, except for sample L9-C. However, working with highly
degraded DNA poses challenges during DNA profiling due to the uneven amplification
of fragments, increasing the risk of occurrence of technical artifacts, such as the pull-up
effect (observed in sample L9-L) or incomplete DNA profiles due to allelic drop-out (seen in
sample L9-C). One possible approach to mitigate this issue is to modify the primer design
and reduce the amplicon size [27]. Comparing the obtained DNA profiles, a decrease in
signal intensity was observed in the samples from the later stages of tanning, indicating an
escalating rate of DNA degradation known as the “ski slope effect” [28,29].

Furthermore, the presence of microorganisms in the tanned hide samples may have
contributed to the accelerated degradation of DNA.

Based on the conducted analyses, it was observed that the chromium sulfate tanning
of the hides resulted in the most significant DNA degradation. We found that obtain-
ing amplifiable DNA from such tanned hides for subsequent forensic genetic analyses
is not always possible. To address this issue, the elemental composition of the tanned
hide samples was examined to determine whether chromium was detectable in the hides
before initiating genetic analyses. The X-ray fluorescence (XRF) method was employed for
this purpose. Many subsequent downstream analyses used in wildlife forensic genetics
(e.g., DNA typing or species determination using Sanger sequencing) rely on a certain
amount of amplifiable DNA. These analyses are very costly and time-consuming; therefore,
the detection of chromium in tanned hide before conducting genetic analyses could help to
save laboratory resources that would otherwise be futile to use.

The XRF method was chosen for the detection of chromium and other elements in the
tanned leather because it is a rapid and non-invasive method for the determination of the
elemental composition. As this method does not consume the material being analyzed, it is
very suitable for use in forensic samples [30].
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In conclusion, although every effort was made to preserve the integrity of the tested
samples as much as possible, all the samples contained DNA in a highly degraded state.
Placing samples in the DNA/RNA Shield immediately after removal from a given tanning
step could significantly slow the process of DNA degradation in the samples after collection.
However, for real forensic samples, the rate of DNA degradation can be expected to be even
higher, considering that they can contain “aged DNA” if tanned in a period significantly
prior to the analysis. Therefore, it is necessary to perform the same analyses on real
forensic samples.

All the findings presented in this study are only applicable to the selected tanning
methods. For a comprehensive study of the issue, the same analyses would need to be
performed on a larger number of samples of leather tanned using other methods. However,
the fulfillment of such an undertaking is limited by the number of forensic samples provided
for scientific purposes. In the laboratory, attempts can be made to simulate conditions
reflecting the nature of real forensic samples as best as possible, but it is problematic to
replicate, for example, the tanning process, as it is usually not known exactly how a given
hide was tanned.

Since we have found that further testing is necessary, this work can be considered a
pilot study of the problem.

5. Conclusions

This pilot study is the first to analyze the influence of the chemicals used in the process
of hide tanning on DNA degradation. All used tanning agents had a negative impact
on the degree of DNA fragmentation, with chromium sulfate having the most negative
effect. However, the hides treated with aluminum-based tanning agents yielded enough
amplifiable DNA for subsequent downstream analyses.

Based on the analyses conducted, we propose the following standard operating proce-
dure for the genetic analysis of processed hides:

• The determination of the elemental composition of the tanned dermal tissue (e.g., via
the XRF method) and the quantification of the chromium content.

• The acquisition of biological samples (via punch biopsy) from various distinct locations
on the dermal tissue for DNA extraction.

• The utilization of the optimized extraction protocol outlined earlier for DNA extraction.
• The purification of the DNA isolates to eliminate copurified PCR inhibitors.
• The quantification of DNA utilizing quantitative PCR (qPCR) with two amplification

targets, a shorter fragment (up to 150 bp) and a longer fragment (up to 400 bp),
followed by the determination of the degradation index.

• An assessment of the quantification results and the selection of appropriate method-
ologies for subsequent analyses.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/life14010147/s1, Figure S1: DNA profile obtained from the L1
sample—Ptig STRPlex 1; Figure S2: DNA profile obtained from the L1 sample—Ptig STRPlex 2;
Figure S3: DNA profile obtained from the L9-L sample—Ptig STRPlex 1; Figure S4: DNA profile
obtained from the L9-L sample—Ptig STRPlex 1 detail; Figure S5: DNA profile obtained from the
L9-L sample—Ptig STRPlex 2; Figure S6: DNA profile obtained from the L9-N sample—Ptig STRPlex
1; Figure S7: DNA profile obtained from the L9-N sample—Ptig STRPlex 2; Figure S8: DNA profile
obtained from the L9-C sample—Ptig STRPlex 1.
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