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ABSTRACT

Currently, Leather-based products are manufactured in abundance, but the fact is; most of these products are manu-
factured using fake materials which cause a major fraud issue in the market. The extravagance of leather trade led
to the extinction of numerous species. Almost 33% of exotic leather comes from endangered species. This trade is
shrewdly disguised under the “Fur” industry. With the ability to extract and analyze DNA from ancient substance,
molecular species identification methods have been recently developed, including the use of DNA amplification using
PCR and derived methods of molecular biology. At a deeper perspective, degraded DNA identification has gained
significant advances in the field of criminalistics, forensic science, as well as fraud detection and quality control in
food. This study will illustrate the objectives of identifying species origin of leather either for frauds identification
and endangered species protection as well. We are presenting also a general assessment of the chemical degradations
of DNA that can be extracted from manufactured leather. During tanning process, the rehydration of the skin in
warm acid solution promotes the DNA hydrolysis. Rehydration is followed by immersion of the skin in the lime water
which induces the DNA oxidation. Finally, adding tannins which are polyphenols known for their inhibitory effect on
PCR, will significantly decrease the chance of DNA amplification. In conclusion, one can make an analogy between
all these leather processing conditions and the conditions affecting a fossil in its burial environment, therefore, it is
essential that the DNA of leather must be considered and analyzed as ancient DNA.
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Molecular identification of species origin of leather would
be particularly important, either concerning the commer-
cial or other fundamental aspects. On the commercial
aspect, leather manufactured products are very common
and serious fraud situations exists due to the difficulty
to recognize the species origin after the manufacturing
process, and the value of products from different species
may vary. In addition, a certain number of endangered
protected wildlife species are fraudulently used in the
leather market (Merheb et al., 2015) therefore; molecu-
lar recognition of the species present in these substrates
has an important impact in terms of protecting biodiver-
sity. For this purpose, institutions are already promoting
the development of detection methods for DNA testing
of products related to leather. This study is presenting a
general assessment of the chemical degradations of DNA
extracted from manufactured leather concluding that due
to the degradation that occurs during the tanning process,
only mtDNA can be expected to survive.

INTRODUCTION

Nowadays, species identification is a critical issue to
ensure and protect biodiversity and detect fraud in
commercial food (Lefrancois et al., 1997, Lockley and
Bardsley, 2000, Woolfe and Primrose, 2004, Merheb
et al., 2015). The demand for species identification has
increased due to the various food crises that occurred
in the past 10 years (Bovine spongiform encephalop-
athy BSE, Foot-and-mouth disease FMD, avian flu,
swine flu (Hoffmann et al., Eloit et al., 2005, Vas-
sioukovitch et al., 2005, Wan et al., 2005, Mafra et
al., 2008, Nicholson et al., 2008)). A significant loss in
biodiversity is caused by endangered species as at least
ten to twenty percent of the entire plants and verte-
brate species are at the risk of extinction in the coming
decades (UICN http://www.redlist.org and CITES http://
www.cites.org) (Teletchea et al., 2005). Wildlife species
are ranked third in the world for the largest amount
of smuggling and poaching after drugs and weapons,
which are considered the most serious threat to the sur-
vival of the animal kingdom (Manel et al., 2002, Manel
et al., 2005, Teletchea et al., 2005).

Each year, millions of animals are endangered by
unlawful killing, captured for hunting games, collected
for private zoos, decorative items (Elephant Ivory Com-
stock et al., 2003), traditional medicine (The Tiger Wan
and Fang, 2003, Wetton et al., 2004), Rhino (Hsieh et
al., 2003), and human consumption (Sea Turtles and
their eggs Moore et al., 2003). Therefore; identifying
the species presented in the organic substrates (Fresh,
Processed and Ancient) by reliable and quick methods
is a matter of urgency. The case of traceability in food
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is often cited yet the application may also affect many
other areas which should be considered. The range of
substrates in which species are determined is very broad.
It varies from a simple case such as a species found in a
pure state in a fresh substrate to a complete situation of
species found as mixtures and where product had been
significantly altered (Teletchea et al., 2005).

Different species identification methods for processed
organic products have been developed such as morpho-
logical studies (Nunez, 1951, Tsuganezawa, 1965, Pray-
son et al., 2008), protein analysis (Ashworth, 1987) and
chemical analysis (Guy et al., 2000, Ozaki et al., 2004),
yet these methods are outdated, as it is not very effective
for the analysis of products which have been significantly
altered (Teletchea et al., 2005, Merheb et al., 2016).

On the other hand, Molecular identification methods
have been recently developed, including the use of DNA
amplification using PCR and derived methods of molec-
ular biology (Goussé-Donne et al., 2001). With the abil-
ity to extract and analyze DNA from ancient substance,
when palaeogenetics took off, there were a couple of
decades where it allowed access to the genomes of spe-
cies or extinct populations (Golenberg, 1991, Cano and
Poinar, 1993, Cano et al., 1994, Lindahl, 2000, Teletchea
et al., 2005, Merheb et al., 2015). At a deeper perspec-
tive, degraded DNA identification has gained significant
advances in the field of criminalistics (Leonard et al.,
2007) and forensic science (Capelli et al., 2003), as well
as fraud detection and quality control in food (Goussé-
Donne, 2001, Teletchea et al., 2005).

DNA is a stable molecule, a very small amount is suffi-
cient enough to undergo a complete analysis, which allows
the study of highly degraded substrates possible (Paabo et
al., 1989, Hanni et al., 1994, Paabo et al., 2004, Feuillie et
al., 2011a, Feuillie et al., 2011b). Some specific substrates
such as feces and hair are now important sources for
genetic analyzes (Fabbri et al., 2007). Processed products
such as leather, fur and all manufactured products made
from animal hides are currently very reluctant to obtain
reliable results in molecular traceability.

OBJECTIVES OF IDENTIFYING SPECIES ORIGIN
OF LEATHER

FRAUD PREVENTION

Leather-based manufactured products are very common
and are a major fraud in the market due to the difficulty
of recognizing species morphologically and because the
products from different species do not have the same
commercial value. On the labels of most clothes made of
leather in the South East Asian countries (such as coats,
hats, handbags, gloves, shoes, toys, decorations) we find
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the misleading tag ‘leather’ or ‘real fur’ This is often a
false description which induces, to a large extent, the
consumer astray. To promote their sales, clothing acces-
sories and fur from cats or dogs are labeled under other
names. For example, fur traders explained to investiga-
tors that labeling depended on the preferences of the
buyer! Thus, we find the cat fur sold under the names
“Lippi Cat”, “China Cat” or “Rabbit”. As for the dog fur,
we find it under the fanciful name of “Asian Wolf” or
“Chinese dog” etc. On 13 November 2008, the customs
office of Villepinte announced a seize operation in a
Paris warehouse of 4034 vests, jackets and coats with fur
collars, declared as fake fur, but the inspections revealed
that the fur came from dogs and cats. The National
Museum of Natural History has confirmed the presence
of raccoon dog fur among the documents seized, (www.
douane.gouv.fr). This trade is not limited to Asia: Fur is
used worldwide. In 1997, Deux-Sévres, 1500 skins of
cats, for the manufacture of toys, were discovered by
the Department of Veterinary Services. The introduction,
importation and marketing of raw hides or treated prod-
ucts derived from dogs and cats are prohibited in France
by an order released on the 13th of January 2006. These
provisions were supplemented by Community provi-
sions in Indeed, the European Union adopted Regulation
EC No 1523/2007 on the 11th of December 2007, which
aims to ensure the protection of animals by banning the
trade, including the import and export of cat or dog fur.
Since the introduction of these new regulations, institu-
tions are trying to develop detection methods for DNA
testing of products containing leather imitation.

PROTECTION OF BIODIVERSITY

Biodiversity is currently experiencing a major crisis,
both in terms of numbers and the rate of population or
species extinctions (Fonseca and Benson, 2003, DeSalle
and Amato, 2004). Thus, since the seventeenth century,
more than 250 species of birds, mammals, reptiles and
amphibians were made extinct in the world because of
human activities (Fonseca and Benson, 2003). The real
crisis is in most cases extinction was the direct result of
hunting, fishing, overfishing, poaching, and indirectly
by the loss or damage of habitats, degradation of the
natural environment: pollution, introduction of other
species or other human activities (Leakey and Lewin,
1995). We realized in recent years that trading (legally
and illegally) of species, including those endangered spe-
cies has contributed a severe threat to global biodiver-
sity. The wildlife trade and their products also represent
the third largest trade after drugs and weapons (Manel
et al., 2002). The luxury leather trade has pushed many
species to extinction (www.endangeredspecieshandbook.
org). Nearly a third of exotic leathers come from endan-

gered species, with impunity poached (snakes, lizards,
crooked, crocodiles, ostriches, tigers, leopards, zebras,
opossums, elephants, sharks, seals, walruses). This trade
is cleverly concealed by the fur industry.

In Parallel, nongovernmental organizations also play
a vital role in control of international trade of wild spe-
cies by influencing decision makers with the help of their
international conferences (Ringuet, 2004). Among these
actions we cite the program TRAFFIC (www.traffic.org),
created in 1976 by IUCN (International Union for Con-
servation of Nature), (http://www.iucn.org) and the WWF
(World Wild Fund). Currently, this international network
coordinated by TRAFFIC has collaborators in more than
22 countries and projects in more than 10 countries. The
famous “Red list” (http://www.iucnredlist.org) of the
IUCN is estimating that more than 23,000 species are
endangered as of 2015. Numbers of threatened species
are listed by major groups of organisms since 1996.

LEATHER MANUFACTURING PROCESSES FROM
ANIMAL SKINS

For thousands of years, humans have started to convert
animal hides into resistant products which nowadays are
referred to as “Leather”. The remains attributed to leather
work are rare on prehistoric sites. However remnants
related to this activity, as the OUI2 site in Siberia dated
between 22,000 and 17,000 BP are exceptional (Vasil’ev,
1990, Vasil'ev, 1994). A set of 21 ribs of sheep have been
identified in the site. The ribs are introduced vertically
into the ground forming an oval of 1.50 m of 0, 85 m.
This set of rods has been interpreted as a tension structure
of hides during the drying process (Beyries, 2008).
Nowadays, the manufacturing of leather mainly
consists of salting, desalting and tanning. Salting is
designed to remove water from the tissues to slow the
development of microorganisms and stop the putrefac-
tion action. After 15 days, the skins are desalted; they
are examined one by one and organized according to
their thickness, weight or surface. The procedure of
changing the skin into leather is called Tanning. This
process is accomplished by tannins which are a variety
of chemicals, the most well-known used chemicals today
are mineral or vegetable (Sharphouse, 1983). Tannins
transform raw hides from a putrescible, sensitive and
hydrated material to imputrescible, impermeable, abra-
sion resistant, and solid material, referred to as “Leather”.

FROM PALEOGENETICS TO FORENSIC DNA

For over 25 years, many paleogenetic studies have shown
that the DNA molecule remains very stable after the death
of organisms, despite the time and environmental effects
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(Higuchi et al., 1984). Since 1984, the first publication in
this area was released (isolation of a few hundred base
pairs of a mitochondrial gene from a tissue of a taxider-
mied specimen, the quagga, died over a hundred and forty
years ago (Higuchi et al., 1984)), numerous studies have
shown that it is possible to retrieve and analyze a much
older samples of DNA (Hanni et al., 1994, Loreille et al.,
2001, Orlando et al., 2002, Poinar, 2002, Orlando et al.,
2003, Salamon et al., 2005, Teletchea et al., 2005) such as
samples of cave bear Ursus spelaeus dating back to 35,000
years ago (Hanni et al., 1994) and samples of woolly rhi-
noceros dating back to 60000 years ago (Orlando et al.,
2003). Hence the idea, by analogy, to use the stable and
resistant DNA molecule, to identify species in processed or
degraded products whilst undergone many chemical and
physical treatments (Bartlett and Davidson, 1992, Ozaki et
al., 1998, Etienne et al., 1999, Aguado et al., 2001, Hold
et al., 2001, Urdiain et al., 2004, Teletchea et al., 2005,
Lucey, 2006, Lema and Burachik, 2009, Botti and Giuffra,
2010). Moreover, even if the DNA molecule is degraded in
this type of substrates (manufacturing processes, canning,
smoking etc.) remains always possible to amplify it using
Polymerase Chain Reaction (PCR) (Mullis and Faloona,
1987, Saiki et al., 1988, Saiki et al., 1985) small frag-
ments of DNA with sufficient information to discriminate
between closely related species (Kocher et al., 1989). Fur-
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thermore, since the DNA is present in all cells, it is poten-
tially possible to identify a species from any type of sub-
strate. However, the DNA molecule modified or degraded
in these products has several characteristics that must be
taken into consideration when developing new methods.

DNA CHARACTERISTICS IN LEATHER: A
PROCESSED PRODUCT

The ancient DNA goes through several types of inflicting
damage and changes that begins shortly after the death
of the animal, especially the fragmentation of DNA into
very small pieces and creation abasic sites, so-called
post-mortem degradations (Paabo et al., 2004). The dif-
ferent processing methods will cause breaks in the DNA
molecule. Thus, molecular identification from such sam-
ples must be based on the analysis of small fragments
generally between 100-150 base pairs. Figure 1 summa-
rizes these treatments.

The DNA molecule in this type of substrates are not
only broken and deteriorated, but also present in very
small quantities (Poinar, 2002, Hénni et al., 1994, Loreille
et al., 2001), which further reduces the number of DNA
fragments with a size sufficient enough for analysis (Tel-
etchea, 2005). Therefore the paleogenetic studies and also
non-invasive ecology that is to say the study of popula-

Leather preparation

Skin salting

Epidermis and endoremis removing
Dessication

Rehydrating in tepid water +/- borax =»
Liming CaQ +/- NaOH —_—

Hair removing

Deliming (water + boric acid) =————

Tanning &

Polyphenals addiion

Chemical lesions

of DNA

Postmortem
degradation

Hydrolytic lesions

xydative lesions

Hydrolytic lesions

PCR amplification possibility

FIGURE 1: The various stages of preparation of the leather and consequences in terms of

chemical lesions.
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tions or species from samples collected in the field and
hairs (Fabbri et al., 2007, Debruyne et al., 2008, Schwarz
et al., 2009), and feces (Taberlet and Bouvet, 1992), etc.
showed that it was often necessary to increase the number
of PCR cycles (up to 55 or 60 cycles) to have sufficient
DNA to allow subsequent analyzes (Merheb et al., 2016).

Given i) the nature of degraded DNA in such sam-
ples and ii) the fact that the PCR is an extremely sensi-
tive method, it is possible that a single intact exogenous
DNA molecule can be preferentially amplified instead of
the degraded endogenous molecule (Merheb et al., 2016).
Therefore, the samples must be handled (prior to PCR)
in dedicated laboratories (physically isolated) (Loreille
et al., 2001). In addition, it is essential to add «carrier
effect» control (Cooper, 1992, Handt et al., 1994), which
amplifies degraded DNA extracted from another species.
The role of this control is to help trace amplified exoge-
nous contaminant DNA, in the presence of ancient DNA.

Many factors from various sources are co-extracted
with the target DNA and may inhibit PCR (Cooper, 1992,
Wilson, 1997, Shutler et al., 1999, Merheb et al., 2015,
Merheb et al., 2014, Feuillie et al., 2011c, Feuillie et al.,
2014). Therefore, the absence of amplification may be
related to inhibition of the PCR, rather than an insuf-
ficient amount or absence of target DNA.

At the amplification, the inhibitors can be directly
neutralized by using BSA (Bovine Serum Albumin) to
PCR reagents (Hagelberg et al., 1989, Hanni et al., 1994,

static interactions, a variety of inhibitors of Taq poly-
merase (Pddbo, 1989).

Chemical modifications are probably the less known
characteristics of the DNA in the processed products,
but paleogenetic and noninvasive ecology studies have
shown that the environment (acidity, UV, humidity,
etc.) could, in fact, induce chemical changes (oxidation
or hydrolysis) of the DNA (Pdibo, 1989, Paabo et al.,
1989, Hoss et al., 1996). In this case, the nucleic acids
have modifications or artefactual mutations, which are
changes in the nature of the nucleotide bases (Poinar,
2002). During PCR amplification, the Taq polymerase
will mistakenly pair these modified bases.

Thus, opposite to the 8hydroxy-Guanine, oxidation
product of Guanines, Taq will associate an adenine (A)
and not cytosine (C) (Lindahl et al., 1993, Feuillie et
al., 2012). Once amplified, these molecules will present
artifactual substitution type: C to A (Figure. 2). Simi-
larly, the deamination of cytosine by hydrolysis forms a
uracil, opposite to which an adenine is paired. This will
result in the artefactual substitution type C to T and G
to A (Figure. 2) (Hofreiter et al., 2001). Finally, Hypox-
anthine is formed due to deamination by hydrolysis of
adenine. Hypoxanthine preferentially associates with
cytosine, which leads to the artifactual substitution type
A to C (Gilbert et al., 2003a, Gilbert et al., 2003b).

A. The deamination of cytosine by hydrolysis forms

. il
Merheb, 2010). Indeed these proteins trap, by electro- Uraci
A
— S rEd
——
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—C— 5 U > — 3" GC>AT*
T =R
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S . e T
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FIGURE 2: The main consequences on PCR amplification of chemically

modified DNA.
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B. 80HG: 8hydroxy-guanine, a product of guanine
oxidation.

C. Post-mortem degradations: fragmentation, strands
breaks, and abasic sites. The latter lesion is ob-
tained by hydrolysis.

After drying, the skin undergoes two critical steps
i) rehydration in warm water that contains boric acid
(H3BO3) which promotes the hydrolysis of DNA. The
hydrolysis promotes the two artifactual substitutions C to
T and G to A and the creation of abasic sites which stop
the elongation step of the Taq polymerase during the PCR
ii) liming, immersion of the skin in the lime water (CaO +
NaOH), which promotes the oxidation of DNA that pro-
motes the artifactual substitution G to T and C to A. The
final step of tanning consists of adding tannins which are
polyphenols known for their inhibitory effect on PCR. In
conclusion, one can make an analogy between all these
leather processing conditions and the conditions affect-
ing a fossil in its burial environment. For all mentioned
reasons, it is essential that the DNA of leather must be
considered and analyzed as ancient DNA.

FORENSIC DNA TECHNIQUES TO IDENTIFY
SPECIES ORIGIN OF LEATHER

In a recent study, authors have focused on optimizing an
ideal DNA extraction method for leathers (Merheb et al.,
2014). Thus, 200 mg of modern chamois leather sample
were extracted by the most used DNA extraction methods
for degraded DNA, Phenol-Chloroform, and Silica. The
final extracted volume for both was 100 pl. Specific PCR
mix contained an increased volume of chamois extract
(0,25-2 ul). With Phenol-chloroform extraction method,
the extract was colored, therefore, authors were obliged to
perform extract purification using Minelute Purification
Kit (Qiagen® and Chicken Serum Albumin which were
added to the PCR mix. Authors have obtained amplifica-
tions only for 0,25 and 0,5 pl of extract. With the Silica-
modified method, the extract was colorless. Thus, without
any further purification or adding animal serum in PCR
tubes, authors obtained amplifications for all volumes of
extract. These results have suggested the Silica-modified
as non-inhibitive DNA extraction method for species
identification in Leather. Authors concluded that the criti-
cal condition of silica extraction method is that the pH
must be monitored during the entire process and in every
step. Otherwise, DNA is released during washing steps or
shall remain linked to silica particles after elution.

CONCLUSION

Through an interesting study by Vuissoz et al. it was
proven that “nuDNA” cannot be amplified from leather,
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due to the degradation that occurs during the tanning
process. Immersion of the skin into liquids that are either
acidic or basic occurs in many of the steps of the tan-
ning process. Rates of DNA degradation increases quickly
as pH varies from neutral (Lindahl et al., 1993) in solu-
tions, such steps are expected to prompt the degradation
of the DNA. Furthermore, Polyphenols have the ability to
promptly cross-link proteins (for instance collagen) (Vuis-
soz et al., 2007), this is the premise in respect to why skins
are tanned with polyphenols. Such cross-linking may also
influence the DNA leather various ways that are unsafe to
PCR amplification. The DNA molecules might become un-
amplifiable by PCR if they directly crosslink the proteins.
Then again, if an imperative part of the harmful procedure
is the cross-linking of DNA to collagen or other proteins,
basic explanations might be either that the mtDNA mol-
ecules came into contact with fewer portion of proteins
preceding the tanning process (nuDNA is complexed with
various packing proteins such as histones), or that again
the mitochondrion layer essentially isolates and shields
the mtDNA from different proteins inside of the cell (Vuis-
soz et al., 2007). However, with other aDNA studies, the
observation might likewise basically be an impact of the
extraordinarily elevated duplicate number of the mito-
chondrial genomes concerning nuclear genomes which
convey a numerical advantage. nuDNA was not focused
upon in recent studies with deals with ancient and mod-
ern leathers, as to what extent mtDNA can be expected
to survive remains an open question. Due to silica-based
DNA extraction method and a battery of ultra-specific
primers, Merheb et al. 2016 were able to amplify mtDNA
from the ancient and modern leathers and were clearly
able to identify species origin of that interesting tissue
(Merheb et al., 2016).

The extracted DNA is degraded and chemically
altered during the process of leather manufacturing,
therefore; utilizing tannins will enable the co-extraction
of DNA with significant amounts of inhibitors (Vuissoz
et al., 2007). While animal sera could be able to solve
the problem of inhibition, previous studies have reported
the presence of animal DNA in PCR reagents (Champlot
et al., Leonard et al., 2007). Minimizing the use of ani-
mal origin PCR reagents would be greatly preferred, in
particular for the BSA which directly comes from beef,
one of the most likely candidates for the production of
leather (Merheb et al., 2016). The animal kingdom spe-
cies are decreasing drastically over the past period of
time and it is proven that he luxury leather trade has
pushed many species to extinction. In order to preserve
biodiversity, develop fraud detection in leather and
commercial-food, the research in species identification
methods and techniques must continue and prosper and
a focus mitochondrial DNA would be of great impor-
tance as the only key to identify species origin in leather.
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