Ancient DNA in historical parchments -
identifying a procedure for extraction and
amplification of genetic material

T. Lech

Department of Microbiology, Faculty of Commodity Science,
Cracow University of Economics, Rakowicka, Krakow, Poland

Corresponding author: T. Lech
E-mail: tomasz.lech@uek.krakow.pl

Genet. Mol. Res. 15 (2): gmr.15028661
Received March 28, 2016

Accepted April 25, 2016

Published May 6, 2016

DOI http://dx.doi.org/10.4238/gmr.15028661

ABSTRACT. Historical parchments in the form of documents,
manuscripts, books, or letters, make up a large portion of cultural
heritage collections. Their priceless historical value is associated with
not only their content, but also the information hidden in the DNA
deposited on them. Analyses of ancient DNA (aDNA) retrieved from
parchments can be used in various investigations, including, but not
limited to, studying their authentication, tracing the development of the
culture, diplomacy, and technology, as well as obtaining information
on the usage and domestication of animals. This article proposes and
verifies a procedure for aDNA recovery from historical parchments and
its appropriate preparation for further analyses. This study involved
experimental selection of an aDNA extraction method with the highest
efficiency and quality of extracted genetic material, from among the
multi-stage phenol-chloroform extraction methods, and the modern,
column-based techniques that use selective DNA-binding membranes.
Moreover, current techniques to amplify entire genetic material were
questioned, and the possibility of using mitochondrial DNA for species
identification was analyzed. The usefulness of the proposed procedure

Genetics and Molecular Research 15 (2): gmr.15028661 ©FUNPEC-RP www.funpecrp.com.br



T. Lech 2

was successfully confirmed in identification tests of historical
parchments dating back to the 13-16th century AD.

Key words: Parchment; DNA extraction; Species identification; PCR;
mtDNA

INTRODUCTION

Ancient DNA analysis is primarily used in archaeology. However, dynamic scientific
advances have facilitated its usage in population, ecological, epidemiological, and even cultural
studies (Brown and Brown, 1994; Mitchell et al., 2005; Donoghue et al., 2015). Advanced
molecular techniques could be used to retrieve genetic material from plant and animal remains
that are hundreds, or even thousands, of years old. Ancient DNA (aDNA) can be extracted
from the bones, teeth, hair, plants and coprolites, and fossilized fecal material; aDNA analysis
produces valuable data regarding the species of tested organisms, their origins, as well as
their dietary and behavioral habits (Hofreiter et al., 2000; Shapiro, 2007; Scheu et al., 2008;
Haile et al., 2010). As reported in the literature, aDNA can also be recovered from leather and
parchment, which constitute a considerable proportion of historical collections. Analyses of
genetic material contained in cultural heritage objects can be a valuable source of information
in the process of their authentication and studies on their origin, and in cultural investigations
(Poulakakis et al., 2007; Bower et al., 2010; Campana et al., 2010). DNA is a form of organic
matter, and is therefore very susceptible to degradation, particularly due to post-mortem
processes occurring in organisms, which can be associated with endogenous nuclease activity.
Despite its vulnerability, it can survive for a long period of time in the form of ancient DNA,
conditional upon the presence of favorable conditions such as sudden drying, freezing, or
other chemical processes that enable its preservation (Pdidbo and Wilson, 1991; Hofreiter et
al., 2000). Therefore, it can be concluded that the difficulty in retrieval of genetic material
increases with the age of the sample, chiefly because of decay and potential contaminating
factors. This conclusion, however, may not necessarily be true in every case. This is because
genetic material preservation is influenced by the conditions of its storage. Degradation of
ancient DNA can be induced by multiple factors and, as mentioned above, begins with the
death of the organism (Gilbert et al., 2005). The fate of this DNA is considerably affected by
environmental factors, including the pH, humidity, temperature, and UV radiation exposure, as
well as microbial presence and activity at the storage area (Burger et al., 1999). This explains
the high degree of fragmentation observed in ancient DNA: that is, ancient DNA is usually
not longer than 400-500 bp (Shanks et al., 2005; Poulakakis et al., 2007) and typically ranges
between 100-200 bp (Pangallo et al., 2012). Owing to the high degree of aDNA degradation
and scant amounts of recovered aDNA, analyses employ the use of mitochondrial DNA
(mtDNA), characterized by a greater number of copies per cell and shorter sequences, which
enables further archaeological analyses (Mitchell et al., 2005; Andréasson et al., 2006; Vuissoz
et al., 2007). The success of ancient DNA analysis is determined by numerous aspects. aDNA
extraction from test samples is a critical stage of aDNA analysis. This can be done effectively
by using an appropriate DNA extraction method, enabling maximum genetic material recovery
and ensuring adequate purity. Moreover, it is important to conduct the procedure correctly to
avoid contamination with contemporary DNA, other aDNA, or substances that could render
further analyses impossible, such as PCR inhibitors.
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Despite ongoing investigations into the usage of aDNA for testing of cultural
heritage objects, very little is known about the efficacy of the DNA recovered from
various fossil materials, as well as its functionality in further analyses. In this study,
we have analyzed the recovery of aDNA from parchment, one of the first surfaces for
writing, which was developed and used by people throughout the centuries, and which
determined cultural, artistic, and technological progress. At present, advanced research
techniques, including aDNA testing, have rendered parchments as rich sources of data on
the development of historical communities (Campana et al., 2010; Pangallo et al., 2010;
Teasdale et al., 2014). It must be emphasized, however, that the acquisition of functional
DNA from parchment can be particularly difficult because of its considerable degradation
caused by the animal skin preparation and parchment production processes (Poulakakis et
al., 2007; Bower et al., 2010; Campana et al., 2010).

The primary aim of this study was to propose a method to retrieve aDNA from
parchment, and to prepare it for further genetic analyses. For this purpose, I attempted to
identify the most efficient method for extracting DNA from parchments, from among the
multi-stage phenol-chloroform extraction methods, and the modern, column-based techniques
that use selective DNA-binding membranes. Furthermore, we proposed and verified a
procedure for the amplification of the entire-retrieved DNA, which would help acquire the
maximum amount of genetic material for further analyses. The studies were conducted using
both contemporary and historical parchments.

MATERIAL AND METHODS

In order to avoid the risk of genetic material contamination or degradation, all tests
were conducted with particular caution, following the principles of Good Laboratory Practice.
No other animal DNA experiments were carried out before my experiments in labs where
DNA extraction and amplification were conducted. Lab surfaces were prepared adequately,
cleaned with ethanol, and exposed to UV light. When possible, blind controls were prepared
to avoid false results.

The aim of the first stage of this study was to select the most effective method with
which to extract DNA from parchment. For this purpose, the multi-stage DNA extraction
method, based on enzymatic digestion and phenol-chloroform purification, as well as the
commercial column-based method, using a cellulose-silica membrane to selectively bind
DNA, were verified. The tests conducted at this stage were based on samples collected from
contemporary goat and calfskin parchments weighing 3 mg.

The second stage involved aDNA extraction using the previously selected method
from 5 mm x 5 mm fragments of historical parchments. The study material consisted of
samples obtained from parchments dating back to the 13, 15, and 16th centuries AD, and two
samples with unknown dating. The extracted whole aDNA was amplified using a commercial
kit. In the final stage of the study, the recovered genetic material was amplified using universal
primers for cytochrome b, in order to verify its functionality. The amplification products were
finally subjected to sequencing and species identification.

Prior to DNA extraction, both contemporary and historical parchment samples were
purified from possible contaminants with ethanol and ultrapure water.
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DNA extraction

DNA was extracted from the parchment samples with the standard phenol-chloroform-
based method; here, a lysis buffer comprising 100 mM Tris-HCI (pH 8.0), 0.5 M NaCl, 100
mM EDTA, and 2% SDS with proteinase K (400 mg/mL) was used to completely dissolve
the material (approximately 5-6 h) at 56°C. The lysates obtained were purified in two stages:
with phenol and subsequently with phenol and chloroform with a 1:1 ratio. The DNA was then
precipitated with isopropyl alcohol. The DNA pellet was rinsed with 70% ethanol, and the
extracted DNA was suspended in nuclease-free water.

Ancient DNA was extracted using the column-based method, using a standard
DNeasy Blood and Tissue kit (Qiagen, Hilden, Germany) in accordance with the manufacturer
protocols. The samples were incubated in the attached lysis buffer with proteinase K for
approximately 4h at 56°C with shaking. RNase A was added to the samples and incubated for
2 min at 20°-22°C following complete sample dissolution. Subsequently, 200 puL buffer AL
and 200 pL 96-100% ethanol was added and mixed thoroughly by vortex. The mix was then
transferred into a DNeasy mini spin column. DNA was eluted after washing the column as per
the instructions provided in the kit. We also attempted to extract DNA from a sample without
biological material, as a negative control.

The concentration of obtained DNA was measured using the NanoDrop 2000c UV-Vis
spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA).

Whole aDNA amplification

The material recovered from historical parchments was amplified using the commercial
GenomePlex® Whole Genome Amplification kit (Sigma-Aldrich, St. Louis, MO, USA), which
was used to multiply the amount of genetic material. The DNA was fragmented at a concentration
of 1 ng/pL using the fragmentation buffer at 95°C for 4 min, according to the protocol provided
by the manufacturer. A DNA fragment library was then prepared by incubating the DNA mixture
with the library preparation buffer and the library stabilization solution for 2 min at 95°C. The
samples were then incubated in a thermal cycler, following addition of the library preparation
enzyme, according to the following program: 16°C for 20 min, 24°C for 20 min, 37°C for 20
min, and 75°C for 5 min. The amplification master mix, WGA DNA polymerase, and water (at
appropriate concentrations) was added to the samples, and the samples were finally amplified
using the following program: initial denaturation at 95°C for 3 min; 14 cycles of denaturation at
94°C for 15 s and annealing/extension at 65°C for 5 min.

Amplification and sequencing

DNA sequences selected from among each sample of aDNA retrieved from historical
parchments were amplified using universal primers for cytochrome b (Uni-forward5'-
TCCCCAACAAACTAGGAGG-3', Uni-reverse5'-ACTGGTTGTCCTCCAATTCA-3")
(Newman et al., 2002). PCR was conducted in a 25-uL reaction mix comprising 3 uL. DNA
template, 0.4 uM of each primer (Genomed, Warsaw, Poland), 200 pM dNTP (each) (Sigma-
Aldrich), 2 U Taq DNA polymerase (Sigma-Aldrich), 1X polymerase buffer, and 1.5 mM
MgCl,. The samples were amplified in a T100 thermal cycler (Bio-Rad, Hercules, CA,
USA) according to the following program: initial denaturation at 95°C for 5 min; 40 cycles
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of denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and polymerization at 72°C
for 1 min; and a final polymerization at 72°C for 10 min. The obtained PCR products were
separated by electrophoresing on a 1.8% agarose gel, and visualized under UV light using the
Simply Safe dye (Eurx, Gdansk, Poland).

The products were purified and sequenced by Genomed. The obtained nucleotide
sequence enabled the identification of species by aligning with sequences uploaded to the
National Centre for Biotechnology Information (NCBI) database using the Basic Local
Alignment Search Tool (BLAST) for DNA sequence analysis (http://blast.ncbi.nlm.nih.
gov/Blast.cgi).

Statistical analysis

The efficacy of DNA extraction using the phenol-chloroform and column-based
methods was analyzed by estimating the statistically significant differences between the two
(P <0.05) using the Student #-test for equal variances.

RESULTS

DNA extraction from contemporary parchment

The mean DNA concentration values following DNA extraction from contemporary
parchment samples are presented in Table 1. The differences in efficacy of DNA extraction
between the two methods were demonstrated and emphasized by statistically analyzing
the results. The column-based method was found to be more efficient, and the differences
(16.3 £ 6.3 vs 27.9 + 9.8 for calfskin and 8.6 £ 4.5 vs 20.2 £ 9.4 for goatskin parchment)
were significant (P < 0.05). Therefore, aDNA extraction using membranes that selectively
bind DNA (followed by repeated washing) was found to have a considerable impact on
the quantity and quality of obtained genetic material. The aim of the statistical analysis
was to indicate the DNA extraction method that was more efficient. However, parchment,
being a biological material, is diversified in terms of DNA content; therefore, statistical
analyses in studies of this type are conducted for informative purposes only. Considering
the nature of the material (parchment subjected to aggressive chemical processing during
manufacturing), the quantity of obtained genetic material, as well as its purity can be
considered very satisfactory.

DNA extraction from historical parchments

Ancient DNA was extracted from 13-16th-century parchments using the column-
based method, which had proven to be more efficient in the first stage of the study. I
attempted to extract DNA from 5 different fragments of historical parchments. Of these,
three tests were successful (Table 2). However, DNA extraction from the sample dating
back to the 15-16th century, and one sample with unknown dating, was unsuccessful. The
quantity of recovered genetic material was increased by DNA amplification, resulting in
30-times greater amounts of DNA (Table 2).
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Table 1. Efficacy of DNA isolation using the phenol-chloroform and column-based methods.

Parchment type DNA extraction with phenol-chloroform method DNA extraction with column method
Concentration ng/uL + SD 260/280 260/230 Concentration ng/uL + SD 260/280 260/230

Bovine parchment 16.3 6.3 1.76-1.84 1.71-1.78 27.9 +9.8% 1.86-1.91 1.71-1.88

Goat parchment 8.6 +4.5% 1.66-1.91 1.59-1.82 20.2 +9.4% 1.72-1.89 1.75-1.87

Mean values with standard deviations (£ SD) and statistically significant differences (P < 0.05): *column-based
extraction; °phenol-chloroform extraction; 'DNA extraction from goatskin parchment; 2DNA extraction from
calfskin parchment.

Table 2. Ancient DNA extraction from historical parchments.

Sample of historical parchment DNA concentration after column method extraction [ng/uL] DNA concentration after amplification [ng/uL]
Number Characteristic

S1 XIII century 3.2 59.5

S2 XVI century 9.3 112.1

S3 Unknown date - -

S4 Unknown date 0.6 18.2

S5 XV/XVI -

Amplification and sequencing

The functionality of the obtained genetic material was verified by amplifying the
cytochrome b sequences of DNA directly after extraction and after whole genome sequencing.
Unfortunately, the use of aDNA directly after extraction as a PCR template did not yield
any products (Figure 1). Amplification of aDNA sequences after whole genome amplification
yielded products for samples S1, S2, and S4 (Figure 2). No PCR products were obtained for
samples S3 and S5 (Figure 1 and 2).

It must also be emphasized that sample S0, used as a negative control for the amplification
of genetic material directly after extraction and after whole genome amplification, yielded no PCR
products for cytochrome b. This proves that the samples were not contaminated during extraction.

M CN S1 S2 S4 CP M SO0 S3 S5

250 bp

100 bp

Figure 1. Electrophoresis of PCR products of DNA amplified immediately after extraction. Lane M = size of DNA
50-500 bp; CN = negative PCR control; S1-S5 = historical parchment samples; SO = negative control for DNA
extraction; CP = positive control (contemporary bovine DNA).

M CN SO SI S2 S4 CP M S3 S5

250 bp

100 bp

Figure 2. Electrophoresis of PCR products of DNA processed after whole DNA amplification. Lane M = size of
DNA 50-500 bp; CN = negative PCR control; S1- S5 = historical parchment samples; SO = negative control during
DNA extraction; CP = positive control (contemporary bovine DNA).
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The species of animals whose skins were used to produce test parchments were
identified and the functionality of recovered aDNA was verified by sequencing the obtained
products for a selected cytochrome b sequence. The species were identified as follows: S1 -
Bos indicus (100%; GenBank accession No. KU253479.1); S2 - Bos frontalis (98%; GenBank
accession No. EU878388.1); and S4 - Bos taurus (99%; GenBank accession No. JX472267.1).

DISCUSSION

Animal skin was one of the first materials broadly used by humans, and is therefore
a rich source of historical, technological, and cultural information. However, the degree of
processing and aggressive handling of hide involved in parchment production renders it
difficult foraDNA extraction. Additionally, genetic material existing in these materials undergo
considerable degradation, with factors such as humidity, temperature, pH, UV exposure, or
microbial activity contributing to the decay process (Kennedy and Wess, 2003; Poulakakis
et al., 2007; Vuissoz et al., 2007; Campana et al., 2010; Pangallo et al., 2012). In this study,
methods used to extract DNA from parchment were evaluated. The multi-stage method
comprising lysis with enzymatic breakdown, phenol-chloroform purification, and ethanol
precipitation of DNA, employed by a number of previous studies (Poulakakis et al., 2007;
Campana et al., 2010), enabled DNA recovery from parchment at a relatively satisfactory
quantitative and qualitative level. A similar method was applied to extract DNA from animal
skin in a previous study (Ojeda et al., 2012), with satisfactory results. However, the column-
based method, using selective DNA-binding membranes, was more efficient, and produced a
genetic product of greater purity.

The key stage was aDNA recovery from samples of historical parchments. This aDNA
was used in species identification, to determine the origin of test parchments. Extraction
was successful in three out of five samples dating back to the 13-16th century AD. Species
identification was conducted based on mtDNA sequences of cytochrome b. As reported in the
literature, the use of mtDNA yields better results in aDNA analysis. This could be attributed to
the greater number of copies of mtDNA compared to that of nuclear DNA (nuDNA), as well
as shorter product fragments that could facilitate further analyses (Bollongino et al., 2006;
Vuissoz et al., 2007; Scheu et al., 2008; Stock et al., 2009; Rizzi et al., 2012). However, it must
be emphasized that analyses based on ancient mitochondrial DNA may be more vulnerable to
contamination than those involving genomic DNA (Teasdale et al., 2014). The cytochrome b
sequence is often used with great success in aDNA analyses (Poulakakis et al., 2007; Campana
et al., 2010; Pangallo et al., 2010). The use of aDNA as a PCR template immediately after
extraction yielded no PCR products. Appropriate products were achieved only after whole
DNA amplification using a commercial kit. As shown by Ballantyne et al. (2007), the WGA kit
considerably increases DNA quality and concentration, thereby facilitating further analyses.
Species identification was performed by sequencing the obtained products. The identified
species included Bos taurus, a previously identified parchment species (Poulakakis et al.,
2007; Campana et al., 2010; Pangallo et al., 2010), as well as Bos indicus and Bos frontalis,
which have not been previously identified in studies of parchments. Bos indicus, Bos frontalis,
and Bos taurus belong to the Bovidae family and have been known to humanity for thousands
of years. This suggested that the skin of all three species was used in the preparation of the
parchment. However, these species are characterized by high sequence homology, as seen
between Bos indicus and Bos taurus (Prado et al., 2007), which can prevent their accurate
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identification from cytochrome b sequences obtained using universal primers. In such cases,
the use of species-specific primers is recommended.

The extraction of DNA using selective DNA-binding membranes and whole DNA
amplification, allows researchers to obtain functional aDNA. In this study, animals whose
skin was used to prepare parchments over the ages were successfully identified. However,
it must be emphasized that the degree of degradation of genetic material and high risk of
contamination with contemporary DNA or different aDNA increases the difficulty of aDNA
analyses, evincing particular caution.

The results presented in this article and the research described in literature (Burger et
al., 2000; Teasdale et al., 2014) suggest that DNA present in historical parchments can be a
good source of information about cultural heritage objects.
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