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Abstract South american precolumbian male mummies
were employed as source material for a comparative in-
vestigation of bone and soft tissues by DNA analysis. The
suitability of the DNA extracts from both sources was
tested and evaluated by their effectiveness as target DNA
in PCR amplifications. The results suggest that skeletal
material should be given preference over soft tissues for
PCR analysis if the material is severely degraded. This
seems to be independent of the specific anatomical origin
of the samples.
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Zusammenfassung Fiir eine vergleichende Untersu-
chung von Knochen und Weichgewebe als Quellenmate-
rial fiir DNA-Analysen wurden siidamerikanische, priko-
lumbische, ménnliche Mumien verwendet. Die Eignung
der DNA-Extrakte beider Quellen wurde iiber ihre Effek-
tivitdt als Ziel-DNA in PCR-Amplifikationen bewertet.
Die Ergebnisse zeigen, dafl bei Verwendung stark degra-
dierten Materials Knochen den Weichgeweben fiir PCR-
Analysen vorzuziehen sind. Dies scheint unabhéngig von
der spezifischen anatomischen Herkunft der Proben zu
sein.

Schliisselworter alte DNA - Knochen - Weichgewebe
automatisierte DNA-Extraktion - PCR
Geschlechtsbestimmung

Introduction

A wide variety of ancient DNA (aDNA) extracted from
degraded biological material is available for molecular bi-
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ological analysis (Herrmann and Hummel 1993; Hummel
et al. 1993). Therefore a comparison of different tissues
with regards to their suitability for DNA extraction and
amplification becomes a focus of interest. First ap-
proaches to comparative studies of different source mate-
rials have been reported by Thuesen and Engberg (1990),
Nielsen et al. (1993) and Cooper (1993) but an evaluation
of the tests is lacking. Here, we report on the extraction of
aDNA from bones and soft tissues of 2 south american
mummified precolumbian male individuals and compare
their suitability for PCR analysis. PCR as a crucial exper-
iment was chosen since the general suitability of a DNA
extract as a target in an enzymatic amplification proce-
dure is most informative for aDNA work. In our experi-
ence the DNA yield with portions of human and mi-
crobacterial origin (Hummel 1992; Jeffreys et al. 1992;
Herrmann and Hummel 1993) seems to have no immedi-
ate influence on amplification success. Contemporary
modern human bones and soft tissues from male and fe-
male individuals were included as positive and negative
control samples. Bones and soft tissues from mummified
individuals require different preparation and purification
since aDNA extracts from soft tissues contain more in-
hibiting substances due to degradation during the mummi-
fication process (Cooper 1992). Inhibition can result from
either reducing sugars (Pdadbo 1990) or an excess of co-
extracted microbacterial DNA (Jeffreys et al. 1992). Re-
ducing sugars are indicated by a blue fluorescence in
ethidium bromide stained gels. Their inhibitory quality
was empirically investigated by an additional purification
and PCR amplification.

Materials and methods
Preparation of bone samples

A total of 45 bone samples were collected from different skeletal
elements (femur, tibia, humerus, ulna, cranjium, vertebra, rib,
pelvis) of both individuals. The outer surfaces of the bones were
exposed to UV light (254 nm) for 5 min to inactivate possible con-
taminating modern DNA (Cone and Fairfax 1993). After powder-
ing the samples in a mixer mill (Retsch Typ MM2) 0.5 g was
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Fig.1 The DNA extracts (10 ul) were run on a 3% agarose gel
and stained with ethidium bromide. The 1KB DNA-Ladder (Gibco
BRL) was utilized as molecular weight standard. High molecular
weight DNA could be extracted from all modern control samples
and on a smaller scale from bone of the mummified individuals. In
contrast aDNA from mummified soft tissues only exhibits low
molecular weight DNA fragments. Additionally, in these samples,
the orange fluorescence of the DNA under UV light (254 nm) was
overlapped by blue fluorescence which indicates inhibiting impu-
rities. The DNA extracts from the ancient samples will also con-
tain portions of microorganism origin

mixed with 1 ml of 0.5 M EDTA (pH 8.1), shaken constantly for
45 hours at room temperature and centrifuged for 5 min in a Ep-
pendorf bench top centrifuge 5415 C at 3000 rpm (% 750 X g).
DNA extraction was carried out with the supernatants in an auto-
mated nucleic acids extractor (Gene Pure Typ 341 A, Applied
Biosystems) starting with a proteinase K (0.93 mg, 39 U/mg) di-
gestion at 56°C for 1 hour. A standard phenol and chloroform ex-
traction was carried out, followed by mixing the samples with a
silica powder (glass milk, Dianova). This produces a binding of
DNA to the glass beads (Poinar 1994) in the presence of iso-
propanol and sodium acetate (2.0 M, pH 4.5). In the last phase of
the automated extraction procedure the DNA/glass milk samples
were collected on filtration membranes (Applied Biosystems) and
washed with ethanol. Finally the DNA was manually eluted from
the silica beads with sterile water (Ampuwa) and run on a 3%
agarose gel (Serva) (Fig.1) (for preparation of bone samples cf.
Hummel et al. 1993).

Preparation of soft tissues

Mummified soft tissue samples (z = 17) of no further determinable
histological quality were collected from various anatomical re-
gions (hip, upper and lower extremities) of both individuals. Sam-
ples of 0.5 g tissue powder were mixed with 2 mi buffer consisting
of 10 mM Tris-HCL, pH 8.0, 2 mM EDTA, 20 mg DTT, 0.1%
SDS and 1.0 mg proteinase K (39 U/mg). After 27 hours constant
shaking at 37°C the soft tissue solutions were heated to 94°C for
10 min to inactivate proteinase K. Thermic denaturation ensures
reproducible uniformity within the samples in preparation inde-
pendent of their number. After centrifugation (5 min, 3000 rpm =
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Fig.2 Amplification products are seen in all male modern con-
trols while no products are detectable in the no template control (x)
and the modern female bone sample. Y-chromosomal products can
also be identified in both types of mummy samples. Typically the
products of the bone samples are more distinct, specific and effec-
tive. The 1KB DNA-Ladder (Gibco BRL) was used as molecular
weight standard

750 x g) the supernatants were transferred to the automated nucleic
acids extractor. Following phenol and chloroform extraction and
concentration by glass milk, the extracts (Fig. 1) from soft tissues
still revealed inhibiting contaminations. Therefore a further purifi-
cation step applying an additional filtration system (Magic PCR-
Preps Purification System, Promega) (Meizei 1991) was per-
formed on the extracts prior to PCR.

PCR

The amplification product is a 154 bp sequence on a human Y -spe-
cific 3.4 Kb repeat sequence (Kogan et al. 1987). By amplification
of this sequence a molecular biological sex determination is car-
ried out (Muellener et al. 1989; Hummel 1992; Hummel et al.
1992; Hummel and Herrmann 1993). Two-step PCR (Cha and
Thilly 1993) consisting of a denaturation and a combined an-
neal/extension temperature was carried out in 50 ul reaction mixes
containing 10 mM Tris-HCL (pH 8.0), 50 mM KCL, 1.5 mM
MgCl,, 220 uM each ANTP (Boehringer), 2.8 pM each primer, 35
ul sterile water (Ampuwa) and 2% of the aDNA extracts. Before
adding the aDNA and the Taq DNA polymerase the mixture was
exposed to UV light (254 nm) for 5 min. The PCR reaction started
with 5 min denaturation at 94° C. During this time 2.5 U of Taq
DNA polymerase (Promega) was added. Cycling parameters con-
sisted of 40 cycles with 94°C for 1 min and 60°C for 30 sec in a
Thermal Cycler (Perkin Elmer Cetus). The samples were run on a
3% agarose gel and stained with ethidium bromide (Fig. 2).

Results

After the application of appropriate extraction and purifi-
cation procedures, the bone samples of the investigated
mummified individuals regularly contained more DNA
than the soft tissue samples. This was qualitatively de-
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Table 1 Bone and soft tissue samples as source material for PCR
amplification

MummyI  MummyII  Total
Bone n? 24 21 45
PCRP 20 12 32
in % 83.3 57.1 71.1
Soft tissue n? 15 2 17
PCR® 7 1 8
in % 46.6 50.0 47.1

aNumber of samples
bNumber of samples with successful amplification

ducible from the gel electrophoresis results (Fig. 1) and quan-
titatively by determination of the DNA yield of single sam-
ples by UV spectrophotometry (Jouan S 750). Thereby
DNA yields of about 70 ng/pl could be measured for the
bone samples and less than 2 ng/pl for the soft tissue sam-
ples. It has to be taken into account that portions of this
yields will be of microorganism origin. In addition the ex-
tracts from the bone samples revealed comparatively
more high molecular weight DNA. Moreover they con-
tained less inhibiting impurities and thus required less pu-
rification before performing PCR reactions. No differ-
ences concerning DNA quality could be detected within
the different types and origins of bone samples. A total of
32 out of 45 ancient bone samples (= 71%) and & out of
17 ancient soft tissue samples (= 47%) could be amplified
successfully (Table 1), whilst all positive and negative
controls of contemporary bone and soft tissue samples
confirmed the correctness of the results (Fig.2).

Discussion

Current literature reports only either soft tissues or hard
tissues as a source material for mainly population genetic
studies in museum and archaeological contexts (e.g.
Piidbo 1991; Ellegren 1993; Hagelberg 1993; Kurosaki et
al. 1993) and historic or forensic identification case stud-
ies (Hagelberg et al. 1991; Hochmeister et al. 1991; Jef-
freys et al. 1992; Gill et al. 1994). In contrast this study
experimentally investigated the direct comparison of
aDNA extracts derived from soft and hard tissues from
the same individual with regard to their suitability for
PCR analysis.

The results show that both bone and soft tissue samples
are suitable for aDNA analysis, but skeletal remains
should be given preference when source materials are se-
verely degraded. This was concluded by the fact that am-
plifications with DNA extracts from bone samples were
more successful than those from soft tissue samples. This
empirical way of evaluating the samples is supported by
data such as the DNA yields, and the qualitative estima-
tions of DNA degradation and impurity content, espe-
ciaily as the soft tissue samples needed more purification
handling in order to reveal the achieved results.

Automated DNA extraction of degraded samples with
a GenePure 341 A is recommended, since it enables a re-

C. Lassen et al.: Comparison of DNA extraction and amplification

duction in the risk of contamination with contemporary
DNA by laboratory handling to a minimum. In addition
automated extraction permits exact reproducibility of ex-
traction parameters (Hummel 1992; Hummel and Herr-
mann 1993).

This work was supported by the Bundesministerium
fiir Forschung und Technologie.
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