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Abstract: Extraction of DNA from skeletd materid is of great importance in the identification of human remains,
but is particulaly difficult because the high amount of microbid DNA was often co-extracted with human bone
DNA. We found that a phenol/chloroform extraction, followed by ultrfiltration, and dleanup by via the QIAquick®
PCR purification kit yields higher amounts of human genomic DNA compared with extraction by the column affinity
method® adone. Ultrafiltration extraction of human DNA from ten exhumed bone samples yielded 0.041-1.120 ng/
uL DNA (mean = 0.498 ng/uL DNA), and purification using the column affinity resulted in 0.016-0.064 ng/uL
DNA (mean = 0.034 ng/uL DNA). Although the STR genotyping by the column affinity method was partialy
successful, dl DNA samples by the ultrdfiltration method produced full profiles from the multiplex PCR. The
efficiency of STR genotyping was in accordance with the amounts of the human DNA extracted.
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1. Introduction

While investigating DNA extracted from bone,
forensic and ancient DNA research has begun to
focus more on the methodological problems
associated with the extraction and analysis of
DNA from bone samples recovered from mass
graves, war remains, or forensic cases. This
includes recent research on exogenous contamination,*
problems with DNA degradation and damage,
and the possible co-extraction of PCR amplification
inhibitors.3>* One less explored problem is the
high amounts of microbial DNA that is often co-
extracted with human DNA from the remains of
exhumed bodies. Previous research has shown
that DNA extracted from bone yields minimal
amounts of degraded human DNA, mixed with
high amounts of microbial DNA.>” While most of
the published techniques have been relatively
effective in particular circumstances, it is difficult
to predict which types of problems, cited above,
will be encountered when working with any given
sample.®12

In this study, two DNA extraction methods were
evauated with respectsto their ability to extract human
specific DNA from exhumed bones: ultréfiltration
versus column affinity. The efficiency of producing
STR profiles from these extracts served as a messure
of the quality of human DNA extracted by either
method.

2. Materials and Methods

2.1. Bone samples
Ten bone specimens (femur shaft) excavated from

several public cemeteries in South Korea, were
selected for the study. Buria period of these human
remains ranged from 1 year to 2 years. The bone
fragments were stored a —70°C following their
exhumation.

2.2. DNA extraction: Ultrafitration based extra-
ction
The bones were cleaned aggressively to remove
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the outer layer of foreign materia. After crushing the
bones into several pieces, they were placed in 50 mL
conical tubes, decdlcified in 20 mL of 0.5 M EDTA,
pH 8.0, while being rocked gently & room tem-
perature for one week. The bones were washed three
times with digtilled water to remove excess EDTA.
After manualy processing the bone material using a
scalpel to obtain 1-2 mm bone particles, DNA was
extracted from gpproximately 0.45 g of bone materids.
Extraction-negative controls accompanied each set of
extractions and were subjected to the following
steps.

The samples were incubated overnight in 500 uL
of lysis buffer at 56°C in water bath without shaking.
The lysis buffer contained 10 mM Tris-HCI, pH 8.0,
100 mM NaCl, 10 mM EDTA, 0.5% SDS, 39 mM
dithiothreitol, and 0.4 mg/mL proteinase K. After the
lysis, the samples were extracted using a phenol-
chlorophorm protocol. DNA was first extracted by
adding 500 uL of phenal/chloroform/isoamyl acohol
(25:24:1) to the lysate, and then centrifuged at 15000
rpm for 5 min. The agueous phase was removed
and subjected to a subsequent extraction using
phenol/chloroform/isoamyl acohol, as just described.
The agueous phase was concentrated with centrifugal
filter devices with a Microcon Y™-100 (Millipore,
U.S.A) ultrefiltration membrane and each sample
was euted in 30 uL of distilled water. The
extracted DNA was further purified with the
QIAquick® PCR purification kit (Qiagen, Germany) in
accordance with the manufacturer’s instructions.
DNA was dissolved in a total volume of 30 uL
distilled water.

2.3. DNA extraction: Affinity based method
Parallel DNA extraction was performed on the

same bone samples with column affinity method
with the QIAamp® mini kit (Qiagen, Germany) in
accordance with the manufacturer’singructions.

24. Total DNA and human DNA quantification
Since bacterial DNA may account for some of

the total DNA recovered, the percentage of human
DNA was determined for each extraction. The



340

concentration of total DNA extracted from bone
was quantified by agarose gel electrophoresis and
ethidium bromide staining. K562 DNA standards
were used as a quantification standard from which
adilution series (40, 20, 10 and 5 ng of DNA) was
generated. A standard curve from the DNA
sandards was generated and the DNA concentrations
of the samples were extrapolated using this curve.
The concentration of human DNA extracted from
bone was determined with the Quantifiler® Human
DNA Quantification Kit (Applied Biosystems)
according to the manufacturer’s protocol.

2.5. PCR amplification and analysis of STR
profiles

DNA was amplified using the AmpHSTR Iden-
tifiler kit (Applied Biosystems) in accordance with
manufacturer’s ingructions (28 cycles). For the
DNA samples extracted by ultrefiltration method,
we peformed additional amplification using the
Powerplex 16 kit (Promega). Depending on the
human DNA quantification results, the volume of
template was adjusted to fit the manufacturer’s
recommendation on DNA concentration. The PCR
products were separated using capillary eectrophoresis
with the 3100 Genetic Anayzer, Applied Biosystem
and the results were analyzed by the GeneMapper 1D
software v3.1.
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3. Results and Discussion

Considerably large amounts of human DNA were
obtained using the ultrefiltration extraction method
(Table 1). Thisis in stark contrast to the results of
total DNA extracted where there was little difference
between the yidds of either method, and one
extraction method did not consistently yield larger
concentrations of DNA than the other. A wide
variation of total DNA extracted from the different
bone samples was observed. The total DNA concen-
tration varied greatly between 0.3-38.0 ng/uL DNA
(mean = 19.6 ng/uL. DNA) by column affinity method,
and 2.0-24.6 ng/luL DNA (mean = 16.0 ng/uL DNA)
by ultrefiltration method. Column &ffinity yields of
human DNA from bone samples ranged between
0.016-0.064 ng/uL. DNA (mean=0.034 ng/uL DNA).
The ultrefiltration method gave adequate yields of
human DNA from dl bone tested, ranging between
0.041-1.120 ng/uL. DNA (mean = 0.498 ng/uL DNA).
Therefore, when microbid contaminated human DNA
are extracted by column affinity method, extraction
of sufficient quantities of human DNA for ampli-
fication becomes less likely, even extraction of tota
DNA is roughly similar with the results of the
ultrafiltration method.

Since the column affinity extracted human DNA
was of poor quantity, the STR profile results were

Table 1. Comparison of silica affinity and phenol/chloroform ultrafiltration methods of extracting DNA and their amount of

total DNA and human DNA extracted

Amounts of total DNA (ng/uL)

Amounts of human DNA (ng/uL)

Bone samples — — — —
Column affinity Ultrefiltration Column affinity Ultrefiltration
1 37.2 219 0.016 0.440
2 189 24.6 0.045 1.120
3 27.1 16.0 0.016 0.406
4 38.0 16.8 0.030 0.216
5 03 20 0.057 1.020
6 6.9 8.9 0.028 0.794
7 323 133 0.006 0.041
8 30.3 20.6 0.053 0.259
9 34 134 0.064 0.237
10 13 22.7 0.025 0.445
Mean 19.6 (1306.7 ng/g) 16.0 (1066.7 ng/g) 0.034 (2.3 ng/g) 0.498 (33.2 ng/g)
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adso poor. As expected, the STR typing efficiency
was in accordance with the results of the yield of
human DNA in the extracts. As shown in Table 2,
we obtained full alelic profile for 1 bone and for 9
of them we detected only partia profiles composed
of 6-14 loci out of a tota of 16, respectively.
However, in the case of the DNA extract with the
ultrefiltration method, we obtained full alelic
profiles of dl 10 tested specimens. In the case of
ultrefiltration method, we performed two different
amplifications for each DNA extract with Identifiler
and Powerplex 16. The results of these two adlélic
profiles were compared in order to determine the
correct signas from the bone samples. Contami-
nation arising from lab personnel could be ruled out
in this case as each individud exhibits an STR
profile unique from that exhibited by the bone
samples.

Why does the ultrafiltration method work so much
better than the column affinity? In addition to the
QIAGEN® mini kit, we also applied the DNA IQ™
protocol for DNA extraction from these same
samples, and obtained the similar poor results (data
not shown). It has been reported that in the case of
overwhelming microbial DNA, microbia DNA will
compete with human DNA for binding to the silica
resn with DNA IQ™ protocol; as a result, the
human DNA vyield will be poor.™® In such casg, it is
recommended to increase the amount of slica resin
to increase overal yield of total DNA. Such
troubleshooting can be aso applied to the QIAGEN®
mini kit due to the fact that both methods are based
on the same sdilica affinity, even though the exact
character and quality of the silica materias used for
DNA purification in the QIAGEN® mini kit is
poorly defined.** Moreover, the negative influence of
microbia DNA on human DNA binding was observed
in a previous study.® It was reported that high
amounts of microbial DNA could interfere with the
specific hybridization of human sequences in a dot-
blot format, rendering false negative results on the
human DNA quantitation of bone and teeth DNA
sample. In the case of ultrefiltration, Microcon Y M-
100 filters cut off the DNA by molecular weight, not

by affinity. As such, the amount of human DNA
retained by the Microcon YM-100 filter is not
contingent on the amount of microbiad DNA co-
extraction from the same specimen. Moreover,
further purification usng QIAquick PCR purification
kit has potential to remove not only degraded DNA
fragments (<100 bp) but also the PCR inhibitor.*®

In conclusion, modified ultrafiltration method was
established on the microbia contaminated exhumed
bone, showed higher yields of human genomic DNA
and PCR product compared with affinity method.
The modified ultrafiltration method can be the best
choice for extracting human DNA from samples
containing large amounts of microbial DNA.
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