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ampliﬁcation success was veriﬁed upon
electrophoresis in 2% agarose gels.

Abstract
Introduction
The preservation of DNA in old
skeletal remains is reported to be very
low in a tropical country like Sri Lanka
due to prevailing climatic and
environmental conditions such as high
temperature, high rainfall and high
humidity, etc. In this study, extraction
of DNA from old skeletal remains
dated back to 15 – 40 years was
attempted by using previously
published extraction protocols.

Results and Analysis

Materials and Methods

Conclusion

A 15-years-old humerus (15Y)
excavated from Kuliyapitiya area in
Kurunegala district and the 40-yearsold tibia (40Y) received from
Department of Anatomy, Faculty of
Medical Sciences, University of Sri
Jayewardenepura were used to extract
old DNA. Human mitochondrial HVS I
region of extracted DNA was ampliﬁed
in PCR using four overlapping ﬁrst
round primers and second round nested
primers respectively. A second-round
nested PCR was performed. PCR

In the present study, we have
successfully extracted and ampliﬁed
DNA from old skeletal remains by
using modiﬁed phenol chloroform
method and DNA investigation Kit –
QIAGEN, Germany, nevertheless the
preservation of DNA in skeletal
remains in Sri Lanka is very low.

DNA bands were obtained with correct
size ranges for all systems in both ﬁrst
and second round PCR products of
ampliﬁed DNA extract of old bones
15Y and 40Y from modiﬁed phenolchloroform method. DNA bands were
obtained from all four systems for 40Y
bone DNA extract from DNA
investigation Kit; QIAGEN, Germany.

Keywords - Old DNA, Bone DNA
extraction protocols, Forensic
medicine,
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osteon, preserves its DNA, therefore
bone is generally considered an optimal
DNA source for DNA studies in old
samples[2,8,9]. Literature further supports
that bones give better DNA yield than
that of other soft tissues of the human
body[10,11].

Introduction
Nucleic acids in biological material are
subjected to degradation and
modiﬁcation due to exposure to water,
oxygen and, microbes and thus the
survival of DNA in forensic
remains/archaeological remains
depends on geographical, climatic,
environments and soil conditions.[1,2,3]
The low preservation of DNA in
forensic remains of old bones/teeth and
their authenticity are the two main
inherent problems recognized in
extraction and analysis of old DNA.[4]

Globally, several DNA extraction
protocols have been developed for old
[4,12,13,14,15,16,17,18,19]
and ancient samples
. The
Chelex based DNA extraction protocol
has been attempted to extract highly
fragmented aDNA from human and
animal skeletal remains dated back to
5,400 YBP at temperate countries like
[13]
Canada by Newman et al., (2002) .
The method of ethanol precipitation
enhanced by Dextran blue has yielded
aDNA of skeletal remains found in Iran
[14]
in the Middle East . Phenolchloroform method has been used to
successfully extract aDNA not only
from Neanderthal infant (29,000 YBP)
excavated from Russia but also from
human bone samples (600-year-old)
found in Malaysia situated near to
[19,14]
equator
.

Nucleic acids slowly degrade over time
mainly through processes of hydrolysis
and oxidation.[2,5] Hydrolysis breakdown
the N-glycosyl bond between the sugar
and the base of DNA strand in the
presence of water. Oxidation modify
bases or distort the helix due to
hydroxyl or superoxide radicals. As
oxygen metabolism in the cell is taken
place within the mitochondria,
oxidation mainly aﬀects the
mitochondrial DNA compared to the
nuclear DNA.[6]

The preservation of DNA in old or even
archaeological remains in tropical
countries like Sri Lanka is very low and
the amount of recoverable DNA is
[20]
scanty . There are no documented
studied done on successful extractions
of DNA from old skeletal remains
found in Sri Lanka. Therefore, the
development of an eﬃcient method to
recover DNA from old skeletal remains
found in a tropical county like Sri
Lanka is timely needed.

Hydantoins (oxidized pyrimidines) are
mostly done the destruction to DNA.[6]
Hydantoins decreases the success in
extraction and ampliﬁcation of DNA in
old and ancient skeletal remains. They
particularly inhibit chain extension in
PCR[7]. Therefore, recovery and,
ampliﬁcation of DNA in old bones,
when possible, is usually limited to
fragments of having sizes range from
300 to 500 bp in length[6].
The presence of a mineral matrix of
hydroxyapatite which surrounds the
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potential contaminations. A negative
control containing blank DNA
extraction was performed along with
each batch of extractions to eliminate
contaminations during DNA
extractions. A second negative control
was used in PCR to verify the
extraction and PCR authenticity[21,23].

Materials and Methods
Precautions to avoid contamination
during DNA extractions
All extractions and PCR activities both
pre and post were performed in three
separate rooms with dedicated
equipment according to the guidelines
given for analysis of old and ancient
[4]
DNA . Physically isolated clean room
was dedicated to DNA experiments for
all manipulations prior to PCR. Access
to DNA extraction room was strictly
controlled according to the guidelines
given by Paabo et al., 2004; Amory et
al., 2012; and Zgonjanin et al.,
[4,21,22]
2017
.

Bone samples analysed
A 15-years-old humerus (15Y)
excavated from Kuliyapitiya area in
Kurunegala district and the 40-yearsold tibia (40Y) received from
Department of Anatomy, Faculty of
Medical Sciences, University of Sri
Jayewardenepura were used to extract
DNA.

Preparations reagents, bone grinding,
DNA extractions and PCR were
performed in laminar ﬂoor hood
equipped with UV bulbs. The laminar
ﬂoor hood was cleaned with 10%
bleach, 96 % ethanol and UV irradiated
before each use.
Barrier tips/aerosol-resistant tips were
used in reagent preparation, DNA
extraction and PCR and other all steps.
Solutions used for DNA extraction,
PCR reagents and post PCR reagent
were stored in isolated rooms. Bone
processing and DNA extraction was
carried out in separate room.
Polymerase Chain Reaction (PCR) was
set up in a room dedicated for this sole
purpose and post PCR gel
electrophoresis was carried out in a
third room.

15 Y
40 Y
15 Y (15-years-old 40 Y (40-years-old
humerus)
tibia)

The use of masks, coats, gloves and the
use of disposable sterile materials for
all manipulation were done to minimize

Bone samples used in extractions
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Preparation of bones for DNA
extraction

PCR ampliﬁcation of the human
mtDNA HVS - I

The preparation of bone was done
according to the methods described by
the Amory et al., (2012) [21]. The work
station and all bone scraping tools were
thoroughly cleaned with a freshly
prepared 10 % bleach solution followed
by washing with 96 % ethanol.

The hypervariable segment - I in the
human mitochondrial D - loop between
the positions L15,978 and H16,355 of
extracted bone DNA was ampliﬁed
using ﬁrst (1st) round oligonucleotide
PCR primers Hum1.1, Hum1.2 and
Hum1.3 each of which generating
fragment sizes of 378 bp, 247 bp and
[24]
233 bp respectively . PCRs were
performed in 50 µl reaction volumes
using 5 µl of extracted mitochondrial
DNA per reaction in GeneAmp 9,600
thermal cycler (Applied Biosystems)
using PCR ampliﬁcation protocol as
[24]
reported in Lertrit et al., 2008 .

The selected bones were washed
thoroughly with household bleach and
distilled water respectively at least for
two times and followed by air dried.
The area of sampling was cleaned by
using a sterile and UV irradiated sandpaper which has been stored in -20oC
to remove the outer most bone surface
to remove contaminants and other
impurities. Then the puriﬁed bone
surface was exposed to UV for 15
minutes. The UV irradiated surface was
used to make ﬁne powdered bone
sample by using UV irradiated sandpaper.

nd

The second (2 ) round PCR was
performed with 50 times diluted
primary products by using Hum2.1,
Hum2.2, Hum2.3 and Hum2.4. Each
reaction generated fragment sizes of
247 bp, 135 bp, 161 bp, 228 bp
[24]
respectively . The second round PCR
was performed in 50 µl reaction
volumes using PCR ampliﬁcation
protocol as reported in Lertrit et al.,
[24]
2008 . Blank reactions were
concurrently done for every PCR
reaction in order to verify the reliability
of the PCR process.

DNA extraction protocols
Extraction of DNA from skeletal
remains was attempted by using
previously published extraction
[13]
protocols such as Chelex , ethanol
[14]
precipitation by Dextran blue ,
modiﬁed ethanol precipitation by
[14]
Dextran blue , modiﬁed phenol[15]
chloroform method and one
commercially available DNA extraction
kit (DNA Investigation Kit; QIAGEN,
Germany). Five extraction protocols
were tried out to extract DNA of 15Y
and 40Y bone samples.

nd

Veriﬁcation of the success of 2 round
PCR products was performed by
running the PCR products along with a
DNA size maker (50bp size marker) in
a 2% agarose gel in 0.5 TBE, pH- 8 at
100v for 45 minutes after PCR
ampliﬁcation.
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Results and Analysis

Chelex based method

DNA was extracted from the old human
bones of 15 years (15Y) and 40 years
(40Y) by adopting the extraction
[13]
methods of Chelex , ethanol
[14]
precipitation with Dextran blue ,
modiﬁed ethanol precipitation with
Dextran blue, modiﬁed phenol[15]
chloroform method and with a
commercially available DNA extraction
kit (DNA Investigation Kit – QIAGEN,
Germany). The DNA was subjected to
PCR ampliﬁcations. The success of
each PCR ampliﬁcation reaction was
veriﬁed by 2% agarose gel
electrophoresis.

DNA was extracted from old bones of
15Y and 40Y using the method
described by Newman et al., (2002).
Seven point ﬁve microlitres of ﬁrst and
second round of PCR products were
subjected to electrophoresis in a 2%
agarose gel. First round products
generated fragment sizes of 378 bp, 247
bp and 233 bp for (1st) round
oligonucleotide PCR primers Hum1.1,
Hum1.2 and Hum1.3 respectively.
Second round products generated
fragment sizes of 247 bp, 135 bp, 161
bp, 228 bp for (2nd) round
oligonucleotide PCR primers Hum2.1,
Hum2.2, Hum2.3 and Hum2.4
respectively.

Fig 1.1a

Fig 1.1b

Fig 1.1a Agarose gel containing 7.5 µl
of each ﬁrst round PCR product and Fig
1.1b Agarose gel containing 7.5 µl of
each second round PCR product
ampliﬁed from the extraction method
described by Newman et al., (2002)
[13] of 15Y and 40Y bones

PCR ampliﬁcations were not observed
in the ﬁrst round and second round
ampliﬁcations of the DNA extracts
obtained from the method described by
Newman et al., (2002)[13]. This
methodology is not success in DNA
extraction from old skeletal remains.
20
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DNA was extracted from modern bones
15Y and 40Y using the method
described by Mohendasan et al., (2004)
[14]
. Seven point ﬁve microlitres of ﬁrst
and second round of PCR products
were subjected to electrophoresis in a
2% agarose gel. First round products

generated fragment sizes of 378 bp, 247
st
bp and 233 bp for (1 ) round
oligonucleotide PCR primers Hum1.1,
Hum1.2 and Hum1.3 respectively.
Second round products generated
fragment sizes of 247 bp, 135 bp, 161
bp, 228 bp for (2nd) round
oligonucleotide PCR primers Hum2.1,
Hum2.2, Hum2.3 and Hum2.4
respectively.

Fig 1.2a

Fig 1.2b

Fig 1.2a Agarose gel containing 7.5 µl
of each ﬁrst-round PCR product and
Fig 1.2b. Agarose gel containing 7.5 µl
of each second round PCR product
ampliﬁed from the extraction method
described by Mohendasan et al., (2004)
[14]
of 15Y and 40Y bones

Modiﬁed ethanol precipitation with
Dextran blue based method

Ethanol precipitation with Dextran
blue based method

DNA was extracted from old bones of
15Y and 40Y using the modiﬁed
ethanol precipitation with dextran blue
method described by Mohendasan et
al., (2004) [14]. Seven point ﬁve
microlitres of each ﬁrst and second
round PCR products were subjected to
electrophoresis in a 2% agarose gel.
First round products generated
fragment sizes of 378 bp, 247 bp and
st
233 bp for (1 ) round oligonucleotide
PCR primers Hum1.1, Hum1.2 and

PCR ampliﬁcations were not observed
in the ﬁrst round and second round
ampliﬁcations of the DNA extracts
obtained from the method described by
[14]
Mohendasan et al., (2004) . This
methodology fails to extract DNA from
old skeletal remains.
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(2nd) round oligonucleotide PCR
primers Hum2.1, Hum2.2, Hum2.3 and
Hum2.4 respectively.

Hum1.3 respectively. Second round
products generated fragment sizes of
247 bp, 135 bp, 161 bp, 228 bp for

Fig 1.3a

Fig 1.3b
available DNA extraction kit; DNA
Investigating Kit (QIAGEN, Germany).
Seven point ﬁve microlitres of each
ﬁrst and second round PCR products
were subjected to electrophoresis in a
2% agarose gel. First round products
generated fragment sizes of 378 bp, 247
st
bp and 233 bp for (1 ) round
oligonucleotide PCR primers Hum1.1,
Hum1.2 and Hum1.3 respectively.
Second round products generated
fragment sizes of 247 bp, 135 bp, 161
bp, 228 bp for (2nd) round
oligonucleotide PCR primers Hum2.1,
Hum2.2, Hum2.3 and Hum2.4
respectively.

Fig 1.3a. Agarose gel containing 7.5 µl
of each ﬁrst round PCR product and Fig
1.3b. Agarose gel containing 7.5 µl of
each second round PCR product
ampliﬁed from the modiﬁed extraction
method described by Mohendasan et
[14]
al., (2004) of 15Y and 40Y bones
PCR ampliﬁcations were not observed
in the ﬁrst round PCR ampliﬁcation of
DNA extracts from the modiﬁed
method described by Mohendasan et
al., (2004) [14]. DNA bands were
obtained with correct size ranges for all
systems of second round PCR products.

DNA investigation Kit (QIAGEN,
Germany)
DNA was extracted from old bones of
15Y and 40Y using commercially
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Fig 1.4a

Fig 1.4b

Fig 1.4a. Agarose gel containing 7.5 µl
of each ﬁrst-round PCR product and
Fig 1.4b Agarose gel containing 7.5 µl
of each second round PCR product
ampliﬁed from the extraction done by
DNA Investigating Kit (QIAGEN,
Germany) of 15Y and 40Y bones

Modiﬁed phenol chloroform method
DNA was extracted from old bones of
15Y and 40Y using the modiﬁed
method of phenol chloroform described
[14]
by Ariﬃn et al., (2007) . Seven point
ﬁve microlitres of ﬁrst round and
second round PCR products were
subjected to electrophoresis in a 2%
agarose gel. First round products
generated fragment sizes of 378 bp, 247
bp and 233 bp for (1st) round
oligonucleotide PCR primers Hum1.1,
Hum1.2 and Hum1.3 respectively.
Second round products generated
fragment sizes of 247 bp, 135 bp, 161
nd
bp, 228 bp for (2 ) round
oligonucleotide PCR primers Hum2.1,
Hum2.2, Hum2.3 and Hum2.4
respectively.

DNA bands were obtained with correct
size ranges for 15Y and 40Y bone
ampliﬁed by PCR reactions containing
ADHum1.2 primer of ﬁrst-round PCR
products.
DNA bands were obtained from all four
systems for 40Y bone. However, there
was no PCR ampliﬁcation in 15Y bone
except PCR system containing
ADHum2.4 primer.

23

Sri Lanka Anatomy Journal (SLAJ), 3(II) 2019, 16-28

Chandimal, K.M., Yasawardene, S.G., Ruwan, J. Illeperuma - Optimization of DNA extraction protocol using skeletal remains
found in Sri Lanka

Fig 1.5a

Fig 1.5b

Fig 1.5a Agarose gel containing 7.5 µl
of each ﬁrst-round PCR product and
Fig 1.5b. Agarose gel containing 7.5 µl
of each second round PCR product
ampliﬁed from the modiﬁed extraction
method of phenol-chloroform described
[14]
by Ariﬃn et al., (2007)
of 15Y and
40Y bones

Canada by Newman et al., (2002) ,
this protocol did not yield any DNA
from old bone samples used in this
study (Fig 1.1a, and 1.1b).

[13]

The method of ethanol precipitation
enhanced by Dextran blue has yielded
DNA of skeletal remains found in Iran
in the Middle East (Mohendasan et al.,
[14]
2004) . In this study, DNA extraction
protocol - ethanol precipitation
enhanced by Dextran blue was not able
to yield DNA from both 40Y/ 15Y
samples (Fig 1.2a, and 1.2b). The DNA
extraction protocol - ethanol
precipitation enhanced by Dextran blue
was modiﬁed by changing the
consistency of extraction buﬀer and this
modiﬁed version of same protocol gave
better results for second round PCR
ampliﬁcation (Fig 1.3a, and 1.3b).

DNA bands were obtained with correct
size ranges for all systems in both ﬁrst
and second round PCR products.

Discussion
Five DNA extracting methods were
tested in order to check the feasibility
of isolating DNA from bone samples of
the present study.
Although, the Chelex based DNA
extraction protocol has been
successfully extracted highly
fragmented DNA from human and
animal skeletal remains dated back to
5,400 YBP at temperate countries like

The modiﬁed version of the protocol
[15]
published by Ariﬃn et al., (2007)
reporting successful DNA extraction
from a 400-year-old bone recovered
from Wanli's shipwreck at Dungun sea
24
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contamination of DNA extracts with
modern DNA can be possible even in a
laboratory dedicated for forensic DNA
analysis. In the present study, it was
demonstrated that strict
decontamination procedures were done
that has not been used previously for
modern DNA testing and
decontamination process such as
exposure to UV (Ultra Violet radiation)
of reagents and equipment during the
preparation of old DNA samples was
utilized during analysing. Furthermore,
1.0% of chlorox was used to clean all
bench surfaces to eliminate any surface
contamination.

coast was found to be successful for the
present study (Fig 1.4a, and 1.4b). A
commercial DNA extraction kit; DNA
Investigating Kit (QIAGEN, Germany)
also yielded DNA from old bones in
this study (Fig 1.5a, and 1.5b).
Contamination with other DNA sources
is of the utmost concern when working
with old DNA [25,23]. Contaminant human
DNA can be introduced at any point
during the processes of sampling,
extraction and ﬁnally PCR setup
[25,23,28,29]
. Therefore, strict laboratory
procedures have been adhered to
minimize such contaminations and this
would aﬀect the authenticity of the
result of the DNA extract. Negative
controls in extraction and ampliﬁcation
procedures were used to detect possible
contaminations. PCR control
ampliﬁcations were performed with
multiple non – template PCRs
containing aliquots of the reagent with
distilled water. These controls were
done together with actual template
samples to detect sporadic or low copy
number contamination as recommended
by Eshleman and Smith, (2001) [26]. The
absence of contaminants of human
DNA was conﬁrmed by the absence of
ampliﬁcation (DNA bands) in the
negative controls (Fig 1.4a, 1.4b, 1.5a
and 1.5b).

Detection of any PCR ampliﬁcation
even after 50 cycles of initial PCR
ampliﬁcation failed for both samples
(Fig 1.1a). This observation was in
contrast with that of the fresh biological
sample (+ve control) (Fig 1.1a). This
may be due to a result of very low
amount of initial DNA template in the
reaction. In order to compensate for the
very low amounts of retrieved DNA, a
second round (nested) PCR was
optimized to increase the speciﬁcity
and sensitivity of the technique as
[24]
described in Lertrit et al., (2008) .
In this study, we successfully optimized
DNA extraction protocol phenolchloroform method which gave better
DNA yield from old bone samples.
DNA investigation kit gave better DNA
yield from the old skeletal remains too.
This optimized protocol could be used
in forensic DNA analysis,
archaeological DNA studies and even
ancient DNA studies.

It is always recommended to have a
dedicated laboratory to handle
specimens for DNA studies of old or
ancient samples. However, there is a
possibility that chemicals, reagents and
disposable items such as columns,
tubes, pipette tips etc could be
contaminated by modern DNA during
manufacturing processes [26]. Therefore,
25
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