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Abstract

L

The study of DNA extraction from bones is an important part of archaeogenetics. This study has provided a
new investigating power to view and understand the human past. Gandhara Graves are widespread throughout the
Gandhara region, from Bajaur to the Indus in Pakistan. The graves are not only widespread throughout Gandhara
but other regions (the areas east-of the Indus River) as well. Dani has divided Gandhara Graves into three distinct
groups belong to three distinct periods. In the present article, the systematic research has been undertaking by
the researchers to isolate DNA from the fragments of human skeletal remains recovered from Gandhara graves.
Although in this regards the researchers have mentioned novel methods that could be used for DNA extraction but
the only method applied is ethanol/chloroform precipitation-based PCR amplifiable method for DNA Extraction from
the human skeletal remains recovered from Gandhara grave sites.
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Introduction

In archaeological investigation DNA analysis has proven to be a
valuable resource in tracing pre-historic population movement. This
DNA technique has long been applied by archaeologists anthropologist
and scientist to the recognition of biological components of human
remains. It has been used to show the material cultural significance
excavated from the archaeological sites.

Gandhara Grave Culture emerged c. 1600 BC, and flourished c. 1500
BC to 500 BC. Gandhara Graves are widespread throughout the Gandhara
region, from Bajaur to the Indus in Pakistan. Dani (1968: 108) has divided
Gandhara Graves into three distinct groups belong to three distinct
periods. According to Dani, Period I Represented by the complete burial:
bronze hairpins, two varieties and distinctive pottery types carinated,
narrow-waisted, tall drinking vases and offering stands with straight-sided
bowls. Period II Represented by the complete burial plus cremation and
urn burials. Bronze, silver, and gold are found. Two more varieties of
bronze hairpins are known. Pottery forms show remarkable evolution. The
most important forms are the urns of different sizes, cooking vessels on
stands, and narrow-necked, bottle-shaped vases. Period III Represented by
the complete burial, cremation and urn burials, plus fractional burials after
exposure. The important new finds are iron tools and weapons. Among
other discoveries, beads of precious stones and terracotta figurines are
important innovations [1].

The present research is about the DNA extraction from ancient
human skeletal remains recovered from Gandhara Grave sites. The
human skeletal remains in the form of human skeletal fragments were
recovered from two Gandharan Grave sites Juga Khat’ and ‘Warokay
Gujjar Banr’, Tehsil Kabal, District Swat, Pakistan. These skeletal
remains were provided and recovered by the Taxila Institute of Asian
Civilizations, Quaid-i-Azam University, Islamabad, Pakistan and the
license for the archaeological survey was provided by the Directorate of
Archaeology and Museums, KPK, Pakistan. These two sites have been
destroyed by the local people due to agricultural activities [2-5].

DNA Extraction Methods and its Approaches in Archaeology

The analysis and recovery of DNA from ancient graves have

enormous potential to shed light on a number of fields including
anthropology, archaeology, paleoodontology etc. One area in
particular in which the human DNA has lagged is the comparison
and optimization of DNA extraction methods. Actually, the field of
archaeology has three prefered extraction novel methods exist for
human DNA extraction. These comprehensive methods have been
conducting using human and faunal bones are comprises on Silica
EDTA and Phosphate. In this process, the first group of hydroxyapatite
focuses on the binding capacity of DNA. It used to disclassified the
material into a different number by incubation in an EDTA buffer.
Meanwhile, help to extracted DNA from that buffer. Second most
important DNA extraction group concentrate on purifying DNA
through incubation with chaotropic salt often known as guanidium
thiocyanate. Hense other substances become washed away through
this salt but it binds nucleic acid to silica. The third group of DNA
extraction method is based on hydroxyapatite chromatography in
which DNA is eluted in the bone matrix by using phosphate buffer [2].
In fact, these DNA methods not only used to recover DNA molecules
efficiently but also inhabit subsequent enzymatic reaction preserved in
the sample [6-8].

The chemistry of DNA is able to exploit its unique linear
complementary standard that is based on two standard approaches PCR
analysis and hybridization. In PCR system enzyme are most notably
used to amplify (increase the number of) a template DNA sequences
by replication. This process is defined by choice of primers which are
oligonucleotides of about 20 bases in length that‘s why required 30-40
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repeats in an amplification complementary to the beginning until the
end of the template sequences to achieve its desired goals [9-11].

Apart from that in hybridization the affinity between DNA probes are
sensitively estimated in a manner analogous to immunochemical reaction
through its compositional structure and test. In this method, if probes are
sufficiently homologous than bind to a complementary DNA [3].

Ethanol/Chloroform Precipitation-based PCR Amplifi-
able Method for DNA Extraction from the Human Skel-
etal Remains Recovered from Gandhara Grave Sites

The experiment has been performed in the Department of
Medical Genetics, Quaid-i-Azam University, Islamabad, Pakistan. The
researchers have followed the method [4] for DNA Extraction from
the Human Skeletal Remains Recovered from Gandhara Grave Sites.
The method used for the DNA extraction from the skeletal remains is
ethanol/chloroform precipitation-based method for DNA [4] for the
extraction of DNA from ten 500-1200 years old human bones from
four different Hungarian burial sites. They succesfully extracted DNA
and amplifialated it in PCR [12-15].

Materials and Methods

Small fragments were separated from the skeletal remains. In order
to prevent contamination, all stages were carried out under sterile
conditions, using latex gloves and mouth masks.

DNA extraction

Surface material was removed from the samples of skeletal remains.
The samples were washed with ethyl alcohol and distilled water. The
surface of samples was removed and only the inner part of the sample
was ground into a sterile agate mortar and converted into powder form.

Powdered sample was suspended in 1.6 ml extraction buffer (0.1 M
EDTA, 0.5% N-lauryl sarcosine-Na salt, 100 mg/ml proteinase K), vortexed
and incubated overnight at 37°C with continuous vertical rotation. After
phase separation by centrifugation at room temperature 12000 r.p.m for 10
min, the 250 pl supernatant was transferred to a 1.5 ml Eppendorf tube and
3.5 ul 1 ug/pl Dextran Blue, 250 ul 4 M NH4-acetate and 500 ul 96% EtOH
were added and mixed by vortexing. PCR is inhibited in a dose-dependent
manner at concentrations of Dextran Blue only >125 pg/ml. The DNA was
precipitated at 70°C for 7 min and centrifuged at 14000 r.p.m at 4°C for 15
min. The pellet was redesolved in 20-30 pl deionised, distilled water. The
remaining extract was stored at 20°C.

Amplification

A typical amplification reaction contained 2-7 pl of bone extract,
1 U Taq DNA polymerase, 160 pg/ml BSA, 200 uM each of dNTP, 20
pmol each of mtDNA-specific primers, 1x PCR Buffer in 25 pl total
volume. Denaturation was at 93°C for 5 min, followed by 35 cycles
of denaturation at 93°C for 1 min, annealing at 58°C for 1 min and
extension at 72°C for 1 min. The last cycle was followed by an extra
extension step at 72°C for 5 min. Amplification reactions were prepared
in a PCR box using dedicated pipettes that had never been in contact
with amplified DNA.

In order to check the fragment size and quality of amplification one-
fifth of the PCR product were run on a 5% native polyacrylamide gel.

Results

Ethanol/chloroform precipitation-based PCR amplifiable method
is efficient and easy for DNA extraction from ancient bones and the

method made it possible to extract DNA from the Human Skeletal
Remains Recovered from Gandhara Grave Sites. However, DNA
sequencing will be carried out in the future. Chemicals and equipment
mentioned in the method are available in Pakistan. Therefore ancient
DNA extraction is possible in Pakistan.

Discussion

In Pakistan, there is no research in the field of archaeogenetics.
The present paper will contribute in initiating such type of researches
in Pakistan. Ethanol/chloroform precipitation-based PCR amplifiable
method is a novel method in Pakistan for the study of ancient bones.
It is very simple and effective for DNA extraction from ancient bones.
The method does not require any special devices. Therefore, the method
can be used very easily for the study of ancient bones. DNA extraction
from ancient bones is not an easy job but this method is very successful
for PCR amplification.

Conclusion

The use of most advancing technique of DNA extraction enables
us to know about the genetics relationship, paleopathology, sex
and genetic disorder from the skeleton remains. This particular
study remarkably opens the new frontier in archaeogenetics. The
use of Ethanol/chloroform precipitation-based PCR amplifiable
method provides great information to the archaeological science of
Gandhara graves. Finally, the result suggests that Ethanol/chloroform
precipitation-based PCR amplifiable method is efficient and easy for
DNA extraction from the ancient bones. Moreover, the combination
of its sensitivity and specificity has enabled it to become the major
technique in Pakistan to understanding ancient DNA.
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