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Abstract
The usage of DNA sequencing and fingerprinting has given rise to many powerful techniques that are extremely useful in the
modern world, two particular areas where these have become vitally important is in the determination of paternity and in the
investigation of ancestral roots. STR allele frequency and mtDNA HVR sequencing are both used for human identification
purposes, they can also be applied to determine the area an individual most likely came from and the lineage they originated
from tracking inheritance patterns over several generations. In this study we tested twenty related individuals of Arabic descent
for both mtDNA and STR allele frequency to confirm their racial status, comparing and contrasting to existing data to verify
the results and to localise their lineage. The data collected was also analysed for unusual results in both STR and mtDNA
output. The results indicated that the individuals were in fact of Arabic descent, with very close matching to published Iraqi
and Kuwaiti STR frequency population data. Furthermore, analysis of the mtDNA further confirmed likely Arabic status and
location of origin in the Middle East. Analysis also determined that there was one unusual result for the D19S433 locus where
a particularly lengthy allele was discovered in one allele. This allele had been previously reported and was not present in any
other individuals in the sample group. Two of the single nucleotide mismatches in the mtDNA sequence appeared to be unique
to the individual and were not definitive mutations for any known haplogroup; these may be truly unique or symptomatic of an
undiscovered haplogroup or sub-clade. These results indicate that use of STR frequency is more accurate in determining
lineage in small groups, whereas it is likely that in large groups mtDNA may be more useful due to its internal self-referencing
in family groups, lower cost and timescale.
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1. Introduction
Deoxyribonucleic acid (DNA) forms the building blocks of
life. Transcription into mRNA drives the production of
proteins necessary for cell structure and function. Everything
found in a human, animal, plant or bacteria is ultimately
encoded for and controlled by DNA, in fact, it is sometimes
referred to as the blueprint for life. Consisting of a double
helix formed from polymers of nucleotides interspersed with
* Corresponding author
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sugar and phosphate groups, DNA is a very complicated and
delicate structure. Within the nucleus, DNA is organised into
chromosomes which in turn are moulded by proteins into
tightly wound structures for protection and to direct
transcription of specific genes and gene groups. These
chromosomes are duplicated during cell division and then
split to ensure that both newly formed cells receive a full
complement of the genetic code. DNA forms the genetic code
in all higher forms of life and its evolution can be traced back
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billions of years. This code contains all the information for
life, as well as information allowing scientists to examine the
evolution of proteins and other structures through time and
from species to species (32). Intensive research into DNA, its
forms and structures has led to several new areas of research
opening up including genetic engineering, lineage tracking,
bioinformatics and forensics. There are several ways to
identify individuals for example facial features, fingerprints
and dental records all of which can be falsified and which
can be difficult to use in forensic situations where the body
may be badly damaged or decayed. The one form of
identification that stands out from the crowd as being highly
accurate and virtually impossible to fake is DNA testing.
Despite this, the general public does not understand a great
deal about this very powerful technique; for example, very
few lay people would be able to describe one method for
DNA identification, and fewer still would realise that more
than one method exists.
1.1. Rationale for Study
The current level of research into autosomal STR DNA
profiling and mtDNA as tools for forensic identification is
fairly conclusive and has established both these methods for
forensic use. The pros and cons for each type have also been
extensively investigated and well accepted by mainstream
science and forensics. Despite this, there is a lack of data
making direct comparisons between these two methods for
the identification of individuals.

sample produced. DNA will be amplified using the AmpF
STR SMG+ PCR kit and primer sets (Applied Biosystems,
Warrington UK) followed by creation of a DNA profile for
each individual shown in Appendix 1.1.
Preparation of mtDNA will involve extraction using the
Qiagen Dneasy blood and tissue kit (Qiagen, Crawley UK),
followed by analysis of the quality and quantity of the sample
produced. The resultant DNA will then be amplified by PCR
using specific primers for the HVR I and HVR II regions, the
resulting DNA will be sequenced for each individual shown
in Appendix 1.2.

2. Materials and Methods
2.1. Acquisition of Samples
20 related individuals were selected for this project, all of
Arabic descent. The subjects were 20% Female and 80%
Male within the age range of 19-38 (Table 2). All subjects
provided both buccal cell swabs and hair samples to be
analysed for STR and mtDNA profiles respectively. All
subjects gave their consent for their DNA material to be used
for the purpose of this research and no identifiable
information will be used in the presentation of these results.
2.2. Solutions, Chemicals and Kits
All chemicals were acquired from Sigma-Aldrich (Dorset,
UK), unless otherwise stated.

1.2. Research Question

2.2.1. Phosphate Buffered Saline

This study seeks to investigate and compare the use of
autosomal DNA fingerprinting and mitochondrial DNA
sequencing for the identification of individuals.

137mM NaCl
3mM KCl
10mM Na2HPO4

1.3. Research Aims
This research aims to obtain samples from several
individuals, of Arabic descent, and extract autosomal DNA
from buccal cells, obtained using buccal swabs for use in
determining identity using STR profiling and mitochondrial
DNA from hair shafts for identification of the individuals by
examining the HVR regions. These results will then be
compared and contrasted to the published sequencing data for
Arabic populations.
1.4. Research Methodology
Samples will be obtained from related individuals in the form
of buccal cells using mouth swabs and hair shafts. Samples
will be prepared, amplified and analysed following the
format in Appendices 1 and 2.
Preparation of autosomal STR DNA will be done by
extraction of DNA using the Promega DNA IQ kit system
(39), followed by analysis of the quality and quantity of the

2mM KH2PO4
The pH of the solution is adjusted to 7.4.
2.2.2. DNA IQ system
This system is used to isolate and quantify DNA and is
available from Promega (39). This system uses a magnetic
resin to bind to the DNA to separate it from any
contaminants; the pure DNA can then be eluted from the
resin. All required solutions are provided with the kits and
were used in line with the provided protocol from the
manufacturer. This kit was specifically designed to be used to
purify DNA and provide a reliable quantity for the purpose of
STR analysis.
2.2.3. AmpFℓSTR Identifiler PCR System
The AmpFℓSTR Identifiler kit is available from Applied
Biosystems (Warrington, UK). This kit is very broadly used
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for forensics, research and paternity purposes, the kit covers
15 major STR loci and Amelogenin. These loci cover all the
loci used as standard in major worldwide databases. This kit
includes primers, reaction mix (containing dNTP and
reaction buffer), STR allelic marker ladder and Amplitaq
Gold (DNA polymerase).
2.2.4. Dneasy Blood and Tissue Kit
The Dneasy Blood and Tissue kit from QIAGEN (Crawley,
UK) is a silica based system for purification of DNA from
almost any sample source. It is particularly useful for
obtaining DNA from hair, nails and other difficult sources,
this makes it extremely versatile and particularly useful for
extraction of mtDNA for analysis. The kit contains collection
columns and tubes plus all the buffers needed from lysis to
elution.
2.2.5. Tris/Borate/EDTA Buffer (TBE)
87mM Tris
89mM Boric acid
2mM EDTA
Adjusted to pH8, these concentrations are for 1x TBE
solution, a stock can be made at 5x and diluted when needed.
This buffer can also be used at 0.5x for agarose gel
electrophoresis.
2.3. Short Tandem Repeat (STR)
Polymerase Chain Reaction (PCR) of an
Arabic Population
Analysis of the STR profiles of all 20 individuals was carried
out using the following protocols to ensure reliability and
reproducibility.
2.3.1. Collection of Buccal Cell Samples
Samples were collected using buccal brushes by brushing the
inside of the cheeks with fairly hard pressure for 30 seconds.
The brushes were then inserted into 15ml Falcon tubes
containing 10 ml PBS and swirled vigorously to release the
cells into solution. The tubes were then centrifuged at 2000 x
g for 10 minutes to pellet the cells. The PBS was discarded
and the cells were resuspended in 1 ml of PBS, transferred to
a 1.5ml microcentrifuge tube and stored at 4°C until use.
2.3.2. DNA Extraction from Buccal Cells
Using the IQ System
350 µl of lysis buffer (IQ system lysis buffer) with added
DTT was added to the buccal cell samples and heated to
95°C for 30 min. The solution was then centrifuged in a
microcentrifuge at 10,000 rpm for 5 seconds. 7µl of magnetic
resin was then added, briefly mixed and incubated at room
temperature for 5 minutes. The tube was vortexed again and
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placed in the magnetic stand for separation of resin. Remove
supernatant, taking care not to disturb pellet and discard. 100
µl of lysis buffer was added, then the solution was vortexed
again before being placed back in the magnetic stand, once
again the supernatant was removed and discarded. This
process was repeated with 100 µl wash buffer 3 times. 100 µl
of elution buffer (IQ system elution buffer) was added to the
resin and warmed in a water bath at 65°C for 5 minutes. The
mixture was then vortexed, placed in the magnetic stand and
the supernatant was removed to a fresh microcentrifuge tube,
labelled and then stored. This DNA solution can be stored at
4°C short term or -20°C/-70°C long term. 10 µl of this DNA
solution can be diluted 1:10 and used for PCR.
2.3.3. Amplification of STRs Using the
AmpFℓSTR PCR System
PCR is the system used to amplify a specific region of DNA
from any source. The system is based upon the action of
DNA polymerase, it utilises the replication powers of DNA
polymerase in combination with very specific primers to
initiate replication of a highly specific region. Using varying
temperatures to initiate different stages of the process the
PCR cycle controls the entire process stopping and restarting
it many times to continuously double the level of the specific
product present. The first stage of the process is denaturation,
also known as melting, this separates the double stranded
DNA allowing the polymerase and primers access to the
“template” and is conducted at very high temperatures
(usually between 94-98°C) for 30 – 180 seconds. The next
stage is the annealing step where the temperature is dropped
to allow the specific primers to bind to the template, this step
is most commonly accomplished at temperatures between
50°C and 65°C, the more specific the primers the higher this
temperature can be, this step is usually performed for 1
minute or less. The temperature is then increased for the
elongation step, this is where the primers are extended to
cover the region required, resulting in the product and more
template for the next round of PCR. The temperature of the
elongation step is wholly reliant on the DNA polymerase
used, but is usually in the region of 70°C – 80°C for 1 to 3
minutes, the DNA polymerase used for this project was
AmpliTaq Gold (Applied Biosystems, Warrington, UK)
which has a recommended elongation stage of 72°C for 1
minute. A final elongation step is often employed to ensure
that the last strands are completed; this uses the same
temperature as the standard elongation but can be set for up
to 15 minutes (Appendix 2.4). The PCR methodology most
relied upon was written by Sambrook and Russel, however
the protocol and the various forms of PCR have been
evolving and developing over the last 25 years to become a
vital tool for research, analysis and forensics.
PCR reaction mixes were formulated. Briefly 20 µl of
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reaction mix (AmpFℓSTR kit), 9 µl of primers (AmpFℓSTR
kit), 1 µl of enzyme (Amplitaq Gold from AmpFℓSTR kit), 1
µl of diluted DNA sample and 18 µl of deionised water were
added to a 750 µl microcentrifuge tube, total solution volume
was 50 µl.
These samples were then placed in a thermal cycler and the
DNA was amplified using the following cycle:
95°C for 11minutes
Then 28 cycles of:
94°C for 1 minute (melting/denaturation)
59°C for 1 minute (annealing)
72°C for 1 minute (elongation)
Then 60°C for 45 minutes and then 25°C until end.
This cycle protocol was saved on the thermal cycler as
programme SMG+, this ensures the same programme was
run each time, reducing the risk of errors being introduced
through a change in programme, thus increasing
reproducibility and reliability of the process.
2.3.4. Analysis of Amplified Samples Using
the ABI 310 Genetic Analyser
Samples were analysed using the ABI 310 genetic analyser
(Applied Biosystems;
Warrington, UK) which is specifically designed to compare
STR and SNP sequences with standards. The system is rapid,
automated and eliminates the need for gel preparation.
Samples are loaded into the system as premixes, the system
is run and the samples are compared to standards to give the
results of STR analysis. In brief, 1.5 µl of the PCR reaction
was added to 24 µl of the Hi-Di Formamide mixture (buffer
and dye) and 1 µl of the Genescan size standard, the solution
was mixed very briefly and applied to the ABI 310 genetic
analyser. Controls included a water blank, a positive control
(from the STR kit) and an allelic ladder for STR
comparisons.
2.4. Mitochondrial DNA (mtDNA) PCR of an
Arabic Population
Analysis of mtDNA in the 20 related individuals was
accomplished using hair samples and the following
protocols:

2.4.1. Collection of Hair Samples
Hair samples were collected from the same 20 individuals,
these samples were placed into microcentrifuge tubes and
labelled in the same manner and order as before. The hairs
then had any root or follicle structure removed in preparation
for mtDNA extraction.
2.4.2. DNA Extraction from Hair Shafts
Using the Dneasy Blood and Tissue
Extraction Kit
Hair shaft samples were cut to approximately 1 cm in length
and placed in sterile 1.5 ml microcentrifuge tubes, containing
300 µl Buffer ATL, 20 µl proteinase K and 20 µl 1M DTT to
breakdown and lyse the sample. The samples were vortexed
for 10 seconds, before being incubated at 56 °C for 48-72
hours. The samples were vortexed occasionally throughout
incubation to ensure adequate mixing and complete
digestion. After vortexing briefly for 15 seconds, 300µl
Buffer AL and 300 µL EtOH were added to the samples and
mixed thoroughly by vortexing. The samples were then
transferred into Dneasy Mini spin columns which were
placed in 2 ml collection tubes. The samples were
centrifuged at 8,000 rpm for 1 minute and the flow through
and collection tubes were discarded. The Dneasy spin
columns were placed into fresh 2 ml collection tubes and 500
µl of Buffer AW1 was applied to the column, before being
centrifuged at 8,000 rpm for 3 minutes. Again the flow
through and the collection tubes were discarded and the
Dneasy spin columns were place into fresh 2 ml collection
tubes and 500 µl of Buffer AW2 was applied. The samples
were centrifuged at 13,000 rpm for 4 minutes to dry the
Dneasy membrane, then the flow through and the collection
tubes were discarded. The Dneasy spin columns were placed
into clean 1.5 ml microcentrifuge tubes and 150 µl of Buffer
AE was pipetted directly onto the membrane. The samples
were incubated at room temperature for 1 minute, before
being centrifuged at 8,000 rpm for 1 minute to elute the
DNA. The flow through was retained and transferred into a
fresh 1.5 ml microcentrifuge tube, it was then stored at 4 °C
until use.
2.4.3. Amplification of mtDNA HVRs by PCR
The mtDNA extracted from the hair shafts was then
amplified using primers specific for the HVR1 region of
mtDNA.

Table 1. HVR1 primers and their properties.
HV1 primers
F 15975-93B
R16418-01B

HV1 Amplicon size
444bp
444bp

Primer sequence
5’-xCTCCACCATTAGCACCCAAA
5’-XATTTCACGGAGGATGGTG

Melting temperature
63.6
61.0
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The reaction mixes for these PCR reactions are in brief 44
µl
of
reddy
mix
(a
mixture
of
dNTP;
Thermofisher/ABGene, Epsom, UK), 1 µl of AmpliTaq
Gold (Applied Biosystems, Warrington, UK), 0.5 µl of
each primer and 4 µl of sample (sample, water for
negative control or ABI DNA 007 for positive control)
were mixed together in a 750 µl microcentrifuge tube,
with a total sample volume of 50 µl.
These samples were then placed in a thermal cycler and the
mtDNA was amplified using the following cycle:
95°C for 11minutes
Then 28 cycles of:
94°C for 1 minute (melting/denaturation)
59°C for 1 minute (annealing)
72°C for 1 minute (elongation)
60°C for 45 minutes and then 25°C until end.
2.4.4. DNA Agarose gel Electrophoresis,
Sequencing DNA, and Bioinformatics
To analyse the mtDNA PCR products the samples were ran
on agarose gels, 1g agarose was dissolved in 100ml of TBE
to create a 1% gel. Samples were sent for sequencing to the
DNA sequencing core, to obtain more detailed information.
As mtDNA profiling relies upon single base pair differences
and not necessarily differences in length sequencing is
essential to determine similarity or difference between
samples as analysis due to length (agarose gel
electrophoresis) is insufficient. In order to achieve useable
results the mtDNA sequences alone are not enough. These
sequences need to be aligned, compared to each other and
compared to a standard. The samples are compared to a
standard or a database to ensure that the correct region has
been amplified. The sequences are then compared to each
other to determine similarity. Using this method it will be
possible to determine maternal inheritance/relation between
the individuals. However there may be some that are not
close matches, these would be males that had married into
the family from another maternal lineage.

3. Results
3.1. STR Results
STR analysis of twenty related individuals of Arabic descent
was carried out. Examples of profile readouts achieved are
shown in Appendix 3.1 (one male and one female). The
peaks found on these profiles represent the particular variant
of each allele found; each allele tends to have two
representative peaks these peaks represent the two alleles
found in each individual. In some cases only one peak is
seen, this represents the small minority of cases where the
individual is homozygous for an allele variant. This
incidence is far lower than occurrence of homozygosity for a
particular gene as it represents two identical copies, whereas
homozygosity for a gene represents identical functionality
and not necessarily identical sequence.
For each individual two results for each allele are acquired
giving a total of forty results to be used for allele frequency
analysis.
3.1.1. Frequency of STR Alleles
The frequency of each alleles in the sample population was
analysed and compared to 3 prominent research articles
which analysed the frequency of alleles within various
populations, it is also compared to the published results for
the Caucasian population (10). These results show that
although there is diversity amongst the sample population
there are also clear dominant alleles within the population.
3.1.2. D19S433
STR allele D19S433, had 2 prominent repeat number
frequencies of 12 and 13, with 13 being marginally more
frequent. This differs from published frequency data, the
most commonly found repeat number is 14 and is very
dominant in the Caucasian population, this repeat number
was the fourth most common in the sample set presented
here. Despite this mismatch, the second most common repeat
number in the Caucasian population and the results by
Alenizi et al., (4), was 13, the most frequent allele found in
this study. The most frequent repeat length for each sample
set is highlighted in red.

Table 2. Allelic frequency for D19S433.
Allele
D19S433
11
12
13
13.2
14
14.2
15
15.2
16

laboratory
data (N=40)
0.0500
0.2250
0.2500
0.0250
0.1000
0.0500
0.0750
0.1250
0.0250

Published data Alenizi et
al., (2008) (N=502)
0.0121
0.1019
0.1942
0.0316
0.2112
0.0388
0.1505
0.1117
0.0704
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Published data Barni et
al., (2007) (N=103
0.0049
0.0922
0.1845
0.0534
0.2282
0.0243
0.2184
0.0728
0.0583

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Published data Butler et
al., (2003) N=(302)
0.00497
0.08113
0.25331
0.00662
0.36921
0.01821
0.15232
0.03477
0.04967
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Figure 1. Histogram of allele frequency compared with published data for D19S433.

3.1.3. TH01
TH01 demonstrates one very distinct frequency of 6 repeats.
This matches the most prominent repeat number found in the
literature, but differs from that found in the Caucasian
population where the most frequent repeat number found is

9.3. The second most commonly found repeat number in the
Caucasian population matches the most commonly found one
in this project. The most frequent repeat length for each
sample set is highlighted in red.

Table 3. Allelic frequency for TH01.
Allele
TH01
5
6
7
8
9
9.3

laboratory
data (N=40)
0.0250
0.3000
0.0250
0.1500
0.1500
0.1500

Published data Alenizi et
al., (2008) (N=502)
N/A
0.2816
0.2306
0.1214
0.2379
0.1141

Published data Barni et
al., (2007) (N=103)
N/A
0.3058
0.1699
0.1311
0.2379
0.1359

Published data Sinha et
al., (1999) (N=207)
N/A
0.335
0.179
0.101
0.228
0.136

Figure 2. Histogram of allele frequency compared with published data for TH01.

Published data Butler et
al., (2003) N=(302)
0.00166
0.23179
0.19040
0.08444
0.11424
0.36755
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3.1.4. FGA
The frequency data for FGA is presented in Table 9. This data
indicates the most commonly found repeat number in the
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sample population is 24, this matches the published literature
and the data for the Caucasian population. The most frequent
repeat length for each sample set is highlighted in red.

Table 4. Allelic frequency for FGA.
Allele
FGA
20
21
22
23
24
25
26
27

MSC laboratory
data (N=40)
0.0500
0.2000
0.0750
0.1750
0.2250
0.1250
0.0500
0.0250

Published data Alenizi et
al., (2008) (N=502)
0.0825
0.1578
0.1262
0.1772
0.2209
0.1019
0.0534
0.0024

Published data Barni et
al., (2007) (N=103)
0.0631
0.1650
0.1602
0.1990
0.2087
0.0728
0.0340
0.0097

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Published data Butler et
al., (2003) N=(302)
0.12748
0.18543
0.21854
0.13411
0.13576
0.07119
0.02318
0.00331

Figure 3. Histogram of allele frequency compared with published data for FGA.

3.1.5. Amelogenin

3.1.6. D8S1179

The results for Amelogenin indicated that the sample
population contained 4 XX individuals (female) and 16 XY
individuals (male). These results match the information
known about the sample population and serve to confirm that
the experiments were successful and that the correct samples
were analysed. This information was not compared to
published data as it has no bearing on the incidence of STR
marker alleles found in different ethnic backgrounds it
merely serves to give a ratio of male versus female in the
sample population. This ratio is wholly dependent on the
recruitment process and can be very easily biased, its overall
influence on frequency results is negligible and will not be
analysed herein.

Allelic frequency results for D8S1179 revealed that the most
commonly found allele in the sample population (12 repeats) did
not match any of the featured articles or the Caucasian
population results, it also revealed that there was no particularly
dominant allele with 3 different repeat numbers being equal
second. Alenizi et al., (4), and Barni et al., (8), both reported 15
as the most common repeat number, but also showed that 2 or 3
different repeat numbers were common within their populations.
The Caucasian population shows a very distinct frequency of 13
repeats being prominent within the population. The data shown
also demonstrates that 17 repeats is not found in the Caucasian
population, but is found in Arabic populations, although at very
low frequencies. The most frequent repeat length for each
sample set is highlighted in red.

Table 5. Allelic frequency for D8S1179.
Allele
D8S1179
10
12
13

laboratory
data (N=40)
0.1500
0.2500
0.17500

Published data Alenizi et
al., (2008) (N=502)
0.0510
0.1505
0.1845

Published data Barni et
al., (2007) (N=103)
0.0777
0.1359
0.2136

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A

Published data Butler et
al., (2003) N=(302)
0.10099
0.18543
0.30464
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Allele
D8S1179
14
15
17

laboratory
data (N=40)
0.17500
0.17500
0.02500

Published data Alenizi et
al., (2008) (N=502)
0.1917
0.2160
0.0121

Published data Barni et
al., (2007) (N=103)
0.1408
0.2184
0.0194

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A

Published data Butler et
al., (2003) N=(302)
0.16556
0.11424
N/A

Figure 4. Histogram of allele frequency compared with published data for D8S1179.

3.1.7. D21S11
D21S11 demonstrates the same first and second repeat number
frequencies as the published results and the Caucasian
population (30 and 29 respectively), it also shows the

relatively low occurrence of 13.2 repeats, which is a repeat
number not normally seen within the Caucasian population,
but is seen at low frequency in other populations. The most
frequent repeat length for each sample set is highlighted in red.

Table 6. Allelic frequency for D21S11.
Allele
D21S11
13.2
28
29
30
32.2
34.2

laboratory
data (N=40)
0.0250
0.1250
0.2000
0.2500
0.0750
0.0250

Published data Alenizi et
al., (2008) (N=502)
0.0121
0.1383
0.2403
0.2646
0.1238
0.0049

Published data Barni et
al., (2007) (N=103)
0.0248
0.1139
0.2228
0.2426
0.1485
0.0099

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A
N/A
N/A
N/A

Figure 5. Histogram of allele frequency compared with published data for D21S11.

Published data Butler et
al., (2003) N=(302)
N/A
0.15894
0.19536
0.27815
0.08444
0.00497
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3.1.8. D18S51
The most common repeat number for STR locus D18S51 is 13 in this study. This matches the data published by Alenizi et. al
(4). This data also presents the occurrence of two repeat numbers (13.2 and 14.2) that are not noted in any of the published data
and only one occurs in the Caucasian population. The most frequent repeat length for each sample set is highlighted in red.
Table 7. Allelic frequency for D18S51.
Allele
D18S51
12
13
13.2
14
14.2
15
16
17
19
23

laboratory
data (N=40)
0.175
0.225
0.125
0.050
0.075
0.050
0.075
0.050
0.025
0.025

Publish data Alenizi et al.,
(2008) (N=502)
0.1456
0.1675
N/A
0.1578
N/A
0.1505
0.1189
0.0947
0.0437
0.0073

Published data Barni et
al., (2007) (N=103)
0.1471
0.1765
N/A
0.2010
N/A
0.1225
0.1029
0.1029
0.0490
N/A

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Published data Butler et
al., (2003) N=(302)
0.12748
0.13245
N/A
0.13742
0.00166
0.15894
0.13907
0.12583
0.03808
N/A

Figure 6. Histogram of allele frequency compared with published data for D18S51.

3.1.9. D3S1358
The most common allelic frequency for D3S1358 found in
this study was 15 repeats, this frequency was very distinct
within this population. This frequency matched the most
frequently found repeat number in the Caucasian population
however there is very little difference between the top 2
frequencies in the Caucasian population (15 and 16

respectively), the third most frequent repeat number (17) is
also relatively common. The most commonly found
frequency in the published studies is 17 repeats, with 15 and
16 repeats also being relatively common with Alenizi et al.,
(4) reporting a high incidence of 15 repeats. The most
frequent repeat length for each sample set is highlighted in
red.

Table 8. Allelic frequency for D3S1358.
Allele
D3S1358
14
15
16
17
18

laboratory
data (N=40)
0.1000
0.4250
0.1250
0.2000
0.1500

Published data Alenizi et
al., (2008) (N=502)
0.0825
0.2816
0.2379
0.2888
0.0995

Published data Barni et
al., (2007) (N=103)
0.0388
0.2282
0.2379
0.3641
0.1214

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A
N/A
N/A

Published data Butler et
al., (2003) N=(302)
0.10265
0.26159
0.25331
0.21523
0.15232

10

Yousef Alrajhi: Establishing Human Identification by Short Tandem Repeat (STR) and Mitochondrial DNA (mtDNA)

Figure 7. Histogram of allele frequency compared with published data for D3S1358.

3.1.10. VWA, D2S1338, D16S539
The most frequent repeat number found for VWA was 17, this
concurs with Alenizi et al. (4), and the Caucasian population,
but differs from Barni et al. (8), and Sinha et al. (44), which both
favour 16 repeats however 17 repeats also features prominently
in these populations. The most frequent repeat length for each
sample set is highlighted in red. For D16S539, The repeat

number 11 is distinctly prominent in the population analysed in
this study. In addition, for the D2S1338, The published data and
the Caucasian population favour 17 repeats for the D2S1338
allele, this differs to the data presented for this population which
demonstrates 20 repeats as the prominent frequency, this is the
second most common frequency found in the published articles
and in the Caucasian population.

Table 9. Allelic frequency for VWA.
Allele
VWA
14
15
16
17
18
19

laboratory
data (N=40)
0.1000
0.1000
0.2500
0.3000
0.1750
0.0750

Published data Alenizi et
al., (2008) (N=502)
0.0388
0.1798
0.2354
0.2864
0.2039
0.0485

Published data Barni et
al., (2007) (N=103)
0.0437
0.0971
0.3294
0.2184
0.2282
0.0680

Published data Sinha et
al., (1999) (N=207)
0.0570
0.1780
0.2480
0.2350
0.1880
0.0840

Figure 8. Histogram of allele frequency compared with published data for D3S1358.

Published data Butler et
al., (2003) N=(302)
0.09437
0.11093
0.20033
0.28146
0.20033
0.10430
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Table 10. Allelic frequency for D16S539.
Allele
D16S539
8
9
10
11
12
13
14

laboratory
data (N=40)
0.0250
0.2750
0.0500
0.3750
0.1000
0.1000
0.0750

Published data Alenizi et
al., (2008) (N=502)
0.0413
0.1529
0.1092
0.3568
0.2209
0.1092
N/A

Published data Barni et
al., (2007) (N=103)
0.0340
0.1359
0.0874
0.3544
0.2913
0.0874
0.0097

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Published data Butler et
al., (2003) N=(302)
0.01821
0.11258
0.05629
0.32119
0.32616
0.14570
0.01987

Figure 9. Histogram of allele frequency compared with published data for D3S1358.

Figure 10. Histogram of allele frequency compared with published data for D3S1358.
Table 11. Allelic frequency for D2S1338.
Allele
D2S1338
16
17
18
19
20

laboratory
data (N=40)
0.0250
0.1750
0.0750
0.1250
0.2500

Published data Alenizi et
al., (2008) (N=502)
0.0780
0.2060
0.1090
0.1262
0.1820

Published data Barni et
al., (2007) (N=103)
0.0437
0.2233
0.1165
0.1019
0.1796

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A
N/A
N/A

Published data Butler et
al., (2003) N=(302)
0.03311
0.18212
0.07997
0.11424
0.14570

11

12

Yousef Alrajhi: Establishing Human Identification by Short Tandem Repeat (STR) and Mitochondrial DNA (mtDNA)

Allele
D2S1338
21
22
23
25

laboratory
data (N=40)
0.0250
0.0250
0.0250
0.0250

Published data Alenizi et
al., (2008) (N=502)
0.0485
0.0485
0.0922
0.0437

Published data Barni et
al., (2007) (N=103)
0.0340
0.0388
0.1311
0.0437

3.2. mtDNA Results
mtDNA analysis was carried out in the sample population, 3
successful PCR products were identified using agarose gel
electrophoresis, these bands were identified for samples 6, 8
and 19. These three results were then sent for DNA
sequencing, although sequence was only received for two of
the results 6 and 8, both of which were male.

Published data Sinha et
al., (1999) (N=207)
N/A
N/A
N/A
N/A

Published data Butler et
al., (2003) N=(302)
0.04139
0.03808
0.11755
0.09272

outlining STR data from various populations in the Arabic
world and surrounding. These publications highlight the fact
that although Arabs are considered one complete population,
there is still a great deal of variation between the highlighted
groups. Within these groupings it was obvious that the lab
data was most closely related to the Kuwaiti population
described by Alenizi et al., and to the Iraqi group described
by Barni et al. Lesser correlations existed between the
Caucasian reference group (10) and Egyptian groups (13).
Very little correlation existed between the study population
and the Southern Egyptians (35), Bangladeshi (19) and Saudi
Arabian (44) groups. Although, the data provided by Sinha et
al., (44) does not provide sufficient reference markers to
effectively match it to the study population. A closer
inspection of the primary data and comparing it to the highest
correlated groups indicates that although the most prominent
alleles don’t match in 4 cases, the second most dominant
allele does match to the most prominent allele in the other
grouping in all of the other cases. This suggests that the study
population is much closer to the Kuwaiti and Iraqi
populations than the primary data first suggested.

Figure 11. Gel Electrophoresis of mtDNA PCR products.

4. Discussion
4.1. STR Frequency in Arabic Populations
The data received from the STR profiling of all samples was
collated and the frequency of each allele was determined.
This data was compared to several prominent publications

Further analysis of the data, a larger population and more
STR loci could result in more accurate results. The results
obtained and presented here suggest that the study population
is Arabic and moreover is from a Northern and/or central
region of the Middle East with greatest similarity to the Iraqi
and Kuwaiti populations and greatest deviation from North
Africa and Asia. This suggests that the population may lie
closer to the European border than to Asia or Africa.

Table 12. Allele Frequencies for the sample population.
D19S433
5
6
7
8
9
9.3
10
11
12
13
13.2
14
14.2
15
15.2
16
17
18
19

TH01
0.025
0.3
0.025
0.15
0.15
0.15

FGA

D8S1179

D21S11

D18S51

D3S1358

VWA

D2S1338

0.025
0.275
0.15

0.05
0.225
0.25
0.025
0.1
0.05
0.075
0.125
0.025

D16S539

0.25
0.175

0.175

0.175
0.225
0.125
0.05
0.075
0.05

0.025

0.075
0.05

0.025
0.175

0.025

0.05
0.375
0.1
0.1
0.1

0.1

0.425

0.1

0.125
0.2
0.15

0.25
0.3
0.175
0.075

0.075

0.025
0.175
0.075
0.125
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D19S433

TH01

20
21
22
23
24
25
26
27
28
29
30
32.2
33
34
34.2

FGA
0.05
0.2
0.075
0.175
0.225
0.125
0.05
0.025

D8S1179

D21S11

D18S51

D3S1358

VWA

13

D16S539

0.025

D2S1338
0.25
0.025
0.025
0.025
0.025

0.125
0.2
0.25
0.075

0.025
Table 13. Comparison of Study data with studies from various areas around the Middle East, North Africa and Bangladesh.

D19S433
TH01
FGA
D8S1179
D21S11
D18S51
D3S1358
VWA
D16S539
D2S1338
% match

Lab
Data

Alenizi et al., (2008)
(Kuwaiti)

Barni et al., (2007)
(Iraqi)

13
6
24
12
30
13
15
17
11
20

14
6
24
15
30
13
17
17
11
17
60%

14
6
24
15
30
14
17
16
11
17
50%

Sinha et al., (1999)
(Saudi Arabian)
6

16

10%

Published data
Butler et al., (2003)
(Caucasian)
14
9.3
24
13
30
15
15
17
12
17
40%

Coudray et al., (2007)
Berbers (Egyptian)
14
7
23/24
13
30
15
16
18
11
17
30%

Table 13. Continued.

D19S433
TH01
FGA
D8S1179
D21S11
D18S51
D3S1358
VWA
D16S539
D2S1338
% match

Lab
Data

Coudray et al., (2007)
Muslim (Egyptian)

Coudray et al., (2007)
Copts (Egyptian)

Omran et al., (2008)
(Southern Egyptians)

13
6
24
12
30
13
15
17
11
20

13
9
23
13
29
20
17
17
11
18
30%

14
6
22
13
29
18
17
17
11
17
30%

14
9
22
14
29
12
15
16
11
17
20%

4.2. STR Frequency in Other Populations
Analysis of the different populations suggests that Caucasians
(North Americans of European descent) are closer to
Egyptians (North Africa) than to Middle Eastern populations.
It also suggests that the Asian populations are very far from the
European and North African populations, with Arabic
populations in the middle. This analysis supports the current
theories relating to migration from Africa through the Middle
East, with a return migration from Europe into North Africa.
Although, the study population is not very similar to the
Caucasian population, it is closer to this population than to the
African and Asian populations presented here. This suggests

Ferdous et al., (2010)
Chakma
(Bangladeshi)
14
9
22
14
32.2
15
16
17
19
10%

Ferdous et al., (2010)
Tripura
(Bangladeshi)
14
9
23
14
30
14
16
18
11
19
20%

that the study population is from an area close to the border
with Europe. The Caucasian population also has a similar
likeness to the Kuwaiti population, providing further evidence
for the sample population being central and Northern in the
Middle East. The sample group size of this study population is
sufficient to confirm the regional origin of the group and
confirm that they are of Arabic descent, however to further
localise and verify the population would require a larger
sample group. Furthermore, full analysis, statistical
information and comparison to the data presented by other
groups would also require a larger data set (10).
4.3. Rare Alleles
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There have been many rare alleles and variants reported in
the literature. Only one such allele was identified in this
study, D19S433 in sample 8. This allele while rare, is not
unknown although its significance and associations with
other loci are still a matter of debate. This particular variant
has been previously identified and confirmed, the incidence
of this particular variant has been estimated at 1 in 11,500
(STRBase). Other off ladder variants of this allele, and other
alleles, have also been reported and studied (21). Many of the
other loci used in the STR amplification Identifiler kit also
have rare variants which have been identified and studied
(14). Another issue with this particular allele was identified
whereby a silent 13 allele was discovered in Japanese
families.

HVRI may also have improved the identification of the
haplogroup. Defining mutations are present in the sequence
obtained including 16,311, a mutation at which defines
haplogroup K this mutation is absent in sample 6 and 8,
indicating they were not part of this haplogroup.
Additionally, a lack of C->T conversion at position 16,223
indicates that the samples are not part of haplogroup I. These
point mutations matched the Cambridge/Anderson reference
sequence which indicates closer relation to the reference than
to sibling haplogroups, this also indicates that the samples
were unlikely to be of Western European origin. This
confirms the basic identity of the samples as being of
Arabic/Asian descent, but greater analysis would require
more information.

4.4. mtDNA

4.5. mtDNA in Arabic Populations

The L haplogroups of mtDNA are seen as the progenitor of
all modern humans, with new haplogroups springing from
haplogroup L3 called M and N. Mitochondrial Eve is
believed to be of haplogroup L0 giving rise to all humans
living in the world today. Supporting the theory that humans
migrated out of Africa the majority of humans in SubSaharan Africa are of the L3 haplogroup. This haplogroup
becomes less prevalent the further from Sub-Saharan Africa
the population becomes. The prevalence of L3 in Europe for
example is less than 1%, although the prevalence of L
haplogroups in South American nations is relatively high,
centring around Brazil and lowering towards the North with
Mexico having a prevalence of 4.5% and in North America
0.9% of white Americans (European descent) where found to
have the L3 haplogroup. The path of travel outward from
Africa can be traced using the prevalence of the L
haplogroup, a good example of this is found in Portugal
where the first migrations are believed to have come from the
South heading North. This is supported by the change in
prevalence across the country from 11.38% in the South to
3.21% in the North (37). The M and N haplogroups signify
the migration out of Africa, it is believed that both these
haplogroups arose from the same migratory process and
came about as a result of diversity as the population spread
further. This is supported by the increase in occurrence of one
or both of these haplogroups the further along the migratory
path a population is. The modern M haplogroup is deeply
rooted in Asia where it is believed to have arisen. The N
haplogroup is very widespread although it is most prominent
in Western Eurasia.

Like American and European populations the path of
migration from Africa can be traced by the prevalence of the
L haplogroup in the population, Yemen (Arabs) for example
have a high occurrence of the L haplogroup at 45.7% (26),
whereas populations that have migrated back into the area,
Yemeni Jews, have a significantly lower incidence at 16.81%
(9). Jordan, Iraq, Saudi Arabia and Syria all have an
incidence less than 10%, this verifies that the Arabic
populations in the Middle East were more than likely on the
path out of Africa but are relatively modern populations
which ultimately spread further into Europe.

Given the nature of the samples analysed here it would be
expected that they would be haplogroup M or N, or more
likely one of the descendant haplogroups. Sequencing of the
HVRI regions only gave consistent and reliable sequence up
to around 240bp, sequencing of the full 404bp fragment of

The differences between the sequences from this project and
the Cambridge/Anderson reference sequence indicate that
these individuals do not belong to the same haplogroup as the
reference sequence which is H2a2 (6), this is the most
common haplogroup found in Europe and is believed to have
originated in the Middle East. With only 3 deviations from
this sequence and 2 potential mutations the samples analysed
here are closely related to the reference sequence, indicating
that the haplogroup of these individuals is not very distant
from the H haplogroup. The presence of a C at position
16,223 indicates that these samples are of a later haplogroup
than L2. Deviation at position 16,193 from C to A also
indicates a deviation from the L2 haplogroup. The lack of a T
at position 16,223, lack of an A at position 16,391 and the
presence of a T at position 16,304 would also suggest that
these samples do not belong to haplogroup M either. This
means that the sequence is most likely related to the N
haplogroup and is found somewhere between N and H.
Furthermore the mutation at 16,223 is indicative of
haplogroup R, further narrowing the haplogroup. A mutation
at position 16,193 indicates that sample 6 most likely belongs
to the J haplogroup. The potential mutation at position
16,189 may indicate membership of the T haplogroup,
although this is tentative as this mutation is assumed and not
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proven (Eupedia).

4.7. Conclusions

Due to the nature of the sample analysed in this project it has
not been possible to fully and completely identify the
haplogroup and sub clade the samples belong to, however it
is highly likely that sample 6 belongs to haplogroup J2, but
definitely belongs to the macro-haplogroup R.

The results of the STR analysis confirm that this population is
closer to Arabic populations than to any other population
(European, African or Asian). This confirms the nature of the
samples and provides information as to the generalised
location these individuals originated from. From the data
provided it appears that the population has come from the
central Northern region of the Middle East. This population
also appears to be fairly typical presenting with a similar range
of alleles to that found in Iraqi and Kuwaiti populations. Only
one allele was highly unusual with a rare allele for the
D19S433 loci, although this allele is unusual it has been
previously described and verified indicating that it is not novel.
This allele is highly polymorphic presenting with a broad
range of potential repeat lengths, making a polymorphism here
less significant than some of the other STR markers.
Furthermore, the population size presented is too small to form
firm conclusions or to provide solid statistical data; a larger
population size would more than likely provide a greater
insight into the origins and intricacies of this group.

4.6. mtDNA Single Nucleotide Mutations,
Frequency and Analysis
Due to the nature of mtDNA and its transmission from
mother to offspring the incidence of point mutations is very
low. When these do occur they tend to be passed to offspring
and maintained in future generations, this results in a new
haplogroup which retains the majority of the information
from the previous haplogroup allowing the evolution of
mtDNA to be tracked back through many generations. In
order to accomplish this as much information as possible is
necessary to conclusively state which haplogroup an
individual belongs to and whether they are directly related to
another individual. To enable this analysis the general
consensus is to sequence at least two of the HVRs (I and II
being the most common combination). This study only
sequenced the first HVR and as such hard conclusions as to
the origin of the individuals are very difficult to draw. Further
amplification and sequencing of the mtDNA genome would
be necessary to draw such conclusions.
It would appear that the single mutation at 16,222 is unique
and is not common to any haplogroup differentiation. This
mutation may be unique to this individual, their family or
may indicate a new haplogroup or sub-clade. Again further
research, verification and larger sample base would be
necessary to confirm any of these hypotheses. The potential
mutation at 16,195 would also be unique, but this would
require confirmation as the sequencing data was
inconclusive.
The two sequences analysed demonstrated 97% (sample 6)
and 96.7% (sample 8) homology to the reference sequence,
this is in contrast to most Arabic data that demonstrate 9095% homology. However, the 90-95% homology is based
upon full HVRI and in some cases HVRII sequences, if the
full sequence for samples 6 and 8 had been achieved then the
homology may have been closer to the Arabic data. The
reverse may also be true, although it is highly unlikely given
the mutations seen which are representative of a different
haplogroup resulting in the likelihood of further mutations
being seen in the rest of the sequence and in other HVRs,
thus increasing the disparity between the sample and the
reference.

The results of mtDNA analysis indicate that sample 6 is more
than likely a member of the J2 haplogroup. This haplogroup
originated from the N haplogroup migrating out of Africa
into the Middle East and on into Europe. This haplogroup is
predominantly found in the Near East and Europe, with the
highest levels in Europe being found in Greece (Eupedia,.
In order to complete information about relations between the
group further work would be needed with repeat sequencing
and comparisons. However, the data presented here is
sufficient to confirm the Arabic identity of the samples
sequenced with relative confidence, although it is possible
that the sample is from the area around the border between
Europe and the Middle East.
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