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Abstract We are focusing on a sample of 100 unrelated persons from provinces of southern Iraq.

This is an analysis of the allele frequency and genotyping of those STR loci in an Iraqi population

and this is the first study of its kind. As such the data available could be utilized in the Iraqi data-

base for the STR polymorphic markers. Chelex� kit was utilized to extract DNA then Power

Plex21� kit (D3S1358, D13S317, PentaE, D16S539, D18S51, D2S1338, CSF1PO, Penta D,

THO1, vWA, D21S11, D7S820, TPOX, D8S1179, FGA, D2S1338, D5S818, D6S1043, D12S391,

D19S433) was used to amplify the isolated DNA. The mean PIC values and heterozygosity

observed across 21 loci were 0.713 and 0.696 respectively. This shows high gene diversity. Those loci

can be safely used to establish a DNA-based database for Iraq population because the power of

discrimination values for all tested loci was from 71% to 97%.

ª 2014 Hosting by Elsevier B.V. on behalf of The International Association of Law and Forensic Sciences

(IALFS).

1. Introduction

Microsatellites are a group of molecular markers chosen for a

number of purposes which include forensics individual identifi-

cation and relatedness testing.1–3 Low quantities of template

DNA require (10–100 ng),4 when using microsatellites. There

is a high genomic abundance of randomdistribution throughout

the genome. There is also an abundance of polymorphism. The

PowerPlex� 21 System is compatible with automated PCR

instrument and with the ABI Prism� 3100, 3100-Avant, 3130,

3130xl, 3500 and 3500xL Applied Biosystems Genetic Analyz-

ers. In the United States, Europe and Asia the PowerPlex� 21

System is used and it increases the discriminatory power and

data-sharing possibilities by incorporating informative loci.5

Within the DNA there are length and sequence polymor-

phisms.6 Among the polymorphisms attracting most attention

are those related to diseases. These may indicate that the
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diseases may be forthcoming. DNA can be used to study human

evolution using human genome analysis regions that are not

subject to selection pressure.7,8 Besides, information from

DNA typing provides vital information in medico-legal with

polymorphisms allowing for more biological studies.9 Since

these STRs can be highly variable among individuals, the num-

ber of repeats in STR markers are important for human identi-

fication purposes.10,11 The repeat pattern that STRs are often

divided into three categories: The compound repeats are made

up of two or more adjacent simple repeats and simple repeats

contain units of similar length. Finally, sequence and complex

repeats may consist of several repeat blocks of variable unit

length as well as variable intervening sequences.12

Using 21 autosomal STR loci we plan to determine the

genetic structure of Iraq population and this is the first aim

of this study. The second objective of the study was to evaluate

the importance of these loci for forensic genetic purposes.

2. Materials and methods

2.1. Sample preparation

Blood samples were randomly collected from one hundred

unrelated Iraqi male and female persons from the Arab ethnic

group of Iraqi population for DNA autosomal STRs. The

Chelex� 100 (Bio-Rad) was used to extract the total DNA

from blood cells.

2.2. PCR multiplex amplification

PCR is the process used to amplify a specific region of DNA. It

is possible to create multiple copies from a small amount of

template DNA using this process. Using the PowerPlex�

Autosomal 21 kit from Promega all samples were amplified.

MicroAmp� plate is put in the GeneAmp� PCR System

9700 thermal cycler with the estimated total cycle time of

1.5 h. The PCR program is as follows: 96 �C for 1 min, then:

94 �C for 10 s, 59 �C for 1 min, 72 �C for 30 s, for 25 cycles,

then: 60 �C for 20 min 4 �C soak. Amplified samples are kept

at �20 �C in a light-protected box.

2.3. PCR amplicon analysis (Capillary electrophoresis)

In the PowerPlex� 21 System PCR Amplification User’s

Manual (Promega, Madison, USA). PowerPlex� 21 System

Locus-Specific Information Table 1 and the protocols for

sample preparation and experimental conditions for the

ABI 3130xL Genetic Analyzer were provided. To obtain

the sample genotype the allelic ladder is the standard to

which STR alleles are compared. By comparison of the size

of a sample’s alleles to the size of alleles in allelic ladders

for the same loci being tested in the sample, the STR geno-

typing was conducted.10

2.4. Statistical data analysis

The PowerStatsV1.2 (Promega, Madison, USA) was used to

calculate the observed heterozygosity (Ho), power of discrim-

ination (PD), probability of exclusion (PE), and polymorphism

information content (PIC). Arlequin software program13 was

used to conduct the exact test of population differentiation.

In addition, Arlequin software program was used for the

expected heterozygosity (He), Hardy Weinberg Equilibrium

(HWE). Where test results with P-values less than 0.05 were

observed, the Bonferroni correction had to be applied to the

data. The Bonferroni procedure14 adjusted the rejection level

for the smallest P-value at an overall level of a= 5% to

0.05/x, where x is equal to the number of tests conducted on

the data. The Ho and He values were calculated by means of

the same software program.

Following are the formulas used to compute various

parameters for population data analyses.

2.4.1. Allele frequency

After the samples have been collected, extracted DNA and

amplified PCR were genotyped for the 20 STR loci of interest.

The genotyping information was then converted into allele fre-

quencies by counting the number of times each allele was

observed in all giving samples. Since there are some alleles

which were not sampled sufficiently and that an estimate of

an allele frequency is uncertain if the allele is so rare that it

is represented only once or a few times in a dataset, it is recom-

mended that each allele be observed at least five times to be

used in forensic calculations.15 The minimum allele frequency

is 5/(2n) where n is the number of individuals sampled and

2n is the number of chromosomes (as autosomes are in pairs

due to inheritance of one chromosome from each parent).

2.4.2. Observed heterozygosity and expected heterozygosity

Observed heterozygosity is calculated by dividing the number

of heterozygote individuals at a locus by the total number of

all individuals at that locus and describes the heterozygosity

actually observed in the members of the sampling group.

Expected heterozygosity is calculated as 1 minus the homozy-

gosity (the sum of squares of all allele frequencies at a locus)

and represents the number of heterozygotes that would be

expected under HWE based on the observed allele frequencies

in the sampling group.

Edwards et al.16 described the following formula for calcu-

lating an unbiased estimate of the expected heterozygosity:

H ¼
n

ðn� 1Þ
1�

X

k

j¼1

ðnj=nÞ
2

" #

¼
n

ðn� 1Þ
1�

X

k

j¼1

ðpjÞ
2

" #

where n1,n2, . . .,nk are the allele counts of k alleles at a locus

in a sample of n genes drawn from the population and pj is the

allele frequency.

2.4.3. Random match probability

A random match probability, is the probability that a person

sampled randomly from the population, would have a partic-

ular STR profile. The probability of a match at locus l, PMl,

was first described from genotype data17 which gave

PMl ¼
X

i

~G2
il

where ~Gi is the sample frequency of the ith genotype at locus l.

PMl ¼

Pn

i¼1
~G2
il � 1=Nl

1� 1=Nl

�
X

n

i¼1

~G2
il

where the first part of this equation is for a sample of size Nl at

locus l.18
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2.4.4. Power of discrimination

Power of discrimination is defined as the probability that two

individuals selected at random from the population will not

have an identical genotype at the locus. Brenner and Morris19

described the following formula for calculating the power of

discrimination:

1� PM

2.4.5. Polymorphism information content

This parameter indicates the polymorphic level of a locus. The

PIC was also calculated using marker allelic frequencies using

following equation:

PIC ¼ 1�
X

n

i¼1

p2i �
X

n�1

i¼1

X

n

j¼iþ1

2p2i p
2
j

where n is the number of alleles and pi is the allele probability

of the ith allele.20

2.4.6. Power of exclusion

Power of exclusion is the probability of excluding a random

person as the contributor of an allele at the locus.

Power of ExclusionðPEÞ ¼ H2ð1� ð1�HÞH2Þ

where H= heterozygosity.

2.4.7. Paternity index

It is a calculated value generated for a single genetic marker or

locus (chromosomal location or site of DNA sequence of inter-

est) and is associated with the statistical strength or weight of

that locus in favor of or against parentage.

Paternity IndexðPIÞ ¼
Hþ h

2h
¼

ð1� hÞ þ h

2h
¼

1

2h
¼

1

2
P

n

i¼1

P2
i

where Pi is the frequency of ith allele in a population of n sam-

ples; h= homozygosity; H= heterozygosity.

3. Results and discussion

By noting the number of times each allele was seen the geno-

typing information was then converted into allele frequencies.

The sum of homozygote (h) and the number of heterozygote

(H) equal 100% of the samples tested. So, since h+ H = 1,

H= 1 � h and h= 1 � H. There is less chance of a random

sample matching because a higher heterozygosity means that

more allele diversity would occur.

Butler,5 states that areas containing repeated nucleotide

sequences such as STR sequences are of interest to the forensic

scientist. This is because they provide a lot of variation, and

this makes them relevant for human identification purposes.

Based on the allelic frequencies, several statistical parameters

of genetic and forensic efficiency have been estimated. These

include the homozygosity and heterozygosity, effective number

of alleles (n), the polymorphism information content (PIC), the

power of discrimination (DP) and the power of exclusion (PE).

The total number of alleles observed across the population

was found to be 158 alleles for this particular study (Table 2).

It can be concluded that there is a high level of polymorphism

of the selected microsatellites. In the loci D19S433 (allele 11)

the highest allele frequencies are found, and the lowest allele

frequencies are at allele 15 as seen in Penta E locus.

D6S1043 and D18S51 loci illustrate the largest number of dif-

ferent alleles.

The following locations of the most common alleles at the

21 loci were allele 15 for D3S1358 locus, allele 16 for

D1S1656 locus, allele 12 for D6S1043 locus and TPOX, allele

11 for D13S317, Penta E, D16S539 and D19S433 loci, allele 16

for D18S51 locus, allele 17 for D2S1338 locus, allele 10 for

Penta D locus and D7S520, allele 6 for THO locus, alleles

Table 1 The PowerPlex� 21 System Locus Specific Information.

STR locus Label Chromosomal location 1 Repeat sequence

50 30

Amelogenin Fluorescein Xp22.1–22.3 and Y NA

D3S1358 Fluorescein 3p21.31 (45.557 Mb) TCTA Complex

D1S1656 Fluorescein 1q42 (228.972 Mb) TAGA Complex

D6S1043 Fluorescein 6q15 (92.449 Mb) AGAT

D13S317 Fluorescein 13q31.1 (81.62 Mb) TATC

Penta E Fluorescein 15q26.2 (95.175 Mb) AAAGA

D16S539 JOE 16q24.1 (84.944 Mb) GATA

D18S51 JOE 18q21.33 (59.1 Mb) AGAA

D2S1338 JOE 2q35 (218.705 Mb) TGCC/TTCC

CSF1PO JOE 5q33.1 (149.436 Mb) AGAT

Penta D JOE 21q22.3 (43.88 Mb) AAAGA

TH01 TMR-ET 11p15.5 (2.149 Mb) AATG (19)

vWA TMR-ET 12p13.31 (5.963 Mb) TCTA Complex (19)

D21S11 TMR-ET (19.476 Mb) TCTA Complex (19)

D7S820 TMR-ET 7q21.11 (83.433 Mb) GATA

D5S818 TMR-ET 5q23.2 (123.139 Mb) AGAT

TPOX CXR-ET 2p25.3 (1.472 Mb) AATG

D8S1179 CXR-ET 8q24.13 (125.976 Mb) TCTA Complex (19)

D12S391 CXR-ET 12p12 (12.341 Mb) AGAT/AGAC Complex

D19S433 CXR-ET (35.109 Mb) AAGG Complex

FGA CXR-ET 4q28 (155.866 Mb) 4q28 (155.866 Mb)
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Table 2 A summary of distribution of allele frequency results from the 21 autosomal STR loci in Iraq population.

Allele D3S1358 D1S1656 D6S1043 D13S317 PentaE D16S539 D18S51 D2S1338 D19S433 Penta D

2.2 0.02

5 0.02

6

7 0.04 0.02 0.04

8 0.26 0.20 0.02

9 0.08 0.04 0.18 0.04 0.16

9.3

10 0.02 0.10 0.10 0.20 0.04 0.40 0.40

10.2 0.02

11 0.14 0.34 0.30 0.24 0.32 0.04 0.51 0.10

12 0.20 0.24 0.20 0.20 0.25 0.12 0.02 0.06

13 0.02 0.10 0.12 0.10 0.02 0.07 0.10

13.2

14 0.08 0.16 0.08 0.04 0.02 0.02 0.20 0.04

14.2

15 0.48 0.10 0.02 0.01 0.10 0.02

15.2

15.3 0.04

16 0.34 0.24 0.04 0.02 0.20 0.06 0.02

16.2

16.3 0.05

17 0.08 0.06 0.08 0.20

17.3

18 0.08 0.06 0.14

18.3

19 0.09 0.04 0.08

20 0.06 0.15

21 0.06

22 0.04

22.2

23 0.06

24 0.10

25 0.06

26

27

28

29

30

30.2

31

31.2

32

32.2

THO1 vWA D21S11 D7S820 TPOX D8S1179 D5S818 D12S391 CSF1PO FGA

2.2

5

6 0.42

7 0.14 0.04

8 0.04 0.28 0.02 0.48 0.02

9 0.32 0.12 0.04 0.12 0.02

9.3 0.02

10 0.02 0.32 0.10 0.04

10.2

11 0.12 0.26 0.30 0.04

12 0.06 0.28 0.06 0.04 0.10

13 0.04 0.20 0.44 0.26

13.2 0.04 0.02

14 0.09 0.04 0.36 0.30

14.2 0.04

15 0.06 0.02 0.06

15.2 0.06

15.3

16 0.38 0.04 0.08

16.2 0.04

(continued on next page)
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17.3 and 16 for vWA locus, allele 30.2 for D21S11 locus, allele

8 for D8S1179 locus, allele 13 for D5S818 locus, allele 18 for

D12S391 locus, allele 14.2 for CSF1PO locus and allele 25

for FGA locus.

The good indicators of the genetic polymorphism within

the sample are verified by the number of alleles and the

expected heterozygosity found in the Iraq population. Basi-

cally the number of alleles is highly associated with the size

of the sample. This is due to the presence of unique alleles in

populations, which occur in low frequencies. Also because of

bigger population size, the number of observed alleles tends

to increase. The usefulness of the markers for genetic screening

is verified by the number of alleles scored for each marker.

For a given population, the quality of a polymorphism

as a genetic marker was measured by the heterozygosity,

the frequency of heterozygosity, or by a polymorphism

information content PIC. This indicates the probability that

a given offspring of a parent carrying a rare allele at a

locus will allow deduction of the parental genotype at the

locus. This is determined by adding the mating frequencies

multiplied by the probability that an offspring will be

formed.12

Table 2 (continued)

THO1 vWA D21S11 D7S820 TPOX D8S1179 D5S818 D12S391 CSF1PO FGA

16.3

17 0.38 0.08

17.3

18 0.06 0.36

18.3 0.02

19 0.02 0.18 0.10

20 0.18 0.04

21 0.02 0.18

22 0.06 0.14

22.2 0.08

23 0.04 0.14

24 0.02 0.20

25 0.08

26

27

28 0.06

29 0.18

30 0.24

30.2 0.26

31 0.06

31.2 0.10

32 0.10

32.2 0.08

Table 3 Forensic efficiency parameters of the autosomal 21 genetic loci.

Locus Homozygosity Heterozygosity Effective number

of alleles (n)

Polymorphism

information

content (PIC)

Power of

exclusion (PE)

Probability of

identity (Matching

probability)

Power of

discrimination (PD)

D3S1358 0.359 0.641 2.783 0.528 0.348 0.275 0.725

D1S1656 0.166 0.833 5.992 0.807 0.613 0.057 0.943

D6S1043 0.203 0.797 4.921 0.757 0.553 0.038 0.910

D13S317 0.206 0.794 4.862 0.754 0.548 0.087 0.913

PentaE 0.153 0.847 6.553 0.824 0.638 0.047 0.952

D16S539 0.238 0.762 4.199 0.708 0.50 0.117 0.883

D18S51 0.123 0.877 8.137 0.862 0.70 0.030 0.969

D2S1338 0.115 0.885 8.734 0.872 0.712 0.026 0.974

CSF1PO 0.422 0.577 2.360 0.44 0.286 0.388 0.711

FGA 0.141 0.850 7.092 0.839 0.644 0.401 0.959

THO1 0.299 0.701 3.344 0.619 0.419 0.187 0.812

vWA 0.305 0.695 3.284 0.611 0.419 0.190 0.806

D21S11 0.191 0.808 5.236 0.773 0.570 0.074 0.926

D7S820 0.216 0.784 4.629 0.739 0.533 0.025 0.975

D5S818 0.329 0.670 3.039 0.575 0.382 0.228 0.771

TPOX 0.201 0.798 4.975 0.760 0.555 0.082 0.917

D8S1179 0.340 0.660 2.941 0.563 0.370 0.250 0.749

D12S391 0.207 0.793 4.831 0.752 0.547 0.087 0.912

D19S433 0.184 0.815 5.435 0.738 0.661 0.030 0.970

Penta D 0.214 0.786 4.673 0.742 0.536 0.093 0.906
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The CSF1PO locus is the least polymorphic marker while

D2S1338 is the most polymorphic marker based on the degree

of polymorphism of every marker, expressed in heterozygosity

and PIC terms (Table 3). The usefulness of the findings for

genetic polymorphism studies and linkage mapping programs

in humans is confirmed by the high PIC values of the selected

markers.

Based on Butler,15 the power of exclusion (PE) can be com-

puted to demonstrate how rare it is to find a random man who

could not be excluded as the biological father of the child. The

PE for every locus in this study was calculated and tabled as

planned. For all the microsatellites analyzed the PE ranged

from 0.286 (CSF1PO) to 0.712 (D2S1338), with an average

of 0.527.

In the case of the power of discrimination, values for all

tested loci were 71%, 72%, 74% and 77% for the CSF1PO,

D3S1357, D8S1179 and D5S818 loci respectively and 80%,

81% and 88% for the vWA, THO1 and D16S539 loci respec-

tively, and ranged from 90% to 97%, for the rest of the loci.

This infers that a DNA-based database for Iraq population

can be safely used by using these loci. The highest PD observed

in some populations is presented in Table 4. The Penta E and

Penta D loci included in the PowerPlex� 21 PCR amplification

kits were not typed in the Turkey, Emirates, Iran or Qatari

populations because they used different kits in their genotyp-

ing studies. The Combined Discrimination Power (CDP) for

the Iraq population of middle and south of Iraq for the corre-

sponding 20 STR loci used, has been calculated as

0.999999972. These results mean that those loci can be safely

used to establish a DNA-based database for Iraq population.

The possibility to find two persons with the same DNA pro-

file if chosen at random in a population is defined as the

matching possibility.

4. Conclusion

158 different alleles were observed across the population. The

Penta E locus showed the lowest allele frequencies at allele 15

while the highest allele frequencies occurred in the loci

D19S433 allele 11. The largest number of different alleles

was seen in D6S1043 and D18S51 loci. The locus with the

highest heterozygosity was D2S1338, while locus CSF1PO

has the lowest heterozygosity, the heterozygosity of the 21

STR loci ranged from 57.7% to 88.5% (mean value 69.6%).

Power of discrimination values for all tested loci were 71%,

72%, 74% and 77% for the CSF1PO, D3S1357, D8S1179 and

D5S818 loci, respectively and 80%, 81% and 88% for the

vWA, THO1 and D16S539 loci respectively, and ranged from

90% to 97%, for the rest of the loci. Based on statistical

parameters, the population of Iraq may use these 21 STR loci

as a vital tool for forensic identification and paternity testing.
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