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Aim To establish a genetic database of the African-Jordanian population for forensic and paternity testing

purposes.

Method Allelic distribution at fifteen short tandem repeat (STR) loci was determined for 95 healthy unrelated Af-

rican-Jordanians. The 15 autosomal STR loci, included within the GenePrint® PowerPlex™ 16 system,

were amplified from the subset of the 95 DNA extracts isolated from the population sample. Electro-

phoresis for each polymerase chain reaction (PCR) product was carried out using the ABI Prism 310

Genetic Analyzer and the length of the amplified DNA fragments was determined using the Genotype

2.0 and PowerTyper 16 Macro softwares. Calculations of allelic frequencies, forensic efficiency param-

eters, Hardy-Weinberg departure, and quantitative analysis of the allele frequencies in various popula-

tions were determined.

Results DNA extracts were successfully amplified and the genetic database was compiled. All tested loci

showed no significant statistical deviation from Hardy-Weinberg expectations. Furthermore, no signifi-

cant difference was observed between the sample population under investigation and other population

genetic databases.

Conclusion The loci investigated here proved to be sufficiently polymorphic for forensic purposes, since the foren-

sic efficiency values suggest that they are very discriminating in the African-Jordanian subpopulation.

Short tandem repeat (STR) genetic loci

are highly polymorphic repeat sequences of nu-

cleotides, which are abundant in eukaryotic DNA

(1,2). Their importance rises from the fact that they

are the most informative genetic markers provid-

ing high statistical capability of discrimination and

individualization (2-6) in various forensic and judi-

cial settings. Their importance and polymorphic

nature is widely acknowledged and documented

because of extensive forensic, medical, and

ethnogenetic search that was prompted by various

research communities worldwide (5-11) for proper

utilization of their discrimination power and poly-

morphic nature in human identification, medical

diagnosis, and linkage studies.

We describe here our work on compil-

ing a genetic database for 15 forensic STR loci –

D3S1358, D5S818, D7S820, D8S1179,

D13S317, D16S539, D18S51, D21S11, TH01,

vWA, TPOX, CSF1PO, FGA, Penta D, and Penta E

in African-Jordanians. Such genetic database

would provide estimates of the frequency of a

DNA profile in human identity testing, particularly

in Jordan, and further shed lights on the polymor-

phic nature of these forensic loci. Earlier, we re-

ported the allelic frequency distribution of STR

loci in Caucasian Jordanians and demonstrated

significant differences between Jordanian Cauca-

sian population and Caucasian, Hispanic-, Afri-

can-Americans, and black population of Central
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West Africa at TH01, FES/FPS, and D5S818 STR

genetic loci (12,13). These outcomes are in com-

pliance with previous results that indicated that

genetic variation and allelic frequency distribution

differences did exist between various populations

and even among different communities within the

same population. Indeed, in one of the earlier

studies, Lins et al (5) demonstrated such variation

when they reported the allelic frequency distribu-

tions for several STR loci among the three Ameri-

can communities, ie the Caucasian, Hispanic, and

African-Americans. Such observations were also

reported when comparison studies were carried

out, based upon the allelic frequency distribu-

tions, between the different communities living in

various parts of the world (14-17). These studies

and many others reported significant discrepan-

cies between the various human subpopulations

on various bases such as race, cast, and geograph-

ical parameters. Thus, genetic variation among hu-

man subpopulations and discrepancies in the

allelic frequencies for the genetic loci of forensic

interest could constitute a problem during human

identification or paternity testing, especially when

judicial settings are considered. Therefore, this

prompted us to compile an African-Jordanian-pop-

ulation’s STR genetic database to cover such

variations in the Jordanian subpopulations for

accurate and proper individualization through the

determination of the allele/genotype frequency

distributions of the fifteen forensic STR loci in

interest.

Materials and Methods

Whole blood obtained by venipuncture

from 95 healthy unrelated black Jordanians resid-

ing in the Jordan valley, Jordan, was collected in

EDTA vacutainer tubes (Greiner Bio-One, Krems-

münster, Austria). Genomic DNA was extracted

using the Wizard® Genomic DNA Purification Kit

(Promega Corporation, Madison, WI, USA) ac-

cording to the manufacturer’s instructions. The

quantity of recovered DNA was determined using

the QuantiBlot® Human DNA Quantitation Kit

(Applied Biosystems, Foster City, CA, USA).

Amplification by polymerase chain reac-

tion (PCR) of the STR loci was performed in dupli-

cates using the GenePrint® Powerplex™ 16 System

(Promega) using 0.5-1.0 ng DNA in the 9600 ther-

mal cycler (Applied Biosystems), according to the

manufacturer’s recommendations. PCR products

were loaded on the CE310 Genetic Analyzer (Ap-

plied Biosystems) using ILS-600 (Promega) as in-

ternal lane standard. GeneScan analysis was per-

formed on the raw data and alleles were labeled

according to the international nomenclature (18)

using the Genotyper 2.0 and PowerTyper™ 16

Macro Softwares by comparison of the PCR frag-

ments with those of the allelic ladder.

Statistical Analysis

Allele frequencies and forensic effi-

ciency parameters were calculated using the

Power Stats Microsoft Excel workbook template

provided by Promega Corporation (Madison,

Wis., http://www.promega.com/geneticidtools/).

Possible departure from the Hardy-Weinberg ex-

pectations at each locus was evaluated by the

�
2
-test, as well as the G-test statistic at a 0.05 level

of significance and the number of degrees of free-

dom was calculated as the number of genotypes

minus the number of alleles. Percentage genotype

(%GR) and percentage allele representation

(%AR) were calculated as previously described

(12,13). The allele frequencies between different

populations were compared using the G-statistic

homogeneity test STATISTICA software for Win-

dows, 1995 version (StatSoft, Tulsa, OK, USA) was

used for statistical analysis.

Results

The observed allele frequencies for the

fifteen STR loci found in African-Jordanians are

shown in Table 1. The data in Table 1 shows the

most predominant and the least common alleles

for the D3S1358, D5S818, D7S820, D8S1179,

D13S317, D16S539, D18S51, D21S11, TH01,

vWA, TPOX, CSF1PO, FGA, Penta D, and Penta E

STR genetic loci. Alleles 15, 12, 10, 13, 12, 11, 16,

29, 7, 16, 8, 10, 22, 13, and 8 were the most fre-

quent alleles for the D3S1358, D5S818, D7S820,

D8S1179, D13S317, D16S539, D18S51, D21S11,

TH01, vWA, TPOX, CSF1PO, FGA, Penta D, and

Penta E STR genetic loci, respectively.

Possible divergence from Hardy-Wein-

berg expectations at each locus was evaluated and

the number of degrees of freedom was calculated as

the number of genotypes minus the number of al-

leles (Table 1). All loci showed no significant devia-

tion (P>0.05) from Hardy-Weinberg expectations.

Figure 1 shows both the %GR and %AR

data for all the STR loci studied in the present
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study. The percentage genotype representation for

the STR genetic loci in the sample population

ranged from 38.2% for D16S539 locus (10 alleles)

to 5.3% for the FGA genetic locus (39 alleles), al-

though the FGA locus was highly polymorphic lo-

cus with 17 different alleles. Disregarding the total

number of alleles per each STR genetic locus,

D5S818 (80% AR), D13S317 (80% AR), and Penta

E (73.91% AR) alleles were the most highly ex-

pressed alleles, whereas D3S1358 alleles (38.46%

AR) were the least expressed alleles in the sample

population, among the 15 STR genetic loci exam-

ined (Fig. 1).

Forensic efficiency parameters, such as

observed heterozygosity (H
obs

), expected hetero-

zygosity (H
exp

), polymorphic information content

(PIC), power of identity (P
I
), power of discrimina-

tion (P
D
), paternity exclusion (PE), and paternity in-

dex (PI), are shown in Table 2. The observed

heterozygosity for the fifteen STR genetic loci
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Table 1. Observed allele frequency distributions of the 15 STR loci in 95 unrelated African-Jordanians

D3S1358 D5S818 D7S820 D8S1179 D13S317

Allele Freq.* Allele Freq. Allele Freq. Allele Freq. Allele Freq.

14 0.068 8 0.047 7 0.016 8 0.005 8 0.063

15 0.284 9 0.021 8 0.153 9 0.005 9 0.032

16 0.274 10 0.068 9 0.111 10 0.005 10 0.053

17 0.237 11 0.216 10 0.405 11 0.068 11 0.226

18 0.137 12 0.442 11 0.253 12 0.132 12 0.489

13 0.189 12 0.053 13 0.253 13 0.100

14 0.005 13 0.011 14 0.237 14 0.037

15 0.011 15 0.232

16 0.042

17 0.016

18 0.005

P† 0.277 0.471 0.750 0.997 0.066

D16S539 D18S51 D21S11 TH01 vWA

Allele Freq. Allele Freq. Allele Freq. Allele Freq. Allele Freq.

5 0.005 9 0.005 27 0.005 6 0.205 11 0.011

8 0.068 10 0.005 28 0.163 7 0.363 12 0.005

9 0.142 11 0.011 29 0.289 8 0.168 13 0.005

10 0.132 12 0.142 30 0.247 9 0.147 14 0.089

11 0.274 13 0.068 30.2 0.011 9.3 0.089 15 0.158

12 0.216 14 0.095 31 0.021 10 0.026 16 0.242

13 0.153 15 0.116 31.2 0.068 17 0.216

14 0.011 16 0.174 32.2 0.079 18 0.179

17 0.132 33.2 0.042 19 0.053

18 0.089 34 0.011 20 0.037

19 0.084 35 0.047 21 0.005

20 0.021 36 0.005

21 0.026 37 0.011

22 0.011

24 0.021

P 0.108 0.275 0.997 0.421 0.673

TPOX CSF1PO FGA Penta D Penta E

Allele Freq. Allele Freq. Allele Freq. Allele Freq. Allele Freq.

6 0.016 7 0.011 17 0.011 2.2 0.111 5 0.047

8 0.395 8 0.095 18 0.016 3.2 0.021 7 0.084

9 0.226 9 0.047 19 0.042 5 0.005 8 0.163

10 0.100 10 0.316 19.2 0.005 6 0.011 9 0.021

11 0.189 11 0.211 20 0.100 7 0.053 10 0.053

12 0.058 12 0.253 21 0.153 8 0.116 11 0.105

13 0.016 13 0.047 22 0.184 9 0.174 12 0.068

14 0.021 22.2 0.011 10 0.142 13 0.084

23 0.174 11 0.142 14 0.053

23.2 0.005 12 0.105 15 0.111

24 0.126 13 0.058 16 0.047

25 0.063 14 0.053 17 0.079

26 0.016 15 0.011 18 0.032

27 0.021 19 0.021

28 0.047 20 0.021

29 0.021 21 0.005

30 0.005 22 0.005

P 0.951 0.874 0.004 0.023 0.169

*Allele frequency.

†�
2
-test.



ranges from 65.3% for the D3S1358 to 94.7% for

the FGA. The observed P
I
ranges from 0.022 for

the Penta E to 0.152 for the D13S317 locus. The

combined P
I
using the fifteen STR genetic loci in

African-Jordanians was estimated as 1 in

7.818×10
18

and hence the P
D

was greater than

0.99999999999999999. The combined probabil-

ity of PE value for the fifteen loci was also

calculated at greater than 0.99964.

Quantitative comparisons of allele fre-

quencies between African-Jordanians and other

populations (data not shown) showed no signifi-

cant statistical deviation (P>0.05) when compar-

ing African-Jordanian data with that of the USA

Caucasians, African Americans, Hispanic Ameri-

cans (5,6), Central West African population living

in Spain (19), the black Choco population of Co-

lombia (20), African-population of Gabon (21),

and black Bubi population of Guinea (22) for the

total number of markers studied. Furthermore, the

African-Jordanian subpopulation did not differ sig-

nificantly (P>0.05) from Caucasian-Jordanians

(13,23) at all STR loci tested.

Discussion

The forensic research literature provides

an increasing number of STR population genetic

databases, and points to the importance of compil-

ing of own-population genetic databases, since ev-

idence of populations and subpopulations differ-

ences at the STR genetic loci of forensic interest

are mounting up. In this context, we embarked on

compiling a genetic database for the African-Jorda-

nian community in Jordan. The established ge-

netic database has demonstrated that, according to

the extremely high combined PD and PE values,

the combination of the fifteen STR systems studied

here is a powerful tool for forensic identification

and paternity testing in African-Jordanians.

The absence of significant statistical de-

viation when comparing African-Jordanian data

with that of some other African communities

around the world for the total number of markers

studied indicates a high level of homogeneity be-

tween these communities. However, further stud-

ies using other STR genetic loci might be required

to assess the degree of such homogeneity. Further-

more, the finding that African-Jordanian sub-popu-

lation did not differ significantly from Cauca-

sian-Jordanians at all STR loci tested indicates that

African- and Caucasian-Jordanians have similar al-

lele distributions for these STR loci, thus suggest-

ing a low diversity within the Jordanian popula-

tion. The statistical similarities in the allelic fre-

quency distributions between the two ethnic

groups could be a reflection of the geographical
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Figure 1. Percentage genotype representation (%GR) and

percentage allelic representation (%AR) for the 15 STR ge-

netic loci in African-Jordanians. Closed bars – %GR; open

bars – %AR.

Table 2. Forensic efficiency parameters for the 15 STR loci in African-Jordanians*

Statistical parameter

STR loci Hobs Hexp PIC PI PD PE PI

D3S1358 0.653 0.762 0.722 0.095 0.905 0.359 1.44

D5S818 0.737 0.712 0.672 0.145 0.855 0.488 1.90

D7S820 0.726 0.733 0.694 0.120 0.880 0.470 1.83

D8S1179 0.800 0.802 0.774 0.071 0.929 0.599 2.50

D13S317 0.695 0.904 0.654 0.152 0.848 0.420 1.64

D16S539 0.768 0.813 0.787 0.067 0.930 0.542 2.16

D18S51 0.874 0.888 0.878 0.039 0.961 0.742 3.96

D21S11 0.842 0.813 0.793 0.069 0.931 0.679 3.17

TH01 0.779 0.767 0.734 0.097 0.903 0.523 2.07

VWA 0.905 0.826 0.802 0.076 0.924 0.806 5.28

TPOX 0.768 0.743 0.706 0.103 0.897 0.542 2.16

CSF1PO 0.811 0.779 0.745 0.091 0.909 0.619 2.64

FGA 0.947 0.877 0.893 0.041 0.959 0.893 9.50

Penta D 0.874 0.883 0.872 0.039 0.961 0.742 3.96

Penta E 0.842 0.914 0.908 0.022 0.978 0.679 3.17

*Abbreviations: Hobs – observed heterozygosity; Hexp – expected heterozygosity; PIC – polymorphic information content; PI – power of identity; PD – power of discrimination; PE

– paternity exclusion; PI – paternity index.



position of Jordan between Africa and Asia, which

facilitated the migration of people in the far past,

or due to the admixture of both subpopulations

through inter-marriages over many centuries that

allowed gene exchange to occur with no con-

straints, thus resulting in a certain degree of homo-

geneity in the genetic pool of the Jordanian popu-

lation. The inter-marriage factor could have af-

fected the genetic pool of the African subpopu-

lation of Jordan more than that of the white popu-

lation. This is due to the fact that inter-marriages

occur more frequently between African men and

Caucasian women, and it is less common between

Caucasian men and African women. Also, allelic

frequency distributions between the two ethnic

groups are not identical, which suggests that each

has its own separate genetic pool.

The number of genotypes increases ex-

ponentially with the number of alleles at each lo-

cus according to the formula Genotypes=

n(n+1)/2, where n is the number of alleles (24).

Thus to explore such relation between the popula-

tion’s pool of genotypes and the allelic windows

of the tested genetic STR loci, we compared the

population’s observed genotypes (%GR) and the

observed allelic window (%AR) of each of the

tested genetic STR loci. The generated %GR and

%AR data suggested that there was an inverse cor-

relation between the %GR and %AR, total number

of alleles per genetic loci and %AR, and total num-

ber of alleles per genetic loci and %GR. This gen-

erally means that, as the number of alleles per loci

increases, %GR decreases. Likewise and gener-

ally, as the number of alleles per loci increases, the

%AR decreases. These observations regarding the

%GR and %AR of STR markers require further

study using a larger number of genetic loci of dif-

ferent allelic windows and different populations in

order to clarify this phenomenon and investigate

its affect on the population’s genetic pool.

In conclusion, a population database has

been established for the African-Jordanians for the

fifteen STR loci D3S1358, D5S818, D7S820,

D8S1179, D13S317, D16S539, D18S51, D21S11,

TH01, vWA, TPOX, CSF1PO, FGA, Penta D, and

Penta E. High combined power of discrimination

for these loci shows their usefulness for forensic

purposes.
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