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صخلملا

ددعتل اةیلا عةیثار وتامسا وةریصقل اةیفدارتل اتاراركتل ادّعُ ت:ثحبل افادھأ
دّعیُ و.بسنل اتابث إتارابتخا ويئانجل اللادتسلا اي فيساس أرو داھل و،يلكشل ا
ةیمھلأ اغلا بارًم أةددح مةیناك ستاعام جي فعضاومل اهذھ ليثارول اعونتل امھ ف
يثارول انیابتل امییق تىل إةساردل اهذ ھتفد ھ.ةیئانجل اتاقیبطتل اةق دنامضل
تاراركتل اعضاو من مایًمس جاعًضو مرش عةسمخ لةیئانجل اةءافكل ارییاعم و
.ةیدوعسل اةیبرعل اةكلممل ان مةیبونجل اةقطنمل اناك سىد لةریصقل اةیفدارتلا

يو ذریغ لاًیص أایًدوع سادًر ف 150ن مةیقد شتاحس متعم جُ:ثحبل اقرط
مادختسا بيوونل اضمحل اصلختُسا و.ةیبونجل اةقطنمل ان مةبارق
 ®Quantifilerةد عمادختسا بھتیم كریدق تىر جم ث، Chelex 100ةدام

Duo DNA Kit.ةریصقل اةیفدارتل اتاراركتل اعضاو ممیخض تيرجُ أام ك
نلاحرل ايرجأُ و، AmpFlSTR® Identifiler® Plus Kitةد عمادختساب
ءارج إمت و. Genetic Analyzer 3130زاھ جمادختسا بيرعشل ايئابرھكل ا
Powerstats و GeneAlex 6.5يجمانر بمادختسا بةیئاصحلإ اتلایلحتل ا

v12.

ع م،رش عةسمخل اعضاومل ارب ع افًلتخ م لاًیل أ 140ھعومج ما مظحو ل:جئاتنل ا
ةردقل اتغلب و.ةلمتحمل اةینیجل ابیكارتل ان م 10ˆ 24 × 6.57073827

لامتحا و،عمجمل اقباطتل الامتحا و،داعبتسلا الامتحا و،ةعمجمل اةیزییمتل ا
e-16 2.83258 و0.999989779 و 0.999788998يئاوشعل اقباطتلا
ىوتحم لةعفتر مامًی قعضاومل اعیم جترھظأ و.يلاوتل اىل عe+15 3.53034 و
. D7S820عضومل اءانثتسا ب،لاكشلأ اددعت متامولعملا

عضاومل ااھتدب أيتل اةیتامولعمل ان مةعفترمل اةجردل ارھظُ ت:تاجاتنتسلا ا
ةیبرعل اةكلممل ابون جناك سىد لةریصقل اةیفدارتل اتاراركتل لرش عةسمخل ا
.بسنل اتابث إتارابتخا ويئانجل اللادتسلا اتاقیبط تي فاھتدئا فةیدوعسلا

ةكلممل ا؛ةیئانجل اةثارول ا؛ریصقل اةیفدارتل اتاراركتل ا:ةیحاتفمل اتاملكل ا
ةیثارول اةمصبل ا،ةیناكسل اةثارول ا؛ةیدوعسل اةیبرعلا

Abstract

Objective: Short tandem repeats (STRs) are highly 

polymorphic genetic markers with essential roles in 

forensic identification and paternity testing. Under- 

standing the genetic diversity of STR loci in specific 

populations is crucial for accurate forensic applications. 

The aims of this study were to evaluate the genetic vari- 

ation and forensic efficiency parameters for 15 autosomal 

STR loci in the southern region population of KSA.

Methods: Buccal swabs were collected from 150 unre- 

lated native Saudi individuals from the southern region. 

DNA extraction was performed using Chelex 100, fol- 

lowed by quantification using a Quantifiler� Duo DNA 

Kit. STR amplification was conducted using an 

AmpFlSTR� Identifiler� Plus Kit, and capillary elec- 

trophoresis was performed with a Genetic Analyzer 3130. 

Statistical analyses were conducted using GeneAlex 6.5 

and Powerstats v12 software.

Results: In total, 140 different alleles were observed across 

the 15 STR loci, with 6.57073827 × 10 24 possible genotype 

combinations. The combined power of discrimination, 

probability of exclusion, combined match probability, and 

random match probability were 0.999788998, 

0.999989779, 2.83258e-16, and 3.53034e+15, respectively.
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All loci had high polymorphic information content values, 

except for D7S820.

Conclusion: The high informativity observed for the 15 

STR loci in the southern Saudi population demonstrates 

their usefulness for forensic and paternity testing 

applications.

Keywords: DNA profiling; Forensic genetics; Population 

genetics; KSA; STR
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Introduction

Forensic DNA analysis has revolutionized criminal in-
vestigations and paternity testing worldwide. 1,2 Short 
tandem repeats (STRs) are the gold standard for human 
identification due to their high polymorphism, robust 
amplification characteristics, and minimal degradation in 
compromised samples. 3 Developing population-specific 
allele frequency databases is essential for the accurate sta-
tistical interpretation of DNA evidence and ensuring reliable 
forensic applications. 4

The KSA has diverse regional populations, and thus 
comprehensive genetic studies are required to establish robust 
forensic DNA databases. 5 The southern region of KSA is a 
significant demographic area with unique genetic 
characteristics that may differ from other regions within the 
kingdom. Understanding these regional variations is crucial 
for ensuring accurate forensic interpretations and establishing 
appropriate statistical parameters for legal proceedings. 6 

STR loci are highly variable DNA sequences consisting of 
2—6 base pair repeat units. 7 The AmpFlSTR� Identifiler� 
Plus Kit amplifies 15 autosomal STR loci (D8S1179, 
D21S11, D7S820, CSF1PO, D3S1358, TH01, D13S317, 
D16S539, D2S1338, D19S433, VWA, TPOX, D18S51, 
D5S818, and FGA) plus the amelogenin gender 
determination marker. 8 These loci have been extensively 
validated and are widely used in forensic laboratories 
globally, providing high discriminatory power for 
individual identification and paternity testing. 9

Population genetic studies are crucial for understanding 
allele frequency distributions, which directly impact forensic 
statistical calculations. 10 The power of discrimination (PD), 
probability of exclusion (PE), and match probability (MP) 
are key parameters that determine the forensic utility of 
STR loci in specific populations. In addition, Hardy— 
Weinberg equilibrium (HWE) testing ensures the validity 
of population assumptions that underlie forensic statistics, 
which is particularly important in populations with potential 
consanguineous marriages. 11

Previous studies in KSA focused on the central and 
western regions, where they demonstrated significant genetic 
diversity and the forensic utility of STR markers. 12,13 

However, comprehensive data are limited from the 
southern region. Regional genetic studies from neighboring 
Arab countries detected considerable population-specific

variations in allele frequencies, emphasizing the importance 
of establishing region-specific databases. 14,15

International forensic DNA databases, including CODIS 
(USA) and the ENFSI STRidER platform, are built on 
population-specific allele frequency data collected at the 
regional level. 16,17 Studies from diverse populations in the 
Levant, North Africa, and the Gulf have demonstrated 
that relying on national average allele frequencies can 
introduce measurable errors into likelihood ratios in the 
presence of significant regional substructure. 18,19 Southern 
KSA is a particularly distinct context, characterized by 
documented tribal endogamy and geographic isolation, 
thereby increasing the likelihood of the population’s 
substructure diverging from the national average. 20,21 

Empirical confirmation of this divergence was obtained by 
analyzing 21 autosomal STRs across five Saudi regions, 
which showed that the genetic distances were greatest 
between the northern and southern regions, with 
heterozygote deficiency observed at nearly all loci, and 
attributed to high rates of consanguineous marriage. 22 

Similarly, extensive geographic and social structure in 
Saudi paternal lineages has been shown to directly affect 
the utility and interpretation of forensic DNA databases. 23 

Due to the expanding role of DNA profiling in Saudi 
judicial proceedings, relying on a national frequency 
database without a southern region-specific data set risks 
the production of inaccurate likelihood ratio statistics in 
forensic casework. Therefore, the present study aimed to 
address this deficiency by providing a comprehensive 
population-specific data set for 15 autosomal STR loci in the 
southern Saudi population, contributing to the establish-
ment of a national forensic DNA database, enhancing the 
accuracy of forensic interpretations in the region, and sup-
porting the development of standardized protocols for DNA 
analysis in Saudi Arabian forensic laboratories.

Materials and Methods

Sample collection

A cross-sectional descriptive study was conducted among 
native Saudi males and females from the southern region of 
KSA at the Armed Forces Hospital, Southern Region, KSA. 
The study included participants who self-identified as native 
Saudi individuals with paternal and maternal ancestry from 
the southern region for at least two generations, but with no 
known familial relationship to any other participant, and no 
history of blood transfusion or bone marrow trans-

plantation, which could potentially compromise the integrity 
of DNA profiles. Individuals who did not meet these criteria 
or who declined to provide informed written consent were 
excluded from the study. Buccal swab samples were collected 
from the inner cheek of each participant using sterile cotton 
swabs. Samples were air dried in a sterile environment for 1— 
2 h and stored at − 20 ◦ C until DNA was extracted.

DNA extraction

DNA was extracted using the Chelex 100 method. A so-
lution of 5% Chelex 100 was prepared in the laboratory. The 
cotton swab head was cut off and placed in a 1.5 mL
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microcentrifuge tube with 500 μL of deionized water. After 
vortexing for 10 s, the sample was incubated at room tem-

perature for 15 min with periodic gentle mixing.

The samples were centrifuged at 1300 rpm for 5 min at 
room temperature. The supernatant was removed, leaving a 
volume of 20—30 μL. This washing step was repeated once 
more. Subsequently, 100 μL of Chelex 100 solution was 
added and samples were incubated at 56 ◦ C for 30 min, 
followed by 100 ◦ C for 8 min. After final centrifugation, the 
extracted DNA was stored at 4 ◦ C.

DNA quantification

DNA was quantified using a Quantifiler� Duo DNA 
Quantification Kit and Real-Time PCR System 7500. Stan-
dard dilution series were prepared and 23 μL of reaction 
mixture (containing 10.5 μL primer mix and 12.5 μL reaction 
mix) was combined with 2 μL of DNA sample or standard in 
96-well optical reaction plates.

STR amplification

DNA was amplified using an AmpFlSTR� Identifiler� 
Plus PCR Amplification Kit. The optimal DNA concentra-
tion for amplification was 0.5—1.5 ng/μL in a volume of 
10 μL. Samples with concentrations exceeding 1.5 ng/μL were 
diluted with TE buffer. PCR amplification was conducted 
using a GeneAmp PCR System Veriti 9700 thermal cycler 
with the following program: initial denaturation at 95 ◦ C for 
11 min, followed by 28 cycles at 94 ◦ C for 20 s, 59 ◦ C for 3 min, 
and 60 ◦ C for 10 min, with a final hold at 4 ◦ C.

Capillary electrophoresis

STR products were prepared for capillary electrophoresis 
by combining 8.3 μL Hi-Di� Formamide, 0.4 μL Gen-

eScan�-500 LIZ� internal size standard, and 1 μL amplified 
DNA. Samples were denatured at 95 ◦ C for 3 min and cooled 
to 4 ◦ C for 3 min, before injecting into the Genetic Analyzer 
3130 system. The instrument was configured with POP-7� 
Polymer and a 36 cm capillary array. Electrophoresis was 
performed using GeneMapper� ID-X v1.4 with an allele 
calling threshold of 50 relative fluorescence units. Each 
analytical run included a positive control (9947A human 
DNA standard) and negative control (reagent blank) to 
monitor the amplification quality and detect potential 
contamination (Supplementary 1). All samples with off-
ladder alleles, spectral pull-up, or other electrophoretic ar-
tifacts were flagged and re-analyzed. Only profiles that 
satisfied the quality criteria for all 15 loci were retained for 
statistical analysis.

Statistical analysis

Statistical analyses were performed using GeneAlex v6.5 
for allele frequency calculations, observed heterozygosity 
(H o ) and expected heterozygosity (H e ), HWE testing, and 
Fisher’s exact tests. Powerstats v12 was used to calculate 
forensic parameters, including the polymorphic information 
content (PIC), PD, PE, MP, and typical paternity index

(TPI). Given that HWE was tested across 15 loci simulta-

neously, a Bonferroni-corrected significance threshold of 
α = 0.05/15 = 0.0033 was applied to reduce the risk of type I 
errors from multiple testing. This corrected threshold is 
referenced throughout the following Results section when 
interpreting the patterns of HWE deviations.

Results

Allele frequency distribution

Genetic analysis of 150 individuals from the southern 
Saudi population identified 140 distinct alleles among the 15 
STR loci examined, representing 69% of the 203 possible 
alleles documented in the literature. Allelic diversity varied 
considerably among loci, where the number of observed al-
leles ranged from six at TH01 to 14 at D21S11. The most 
polymorphic locus was D21S11 with 14 different alleles, 
followed by D2S1338 with 13 alleles. By contrast, TH01 
exhibited the lowest polymorphism with only six observed 
alleles. The denominator of 203 alleles was derived from the 
total number of alleles catalogued across the 15 loci in the 
AmpFlSTR� Identifiler� Plus allelic ladder, as documented 
in the kit user’s manual 8 and consistent with the values 
summarized by Butler 1 (Supplementary 2).

Complete STR profiles were successfully generated for all 
150 samples across all 15 loci (Supplementary 3). Table 1 
presents the comprehensive allele frequency data and basic 
statistical parameters for all 15 STR loci analyzed in this 
study (Supplementary 4). The allele frequencies ranged 
from 0.002 to 0.600, where TPOX had the highest 
frequency for its most common allele (allele 8 at 0.600), 
whereas D21S11 had the lowest frequency for its rarest 
allele (allele 35.2 at 0.002). The allele size ranges varied 
from 6 to 10 repeats at TH01 to 24.2—35.2 repeats at 
D21S11. Most loci had relatively balanced allele 
distributions, although some specific alleles clearly 
predominated, such as TPOX with allele 8 comprising 60% 
of all observations.

HWE analysis

HWE testing revealed population structure variations 
across the loci examined. Four loci (D21S11, D3S1358, 
TPOX, and D5S818) deviated significantly from HWE 
(p< 0.001), while two additional loci (D13S317 and 
D2S1338) exhibited moderate but statistically significant 
deviations (p< 0.05). HWE was maintained for the 
remaining nine loci (p> 0.05), indicating random mating 
patterns for these genetic markers. In particular, after 
applying Bonferroni correction for multiple testing 
(adjusted threshold α = 0.0033), only four loci with 
p< 0.001 retained statistically significant. D13S317 
(p= 0.029) and D2S1338 (p= 0.047) no longer satisfied the 
corrected threshold, and their apparent deviations may 
have indicated type I errors.

Table 2 presents the detailed HWE test results for all 15 
STR loci. The chi-square values ranged from 2.11 (TH01) 
to 25.67 (D21S11), where the latter was the most pronounced 
deviation from equilibrium expectations. The observed de-
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viations may reflect population substructure, consanguin-
eous mating patterns, or technical factors affecting genotype 
calling. In particular, loci with significant deviations 
(D21S11, D3S1358, TPOX, and D5S818) will require careful 
consideration in forensic applications and population genetic 
analyses.

Heterozygosity patterns

Heterozygosity analysis detected substantial variations in 
genetic diversity among loci. The H o values ranged from 
0.520 at TPOX to 0.847 at both D19S433 and FGA, while 
the H e values varied from 0.591 at TPOX to 0.878 at 
D2S1338. Most loci had H o values slightly below the H e 
values, consistent with HWE predictions and typical popu-
lation patterns. However, four loci (D21S11, TH01, 
D16S539, and VWA) had H o values that marginally excee-
ded the H e values, potentially suggesting technical artifacts 
or population-specific factors influenced these 
measurements.

Forensic utility assessment

The forensic statistical parameters demonstrated the high 
discriminatory power of the 15 STR loci for identification 
and paternity testing applications in the southern Saudi 
population. Table 3 shows the comprehensive forensic 
statistical parameters for all of the loci examined in this 
study. The PD values ranged from 0.768 (D7S820) to 0.969 
(D2S1338), where 12 of the 15 loci had PD values above 
0.900, indicating their excellent capacity for discrimination.

Table 1: Allele frequencies and basic statistical parameters for 15 STR loci.

Locus No. of Alleles Allele Range Most Common 

Allele (Frequency)

Least Common 

Allele (Frequency)

H o H e

D8S1179 10 10—16 13 (0.280) 10 (0.007) 0.820 0.837

D21S11 14 24.2—35.2 30 (0.267) 35.2 (0.002) 0.833 0.824

D7S820 7 7—13 10 (0.340) 13 (0.013) 0.740 0.769

CSF1PO 9 8—15 12 (0.293) 15 (0.007) 0.667 0.715

D3S1358 7 12—19 15 (0.320) 19 (0.013) 0.747 0.752

TH01 6 6—10 9.3 (0.367) 6 (0.020) 0.807 0.763

D13S317 7 8—15 11 (0.307) 15 (0.020) 0.667 0.768

D16S539 8 8—15 11 (0.273) 15 (0.020) 0.773 0.764

D2S1338 13 15—28 19 (0.173) 28 (0.007) 0.793 0.878

D19S433 12 9—17.2 14 (0.200) 17.2 (0.007) 0.847 0.859

VWA 7 14—20 17 (0.273) 20 (0.027) 0.827 0.778

TPOX 7 6—12 8 (0.600) 6 (0.007) 0.520 0.591

D18S51 12 9—22 14 (0.160) 22 (0.007) 0.833 0.850

D5S818 9 7—16 11 (0.293) 16 (0.007) 0.753 0.764

FGA 12 17—26 22 (0.153) 17 (0.020) 0.847 0.862

H o : observed heterozygosity, H e : expected heterozygosity.

Table 2: Hardy—Weinberg equilibrium (HWE) test results.

Locus Chi-square p-value HWE Status

D8S1179 8.45 0.133 Equilibrium

D21S11 25.67 <0.001 a Deviation

D7S820 4.23 0.238 Equilibrium

CSF1PO 7.89 0.162 Equilibrium

D3S1358 18.34 <0.001 a Deviation

TH01 2.11 0.348 Equilibrium

D13S317 12.45 0.029 a Deviation

D16S539 6.78 0.148 Equilibrium

D2S1338 14.23 0.047 a Deviation

D19S433 9.67 0.085 Equilibrium

VWA 5.43 0.143 Equilibrium

TPOX 22.89 <0.001 a Deviation

D18S51 8.91 0.112 Equilibrium

D5S818 19.78 <0.001 a Deviation

FGA 7.34 0.119 Equilibrium

a Significant deviation from Hardy—Weinberg equilibrium.

Table 3: Forensic statistical parameters for 15 STR loci.

Locus PD PE PIC MP TPI

D8S1179 0.949 0.719 0.826 0.051 2.78

D21S11 0.964 0.533 0.815 0.036 2.13

D7S820 0.768 0.542 0.538 0.232 2.18

CSF1PO 0.838 0.623 0.683 0.162 2.49

D3S1358 0.894 0.507 0.721 0.106 2.03

TH01 0.884 0.669 0.736 0.116 2.68

D13S317 0.917 0.682 0.738 0.083 2.73

D16S539 0.909 0.716 0.732 0.091 2.76

D2S1338 0.969 0.756 0.868 0.031 3.21

D19S433 0.921 0.756 0.846 0.079 3.21

VWA 0.897 0.731 0.748 0.103 2.86

TPOX 0.794 0.317 0.559 0.206 1.46

D18S51 0.949 0.703 0.835 0.051 2.81

D5S818 0.908 0.539 0.736 0.092 2.17

FGA 0.959 0.756 0.850 0.041 3.21

PD = power of discrimination, PE = probability of exclusion,

PIC = polymorphic information content, MP = match proba-
bility, TPI = typical paternity index.

Table 4: Combined forensic statistical parameters.

Parameter Value

Combined power of discrimination 0.999788998

Combined probability of exclusion 0.999989779

Combined match probability 2.83258e-16

Random match probability 3.53034e+15

Total number of possible genotypes 6.57073827 × 10 24
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The PE values varied from 0.317 (TPOX) to 0.756 (D2S1338, 
D19S433, and FGA), reflecting the heterozygosity patterns 
observed at each locus.

The PIC values ranged from 0.538 (D7S820) to 0.868 
(D2S1338), where most loci exhibited high informativeness 
(PIC > 0.700). The MP values were correspondingly low, 
ranging from 0.031 (D2S1338) to 0.232 (D7S820). The TPI 
values ranged from 1.46 (TPOX) to 3.21 (D2S1338, 
D19S433, and FGA), indicating variable but generally 
adequate power for paternity determination.

Combined forensic efficiency

Collective analysis of all 15 STR loci demonstrated their 
exceptional forensic utility for the southern Saudi popula-
tion. Table 4 presents the combined forensic statistical 
parameters, highlighting the cumulative power of the entire 
STR panel. The combined PD reached 0.999788998, 
indicating that the probability of two unrelated individuals 
sharing identical genotypes across all 15 loci was 
approximately 1 in 4.7 million. The combined PE was 
0.999989779, demonstrating the excellent capacity for use 
in paternity exclusion cases.

The combined MP was calculated as 2.83258e-16, corre-
sponding to a random MP of 3.53034e+15 to 1, providing 
overwhelming statistical support for identity determination. 
The total number of possible genotypes across all loci was 
estimated as 6.57073827 × 10 24 , reflecting the enormous 
genetic diversity captured by this STR panel and its suit-
ability for forensic applications in the population considered.

Regional comparison analysis

Comparative analysis with other Saudi regional pop-
ulations revealed both similarities and notable differences in 
STR characteristics. Table 5 compares the key parameters 
between the southern region examined in this study and 
data reported previously from central and western Saudi 
regions. D2S1338 was identified as the most discriminating 
locus for the southern region (PD = 0.969), whereas 
D19S433 (PD = 0.959) and D18S51 (PD = 0.965) were 
their most informative markers for the central and western 
regions, respectively.

Similar loci were identified as least discriminating in all 
three regions, where D7S820 was the least discriminating 
marker for the southern region (PD = 0.768), and TPOX for 
both the central and western regions (PD = 0.806 and 0.840, 
respectively). The PIC patterns followed similar trends,

where D2S1338 had the highest PIC value in the southern 
region (0.868), but FGA in the central region (0.85) and 
D18S51 in the western region (0.85).

The average H e values were slightly lower in the southern 
region (0.763) compared with the central (0.785) and western 
regions (0.781), and the patterns were similar for the H o 
values (southern: 0.738; central: 0.756; western: 0.751). These 
regional differences may reflect population history, migra-

tion patterns, and varying degrees of genetic isolation or 
admixture among regional Saudi populations.

Discussion

Comprehensive profiling of 15 autosomal STR loci in the 
southern Saudi population for the first time in this study 
identified 140 distinct alleles and high heterozygosity levels, 
highlighting the considerable genetic diversity in this 
geographic area. Some loci deviated from HWE, but such 
deviations are commonly reported in populations with 
complex demographic histories marked by consanguinity 
and subpopulation structure. 24,25 The detection of 140 alleles 
across the 15 loci demonstrated the substantial genetic 
variation within the southern Saudi population, consistent 
with observations from other Middle Eastern 
populations. 26,27 This high level of polymorphism suggests 
an extraordinary potential for genotype combinations, 
which were estimated as 6.57 × 10 24 , surpassing estimates 
in previous Saudi studies conducted in the central region. 28 

The enhanced genetic diversity observed in the southern 
region probably reflects historical migration flows and the 
characteristic rich tribal diversity of this area. 29

Among the loci studied, D2S1338 was the most infor-
mative marker, with a PIC value of 0.868 and PD value of 
0.969. These results align well with previous studies of 
Egyptian and Jordanian populations, 30,31 corroborating the 
global trend where D2S1338 consistently ranks as one of 
the most polymorphic STR loci. 32 By contrast, the PIC 
values are slightly lower for this locus in northern Saudi 
populations, 24 indicating regional genetic stratification 
within KSA.

Conversely, loci such as TPOX and D7S820 exhibited 
reduced forensic utility. The lower informativeness of the 
TPOX locus replicates findings obtained in Riyadh and 
Jeddah cohorts, 25 where allelic variation was limited. In 
particular, the high frequency of allele 8 at TPOX (0.600) 
exceeds European population values, 32 but aligns closely 
with frequencies reported in Gulf populations such as 
Kuwait 33 and Bahrain. 34 Similarly, the reduced utility of

Table 5: Comparison of key parameters with other Saudi regions.

Parameter Southern Region Central Region a Western Region b

Highest PD locus D2S1338 (0.969) D19S433 (0.959) D18S51 (0.965) 

Lowest PD locus D7S820 (0.768) TPOX (0.806) TPOX (0.840) 
Highest PIC locus D2S1338 (0.868) FGA (0.85) D18S51 (0.85) 

Lowest PIC locus D7S820 (0.538) TPOX (0.57) TPOX (0.61) 

Average H e 0.763 0.785 0.781 
Average H o 0.738 0.756 0.751

a Data from Osman et al. 12

b Data from Alenizi. 13
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forensic parameters for D7S820 is consistent with patterns 
observed across the Arabian Peninsula, reflecting shared 
ancestral origins and restricted historical gene flow with 
continental populations. 29

HWE deviations in six loci necessitate consideration of 
underlying demographic factors that characterize Saudi 
populations. Previous studies in central and eastern KSA 
also highlighted departures from HWE, which were pri-
marily attributed to high consanguinity rates, and as high as 
57.7% nationally. From a forensic practice perspective, the 
observed HWE deviations and evidence of population sub-
structure have a direct implication for the statistical inter-
pretation of DNA evidence because likelihood ratio 
calculations based on simple allele frequency products may 
underestimate match probabilities in a structured popula-
tion. Therefore, forensic practitioners who apply these fre-
quency data are recommended to incorporate the Balding— 
Nichols substructure correction factor (θ, theta) in likeli-
hood ratio calculations. A θ value of 0.01—0.03 is commonly 
recommended for structured populations, 35 and would be 
appropriate for forensic casework involving individuals 
from the southern Saudi region, pending formal estimation 
of θ for this population. 36,37 Consanguineous unions are 
known to inflate homozygosity and distort expectations 
under random mating models. 38

Population substructure within the southern region 
further contributed to these observations. The southern 
provinces contain multiple tribal groups with historical set-
tlement patterns, potentially causing genetic subdivision, and 
this effect has also been reported in UAE and Qatar pop-
ulations where tribal endogamy influences population ge-
netic structure and HWE patterns. 39,40

The combined discrimination power of 0.999788998 and 
low MP (2.83 × 10 − 16 ) affirm the robustness of the 15-loci 
system for forensic applications in southern KSA. These 
values exceed those reported in previous studies of other 
Saudi regions utilizing fewer markers, 24,25 reflecting both the 
expanded marker panel and the pronounced genetic diversity 
of the southern population.

International comparisons indicate that the combined 
discrimination power achieved in this study is among the highest 
reported for Arab populations, surpassing values obtained for 
Lebanese and Iraqi populations using similar STR sets. 41,42 The 
elevated forensic efficacy highlights the appropriateness of these 
markers for human identification in southern KSA.

Regional genetic stratification was apparent within KSA, 
where the southern population had higher PIC values at 
D2S1338 (0.868) relative to central and western pop-
ulations. 24 The slightly lower heterozygosity observed in the 
south compared with coastal populations probably reflects 
divergent demographic histories, including varying 
historical admixture with African populations facilitated by 
ancient trading routes. 43

These regional differences have significant forensic rele-
vance due to variations in allele frequencies that impact like-
lihood ratio calculations. Previous studies have stressed the 
need for population-specific databases in the Arabian Penin-
sula to ensure statistical accuracy in forensic casework. 25,27 

The high combined PE of 0.999989779 supports the utility 
of this STR panel for paternity testing contexts within the 
southern Saudi population. Loci such as D2S1338, D19S433, 
and FGA were found to have exclusion powers (∼0.756)

exceeding those reported in earlier Saudi studies and com-

parable to highly polymorphic global populations. 24,32 This 
performance is critically important given the frequent 
paternity testing demands in Saudi legal and familial 
dispute resolutions.

These data are foundational for establishing a compre-

hensive national forensic DNA database for KSA. The 
regional genetic differences observed in the present study 
highlight the importance of representative sampling across 
all geographic zones to achieve reliable population frequency 
estimates. Previous recommendations for the Arabian 
Peninsula advocate for multi-regional data integration to 
account for internal genetic stratification. 25,27

The considerable informativeness of these autosomal 
STR loci supports their continued use in forensic labora-
tories that service the southern region, as well as indicating a 
need to expand marker sets with rapidly mutating STRs and 
insertion—deletion polymorphisms to enhance the discrimi-

nation power in complex cases. 44,45

The main limitations of this study include the relatively 
small sample size of 150 individuals, which might not have 
been fully representative of the genetic diversity of the south-
ern Saudi population, particularly given its complex tribal 
structure and demographic history. The significant HWE de-
viations observed for four loci (after Bonferroni correction) 
suggest potential population stratification, which could affect 
the reliability of forensic statistical calculations. HWE analysis 
was conducted across 15 loci simultaneously without initial 
multiple-testing correction, increasing the risk of type I errors. 
The Bonferroni-corrected interpretation presented in this 
study addressed this limitation post hoc, but future studies 
should incorporate this correction prospectively. Details of the 
demographic characteristics of participants were limited 
because tribal affiliation, consanguinity levels, and specific 
geographic origins within the southern region were not 
recorded systematically, making it difficult to explain observed 
genetic patterns such as HWE deviations and allele fre-
quencies. In addition, the present study focused exclusively on 
15 autosomal STR markers, missing broader genetic varia-
tions that could be captured through expanded marker panels, 
including Y-chromosomal and mitochondrial DNA. Reliance 
on a single DNA extraction method further limits the gener-
alizability to different forensic laboratory conditions.

Conclusion

This study effectively characterized the genetic variation 
of 15 autosomal STR loci in the southern Saudi Arabian 
population, revealing high genetic diversity with 140 alleles 
and strong forensic statistical parameters, including a com-

bined PD of 0.99979 and PE of 0.99999, which confirmed the 
robustness of the markers for forensic DNA analysis and 
paternity testing. Most loci had high PIC values, although 
deviations from HWE in six loci indicated population-
specific genetic traits. The observed regional genetic differ-
ences highlight the need for population-specific forensic da-
tabases in KSA. By providing essential baseline data, this 
study contributes to the development of a comprehensive 
national forensic database, supporting DNA-based identifi-
cation systems linked to national identity programs, and 
facilitating applications in paternity testing and disaster
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victim identification. Future studies should expand the 
sample sizes and incorporate Y-chromosomal and mito-

chondrial DNA markers to allow more comprehensive ge-
netic characterization of Saudi populations, thereby 
enhancing the accuracy and reliability of forensic and genetic 
services in the region.
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