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Abstract

The last three decades have seen rapid advances
in the field of short tandem repeats (STRs) genotyping
technology. Autosomal STRs have emerged as a pow-
erful tool in forensic identification and paternity investi-
gations. The indigenous population of Saudi Arabia is ir-
regularly distributed and has historically been organized
into geographically distinct groups or tribes of patrilineal
descent. So far, there has been no detailed investiga-
tion of the southern region Saudi population to assist in
the interpretation of DNA-based forensic evidence and
in the construction of DNA database. The objective of
this study is to investigate the genetic structure in 154
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ZAGH Evaluation of Forensic Genetic Parameters of 24 STR Loci and Y indel in a Southern Region Saudi Population Sample Using GlobalFiler™ PCR Amplification Kit

unrelated healthy Saudi subjects within three genera-
tions from the southern Saudi regions using a Global-
Filer™ PCR Amplification kit. Intra- and Inter-population
genetic diversity as well as the forensic genetics param-
eters were analyzed. Our results showed that SE33 and
TPOX loci were the most and the least polymorphic loci,
respectively. The PIC, PE, TPI, Ho and He varied from
0.56116 (TPOX) to 0.94393 (SE33), 0.26638 (TPOX)
to 0.83859 (SE33), 1.1875 (TPOX) to 6.33333 (SE33),
0.57894 (TPOX) to 0.92105 (SE33) and 0.6169 (TPOX)
to 0.952 (SE33), respectively. The highest PM was ob-
served for D2251045 (0.223944) and the highest PD for
SE33 (0.98935). The combined PD was 99.99999999%
and the combined PM was equal to 3.19021E-25. Phy-
logenetic parameters showed that the southern region
Saudi population had the closest genetic relationship
with the Saudi, Emirati, Kuwaiti, and Bahraini popu-
lations. The study offers some important insights into
the southern region Saudi population structure using
GlobalFiler™ PCR Amplification kit.
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1. Introduction

The Kingdom of Saudi Arabia (KSA) is in the
Arabian Peninsula. It borders Bahrain, Qatar, and
the United Arab Emirates to the east, Kuwait, Jor-
dan, and Irag to the north, and Oman and Yemen
to the south. With a total area of about 2,149,690
square kilometers, the kingdom covers roughly
four-fifths (4/5) of the Arabian Peninsula [1]. KSA
is divided into 13 regions as shown in Figure-1 [2].
These regions differ in terms of their surface area
and population.

The Saudi population is estimated at 34 million
people, based on the General Authority for Statistics
[3]. The population of KSA is unevenly distributed,
with approximately 50% of the country’s population
concentrated in two main provinces, Mecca and
Riyadh [4]. Native Arabs, who appear to make up
approximately 63% of the population, are irregularly
distributed and have historically been organized into
geographically distinct groups or tribes of patrilin-

eal descent [5], with consanguineous marriages [6].
Furthermore, the genetic structure of the Arab pop-
ulation has been influenced by the nearby African
and Asian countries [7, 8].

Comprehensive development in the number of
STRs has been demonstrated to be powerful for
forensic purposes throughout recent eras [9]. It
has increased the biased capacity to diminish the
probability of unusual matches and to empower
organizations to share data globally as adequate-
ly as expected under these circumstances [10].
The GlobalFiler™ Kit was created considering the
interest for a multiplex measure that would catch a
universally important arrangement of loci. Previous
investigations evaluated the robustness, reproduc-
ibility, sensitivity and selectivity of the GlobalFiler™
Kit thorough the assessment of the different param-
eters improved by its structure and convention [11].

According to a recent study that investigated
the GlobalFiler™ STR markers among a sample
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Figure 1- Map of Saudi Arabia, showing population density and sub-regional divisions (Khubrani et al., 2018).
Population density is indicated by shading as shown in the key, top right, and locations of some major cities are shown.
Adapted from Global Rural-Urban Mapping Project (sedac.ciesin.columbia.edu/gpw/), under a Creative Commons 3.0

Attribution License

of 253 indigenous Saudi males recruited from five
geographic Saudi regions, the genetic distances be-
tween the southern and northern regions of Saudi
Arabia were the greatest. In contrast, the central,
Western, and Eastern regions showed similar ge-
netic distances due to historical exposures and
divergent tribal compositions and to immigration
through the strait of Bab-el-Mandeb (the southern
route) or the northern route that makes it a possi-
ble reservoir of genetic variants carried by these
migrants [12].
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No previous study has investigated the
genetic diversity within the southern region
Saudi population. For this reason, the current
study was conducted to investigate the genetic
structure of the southern region Saudi popu-
lation to assist in the interpretation of DNA-
based forensic evidence and the construction
of appropriate DNA database using the 24 loci
GlobalFiler™ PCR Amplification kit (Thermo
Scientific, USA).
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2. Materials and Methods
2.1 Sample collection

The Institutional Research Board of Naif Arab
University for Security Sciences (NAUSS), Riyadh
(KSA), has approved the study (IRB ref# NAUSS-
Rec-21-03), according to the guidelines chartered
by the 64th World Medical Association (WMA) Gen-
eral Assembly, Fortaleza, Brazil.

Buccal swabs were collected from selected
healthy male (n=100) and female (n=54)) volun-
teers. A standard questionnaire including the demo-
graphic and medical history of the volunteers was
prepared to collect the samples. Individuals having
a history of bone marrow transplants, genetic disor-
ders, and recent blood transfusions were excluded.

As mentioned in the Helsinki Declaration on
Medical Research involving Human Subjects, ob-
jectives, methodology, and volunteer rights were ex-
plained to the volunteers and a full-informed written
consent was obtained from each volynteer.

2.2 DNA extraction and quantification

Genomic DNA was extracted from buccal swabs
using a QlAamp DNA Micro Kit following the man-
ufacturer’s protocols (Qiagen, Germany). Extract-
ed DNA samples, as well as positive and negative
controls, were quantified using the Quantifiler Duo
Human DNA Quantification Kit (ThermoScientific,
USA) as recommended by the manufacturer in 7500
Real-time PCR System (ThermoScientific, USA) to
optimize the input DNA concentration in a multiplex
PCR reaction.

2.3 DNA amplification and fragment detection

DNA samples as well as negative and positive
controls (DNA Control 007) were amplified for 21
autosomal STR loci and three gender determination
loci using a GlobalFiler™ Amplification Kit (Thermo-
Scientific, USA), according to the manufacturer’s

recommendation. The PCR products were size sep-
arated in an ABI 3500 Genetic Analyzer (Thermo-
Scientific, USA), with reference to the LIZ600 size
standard v2 (ThermoScientific, USA), and the Gen-
eMapper® ID-X Software v1.4 (ThermoScientific,
USA) was used for genotype assignment.

2.4 Confirmation of tri-allelic pattern by next-gen-
erationsequencing (NGS)

Sample #154 was analyzed by Next-generation
sequencing (NGS), using the Precision ID Global-
Filer™ NGS STR Panel v2 (ThermoScientific, USA)
to confirm the existence of tri-allelic pattern. The
library and template were prepared using the HID
lon Chef™ Instrument, and the sequencing was
conducted on the lon S5™ System. Torrent Suite™
Software V. 5.10 was used.

2.4 Statistical analysis

Exact test of Hardy—Weinberg equilibrium (HWE),
Genetic Diversity (GD), allele frequencies, expected
heterozygosity (He), observed heterozygosity (Ho)
were estimated using GenAlEx 6.5 software) [13].
Pairwise Linkage disequilibrium (LD) was estimated
between pairs of loci using STRAF [14]. Forensic ef-
ficiency parameters including Typical Paternity Index
(TPI), Power of Discrimination (PD), Polymorphism
Information Content (PIC), Probability of Matching
(PM), and Power of Exclusion (PE) were estimated,
using GenAlEx 6.5 software [13].

Interpopulation pairwise genetic distances be-
tween the Southern Saudi population and eleven
populations data collected from the literature of
Saudi Arabia [15], Bahrain [16], Qatar [17], Emir-
ates [18], Kuwait, Iraq, Iran, Egypt, India, Sri Lanka
and Bangladesh [19] were performed based on Fst
and calculated utilizing POPTREE2 software [20].

A phylogenetic tree was also constructed using the
neighbor-joining (NJ) method [21] with the POPTREE2
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Figure 2- Tri-allelic variants in TPOX locus observed in sample #154.

software [20] for all populations in corrected fixation
index (Fst) for phylogeny with 1000 permutations [22].

3. Results
3.1 Intrapopulation genetic diversity

In this study, p-value for Hardy-Weinberg equi-
librium (HWE), allele frequencies, expected het-
erozygosity (He), observed heterozygosity (Ho)
were performed for 21 autosomal STR markers:
THO1D21S11, D7S820, CSF1PO, D3S1358,
D13S317, D1S1656D16S539, D2S1338, D8S1179,
D18S51, FGA, D12S391, D5S818, D2S441,
D19S433, D10S1248, D22S1045, SE33, VWA, and
TPOX in the southern region population of Saudi
Arabia.

In our study, sample #154 showed tri-allelic vari-
ants (8,10,11) in locus TPOX with respective sizes
of 350.03bp, 358.23bp, and 362.27bp in CE analy-
sis (Figure-2). As shown in the supplementary file,
NGS results showed a tri-allelic profile indicating
three alleles (8, 10, 11). Consequently, population
genetics and forensic statistics were performed only
for 153 samples.
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The average allele number per marker was 12,
with a total number of discovered alleles equal to
216. SE33 was the most polymorphic with 31 al-
leles, and TPOX was the least with 6 alleles (Ta-
ble-1).

All the studied autosomal markers were in HWE
(o> 0.05), except for D21S11, D2S1338, THO1, and
TPOX loci. However, after Bonferroni’s correction
was applied to improve the level of significance by
dividing the alpha level number (0.05) by the num-
ber of autosomal loci (21) (p=0.05/21=0.00238), no
deviation from HWE was observed (Table-1).

The highest allele frequency was found for allele
8 of TPOX with a value of 0.585526, whereas the
lowest allele frequency (0.003289) was observed in
the following 26 alleles; 6.3, 9, 21.3, 22, 34.2, 35
of SE33, 8, 15 of CSF1PO, 13, 28 of D12S391,
23, 30, 36 of D18S51, 32, 34.2, 35.1 of D21S11,
12, 14, 26 of D2S1338,14.3, 18 of D1S1656, 8 of
D22S1045, 8 of D5S818, 28 of FGA, 4 of THO1 and
9 of VWA marker (Table-1). The highest and lowest
GD were observed for SE33 and TPOX with values
of 0.949648 and 0.603266, respectively (Table-1).




Sample Using GlobalFiler™ PCR Amplification Kit

ern Region Saudi Populati

<
I
—
S
4]
2
@
£
]
o
<]
o
=)
=
o)
(O]
O
[z}
c
L
S
i

250

v.v6€0°0 29l

¥89€¢e'0 1126500 v.v6€0°0 2¥E662'0 898600'0 €9¢50L'0 89€2CE0 859002¢'0 89€2¢,0°0 92¢5580°0 8986000 ScI'0 9l
920€20'0 €6l
85995200 (A1}
cv8LLL'0 LE.610°0 cevevLL’0 126081°0 S682€0°0 659050 68L061°0 Lvvivl'0 LE2280'0 Lyv910'0 leveEre’0 682E000 St
682€00°0 evl
6,0690°0 [A4)
L€.610°0 S6€560°0 Lv6€02°0 L¥¥910°0 S682€0°0 €9/262'0 682€00°0 S09620°0 S0Le60°0 €9¢0€2’0 S68.5L°0 8SLELO'0 ¥8L9E0'0 LL2e60€0 Vi
$682€0°0 cel
¥819€0°0 918€12'0 898600°0 S0LLL2'0 898600°0 9+£920°0 cv8LLL'0 S68.S1°0 92S0Lc’0 898VEL'0 S09VSL'0 682€00°0 89E€L61°0 cvE6Y00 €L
§682€0°0 cgcl
8GLEL00 6.9900°0 ¥8LL91°0 G68.G1°0 L¥682€°0 €499801°0 682€00'0 8SIELOO 9208%71'0 898VEL'0 89€.61°0 8590020 LELV6E 0 ¥819€0°0 91€9.20 <l
126550°0 €L
Seko Lyvlv1’0 68L061°0 6.99S2°0 ¥8981€°0 9188800 L126S0°0 8SLELO'0 S682€0°0 ¢E€LS9E'0 8SI8EL0 LE.610°0 8S188E°0 |
S01260°0 625900°0 €509¥0°0 89€2CE’0 682820 cy8LLLE0 6259000 ,€2280°0 €9.2¥0°0 8986520 Ol
ceLgLLo €6
682€00'0 ¢€9LL1°0 ¢¥€662'0 682€00°0 §6€560°0 SvE6V0°0 85LEL00 €9//91°0 1265500 LE.610°0 LELBLOO 6
929989°0 ¢ELSLLI'0 LEL610°0 /€2,02°0 682€00°0 682€00°0 ¥819€0°0 2E€9LLLO 682€000 8
¥8LL91°0 L¥¥910°0 L
682¢€00°0 €9
6.5900°0 2vE€662°0 9
682€00°0 14

VMA XOdl LOHL €€3S vOd 6/11S80 028S.A 818SSA 8SELSEA LvvScd 8€€LSeA Sv0LSced LiSled 9991SLA €EvS6LA 1SS8LA 6€SS9LA LLESELA L6€STLA 872LS0LA OdI4dSD 3lRllY

"s|enpinipul uoiba. uiayinos 1pnes Ayjesy
pue paje|aiun €61 Ul (11 w,18/I4/BQOJ5)) 100] SHIS [BWOSOINE | Z 10) 8ouB)IOdWI 2ISU8.I0) JO Silawerled [Bdl)SIIB)S pue uoiNgLisIp seiousnbalj ajg)ly -1 alqeL

ASFSFM 2021; Volume 3 Issue (2)




£395€€20 682€£00°0 0g
¥819€0°0 [44
920€.2'0 62
1265500 c'8c
682€00°0 Liev8L'0 682€00°0 8¢
cve6v0°0 c¢'le
LEL610°0 8986000 Le
€50910°0 24
€50970°0 682€00°0 92
§09620°0 (4
k280 91€920°0 1€2610°0 Se
v.v6€0°0 cve
918€12'0 126550°0 €509v0°0 e
91€920°0 [A>4
6.0v61°0 89€2.0°0 682€00°0 6.G1EL0 €2
8GLEL0'0 [x44
682€00°0 c€LSHL0 L¥¥910°0 6.5900°0 6828210 (44
682€00°0 €l
920€20°0 (x4
Ly¥910°0 CELSLL0 Ly¥910°0 659000 v.6101L°0 ¥4
898600°0 c'0e
6.9900°0 1265500 cELSEL0 ¥.,6922°0 €50910°0 L¥68.0°0 0c
cELSLL0 G290'0 ¢€92S0'0 85LEL00 £€4959801°0 91€920°0 LELYYLO 61
L¥¥910°0 €8l
¥89€22°0 918880°0 6.5900°0 8518€L0 9188800 682€00°0 2€9250°0 G/81°0 8L
£€9/2v0'0 €Ll
£€50962°0 9255800 1E2610°0 85952€0 920€.2'0 S09620°0 §290°0 925980°0 6828210 cve6Y0'0 L
€509¥0°0 €91
VMA XOdl LOHL €€3S vOd 6/11S8a 028S.Aa 818SSA 8SELSEA LvbScA 8€€LSeA SvOLSZed Lisled 9S91SLa €evS6LA LSS8LA 6€SS9LA LLESELA L6€SCLA 872IS0LA OdLdSD 3lRIlY

“puo) -| 9jqel

ASFSFM 2021; Volume 3 Issue (2)



Buiyorew jo Aljigeqold pauiquiod (NdD ‘UoIeuIWIOSIP JO Jemod pauiquiod :adD
‘Asianig auan) :d9(go 0<d) 1se3 wnuqgiinba Biaquisp—ApeH MHd (AlsobAzolelay paioadxa :aH AlisobAzolalay paalasqo :0H ualuod uoliiewlojul wsiydiowAjod :Qld xapul

JAlulered [eoidAl 114l ‘uoisnjoxe Jo Jamod :3d ‘uoneulwnosip jo Jemod :qd ‘Buiyorew jo Aljigeqold Nd « ‘SUollepuswIwWOodal DYN U0 paseq Aousnball aja|ie wnwiuln 4N

cleo €000 6000 185°0 9260 6€5°0 960 2680 Leeo 6950 000 ckl’o €€0°0 e€ero 2600 980 €020 PA4NY 8910 o ¥¥€0  MH .

SOLLLL'O LV68LS'0 68L069°0 €50+c6'0 ¥89878'0 S682¢8.°0 €5096L°0 Levey,.'0 9¢S0LL'0 85LE€9L°0 G20  €50LL9'0 S6828L°0 68L518°0 c¥8198°0 ¥898Y8°0 C¥89€L'0 S6828L°0 L2¥898°0 8SLE9L'0 €S0LL90 OH .
¥88.°0 69190 1110 2560 65980 €80 €¥8.°0 ¥/G/°0 2€5.°0 899L0  L¥E®OD 9€9'0 26080 2/80 €0/8'0 ¥/98°0 §S//°0 €29L0 €1880 1680  €20L°0 oH.,
£988L°0 992€09°0 6.L0LL°0 8¥96¥6'0 ¢cc€098°0 £86¥€8'0 ¥16¥8L°0 65+C9L°0 8¥9€SL'0 €92592°0 80€9E8'0 9991€9'0 GE6L8'0 €LELL8'0 GL0L98°0 L9¥998°0 €8EVLL'0 ¥68S9L°0 610.48'0 Lc988L°0 +26¥0L'0 AD «
PEEESL'0 9SLI9S'0 LI9LEL'0 2E6EVE'0 62180 6166080 9296¥L'0 92¥02L'0 S9660L°0 9296220 92vyi8'0 L0LB9S'0 998260 8SYS8'0 6€0098°0 9826¥8'0 E€¥E0VL'0 809€EL'0 96098'0 €L9¥SL'0 6S2.v9'0 Old «
chv/9L'L G/8L'L  120LL9'L €EEEEE9 8YEVYOE'E E0E0EC €L9LSY'C 8LL8V6'L €L8/cL'} LLLLLLES 4 cs’L €0€0€'C 982¥LL'C 8¥0619°E 8YEVOE'E 61 €0E0EC 8¢ LELLELS s’ IdL «
9129’0 G/€992°0 9GSV Ly'0 86598E8°0 €.2269'0 689,990 ¥ELL6S0 LLG86V0 CELYYY'0 9¥GCES'0 99,6050 SL6¥8E'0 689/99°0 9998290 ¥E€E8LL'0 €.2c69'0 LgG/87'0 689.95°0 8L¥LELO 9¥GCES0 GL6¥8E€°0 3Id «
666666666 ado «

996026'0 82€E€8L'0 S98V06'0 ¢SE€686'0 SOEL96'0 €5.8V6'0 ¥SL9L6'0 cc61L06'0 ccl968'0 82606'0 1250560 9S09LL°0 ¥8EVE6'0 SLOY96'0 c6€L96°0 092960 LO6VL6'0 LLCLL6'0 S6C96'0 69€8L6°0 8€6658°0 Ad «

S¢-3lc06l'e WNdO«

¥€06.0°0 ¢/991¢'0 SELS60°0 8¥90L0'0 S698€0°0 L¥CS0'0 9/2€80°0 820860°0 848€0L'0 ¢L060°0 62¥6¥0°0 ¥¥6€cc'0 919590°0 SC65€0°0 8098€0'0 96€LE€0°0 €60580°0 62,8800 SOLE0'0 1E9L80'0 2900¥L'0 Nd «

2
c
o
©
o
S
=
<
o
(&)
o
=
E
@
[
©
o
S
=3
=
(7}
o
<
=%
=
553
D
=
=
=
=
o
o
o
B
=)
T
[92)
=
=}
>
o)
o
=
=
5]

sloloweled olsuaio

G2le'0 L999L¥'0 €¥1LSE°0 S¥9080°0 €L2/2¢'0 SGCle0 €EVLLSE0 €VLLSE0 EVLLSE0 8LLL.2°0 80EC6L'0 GCle'0 80€C6L'0 80€C6L'0 €LcL22’0 L9999L°0 €EVLLGE0 EVLLGE0 80€26L'0 G2LED EVLLSED

AV,
682£00°0 9
8 682€00°0 L'se
=
(7] 682€00°0 6259000 Ge
N
m 682€00°0 682€00°0 Tve
B
£ 8986000 $682€0°0 z'ee
]
o
o 920£20°0 S6€560°0 z'ee
[}
o 682€00°0 2
2
S ¥819€0°0 9255800 2e
[T
£509+0°0 Le
¥819€0°0 920£20°0 A

VMA XOdl LOHL €€3S vOd 6/L1S80 028S.a 818SSA 8SELSEA LyvSed 8€€LSeA SvOLSced LiSled 9S91SLA €EvS6LA LSS8LA 6€SS9LA LLESELA L6E€STLA 8¥2LS0LA OdI4dSD 3RV

252

“puo -| a|qeL

ASFSFM 2021; Volume 3 Issue (2)




253

3.2 Forensic efficiency

Based on allele frequency data, we determined
the statistical parameters of forensic interest. SE33
was the most informative locus with 31 alleles,
whereas TPOX was the least with 6 alleles. In the
current study, the TPI, PIC, PE, Ho and He varied
from 0.56116 (TPOX) to 0.94393 (SE33), 0.26638
(TPOX) to 0.83859 (SE33), 1.1875 (TPOX) to
6.33333 (SE33), 0.57894 (TPOX) to 0.92105 (SE33)
and He 0.6169 (TPOX) to 0.952 (SE33), respectively.
The combined PD was 99.99999999% and the com-
bined PM was equal to 3.19021E-25 (Table-1). In ad-
dition, the highest PM was observed for D22S1045
(0.223944), while the lowest was observed for SE33
(0.010648). Inversely, for PD, the highest was de-
tected for SE33 (0.98935); however, the lowest was
observed for D2251045 (0.77605) (Table-1).

3.3 Linkage disequilibrium analysis

Linkage disequilibrium (LD) analysis was per-
formed for all pairs of loci, and the results are pre-
sented in Table-2. Significant LD (p<0.05) was
observed for 4 pairs of loci as shown in Figure-3:
CSF1P0O-D2S1338, SE33-D12S391, D1S1656-
D12S391, and vWA-D18S51. Therefore, Bonfer-
roni’s correction was performed to increase the sig-
nificance level (p<0.05/210 (0.00024). Statistically
significant results were shown in 6 more pairs of loci:
D12S391-D21S11, TPOX-SE33, D1S1656-SE33,
D10S1248-FGA, D21S11-SE33 and D21S11-TPOX.

3.4 Interpopulation diversity

Based on Fst, interpopulation pairwise genetic
distances (Table-3) between the Saudi southern re-
gion population and eleven published populations
data including Saudi Arabia [15], Bahrain [16], Qatar
[17] , Emirates [18], Kuwait, Iraq, Iran, Egypt, India,
Sri Lanka and Bangladesh [19] were collected from
the literature. The results of the population Fst were

ASFSFM 2021; Volume 3 Issue (2)

substantial, ranging from 0.003 to 0.042. As shown
in Table-3, southern Saudi population, Emirati (Fst=
0.003) and Kuwaiti (Fst= 0.007) population are ge-
netically close compared to other populations, fol-
lowed by Iranian (Fst= 0.009) and Bahraini (Fst=
0.011). On the other hand, SriLankan (Fst= 0.040),
Indian (Fst= 0.024), and Bangladeshi (Fst=0.016)
revealed relatedness with each other and were ge-
netically distant from the southern Saudi population.

Neighbour-joining (NJ) tree (Figure-4) was
graphically generated using Nei’s Fst distances
based on the Fst data. The NJ tree showed that the
indigenous people of the southern region of KSA
was closely related to the Middle Eastern popula-
tions (rest of Saudi, Emirati, Kuwaiti, and Bahraini).

4, Discussion

In this paper, we utilized the 23 STR markers
and one (1) Yindel included in the GlobalFiler™
PCR Amplification kit (Thermo Scientific, USA) to
investigate the genetic structure of a Southern Sau-
di population.

Comparable results were observed with the pre-
vious research that studied the nearest population,
including Saudis, Bahraini, Emirati, Kuwaiti popula-
tions utilizing GlobalFiler TM STR amplification kits
[12, 15, 16, 19, 23].

The analysis of allele frequency data showed the
evidence of a tri-allelic pattern in locus TPOX (8,
10, 11), which was also reported in the study with
the UAE population (6, 8, 10) [23]. Tri-allelic pattern
has been previously reported in many other loci. In
the study conducted by Al-Snan et al., the tri-allele
pattern was observed in both D21S11 (30, 31.2,
32.2) and D2S441 (10, 11, 12) markers [16]. In a
Japanese study, a tri-allelic pattern (18, 25, 26) was
reported in the D12S391 locus [24]. Alsafiah report-
ed a tri-allelic pattern for D7S820 (9, 12, OL) in a
study conducted in a Saudi population [15]. More-
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Figure 3- Plot of Pairwise linkage disequilibrium (LD) of all pairs of autosomal loci.

over, tri-allelic pattern was also observed in D18S51
(15.2, 16.2, 17.2) D1S1656 (8, 18, 19) in another
Saudi population study [12].

We observed that four loci deviated from HWE
(D21S11, D2S1338, THO1, and TPOX), which could
be explained by the high level of consanguineous
marriage rates among Saudi southern region pop-
ulation. This phenomenon is common in communi-
ties with a high rate of inbreeding like Saudi Arabia,
Bahrain, and UAE, as documented in previous re-
ports [12, 16, 18]. However, after Bonferroni’s cor-
rection, no deviation from HWE was observed for
all markers.

In this study, the most informative marker was
SE33, whereas the least informative one was

ASFSFM 2021; Volume 3 Issue (2)

TPOX. These results are consistent with previous
studies performed on Saudi population [12, 15]
and other populations such as Emirati [23], Japa-
nese [24], and Chinese [25]. Whereas THO1 and
D16S539 were the least informative markers in
Bahraini and Emirati populations, respectively [16,
18]. In the present study, the highest GD was ob-
served for SE33; however, the lowest was observed
for TPOX, matching the previous studies reported
for Saudi population [12, 15].

In the present study, the highest PD was ob-
served for locus SE33 (0.989352) which is similar
to the literature [12-15]. However, the marker with
the least PD value was D22S1045. This result was
contrary to the finding from other populations such
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Table 3- Fst genetic distance matrix between Southern Region Saudi population and 11 published populations data
(Alsafiah et al., 2017, Alsnan et al., 2019, Pérez et al., 2006, Jones et al., 2017, Al-enizi et al., 2013).

Bahraini Qatari Kuwaiti Iraqi Iranian Egyptian Bangladeshi Srilankan Indian Emirati Saudi S%l:::im
Southern 0.011  0.013 0.007 0.016 0.009 0.014 0.016 0.040 0.024 0.003 0.027 0
Saudi
Saudi 0.035 0.034 0.033 0.040 0.031 0.039 0.037 0.042 0.042 0.029 O
Emirati  0.008 0.010 0.006 0.013 0.006 0.011 0.009 0.032 0.016 0
Indian 0.020 0.018 0.033 0.020 0.015 0.020 0.010 0.026 0
Srilankan 0.039 0.031 0.042 0.032 0.034 0.026 0.031 0
Bangla- 0.015 0.021 0.018 0.020 0.014 0.019 0
deshi

Egyptian 0.019 0.011 0.015 0.006 0.016
Iranian 0.010 0.011 0.013 0.014 O
Iraqi 0.011 0.015 0.017 0

Kuwaiti  0.015 0.015 0

Qatari 0.018 0

Bahraini 0

as Japanese [24], Chinese [25, 26], Bahraini [16],
and Emirati [23], where TPOX was shown to have
the lowest PD.

The values of PIC, TPI, and PE for all the inves-
tigated STR markers were highly informative, indi-
cating a high level of genetic diversity. The highest
values of these forensic efficiency parameters were
observed for SE33, while the lowest was for TPOX.
These results are consistent with the reports from
Bahrain [16] and China [25, 26].

Tests of linkage disequilibrium (LD) were per-
formed for all pairs of loci, and the results were
presented in Table 2. Significant LD (p =< 0.05)
was observed after Bonferroni corrections was
applied (p =0.05/210 =0.00024) for 10 pairs of
loci (D2S1338-CSF1PO, D12S391-D1S1656,
D12S391-SE33, D18S51-vWA, D12S391-D21S11,
TPOX-SE33, D1S1656-SE33, D10S1248-FGA,
D21S11-SE33 and D21S11-TPOX) as shown in
Figure 3. The expectations of Linkage between loci

were based only on physical distances. However,
LD could be also a consequence of mutations, se-
lection, founder effects, random genetic drift, and
population admixture or stratification [27, 28].

We compared the southern region Saudi popu-
lation data to 11 selected populations data; using
the most accessible loci. The southern region Saudi
population and Emirati population are the most ge-
netically related, followed by Kuwaiti and Bahraini
populations. The Fst distances of the southern re-
gion Saudi population with Emirati, Bahraini, and
Kuwaiti were less than the statistics of FST distanc-
es < 0.01 [29], supporting the variations in allele
frequencies between the studied populations that
varied in terms of geography, language, and soci-
ety. Therefore the present study aids in the classi-
fication of the geographically close middle Eastern
populations [23].

The phylogenetic (NJ) tree construct, using fixa-
tion index FST value (Figure 4) among the 12 select-

ASFSFM 2021; Volume 3 Issue (2)
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Figure 4- Phylogenetic tree based on Nei’s Fst Distances for the accessible autosomal STR loci estimated for the
Southern Saudi population and 11 published populations data.

ed populations, shows the close relatedness to the
Middle Eastern populations (Saudi, Emirati, Kuwaiti
and Bahraini). As expected, the genetic distances de-
veloped in this study between southern region Saudi
and East Asian populations vary widely and might be
due to geographic and continental origin distinctions.

5. Conclusion

The present research explores the genetic diver-
sity of the southern region Saudi population utilizing
Global Filer ™ PCR Amplification Kit. The results of
the present study indicate that Global Filer™ PCR
Amplification Kit is reliable for forensic DNA typing to
provide higher power of discrimination (PD). SE33
was shown to be highly polymorphic and helpful
for paternity testing as well as forensic casework.
Overall, further region-specific population genetic

ASFSFM 2021; Volume 3 Issue (2)

studies exploring the northern, eastern, and west-
ern regions must be conducted to understand the
genetic structure of the Saudi population.
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