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Abstract

The HLA class Il polymorphism of 254 healthy unrelated Omanis was analyzed by PCR-SSP method, and the
detected frequencies were compared to those reported in 20 other populations. The most frequent HLA class Il
DRB1 alleles were DRB1*16, DRB1*03 and DRB1*15 with frequencies of 0.315, 0.224 and 0.106 respectively, while
the most frequent DQB1 alleles were DQB1*05 and DQB1*02 with frequencies of 0.366 and 0.283 respectively. The
haplotype analysis revealed that DRB1*03-DQB1*02 was the most common HLA class Il haplotype with linkage
disequilibrium (a frequency of 0.206). Compared with other populations, our result, deduced from the analysis of
genetic distances and the construction of neighbour joining dendrogram, indicates that Omanis are related to
Mediterranean and West-Asian populations. This fact might be explained by several historic and socio-geographic

factors if we consider on the long history of this population.
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Introduction

The HLA system is the most polymorphic genetic system described
in humans and consists of several closely linked loci [1-4]. All HLA
loci map to the short arm of chromosome 6 (6.p21) and were classified
in two major HLA classes: class I (A, -B, -C, -E, -F, -G and -H) and
class IT (DRA, -DRB, -DQA1, -DQBI, -DPAL, -DPB1, -DMA, -DMB, -
DOA and -DOB) [1,5]. Others non-HLA genes and pseudogenes have
been also reported of which some loci were grouped in a third HLA
class (HLA class III) [1]. More than 9,000 alleles characterising HLA
polymorphism have been documented in the IMGT/HLA database
(release 3.9.0) of which 1,122 alleles (14.3%) were described in the
most recent common and well-documented HLA alleles catalogue [6].
The high degree of polymorphism of the HLA system has proved a
useful tool in tracing the migration of ancient human populations as
well as studying the ethnic composition of the present day populations
[7,8]. Thus, it had been reported that some HLA alleles and haplotypes
are frequent only in specific populations due to several social and
historic factors [9].

Oman is an Arabic country occupying the south eastern corner of
the Arabian Peninsula. The History of Oman is very rich due to its
strategic position on the borders of the Indian Ocean area and the
Arabian Gulf. As reported by Paul Lunde in “Oman: A history”, the
coast of Oman was occupied by Persians early in its history [10]. The
Persian control was extended for 10 centuries until the arrival of Islam
(from 3rd century BC to 7th century AD) and exerted by two other
Iranian dynasties, the Parthians and the Sassanids. Oman territories
have also experienced the arrival of tribes from Marib (Yemen) during
the pre-Islamic time in a strategy to control the lucrative incense trade
[11]. With the advent of Islam, the Omani population was enriched
with other tribes [10]. Thus, it is clear that Omanis were in regular

contact with other ethnic groups during all ages and that this has led to
the genetic heterogeneity of this population.

Studying HLA polymorphism in various populations can enrich the
international HLA database which is very useful in clinical practices
and in anthropological studies [5]. Thus, we decided to conduct this
basic genetic study in order to investigate the HLA class II system
polymorphism in Omani population which is an Arabic population
occupying the south eastern corner of the Arabian Peninsula.

To date, few studies investigating the HLA polymorphism in
Omanis have been published [12-14]. Here we present a study of HLA
Class II polymorphism of Omanis using a molecular approach.

Materials and Methods

Informed consent was obtained from all participants, and approval
was obtained from the ethical committee for scientific and medical
research of the College of Medicine and Health Sciences at Sultan
Qaboos University (Sultanate of Oman) for performing this study.

Study subjects: A total of 254 healthy and unrelated normal blood
donors (149 men and 105 women) were randomly selected from the
Omani population (from all regions of the Sultanate) to perform this
study. The origin of the other populations used for the interethnic
comparison is detailed in (Table 1) [15].

Population Sample size
Omanis — currentstudy 254
Iran.Azeri 100
Iran.Baloch 100
Iran.Kurd 100
Ashkenazi.Jews.pop2 132
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Gaza.Palestinian 165
Iranian.Jews 101
Lebanon.pop.2 191
India.Uttar.Pradesh 202
Algeria.pop.2 106
Ethiopia.Amhara 98
Ethiopia.Oromo 83
Morocco 96
Tunisia.Jerba.Berber 55
Tunisia.Matmata.Berber 81
Tunisia.pop.3 104
Turkey.pop.2 228
Bangladesh.Dhaka.Bangalee 141
Pakistan.Baloch 66
Pakistan.Brahui 104
Pakistan.Karachi.Parsi 91

Table 1: Populations used for measurement of genetic distances [15].

Molecular HLA class II typing: HLA-DRB1 and -DQBI molecular
genotyping was carried out using the PCR-SSP method according to

Statistical analysis: HLA-DRB1/DQB1 allele and haplotype
frequencies; Hardy-Weinberg equilibrium for each locus; and relative
linkage disequilibrium (D’) between these loci were calculated by
applying the expectation-maximization (EM) algorithm (Arlequin
program V3.5.12) [16]. Standard deviations (SD), for both alleles and
haplotypes frequencies (HF), were obtained by a bootstrap procedure
[16].

Omani HLA-DRBI and -DQBL allele frequencies were compared
with other Mediterranean and Asian population’s frequencies in order
to investigate the relatedness between these populations. In this
analysis, we used only HLA-DRBI allele frequencies because some of
the populations used lacked some HLA-DQB1 data. Phylogenetic tree
(dendrogram) was constructed with allele frequencies by applying the
Neighbor-Joining (NJ) method with the standard genetic distances
(SGD) [17,18], using the Dispan software which contains the
GNKDST and TREEVIEW application [19,20].

Results

Hardy-Weinberg test analysis showed that all alleles at the DRB1
and DQBI loci are in equilibrium (p values are, respectively, 0.27 and
0.13).

HLA class II allele frequencies: The allele analysis showed the
presence of 11 variants at the HLA-DRBI locus of which DRB1*16 and
DRB1*03 were the most frequent in Omanis (Table 2). Except the
DRB1*03 allele which is frequent in all populations, DRB1*16 variant
is a common allele among the Southeast Asian peoples such as in
Malaysia (28%), Papua New guinea (28%) and Vietnam (19.2%) and in
South American peoples such as in Brazil (37%), Colombia (38%),
Mexico (30.9%) [15]. The third frequent HLA-DRBI allele in Omanis

manufacturer’s  specifications  (Dynal = Allset  Gold ~ SSP,  Life was the DRB1*15 which is a common allele between several ethnic
Technologies Corp). groups [15].
DRB1 locus No. subjects | Allele S.D.1 DQB1 locus No. subjects| Allele frequency S.D.
with allele frequency with allele
DRB1*01 2 0.004 0.003 DQB1*02 138 0.283 0.019
DRB1*03 112 0.224 0.018 DQB1*03 78 0.163 0.015
DRB1*04 47 0.096 0.013 DQB1*04 13 0.026 0.007
DRB1*07 34 0.067 0.011 DQB1*05 164 0.366 0.021
DRB1*09 2 0.004 0.003 DQB1*06 76 0.161 0.016
DRB1*11 40 0.083 0.012
DRB1*12 5 0.01 0.004
DRB1*13 32 0.063 0.011
DRB1*14 14 0.028 0.007
DRB1*15 52 0.106 0.013
DRB1*16 148 0.315 0.021

1: Standard deviation

Table 2: HLA-DRB1 and -DQBI allele frequencies in the Omani population.

For the HLA-DQBI1 locus, 5 alleles were detected in which
DQB1*05 and DQB1*02 are the most frequent alleles in Omanis

(Table 2). HLA-DQBI*05 is a relatively frequent allele in some
Southeast Asian peoples, e.g. Malaysia “pop 2” (37.1%) and in Pakistan
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“Baloch” (34%) whereas a very lower frequency of this allele was
reported in several Amerindian peoples, e.g. Mexico, Brazil, Argentina
[15]. In contrast to DQB1*05, the HLA-DQB1*02 is a common allele
in several populations although it was detected with high frequency in

some Mediterranean populations, e.g. in Spain « Arratia Valley
Basque » (48%), Israel « Libyan Jews » (33.3%), Morocco « pop 2 »
(30.6%), France « Rennes pop 3 » (24%) and Turkey « pop 2 » (23.8%)
[15].

Population HLA-DRB1 (SGD)
Pakistan.Brahui 0.158
Pakistan.Baloch 0.233
Tunisia.pop3 0.328
Iran.Baloch 0.384
Iran.Kurd 0.424
Algeria.pop2 0.467
Iran.Azeri 0.52
Tunisia.Matmata.Berber 0.569
Gaza.Palestinian 0.574
Morocco 0.618
Ashkenazi.Jews.pop2 0.629
Lebanon.pop2 0.656
Ethiopia.Oromo 0.671
India.Uttar.Pradesh 0.676
Turkey.pop2 0.68
Pakistan.Karachi.Parsi 0.751
Bangladesh.Dhaka.Bangalee 0.805
Ethiopia.Amhara 0.805
Tunisia.Jerba.Berber 0.848
Iranian.Jews 0.885

Table 3: Standard genetic distances (SGD) between Omanis and 20 other populations.

The phylogenetic analysis showed that Omanis are closer to West-
Asian and Mediterranean peoples (Figure 1) than to others
populations, which was more evident in (Table 3), reporting SGD
between the selected populations.

HLA-DRB1-DQB1 haplotype frequencies and linkage disequilibria:
The most dominant HLA-DRB1_DQBI haplotypes in Omanis are
DRB1*16_DQB1*05 (HF 31.3%, D’ 003, p>0.023) and
DRBI1*03_DQB1*02 (20.6%), but the most dominant HLA-

DRB1_DQB1 haplotype with linkage disequilibrium is the
DRB1*03_DQB1*02 (Table 4). At this level, it should be mentioned
that HLA-DRB1*16_DQB1*05 is found in 27.3% of Papua New
Guinean peoples and in 15% of Pakistani “Brahui”; and HLA-
DRB1*03_DQB1*02 is found in some Mediterranean peoples such as
in Tunisians “Gabes” (15%), Israel “Arabs “ (9.6%) and Moroccans
“pop 27 (9.3%) [15].
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(Table 1). Bootstrap values from 1000 replicates are shown.

Figure 1: Neighbour-joining dendrogram showing relatedness between Omanis and some neighbouring populations. Standard genetic
distances (SGD) were calculated by using HLA-DRBI allele frequencies. Data from other populations were taken from references detailed in

Discussion

The HLA class II allele analysis showed that the frequent HLA-
DRBI1 variants in Omanis, (Table 1) are those that are common in
some Southeast Asian and Mediterranean populations especially the

HLA-DRB1*16, -DRB1*15 and -DRB1*03 variants [2gfgfl1-24]. The
same findings were also observed when analysing the HLA-DQBI
locus [22-25]. Thus, it seems likely that there is an HLA allele
admixture between Omanis and Mediterranean-West Asian peoples.
This finding was supported when analysing HLA class II haplotypes.
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We revealed that the predominant haplotypes, with significant linkage
disequilibrium, in Omanis, e.g. HLA-DRBI1*03-DQB1*02 is also
predominant in some Mediterranean peoples such as Tunisians, Israel
“Arabs” and Moroccans [22,26,27]. Accordingly, we believe that these

findings provide some evidence that Omanis are close to
Mediterranean and West-Asian populations. This proposal might be
explained by several historic and socio-geographic factors if we
consider the long history of this region [10].

Haplotype No. subjects with haplotype Frequency S.D.A1 D’ value p value for significance of D’
DRB1*16- 158 0.313 0.02 0.093 0.023
DQB1*05

DRB1*03- 104 0.206 0.018 0.228 0.01
DQB1*02

DRB1*15- 46 0.09 0.013 0.106 0.044
DQB1*06

DRB1*04- 39 0.077 0.012 0.037 0.006
DQB1*03

DRB1*11- 35 0.071 0.012 0.01 0.035
DQB1*03

DRB1*07- 31 0.064 0.011 0.051 0.018
DQB1*02

DRB1*13- 28 0.055 0.011 0.003 0.009
DQB1*06

DRB1*14- 13 0.026 0.007 0.009 0.083
DQB1*05

DRB1*03- 8 0.016 0.006 0.091 0.011
DQB1*04

DRB1*15- 8 0.016 0.005 0.107 0.029
DQB1*05

DRB1*11- 5 0.012 0.005 0.007 0.047
DQB1*06

DRB1*04- 5 0.01 0.005 0.008 0.055
DQB1*02

DRB1*04- 5 0.01 0.005 0.008 0.039
DQB1*04

1 Standard deviation

Table 4: HLA-DRB1-DQBI1 haplotype frequencies and linkage disequilibrium values (D’) in the Omani population.

The possible relatedness of Omanis to Mediterranean and West-
Asian populations is not surprising in view of the above cited reasons.
Any genetic overlapping between Omanis and West-Asian peoples is
likely to be correlated with interethnic marriages during the Persian
domination of the coast of Oman early in history. The same theory
may also be valid to explain the relatedness of Omanis to
Mediterranean peoples and we think that some Mediterranean groups
who came to Oman for trade were finally settled down in the region
[10]. This possibility may be reinforced by the importance of Oman
territories as an ancient economic and military area. In fact, Oman is
located in a strategic region that links the ancient Fertile Crescent or
“The Cradle of Civilization” to the Indian Ocean area and it is in the
same time a very appropriate location to control sea incense trade
routes between the Arabian Gulf, Gulf of Oman and Indian Ocean
[11]. So, it is quite normal to be colonized by major forces such as
Persians followed by tribes of Marib, Portuguese and Ottomans that
leaded to an admixture of the Omani’s genetic patrimony.

This work will help to further investigate the relatedness between
Omanis and others middle east populations. Furthermore, such
studies will be helpful in making an Arabic HLA allele frequency
database that would prove useful in clinical practices especially in bone
marrow and solid organ transplantation.
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