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The spectrum of thalassaemia mutations in the
UAE national population

R Quaife, L Al-Gazali, S Abbes, P Fitzgerald, A Fitches, D Valler, J M Old

Abstract
The a1 thalassaemia alleles in 501p thalas-
saemia heterozygotes originating from
many parts of the United Arab Emirates
(UAE) have been characterised using the
allele specific priming technique of the
polymerase chain reaction (PCR). The
IVSI-5 (G-.C) mutation was found to be
present in 66%, while six other alleles
occurred at the much lower frequencies
of2% to 8%. These were codon 8/9 (+ G),
IVSI-1, 3' end (-25 bp), codon 5 (-CT),
IVSII-1 (G-)A), codon 30 (G-+C), and
codon 15 (G-A). The mutation types and
percentages are compared with other
Mediterranean Arab countries and
neighbouring areas. It is proposed that
IVSI-5 and other Asian Indian mutations
were introduced into the UAE by popula-
tion migration from the region pre-
viously known as Baluchistan. These
findings should be useful for genetic
counselling and the development of a
first trimester prenatal diagnosis pro-
gramme based on direct detection of
mutations in the UAE.
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thalassaemia is a highly heterogeneous group
of inherited disorders of globin gene expres-
sion,' and more than 140 different globin
gene mutations have been identified in the
world.2 The population of the United Arab
Emirates (UAE) is diverse, consisting of a total
of about 2 to 2-5 million people. Fewer than
20% are UAE nationals,3 but within this small
group a variety of single gene defects occurs, of
which thalassaemia is one of the most preva-
lent.4 Because of consanguinity, there are

many homozygous thalassaemia subjects
who need special follow up and present a real
health problem for their families and the com-
munity as a whole. In order to make possible a
simplified carrier detection and prenatal dia-
gnosis service we have used a non-radioactive
PCR technique based on allele specific prim-
ing. Here, we report our findings and make
a comparison between our data and those
observed in neighbouring Asian regions and
Arab Mediterranean countries.

Subjects and methods
SUBJECTS
A total of 101 blood samples was collected
from 27 families of UAE nationals consisting
of carrier parents and at least one child with
thalassaemia major. Over 30% of these famil-
ies were known to be consanguineous, the

parents being first cousins. Most of our
patients came from Al-Ain District, Sharjah,
and Ra'sal Khaymah and were referred to the
genetic clinic of Al-Jimi and Tawam Hospital
(Al-Ain). Furthermore, although not
obviously related, over 50% of the subjects
shared the surname Baluchi which is a com-
mon surname in the UAE population as a
whole. A phenotypic study including haemato-
logical data and haemoglobin electrophoresis
showed that the majority of patients (85%) had
[3 thalassaemia.

METHODS
DNA was extracted from the white blood cells
of EDTA anticoagulated blood by the method
of Kunkel et al.5 The 13 thalassaemia mutations
were characterised by a PCR method based on
allele specific priming known as the amplica-
tion refractory mutation system (ARMS)
using the method described by Varawalla et
al.6 Each parental DNA sample was screened
using the mutation specific primers listed in
table 1 until the mutation was identified.
The mutations were also confirmed in each

homozygous patient and any heterozygous
sibs. The PCR conditions and methods used
were as previously described6 except that the
annealing temperature for the codon 44 (- C)
and IVSII-645 (- C) primers was 60'C.

Results
Using the allele specific priming technique we
were able to define the molecular defects in 23
families by either screening each parental
DNA sample or screening the probands' DNA
for two mutations. In four families, one of the
parental mutations remained uncharacterised
because insufficient or no DNA was obtained
from the blood samples to allow completion of
the screening procedure for all 22 mutations
(table 1). Seven 3 thalassaemia mutations were
identified in a total of 50 parental DNA
samples, with the most prevalent allele being
the ,B+ IVSI-5 (G-.C) mutation (fig 1). This
was observed at a frequency of66% in contrast
to the other six alleles which were found at
much lower frequencies, ranging between 8%
and 2% (table 2). These were codon 8/9 (+ G),
the 25 bp deletion (IVSI, 3' end), codon 5
(- CT), codon 30 (G--C), and codon 15
(G-+A). Thirteen of the patients were found to
be homozygous for the IVSI-5 mutation, and
three patients were homozygous for one of the
rarer alleles, namely codon 30, codon 8/9, and
codon 5. Thus, there were 16 out of 23 families
(70%) in our sample in which each parent was
found to carry the same 1 thalassaemia muta-
tion.
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Table 1 Primer sequences used for the detection of fi thalassaemia mutations by the allele specific priming technique.

Product
Mutation Oligonucleotide sequence size (bp)

1 IVSI-5 (G-C) 5'CTC CTT AAA CCT GTC TTG TAA CCT TGT TAG 285
2 IVSII-l (G-A) 5'AAG AAAACA TCAAGG GTC CCA TAG ACT GAT 634
3 IVSI-1 (G-A) 5'TTAAAC CTG TCT TGT AAC CTT GAT ACG AAT 281
4 Codon 41742 (-CTTT) 5'GAG TGGACAGAT CCC CAAAGG ACT CAA CCT 439
5 Codon 8/9 (+G) 5'CCTTGC CCCACAGGGCAGTAACGGCACACC 225
6 Codon 5 (- CT) 5'TCAAAC AGA CAC CATGGTGCA CCT GAG TCG* 528
7 IVSI,3'end (-25 bp) 5'CTC TGG GTC CAA GGG TAG ACC ACC AGC ATA 386
8 IVSI-6 (T-C) 5'TCT CCT TAAACC TGT CTT GTAACC TTC ATG 286
9 IVSI-110 (G-A) 5'ACC AGC AGC CTAAGG GTGGGAAAATAGAGT 419
10 IVSII-745 (G-T) 5'TCA TAT TGC TAA TAG CAG CTA CAA TCG AGGt 738
11 Codon 39 (C-T) 5'CAGATC CCC AAAGGA CTC AAAGAA CCTGTA 536
12 Codon 6 (-A) 5 CCCACAGGGCAGTAACGGCAGACTTCTGCC 207
13 -87 (C-G) 5'CAC TTAGAC CTC ACC CTG TGGAGC CAC CCG* 683
14 Codon 8 (-AA) 5'ACA CCATGGTGC ACC TGA CTC CTGAGC ACG* 420
15 -30 (TA) 5'GCA GGG AGG GCA GGA GCC AGG GCT GGG GAA* 625
16 Codon 30 (G-A) 5'TAAACGTGT CTT GTAACC TTGATA CCTACT 281
17 IVSI-1 (G-T) 5'TTAAAC CTG TCT TGT AAC CTT GAT ACG AAA 281
18 Codon 30 (G--C) 5'TAAACC TGT CTT GTAACC TTGATA CCTACT 281
19 Codon 44 (-C) 5'TAC CCT TGGACC CAGAGGTTC TTT GAG TGT* 182
20 IVSII-645 (-C) 5'GAA TAA CAG TGA TAA TTT CTG GGT TAA CGTt 829
21 Codon 16 (-C) 5'TCACCACCAACTTCATCCACGTTCACGTTC 238
22 Codon 15 (G-+A) 5'TGA GGA GAAGTC TGC CGT TAC TGC CCA GTA* 500

Other primers used: the above primers were coupled with either primer A: 5'-ACC TCA CCC TGT GGA GCCAC; primer B
(with primers marked*): 5' CCC CTT CCT ATG ACA TGA ACT TAA; or primer C (with primers marked t): 5' GAG TCA
AGG CTG AGA GAT GCA GGA. The internal control primers used were primer C plus primer D: 5' CAA TGT ATC ATG
CCT CTT TGC ACC (which amplify a 861 bp fragment from the 3' end of the ,B globin gene), for all except for the two primers
marked t in which case internal control primers E: 5' AGT GCT GCA AGA AGA ACA ACT ACC and F: 5' CTC TGC ATC
ATG GGC AGT GAG CTC were used (these amplify a 323 bp fragment from the Gy globin gene). The primers used to detect the
normal f globin gene sequence were: for IVSI-5 (G-'C) 5' CTC CTT AAA CCT GTC TTG TAA CCT TGT TAC; for codon
8/9 (+ G): 5' CCT TGC CCC ACA GGG CAG TAA CGG CAC ACT; for codon 5 (- CT): 5' CAA ACA GAC ACC ATG GTG
CAC CTG ACT CCT*: for codon 30 (G-'C) 5' TAA ACC TGT CTT GTA ACC TTG ATA CCT ACC.

Discussion
This study showed the presence of seven dif-
ferent mutations causing [ thalassaemia in the
UAE population studied. A comparison of the
UAE [ thalassaemia mutation profile with
those already defined in areas around the
UAE' and from Mediterranean Arab coun-
tries>" showed that none of these profiles was
similar to that of the UAE (table 3). In the
Mediterranean countries to the west of the
UAE the most common mutation found is
IVSI-110, with a reported relative frequency
ranging from 27% in Egypt to 62% in the
Lebanon. Further west is codon 39, ranging
from 22% in Greece to 95% in Sardinia.
However, these two mutations were not
observed at all in our UAE samples. Although
the most frequent mutation in Iran and north-
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Figure 1 Screening for the mutation at IVS-I nucleotide 5 (G-* C). Ethidium
bromide stained gel electrophoresis of the amplified products of 16 parental DNA
samples with the primer for IVSI-5 (G-+ C) coupled with primer A plus internal
control primers C and D (table 1). The 285 bp product seen in nine of the 16 tracks
indicates the presence of the mutation.

Table 2 Characterisation and frequencies of the different mutations observed in UAE
fi thalassaemia heterozygotes.

Relative frequencies Phenotype
Mutation No of alleles (%) (in homozygotes)

IVS1-5 (G-C) 33 66 P

FR 8/9 (+G) 4 8 f0
25bp del 4 8 PI
Codon 5 (-CT) 3 6 °
IVSII-1 (G-A) 3 6 30
Codon 30 (G-C) 2 4 V

Codon 15 (G-'A) 1 2 PI

west Pakistan has been found to be IVSII-1
(22%) and codon 8/9 (44%) respectively, the
UAE mutation profile has five mutations in
common with those found in Iran and three
with north-west Pakistan, the latter having
the nearest comparable frequency of IVSI-5
(35%).
The [B+ IVSI-5 (G- C) mutation is interest-

ing because it has been previously found in the
Chinese'2 and Asian Indian populations"3 but
has rarely been reported among Mediter-
ranean Arabs.'" With its high frequency in the
UAE population, it may be that this allele was
introduced into the UAE by gene flow from
the Asian subcontinent. We have noted both in
our sample and in the population as a whole
that the surname Baluchi is common. Out of
28 [ thalassaemia trait subjects with the sur-
name Baluchi, 24 (86%) were found to carry
the IVSI-5 mutation. A map of the areas close
to the UAE (fig 2) shows the region previously
known as Baluchistan, which is across the
Strait of Hormuz and is now in Iran, Afghanis-
tan, and Pakistan. The people of this area,
known as Baluchis, have a history going back
over 2000 years and occupy one of the most
isolated regions in the world. There has always
been an exodus of these people mainly to
Oman and the UAE. Indeed Frye in 196114
drew attention to the earliest inhabitants of
Baluchistan who, being defeated by the Ira-
nian Gedrasians sometime before Alexander's
conquest, subsequently moved across the Gulf
to Arabia.
The close linkage of the [3 IVSI-5 allele

with the surname Baluchi and the anthropolo-
gical information mentioned above suggest
that a proportion of the UAE population could
be made up of immigrants from the region
previously known as Baluchistan. These
people might have travelled across the Strait
of Hormuz via Oman bringing the P[ IVSI-5
allele to the UAE. Other mutations present,
such as codon 8/9, 25 bp del, and IVSII-1 may
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Table 3 Molecular heterogeneity of/I thalassaemia alleles in different populations around the UAE.

Mediterranean areas Asian areas

Egypt Syria Lebanon United Arab Emirates Saudi Arabia NW Pakistan Iran

Common IVSI-ll0 (27%) IVSI-llO IVSI-110 (62%) IVSI-5 (66%) IVSI-llO IVSI-5 (35%) IVSII-1 (22%)
alleles IVSI-6 (19%) - IVSI-6 (8%) FR 8/9 (8%) IVSII-645 FR 8/9 (44%) IVS-5 (13%)

IVSI-l (10%) IVSI-1 CD29 (8%) 25 bp del (8%) - CD41/42 (10%) IVSI-6 (9%)
Rare IVSII-745 IVSII-745 IVSII-745 CD5 CD6 CD15 FR 8/9
alleles IVSII-l - IVSII-1 IVSII-1 IVSII-1 IVSI-1 25 bp del

FR6 - CD8 CD30 - - CD5
CD37 - IVSI-5 CD15 - - CD16
CD39 CD39 CD39 - CD39 - CD39

The data in this table came from references 6, 7, 8, 9, 10, and 11. No frequency data was reported in reference 8 (for Saudi Arabia) and reference 11 (for Syria).

also have been introduced by population mi-
gration, as these mutations have been observed
in families of Iranian, Pakistani, and Omani
origin. On the other hand, the origin of the
Mediterranean mutations (codon 5 and codon
30) remains obscure and could hardly be
explained by population migration of Mediter-
ranean Arabs since these mutations are more
prevalent in the UAE than in Mediterranean
Arab countries.

In conclusion, the use of the ARMS version
of the PCR technique enabled us to character-
ise the 1B thalassaemia allele in all of our
patients for whom sufficient DNA was
obtained. Seven different mutations were
found, all of which are severe f3 or 30 types

Figure 2 Map showing the location of the region previously known as Baluchistan
(shaded area) and the possible introduction of the IVSI-S (G-+C) mutation to the
UAE by population migration.

resulting in the phenotype of 13 thalassaemia
major in the homozygous state. These data will
be useful for genetic counselling and the pre-
paration of a comprehensive programme of
carrier detection and prenatal diagnosis.
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