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ABSTRACT

We describe the molecular characterization of a-globin gene defects in a cohort of 634 Omani
patients. A total of 21 different a-gene mutations were found in 484 subjects. Overall, we
identified 3 different large deletions, 3 small deletions, 11 point mutations (2 in the poly A tail
of o, and 9 alpha-chain variants), 3 aaa®™"*’ triplication, a 21nt duplication in the o, gene and
2 novel presumed polymorphisms in the alpha 3.7kbp hybrid gene namely; -5 C>T and + 46
C>A. Out of these defects, 15 have not been previously reported in the Omani population. This
large heterogeneity of a-thalassemia observed in the Omani population could be expected in
neighbouring Arab countries. The high frequency of a-thalassemia, solely or in association with
B-globin gene defects, emphasize the necessity of adding a-thalassemia testing to pre-marital
programs for accurate genetic counselling.



INTRODUCTION

Alpha-thalassemia, one of the commonest autosomal recessive diseases in man, results from the
absence of expression of one or more of the four a-globin genes and can result in phenotypes
ranging from asymptomatic to severe or lethal hemolytic anemia (1). The majority of the
mutations causing a-thalassemia are deletions involving one or both a-genes on chromosome
16, leading to o or o° defects respectively, being the so called rightward (-o*’kb) deletion the
most common worldwide (1). However, a growing number of non-deletion defects have been
identified, being the o, polyadenylation signal mutation (HBA2:c.*94A>G: AATAAA>AATAAG)
and the a, IVS-I 5-bp deletion (HBA2:c.95+2_95+6delTGAGG) the most common. These two
mutations have already been reported in a study conducted in Oman, aimed to investigate
the spectrum of o- thal mutations in HbH patients and in newborns showing the Hb-Bart’s
fraction (2). However, no studies have been conducted on Omanis to determine the prevalence
of a-thal mutations in B-hemoglobinopathy patients as well as in individuals with microcytic
hypochromic red cell indices (low MCV and low MCH). The present work gives a more extended
picture of the prevalence and spectrum of a-gene mutations in Omanis. Characterization of
co-existing a-globin gene defects is essential in prevention programs as well as in tailoring
treatment strategy.

MATERIALS AND METHODS

Between 2010 and 2013, a cohort of 634 individuals was selected attending Ministry of Health
Hospitals in Oman for hemoglobinopathy screening. Consent form was obtained from all
patients through their direct clinicians. The median age was 22 years and the gender ratio
was 58% males and 42% females. The cohort was subdivided into 7 categories (Table 7.1) based
on their clinical and/or haematological profiles. Group 1 consisted of 487 patients with either
B-thalassemia major, B-thalassemia minor, sickle cell trait or sickle cell disease. Group 2 counted
93 subjects with normal HPLC readings and hypochromic microcytic red cell indices. Group 3
consisted of 32 patients with normal HPLC and normal red cell indices. Group 4 consisted of
11 patients with un-known peaks on HPLC and normal B-globin gene sequence. Group 5 of 5
patients with un-explained anemia. Group 6 of 4 HbH patients and finally group 7 of only two
patients with low HbA , normal 8-globin gene sequence and normal Ferritin values.

Blood samples were collected in EDTA, had complete blood count (CBC) and were analyzed
on High Performance Liquid Chromatography (HPLC) using the Variant Il (Bio-Rad Laboratories,
USA) as previously described (3). Genomic DNA was extracted from whole blood, using the
Qiagen kit as per the manufacturer instructions. Alpha-globin genotype of the 634 cases was
established by gap-PCR for the most common 7 alpha thalassemia deletion defects (4). Groups
4-7 underwent direct sequencing of the o - and «;-globin genes using an ABI Prism 3730 DNA
sequencer (Applied Biosystems, Perkin Elmer Corporation, Foster City, CA, USA) as previously
described (5). Groups 1and 2 were sequenced following specific criteria (Figure 7.1).
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Table 7.1. Subdivision of the 634 subjects based on their clinical and hematological data.

Group no. of patients category

1 487 B - thalassemia minor/major, SCT or SCD

2 93 Normal HPLC but with mycrocitic, hypochromic (MCV <78fl; MCG <26pg)

3 32 Normal HPLC, normal red cell indices (MCV > 78fl; MCH >26pg)

4 n Un-known fraction on HPLC (Hb X) with a normal B - gene sequence

5 5 Un-explained anaemia, normal HPLC ,mycrocitic, hypochromic, not responding
toiron

6 4 HbH peak on HPLC, anemic, mycrocitic, hypochromic

7 2 Low HbA, , normal & - gene sequence, normal iron but microcitic, hypochromic

Total 634

Group 1: p-hemoglobinopathies
(Sickle cell disease, sickle cell trait,
B-thalassemia, B-thal carrier)

v

GAP PCR
(Check for the 7 most
common a-deletions)

v

Group 2: Normal HPLC,
low MCV, low MCH.

v

GAP PCR
(Check for the 7 most
common a-deletions)

If GAP results: (-o/oa) or (ao/oa)
with MCV < 69 and MCH < 22

v

v
If GAP results: (-o/o0)
with MCV < 64 and MCH < 19
\‘/

Sequence @, and «, globin genes

Sequence a, and «, globin genes ]

Figure 7.1. Criteria used to sequence a,- and o, -globin genes in groups 1and 2.

RESULTS

In addition to the expected high prevalence of deletions such as (-o*”) and (-a*?) (6), we found

in group 1 an un-expected number of a-mutations interacting with p-defects. A total of 10

defective alleles were found in this group. Three have been previously reported in the Omani

population; the common (-5nt) deletion at the splice donor site of the a,-globin gene, the
a, cd19 (-G) (HBA2:c.56delG) mutation and the o, polyadenylation signal mutation +94 A>G.
The other 7, are reported for the first time in the Omani population; the aaa®™*” triplication,



a, 21nt duplication (+GACCCGGTCAACTTCAAGG TG) between IVS-11-3 and IVS-1I-4 in a beta-
thalassemia carrier patient (MCV=75.3fl, MCH=18.9pg), the «, polyadenylation signal mutation
(HBA2:c.*92A>C), Hb Le Lamentine Cd20 CAC>CAA (HBA2:c.63C>A) in HbS carrier with
HbX=25.8%, Hb Tatras Cd7 AAG>AAC (HBA2:c.24G>C) in another HbS carrier with HbX=12.7%,
Hb Al Ain Cd18 GGC>GAC (HBA2:¢c.56G>A) in a third HbS carrier with HbX=1.5%, and finally a novel
mutation (+46 C>A) in the poly A tail of the alpha2/alphal (-o7) hybrid gene. The haematology
of the latter mutation is summarized later in Table 4 as the same allele was also found among
patients from group 5.

Moreover, among group 1, 78 individuals were carriers of HbS (SCT). Thirty were
homozygous (-a/-a) (38.5%), 24 heterozygous (-a/ca) (30.8%), 3 heterozygous for
a-chain variants mentioned above (3.8%) and 21 normal (aa/aa) (26.9%). HbS levels in SCT
were inversely proportional to the associated number of alpha-thalassemia genes. Average
levels were as follows; -a/-a (HbS % $26.6), -a/aa (HbS% » 32.5), aa/aa (HbS % »37.7)
(Table 7.2).

Table 7.2. The effects of o-thalassemia on the average HbS% in Omani SCT individuals.

Hb S (%) mcv (fl) MCH (pg)
(-a/-a) n=30 26.6 62.8 209
(~a/ax) n=24 32.5 72 239
(/) n=21 37.7 79 264

In group 2, besides high percentages of (-a®’) and (-a*?) deletions, we found a 12 year old
female who presented with a normal clinical picture with low MCV = 64.2fl and MCH = 19pg,
and was found to be heterozygous for the -o*’ deletion and hemizygous for the o, Hb Dagestan
variant Cd 60 AAG>GAG (HBA2:c.181A>G). This electrophoretically I-like variant is not associated
with any clinical symptoms or haemoglobin instability in the carrier state.

In group 3, although patients had a normal haematological data, 43.75% and 6.25% of the
patients were carrier of the (-c®’) and (-a*?) deletions respectively.

In group 4, we report the identification of 6 alpha-variant alleles that are reported for the
first time in Omani. Two of these variants have been also observed in two HbS carriers from
group 1. The variants detected were; the o, Hb Fontainebleau Cd21 GCT>CCT (HBA2:c.64G>C),
a, Hb-Tatras Cd7 AAG>AAC, o, Hb Al-Ain Abu Dhabi Cd18 GGC>GAC, «, Hb Evanston Cd14
TGG>CGG (HBAT:c43T>C), o, Hb Constant Spring Cd142 TAA>CAA (HBA2:c.427T>C) and the «,
Hb J-Paris-1 Cd12 GCC>GAC (HBA2:c.38C>A) (Table 7.3).

We found a new single nucleotide substitution in the 3’ PolyA tail (+46 C>A) on the («-3.7)
alpha2 alphal hybrid gene in homozygous state (-a®” ¢4/ -o37 ¢4 CA) in 4 anaemic patients
from group 5. This allele was also observed in heterozygous state in 3 patients from group 1
(-o¥7 4% M [aa). Among group 5, two patients had borderline ferritin values and were treated
with iron without improvement (Table 7.4) suggesting that 3°(+46 C>A) might be a new candidate
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Table 7.3. Hematological data of group 4 with Hb alpha chain variants.

Genotype HGVS nomenclature patient no. HbX % McCV (fl) MCH (pg)
1. oS0 Ty [ HBA2:c.64G>C 1.1 87 602 187
1.2 5.8 82.2 26.5
13 n.6 69.7 20.7
2, -a?/ otzc‘jzmmCCT Qo HBA2:c.64G>C 21 9.8 57.2 16.5
2.2 12.2 75 221
3. TNy faa HBA2:c.24G>C 31 197 706 242
3.2 12.7 73.3 24.2
4, -o*/ 0(2&”8 Ceeeac o HBA2:c.56G>A 4.1 22.2 78.4 24.2
4.2 30.5 78.5 25.3
5. azc‘mccc}c“ a]/acx HBA2:c.56G>A 5.1 129 88.9 28.7
6. O(ZO(ICd“'TGG)CGG/ ax HBA1:c.43T>C 6.1 0.6 779 23.6
7 7. QT G [ o CORTANCA G HBAD:C 427T>C 71 46 783 224
8. o (MRICHA g [ o g HBA2:c.38C>A/ 81 367 829 252
% HBA2:¢.95+2_95+6delTCAGG
m
e)
c
>
el
%
Py Table 7.4. Hematological findings of the 3’ PolyA tail (+46 C>A) cases found in the alpha2/alphal 3.7 hybrid
= gene. (HR) = Heterozygous.
c
=
o alpha - patient beta- Hb MCV  MCH
a genotype no. genotype  Age HbA % (g/dl) (fl) (pg) Ferritin Phenotype
g 1. -a37 C4Cen /1] HBB:c.92+5G 2y 43 8.8 55.1 16.5 normal mild anemia
@ ao >C (HR)
z
o 1.2 HBB:c.92+5G 1y 59 9.2 56.5 18.2  normal mild anemia
z >C (HR)
1%}
9 1.3 HBB:c.93-21_ 7y 6.1 10.4 57.6 181  not mild anemia
m 96del (HR) done
9!
A 2, -7 (4CA /) normal Ty 35 8 761 234  not anemia and
z -7 (46 Cm) done  jaundice
o
)§> 2.2 normal 15y 1.8 9.2 57.6 18.7  normal anemia
z 23 normal 39y 2.6 12.5 65.9 21 border anaemia not
line responding
to Fe therapy
2.4 normal Sy 2.3 7.6 47.6 13.6  border anaemia not
line responding
to Fe therapy
3. -7 56N/ 3] normal Séy 1.3 8.2 64.5 209 normal hypochromic
-o microcytic
anemia
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mutation. In addition, among group 5, we identified the -o*’/ o, “*/#A<9 genotype in a patient
with a mild anaemia (Hb=6.8, MCV=66.8 and MCH=22.5). We believe that this is the first study
reporting the o, Hb Taybe Cd38/39 ~ACC (HBAT1:c.118_120delACC) deletion allele in Omani.

In group 6, 4 HbH genotypes were identified, three genotypes in a combination that has
been previously reported in the Omani and one with the —a*?/ o ***“a, genotype which is
observed for the first time in a patient from northern Oman (Khasab).

Among group 7, we characterized two single nucleotide substitutions, oneinthe 5’ promoter
(-5 C>T) in the alpha2/alphal hybrid gene which was found in heterozygous form in a patient
with homozygous a-3.7kbp deletion (-o*” ©*©T/-o*7). The patient presented with hypochromic
microcytic anaemia (MCV=64.6fl, MCH=20.9pqg), low HbA, (1.3%) and normal ferritin value. The
second, in a patient homozygous for Hb Icaria variant Cd142 TAA>AAA (HBA2:¢.427T>A) with low
HbA, (1.6%) and microcytic hypochromic (MCV=76.3fl, MCH=24pqg). The first mutation could be
a novel thalassemia defect down regulating the hybrid gene and the second is described for
the first time in Oman.

Mutations found in all groups are summarized in Table 7.5.

Table 7.5. Summary of the spectrum of alpha-globin genotypes found in our cohort subdivided into
7 groups. (alleles marked with * might be new candidates).

genotype
prevalence

Genotype HGVS allele no. of among the

Mutation nomenclature patients sub-group (%)
Group 1(n = 487) —a - 171 35.1
B-hemoglobinopathies -0 /-0 145 29.8

o ¥/ 42 10 21

- “?/-aa 10 21

aca®™3 [oa 3 0.6

~q 3 ON ) g 3 0.6

o, "/ aa HBA2:c.95+2_95 2 0.4

+6delTGAGG

a, PR fa, A HBA2:c.*92A>G 1 0.2

a, o /aa HBA2:¢c.*92A>G 1 0.2

a, “" 9 faa HBA2:c.56delG 1 0.2

o, 9 [ o O HBA2:c.56delG 1 02

a, o/ aa HBA2:¢c.*94A>G 1 0.2

a, o, P/ ae HBAT:c.283_300+3dup 1 0.2

-7/ O o HBA2:c.63C>A 1 0.2

a, IO [aa HBA2:c.24G>C 1 0.2

OKZC‘“BGCC’CAc o /aa HBA2:c.56G>A 1 0.2

- 42/ o, 92 A>Ca] HBA2:c.*92A>G 1 0.2

aa/ax 133 273
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Table 7.5. Summary of the spectrum of alpha-globin genotypes found in our cohort subdivided into
7 groups. (alleles marked with * might be new candidates). (Continued)

genotype
prevalence

Genotype HGVS allele no. of among the

Mutation nomenclature patients sub-group (%)
Group 2 (n=93) —a - 72 774
Normal HPLC, - ¥/-aa 17 18.3
hypochromic, mycrocytic - -at? 3 3.2
red cell indices o) @ SHOACEAC o HBA2:c.181A>G 1 11
Group 3 (n=32) -a3/-aa 14 43.75
Normal HPLC, - “?/-aa 2 6.25
Normal red cell indices aa/aa 16 50
Group 4 (n=11) cx;d” o /aa HBA2:c.64G>C 3 27.2
Un-known peak on HPLC o) o ST o HBA2:c.64G>C 2 18.2
Normal B-globin geneseq -/ o, “P 0 o HBA2:c.56G>A 2 18.2

a, (MM [aa HBA2:¢.24G>C 1 91

a, o, T/ g HBA1:c.43T>C 1 91

:A{i:‘; ZA“A o/ 0,5 HBA2:c.427T>C 1 91

g
O(ZC‘ju ceecac 0(1/ 0(2'5“0(] HBA2:c.38C>A/ 1 Al
HBA2:c.95
+2_95+6delTGAGG

Group 5 (n=5) - OAY [ 37 (+46 CAY 4 80
un-explained anaemia o/ o, o P ACO HBA1:c.118_120delACC 1 20
Group 6 (n=4) o, o/ o) O o HBA2:c.*94A>C 1 25
HbH disease ~o*?/ oM a HBA2:c.*94A>G 1 25

¥ @M o HBA2:c.*94A>G 1 25

-7/ -oted! 1 25
Group 7 (n =2) - SOV g 1 50
low HbAz, normal 8 and Fe Ca2TAmAM GW/ HBA2:c.427T>A 1 50

2
GZCdMZ TAA>AAA 0‘1

DISCUSSION

The broad range of a-thalassemia defects identified in the current study, demonstrate that

the heterogenic pattern prevalent in Oman is similar to that reported in Saudi (7). This can be

accounted to gene-flow within the nomadic populations of the Arab peninsula and to the past

trade with other countries as well as to the past Portuguese domination in Oman. A total of 21

different a-gene defects have been reported in this study. Six defects have been previously

identified in the Omani population (2,6,8). These include the most common o/, o*? and --M&>!

large deletions, but also the less common Mediterranean donor site IVS-1 (-5nt) deletion, the



polyadenylation signal site (+94 A>C) point mutation of the o2 globin gene affecting the RNA
transcription termination (9) and the point deletion Cd19 (-G) which was first reported in the
Iranian population, resulting in premature termination of the a-globin chain (5).

The majority of our cohort carried the large o’ deletion either in homozygous or
heterozygous states followed by o*? and a minority consisted of a-small deletions or point
mutations including Hb-variants. In one patient, a 21nt duplication was identified which most
probably arose as a consequence of homologous crossing over between the two alpha-1globin
genes. Although the original splice donor site remains intact but having two sites might result
in the mutant allele using most times the original one and sometimes the other one resulted
from the duplication which is located in the intron creating an instable mRNA due to nonsense
mediated decay. This might also explain why having this mutation appears very mild.

Among group 1, an important remark is made with respect to genetic counselling on one
hand and the alpha spectrum on the other hand is when the group of beta-thalassemia carriers
or sickle cell trait couples are counselled for a beta-thalassemia major or sickle cell disease
in the offspring overlooking an important alpha-thalassemia mutation that can result in a
severe HbH disease in the offspring in combination with an alpha zero-thalassemia carrier that
can go ‘unnoticed’ by only looking at the beta-thalassemia parameters and not to the alpha-
thalassemia mutation spectrum.

Alkindi et al studied 32 HbH Omani patients and found that the most common «-globin
genotype was o,"**¢ o/ a,***¢ o followed by -a7/--"*? (2). We found the same two genotypes
in group 6 (patients with HbH) along with another two genotype combinations; -a*?/ o,"***“a,
and —o*’/ «,"**“a; The latter has been previously reported in an Omani family study (8).

It is not clear to which extent the homozygous mutation -a?7t#6 A/ -o37¢46 ©A found in
four patients in group 5, with haemolytic anaemia, might affect the phenotype by reducing the
expression of the -o*7 gene. If the same -o*7¢4“# 3llele reported by Alkindi’s in 4 HbH patients
with -a?70#% A /-7 genotype (2) would suggest a total expression failure, then our homozygous
case should have been lethal hydrops foetalis, which was not the case. Hb H disease is the only
intermediate form of a-thalassemia compatible with postnatal life and the clinical severity of
the disease is associated with the type of mutation (1). The typical genotype of Hb H disease
results from the loss of three functional genes due to large deletions. Less frequently, more
severe combinations of a® deletion defects with point mutations such as Hb Constant Spring
or other similar defects, while less severe HbH forms may arise from combinations with poly
A signal mutations (10). However, a point mutation on the -o®” hybrid might down regulate or
disrupt the allele expression causing severe forms. The risk of developing anaemia in case of
homozygous + 46 C>A on the alpha2/alphal hybrid gene highlights the importance of screening
for a-thalassemia defects by molecular analysis rather than by routine blood count alone which
is based on detecting hypochromic microcytic red cell indices.

Although not always clear, we have provided additional evidence that besides cases with
delta thalassemia or consistent iron deficiency, a reduction in HbA level can be associated with
a-thalassemia as shown for the novel -5C>T allele in the -o*7®¢"/ -o*7 genotype. Therefore, in
patients originating from areas where haemoglobinopathies are common, it is necessary to
perform molecular tests to clearly differentiate between iron deficiency and alpha- or delta-
thalassemia for accurate diagnosis.
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In conclusion, four a-thalassaemia categories were recognized in this cohort: the silent
carrier, the alpha-thalassemia trait, the o -variant and the anaemic form of Hb H disease.
Moreover, we have shown that 40% of the «-alleles were normal while 56% of the alpha
thalassemia alleles studied were large o-thalassemia deletion and 4% non-large deletions/
point a-thalassemia mutations. The consistent occurrence of point mutations could represent
a risk factor for severe haemolytic anaemia in combination with large deletions (11). The + 46
C>A on the alpha2/alphal hybrid gene might be a candidate mutation since it is associated with
anaemia, however larger number of genotype/phenotype correlation studies should be carried
out to confirm our findings. Identifying the a-globin gene spectrum is not only clinically

important but also fundamental for a better genetic counselling.
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