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Elucidating the spectrum of αα-thalassemia
mutations in Iran

αα thalassemia (αα-thal) is one of the most common
hemoglobin (Hb) disorders in the world.1 αα-globin
genes are located on chromosome 16. The majori-
ty of αα-thal mutations are deletions but point muta-
tions are found as well.2 Since the Iranian popula-
tion is a mixture of different ethnic groups, fre-
quency and distribution of αα-globin mutations in
various regions of the country need to be clarified.
These findings can contribute to a wider under-
standing of this disorder. 
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This study included 653 individuals of different ethnic
origins selected from patients referred to our center
between January 1998 and February 2006. Subjects pre-
sented with low MCV (<85 fL), low MCH (<27dg), nor-
mal or slightly reduced hemoglobin (Hb) levels (<85g/dL),
and normal HbA2 (<85dL). 

A polymerase chain reaction (PCR) method introduced
by Baysal and Huisman3 was used to screen all samples
for the two α-thal single gene deletions -α3.7 and -α4.2, and
the --MED double gene deletion. Before 2004, analyses
were performed by KK Women's and Children Hospital
in Singapore for nine mutations including: --SEA, --THAI,
--FIL, -20.5 kb double gene deletions, and five point
mutations (Hb Constant Spring, Hb Quong Sze, Hb
Pakse, Hb Adana, Cd 30 del GAG) on a total of 264
patients.

After 2004, 389 patient samples were comprehensive-
ly analyzed using the α-globin StripAssay (ViennaLab

Diagnostics, Vienna, Austria). This test included the fol-
lowing α-globin mutations: --SEA, --THAI, --FIL, -20.5
kb double gene deletions, anti-3.7 gene triplication, two
point mutations in the α1 gene (cd 14: TGG-TAG; cd 59:
GGC-GAC Hb Adana) and eleven mutations in the α2
gene (initiation cd: ATG-ACG; cd 19 del G: GCG-GC,
IVS1 -5nt: TGAGG del; cd 59: GGC-GAC; cd 125: CTG-
CCG Hb Quong Sze; cd 142: TAA-CAA Hb Constant
Spring; cd 142: TAA-AAA Hb Icaria; cd 142: TAA-TAT
Hb Pakse; cd 142: TAA-TCA Hb Koya Dora; poly A-1:
AATAAA-AATAAG; poly A-2 AATAAA-AATGAA).
Samples that showed no mutation with this method
were further analyzed by DNA sequencing of the α-1

Table 1. Geographic distribution and spectrum of α-thalassemia mutations in Iran (number and frequencies). A total of 650 (49.8%)
wild-type genotypes were identified.

Mutation Central North South South-West West South-East North-East North-West All (% % of 
(%) (%) (%) (%) (%) (%) (%) (%) (%) of mutation) total

-α3.7 69 (53.9) 111 (40.9) 40 (93.0) 85 (69.6) 26 (63.4) 20 (71.4) 9 (75.0) 35 (83.3) 395 (60.2) 30.2
αpolyA2 4 (3.1) 47 (16.9) − 9 (7.3) 3 (7.3) 1 (3.6) 1 (8.3) 2 (4.8) 67 (10.2) 5.1
-α4.2 12 (9.3) 26 (9.6) 1 (2.3) 5 (4) − − 1 (8.3) 1 (2.4) 46 (7.0) 3.5
α-5nt 12 (9.3) 13 (4.8) − 2 (1.6) 2 (4.9) 2 (7.1) − 2 (4.8) 33 (5.0) 2.5
--MED 4 (7.0) 16 (12.1) − 6 (9.8) 3 (14.6) 1 (7.1) − − 30 (4.6) 3.3
αCS Hb 2 (1.5) 17 (6.2) − 1 (0.8) − − 1 (8.3) 1 (2.4) 22 (3.4) 1.7
Constant 
Spring
αcd19 3 (2.4) 3 (1.1) 2 (4.7) 3 (2.4) 1 (2.4) 3 (10.7) − − 15 (2.3) 1.1
-α20.5 6 (4.8) 6 (2.2) − - − − − − 12 (1.8) 0.9
αpolyA1 3 (2.4) 5 (1.8) − 2 (1.6) − − − 1 (2.4) 11 (1.7) 0.8
αcd59 Hb Adana 2 (1.5) 3 (1.1) − 1 (0.8) 2 (4.9) − − − 8 (1.2) 0.6
αIC Hb Icaria − 3 (1.1) − − 1 (2.4) − − − 4 (0.6) 0.3
αcd26 1 (0.8) 2 (0.7) − − − − − − 3 (0.5) 0.2
αcd99 2 (1.5) − − − − − − − 2 (0.3) 0.2
-αSt − − − 2 (1.6) − − − − 2 (0.3) 0.2
anti-3.7 1 (0.8) 1 (0.3) − − − − − − 2 (0.3) 0.2
ααα triplication
αcd103 1 (0.8) − − − − − − − 1 (0.2) 0.1

Total number 123 255 43 116 38 27 12 42 656 (100) 50.2
of mutant alleles

Tested Genotypes 270 522 66 214 74 42 24 94 1306 100

Figure 1. Iran is divided into eight regions according to geograph-
ic boundaries and population distributions, and the frequent geno-
types are shown in each region.
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and α-2 genes. We divided Iran into eight different regions
(Figure 1). Geographic distribution and frequency of the
identified genotypes are presented in Table 1 and Figure 1.
The -α3.7 mutation was the most frequent α-thalassemia
mutation, contributing to 60.2% of α-thal alleles. Sixteen
other α-globin mutations were found, nine of which (--
MED, -α4.2, αPolyA2(AATGAA), αCS, α-5nt, -(α)20.5, αPolyA1 (AATAAG), αcd19,
αcd59) were present in frequencies above one percent,
while seven mutations were found less frequently (Table
1). No mutation was found using either PCR methods in
85 individuals studied after 2004. Further DNA sequenc-
ing of the α-1 and α-2 genes identified mutations in 47
patients. Since no DNA sequencing was performed
before 2004, 67 of those patients remain unidentified. In
total, 105 individuals (16.1%) had no identified α-globin
mutation. We identified two novel mutations by
sequence analysis: a single nucleotide mutation at the ini-
tiation codon of α gene (ATG-to-AGG) and a codon 99
mutation on α-1 gene (AAG-to-TAG), which is a stop
codon. Iran, located in the Middle East between Iraq and
Pakistan, has a population of 70 million. It is in the mid-
dle of the so-called Thalassemia Belt with a high tha-
lassemia carrier rate.4,5 Our data agrees with the records
of the HbVar globin-specific database by Patrinos et al.
which shows the most frequent mutations and deletions
in Arab countries located along the Persian Gulf as -α3.7, -
α4.2, αPA2(GAA), αcs, and α-5nt.6,7

The 75% detection rate before 2004 increased to 90%
after 2004 by means of Globin StripAssay and sequenc-
ing. The StripAssay is based on gap-PCR and covers the
deletions analyzed in a recent review.8 Gap-PCR detects
large α-globin deletions and gene triplication, but cannot
detect point mutations or small deletions/insertions.
Although the 10% undetected patients is acceptable com-
pared to other studies, sequencing both α genes could
increase coverage. α-thalassemia disorder is characterized
by a wide clinical and hematologic phenotypic hetero-
geneity.8 Undetected cases could also be due to situations
like antisense RNA transcription which was clarified in
long-range analysis of chromosome structures.9

In a country like Iran, with a remarkable prevalence of
αβ-globin mutations, the increased likelihood of co-inher-
itance of α- and β-thal may result in a large variety of phe-
notypes.10 Our findings on the prevalence and distribution
of α-globin mutations will provide a valuable basis for car-
rier screening, genetic counseling and prenatal diagnosis,
helping the prevention of damaging forms of α-thal muta-
tions.
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