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ORIGINAL ARTICLE

Rare b-Globin Gene Mutations in Pakistan

Ahsan Hussaina, Suhaib Ahmedb, Nadir Alia, Hamid S. Mailka, Mariam Aneesc, Altaf H. Chuahdrya and
Parvez Ahmeda

aDepartment of Haematology, Armed Forces Institute of Pathology, Rawalpindi, Pakistan; bDepartment of Pathology, Riphah International
University, Islamabad, Pakistan; cDepartmentof Biochemistry, Quaid-i-Azam University Islamabad, Pakistan

ABSTRACT
The aim of this study was to analyze the rare b-thalassemia (b-thal) mutations in the Pakistani popula-
tion. A total of 8716 unrelated Pakistani individuals having children with transfusion-dependent thalas-
semia were investigated by amplification refractory mutation system-polymerase chain reaction
(ARMS-PCR) for the previously reported common and rare b-thal mutations. Genomic sequencing of the
b-globin gene and its immediate 5' and 3' flanking regions was done where no known mutation was
found. Out of the 8716 individuals studied, 88 (1.0%) were not characterized by ARMS-PCR. Genomic
sequencing revealed that 67 (0.82%) individuals had 19 different b-thal mutations including one novel
mutation (HBB: c.136delT). The remaining 21 (0.26%) individuals did not show any mutation on the
b-globin gene and its immediate flanking regions. The characterized alleles included seven (0.09%) in
the 5' untranslated region (5'UTR), 29 (0.35%) in the coding regions, and 31 (0.38%) in the splice junc-
tion regions. HBB: c.92þ1G>A and HBB: c.113G>A were the most frequently seen rare mutations. The
spectrum of b-thal mutations in the Pakistani population is very diverse. In addition to the already
reported mutations, another 19 different types of mutations were found. Interestingly, 21 individuals
who had children with transfusion-dependent thalassemia and one known b-thal mutation, did not
show any mutation on the b-globin gene. HBB: c.92þ1G>A and HBB: c.113G>A are the most frequently
seen rare mutations in Pakistan.
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Introduction

b-Globin gene mutations show heterogeneity at the molecu-
lar level as well as geographic distribution across the world
[1]. Over 300 b-thalassemia (b-thal) alleles have been recog-
nized and about 40 mutations account for �90.0% of b-thal
mutations worldwide [2,3]. Distribution of b gene mutations
differs geographically as well as between different ethnic
groups, and each group tends to have its own set of muta-
tions [4]. b-Thalassemia is the most common single gene
disorder in Pakistan with an estimated 5.0% carrier rate [5].
Approximately 5000 children with b-thal major (b-TM) are
born every year in Pakistan [6]. The largest study on
molecular genetics of b-thal in Pakistan showed a wide var-
iety of mutations in the four major ethnic groups [7]. The
five most common mutations including HBB: c.92þ5G>C
(37.3%), HBB: c.27_28insG (25.9%), NG_000007.3: g.
71609_72227del619 (7.0%), HBB: c.124_127delTTCT (6.7%)
and HBB: c.92þ1G>T (5.4%) constitute 90.0% of the alleles.
Several other studies have also shown similar results [8–13].
These studies have provided a comprehensive basis for pre-
natal diagnosis (PND) of thalassemia in Pakistan [14]. In
over 97.0% of the couples, PND is possible by direct muta-
tion analysis using amplification refractory mutation system-
polymerase chain reaction (ARMS-PCR), while
those carrying uncharacterized mutations require linkage

analysis [15]. The DNA samples of the couples carrying
uncharacterized mutations were collected over a period
extending from 1998 to 2015. This study describes the
results of genomic sequencing on the samples with unchar-
acterized mutations.

Material and methods

Between 1998 and 2015, a total of 8716 unrelated Pakistani
individuals having children with transfusion-dependent thal-
assemia were investigated by ARMS-PCR for the previously
reported common and rare b-thal mutations [7,14]. The
mutation analysis was done as initial work-up for PND at
the Armed Forces Institute of Pathology and Genetics
Resource Centre in Rawalpindi, Pakistan. The DNA samples
not showing any of the previously reported mutations were
further investigated by genomic sequencing.

An �1.6 kb region of the b-globin gene was sequenced in
four overlapping fragments spanning the 5' untranslated
region (5'UTR), three exons, two introns and the 3'UTR.
The sequencing primers for the four segments and their
positions on the b-globin gene are shown in Table 1.
Polymerase chain reaction was carried out in a 25 lL reac-
tion mixture containing 5 pmol of the forward and reverse
primers, 0.5 units of Taq polymerase (Fermentas, Vilnius,
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Lithuania), 30 lmol of each dNTP (Fermentas), 10mmol
Tris HCl (pH 8.3), 50mmol KCl, 1.5mmol MgCl2, 100lg/mL
gelatin and 100 ng of genomic DNA. Amplification condi-
tions are shown in Table 2. All amplicons were visualized on
6.0% acrylamide gel followed by silver staining.

Prior to sequencing, the amplified product was purified
by the PureLinkVR PCR Purification Kit, (Invitrogen,
Carlsbad, CA, USA) to remove the nonspecific amplification
products, primer-dimers and unused dNTPs. The sequencing
was carried out by Sanger’s dideoxy chain termination
method using the BigDyeVR Terminator sequencing kit v3.1
(Applied Biosystems, Foster City, CA, USA). Polymerase
chain reaction was carried out in a 20 lL reaction mixture
containing 10 pmol of the sequencing primer (Table 1), 2lL
of 5� sequencing buffer, 4lL of RR v3.1, and 100 ng of
DNA. Amplification conditions are given in Table 2. Agen
Court CleanSEQ (Beckman Coulter Inc., Brea, CA, USA)
was used to purify the amplified product to exclude dye
blobs and unused labeled ddNTPs. Genetic analyzer 3130xl
(Applied Biosystems) was used for data collection and
sequencing analysis software v5.2.3 (Applied Biosystems) was
used to analyze the data. The observed data were compared
with the NCBI reference sequence of the HBB gene.

Two of the rare mutations (HBB: c.92þ1G>A and HBB:
c.113G>A) were tested with ARMS-PCR [7] using the fol-
lowing primers: common-forward (50-ACC TCA CCC TGT
GGA GCC AC-30); HBB: c.92þ1G>A-reverse (50-TTA AAC
CTG TCT TGT AAC CTT GAT ACG AAT-30); HBB:
c.113G>A-reverse (50-CCC CAA AGG ACT CAA AGA
ACC TCT GCG TCA-30); internal control-forward (50-CAA
TGT ATC ATG CCT CTT TGC ACC-30); internal control-
reverse (50-GAG TCA AGG CTG AGA GAT GCA GGA-30).
The amplified PCR products were run on a 6.0% polyacryl-
amide gel and then stained in silver nitrate.

Results

A total of 8716 unrelated individuals were studied. Out of
these, 88 (1.0%) were not characterized by ARMS-PCR.
Sequencing showed that 67 (0.82%) individuals had 19 dif-
ferent b-thal mutations including HBB: c.136delT that has
not been reported previously (Table 3). The characterized
alleles included seven (0.09%) in the 5'UTR, 29 (0.35%) in
the coding regions, and 31 (0.38%) in the splice junction
regions. HBB: c.113G>A and HBB: c.92þ1G>A were the
most frequently seen rare mutations with an overall fre-
quency of 0.24 and 0.16% respectively. Twenty-one (0.26%)
individuals did not show any mutation on the b-globin gene
and its immediate flanking regions. All of these individuals
had normal hematology and their Hb A2 value was not
raised. Results of the ARMS-PCR for the HBB: c.92þ1G>A
and HBB: c.113G>A mutations are shown in Figure 1.

Discussion

b-Thalassemia is one of the most common genetic disorders
in Pakistan [16]. Prenatal diagnosis and selective
termination of pregnancy has been available since 1994 [14].

Table 1. Primers for the amplification of the b-globin gene and their location on the b gene. (F: forward primer; R: reverse primer;
S: sequencing primer).

Set Primer HBB Location Sequence (5'>3')

1 F1 HBB: c.�683 AGA CAT AAT TTA TTA GCA TGC ATG
R1 HBB: c.55 CCT TGC CCC ACA GGG CAG TAA CGG CAG ACT
S1 HBB: c.�685 AGA CAT AAT TTA TTA GCA TGC ATG

2 F2 HBB: c.�159 ACC TCA CCC TGT GGA GCC AC
R2 HBB: c.315þ72 CCC CTT CCT ATG ACA TGA ACT TAA
S2 HBB: c.�159 ACC TCA CCC TGT GGA GCC A

3 F3 HBB: c.304 GAG AAC TTC AGG GTG AGT C
R3 HBB: c.318 GAG CTG TGG GAG GAA GAT A
S3 HBB: c.304 GAG AAC TTC AGG GTG AGT C

4 F4 HBB: c.315þ593 CAA TGT ATC ATG CCT CTT TGC ACC
R4 HBB: c.�474 GAG TCA AGG CTG AGA GAT GCA GGA
S4 HBB: c.315þ593 CAA TGT ATC ATG CCT CTT TGC ACC

Table 2. Amplification conditions for the four sets of sequencing primers.

Denaturation Annealing Extension Final Extension

Primers Sets 2, 3 and 4 (25 cycles)
94 �C/30 seconds 65 �C/1min. 72 �C/90 seconds 72 �C/3min.

Primer Set 1 (30 cycles)
94 �C/1min. 56 �C/1min. 72 �C/90 seconds 72 �C/3min.

Sequencing PCR (25 cycles)
96 �C/10 seconds 50 �C/5 seconds 60 �C/4min. 72 �C/3min.

PCR: polymerase chain reaction.

Table 3. Rare b-thalassemia mutations detected in Pakistan by genomic
sequencing.

n n n
Location Mutation Phenotypea Punjabi Pathan Total

50UTR HBB: c.�138C>T bþ 4 2 6
HBB: c.3G>A b0 1 – 1

Coding Region HBB: c.113G>A b0 9 4 13
HBB: c.135delC b0 2 3 5
HBB: c.143_144insA b0 3 – 3
HBB: c.146_147insTCT b0 1 1 2
HBB: c.136delT b0 1 1 2
HBB: c.118C>T b0 – 1 1
HBB: c.250delG b0 – 1 1
HBB: c.33C>A NA 1 – 1
HBB: c.332T>C dominant – 1 1

Splice Junction HBB: c.91þ1G>A b0 14 6 20
HBB: c.93�1G>C b0 – 2 2
HBB: c.92þ1G>C b0 2 – 2
HBB: c.92þ6G>C bþ 1 1 2
HBB: c.92þ2T>C b0 1 – 1
HBB: c.93�21G>A bþ – 1 1
HBB: c.93�3T>G bþ – 1 1
HBB: c.316�15T>C ? – 2 2

Total Total 40 27 67

5'UTR: 5' untranslated region; NA: not available.
aAvailable at http://www.ithanet.eu/db/ithagenes.
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Prenatal diagnosis is based on establishing the HBB gene
defects in parents and finding the same mutation in the fetal
DNA. If the fetus was found to be homozygous or com-
pound heterozygous for b-thal mutations, the couple had the
choice to terminate the pregnancy [17]. Most of the PNDs
are done by ARMS-PCR but it requires prior knowledge of
the common and rare mutations in the target population [7].
If the genetic defect is not ascertainable in one or both of
the parents with an affected child, the diagnosis may be
done by linkage analysis or genomic sequencing [18].
However, both of the techniques are expensive and time
consuming. The knowledge of rare mutations and using a
set of ARMS primers for these mutations can greatly facili-
tate the process of PND.

In this study, HBB: c.92þ1G>A and HBB: c.113G>A
constituted 0.4% of the b-thal mutations in Pakistan. A
G>A substitution at the GT dinucleotide of IVS-I grossly
impairs the normal splicing and it presents as a severe bþ

phenotype [19]. This mutation is mostly seen in
Mediterranean countries, accounting for �10.0% of b-thal
alleles [1]. HBB: c.113G>A is a rare mutation that creates a
premature stop codon [20]. It has been previously described
in families with Afghan [21] and Egyptian ethnicity [22].

A large variety of other point mutations on the b-globin
gene including a previously unreported mutation (HBB:
c.136delT) were also identified. All of these mutations can be
identified by developing suitable ARMS-PCR primers. It is
recommended to include HBB: c.92þ1G>A and HBB:
c.113G>A to the routine panel of testing for b-thal muta-
tions in Pakistani individuals.

There were 21 individuals who had children with transfu-
sion-dependent thalassemia but they did not show the

hematological features of thalassemia and also did not have
any mutation on the b-globin gene and its immediate flank-
ing regions. These individuals require further investigation
for the presence of mutations outside the b-globin genes
[23]. We have observed a few transfusion-dependent patients
with heterozygous b-thal and red cell membrane defects or
congenital dyserythropoietic anemia (Suhaib Ahmed, per-
sonal communication, 2015). There is also a need to explore
the possibility of coexistence of b-thal and other hemato-
logical disorders as the cause of transfusion dependency.

The mutation pattern in the Indian subcontinent is very
diverse and more than 40 different b-thal mutations have
been reported [24–27]. The mutation pattern in Pakistan,
like the rest of the Indian sub-continent, also appears to be
quite diverse. In addition to the 16 previously reported
mutations [9–13], we have identified another 19 mutations,
thus making a total of 35. Like any other population,
Pakistan has very common, uncommon and rare mutations.
The most common mutations, such as HBB: c.92þ5G>C,
HBB: c.27_28insG, HBB: c.124_127delTTCT and
NG_000007.3: g.71609_72227del619, etc., appear to be indig-
enous and the oldest in the region, whereas most of the rare
mutations were probably brought to this region through
population migration. Historically, the northern region of
Pakistan has been the gateway to invasion of the Indian sub-
continent. The typical Mediterranean mutations such as
HBB: c.92þ1G>A, HBB: c.93�21G>A and HBB: c.118C>T
might have been brought to this region through invaders
from Mediterranean regions and Central Asia. Similarly,
some of the rare mutations from the southern parts of the
Indian sub-continent might have been brought to Pakistan
through mass migration of people at the time of partition of
the sub-continent in 1947. HBB: c.332T>C [Hb Showa
Yakushiji or b110(G12)Leu!Pro] could be one such
example. This mutation, originally described in Japanese
patients [28] was found at a very high frequency (24.0%) in
the Agri-dominated area around Navi, Mumbai, India [25].
The mutation was also recently reported from another
Pakistani patient [13].
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