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Background: Beta-thalassemia is one of the most common genetic disorders in Thailand. 

Clinical phenotype ranges from silent carrier to clinically manifested conditions including 

severe beta-thalassemia major and mild beta-thalassemia intermedia.

Objective: This study aimed to characterize the spectrum of beta-globin gene mutations in 

pediatric patients who were followed-up in Phramongkutklao Hospital.

Patients and methods: Eighty unrelated beta-thalassemia patients were enrolled in this study 

including 57 with beta-thalassemia/hemoglobin E, eight with homozygous beta-thalassemia, 

and 15 with heterozygous beta-thalassemia. Mutation analysis was performed by multiplex 

amplification refractory mutation system (M-ARMS), direct DNA sequencing of beta-globin 

gene, and gap polymerase chain reaction for 3.4 kb deletion detection, respectively.

Results: A total of 13 different beta-thalassemia mutations were identified among 88 alleles. 

The most common mutation was codon 41/42 (-TCTT) (37.5%), followed by codon 17 (A.T) 

(26.1%), IVS-I-5 (G.C) (8%), IVS-II-654 (C.T) (6.8%), IVS-I-1 (G.T) (4.5%), and codon 

71/72 (+A) (2.3%), and all these six common mutations (85.2%) were detected by M-ARMS. 

Six uncommon mutations (10.2%) were identified by DNA sequencing including 4.5% for 

codon 35 (C.A) and 1.1% initiation codon mutation (ATG.AGG), codon 15 (G.A), codon 

19 (A.G), codon 27/28 (+C), and codon 123/124/125 (-ACCCCACC), respectively. The 3.4 kb 

deletion was detected at 4.5%. The most common genotype of beta-thalassemia major patients 

was codon 41/42 (-TCTT)/codon 26 (G.A) or betaE accounting for 40%.

Conclusion: All of the beta-thalassemia alleles have been characterized by a combination of 

techniques including M-ARMS, DNA sequencing, and gap polymerase chain reaction for 3.4 kb 

deletion detection. Thirteen mutations account for 100% of the beta-thalassemia genes among 

the pediatric patients in our study.
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Introduction
Thalassemia is the most common inherited blood disorder in Southeast Asia and 

is caused by reduced or absent synthesis of the globin chains of hemoglobin (Hb) 

leading to imbalance of the globin chains.1,2 Beta-thalassemia is one of the major 

types of thalassemia and is caused by a mutation in the beta-globin gene (HBB) on 

chromosome 11. The clinical and hematological spectrum of beta-thalassemia ranges 

from silent carrier to clinically manifested conditions including severe transfusion 

dependent beta-thalassemia major and beta-thalassemia intermedia (TI).3,4 In Thailand, 

both beta-thalassemia and hemoglobin E (HbE) represent one of the most common 

forms distributed in all regions especially in Northeast Thailand. Most of the severe 

beta-thalassemia results from the interaction of beta-thalassemia and HbE.5,6
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The molecular basis of thalassemia has been studied 

worldwide. More than 300 different beta-globin gene muta-

tions have been characterized. Most of the beta-thalassemia 

mutations are caused by point mutations, small deletions 

or insertions within the coding regions and the exon-intron 

junctions. The types of the mutation are typically ethnic 

specific.7–9 In Thailand, the prevalence of beta-thalassemia 

carriers varies from 3%–9%.10 To date, more than 30 different 

mutations have been identified.11–13 The heterogeneity of the 

mutations makes it difficult to identify the mutation in some 

beta-thalassemia patients. Various DNA analysis techniques 

such as dot blot analysis, reverse dot blot, allele specific 

amplification using amplification refractory mutation system 

(ARMS) or direct DNA sequencing have been widely used 

to identify beta-globin gene mutations.14–17

This study aimed to characterize the beta-globin gene 

mutations in 80 pediatric patients who carry beta-thalassemia 

mutations and were followed-up in Phramongkutklao 

Hospital, a tertiary care center for thalassemia patients from 

all regions, especially central Thailand.

Patients and methods
Patient selection
Eighty unrelated beta-thalassemia patients who attended the 

Hematology Clinic at the Department of Pediatrics, Phramon-

gkutklao Hospital, Bangkok, Thailand, from January 2013 

to December 2013 were enrolled in our study. The study 

protocol was approved by the Institutional Review Board 

of Phramongkutklao Hospital, Phramongkutklao College of 

Medicine, Thailand. Sixty-five patients had clinically mani-

fested beta-thalassemia including 57 with beta-thalassemia/

HbE and eight with homozygous or compound heterozygous 

beta-thalassemia. Fifteen patients had heterozygous beta-

thalassemia. All patients were diagnosed at 18 years of age 

or less. Patients with homozygous beta-thalassemia and 

beta-thalassemia/HbE were clinically classified into severe 

transfusion dependent thalassemia major and mild TI based 

on criteria such as age at presentation, average Hb level at 

the steady state and transfusion frequency history, as previ-

ously described.18

Mutation analysis
After informed consent was obtained, a total of 80 peripheral 

blood ethylenediaminetetraacetic acid (EDTA) samples from 

all individuals were collected. Genomic DNA was extracted 

from peripheral blood lymphocytes using an AxyPrepTM 

blood genomic DNA miniprep kit according to manufac-

turer’s protocol. The beta-globin gene mutations were first 

characterized using two sets of allele specific polymerase 

chain reaction (PCR) or multiplex amplification refractory 

mutation system (M-ARMS) to detect seven common muta-

tions in Chinese and Southeast Asian populations including 

codon 41/42 (-TCTT), codon 17 (A.T), nucleotide -28 

(A.G), IVS-II-654 (C.T), codon 71/72 (+A), IVS-I-1 

(G.T) and IVS-I-5 (G.C) as previously described.15,17 

These mutations have been found to be responsible for 

80%–90% of beta-thalassemia alleles in this region.19,20 

Unknown beta-thalassemia genes were further character-

ized by direct DNA sequencing of all coding regions and 

exon-intron boundaries to detect uncommon point muta-

tions and small rearrangements in the beta-globin gene 

according to protocols previously described elsewhere.16 

Beta-thalassemia alleles that remained uncharacterized by 

the above M-ARMS and DNA sequencing methods were 

subsequently screened by gap-PCR to detect 3.4 kb dele-

tion of the entire beta-globin gene, previously reported in 

Thai populations.21

Results
A total of 88 beta-thalassemia alleles from eight homozygous 

or compound heterozygous beta-thalassemia patients, 57 

beta-thalassemia/HbE patients, and 15 heterozygous beta-

thalassemia individuals were included in our study. All 80 

subjects were from unrelated families and 93.8% (75/80) 

of subjects lived in Bangkok and other provinces in central 

Thailand. Of these 65 patients who had clinically manifested 

beta-thalassemia, 92.3% (60/65) and 7.7% (5/65) of patients 

presented with beta-thalassemia major and TI, respectively. 

In the 60 beta-thalassemia major patients, 86.7% (52/60) 

of patients had beta-thalassemia/HbE whereas only 13.3% 

(8/60) of patients had homozygous or compound heterozy-

gous beta-thalassemia. Alternatively, all patients with 

homozygous or compound heterozygous beta-thalassemia 

and 91.2% (52/57) of beta-thalassemia/HbE patients in this 

study presented with severe transfusion dependent beta-

thalassemia major. Concerning genotype of beta-thalassemia 

major patients, the most common genotype was codon 41/42 

(-TCTT)/codon 26 (G.A) or betaE accounting for 40%, 

and the second most common was codon 17 (A.T)/betaE 

accounting for 18.3% of all beta-thalassemia major genotypes 

(Table 1 and Figure 1).

To elucidate the molecular basis of these 88 beta-

thalassemia alleles, we first characterized each patient’s 

DNA by two sets of M-ARMS. Seventy-five alleles (85.2%) 

were identified by this method including 33 alleles (37.5%) 

of codon 41/42 (-TCTT), 23 alleles (26.1%) of codon 17 
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Codon 41/42 (-TCTT)/Codon 41/42 (-TCTT)
Codon 41/42 (-TCTT)/IVS-I-5 (G>C)
Codon 41/42 (-TCTT)/Codon 27/28 (+C)
Codon 41/42 (-TCTT)/Initiation codon mutation
(ATG>AGG)
Codon 17 (A>T)/Codon 17 (A>T)
Codon 71/72 (+A)/Codon 35 (C>A)
Codon 41/42 (-TCTT)/BetaE

Codon 17 (A>T)/BetaE

IVS-I-5 (G>C)/BetaE

IVS-II-654 (C>T)/BetaE

Codon 35 (C>A)/BetaE

IVS-I-1 (G>T)/BetaE

Codon 71/72 (+A)/BetaE

Codon 19 (A>G) or Hb Malay/BetaE

Figure 1 Type of genotype in beta-thalassemia patients.
Abbreviation: Hb, hemoglobin.
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Table 1 Genotype of 65 clinically manifested beta-thalassemia 
patients

Genotype N (%)

Beta-thalassemia major 60 (92.3)
I. H omozygous/compound heterozygous beta-thalassemia
  Codon 41/42 (-TCTT)/codon 41/42 (-TCTT) 2 (3.1)
  Codon 41/42 (-TCTT)/IVS-I-5 (G.C) 1 (1.5)

  Codon 41/42 (-TCTT)/codon 27/28 (+C) 1 (1.5)
 � Codon 41/42 (-TCTT)/initiation codon mutation  

(ATG.AGG)
1 (1.5)

  Codon 17 (A.T)/codon 17 (A.T) 2 (3.1)

  Codon 71/72 (+A)/codon 35 (C.A) 1 (1.5)
II. Beta-thalassemia/HbE
  Codon 41/42 (-TCTT)/codon 26 (G.A) or betaE 24 (36.9)

  Codon 17 (A.T)/betaE 11 (16.9)

 I VS-I-5 (G.C)/betaE 5 (7.7)

 I VS-II-654 (C.T)/betaE 5 (7.7)

  Codon 35 (C.A)/betaE 3 (4.6)

 I VS-I-1 (G.T)/betaE 2 (3.1)

  Codon 71/72 (+A)/betaE 1 (1.5)

  Codon 19 (A.G) or Hb Malay/betaE 1 (1.5)
Beta-thalassemia intermedia 5 (7.7)
Codon 41/42 (-TCTT)/betaE 1 (1.5)
3.4 kb deletion/betaE 2 (3.1)
Codon 17 (A.T)/betaE 1 (1.5)

IVS-I-1 (G.T)/betaE 1 (1.5)
Total 65 (100)

Abbreviations: HbE, hemoglobin E; Hb, hemoglobin.

Table 2 The frequency of beta-thalassemia mutations in 88 alleles

Beta-thalassemia mutations Type Number of 
alleles (%)

Six common mutations
Codon 41/42 (-TCTT) 0 33 (37.5)
Codon 17 (A.T) 0 23 (26.1)

IVS-I-5 (G.C) + (severe) 7 (8.0)

IVS-II-654 (C.T) 0 6 (6.8)

IVS-I-1 (G.T) 0 4 (4.5)

Codon 71/72 (+A) 0 2 (2.3)
Six uncommon mutations
Codon 35 (C.A) 0 4 (4.5)

Initiation codon mutation (c.2T.G) 0 1 (1.1)

Codon 15 (G.A) 0 1 (1.1)

Codon 19 (A.G) or Hb Malay + 1 (1.1)

Codon 27/28 (+C) 0 1 (1.1)
Codon 123/124/125 (-ACCCCACC) 0 1 (1.1)
3.4 kb Deletion 0 4 (4.5)
Total 88 (100)

Abbreviation: Hb, hemoglobin.

(A.T), seven alleles (8%) of IVS-I-5 (G.C), six alleles 

(6.8%) of IVS-II-654 (C.T), four alleles (4.5%) of IVS-I-1 

(G.T) and two alleles (2.3%) of codon 71/72 (+A) (Table 2). 

Interestingly, nucleotide -28 (A.G) was not identified in 

our study. In 13 alleles (14.8%), neither set revealed beta-

thalassemia mutation. Thus, direct DNA sequencing of all 

three coding exons and flanking exon-intron junctions in the 

beta-globin gene was the next step to characterize these 13 

alleles. Six uncommon mutations were detected in nine 

alleles (10.2%) including four alleles (4.5%) of codon 35 

(C.A) and one allele (1.1%) for initiation codon mutation 

(ATG.AGG), codon 15 (G.A), codon 19 (A.G), codon 

27/28 (+C) and codon 123/124/125 (-ACCCCACC), respec-

tively (Figure 2). The remaining alleles, uncharacterized by 

M-ARMS and DNA sequencing, were further identified by 

gap-PCR to detect 3.4 kb deletion and this deletion was found 

in all four remaining alleles (4.5%).

In all, 100% of our 88 beta-thalassemia alleles were 

characterized by a combination of these techniques including 

two sets of M-ARMS, direct DNA sequencing and 3.4 kb 

deletion detection gap-PCR. Excluding the betaE-globin gene, 

13 different beta-thalassemia mutations were encountered in 

the present study. The 4 bp deletion (-TCTT) in codons 41/42 

was the most common mutation identified in our study and 

accounted for 37.5% of the alleles. The codon 17 (A.T) was 

the second most common and accounted for 26.1% of the 

alleles. Together, these two common mutations accounted 

for more than half (63.6%) of affected alleles. All other com-

mon mutations except nucleotide -28 (A.G) accounted for 

21.6% of the alleles.

Discussion
This study provided useful information regarding the fre-

quency distribution of beta-thalassemia mutations among 

pediatric patients especially in central Thailand since more 

than 90% of patients lived in Bangkok and other provinces 

in this region. In all, 92% of children who had clinically 

manifested beta-thalassemia had the beta-thalassemia 

major phenotype and more than 85% of pediatric patients 

with beta-thalassemia major had compound heterozygous 

beta-thalassemia and HbE, which is highly prevalent in 

Thailand.5,6,8,10 The frequency of the betaE-globin gene 
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was not included in the analysis of beta-thalassemia muta-

tion frequency since HbE can be easily detected by Hb 

electrophoresis.

Several methods can determine beta-thalassemia muta-

tions.14–17 This study revealed that M-ARMS detected seven 

common mutations in Chinese and Southeast Asian popula-

tions and was able to detect 85.2% of the alleles as in previ-

ous reports.19,20 Since M-ARMS can detect only a given set 

of mutations specific to the primers employed, direct DNA 

sequencing is the next step to identify various point muta-

tions and small rearrangements in the beta-globin gene. 

Six less frequent mutations were identified in 10.2% of the 

alleles. The disadvantage of DNA sequencing is that large 

deletions of the gene are undetectable. Thus, gap-PCR is the 

final step to detect 3.4 kb deletion, previously reported in 

Thai populations.21 A combination of these techniques could 

identify beta-thalassemia mutations in all 88 alleles (100%) 

of pediatric patients in our study.

Excluding the betaE-globin gene, 13 different beta-

thalassemia mutations were detected in 80 unrelated patients. 

The two most common mutations detected were codon 41/42 

(-TCTT) and codon 17 (A.T), accounting for 37.5% and 

26.1% of the affected alleles, respectively. All other common 

mutations detected by M-ARMS accounted for 21.6% of the 

alleles. In comparison with the previous study of beta-thalas-

semia mutations in Thailand, this revealed that the frequency 

of beta-globin gene mutations identified in our study was dif-

ferent. First, the nucleotide -28 (A.G) was not identified in 

our study. The nucleotide -28 (A.G) is a beta+-thalassemia 

mutation causing the mild beta-thalassemia phenotype; thus, 

this mutation has been observed only in TI patients.22 This 

present study demonstrated that TI was the minority group 

(less than 10%) among pediatric patients with symptomatic 

beta-thalassemia. This may explain why this mutation was 

not observed in our study. Second, the frequency of other 

common mutations including codon 41/42 (-TCTT), codon 

17 (A.T), IVS-II-654 (C.T), codon 71/72 (+A), IVS-I-1 

(G.T) and IVS-I-5 (G.C) in our study was similar to other 

studies in central Thailand.8,10 However, allele frequency of 

this present study was different from studies in other parts 

A

Codon 35 (C>A), c.108C>A

T T T T TT G G G G CA ACC C C C CG G

Initiation codon mutation, c.2T>G

Codon 19 (A>G), c.59A>GCodon 15 (G>A), c.47G>A

Codon 27/28 (+C), c.84_85insC Codon 123/124/125 (−ACCCCACC),
c.370_378delACCCCACC

C

E F

D

B T T TT GG GC AAAA A ACC C C CG G

T TTGG G G G G G G GC AAAA A A AC

T TTG GCCCCCCCC AAAA A A A CT TTTG GG G G G G G GGG CCCC AA

T TT T GG GGG GG GG CC CCC A AA

Figure 2 Six uncommon mutations identified by direct DNA sequencing.
Notes: (A) Codon 35 (C.A). (B) Initial codon mutation (ATG.AGG). (C) Codon 15 (G.A). (D) Codon 19 (A.G). (E) Codon 27/28(+C). (F) Codon 123/124/125 
(-ACCCCACC).
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of Thailand. Codon 41/42 (-TCTT) was the most common 

mutation identified in our population, who mainly lived in 

central Thailand. This frameshift mutation is also the most 

common mutation found in the other parts of Thailand, 

People’s Republic of China, and Southeast Asia.20 While 

codon 17 (A.T) was the second most common mutated 

allele in central, northern, and northeast Thailand, IVS-I-5 

(G.C) was the second most common in southern Thailand.23 

IVS-I-5 (G.C) was previously reported as the most com-

mon mutation among Thai Muslim patients in southern 

Thailand.24 Additionally, codon 71/72 (+A) accounted for 

2.3% in the present study while this mutation accounted for 

6% in north16 and 13.1% in northeast13 Thailand indicating 

a higher frequency of this mutation in this area.

Six uncommon mutations including codon 35 (C.A), 

codon 15 (G.A), codon 19 (A.G) or Hb Malay, codon 

27/28 (+C), initiation codon mutation (ATG.AGG) and 

codon 123/124/125 (-ACCCCACC) were identified by 

direct DNA sequencing. Although no new mutation was 

detected, two rare mutations in Thailand, initiation codon 

mutation and 8 bp deletion in exon 3, were found in our 

study. Initiation codon mutation (ATG.AGG) was first 

described in a Chinese beta-thalassemia patient in 1990.25 

In Thailand, this mutation was reported once in 2005 in two 

siblings with beta-thalassemia/HbE.26 Although this mutation 

has seriously affected beta-globin chain synthesis and most 

likely causes beta0-thalassemia phenotype, all three reported 

patients had the mild phenotype, which can be explained by 

co-inheritance with heterozygous 3.7 kb deletion alpha-thal-2 

genotype among Chinese patient and the association with 

C.T polymorphism at -158(G)gamma-globin gene in the 

two Thai siblings. Our patient’s phenotype was transfusion 

dependent beta-thalassemia major, diagnosed at 9 months 

of age, whereas the genotype was compound heterozygous 

between codon 41/42 (-TCTT) and initiation codon mutation. 

Both mutated alleles cause the beta0-thalassemia phenotype. 

Eight-base deletion in exon 3 or codon 123/124/125 

(-ACCCCACC) was first characterized in northeast Thai 

children with the severe beta-thalassemia/HbE phenotype.27 

This deletion results in the synthesis of 135 amino acids 

betaX chain (beta-Khon Kaen), which are highly unstable 

and degraded soon after translation. Extensive alteration of 

amino acids at the codon 123 to 131 caused dominant inclu-

sion body beta-thalassemia traits as in our patient.

Beta-thalassemia/HbE is a major thalassemia problem 

in Thailand and can be associated with various clinical phe-

notypes ranging from mild thalassemia intermedia to severe 

transfusion dependent thalassemia major.5,6,8,10 As in our 

study, 85% of beta-thalassemia major patients and 100% of 

TI patients had compound heterozygous beta-thalassemia and 

HbE. In beta-thalassemia major, the most common encoun-

tered genotype was codon 41/42 (-TCTT)/betaE (40%), fol-

lowed by codon 17 (A.T)/betaE (18.3%), IVS-I-5 (G.C)/

betaE (8.3%) and IVS-II-654 (C.T)/betaE (8.3%), which 

made up for 75% of all detected genotypes. Excluding the 

betaE-thalassemia mutation, all beta-thalassemia mutations 

in our symptomatic patients were classified as beta0 mutation 

except for codon 19 (A.G) or Hb Malay, classified as beta+ 

mutation and identified only in one patient.28

Interestingly, our patient with codon 19 (A.G)/betaE 

had transfusion dependent thalassemia major manifesta-

tion instead of mild TI. On the other hand, compound 

heterozygotes among four beta0 mutations including codon 

41/42 (-TCTT), codon 17 (A.T), 3.4 kb deletion, IVSI-1 

(G.T) and betaE genotype manifested as TI instead of 

beta-thalassemia major phenotype. This phenomenon can 

be explained by several genetic and nongenetic factors, 

which may play roles in determining the variability of the 

disease.5,22,29,30 However, the additional genetic analysis 

(genetic modifiers) was not performed in our study.

The concept of pre-implantation genetic diagnosis is to 

allow transfer of embryos to the uterus in assisted reproduc-

tion procedures. This technique is rapid and suitable as a 

noninvasive clinical tool for identifying genetic disorders for 

the purpose of reducing selective miscarriages such as thalas-

semia major.31,32 Our study revealed different beta-thalassemia 

mutations maybe clinically applied to preimplantation genetic 

protocol, permitting molecular genetic analysis to amplify a 

specific region on the beta-globin gene for a couple.

In conclusion, the present study demonstrates the het-

erogeneity of molecular defects causing beta-thalassemia in 

Thai children. All of the beta-thalassemia alleles have been 

characterized by a combination of techniques including 

M-ARMS, direct DNA sequencing, and gap-PCR for 3.4 kb 

deletion detection. Thirteen mutations accounted for 100% 

of the beta-thalassemia genes in our study. The frequency 

obtained should represent the frequency of beta-globin gene 

mutations among pediatric patients, who mainly lived in 

central Thailand.
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