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BACKGROUND: β-thalassemia  is  an  inherited 
blood disorder that relatively common in Southeast 
Asian countries. In Indonesia, it is estimated that 

200,000 infants with thalassemia carrier born each year. 
Mutation causing β-thalassemia is highly varied and 
relatively specific in a population. This study aimed to 
identify the mutations responsible for β-thalassemia from 
Thalassemia Carrier Screening conducted in Yogyakarta 
Special Region. This information is beneficial for developing 
a strategic prevention program to control thalassemia in the 
region. 

METHODS: Twenty-eight blood samples of 
haematologically suspected β-thalassemia from participant 
of thalassemia screening program in Yogyakarta Special 
Region were investigated for β-globin gene mutation by 
polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP), amplification refractory 
mutation system (ARMS) and DNA sequencing.  

RESULTS: Our samples showed average HbA2 value 
of 5±0.81% and HbF value of 2±2.29%. It showed eight 
abnormal erythrocyte morphologies dominated by 
hypochromia (96.4%), cigar cell (85.7%), and microcytosis 
(78.6%). Our molecular investigation identified three 
splice-site mutations namely InterVening Sequence (IVS)-
1-5 (G>C) (71.4%), IVS-1-2 (T>C) (7.1%), and IVS-1-1 
(G>T) (3.6%), two frameshift mutations that are CD35 (-C) 
(10.7%) and CD8/9 (+G) (3.6%), and a missense mutation 
of CD6 (GAG>GTG) (3.6%).

CONCLUSION: Our study concluded on a high prevalence 
of IVS-1-5 (G>C) mutation in Yogyakarta Special Region. 
This mutation information is significant for developing a 
strategic prevention program to control thalassemia in the 
region, for example for developing a rapid molecular test 
for future screening program.
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Abstract

Introduction

β-thalassemia is defined as a quantitative defect in 
production of β-globin chains due to mutation on β-globin 
(HBB) gene, either total absence or marked reduction. It is 
a common inherited blood disorder that spread worldwide 
and found prevalently in some South Asian countries.
(1,2) In 2012, Indonesian Health Ministry estimated that 
3,000 babies with thalassemia and 200,000 infant with 
thalassemia carrier born each year.(3) Despite the fact that 

thalassemia carriers can live a healthy life, the patients with 
β-thalassemia major require lifelong therapy for survival, 
namely blood transfusion and iron chelation.(4) Carrier 
screening combined with genetic counselling is an effective 
prevention program to control the number of new birth with 
thalassemia major.(5-7)
 β-thalassemia is highly varied at the molecular level 
with more than 300 mutations were reported. Furthermore, 
β-thalassaemia mutations are relatively population 
specific  meaning  certain  region  might  carry  a  few 
common mutations.(4) In Indonesia, mutation spectrum 



56

The Indonesian Biomedical Journal, Vol.13, No.1, March 2021, p.1-105 Print ISSN: 2085-3297, Online ISSN: 2355-9179

for β-thalassaemia has been reported in East Kalimantan 
and West Java.(8,9) However, study on β-thalassemia 
in  Yogyakarta  Special  Region  is  limited  to  its 
haematological analysis (10), while the molecular study is 
absent. Therefore, through this study, we aim to report the 
mutations responsible for β-thalassemia from thalassemia 
carrier screening conducted in Yogyakarta Special Region. 
This mutation information is essential for developing a 
strategic prevention program to control thalassemia in the 
region. 

Methods

Participants and Ethical Consideration
Ethical clearance for this study was granted by the Medical 
and  Health  Research  Ethics  Committee  (MHREC), 
Faculty of Medicine, Public Health and Nursing, Universitas 
Gadjah Mada/Dr. Sardjito General Hospital (Ref. No.: KE/
FK/1320/EC/2019). Venous blood samples from unrelated 
healthy individuals who voluntarily participating in 
thalassemia carrier screening organized by Indonesian 
Association of Parents of Children with Thalassemia 
(APCT) Yogyakarta, the Indonesia Thalassemia Foundation 
(ITF) and in collaboration with Faculty of Biology, 
Universitas Gadjah Mada were obtained and performed 
for its complete blood count, peripheral blood smear and 
Hb analysis by high-performance liquid chromatography 
(HPLC). The inclusion criteria are samples with HbA2 
value  between  3.5%  and  13%.  Informed  consents  were 
received from each volunteer prior to blood collection with 
detailed explanation. The confidentiality of collected and 
retrieved data are ensured. 

Molecular Detection for β-globin Gene Mutation
Twenty-eight samples were complied with the inclusion 
criteria and were intentionally recruited for underdoing 
molecular test. The genomic DNA was isolated using 
Blood/Cell DNA Mini Kit (Geneaid, Taipei, Taiwan). 
Splice-site mutations causing β-thalassemia were detected 
using the amplification refractory mutation system (ARMS) 
employing primer sets A-D for InterVening Sequence 
(IVS)-1-5 (G>C) and IVS-1-1 (G>C) (11), and polymerase 
chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) using primer sets  TLF62028-TLR62320 and 
restriction endonuclease Cac81 for IVS-1-5 (G>C) and 
IVS-1-2 (T>C) (Table 1).(8,12)
 Other mutation was investigated using DNA 
sequencing. DNA fragment of about 704-bp covering 
exon1, intron1 and exon2 of β-globin gene was amplified 
using  standard  PCR.  The  reaction  employing  primer 
1 and primer 5 described in our previous study (13) was 
performed in the same condition. Then, DNA fragments 
were sequenced using Sanger methods by DNA Sequencing 
Services (1st BASE, Selangor, Malaysia). DNA sequences 
were analysed using GeneStudio Software (GeneStudio, 
Inc., Georgia, US) and aligned with the template sequence 
from GenBank NCBI (RefSeq: NC_000011.10) using 
ClustalW (EMBL-EBI, Cambridgeshire, UK) to determine 
the mutation.

Results

Hb analysis and erythrocyte morphology of the samples 
were presented in Table 2. The average HbA2 value was 
5±0.81% ranging from 3.5 % to 6.1 %, whereas for HbF was 

Table 1. Name and sequence of the primers.

Methods Mutation Primer Name Primer Sequence Product Length Reference

ARMS Control Primer D Forward 5’ CAATGTATCATGCCTCTTTGCACC 3’ 11

C Reverse 5’ AGTCAAGGCTGAGAGATGCAGGA 3’ 

IVS-1-5 (G > C) B Forward 5’ ACCTCACCCTGTGGAGCCAC 3’

N1 Reverse 5’ CTCCTTAAACCTGTCTTGTAACCTTGTTAC 3’

M1 Reverse 5’ CTCCTTAAACCTGTCTTGTAACCTTGTTAG 3’ 

IVS-1-1 (G > T) N2 Forward 5’ GATGAAGTTGGTGAGGCCCTGGGTAGG 3’ 455-bp (N2-A pair)

A Reverse 5’ CCCCTTCCTATGACATGAACTTAA 3’ 281-bp (B-M2 pair)

B Forward 5’ ACCTCACCCTGTGGAGCCAC 3’

M2 Reverse 5’ TTAAACCTGTCTTGTAACCTTGATACGAAA 3’

PCR-RFLP IVS-1-5 (G > C) TLF62028 Forward 5’ ACCTCACCCTGTGGAGCCAC 3’ 293-bp 12

and IVS-1-1 (G > T) TLR62320 Reverse 5’ CTATTGGTCTCCTTAAACCTGTCTTGTAACCTTGCTA 3’

DNA sequencing 1F 5’ CCAAGGACAGGTACGGCTGTCATC 3’ 704-bp 13

5R 5’ CCTTCCTATGACATGAACTTAACCAT 3’
CD35 (-C), CD8/9 (+G), 
and CD6 (GAG>GTG)

861-bp (D-C pair)

286-bp (B-N1 pair 
or B-M1 pair)
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Mean±SD Range n (%)

HbA2, % 5±0.81 2.6–6.1
HbF, % 2±2.29 0.6–10.8

Hypochromia 27 (98.4)
Microcytosis 22 (78.6)
Cigar cell 24 (85.7)
Fragmented cell 21 (75.0)
Target cell 17 (60.7)
Tear drop cell 7 (25.0)
Basophilic stippling 4 (14.3)
 Microspherocyte 3 (10.7)
Blister cell 1 (3.6)
Polychromasia 1 (3.6)
Burr cell 1 (3.6)

Parameter

Haemoglobin analysis

Erythrocyte morphology

Table 2. Haemoglobin analysis and erythrocyte morphology on 
peripheral smear.

2±2.29% ranging from 0.6 % to 10.8%. The peripheral smear 
data showed eight abnormal erythrocyte morphologies 
dominated by hypochromia (98.4%), cigar cell (85.7%), and 
microcytosis (78.6%).
 From the molecular investigation of the 28 samples, 
three mutation groups were obtained. They were splice-site, 
frameshift and missense mutations. Splice-site mutation 
consisted of three alleles namely, IVS-1-5 (G>C) as the 

HGVS-nomenclature

IVS-1-5 (G > C) HBB: c.92+ 5 G > C 20 (71.4)
IVS-1-2 (T > C) HBB: c.92+ 2 T > C 2 (7.1)
IVS-1-1 (G > T) HBB: c.92+ 1 G > T  1 (3.6)

CD35 (-C) HBB: c.110delC  3 (10.7)
CD8/9 (+G) HBB: c.27_28insG 1 (3.6)

CD6 (GAG>GTG) HBB: c.20A > T 1 (3.6)

n (%)

Splice site

Frameshift

Missense 

Mutant Allele

Mutation

Table 3. Mutant alleles of β-globin gene in β-thalassemia 
carrier.

A

B

C

most abundant (71.4%), IVS-1-2 (T>C) (7.1%), and IVS-1-
1 (G >T) (3.6%). Frameshift mutations contained CD35 (-C) 
(10.7%) and CD8/9 (+G) (3.6%). Lastly, missense mutation 
with only CD6 (GAG>GTG) (3.6%) was also found. The 
results are outlined in Table 3.
 The results of molecular investigation can be seen in 
Figure 1. In ARMS results, 861-bp fragment was the control 
reaction, IVS-1-5 was confirmed when 286-bp fragment 
is present in reaction with mutant primers (Figure 1A), 
whereas IVS-1-1 was confirmed with the presence of 281-
bp fragment with mutant primers (Figure 1B). PCR-RFLP 
can detect two mutations in a single digest reaction. In the 

Figure 1. Electrophoregram of splice site mutations of β-globin gene. A: ARMS result for IVS-1-5 (G>C); B: ARMS result for IVS-1-1 
(G>T); C: PCR-RFLP result for IVS-1-5 (G>C) and IVS-1-2 (T>C). M: ARMS reaction using mutant primers, N: ARMS reaction using 
normal/control primers, MR: DNA marker or ladder.
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presence of IVS-1-2, Cac8I restriction enzyme cut the initial 
293-bp fragment into 43-bp and 250-bp, whereas in IVS-1-5 
allele, it resulted 36-bp and 257-bp (Figure 1C). The presence 
of 293-bp showed that the sample was heterozygous thus 
it still has normal allele that unrecognized by the enzyme. 
DNA sequencing results was presented in Figure 2. It is 
clearly showed the frameshift implication in CD35 (-C) and 
CD8/9 (+G) allele. As for CD6 (GAG>GTG), it showed 
nucleotide polymorphism showing heterozygous state of 
arginine and thymine.
 Figure 3 showed β-globin chain alignment of the first 
70 amino acids as the result of frameshift and missense 
mutations. Missense mutation of CD6 (GAG>GTG) clearly 
showed amino acid change from glutamic acid (E) to valine 
(V) at codon 6. Frameshift mutation of CD35 (-C) showed 
amino acid shifting starting from codon 36 and resulting 
a stop codon at supposedly codon 60. As for CD8/9 (+G), 
the shifting started at codon 9 and resulting a stop codon 
at supposedly codon 22. Therefore, CD35 (-C) and CD8/9 
(+G) produced a short β-globin chain with 59 and 22 
sequences, respectively. 

 

Figure 2. Chromatogram 
of frameshift and missense 
mutations of β-globin gene and 
the corresponding wild types.

Discussion

This study was conducted to identify mutations responsible 
for β-thalassemia trait in the carrier screening participants. 
Prior to molecular test, subject was predicted to be 
β-thalassemia carrier based on the haematological parameter. 
We employed HbA2 value between 3.5% to 13% amplified 

with the presence of abnormal erythrocyte variant especially 
microcytosis, hypochromia, and anisocytosis.(4,14) Red 
blood cell count can also be used to predict thalassemia 
carrier using erythrocyte indices such as Mentzer index, 
Shine and Lal index (S&L), and Green and King index 
(G&K), though its sensitivity were heavily affected by the 
presence of iron deficiency.(15)
 The average value of HbA2 in this study was 5±0.81% 
in which close to a similar study in Malaysia (5.14±0.55%).
(16) Erythrocyte morphological change is very prominent in 
patient, while in carrier is less severe.(4) This study reported 
four erythrocyte variants with more than 75% appearance 
in carrier subject namely, microcytosis, hypochromia, 
cigar cell and fragmented cell (Table 2). In similar study 
involving 33 carrier subjects in Austria, some erythrocyte 
variants were also appeared, namely target cells 100%, 
ovalocytes (96.9%), dacryocytes 27 (81.8%), stomatocytes 
(81.8%) and elliptocytes (75.8%).(17)
 This study reported six β-globin gene mutations 
with one splice-site mutation showing clear dominancy 
namely IVS-1-5 (G>C) (71.4%) (Table 3). This result 
was complimenting studies on mutation spectrum in 
β-thalassemia patients in Indonesia. In a hospital in West 
Java, this mutation was detected in 77.1% patients.(8) Other 
splice-site mutations namely IVS-1-2 (T>C) and IVS-1-1 
(G>T) might show a few prevalence, but it carried a similar 
threat to inherit a thalassemia major case. A study in East 
Kalimantan reported IVS-1-2 (T>C) (25.8%) and IVS-
1-1 (G>T) (9.7%) in patients as a result of co-inheritance 
with CD6 (GAG>GTG) or HbE trait.(9) In term of gene 
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Figure 3. Amino acid alignment of β-globin chain as the result of frameshift and missense mutations. Upper: frameshift of Cd8/9 
(+G) mutation started at codon 9 until codon 21; lower: frameshift of Cd35 (-C) mutation started at codon 36 until codon 59 (see the red 
numbers), and missense mutation is shown in codon 6 (number in square).

expression, these three mutations gave significant effect 
on RNA splicing and mRNA stability. IVS-1-1 (G>T) 
and IVS-1-2 (T>C) disrupted 5’ splice junction consensus 
“GT-AG”, while IVS-1-5 (G>C) activated cryptic resulting 
a probability of expressing abnormal mRNAs.(18) The 
abnormal and unstable mRNA might trigger nonsense-
mediated mRNA decay (NMD) pathway or proteolysis 
mechanism.(19)
 Two frameshift mutations were found in this 
study. CD35 (-C) was found in β-thalassemia carriers in 
Yogyakarta (20), and β-thalassemia patients (16.1%) which 
also a result of co-inheritance with HbE trait in Samarinda 
(9). Whereas, CD8/9 (+G) was found in a β-thalassemia 
carrier in Bandung.(21) These mutations lead to formation 
of a stop codon or called premature translation-termination 
codons (PTCs), resulting a very short protein. The presence 
of PTC can trigger the destruction mechanism of mRNA 
namely NMD pathway. A study determined codon 24-87 as 
the sensitive region of PTCs that activated NMD pathway.
(19) Since our DNA analysis identified PTCs of CD35 (-C) 
in codon 60 and CD8/9 (+G) in codon (22), NMD decay is 
likely occurred only in CD35 (-C) allele. Whereas in CD8/9 
(+G) allele, a short protein of about 21 amino acids will still 
be expressed (Figure 3).
 This study also found CD6 (GAG>GTG), a missense 
mutation causing substitution of glutamic acid to valine at 
codon 6 (Figure 3). This mutation is responsible for causing 
sickle cell trait (SCT) by forming an abnormal haemoglobin 
variant called HbS. Asymptomatic state of SCT has 
HbA2 value of 3.6%, therefore it is often misdiagnosed 
as β-thalassemia carrier. However, the gold standard in 
diagnosing SCT is the presence HbS (at least 38%) in Hb 
analysis (11), which was not observed in this study.
 To identify the mutations, this study employed PCR-
based techniques namely ARMS and PCR-RFLP and DNA 
sequencing. ARMS and PCR-RFLP are modified PCR 

techniques that still required a post-PCR procedure namely 
gel or polyacrylamide electrophoresis (Figure 1). Though 
effective for detecting rare mutation, DNA sequencing is 
costly. Overall, these procedures are inefficient and high-
priced to be applied in a nationwide screening program. 
A rapid molecular detection was desired to screen specific 
mutation that commonly found in the areas. The examples of 
this rapid detection were TaqMan genotyping to detect four 
β-thalassemia mutations and Tm-shift real-time polymerase 
chain reaction (Tm-shift qPCR) and high-resolution melting 
analysis (HRMA) that detect mutation on HbE trait.(13,22) 
Our finding on high frequency of IVS-1-5 (G > C) mutation 
contributed on the importance of implementing a rapid 
molecular test for this mutation especially to be applied in 
future screening program in Yogyakarta and its surrounding 
area. 

Conclusion

Our study reported mutation spectrum from thalassemia 
carrier screening conducted in Yogyakarta Special Region. 
We found six β-globin gene mutations with one mutation 
showed a clear dominancy, IVS-1-5 (G>C). Since a rapid 
molecular test on the IVS-1-5 (G>C) mutation is already 
available, our finding supports its implementation as the 
confirmatory test in future screening program in the region.
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