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1. INTRODUCTION

Beta-thalassemia (B-thalassemia) is a blood disorder (an
autosomal recessive trait), characterised by low production of -
globin chains for haemoglobin. (Dordevic et al., 2025). It arises
due to point mutations or, less commonly, deletions within the
beta-globin gene present on chromosome 11(Kattamis et al.,
2022; Khalid et al., 2020). B-thalassemia is a large-scale Public
Health problem worldwide, with over 150 million carriers
documented in over 60 countries (Taher et al., 2018). The
distribution of thalassemia was previously limited to the
traditional "thalassaemia belt,” which ranges across the
Mediterranean Basin, Middle East, and Southeast Asia.
However, in recent years, this condition has become a worldwide
health issue likely due to migration. This is particularly evident
in Pakistan, with a carrier rate of 5-8%, corresponding to millions
of genetically heterogeneous individuals who require rigorous
surveillance programs. (Haq et al., 2025).

The global carrier rate of B-thalassemia is approximately 3%, and
an estimated 60,000 significant cases of thalassemia are
diagnosed annually. (Ali et al., 2021). Approximately 5,000
children are diagnosed annually, and the global population of
carriers exceeds 10 million. Typical indications of B-thalassemia
in children include slow growth, inadequate food intake,
enlargement of the spleen, yellowing of the skin (jaundice),
excessive growth of the upper jaw (maxillary hyperplasia),
misalignment of teeth (malocclusion), and gallstone formation
(cholelithiasis) (Iyevhobu et al., 2023).

B-Thalassemia is a monogenic disorder characterised by over
380 distinct mutations identified in Pakistan (El-Beshlawy et al.,
2024). This shows the complexity of transmission and requires
diagnosis through targeted genetic testing, treatment plans, and
genetic counselling to improve the management of this condition

Clinically, B-thalassemia is categorised into three distinct types:
major, minor, and intermediate forms. Among the diverse known
mutations, three variants are the most frequently documented:
IVS-1-5 (G>C) (mutation 1), frame shift codon 8/9 (+G)
(mutation 2), and codon 41/42 (-TCTT) (mutation 3) (Siddique
& Younas, 2026). These variants have been frequently reported
among patients with p-thalassemia in South Asian populations
and are therefore important targets for molecular screening.
(Samorlu & Saleem, 2026; Sanchez-Villalobos et al., 2022).
Mutation 1 is a commonly occurring -thalassemia mutation that
occurs in intron 1 of the HBB gene, specifically at position 5,
where guanine (G) is replaced with cytosine (C). This mutation
disrupts the normal splicing of beta-globin mRNA, resulting in a
decrease or no production of the beta-globin chain of
haemoglobin (Haq et al., 2025). Mutation 2 is a frameshift
mutation within the HBB gene, which involves the insertion of a
single guanine (G) nucleotide at positions 27-28 of the gene. As
a result, its reading frame shifts, leading to premature stop
codons and nonfunctional beta-globin proteins (Muhammad et
al., 2017).

Mutation 3 is a frameshift mutation found within the HBB gene
that involves the deletion of four nucleotides from positions 126-
129 of the genome. Consequently, the reading frame of the gene
shifts, leading to premature stop codons and the production of
nonfunctional beta-globin proteins. (Haq et al., 2025).
B-thalassemia is an autosomal recessive disorder inherited in a
classical Mendelian manner. Individuals who inherit a faulty p-
globin gene from both parents are homozygous for the mutation.
At conception, the cross between two carriers of an autosomal
recessive disorder has a 50% chance of producing an
asymptomatic carrier, a 25% chance of producing a diseased
child, and a 25% chance of producing a healthy child. (Dolai et

in any population. (Biswas et al., 2022). al., 2026) (Figure 1).
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Figure 1: Workflow of B-Thalassemia Mutation Detection (A) and Genetic Pattern (B).
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The process begins with the collection of peripheral blood from
an affected individual, followed by DNA extraction, PCR
amplification and quantification, and data analysis of the
sequenced DNA. Figure B illustrates the transmission of [-
thalassemia from parents to their offspring. The genetic profiles
contain Mendelian inheritance ratios and specific mutation
frequencies, such as those of mutations 2 and 3, respectively.
Allele-specific PCR (AS-PCR) is a technique used to identify
specific DNA alleles, or mutations. (Komijani et al., 2021). AS-
PCR is particularly useful for detecting single nucleotide
polymorphisms (SNPs) and other genetic variations. For B-
thalassemia, AS-PCR is invaluable for diagnosis and genetic
analysis because of its significant advantages. (Long et al.,
2013). AS-PCR's high sensitivity and specificity allow for the
precise detection of beta-globin gene mutations, even at low
levels, which is crucial for identifying carriers and diagnosing
affected individuals (Mahmud & Enni, 2025).

We employed Allele-Specific Polymerase Chain Reaction (AS-
PCR) to identify the most frequently occurring B-thalassemia
mutations in the population, specifically focusing on mutations
1, 2, and 3. Previous studies have primarily addressed broader
genetic trends in p-thalassemia (Haq et al., 2025)without

systematically examining the specific mutations prevalent in
Southern Punjab.

Hypothesis

Ho: The three investigated mutations have equal frequencies
among patients in whom one of the three mutations was detected.
Hi: The frequencies of the three investigated mutations are not
equal among patients in whom any of the three mutations are
detected.

2. MATERIALS AND METHODS

Peripheral blood samples were collected from 366 transfusion-
dependent B-thalassemia patients registered at the Mailsi Blood
Bank & Thalassemia Centre in Punjab, Pakistan (Figure 2). All
patients were initially diagnosed with [-thalassemia using
standardised tests. These patients had different ethnic
backgrounds from various regions in Southern Punjab. To gather
individual data on each patient as well as epidemiological factors
related to B-thalassemia, a questionnaire was administered and
completed by both the patients and their family members. The
questionnaire covered the age range and ethnicity of non-
mutation-free  individuals.  Additional information (B-
thalassemia status) was obtained from laboratory findings (Table
2).
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Figure 2: Geographic location of the study setting. Green map (Southern Punjab) extracted from Pakistan; purple map (a southern city)
containing the blood bank (red).

Blood samples for DNA extraction were collected separately in
EDTA-containing vacutainers and stored at 10°C. DNA was
isolated using an inorganic extraction protocol and visualised on
an ethidium bromide-stained agarose gel after exposure to
ultraviolet (UV) light. The isolated DNA samples were stored at
-20°C for AS-PCR. (Canovié et al., 2024).

Allele-specific PCR (AS-PCR) was used to detect point
mutations based on the presence or absence of amplification
products. Every DNA sample was examined for three common

mutations in Southern Punjab, Pakistan. (Siddique & Younas,
2026). AS-PCR was conducted in a 20 pL reaction mixture
containing 1X PCR buffer. Additionally, the mixture contained
50 pmol of each of the four primers, 0.5-1 pg genomic DNA,
0.25 mM dNTPs, 1.5 mM MgCl,, and 0.5-1 U Taq polymerase.
Thermal cycling included 33 cycles of denaturation at 94°C for
45 s, followed by primer annealing and extension at 67°C for 1.5
min. In the final cycle, the extension time was increased to six
minutes. The PCR product was mixed with 1X loading dye and
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electrophoresed on a 1.8% agarose gel containing ethidium
bromide for 20—60 min at 100 V. The gel was visualised and
photographed using UV light.

A set of primers used in the PCR experiments was designed to
amplify both mutation-free (patients without any of the three
targeted HBB mutations) and mutation-specific sequences.
Primers (MF1, MF2, and MF3) produced an 861 bp product,

representing mutation-free (MF) patients. In contrast, the
mutation primers (1, 2, and 3) targeted specific genetic
variations, yielding product sizes of 285, 215, and 439 bp,
respectively. These primers were essential for identifying and
analysing the different genetic variants in this study. (Rehman et
al., 2021) (Table 1).

Table 1. Target gene primers and sequences

Primers Sequences (5'>3") Product Size (bp)
MF1 CAA TGT ATC ATG CCT CTT TGC ACC
MF2 GAC TCA AGG CTG AGA GAT GCA GGA 861
MEF3 TCA CTT AGA CCT CAC CCT GTG GAG CCA
Mutation 1 CTC CTT AAA CCT GTC TTG TAA CCT TGT TAG 285
Mutation 2 CCT TGC CCC ACA GGG CAG TAA CGG CAC ACC 215
Mutation 3 GAG TGG ACA GAT CCC CAA AGG ACT CAA CCT 439
Statistical Analysis 3. RESULTS

Statistical analysis (frequencies) of the three investigated
mutually exclusive mutations was performed among patients in
whom one of the three mutations had been identified. The null
hypothesis was tested using Pearson’s chi-square goodness-of-

fit test. The hypothesis established that the three mutations
occurred at equal frequencies, with statistical significance set at
p <0.05 at 2 degrees of freedom, and the effect size was assessed
using Cramér’s V (Telford et al., 2020). Statistical Package for
the Social Sciences (SPSS) version 27 was used for the analysis.

Ethical Statement

This study was reviewed and approved by the Ethics Committee
for Human Patients at Nishtar Medical University, Multan
(Pakistan). The study was approved under No.: 18186/NMU. All
patients and their guardians were informed of the purpose of the
study and provided written consent before commencing the
study.
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Each sample was tested separately for these three mutations 1, 2,
and 3. Three PCRs were performed for each of the mutations.
Each PCR reaction yielded an 861-bp control amplicon,
confirming successful amplification within the 800-900 bp
range on gel electrophoresis. PCR products for the internal
typical mutation-free and mutant instances were observed for all
types of mutations. Those without any of these three mutations
exhibited a single band at 861 bp, whereas those with mutations
displayed two bands simultaneously: one at 861 bp and the other
in an altered region. Mutants with mutations 1, 2, and 3 displayed
bands at 285, 215, and 439 bp, respectively (Figure 3). The
study's findings showed that IVS-1-5 (mutation 1) had the
highest frequency, accounting for 24.9% of the population
studied. Mutations 3 and 2 had frequencies of 16.9% and 11.2%,
respectively. No mutant bands were observed in the other
samples (Table 2). This indicates that they may have alternative
forms or no B-thalassemia mutations, as other B-globin defects
were not investigated in this study.

Mutation 2
Mutation 3
FSC 8/9 Mutation
(215bp) Mutation Codon
41/42 (439bp)
——d G——) et
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Figure 3: Distribution of three targeted genetic mutations 1, 2, and 3 among patients with f-thalassemia in Southern Punjab, Pakistan,
highlighting mutation 1 as the most common mutation, followed by mutations 3 and 2.
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The bar chart shows the distribution of mutations in this study.
The portion labelled “mutation-free group” represents the

absence of the three investigated mutations. The remaining
sections show the distributions of the three specific mutations.

Table 2. Mutation Spectrum of B-Thalassemia Patients

Mutation Types n (%) Age Group n (%) Ethnicity n (%)
Mutation 1: IVS-1-5 (G>C) 91 (24.9) <2 years 234 (64.0) Saraiki 146 (39.9)
Mutation 2: Fr 8/9 (+G) 41 (11.2) 2 — 5 years 88 (24.0) Punjabi 78 (21.3)
Mutation 3: Codon 41/42 (-TCTT) 62 (16.9) > 5 years 44 (12.0) Urdu Speaking 55 (15.0)
Unknown Mutation 172 (47)
Total Patients 366 (100)

Table 2 displays the mutation spectrum, age distribution, and
ethnic composition of the three targeted -thalassemia patients in
Punjab, Pakistan. Data are presented as the number of patients
(n) with corresponding percentages (%). Mutation data are based
on the actual 366 patients analysed. The ethnicity and age
distribution show only the three main ethnic groups reported in
the region (Saraiki, Punjabi, Urdu-Speaking), accounting for 279
patients (76.2%). The remaining 87 patients (23.8%) belong to
other ethnic groups or have unknown ethnicity.

Among the 194 patients, the expected frequency for each
mutation was 64.67, with %> (2) = 19.5, P < 0.001, and Cramér’s
V = 0.224 at the 95% confidence level. In contrast, the actual
frequencies of mutations 1, 2, and 3 were 46.91%, 21.13%, and
31.96%, respectively.

4. DISCUSSION

Mutation 1 was the most common in the Southern Punjab
group. This finding is consistent with a study conducted in
Pakistan that found five frequent mutations responsible for 99%
of cases, with thalassemia mutation 1 having the highest
frequency of 44.4% across all ethnic groups. (Hassan et al.,
2017). This prevalence demonstrates the geographic and ethnic
diversity of mutations, as evidenced by a study conducted in
Bangkok, Thailand, where mutation 1 was found to be prevalent,
and only approximately 8% of patients had this mutation, which
is less frequent than other mutations. (Panichchob et al., 2021).

The next highest identified mutation in our study was mutation
3, which corroborates the findings of a study conducted in
Karachi, Pakistan, in which mutation 3 was reported at a
frequency of 17.5% (Khaliq, 2022).

In contrast, the least common mutation among the three targeted
mutations was mutation 2, which accounted for 11% of all
patients. Understanding the distribution patterns of B-thalassemia
mutations is crucial for establishing effective diagnostic
strategies for parents. Interestingly, a study conducted at the
Thalassemia Centre of the Pakistan Medical Institute (PIMS) in
Islamabad reported that mutation 2 was the most frequently
reported (28.7%). A study on HBB gene mutations in Mardan,
Pakistan, demonstrated that mutation 1 was the most frequently
reported mutation detected in Charsadah. (Shakeel et al., 2016).
The most common mutations in the Pakistani population were
Mutation 1 (36.48%), Mutation 2 (31.16%), and Mutation 3

(7.11%) (Black et al., 2010). Regional research has shown that
Mutation 1 is more common in neighbouring countries such as
India (56.31%), Sri Lanka (64.60%), the Iranian province of
Baluchistan- Sistan (44.8%), the UAE (~>50%), and Bangladesh

(56.25%). People living in the Mediterranean, Southeast Asia,
and Africa are more affected by f-thalassaemia. (Hassan et al.,
2017). The genetic prevalence of B-thalassemia in Southeast Asia
is 2.5 to 15% (World Health Organization, 2021). These findings
contrast sharply with our results, underscoring the variability in
B-thalassemia mutations across different populations and
provinces in Pakistan. Such differences in mutation prevalence
highlight the need for advanced genetic sequencing techniques
to uncover previously unidentified mutations and region-specific
studies to inform public health strategies and genetic counselling
efforts.

5. CONCLUSION

Numerous variants are responsible for the development of B-
thalassemia. This study presents molecular data on three
commonly reported HBB variants among transfusion-dependent
B-thalassaemia patients in Southern Punjab, Pakistan. Three of
the most frequent mutations were chosen, and their rates were
examined in individuals from Southern Punjab, Pakistan. Among
the three HBB variants investigated, IVS-1-5 (G>C) was the
most frequently detected mutation in the study population,
whereas none of the targeted variants was detected in 47% of the
patients. The observed distribution of the three targeted
mutations differed significantly from an equal distribution;
therefore, the null hypothesis was rejected, suggesting that the
frequencies of the three targeted mutations were not equal among
the 194 patients included in this study. Detailed molecular
characterisation is required to determine the variants responsible
for these remaining cases.

Acknowledgments

The author expresses sincere gratitude to the Institutional Review
Board (IRB) / Ethical Review Committee of Nishtar Medical
University, Multan, for providing ethical approval for this study.
Special thanks are also extended to the administration and staff
of the Mailsi Blood Bank & Thalassemia Centre, Punjab, for
their invaluable assistance in communicating with patients and
facilitating the blood sample collection process.

Data Availability Statement: Data available on request due to
privacy/ethical restrictions.
Conflict of Interest: The authors declared no conflict of interest.

Funding: No funding was provided for this study by any funding
authority.

304 © 2026 Samrah Masud, Muhammad Sajid Saleem, Augustine S Samorlu, Zoya Ali. This is an open-access article distributed under the terms of the
Creative Commons Attribution 4.0 International License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

Int. Jr. of Contemp. Res. in Multi.

PEER-REVIEWED JOURNAL

Volume 5 Issue 5 [Sep-Oct] Year 2026

REFERENCES

1.

10.

11.

Ali S, Mumtaz S, Shakir HA, Khan M, Tahir HM, Mumtaz
S, et al. Current status of beta-thalassemia and its treatment
strategies. Mol Genet Genomic Med. 2021;9(12): e1788.
doi:10.1002/mgg3.1788.

Biswas B, Naskar N, Basu K, Dasgupta A, Basu R, Paul B.
Transfusion-transmitted infections, their risk factors and
impact on quality of life: an epidemiological study among
B-thalassemia major children. Asian J Transfus Sci.
2022;16(1):99-105. doi: 10.4103/ajts.AJTS 74 18.

Black ML, Sinha S, Agarwal S, Colah R, Das R, Bellgard
M, et al. A descriptive profile of f-thalassaemia mutations
in India, Pakistan and Sri Lanka. J Community Genet.
2010;1(3):149-157. doi:10.1007/s12687-010-0026-9.
Canovié V, Slovi¢ Z, Todorovié D, Todorovi¢ M, Andrié I,
Radojevi¢ D, et al. The use of vitreous humour as a potential
source of DNA for postmortem identification in forensic
science. Forensic Sci Med Pathol. 2024;20(4):1193-1199.
Dolai TK, Jena RK, Roy S, Bhattacharyya M, Nayak AR,
Mahapatra M, et al. Best practices for thalassaemia
management: recommendations by Indian Society of
Haematology and Blood Transfusion. Indian J Hematol
Blood Transfus. 2026:1-18.

Dordevic A, Mrakovcic-Sutic I, Pavlovic S, Ugrin M,
Roganovic J. Beta thalassemia syndromes: new insights.
World J Clin Cases. 2025;13(10). doi:10.12998/wjcc.
v13.110.100223.

El-Beshlawy A, Dewedar H, Hindawi S, Alkindi S,
Tantawy AA, Yassin MA, et al. Management of transfusion-
dependent [-thalassemia (TDT): expert insights and
practical overview from the Middle East. Blood Rev. 2024;
63:101138. doi: 10.1016/j.blre.2023.101138.

Haq E ul, Nacem A, Awan UA, Khan SN, Zohaib M, Uddin
G. High prevalence and molecular spectrum of -
thalassemia trait in Haripur and Abbottabad districts of
Pakistan: implications for regional carrier screening
programs. Egypt J Med Hum Genet. 2025; 26:167.
doi:10.1186/s43042-025-00795-4.

Hassan K, Rasheed M, Asif N, Anwar T, Tahir M, Zulfigar
Ali S. Spectrum of mutations of beta thalassemia. JIMDC.
2017;6(4).

Iyevhobu KO, E OL, Okobi TJ, Usoro ER, Ivie AA, Ken-
Iyevhobu BA, et al. Overview of beta-thalassemia. In:
Thalassemia Syndromes - New Insights and Transfusion
Modalities. IntechOpen; 2023.
doi:10.5772/intechopen.111682.

Kattamis C, Skafida M, Delaporta P, Vrettou C, Traeger-
Synodinos J, Sofocleous C, et al. Heterozygosity of the
complex Corfu 60B+ thalassemic allele (HBD deletion and

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

HBB: ¢.92+5G>A) revisited. Biology. 2022;11(3):432.
doi:10.3390/biology11030432.

Khalid A, Khalil Butt AM, Shahid R, Hoor A. Thalassemia:
current situation in Pakistan. Lahore Garrison Univ J Life
Sci. 2020;4(4):309-318. doi:10.54692/1gujls.2020.0404126.
Khaliq S. Thalassemia in Pakistan. Hemoglobin.
2022;46(1):12-14. doi:10.1080/03630269.2022.2059670.
Komijani M, Shahin K, Azhar EI, Bahram M. Designing
PCR primers for the amplification-refractory mutation
system. In: Methods in Molecular Biology. Springer US;
2021. p.93-99. doi:10.1007/978-1-0716-1799-1 7.

Long J, Ye X, Lao K, Pang W, Weng X, Fu K, et al.
Detection of three common a-thalassemia in non-deletion
types and six common thalassemia in deletion types by QF-
PCR. Clin Biochem. 2013;46(18):1860-1864. doi:
10.1016/j.clinbiochem.2013.09.013.

Mahmud S, Enni MA. As-PCR in molecular diagnostics: a
systematic review of applications in genetic disease
screening. ASRC Procedia Glob Perspect Sci Scholarsh.
2025;1(1):98-120. doi:10.63125/570jb007.

Muhammad R, Shakeel M, Rehman SU, Lodhi MA.
Population-based genetic study of B-thalassemia mutations
in Mardan Division, Khyber Pakhtunkhwa Province,
Pakistan. Hemoglobin. 2017;41(2):104-109.
doi:10.1080/03630269.2017.1330210.

Panichchob P, lamdeelert P, Wongsariya P, Wongsariya P,
Wongwattanasanti P, Tepakhan W, et al. Molecular
spectrum of B-thalassemia mutations in Central to Eastern
Thailand. Hemoglobin. 2021;45(2):97-102.
doi:10.1080/03630269.2021.1924193.

Rehman S ur, Khan J, Khan RM, Azam M, Mutahir Z.
Molecular heterogeneity of B-thalassemia in Karak District,
Khyber Pakhtunkhwa, Pakistan. Pak J Zool. 2022; 54:45-
458. doi: 10.17582/journal.pjz/20200323150315.

Samorlu AS, Saleem MS. Comparison of ABO blood group,
Rh factor, and genotype frequency among university
students in Liberia and Pakistan: a cross-sectional study.
Health Sci Rep. 2026;9: €72503. doi:10.1002/hsr2.72503.
Sanchez-Villalobos M, Blanquer M, Moraleda JM, Salido
EJ, Pérez-Oliva AB. New insights into pathophysiology of
B-thalassemia. Front Med. 2022; 9:880752.
doi:10.3389/fmed.2022.880752.

Shakeel M, Arif M, Shoaib-Ur-Rehman, Yaseen T.
Investigation of molecular heterogeneity of p-thalassemia
disorder in District Charsadda of Pakistan. Pak J Med Sci.
2016;32(2):491-494. doi:10.12669/pjms.322.9415.
Siddique S, Younas R. A carrier screening and prenatal
diagnosis of families with P-thalassemia. Int J Biol
Biotechnol. 2026;23(1):43-56. doi:10.65014/ijbb. v23i.05.

305

© 2026 Samrah Masud, Muhammad Sajid Saleem, Augustine S Samorlu, Zoya Ali. This is an open-access article distributed under the terms of the
Creative Commons Attribution 4.0 International License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

Int. Jr. of Contemp. Res. in Multi.

PEER-REVIEWED JOURNAL

Volume 5 Issue 5 [Sep-Oct] Year 2026

24

25.

26.

. Taher AT, Weatherall DJ, Cappellini MD. Thalassaemia.

Lancet. 2018;391(10116):155-167.

Telford A, Taylor CC, Wood HM, Gusnanto A. Properties
and approximate p-value calculation of the Cramer test. J
Stat Comput Simul. 2020;90(11):1965-1981.
doi:10.1080/00949655.2020.1754820.

World Health Organization. Regional desk review of
haemoglobinopathies with an emphasis on thalassaemia and
accessibility and availability of safe blood and blood
products as per these patients' requirements in South-East
Asia under universal health coverage. Geneva: World
Health Organization; 2021. p.1-54.

Creative Commons (CC) License
This article is an open-access article distributed under the terms and
conditions of the Creative Commons Attribution—Non-Commercial-No
Derivatives 4.0 International (CC BY-NC-ND 4.0) license. This license
permits sharing and redistribution of the article in any medium or format for
non-commercial purposes only, provided that appropriate credit is given to
the original author(s) and source. No modifications, adaptations, or derivative
works are permitted under this license.
About the Author

Augustine S. Samorlu is a computational biologist and PhD
candidate, formerly Dean of Natural Sciences at Cuttington
University, Liberia. He holds degrees in Biology,
Computational Biology, and Epidemiology. His research spans
molecular genetics, bioinformatics, infectious diseases, and
drug discovery, with publications and collaborations across
India, Pakistan, Turkey, and Morocco.

306 © 2026 Samrah Masud, Muhammad Sajid Saleem, Augustine S Samorlu, Zoya Ali. This is an open-access article distributed under the terms of the
Creative Commons Attribution 4.0 International License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

