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1. Introduction 

  

Thalassemia encompasses a group of conditions where the structure of hemoglobin remains 

normal but its quantity varies (Jord et al., 2000). This is an autosomal genetic disorder that can 

be inherited from parents without regard to gender (Davies, 2000).  

There are two primary types of thalassemia: alpha thalassemia and β-thalassemia, contingent 

on which globin is mutated. Alpha thalassemia arises when one or more of the four alphaglobin 

genes are impaired, while β-thalassemia occurs when both β-globin genes sustain damage or 

mutations (Kim and Tridane, 2017). This mutation affects the production of hemoglobin, 

resulting in quantitative abnormalities, distinguishing it from hemoglobinopathies, which 

pertain to specific hemoglobin disorders (Mohan, 2000).  

Thalassemia is a common genetic disorders, posing both physical and psychological 

challenges that significantly impact the quality of life, particularly in regions like the 

Mediterranean and Southeast Asia where 5% of individuals carrying the thalassemia gene are 

affected (Piel and Weatherall, 2014).  

Alpha thalassemia (α) and β-thalassemia (β) are the two primary forms of thalassemia, 

with alpha-thalassemia occurring when one or more of the four α-globin genes are defective 

and β-thalassemia manifesting when all β-globin genes are mutated (Kim and Tridane, 2017).  

Major thalassemia results from inheriting two faulty globin genes, one from each parent, 

while minor thalassemia stems from inheriting only one defective globin gene from one parent 

ABSTRACT  

  
Background: ARMS-PCR technology has been employed for the examination of genetic 
mutations associated with hematological disorders. In all instances where ARMS-PCR 

reactions were deemed successful, an output of 861 base pairs was identified, serving as 

a reliable indicator of reaction success during gel electrophoresis. The ARMS-PCR 

products were closely monitored and analyzed under both normal and mutated 

conditions. The product lengths exhibited variability depending on the specific mutation 

type and its location. For the IVS-I-5(G-to-C) mutation, the ARMS-PCR assay yielded a 

285-base pair output, confirming the presence of this mutation in one male thalassemia 

sample. In the case of Codon 8/9 (  G), the ARMS-PCR generated a 225-base pair output, 

and this mutation was identified in two male thalassemia samples. For the Codon 41/42 

mutation (-TTCT), an ARMS-PCR output of 439 base pairs was observed, and this 

mutation was detected in one male thalassemia sample. As for the Codon 30(G-to-C) 

mutation, no ARMS-PCR output was detected, indicating its absence in the studied 

samples. Finally, the Codon 8 mutation (-AA) produced an ARMS-PCR output of 255 

base pairs. Although this mutation was observed in the study, it was not detected in the 
samples under investigation.   
Aim: The study aims to diagnose five types of mutations that cause beta-thalassemia in 

the northern areas of Basra.   
Material and Methods: Blood samples were obtained from intravenous injections of 

patients using a single-use syringe (5 ml) placed in EDTA tubes that prevent blood clots 

and kept in deep freeze (-20οC) until use in genetic detection. The genomic DNA was 

isolated from the blood completely using a extraction kit and is done according to the 

manufacturer's instructions (Geneaid,USA).   

Results: The three mutations (IVS-I-5(G-to-C), Codon 8/9 (  G), and Codon 41/42 were 
found in the studied samples, while the two mutations (Codon 8(-AA) and Codon 30(G-
to-C) were not found in the studied samples.   
Conclusion: This study has provided valuable insights into the presence of genetic 
mutations responsible for blood disorders in the examined samples. These findings 

contribute significantly to our comprehension of the etiology of these diseases and the 
development of diagnostic and therapeutic approaches.  
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(Cao and Galanello, 2010; Danjou et al., 2011). Thalassemia minor exhibits no clinical 

symptoms, allowing individuals to lead healthy lives without treatment. Conversely, 

thalassemia major leads to lifelong anemia starting in early childhood, necessitating regular 

blood transfusions due to irregularities in red blood cell production (Kim & Tridane, 2017).  

Alpha homozygous thalassemia results from the deletion of all four α-globin genes, while 

β-thalassemia displays varying phenotypes, ranging from severe blood-transfusiondependent 

cases to milder intermediate forms. Individuals with β-thalassemia major experience severe 

anemia, enlarged liver and spleen, and if left untreated, can suffer from mental retardation and 

reduced life expectancy (Danjou et al., 2011).  

The prevalence of hemoglobin disorders in northern Basra is influenced by several 

factors, including genetic diversity among different ethnic groups residing in the region, such 

as Arabs, Kurds, and Iranians. These genetic variations can contribute to hemoglobin disorders. 

Research by Al-Ali et al. (2012) discovered a higher incidence of the sickle cell gene among 

people in northern Basra compared to other parts of Iraq, indicating a genetic basis for the 

elevated occurrence of sickle cell anemia in this region.  

Furthermore, the distribution of hemoglobin disorders can be affected by genetic diversity 

within populations and the prevalence of specific genetic mutations (Williams and Weatherall, 

2012). The frequency of particular hemoglobin disorders, such as β-thalassemia or sickle cell 

disease, may vary across different regions depending on the prevalence of the responsible gene 

mutations (Hassan et al., 2003), as observed in variations in the distribution of β-thalassemia 

and hemoglobin S (sickle cell trait) across different areas of Basrah (Risoluti et al., 2021).  

  

2. Methodology  

  

The study focused on examining a cohort of 24 individuals under the care of the Center 

for Genetic Hematology and the Hematology Laboratory, with meticulous record-keeping and 

consistent monitoring. Disease evaluation was conducted using a high-performance liquid 

chromatography (HPLC) system obtained from Bio-Rad Laboratories in Hercules, CA, USA, 

specifically employing the Variant β-Short program.  

Intravenous injections were administered to the patients using a disposable 5 ml syringe 

for blood sample collection, which was then transferred into EDTA tubes to prevent 

coagulation. These tubes were preserved at -20°C until needed for genetic assessment. The 

genomic DNA was extracted entirely from the blood samples using a DNA extraction kit, in 

adherence to the manufacturer's guidelines, supplied by Geneaid in the USA.  

  

 Primers Selection  

1. A series of prefixes were employed in the analysis of mutations using the 

amplificationrefractory mutation system (ARMS), as outlined in Table 1 (Talmaci et al., 

2004; Baig et al., 2005; Basak, 2007; Mirasena et al., 2008; Sarookhani et al., 2009; Saleh-

Gohari et al., 2010).  

2. The oligonucleotides corresponding to the chosen prefixes utilized in the ARMS technology 

are provided below. These primers were employed as internal control primers for all ARMS-

PCR reactions:  

“Forward Primer: 5-CAA TGT ATC ATG CCT CTT TGC ACC -3”  

“Reverse Primer: 5-GAG TCA AGG CTG AGA GAT GCA GGA -3”  

“Common Primer C: 5-ACC TCA CCC TGT GGA GCC AC -3”  

“Common Primer D:5-CCC CTT CCT ATG ACA TGA ACT TAA-3  
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Table (1) Sequence of prefixes and sizes of their products for mutations identified in the study  

Mutation  Sequence(5'-3')  

Common 

primer  

 

Product 

(bp)  

IVS- I- 5 (G – C )  
5-CTC CTT AAA CCT GTC TTG TAA CCT TGT  

TAG-3  
C  285  

Normal  
5-CTC CTT AAA CCT GTC TTG TAA CCT TGT  

TAC-3  
    

Codon 8 \ 9 (+ G )  
5-CCT TGC CCC ACA GGG CAG TAA CGG CAC  

ACC-3  
C  225  

Normal  
5-CCT TGC CCC ACA GGG CAG TAA CGG CAC  

ACT-3  
    

Codon 8 (-AA)  
5- ACA CCA TGG TGC ACC TGA CTC CTG AGC  

ACG3  
D  520  

Normal  
5-ACA CCA TGG TGC ACC TGA CTC CTG AGC  

AGA-3  
    

Codon 

41/42(TCTT)  

5-GAG TGG ACA GAT CCC CAA AGG ACT CAA 

CCT-3  

  

C  
439  

Normal  
5-GAGTGG ACA GAT CCC CAA AGG ACT CAA  

AGA-3  
    

Codon 30 (G-C)  
5-TAA ACC TGT CTT GTA ACC TTG ATA CCT  

ACG-3  
C  280  

Normal  
5-TAA ACC TGT CTT GTA ACC TTG ATA CCT  

ACC- 3  
    

  

 ARMS-PCR Programmers  

A final volume of 20 µl was utilized for the PCR reaction, which consisted of 5 µl of master 

mix (provided by Bioneer in Korea), 0.5 µg of DNA template, and 10 pmol of each primer. The 

primers included 2 internal control primers, 1 common primer, and 1 ARMS primer for either 

the mutant or normal reaction. The thermal cycling conditions for IVS1-5, codon 30, codon 

8/9, and Cd41/42 involved 30 cycles. This encompassed denaturation at 94°C for 1 minute, 

primer annealing at 65°C for 1 minute, and extension at 72°C for 90 seconds. This was followed 

by a final extension step at 72°C for 3 minutes. For codon 8 mutations, the same protocol was 

applied, except for the annealing temperature, which was set to 61°C.  Subsequently, the PCR 

products underwent analysis through 2% agarose gel electrophoresis. 

  

3. Results and Discussion 

  

In this research, the ARMS-PCR method was employed to perform molecular screening and 

identify seven distinct β-thalassemia mutations. Each mutation was targeted using a unique  set 

of primers, alongside a set of internal control primers, as part of the detection process. 

• Molecular detection of β-thalassemia mutations:  

In all the ARMS-PCR reactions that yielded successful results, we observed an internal control 

product with a molecular weight of 861 base pairs. This product served as a crucial indicator 

for the success of the reaction during gel electrophoresis. Its size fell within the range of 800 

to 900 base pairs, as guided by a 100 base pair ladder marker. Additionally, we detected ARMS-
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PCR products for individuals in normal, heterozygous, and/or homozygous states for each 

studied mutation.  

For individuals in a normal state, ARMS-PCR products were exclusively found in the reactions 

with normal primers. In contrast, heterozygous cases exhibited ARMS-PCR products in both 

normal and mutant reactions. Homozygous states, on the other hand, displayed ARMS-PCR 

products solely within the reactions containing mutant primers.  

• The product of the studied species of β-thalassemia mutations were presented as follows:  

A – In figure (1), an ARMS-PCR result of 285 base pairs was detected for the IVS-I-5(G-toC) 

mutation. The IVS-I-5 mutation's ARMS-PCR output was visualized on a 1% agarose gel. In 

each sample, an internal control package of 861 base pairs was present, and the first lane 

represents the size markers of the DNA ladder (100 base pairs).  

Sample (1) exhibited an amplified product with the normal primer (N) and no amplification 

with the mutant primer (M), indicating the presence of a healthy individual. In contrast, Sample 

(6) showed amplification solely with the mutant primer (M), signifying a homozygous genetic 

type.  

Our study revealed a mutated product of 285 base pairs in Sample (6) of male thalassemia 

patients, with a frequency of 4.17% (Figure 1). This finding indicates the existence of a 

βthalassemia IVS-1-5 (G-to-C) mutation within this sample. This discovery contributes to our 

understanding of the factors contributing to thalassemia in the studied region, improving early 

diagnosis and suitable treatment. It is important to note that our study identified the IVS-1-5 

(G-to-C) mutation in only one male patient, underscoring the necessity for further 

investigations with larger patient cohorts to determine the mutation's prevalence in the region 

and its association with symptom development and severity in thalassemia cases.  

Our current study identified a 285 bp mutated product in Sample (6) of male thalassemia 

patients, occurring at a frequency of 4.17% with a homozygous genotype (Fig. 1). This result 

aligns with previous research conducted in both the southern and northern regions of Basra 

Governorate (Al-Badran et al., 2016).  

Iraq has a relatively high prevalence of thalassemia, including β-thalassemia, with various 

thalassemia mutations identified in the Iraqi population in previous studies (Al-Allawi et al., 

2013; Al-Allawi and Jubrael, 2014; Musa et al., 2017).  

Furthermore, the IVS-1-5 (G-to-C) mutation has been noted as a recurrent mutation in southern 

Iran (Najmabadi et al., 2001), Balochistan and Sindh provinces in Pakistan (Khan and 

Riazuddin, 1998), and neighboring countries such as the western region of Saudi Arabia, 

Bahrain, Kuwait, United Arab Emirates, and Oman, with prevalence ranging from 16.2% to  

66.2% (Al-Ali et al., 2005; Saleh-Gohari and Bazrafshani, 2010). This data suggests that IVSI-

5 is a dominant mutation in the countries surrounding the Persian Gulf and southern Iran, 

possibly influenced by gene flow in the region.  

B- In figure (1), we observed an ARMS-PCR output of 255 base pairs for the Codon 8/9 (  G) 

mutation. The ARMS-PCR output for this Codon 8/9 mutation was analyzed using a 1% 

agarose gel. Each sample included an internal control package with a size of 861 base pairs, 

and the first lane depicted the DNA ladder marker (100 base pairs).  

Samples (2) and (3) both displayed an amplification product with both natural (N) and mutant 

(M) primers, indicating a heterozygous genotype. In contrast, Sample (1) showed an 

amplification product with the natural primer (N) but not with the mutant primer (M), 

signifying the presence of a healthy individual.  

Our study revealed the presence of the Codon 8/9 (G+) mutation in samples 2 and 3 of male 

thalassemia patients (Figure 1) at a frequency of 8.34%. This confirms the existence of this 

genetic mutation in these samples, based on the size of the electrophoresed fragment (255 base 

pairs). It indicates that the DNA in these two samples carries the Codon 8/9 (+G) βthalassemia 
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mutation. This discovery contributes significantly to our understanding of the underlying 

factors for thalassemia in this geographic area, potentially aiding in the development of early 

diagnostic tests and appropriate preventive and therapeutic measures for affected patients.  

The Codon 8/9 (+G) mutation is a recurrent mutation associated with β-thalassemia in 

individuals with hemoglobinopathy in Iraq, particularly in cases of major β-thalassemia 

(AlAllawi et al., 2010; Al-Badran et al., 2016). This mutation is also referred to as the 

IndoAsian mutation or β^0 Asian Indian mutation (Al-Badran et al., 2016). The distribution of 

the Codon 8/9 (+G) mutation appears to vary across different regions of Iraq, with a higher 

prevalence noted in central and northern Iraq (Auda et al., 2019). It is essential to highlight that 

this mutation is among the seven most common mutations found in a significant proportion of 

β-thalassemia chromosomes among Iraqi patients (Al-Allawi et al., 2010). The elevated 

incidence of this mutation in the population contributes to its prevalence among individuals 

with hemoglobin disorders in Iraq.  

The presence of the Codon 8/9 (+G) mutation is not limited to Iraq but has also been reported 

in other populations globally. This underscores the genetic diversity and complexity of 

βthalassemia worldwide. Al-Abboodi (2011) reported a frequency rate of 4.1% for the Codon 

8/9 (+G) mutation in Baghdad. Additionally, the frequency rate of this mutation among 

thalassemia patients in Iraq (Baghdad) was 39.5% (Saud, 2012).  

Several studies have offered explanations for the presence of the Codon 8/9 (+G) gene mutation 

in patients with hemoglobin disorders in Iraq and around the world. Al-Allawi et al. (2010) 

noted that the Codon 8/9 (+G) mutation accounted for approximately 15% of βthalassemia 

cases in Iraq and suggested that its high frequency might be due to historical migration patterns 

or inherent effects.  

Studies conducted in neighboring countries have also indicated the presence of the Codon 8/9 

(+G) mutation, suggesting a shared genetic heritage. Weatherall et al. (2001) reported the 

widespread occurrence of this mutation in various populations worldwide, including 

Mediterranean countries, India, Iran, and Iraq. They proposed that this mutation may have 

originated in the Mediterranean region and subsequently spread globally through migration. 

Kountouris et al. (2014) suggested that the presence of the Codon 8/9 (+G) mutation in Iraq 

could be attributed to historical interactions between Iraq and other Mediterranean populations. 

Furthermore, the high prevalence of this mutation in Iraq may be linked to the practice of 

consanguineous marriages, which increase the likelihood of inherited genetic disorders 

(Hamamy and Al-Allawi, 2013). β-thalassemia is notably prevalent in the Middle East, and the 

Codon 8/9 (+G) mutation has been reported in other countries within the region, emphasizing 

the role of multiple factors in its presence among Iraqi patients with hemoglobinopathy.  

The Codon 8/9 (+G) mutation is also prevalent in the Indian subcontinent and 

northwestern Iran, with frequency rates of 14.5% and 15.7%, respectively. Its distribution 

appears to decrease as one moves westward and northward towards Dohuk Province in Iraq 

and the Eastern Anatolia region of Turkey (Basak, 2007; Pehlivan et al., 2010).  

C - In figure (1), we observed an ARMS-PCR output of 439 base pairs for the Codon 41/42 

(TTCT) mutation. The ARMS-PCR output for this Codon 41/42 mutation was visualized on a 

1% agarose gel. All samples included an internal control package with a size of 861 base pairs, 

and the first lane represented the DNA ladder marker (100 base pairs). Sample (9) exhibited an 

amplification product with both the natural (N) and mutant (M) primers, indicating a 

heterozygous genotype for this individual.  

The findings from Figure 1 in our study revealed the presence of a mutated fragment 

measuring 439 base pairs in Sample No. 7 of male thalassemia patients, occurring at a 

frequency of 4.17%. This observation indicates the existence of a β-thalassemia mutation of 

the Codon 41/42 (-TTCT) type in this sample. This discovery holds significant importance in 
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our efforts to comprehend the underlying factors contributing to thalassemia in the studied 

region, pinpointing the genetic mutations responsible for the disease. Additionally, it 

contributes to the enhancement of early diagnostic capabilities for affected patients, enabling 

the implementation of appropriate treatment measures.  

It is noteworthy that our study identified the Codon 41/42 (-TTCT) mutation in only one 

male patient among those examined. Therefore, it is advisable to conduct further extensive 

research and sample analysis to determine the prevalence of this mutation within the region and 

confirm its association with the disease. It's worth mentioning that our findings differ from 

those reported by Saud (2012), who did not document the presence of the mutation in question 

in Baghdad governorate.  

D - In figure (1), we observed an ARMS-PCR output of 280 base pairs for the Codon 30(Gto-

C) mutation. The ARMS-PCR output for this Codon 30 mutation was displayed on a 1% 

agarose gel. All samples were equipped with an internal control fragment (861 base pairs), and 

the first lane represented the DNA ladder marker (100 base pairs).  

As per our study, no mutated fragments with a length of 280 base pairs were detected, 

indicating the absence of a Codon 30 (G-to-C) mutation associated with β-thalassemia in the 

analyzed samples. This result underscores the significance of utilizing electrophoresis gel 

technology to identify and confirm genetic mutations responsible for β-thalassemia. It also 

contributes to the advancement of early diagnostic capabilities and appropriate preventive 

measures. When conducting genetic diagnoses of thalassemia in the northern region of Basra 

Governorate, it's essential to take into consideration the absence of the Codon 30 (G-to-C) 

mutation in these samples.  

However, it's important to note that the absence of the Codon 30 (G-to-C) mutation in 

these samples does not imply the absence of other mutations that may cause thalassemia. It is 

advisable to conduct further research and analysis on larger sample sets to determine the 

prevalence of various genetic mutations responsible for thalassemia in the region. This finding 

aligns with Saud's (2012) report, which also did not document the presence of the mutation 

under investigation in Baghdad governorate.  

There could be several potential reasons for the lack of recorded instances of the Codon  

30 (G-to-C) mutation associated with β-thalassemia in patients with hemoglobinopathy in Iraq. 

One plausible explanation could be that this mutation is less common in the Iraqi population 

compared to other populations where it has been identified. Additionally, the absence of 

comprehensive genetic studies and screening programs specifically targeting this mutation in 

Iraq may contribute to its apparent absence in documented cases of hemoglobinopathy (Saeed, 

2012).  

E - In figure (1), we observed an ARMS-PCR output of 255 base pairs for the Codon 8(-AA) 

mutation. The ARMS-PCR output for this Codon 8 mutation was visualized on a 1% agarose 

gel. All samples were equipped with an internal control fragment (861 base pairs), and the first 

lane represented the DNA ladder marker (100 bp). The findings presented in Figure 5 indicate 

that no mutated fragments of 520 base pairs were observed, signifying the absence of a Codon 

8(-AA) β-thalassemia mutation in the samples under investigation. This result reinforces the 

notion that this mutation has not spread within the studied area and underscores the significance 

of employing advanced molecular techniques for the identification and screening of genetic 

mutations responsible for thalassemia. However, it's important to note that this finding may 

pertain solely to the samples examined in this study. Therefore, it is advisable to conduct further 

extensive research and sample analysis on a larger scale to determine the prevalence of this 

mutation in the region and across different genders while exploring its association with the 

disease.  
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Our study's result aligns with Saud's (2012) study, which demonstrated a higher presence 

of this mutation in northern Iraq. Codon 8 (-AA) is a common Mediterranean mutation in the 

Eastern Mediterranean region (Zahed, 2001; Al-Allawi et al., 2006). Moreover, the majority of 

chromosomes carrying this mutation were reported in Erbil, suggesting regional variations even 

within the same ethnic group (Saud, 2012).  

  

 
  A                                           B                                            

 
    

 C   D  

      

E  

Figure (1) ARMS-PCR products on 2% agarose gel electrophoresis at 60 voltages for 45 min.  

A-IVS-1-5(G-C) mutation (285 bp); B-Codon 8/9 (+G) mutation (225 bp); C-Codon 41/42 

(TCTT) mutation (439 bp); D-Codon 30 (G-C) mutation (280 bp); E-Codon 8 (+AA) mutation  

(255 bp); Marker: ladder marker (100 bp) DNA; N: normal; M: mutant. 

  

  

4. References  

  

1. Al-Abboodi, M.J.(2011). Molecular Study for Some Beta-globin Mutations in Sample 

of Iraqi Thalassemic Patients. MSc thesis, Institute of Genetic Engineering and 

Biotechnology for Post Graduate Studies, University of Baghdad, Iraq.  

2. Al-Ali AK, Al-Ateeq S, Imamwerdi BW, Al-sowayan S, Al-Madan M, Al- Muhanna F, 

Bashaweri L, Qaw F (2005). Molecular Bases of beta-Thalassemia in the Eastern 

Province of Saudi Arabia. J Biomed Biotechnol, (4): 322-25.  

  

  

  

        

    

  

  

                                          

  

  

  

  

C        

  

  

  



 Eman Salah Jemaa -Abrihemy/ Afr.J.Bio.Sc. 6(1) (2024) 20-29                               Page 28 to 29 

  

3. Al-Ali, A., Al-Saffar, H. A., Al-Azzawi, S., & Al-Rawi, S. M. (2012). The prevalence 

of sickle cell trait and thalassemia trait in Northern Basra, Iraq. Blood, 119(23), 

53235325.  

4. Al-Allawi NA, Jalal SD, Mohammad AM, et al. Spectrum of β-globin gene mutations 

in thalassemia patients in the Duhok region of Kurdistan in northern Iraq. Hemoglobin. 

2013;37(2):162-72.  

5. Al-Allawi NA, Jubrael JM. Molecular characterization of β-thalassemia in Dohuk 

Governorate, Kurdistan Region, Iraq. Hemoglobin. 2014;38(6):433-7.  

6. Al-Allawi, N.A., Jubrael, J.M., Hughson, M. 2006. Molecular characterization of beta-

thalassemia in the Dohuk region of Iraq. Hemoglobin, 30(4): 479-486.  

7. Al-Badran, A. I., Hassan, M. K., & Washil, A. F. (2016). β-Thalassemia mutations 

among thalassemia major patients in Basrah Province-Iraq. Int J Curr Microbiol App 

Sci, 5, 448-457.  

8. Amin, S., Jalal, S., Ali, K., Rasool, L., Osman, T., Ali, O., & M-Saeed, A. (2020). 

Molecular characterization and disease-related morbidities of β-thalassemia patients 

from the Northeastern part of Iraq. International Journal of General Medicine, 

14531467.  

9. Auda, F. M., Saleh, A. A., & Ali, D. S. (2019). The frequency of 6 beta- thalassemia 

mutations in the Iraqi patients from Najaf province. Gene Reports, 17, 100516  

10. Baig, S.M., Rabbi, F., Hameed, U., Qureshi, J.A., Mahmood, Z., Bokhari, S.H., Kiani, 

A., Hassan, H., Baig, J.M., Azhar, A., Zaman, T. 2005. Molecular characterization of 

mutations causing β - thalassemia in Faisalabad Pakistan using the amplification 

refractory mutation system (ARMS-PCR).Health Biotechnology Division, Nat. Inst. 

Biotech. and Genet. Engin., (NIBGE),11(2): 80-83.  

11. Basak, A. N. (2007). The molecular pathology of β-thalassemia in TurkeyHemoglobin, 

31 (2):233–241.  

12. Cao A. and Galanello R., (2010). Beta-thalassemia.Genet Med. 12(2):61–76  

13. Danjou, F., Anni, F., & Galanello, R. (2011). Beta-thalassemia: from genotype to 

phenotype. haematologica, 96(11), 1573.  

14. Davies, SC. ; Cronin, E.; Gill ,M.; Greengross, P.; Hicman , M. &normand , C. (2000). 

Screening for 1 sickle 1 cell disease and thalasaemia: asystematic review with 

supplementary research. Health Technol Assesstls-Source1; 4: 1-99  

15. Detection of β-thalassemia mutations using a multiplex amplification refractory 

mutation system assay. Hemoglobin, 32(4): 403-409.  

16. Dr. Gayathiry D, & Dr. Poorna K. (2021). Restraining Effects of Mobile Wallet  

Payment Adoption: Coimbatore City. Journal of Corporate Finance Management and  

Banking  System  (  JCFMBS)  ISSN  :  2799-1059, 1(01), 

 42–48. https://doi.org/10.55529/jcfmbs11.42.48  

17. Dr. Meghna Jain. (2022). A Study of Selected Flexi Cap Mutual Funds. Journal of  

Corporate Finance Management and Banking System ( JCFMBS) ISSN : 2799- 

1059, 2(04), 16–24. https://doi.org/10.55529/jcfmbs.24.16.24  

18. Egamberdiyeva Salima Rayimovna, & Aralov Sabir Javli ugli. (2022). Issues of 

Compliance of Financial Statements with International Standards. Journal of  

Corporate Finance Management and Banking System ( JCFMBS) ISSN : 2799- 

1059, 2(02), 1–10. https://doi.org/10.55529/jcfmbs22.1.10  

19. Elizabeth Sarfo-Kantanka, Oscar Opoku Agyemang, Isaac Opoku Dadzie, Verosivera 

Boateng, & Owusu-Debrah Mark. (2022). Effect of Interest Rates on Banks 

Profitability: The Case of GCB Bank PLC. Journal of Corporate Finance Management 

https://doi.org/10.55529/jcfmbs.24.16.24
https://doi.org/10.55529/jcfmbs.24.16.24


 Eman Salah Jemaa -Abrihemy/ Afr.J.Bio.Sc. 6(1) (2024) 20-29                               Page 29 to 29 

  

and Banking System ( JCFMBS) ISSN : 2799-1059, 2(03), 52–63. 

https://doi.org/10.55529/jcfmbs.23.52.63  

20. Feizi, M.A.H.; A.A.; Feizi H.; Pouladi, N.; Haghi, M.; and Azarfam, P. (2008). 

“Molecular spectrum of β- thalassemia mutations in Northwestern Iran,” Hemoglobin, 

V 32(3): 255–26.  

21. Ghotbi, N., Akbari, M. T., Farashi, S., Mahdavi, M. R., Mousavi, S. H., & Afrasiabi,  

A. (2017). Molecular Spectrum of β-Thalassemia Mutations in Iran. Hemoglobin, 

41(6), 385-392.  

22. Haghi, M.; Feizi, A.H.; Feizi, M.H.; Pouladi, N. and Basak, N. (2009). Is the Frameshift 

Codons8/9(+G) [FSC8/9(+G)] βThalassemia mutation, Detected by the polymerase 

chain reactionAmplification Refractory Mutation System, Ready FSC 8/9(+G)? V.33 

(3-4):279-282.  

23. Hassan, M. K., Taha, J. Y., Al-Naama, L. M., Widad, N. M., & Jasim, S. N. (2003). 

Frequency of ß-thalassaemia, haemoglobin S and glucose-6-phosphate dehydrogenase 

deficiency in Basra governorate, Iraq. Eastern Mediterranean Health Journal, 9(1/2), 1.  

24. Hayder Jerri Mohsin, & Ahmed Mahdi Abdulkareem. (2022). Role of External Audit 

and its Impact on Improving the Quality of Accounting Information–an Analytical 

Study in the Opinions of a Sample of Leaders in the IBN Majid General Company. 

Journal of Corporate Finance Management and Banking System ( JCFMBS) ISSN : 

2799-1059, 2(04), 1–15. https://doi.org/10.55529/jcfmbs.24.1.15  

25. Husham Mayea Fazaa Almusaedi. (2022). The Role of Total Quality Management in 

Achieving Competitive Advantage: A Pilot Study at the University of Maysan. Journal 

of Corporate Finance Management and Banking System ( JCFMBS) ISSN : 2799-1059, 

2(03), 64–75. https://doi.org/10.55529/jcfmbs.23.64.75  

26. Isidor Fuh Suh. (2022). Bilingualism: A Catalyst for Social Cohesion in the Context of 

Decentralization: Stakes and Challenges. Journal of Legal Subjects(JLS) ISSN 2815-

097X, 2(05), 5–9. https://doi.org/10.55529/jls.25.5.9  

27. Jane B. Gelindon, Rose Mary A. Velasco, & Dionicio D. Gante. (2022). Credit Risk 

Evaluation in Banking and Lending Sectors Using Neural Network Model. Journal of  

Corporate Finance Management and Banking System ( JCFMBS) ISSN : 2799- 

1059, 2(03), 12–35. https://doi.org/10.55529/jcfmbs23.12.35  

28. James Daniel Chindengwike. (2022). Nexus between Non-Performance Loans and 

Financial Performance of Commercial Banks Listed at Dse, Tanzania: Ardl Approach. 

Journal of Corporate Finance Management and Banking System (  

JCFMBS) ISSN : 2799-1059, 2(02), 39–49. https://doi.org/10.55529/jcfmbs.22.39.49  

29. Jorde Caevy Bamshed.(2000). Medical genetics. Secondedition; Chapter(3):33-35  

30. Khan SN, Riazuddin S (1998). Molecular characterization of beta-thalassemia in 

Pakistan. Hemoglobin, 22(4): 333-45.  

31. Kiani, A., Hassan, H., Baig, J.M., Azhar, A., Zaman, T. 2005. Molecular  

32. Kim, S., & Tridane, A. (2017). Thalassemia in the United Arab Emirates: why it can be 

prevented but not eradicated. PloS one, 12(1), e0170485.  

33. Kountouris, P., Lederer, C. W., Fanis, P., Feleki, X., Old, J., Kleanthous, M., & 

Angastiniotis, M. (2014). Molecular epidemiology of β-thalassemia in the  

34. Lara Rose P. Simbulan, & Dr. Juliana M. Laraya. (2022). The Influence of 

Organizational Leadership to Enterprise Risk Management. Journal of Corporate  

Finance Management and Banking System ( JCFMBS) ISSN : 2799-1059, 2(03), 1– 

11. https://doi.org/10.55529/jcfmbs23.1.11  



 Eman Salah Jemaa -Abrihemy/ Afr.J.Bio.Sc. 6(1) (2024) 20-29                               Page 30 to 29 

  

35. Mediterranean region: Regional distribution of β-thalassemia mutations and 

characterisation of single mutation chromosomes. Annals of Human Genetics, 78(2), 

131-143.  

36. Mohan, Harsh.(2000).Pathology practical book. Second edition. PVT.LTP:210. 

Mirasena, S., Shimbhu, D., Sanguansermsri, M., Sanguansermsri, T. 2008.  

37. Musa HJ, Ahmed MM, Al-Allawi NA. Molecular spectrum of β-thalassemia in the  

 Iraqi  population.  Hemoglobin.  2017;41(6):392-398.  doi:  

10.1080/03630269.2017.1405332.  

38. Najmabadi H, Karimi-Nejad R, Sahebjam S, Pourfarzad F, Teimourian S, Sahebjam F, 

et al. (2001). The beta-thalassemia mutation spectrum in the Iranian population. 

Hemoglobin, 25(3): 285-96.  

39. Pehlivan, S., Okan, V.; Guler, E.; Yilmaz, M.; Sever, T.;DIkensoy, E.; Cankus, G.; Balat, 

O. and Pehlivan, M. (2010). Thalassemia mutations in Gaziantep, Turkey African. 

Journal of Biotechnology. Vol. 9(8): 1255-1258.  

40. Piel, F. B., & Weatherall, D. J. (2014). The α-thalassemias. The New England journal 

of medicine, 371(20), 1908–1916.  

41. Risoluti, R., Colah, R., & Materazzi, S. (2021). Frontiers in Hemoglobinopathies: New 

Insights and Methods. Frontiers in Molecular Biosciences, 8, 632916.  

42. Saeed, G. M. (2012). β-Globin gene mutations among Iraqis with β-thalassemia trait: 

Codon 8/9 (+G), IVS-I-5 (G→C) and Codon 39 (C→T) mutations are the most 

frequent. Hemoglobin, 36 (3), 220-234.  

43. Saleh-Gohari, N., & Bazrafshani, M. R. (2010). Distribution of β-globin gene mutations 

in thalassemia minor population of Kerman Province, Iran. Iranian journal of public 

health, 39(2), 69.  

44. Sarookhani, M.R., Ahmadi, M.H., Amirizade, N. 2009. Molecular Spectrum of 

BetaGlobin Mutations in Transfusion-Dependent Patients with Thalassemia in Qazvin 

Province, Iran. Ira. J. Med. Sci., 34(1): 17-22.  

45. Saud, A. M. (2012). Molecular and Biochemical Study on β-Thalassemia Patients in 

Iraq. MSc thesis, College of Science, University of Baghdad, Iraq.  

46. Talmaci, R., Traeger, J., Kanavakis, E., Coriu, D., Colita, D., Gavrila, L. 2004. Scanning 

of β -globin gene for identification of β- thalassemia mutation in Romanian population. 

J. Cell. Mol. Med., 2: 232-240.  

47. Weatherall, D. J., Clegg, J. B., & Higgs, D. R. (2001). The molecular basis of β- 

thalassemia. Cold Spring Harbor perspectives in medicine, 2(12), a011700.  

48. Williams, T. N., & Weatherall, D. J. (2012). World distribution, population genetics, 

and health burden of the hemoglobinopathies. Cold Spring Harbor perspectives in 

medicine, 2(9).  

49. Zahed, L. (2001). “The spectrum of β-thalassemia mutations in the Arab populations,” 

Journal of Biomedicine and Biotechnology. V (3): 129–132.  

  

  

  

  

  



 Eman Salah Jemaa -Abrihemy/ Afr.J.Bio.Sc. 6(1) (2024) 20-29                               Page 31 to 29 

  
 Cite this article as: Eman Salah Jemaa (2024). 

Molecular Detection of Five Types of Thalassemia Mutations among Patients with Β-Thalassemia in  

 Northern Basrah Regions Using ARMS-PCR Technology   

 African Journal of Biological Sciences. 6(1), 20-29. doi: 10.33472/AFJBS.6.1.2024.20-29 

  


