
Vol.:(0123456789)1 3

Molecular Biology Reports 
https://doi.org/10.1007/s11033-023-08271-1

ORIGINAL ARTICLE

Identification of novel mutations in β‑thalassemia patients in Maysan 
Governorate, Iraq

Abbas Kadhim Jiheel AL‑hameedawi1  · Ali A. A. Al‑Shawi1 

Received: 22 November 2022 / Accepted: 10 January 2023 
© The Author(s), under exclusive licence to Springer Nature B.V. 2023

Abstract
Background In homozygous β-thalassemia, the primary genetic modifiers affecting the clinical severity of β-thalassemia are 
genetic variants and the ability to reduce globin chain imbalance, thus resulting in a milder form of thalassemia. However, 
there are few reports on the molecular genetics of β-thalassemia in Iraq.
Methods We performed PCR and DNA sequencing on 40 Iraqi patients who were clinically suspected of having 
β-thalassemia.
Results The first genetic sequencing study was conducted in Maysan Governate, Iraq, using patients from various locations 
to identify novel mutations. There were five novel mutations: 294.T>C 12% (city center and Almajar district), 205. C>T 
25% (city center, Alsalam, and Almashrah districts), 289.G>A 38% (Almaymuna and Gleat Salih districts), 49.T>C 32% 
(city center), and 624.C>A 32% (city center). These mutations were identified among β-thalassemia patients by two regions 
of HBB gene 696 bp and 861 bp.
Conclusions The discovery of new genetic variants helps predict the severity of β-thalassemia disease. There are relatively 
few studies in molecular genetics of β-thalassemia in Iraq, and the new mutations reported here will provide valuable data 
for the prevention and control of β-thalassemia in Maysan Governate, Iraq. The results can lead to new genetic sequencing 
investigations for other Iraqi regions.
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Introduction

β-Thalassemia is an inherited mutation of the β-globin gene 
that causes a decrease in hemoglobin's β-globin chain. Most 
β-thalassemia mutations are found in people of Mediterra-
nean, Middle Eastern, and Asian descent [1]. There are over 

200 different thalassemia-causing mutations in the β-globin 
gene, resulting in the disease's broad genotypic and pheno-
typic variability [2]. The type of mutation in the β-globin 
gene determines the severity of the β-thalassemia clinical 
syndrome. More than 400 different mutations in the β-globin 
gene have been reported and identified as being responsible 
for β-thalassemia development [3, 4]. Many of the clinical 
features of this disorder appear to be caused by the cytotoxic 
accumulation of free β-globin chains [5]. However, humans 
have a very limited ability to excrete iron, and thus regular 
blood transfusions almost always result in iron overload [6]. 
This is the most serious problem associated with transfusion 
therapy [7].

The physical health consequences of β-thalassemia 
include physical malformation, developmental delays, and 
delayed puberty [8]. A genetic modifier is defined as the use 
of genetic variants to identify differences in disease phe-
notype causing variant. These can be classified as primary 
(which modulates the clinical severity of the disease) and 
secondary (which affects some disease complications). The 
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co-inheritance of other genetic variants mapping outside 
the globin clusters can also alter the clinical phenotype of 
homozygous β-thalassemia [9]. Clearly, clinicians, geneti-
cists, clinical researchers, and basic scientists must work 
together to improve the understanding of the variability and 
treatment of patients with hemoglobinopathies [10].

According to the World Health Organization, approxi-
mately 68,000 people are born with β-thalassemia each year, 
and the incidence of symptomatic beta thalassemia is esti-
mated to be 1 in 100,000 people in the general population. 
In Iraq, β-thalassemia is a major public health problem that 
affects Iraqis due to environmental pollution, particularly 
those who live near oil refineries that emit petroleum-based 
gases. There are 20,000 new cases of β-thalassemia per year 
in Iraq [11, 12]. Several studies have been published in the 
northern and middle regions of Iraq on the known types of 
mutations that cause thalassemia based on the demographic 
distribution of these mutations in different regions [13–17]. 
These studies, however, have not focused on the thalassemia-
causing mutations in Maysan (southern of Iraq).

Moreover, the mutation is essential in the evolution and 
development of health. The mutation is important as the first 
step in evolution because it generates a new DNA sequence 
for a specific gene, creating a new allele. New genetic muta-
tions spread through reproduction, and differential reproduc-
tion is the key feature of evolution [18]. A population that 
adapts most of its modifications are still harmful and will 
eventually be eliminated by natural selection. Identifying 
new mutations will assist in understanding the presence of 

mutations and inheritance patterns that lead to diseases such 
as thalassemia and other related genes [19, 20].

This study identified novel mutations of β-thalassemia 
disease in Maysan Governorate, Iraq, using polymer chain 
reactions and DNA sequencing techniques, and then gener-
ated genetic data for future research.

Materials and methods

This study evaluated patients with β-thalassemia major from 
December 2020 to the end of October 2021. We enrolled 40 
β-thalassemia patients (20 males and 20 females) aged 1 to 
35 years who were registered at Maysan Maternity and Chil-
dren Hospital's Genetic Hematology Center. These subjects 
were all at the hematology center for blood transfusions.

Blood collection

Prior to transfusion, three milliliters of venous blood were 
collected in K3-EDTA tubes. Prior to enrollment in the 
study, patients and/or parents provided written consent. 
The Directorate of Maysan Health, College of Science, and 
University of Maysan all approved the work. An automated 
method was used to isolate genomic DNA from whole 
blood via a DNA purification instrument (gSYNC DNA 
Genomic extraction kits, Geneaid, Taiwan). Following 
genomic DNA extraction, agarose gel electrophoresis and 

Fig. 1  Showed the gel electro-
phoresis results of the conven-
tional-PCR products for: A The 
first region of size 696 bp using 
agarose gel at 0.5% concentra-
tion (80 V, for 1 h), M: Marker 
(Ladder 100 bp). B The second 
region of the β-thalassemia gene 
861 bp using 1.5% agarose gel 
(70 V, 85 mA)
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nanodrop instruments were used to confirm the complete-
ness of the extraction.

DNA extraction and amplification

DNA electrophoresis revealed the presence of the isolated 
genomic material prior to amplification (DNA bundles 
for chromosomes). The extraction results showed that 
the amount of DNA ranged from 19 to 89.7 ng/l and the 
degree of purity (260/280) ranged from 1.7 to 2.05. This 
is within the normal range between (1.7–2.0) nm detected 
by Nanodrop devices, and the results of electrophoresis 
on agarose gel (2%). These results thus confirmed the 
success of the DNA amplification process for the regions 
under study. Using primers, the first selected region of the 
HBB gene yielded a band of 696 base pairs and the second 
region yielded a band of 861 base, Fig. 1. 

Primer selection and design

Primers were chosen based on several studies as well as 
prior work in Iraq, and elsewhere [21–25]. The primers 
were designed using the NCBI/Primer-BLAST program 
and compared to previous research using the same prim-
ers to determine their sequence [26]. We included forward 
and reverse primers for detecting mutations in region I 
(696 bp) and region II (861 bp). Table 1, shows that prim-
ers (P1, P2) were used for the first region 696 bp and prim-
ers (P3, P4) for the second region 861 bp.

Conventional‑PCR analysis

Conventional PCR technology was used for molecular 
screening to detect β-thalassemia mutations in two specific 
regions of the samples under study. We used a specific set of 
primers for β-globin gene regions I (696 bp) and II (861 bp).

Conventional‑PCR programmed

The final PCR reaction volume was 20 µl, which included 
5 µl of master mix (Bioneer, Korea), 5 µl of template DNA, 
and 1 µl of all designed primers. The first zone thermal cycle 
(696 bp) included 35 cycles: denaturation at 95 °C for 30 s, 

primer annealing at 58 °C for 45 s, extension at 72 °C for 
1 min, and final extension at 72 °C for 7 min. The same 
program was used for the second region 861 bp, except the 
annealing temperature was set to 60 °C. The PCR products 
were then separated using electrophoresis on a 2% agarose 
gel.

DNA sequencing and data processing

Following confirmation of sample amplification, 20 µl of 
PCR product was sent to a macrogen humanizing genomics 
company in South Korea to obtain the target sequences of 
nitrogenous bases for the gene pieces. By Sanger sequenc-
ing using the “dideoxy nucleotide method,” single strands 
of DNA forward and reverses (HBB gene) were sequenced 
to identify genetic mutations. The process of combin-
ing a deoxynucleotide with a large number of nucleotides 
occurs and either stops without reversal or terminates. The 
automated sequencer follows the same logic as the Sanger 
method (deoxynucleotide chain termination). The laser scans 
the bottom of the gel constantly, detecting bands as they 
move down the gel, and automated sequencing employs fluo-
rescent tags on ddNTPs (a different dye for each nucleo-
tide). This allows you to run all four reactions (dGTP, dATP, 
dCTP, and dTTP) in a single pass, allowing you to run a 
large number of reactions on a single gel. Deoxy-sequencing 
is a very efficient method that relies on copying one segment 
of DNA multiple times, but each copy is prematurely termi-
nated. This results in a series of overlapping DNA copies, 
each one base longer. The DNA sequence is determined by 
reading the final base of each fragment on the gel after they 
have been separated on a polyacrylamide gel. After receiving 
the sequencing results from macrogen humanizing genomics 
company in South Korea, the researchers used bioinformat-
ics software and NCBI tools to analyze them.

Statistical and bioinformatics analysis

To perform the multiple alignment between the genetic 
sequences, a statistical analysis of the obtained sequences 
was performed using the SPSS V.22 statistical analysis pro-
gram. We also used bioinformatics software such as Bioedit 
V.7.2.6 [27]. DNA SP V.5.1 program was used to analyze 
genetic morphology and characterize haplotypes obtained 
from different samples [28]. The Haplotypes Network is 

Table 1  Showed the used 
primers to detect β-thalassemia 
mutations in two regions 696 bp 
and 861 bp

No. Primers Primer sequence and orientation 5′–3′

1 P1 (forward) CTT AGA GGT TCA TTG AAT CAC GGC TGT CAT CAC TTA GAC 
2 P2 (reverse) TAT GAC ATA TTT CGG ATC GCC TCC CCT TCC TAT GAC ATGA 
3 P3 (forward) CAA TGT ATC ATG CCT CTT TGC ACC 
4 P4 (reverse) GAG TCA AGG CTG AGA GAT GCA GGA 
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plotted using the Network V.10.2 program. We used the 
Median Joining (MJ) method to plot the haplotypes tuning 
[29].

Results and discussion

Screening with conventional PCR

Molecular characterization was performed using conven-
tional PCR technology to detect potential mutations within 
two alleles of the thalassemia gene. Two zone testing is 
intended to detect a greater variety of mutations. The first 
regional study included 20 patients with major β-thalassemia 
and ten healthy controls. Region I (696 bp) consisted of 
exon (1), the IVSI intron region, exon (2), a portion of the 
non-coding region (URT5), and region II (861 bp). A total 
of 20 affected patients were included in the base pair size 
with thalassemia including the exon (3) and (IVSII intron) 
regions, the non-coding UTR3 region (2), shown in Fig. 2.

The relationship between phenotype and genotype 
in the context of identified mutations

The association between the phenotype and the mutations 
that cause β-thalassemia was investigated and compared to a 
control group. According to the findings, all identified muta-
tions are β-thalassemia major. The homozygous type had the 
highest percentage of infection (78%). They were distributed 
among the genetic mutations in the following proportions: 
16%, 17%, 17%, 13%, and 15% for mutations 205.C>T and 
294.T>C, 389.G>A, 49.T>C, and 624.C>A, respectively. 
The percentage of β-thalassemia was heterozygous (22%), 
and distributed among the mutations: 4%, 3%, 3%, 7%, and 
5% for the consecutive mutations 205.C>T and 294.T>C, 
389.G>A, 49.T>C, and 624.C>A, respectively (Table 2). 
Most patients diagnosed with β-thalassemia have homozy-
gous infection, while the minority have heterozygous infec-
tion, which may be ineffective due to the effect of the muta-
tion itself, its genetic location, as well as the presence of 
another healthy gene that performs the function well in het-
erozygous infections. Even in minor monogenic disorders, 

patients with nearly identical genotypes may present with 
different clinical conditions. The clinical manifestations of 
β-thalassemia are extremely diverse, ranging from severe 
anemia to transfusion dependence. The mutation rate at the 
β-globin locus is the most reliable and predictive factor for 
disease phenotype. However, the interaction of environmen-
tal and genetic factors complicates the causal relationship 
between phenotype and genotype [30].

Demographic distribution of identified mutations

The demographic distribution of samples is affected by 
marine anemia (β-thalassemia major) in Maysan Governo-
rate and was investigated here. The study included the city 
center as well as the districts surrounding it. Our findings 
revealed that the center ranks first in terms of the highest 
percentage of infection and the number of detected muta-
tions because it had four mutations, as well as high diversity 
mutations in terms of genetic forms The center was second 
in terms of pace and three detected mutations. Al-Musharrah 
area is in third place, with two detected mutations, and Al-
Mejar, Al-Maimiouna, and Qal'at Saleh districts are in fourth 
place, with one detected mutation in each district. Mutation 
294TT had the highest frequency (80%) in the city center, 
followed by 205CC with a frequency of 65% in the Al-
Musharrah sub-district. There were also mutations 624CC 
and 289GG that had a frequency of 50% in both the center 
district and the Al-Salam sub-district. Mutations 624AA, 
624CA, 289GA, 49TC, and 289AA had a frequency of 25% 
in the city center, Al-Maimiuna, Al-Salam, and Qala'at 
Saleh, respectively. For the city center, mutations 205TT, 
294TC, and 49CC have a frequency of 15%. These muta-
tions were identified for the first time in Maysan Governo-
rate, Iraq. The genotypes were classified as heterozygous 
or homozygous. These mutations spread in the city center 
and some districts and sub-districts but not others, which 
may be due to the number of mutations. The study's samples 
and/or the distance to some areas from medical centers and 
hospitals make it difficult to detect and diagnose thalassemia 
patients (Fig. 3). When comparing the frequency of mutation 

Fig. 2  Showed the studied regions of the HBB gene for thalassemia 
patients

Table 2  Showed the effect of mutations on genotypes patients with 
β-thalassemia major

β-Thalassemia mutation Homozygous Heterozygous

N % N %

HBB: 205. C>T 16 16 4 4
294.T>C HBB: 17 17 3 3
HBB: 289.G>A 17 17 3 3
HBB: 49T>C 13 13 7 7
624.C>A HBB: 15 15 5 5
Total 78 78 22 22
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genotypes and types in the studied regions, we notice a clear 
difference between the mutations in terms of type and fre-
quency of the mutation, which is consistent with previous 
observations. The distribution of alleles is affected by ane-
mia (β-thalassemia), and shows a clear difference between 
the geographical regions studied [31].

Frequency of genetic polymorphisms

DNA sequencing is the most precise method for determining 
the exact nature of a mutation or variable position. Because 
DNA sequencing is regarded as the gold standard for muta-
tion detection, mutations detected by scanning methods must 
be confirmed by DNA sequencing. Traditional Sanger DNA 
sequencing has been widely used [10].

Statistical analysis of HBB gene sequences for the 
selected gene segments in this study, showed 696 base 
pairs and 861 base pairs and five mutations distributed in 
different regions of the gene. Three were on the first plot 
at 205.C>T, 294.T>C, and 389.G>A. There were two, 
the second plot at 49.T>C and 624.C>A. The computa-
tional results showed that the percentage of the mutant 
allele was higher in the patients group than the control 
group in all mutations. The allele was mutant T for the 
first mutation 205.C>T for 25% of cases versus 5%. Allele 
C was recorded in 12% versus none for the second muta-
tion 294.T>C. Allele C was recorded in 12% versus none 
for the third mutation 389.G>A. In the fourth mutation, 

only mutant allele C was seen 32% versus 15%. The fourth 
mutation 624.C>A only mutant allele A was seen 32% of 
the patients versus 15% of the controls.

Statistical analysis using the Chi-Square model revealed 
no significant differences in the distribution of all these 
mutations between the patient and control groups, except 
for the third mutation, 389.G>A. Here, the mutant allele A 
was must better with a P-value of 0.001. The distribution 
of the mutant allele was 38% in the patient group versus 
0% in the control group, with a chi-squared value of 7.5 
when the two groups were compared, Table 3 and Sup-
plementary Table 1 demonstrate this. The C, C, A, C, and 
A alleles of the mutations 205.C>T, 294.T>C, 389.G>A, 
49.T>C, and 624.C>A were recorded, with a clear supe-
riority in recurrences in the group of thalassemia patients 
versus healthy controls for all mutations seen here. The 
results also revealed a significant (0.01) difference in 
the frequency of the C allele in the 49.T>C mutation in 
the patient group versus healthy controls. The statistical 
analysis revealed no significant differences between the 
mutation alleles 205.C>T, 294.T>C, and 624.C>A, versus 
healthy controls, There were only arithmetic differences 
in the allele frequencies. β-thalassemia allele distribution 
varies by region and between Maysan regions. This is con-
sistent with previous findings showing that β-thalassemia 
mutants are extremely heterogeneous, with no distinct dis-
tribution patterns that would aid in determining any ethnic 
background [32], as shown in Table 2.

Fig. 3  Showed the map depicts 
geographical distribution of 
identified mutations in thalas-
semia patients in Maysan 
Governorate, Iraq
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Identifying of mutations

The mutation HBB.205 C>T

The first mutation, 205.C>T, occurred in exon number one 
and is found on the entire gene 188. The first exon is the 
ninth nitrogen base, i.e., the third amino acid of the β-globin 
protein's peptide chain; this mutation is known as a silent 
mutation because the base change C histidine has not been 
changed to the T base in the histidine code because it CAT 
and CAC both code for the same histidine. This result is 
similar to the Chauhan results [33], as shown in Fig. 4. In 
patients, the percentage of repeat genotypes was 13 (65%) 
for CC, 4 (20%) for genotype CT, and 3 (15%) for the 

genotype TT, versus 9 (90%) for healthy controls. Genotype 
CC has one (10%) for the genotype CT, and 0% for the geno-
type TT, Supplementary Fig. 2. The study found no statisti-
cally significant differences between genotypes for patients 
and healthy subjects (P = 0.29), as shown in Table 3. There 
was no statistically significant relationship for the alleles C 
and T for patients and healthy subjects, as shown in Sup-
plementary Table 1. The odds ratio (OR) for genotype TT 
was 4.20 and for genotype CT was equal to 4.20. For the 
genotype CC was 0.20, a person carrying the genotype TT 
is more likely to get the disease, while the structure CT is 
less likely to get the disease. The odds ratio of infection to 
allele T was 6.33, which is a high percentage compared to 
allele C, which amounted to 0.157 (Supplementary Table 2).

The mutation HBB: 294.T>C

The study findings revealed that the nucleotide changed 
from T to C. This change results in a silent mutation within 
site 294, which impacts the transcription of DNA (mRNA) 
and thus the effect on protein synthesis. There were three 
mutations 15% for genotype TC and one (5%) for geno-
type CC for patients compared to healthy subjects, the 
percentage of repeat genotypes was 10 (100%) for TT and 
0 (0%) for genotype TC, Supplementary Fig. 3. The study 
found no significant statistical differences between the 
genotypes. Supplementary Table 2 shows no statistically 
significant relationship for the alleles C and T between 
patients and healthy subjects. The odds ratio (OR) for 
genotype TT was 0.17, for genotype TC was 4.20, and for 

Table 3  Display the 
polymorphism frequencies and 
genotypes of the studied regions

(* = Significant; ** = High significant)

Mutations (Patients) (Control) Chi Square  (X2)
P value

Polymor-
phisms

Polymorphisms 
frequency %

Polymor-
phisms

Polymorphisms 
frequency %

205.C>T CC 13 65 9 90 X2 2.468
CT 4 20 1 10 P (0.29)
TT 3 15 0 0 N.S

294.T>C TT 16 80 10 100 X2 2.308
P (0.31)
N.S

TC 3 15 0 0
CC 1 5 0 0

389.G>A GG 10 50 10 100 X2 7.5
GA 5 25 0 0 P (0.02)
AA 5 25 0 0 *

49.T>C TT 10 50 10 100 X2 4.74
TC 7 25 0 0 P (0.93)
CC 3 15 0 0 N.S

624.C>A CC 10 50 7 70 X2 3.03
CA 5 25 3 30 P (0.21)
AA 5 25 0 0 N.S

Fig. 4  Showed the impact of the mutation HBB.205 C>T on the 
amino acid
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genotype CC was 1.61. The person carrying genotype TC 
is more likely to develop the disease, and genotype CC is 
less likely to develop the disease. Genotype TT is weaker 
than the other structures, and the percentage of infection 
for allele C is 6.35, which is high.

The mutation HBB: 389.G>A

Our findings also revealed a change in the nucleotide 
sequence, with the nitrogenous base switching from G to 
A. This variation is caused by the presence of a mutation 
within locus 389. The percentage of genotype recurrence 
was 12 (60%) for genotype GG, 3 (15%) for genotype 
GA, and 5 (25%) for genotype GA AA, Supplementary 
Fig. 4. When patients were compared to healthy controls, 
the percentage of recurrence of genotypes was 10 (100%) 
for genotype GG, zero (0%) for genotype GA, and 0% 
for genotype GA AA. There was a significant difference 
between patients and healthy people (P = 0.02), Table 3. 
Table 1, shows a very significant relationship and statisti-
cal significance for the alleles G and A between patients 
and healthy subjects. The results also revealed that the 
genotype GG has an odds ratio was equal to 0.07. Geno-
type GA was 4.20 and genotype AA was 7.45. The person 
carrying genotype AA is more likely to get the disease and 
genotype GA is less likely to get the disease. GG is less 
likely to cause disease than the other combinations. Fur-
thermore, the odds of disease for the allele G was 0.049, 
which is a higher percentage than the allele A. This was 
0.415, despite the fact that the odds ratio for the allele A 
is slightly higher than the Allele ratio G, but both alleles 
have a low probability of developing the disease, as shown 
in Supplementary Table 2.

The mutation HBB: 49.T>C

This mutation was caused by a change in the nucleotide 
sequence, where the nitrogenous base changed from T to 
C. The percentage of repeat genotypes within locus 49 was 
10 (50%) for TT, 7 (15%) for genotype TC, and 3 (35%) 
for genotype CC for patients compared to healthy subjects, 
the percentage of repeat genotypes was 9 (90%) for TT, 1 
(10%) for genotype TC, and 0% for genotype CC CC, Sup-
plementary Fig. 5. Table 3, shows a significant relationship 
and statistical significance for the alleles C and T between 
patients and healthy subjects. TC was 4.84 and for geno-
type CC was 4.20, person carrying the genotype TC is more 
likely and prone to contracting the disease, and genotype 
CC is less likely to contract the disease. The probability of 
contracting the disease with genotype TT is weaker from the 
other genotypes. The odds of disease for allele C was 20.12, 

which is a high percentage compared to the all T (0.049), 
Supplementary Table 2.

The mutation HBB: 624.C>A

This mutation was caused by a change in the nucleotide 
sequence, where the nitrogenous base changed from C to A. 
Within site 624, the percentage of repeat genotypes for the 
patients was 10(50%) for genotype CC, 5(25%) for genotype 
CA, and 5(25%) for genotype AA, Supplementary Fig. 6. 
Table 3 shows that the percentage of recurrence of genotypes 
was 7(70%) for genotype CC, 3 (30%) for genotype CA, 
and 0(0%) for genotype AA (P = 0.21). There was no sig-
nificant relationship or statistical significance for the alleles 
C and T between patients and healthy subjects (P = 0.065). 
Here, CA was 0.77, and CC was 0.42, thus indicating that 
the person carrying genotype AA is more likely and prone to 
contracting the disease than genotypes CC and TT. Here, the 
probability of disease is low for both. The probability ratio 
for allele A is 3.40 and the probability ratio for allele C is 
0.294. The OR value suggets that allele A is more likely to 
be infected or carry the disease, as shown in Supplementary 
Table 2.

Several Iraqi studies on thalassemia disease in different 
regions have been reported (1999–2022). Deutsch et al. 
found an undescribed β-globin variant using members of 
a family from the Kurdistan region of Halabja. Hb Beta10 
Iraq-Halabja: (A7) Ala → Val (GCC → GTC), associated 
with β-thalassemia IVS-2 nt1 G → A, and either alpha-
thal-2–3.7 kb deletion (brother) or anti-3.7 kb type alpha-
globin gene triplication (propositus) [34]. Al-Allawi et al. 
identified eight common mutations: IVS-II-1 (G → A), 
codon 44 (-C), codon 5 (-CT), IVS-I-1 (G → A), codon 39 
(C → T), IVS-I-6 (T → C), codons 8/9 (+G), and IVS-I-5 
(G → C) in the Dohuk province (northern Iraq) [11]. Al-
Allawi et al. found seven most common in 88.2% of the 
thalassemia chromosomes from two provinces in northern 
Iraq (Erbil and Dohuk): IVS-II-1 (G → A), IVS-I-1 (G → A), 
codon 8 (-AA), codon 39 (G → T), codon 8/9 (+G), codon 
44 (-C), and codon 5 (-CT) [35]. Al-Allawi et al. identified 
the four most common mutations: IVS-I-6 (T>C) [33.3%], 
IVS-II-I (G>A) [21.1%], codon 82/83 (−G) [10.1%], and 
codon 8 (-AA) [8.1%] in the northern Iraq [36]. Shamoon 
et al. identified the four major molecular patterns associ-
ated with the β-thalassemia phenotype: (+)/(+) (38.5%), (+)/
(0) (21.6%), (0)/(0) (31.3%), and (0)/wild type (8.4%), in 
the northern Iraq [37]. Eissa et al. identified eleven distinct 
β-thalassemia mutations in Ninevah province (north Iraq). 
The most common mutation was IVS-I-110 (G>A), which 
was found in 34% of cases, followed by IVS-I-6 (T>C) in 
9.6%, IVS-I-5 (G>C) in 8.5%, codon 39 (C>T) and codon 
44 (-C) in 7.4% each, and IVS-I-1 (G>A) in 6.4%. Other 
mutations were less common, including codon 8 (-AA), 
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IVS-I-130 (G>C), codon 5 (-CT), and IVS-II-745 (C>G) 
[38]. Jiang et al. compared twenty-two FSC8 homozygote 
patients to Iraqi twin men who were homozygous for HBB 
codon 8. They found that the twins inherited homozygosity 
for HMIP 3-bp deletion at rs66650371 and heterozygosity 
for Hph β-thalassaemia mutation, but not the other twenty-
two patients [39]. Amin et al. used patients in Sulaymaniyah 
province (northern Iraq). They identified nineteen different 
β-globin gene mutations distributed across 37 different 
genotypes. IVS-II-I (G>A) (47.2%) was the most common, 
followed by IVS-I-6 (T>C) (23.3%) and IVS-I-110 (G>A) 
(5%) [40]. Amin et al. found a total of 22 β-globin mutations 
in 53 different genotypes in northern of Iraq (Sulaymaniyah 
province). The most common was IVS-II-1 (G>A) (35.7%), 
IVS-I-6 (T>C) (18.0%), and codon 8/9 (+G) (8.5%) [41]. 
AlMosawi et al. used molecular analysis to detect nine types 
of mutations in the β-thalassemia patients in the middle 
region of Iraq (Al-Muthanna province): IVS II-1 G>A, IVS 
1–5 G>C, IVS-II-666 C>T, CD2 CAT>CAC, IVS-II-850 
G>A, IVS-II-16 G<C, Hb King's Mill, Hb Saveh, and IVS-
II-81 C>T [42]. Atroshi et al. used patients from the Iraqi 
northern region (Dohuk province) to identify twenty dif-
ferent thalassemia mutations, the most frequent being IVS-
II-1 (G>A) (HBB: c.315+1G>A), IVS-I-6 (T>C) (HBB: 
c.92+6T>C), codon 5 (-CT) (HBB: c.17 18delCT), IVS-
I-110 (G>A) (HBB: c.93-21G>A), codon 44 (-C) (HBB: 
c.135delC), codon 8 (-AA) (HBB: c.25 26delAA) and IVS-
I-1 (G>A) (HBB: c.92+1G>A) [43]. Adnan et al. identified 
seven different types of β-thalassemia mutations: codon 15 
(G-A), IVS1nt -5 (GC), codon 8/9 (+G), codon 30 (G-C), 
-88 (C-T), codon 41/42 (-TCTT), and codon 8/9 (+G) (AA). 
The most common β-thalassemia mutations are codon-15(G-
A) and IVS 1nt5(G-C) in 31 (37.3%) and 18(21.7%), in the 
south of Iraq (Basrah province) [16]. In the present study, 
we selected patients diagnosed with β-thalassemia from dif-
ferent regions in Maysan province (southern Iraq). PCR and 
DNA sequencing technologies aided in the identification of 
five new mutations: 294.T>C 12%, 205. C>T 25%, 289. 
G>A 38%, 49.T>C 32%, 624. C>A 32% via two regions of 
the HBB gene: 696 bp and 861 bp. The new mutations were 
recorded at the National Science Center for Biotechnology 
and Information (NCBI) and the Japanese DNA Data Bank 
(DDBJ). These new mutations will aid researchers in bet-
ter understanding the importance of premarital screening, 
prenatal diagnostic services, and developing appropriate 
prevention programs to control thalassemia disease in Iraq, 
particularly in the south.

Haplotype network

According to the findings of the first region study 696 bp, 
the total number of HBB haplotypes is seven, with two 
haplotypes belonging to the Iraqi patients under study. One 

haplotype belongs to healthy Iraqis, four haplotypes belong 
to American patients with thalassemia, two haplotypes 
belong to British patients, one haplotype is from Russian 
patients, and one haplotype is from French patients (Fig. 5). 
The findings revealed that the haplotype H1 was common 
among American patients, Iraqi patients, and healthy Iraqi 
patients under study. Haplotype H7 was common in Russian 
and French patients, and the haplotype H4 was common in 
Iraqi and American patients. The study results for the second 
region 861 bp showed ten total haplotypes of the β-globulin 
gene HBB, four haplotypes belong to the Iraqi patients under 
study, one haplotype was for healthy Iraqis, and five haplo-
types were seen in Iraqis with thalassemia among other stud-
ies, and two haplotypes were seen for French patients (Sup-
plementary Fig. 1). Haplotype H7 was shared by the patients 
under study and the Iraqi health control system. Haplotype 
H1 was shared by the French patients and the Iraqi patients.

Conclusion

The current study demonstrates the diversity of molecular 
defects causing β-thalassemia in Maysan Governate, Iraq. 
Most β-thalassemia mutations result from point muta-
tions, small deletions or insertions within coding regions, 
and exon–intron junctions. The heterogeneity of the muta-
tions makes identifying the mutation in some β-thalassemia 
patients difficult. More than 400 β-thalassemia mutations 
have been reported in the genes database to date. There-
fore, discovering new β-thalassemia mutations will increase 
the possibility of controlling and regulating this disease. 
We used direct PCR and DNA sequencing to character-
ize all of the β-thalassemia alleles, and 15 novel mutations 
accounted for the β-thalassemia genes. The frequency rep-
resents β-globin gene mutations among Iraqi patients, who 

Fig. 5  Showed the distribution of haplotypes in the HBB gene's first 
region 696  bp genomic sequence and some similar sequences from 
the NCBI GenBank database
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primarily lived in various locations throughout Maysan Gov-
ernate. Further research can help facilities studies in Iraqi 
Governates near Maysan Governate. The results can also 
identify new mutations to connect the relationships, causes, 
and risk factors of β-thalassemia development.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11033- 023- 08271-1.
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