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Abstract: Objective: Hemophilia A is an X chromosome-linked disorder caused by different abnormalities in F8 gene, 

resulting in the absence of impaired molecule production of factor VIII (FVIII) in the plasma, an important protein in the 

intrinsic coagulation pathway. The hereditary testing of the F8 gene encoding FVIII is utilized for confirmation of HA 

diagnosis, which fundamentally diminished serious confusions of this disease and at last leading to longer duration of life. 

Aims of study: Exon 17 mutations in the FVIII gene were detected and analyzed in 10 HA Iraqi patients. Patients and Methods: 

This study included 10 Iraqi patient with hemophilia A and 5 healthy members as control. This work done in medicine & 

science college laboratories as well as AL Zahra Hospital. These patients' prior diagnoses were based on DNA testing and 

family history. Results: During the screening for exon 17 among the HA patients, results showed 6 (60%) from 10 patients had 

this mutations. Discussion: It has been shown that the severity of F8 gene mutations is also correlated with their types and 

locations. Our data feature and information emphasize the prominence of exon 17 for its association with HA patients' positive 

family ancestry, and we are continue to operate for other exons mutations. Conclusions: Our findings are advantageous for 

prenatal diagnosis, carrier detection, and HA diagnosis. Our research also shows that patients with HA suspicion should 

undergo F8 gene mutation screening because there is an association between mutations and severity in our case studies. 
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1. Introduction 

Deficiency in coagulation factor VIII encoded by F8 

results in Hemophilia A is a common hereditary X-linked 

recessive bleeding disorder hemophilia A (HEMA) [1, 2]. 

HEMA occurs in 1:5.000–10.000 males with approximately 

one third of the cases being spontaneous mutations [3]. 

Almost four times as frequent as hemophilia B, hemophilia A 

affects over 80% of individuals, and around half of those 

who have it have the severe variant [4]. 

The only gene known to be related to hemophilia A is 

factor VIII (F8). F8 spans 186 kb of genomic DNA and is 

located at the terminal end of the long arm of the X-

chromosome (Xq28). It has 26 exons, which together code 

for a polypeptide precursor with 2351 amino acids [5]. Three 

homologous A domains, two homologous C domains, and the 

unique B domain make up the mature FVIII protein. These 

domains are organized from the amino - terminal to the 

carboxyl-terminal end in the following order: A1-A2-B-A3-

C1-C2. Due to the fact that each domain has unique binding 

sites for various elements of the coagulation cascade, the 

diverse domains are crucial to the way that FVIII functions [6, 

7]. These binding areas may be impacted by genetic 

abnormalities, leading to HA. [8]. The telomeric end of the 

X-chromosome is home to the F8 gene (186 kb; 26 exons), 

which is more prone to methylation cytosine deamination 

mutations due to its high GC content. 2,537 mutations have 

been identified by the CDC Hemophilia A Mutation Project 

(CHAMP) [9]. Moreover this gene has been found that two 

hotspot inversions, known as intron 1 and intron 22 

inversions, account for 40 to 50 percent of people The 

telomeric end of the X-chromosome is home to the F8 gene 

(186 kb; 26 exons), which is more prone to methylation 

cytosine deamination mutations due to its high GC content. 

2,537 mutations have been identified by the CDC 

Hemophilia A Mutation Project (CHAMP) [10] in this gene. 
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Additionally, it has been found that two hotspot inversions, 

known as intron 1 and intron 22 inversions, account for 40 to 

50 percent of patient suffering from severe hemophilia A 

[10-12] The massive size of the gene plus the fact that 

different mutations occur in patients who are not related due 

to the high frequency of de novo mutations. make it hard to 

analyze every relevant mutation in a patient [13, 14]. People 

from all racial and ethnic comunities are affected by 

hemophilia A [15, 4]. 

2. Materials and Methods 

2.1. Samples	Collection and DNA Extraction 

After obtaining the informed consent from the patients, 5–

10 ml of peripheral blood were collected in tubes containing 

EDTA. Genomic DNA was extracted from peripheral blood 

leukocytes by real-time PCR assay (Real-Q KIT Screening 

Kit; BioSewoom, Seoul, Korea) [16]. With informed consent, 

blood samples were taken from patients and their family 

members. Unlinked HA patients from Wasit province, Iraq, 

aged between 5 and 54 and 5 healthy members as control, 

who were evaluated from AL Zahra Hospital for DNA 

quality and quantity using UV-spectrophotometry (260 nm 

and 280 nm) or agarose gel electrophoresis, were included in 

the study. 

2.2. Screening Test for Detection of Exon17 Mutations 

The FVIII coding gene (F8exon )'s 17 mutations were 

screened using a real-time PCR assay (quantitative PCR, 

qPCR) and direct sequencing using a Multigene Optimax 

(Thermo Cycler) instrument. The F8 coding sequence was 

amplified with PCR and automatically sequenced. In order to 

avoid DNA-dimer formation, we redesigned the primers for 

the PCR reaction. 

2.3. Thermocycling Program for Exon17 

The polymerase chain reaction (PCR) products were 

electrophoresed on a 2% agarose gel and visualized under 

UV light. Direct sequencing for exon 17 with 298 base pairs 

was performed using NTI vector Pro, Clustal W method of 

MEGA4 Pro, NCBI/ BlAST program, Chromos Pro, and 

Mutation Surveyor, among other programs. 

 

Figure 1. PCR products of FVIII gene on 1% agarose gel at 70 voltages for one hour. Exon 17. 

Lane 1T, 2, 3, 4, 5P: Lane-M-standard molecular weights: Lane 6T, 6, 7, 8, 9, 10, 11, 12, P. Gel was stained with Ethidium bromide staining. 

*p for patients; T for control 

 
Figure 2. PCR products of FVIII gene on 1% agarose gel at 70 voltages for one hour. Exon17. 

Lane-1T: Lane-M-standard molecular weights: Lane: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 P: Gel was stained with Ethidium bromide staining. 

*p for patients; T for control 
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2.4. DNA Sequence Analysis 

DNA sequence information is using to identify the genes and 

regulatory instructions that exist in the DNA molecule as well as 

changes in a gene that may be the origin of this disease. It can 

also represent the genetic information that is carried in a specific 

DNA segment, a whole genome, or a complex microbiome.  

These results can be applied to genetic counseling in Alkut 

where consanguineous marriages are more prevalent. 

Hemophiliac patients group data & Laboratory diagnosis of 

these hemophilia A patients are depicted in (Table 1). 

Table 1. Hemophiliac patients group data. 

Patient sample no. Mutation\Genome Mutation type Family history Consanguinity state severity 

1 4623delT Framshift positive positive Severe 

2 nill  positive positive moderate 

3 3211A>C Point mutation negative negative moderate 

4 nill - positive negative severe 

5 44712delG Framshift positive negative mild 

6 4511A>G Point mutation positive positive Severe 

7 3121G>A Point mutation negative positive moderate 

8 4155del T Framshift positive positive Severe 

9 nill - negative negative Moderate 

10 nill - negative positive severe 

Total 

Yes No  Positive Negative Positive Negative Severe Moderate Mild 

60 40 
 60% 40% 60% 40% 

50% 40% 10% 

10  

 

3. Results 

In our investigation, a novel frameshift deletion mutation 

(44712delG) in the F8 gene was found in the HA family of 

wasit patients. This study validated an existing mutation's 

pathogenicity, introduced a new mutation to the list of 

pathogenic variants in the F8 gene, and characterized the 

clinical symptoms and patient's blood clotting function. 

Direct mutation analysis or indirect linkage analysis has been 

performed on HA. Point mutations are the most prevalent 

kind of deficiency, possibly causing the disease. The second 

most frequent type of gene deficiency is deletions resulting in 

frameshifts [17-19]. Our understanding of the genetics 

mechanisms behind hemophilia in this area will improve with 

the identification of the causal mutations. The majority of the 

mutations found in our study were harmful, and these 

mutations were closely linked with severity of the 

phenotypes, especially for variations on the B-interfaces 

region's and their closest adjacent regions in the full-length 

molecule [13, 14]. Deleterious amino acid alterations result 

in this genetic disease. The study's testing for mutations 

reveals three point mutations in patients no. (3, 6, 7) with 

negative family history in patients no. (3, 7) and positive in 

patients no 6 and positive consanguinity in patients no. (6, 7) 

negative in patients no 3 as well as three Framshift deletion 

mutations in patients no. (1, 5, 8) appears in this study of the 

FVIII gene reveal with positive family history and positive 

consanguinity in patients no. (1, 8) and negative 

consanguinity in patients no 5 state as showed in figures 3, 4. 

 
Figure 3. DNA sequencing (forward) for patient no. 5 detect with exon17. 
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Figure 4. DNA sequencing (reverse) for patient no. 5 detect with exon17. 

Patient no. 6 represent in this study detect with mutation in exon 17 of the FVIII gene reveal with positive family history and 

consanguinity state as reveal in figures 5, 6. 

 

Figure 5. DNA sequencing (forward) patient no. 6 detect with exon17. 

 

Figure 6. DNA sequencing (reverse) for patient no. 6 detect with exon17. 
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4. Discussion 

The factor VIII gene's coding region has 70 CpG 

dinucleotides. As predicted, nearly all mutations in patients 

with mild to moderate hemophilia A were found in the 

current research; however, only 40% of mutations in patient 

with severe disease were identified. The coding area included 

the triggering mutation [20]. In this analysis, hemophilia A 

patients were screening for mutations in some coding regions 

and splice sites of the FVIII gene. 

The identified mutation in the most often, is utilized to 

describe the patient's clinical phenotype, revealing a strong 

correlation between the genotype and HA phenotype. 

Patients with severe hemophilia A represent the majority of 

cases where frameshift mutations that result in an early stop 

codon have been described. For this, various frameshift 

mutations are recorded in the research [21]. 

Also in the case patient no 5, who bears from mild 

haemophilia A, in which this mutation shows a premature 

termination codon resulting in truncations in the B domain of 

the FVIII protein; so the clinical phenotype and genotype are 

incompatible [19]. In addition, we found three frame shift 

mutations in this analysis caused by by deletions. 

The number of frameshift mutations observed in this study 

in 30 (40%) severe hemophilia A patients—was result by a 

lack of hypo-xanthine phosphoribosyl transferase [22]. A 

slight fluctuation was observed in factor VIII protein 

sequence at targeted mutated region, which was at the 

flexible region of factor VIII. The loop mutation in the 

flexible region of factor VIII domain A1 was found close to 

the -sheet 10. At elevated temperatures (300 K/60 °C), the 

flexibility was increased by the change of the flexible region. 

Due to the flexible region's reduced flexibility, the significant 

point mutation resulted in an increase in protein folding and 

compactness. The significant variation of flexible region 

would trigger an unfolding process and consequently 

denature the protein [23]. Frameshifts mutations causes 

disease mostly because it disrupts a critical protein function, 

as according variations in the folding free energy upon 

mutation [24, 25]. 

5. Conclusions 

Early hemophilia diagnosis and treatment enhance the 

patient's quality of life by avoiding the appearance of 

problems at an early stage. Knowing a specific mutation is 

very important since it can help with genetic counseling and 

predicting the likelihood of developing anti-FVIII antibodies, 

the most serious hemophilia consequence. a current treatment. 

Considering that it is a large gene (7.2 kb of coding sequence, 

represented by 26 exons. Thorough identification of 

mutations in a certain genetic defect may reveal previously 

unknown or unappreciated regulatory components of the 

gene responsible for the disorder or may indicate the 

presence of other genes responsible for the phenotype of that 

specific disorder. 
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