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Background: Hemophilia B is an X-linked recessive disorder caused by mutations in the F9 gene,
causing bleeding tendency predominantly in males. The mutational spectrum of the F9 gene has not
been adequately studied in Irag.

Objectives: To detect the disease-causing variants of exons 6, 7, and 8 and immediate introns of F9
gene using Sanger sequencing among lragi hemophilia B patients and to correlate them with
phenotypes.

Methods: Forty Iragi hemophilia B patients were recruited for this cross-sectional study from The
Hereditary Bleeding Disorder Ward in the Children Welfare Teaching Hospital, Medical City, Baghdad,
between November 2021 and April 2022 using a consecutive sampling technique. Peripheral blood
samples were used for sequencing exons 6, 7, and 8, which encode catalytic serine protease (SP), linker,
and activation peptide domains and immediate introns of the F9 gene using Sanger sequencing.
Results: Nineteen (47.5%) patients had positive conclusive results. Fifteen unique variants were
detected; 12 (80%) of them were disease-causing. Nine variants were located in the SP, one in the linker
domain, and two in the splice site of intron 6. The most common pathogenic variant was the ¢.572G>A
(p.Arg191His) on the linker domain as seen in six patients, while ¢.880C>T (p.Arg294Ter) and
€.1358G>T (p.Trp453Leu) were the most common pathogenic variants of the SP domain as seen in two
patients each. The vast majority were point mutations that are generally similar to the reported
phenotype.

Conclusion: Molecular profiling of F9 gene in the current cohort confirms 12 disease-causing variants,
making molecular diagnosis and genetic counseling of hemophilia B possible. It explained the
discrepancy between FIX level and clinical course, and variable severity among family members.
Integrating genetic data into national registries will expand the molecular database for important health
conditions in Iraq, improving healthcare provision through genetic counseling, prevention, and prenatal
diagnosis.
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Introduction:

Hemophilia B (Christmas disease; OMIM #306900)
is an X-linked recessive bleeding disorder, affecting
about one in 30,000 male births (1). It results from a
deficiency of the coagulation factor 9 (FIX) proteins,
a vitamin K-dependent plasma protease that
participates in the intrinsic coagulation pathway (2).

According to the residual plasma FIX activity,
hemophilia B is classified into severe [<1% of normal
(<0.01 U/mL)], moderate [1-5% (0.01-0.05 U/mL)],
and mild [>6-40% (0.06-0.40 U/mL)] (3). Patients
with severe hemophilia B, accounting for
approximately 30-45% of patients, usually suffer
from recurrent joint, soft-tissue, and muscle bleedings
in addition to mucocutaneous bleedings (easy
bruising, epistaxis, prolonged bleeding following
traumas and surgical procedures (4).

*Corresponding Author:
bm.al-musawi@comed.uobaghdad.edu.ig

The classic laboratory findings in hemophilia B
include a prolonged activated partial thromboplastin
time (aPTT) and a normal prothrombin time (PT) (5).
Defects in FIX level are caused by mutations in factor
9 gene (F9 is the HGNC-approved symbol) (6). F9
gene (OMIM #300746) is located on the long arm of
chromosome X (Xqg27.1). It spans about 34 kb of
genomic DNA [GRCh38: X:139,530,739-
139,563,459] and contains eight exons encoding a 2.8
kb mRNA (7). The transcribed mRNA encodes a
precursor protein containing 461 amino acids, which
includes an N-terminal signal peptide and a
propeptide, added to the mature protein, which
includes 6 domains: Gamma carboxyglutamic acid
(GLA) domain, two epidermal growth factor-like
domains (EGF), linker, activation peptide, and a
serine protease (SP) domain. SP domain is encoded
by part of exon 6 and most of exons 7 and 8 (8).
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In the interactive F9 database and until March 2023,
a total of 1692 unique variants were reported on F9
gene in all coding and non-coding regions (including
promoter, introns, and 3’-untranslated regions (3’
UTR) of the F9 gene (9). The mutations are
distributed over the entire F9 gene, and
approximately 56% in the part that encodes the SP
domain (8).

Molecular testing in hemophilia B patients helps
confirm the diagnosis in query or inconclusive
clinical settings, female heterozygote carrier
detection, proper genetic counseling, prenatal and
pre-implantation genetic diagnosis, correlating the
detected mutations with clinical phenotype, and
expanding the knowledge about F9 gene mutations in
various ethnic/geographic groups (10,11).

In Iraq, the latest estimate of hemophilia prevalence
reported a significant increase in one decade from
7.2/100 000 males in 2007 to 15.9/100 000 males in
2016. Similarly, the incidence of hemophilia had
increased from 8.4/100 000 livebirths in 2007 to
16.3/100 000 livebirths in 2016. Severe hemophilia
represented 63.4% of all types (12). In 2019, the
estimated total number of people with hemophilia
(PWH) in 2019 was 2,416 (13).

This study is part of an ongoing project to create and
expand a molecular database of common and
important health problems in Irag. It aimed to
determine disease-causing variants of the SP, linker,
and activation peptide domains-coding regions of F9
gene and to evaluate clinical and hematological
characteristics of unrelated Iragi Hemophilia B
patients in addition to assessing the genotype-
phenotype correlation of the detected variants.

Cases and Methods

This cross-sectional study recruited 40 unrelated Iraqi
Arab hemophilia B patients from The Hereditary
Bleeding Disorder Ward in the Children Welfare
Teaching Hospital, Medical City, Baghdad, a tertiary
referral hospital, during a 5-month period extending
between November 2021 and April 2022. All
hemophilia B patients were enrolled during their
regular outpatient visits to receive prophylactic or
therapeutic FIX concentrate regardless of age,
gender, residence, or disease severity. Acquired
hemophilia B, relatives of already enrolled patients,
and those who refuse to voluntarily participate in this
study were excluded from this study.

A consecutive (also called consensus) non-
probability sampling technique was used in this study
by visiting the center twice weekly on the outpatient
clinic days, enrolling all hemophilia B patients
fulfilling the inclusion criteria and without any of the
exclusion criteria, until a target of 40 was reached.
This number was calculated by a special equation
considering population size, population proportion,
confidence level, and margin of error.

Full clinical data were recorded from hospital records
and direct interviews of adult patients and guardians
of young children. These included basic demographic
data, detailed medical history, family history,

findings of a thorough clinical examination, relevant
laboratory  results, including  hematological
investigations for diagnosis and assessment of disease
severity and presence of inhibitors, in addition to
biochemical and serological tests when indicated.
From all enrolled patients, a 3-5 mL of peripheral
blood was aspirated for molecular diagnosis, which
included three steps: DNA extraction, conventional
PCR amplification of the target regions (entire exons
6, 7 and 8) and their immediate introns, followed by
Sanger sequencing.

DNA extraction was performed using Promega
ReliaPrep™ blood gDNA. Three primer sets were
designed for PCR amplification, each set for one of
the studied exons. Three primer sets were designed
for PCR amplification of the target exons (6, 7, and
8), using NCBI Primer Blast. Each set consists of two
primers: forward and reverse.

F9 _exon 6 Forward:
AGGATGGGCCTCAATCTCAA,

F9_exon 6 Reverse:
GGAGGCCTTCTCACATTGGT,

F9_exon 7 Forward:
CATTCCATTTCTGCCAGCAC,

F9_exon 7 Reverse:
TGACCCTTCTGCCTTTAGCC,

F9_exon 8 Forward:
GGTCAGTGGTCCCAAGTAGTCA,

F9_exon 8 Reverse:
GGCTGGGCCCTTAGAAATG.

Sizes of the PCR products were 442 bp for exon 6,
362 bp for exon 7, and 865 bp for exon 8. PCR
protocol was with initial denaturation step at 95°C for
3 minutes, followed by 30 cycles consisting of
denaturation step at 95°C for 30 seconds, annealing at
65°C for 30 seconds, then extension at 72°C for 30
seconds, followed by final extension step at 72°C for
90 sec. Both steps (DNA extraction and PCR
amplification) were performed in the National Center
for Teaching Laboratories, Medical City Campus,
Baghdad.

Sanger sequencing was carried out using ABI3730XL
automated DNA sequencer by Macrogen Company
labs., Republic of Korea. Quality control measures
for each step, before, during, and after sequencing,
were ensured as per international recommendations
and guidelines for molecular testing. The digital
results were analyzed using Mutation Surveyor
software version 5.1.2, performed by a qualified
geneticist in Baghdad.

The nomenclature of F9 variants was based on cDNA
reference sequence NM_000133.4 and protein
reference sequence NP_000124.1, in accordance with
recommendations of the Human Genome Variation
Society (HGVS) (14,15). The detected F9 variants
were compared with those published in the Factor IX
Variant Database and CDC Hemophilia Mutation
Project (CHAMP & CHBMP) (9,16,17). Variants
were classified either as class 1 “benign” (B), class 2
“likely benign” (LB), class 3 “variant of uncertain
significance” (VUS), class 4 “likely pathogenic”
(LP), or class 5 “pathogenic” (P) variants (15).
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Ethical considerations: This study was conducted in
accordance with the Helsinki Declaration. The study
was approved by the research ethics committee in the
Department of Pathology and Forensic Medicing,
College of Medicine, University of Baghdad (issue
no. 200 at 10/11/2021). Another approval was
obtained from the Ministry of Health, the Institute of
Training and Development as well as from the
hospital management. All adult patients, as well as
the parents of pediatric patients, have given their
informed consent to participate in this study and have
their DNA tested.

Statistical Analysis: Microsoft Excel® version 2013
and IBM-SPSS (Statistical Package for Social
Sciences) version 22 were used for data entry and

analysis. Descriptive statistics were presented as
numbers, percentages, range, mean, and standard
deviation. Categorical data were analyzed using the
Chi-square test. A P-value <0.05 was considered
statistically significant.

Results

Out of the 40 recruited patients with hemophilia B, 39
(97.5%) were males, and 1 (2.5%) was a female.
Their ages ranged between 2 and 50 years, with a
meantSD of 23.0+12.11. Their ages at diagnosis
ranged from one week to 38 years, with a meant SD
of 6.6 £10.65 years. There were 28 (70%) patients
with severe, 8 (20%) with moderate, and only 4 (10%)
with mild disease (Table 1).

Table 1: Distribution of the hemophilia B cases by age at diagnosis and severity of FIX deficiency

Disease severity based on FIX level No. (%)

Patients age at diagnosis (years)

Mild Moderate Severe Total

No. (%) No. (%) No. (%) No. (%)
Less than 1 0(0) 1(2.5) 13 (32.5) 14 (35.0)
1-5 0 (0) 2 (5.0) 12 (30.0) 14 (35.0)
6-10 2 (5.0) 1(2.5) 2 (5.0 5(12.5)
11-18 0 (0) 1(2.5) 0 (0) 1(2.5)
Above 18 2 (5.0) 3(7.5) 1(2.5)* 6 (15.0)
Total 4 (10.0) 8 (20.0) 28 (70.0) 40 (100.0)

* = this adult male had severe FIX deficiency but a mild clinical course

At diagnosis, a significant statistical association was
found between FIX level and the presenting
manifestations (p=0.003). Bruises/ecchymosis and
post-circumcision bleeding were the presenting
manifestations in severe cases only, while post-

traumatic and gum/teeth bleeding were mainly seen
in patients with mild / moderate disease. Hematuria
was associated with moderate and severe cases, and
spontaneous epistaxis was associated with mild and
moderate cases (Table 2).

Table 2: Association of disease severity and patients' presenting manifestations

Post-

Di Easy Bruises . - Posttraumatic Spontaneous . Gum/teeth Total
isease -~ circumcision - A Hematuria -
severity & ecchymosis bleeding bleeding epistaxis No. (%) bleeding No.

No. (%) No. (%) No. (%) ’ No. (%) (100%)

No. (%)

Mild 0(0) 0(0) 2 (50.0) 1 (25.0) 0(0) 1(25.0) 4 (10)
Moderate 0(0) 0(0) 4(57.1) 1(14.3) 1(14.3) 1(14.3) 7 (17.5)
Severe 14 (48.3)* 6 (20.7)* 7 (24.1)* 0 (0) 1(3.4) 1 (3.4)# 29 (72.5)
Total 14 (35.0) 6 (15.0) 13 (32.5) 2 (5.0) 2 (5.0) 3(7.5) 40 (100.0)

*p = 0.003; # = this adult male had severe FIX deficiency but a mild clinical course

A positive family history of hemopbhilia B (both first
and second-degree relatives) was present in 27
(67.5%) patients, and parental consanguinity was
present in 25 (62%) patients. Five (12.5%) patients
had hepatitis C virus (HCV) positive serology, 4 of
them had a severe factor deficiency but all were above
25 years. None of the enrolled patients had FIX
inhibitors.

Three cases of clinical interest have been observed in
this study:

The first was the only enrolled female in this study.
She was 22-yeard-old, and had a strong positive
family history (her father, male cousin, 4 sisters, and
her aunt), all have documented FIX deficiency. She
was diagnosed at the age of 8 years due to bleeding
after tooth extraction. Her factor IX level was 6%
(mild deficiency), with no inhibitors.

The second is the adult male with severe FIX
deficiency (<1% factor 1X level) but having a mild
clinical course. He did not report a history of a
significant bleeding tendency until he is 18 years old,
when he presented with hematuria. He had a positive
family history and negative test for inhibitors.

The third was a 9-year-old boy with a mild disease,
who visited a tertiary hemophilia center for
prophylactic FIX administration prior to surgery.

Results of Sanger sequencing:

All 40 patients were tested by Sanger sequencing for
the entire exons 6, 7, and 8 in addition to their
immediate introns (intron-exon and exon-intron
junctions) of F9 gene. Nineteen (47.5%) patients had
conclusive positive results, where a disease-causing
variant was detected, 14 (35.0%) had negative results
(either no or non-disease-causing variants were
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detected), while seven (17.5%) patients had exons showed sequencing failure or poor DNA
inconclusive sequencing results, where one or more quality that no decision can be made (Table 3).

Table 3: Summary of F9 sequencing results of the study group
No. (%) from total number

Patients” result (n=40) No. (%) from conclusive results (n=33)
Positive/conclusive molecular results 19 (47.5) 19 (57.5)
e  Pathogenic (all exonic) 13 (32.5) 13(39.3)
e  Likely pathogenic 6 (15.0) 6 (18.1)
e  Exonic 4(10.0) 4(12.1)
e Splicesite (intronic) 2(5.0) 2(6.1)
Negative molecular results 14 (35.0) 14 (42.4)
e No detected variant 8 (20.0) 8(24.2)
e Benign (exonic) 1(2.5) 1(3.0)
e Likely benign (exonic) 2(5.0) 2(6.1)
e Intronic 3(7.5) 3(9.))
Inconclusive molecular results 7 (17.5)
e  Failure in reverse sequencing 1(2.5)
e  Poor quality DNA in >1 exon 6 (15.0)
Total 40 (100.0)
Variants' characteristics: A total of 15 unique variants], one (7%) in exon 7 which was likely
variants were detected in the recruited hemophilia B pathogenic (LP), and eight (53%) in exon 8 [seven
patients. (47%) of them were disease-causing variants]
Location: (figures 1&2). In addition, two (13%) splice site
a. Location on F9 gene and immediate regions: likely pathogenic variants in intron 6, and other
Three (20%) out of 15 detected variants were located intronic variants in intron 7 were detected (Table 4).
in exon 6 [two (13%) of them were disease-causing
: : ’ : ; : 2
K] ] 2
Synthesis_20482.5cf-> Qualty(0-100):91
T z5 T T T 20 : L
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Figure 1: A chromatogram showing the c.572G>A variant in exon 6. A single peak represents a hemizygous allele with
the nucleotide change from G to A in the patient's sequence. The red arrow and circles point to the site and type of
substitution.
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Figure 2: A chromatogram showing ¢.880C>T variant in exon 8 of the F9 gene. A hemizygous allele with a single peak
and the nucleotide change from C to T is seen in the patient's sequence. The red arrow and circles point to the site and

type of substitution.

Table 4: Characteristics of the detected variants of F9 gene in the study group

Variant (n=15)

No. (%) of variants

Frequency on patients

. Serine Protease (SP) 10 (67.0) 15
tr? cation - e 1(6.7) 6
protein Activation per_)tlde_ 1(6.7) 7
Intron and splice site 3 (20.0) 13
Exonic: 12 (80.0) 28
e Exon6 3(20.0) 14
Location . Exon 7 1(6.7) 1
on F9 e Exon8 8(53.3) 13
gene e Intronic: 3(20.0) 13
. Splice 2 (13.4) 2
e  Non-splice 1(6.7) 11
Point mutation: 14 (93.3) 27
Type of e  Missense 11 (73.3) 11
variants . Non-sense 2 (13.4) 3
e  Silent 1(6.7) 4
Deletion: 1(6.7) 1
. Pathogenic 6 (40.0) 13
e Likely Pathogenic 6 (40.0) 6
Classific e VUS 0(0) 0
ation e  Likely Benign 1(6.7) 4
e Benign 1(6.7) 7
. Benign intronic 1(6.7) 11

VUS: Variant of uncertain significance

b. Location on factor IX domains: Out of the 15
variants, ten (67%) were located on the SP domain,
one (6.7%) on the linker domain, one (6.7%) on the
activation peptide, one intronic (intron 7), and two
splice site variants (intron 6) (Table 4, Figures 1&2).

Pathogenicity: Among the 15 unique variants
detected in the sequenced regions of the recruited
patients, six (40%) were pathogenic, six (40%) were
likely pathogenic, one (6.7%) was likely benign, one
(6.7%) was benign, and one (6.7%) was an intronic
variant (Table 4).

Type: Of the 15 detected variants, 11 were missense,
one was a silent mutation, two were nonsense (stop-
gain), and one was an in-frame deletion.

The five pathogenic SP mutations were all missense,
while out of the four likely pathogenic SP mutations,

three were missense and one was of deletion type, and
the only likely benign variant was a silent substitution
type (Figures 1&2).

Three types of intronic variants were detected: two
splice sites (intron 6), both of which were missense.
Additional intronic variants were detected in intron 7
of 11 patients; these variants are benign and have no
effect on the encoded protein.

Detailed data of all variants in exons 6, 7 and 8 of the
F9 gene detected in the current study are shown in
Table 5.

Locations of variants detected in this study are
depicted in Figure 3.

J Fac Med Baghdad

23

Vol.68. No.1 2026



F9 mutations in hemophilia B patients Huda H. Mohammed Obaida &Bassam M. Sadik Al-Musawi

Table 5: Data of all detected variants of exons 6, 7 and 8 of F9 gene in the current study

# DNA change Amino acid change :En):?;; Type of the change Sﬁfsrence cEJ;?g o of the Eg rg:ri]: in the ggiﬁfg}fy in g;(tegglaesr;cy in the Reference

1 c.572G>A p.Arg191His 6 Substitution/missense rs137852238  Pathogenic Linker 6 85 FDB [9]

2 c.880C>T p.Arg294Ter 8 Substitution/nonsense rs137852248  Pathogenic SP 2 70 FDB [9]

3 ¢.1358G>T p.Trp453Leu 8 Substitution/missense None Pathogenic SP 2 1 FDB [9]

4 €.1183T>G p.Phe395Val 8 Substitution/missense None Pathogenic SP 1 2 FDB [9]

5 c.1187G>A p.Cys396Tyr 8 Substitution/missense rs137852273  Pathogenic SP 1 8 FDB [9]

6 ¢.1135C>T p.Arg379Ter 8 Substitution/nonsense None Pathogenic SP 1 65 FDB [9]

7 €.689_691delGAG NA 6 Inframe deletion None LP SP 1 7 FDB [9]

8 Splice Intronic ¢.724-1G>T  NA 6 Substitution/missense None LP Intron 6 1 NR FDB [9]

9 Splice intronic ¢.723+2T>C ~ NA 6 Substitution/missense None LP Intron 6 1 2 FDB [9]

10 c.760G>A p.Gly254Ser 7 Substitution/missense rs866538308  LP SP 1 4 FDB [9]

11 c.1245T>A p.His415GlIn 8 Substitution/missense None LP SP 1 4 FDB [9]

12 c.1331A>G p.Tyr444Cys 8 Substitution/missense None LP SP 1 223 CDC [14]

13 ¢.1050T>C p.Ser350= 8 Substitution/silent None LB SP 4 4 Varsome [32]
14 ¢.580A>G p.Thrl94Ala 6 Substitution/missense rs6048 Benign xga’;ﬁon 7 62 Varsome [32]
15 Intronic variants NA 7 Substitution/missense None NA Intron 7 11 NR NA

SP = serine protease; LP = likely pathogenic; LB = likely benign; FDB = FactorlX Database; CDC = Centers for Disease Control and Prevention; NR = Not reported; NA= Not
applicable; SNP: Single nucleotide polymorphism
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Figure 3: The F9 gene, FXI domains, and relative sites of the variants detected in the current study

Discussion

Detection and characterization of disease-causing
mutations are important for understanding the genetic
etiology of human diseases, especially those causing
significant health problems. They also aid in patients’
management, informed decision making, and family
planning. Identification of genetic variants,
estimating allele frequency in different population
groups, and facilitating data sharing between different
researchers are additional benefits (14).

Due to the higher cost of sequencing the entire F9
gene, regions with a higher reported mutation rate
were chosen for this study. The catalytic serine
protease (SP) domain (exons 8, 7, and parts of exon
6) of F9 gene was targeted in this study as this
domain-coding region accounts for 56% of lesions in
F9 gene. The linker and activation peptides domains
coding-regions lie within the remaining parts of exon
6. That's why the entire exons 6, 7, and 8 in additions
to their immediate regions, were subjected to
sequencing (9).

Basic demographic characteristics of the patients:
The association of disease severity with younger age
at diagnosis in the current study is consistent with the
results of other studies. An epidemiological study
reported that hemophilia B median age at diagnosis
was 12 months, which is close to the current study.
An Egyptian study found that the ages at diagnosis
ranged from 22 days to 3 years (17,18). Younger ages
at diagnosis are likely related to prevalent causative
variants causing severe factor 9 deficiency and
therefore severe phenotype with earlier age of onset,
or issues related to diagnostic facilities. A positive

family history in many patients make families more
concerned with even minimal bleeding tendencies.
Clinical characteristics: The higher frequency of
severe cases compared to moderate and mild in the
current study, can be a reflection of the true
distribution of the cases and/or may be due to the fact
that severe cases regularly visit the hospital to receive
prophylactic treatment, and therefore, have a higher
chance of being recruited to the study. An earlier Iraqi
epidemiological study showed that 42% of the
registered patients with hemophilia B were severe,
39% were moderate, and 19% were mild cases (19).
The global F9 database shows that 43% of registered
cases had severe hemophilia B, 23% had moderate
disease, 16% had mild disease, and 18% had
uncertain disease (9).

Several cohorts from US, India, and Saudi Arabia on
hemophilia B patients found that severe cases
represented 40%, 68%, and 61.5% respectively;
moderate disease represented 39%, 20%, and 5%; and
mild disease represented 21 %, 12%, and 33%
(20,21). The differences between those studies in
terms of the severity distribution within each sample
may be due to larger sample sizes, presence of a large
percentage with uncertain severity, geographic and
ethnic variations, and varying sampling techniques.
The statistically significant association between FIX
level and the presenting manifestations in the current
study may be sue to overlooking easy bruising and
small bleedings while a more severe bleeding,
especially following trauma is reported. The
presenting manifestations in this study differ from an
Indian study where hemarthrosis was the most
common presenting feature (22). Hemarthrosis was
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not reported in the current study as a presenting but
as a late clinical feature in most patients.

A positive family history of hemophilia B was found
in 27 patients (67.5%), and parental consanguinity
was found in 25 of them (62%); in two Iragi studies
from Al-Hilla and Baghdad, the presence of family
history was reported in 53% and 71%, and parental
consanguinity was 67% and 40.7% (17,23). Knowing
that the consanguinity rate of the general population
in Baghdad ranged between 40-45% (24), it can be
seen that the average consanguinity of hemophilia B
families is higher than the general population figures
contrary to other studies in Iragq and Turkey (25,26).
Consanguinity, however, has little effect on X-linked
recessive disease in males, but has a significant effect
on manifesting females. Studies in the US and India
showed a positive family history of the disease in
70%, and 65% (27,28).

In this study, almost all patients who had hepatitis C
virus (HCV) positive serology had severe disease and
all were above 25 years. In earlier Iragi and Pakistani
studies, HCV-positive patients were 14% and 15%
respectively, which is consistent with this study
(29,30). There was no independent risk factor for
HCV infection in the current study, and the most
likely cause is the recurrent transfusion of blood
products, which was practiced when FIX concentrate
was not available (times of war and embargo). Older
patients are more likely to receive blood components
than pediatric age group at that time.

Molecular and sequencing results: According to
Table 5, the most common disease-causing variant
detected in this study was the pathogenic variant on
exon 6 [c.572G>A (p.Argl91His)], as seen in six
cases. This variant was reported in 85 cases in the
global F9 database (9). Two pathogenic variants on
exon 8, ¢.880C>T (p. Arg294Ter) and ¢.1358G>T
(p.Trp453Leu), were reported in the current study in
two cases each, but in 70 and once in the global F9
database, respectively (9).

Other pathogenic variants on exon 8, ¢.1183T>G (p.
Phe395Val), c.1187G>A (p. Cys396Tyr), and
€.1135C>T (p. Arg379Ter), were detected in the
current study in one case each but were reported in
two, 65, and eight times in the global F9 database,
respectively (9).

The intronic variants detected in this study are of 2
types: the splice-site (n=2) and others (n=7). The
former is deleterious (disease-causing); their
presence is diagnostic of hemophilia B. The other 7
intronic variants, reported in 11 patients are, however,
non-deleterious in all databases. Their presence is of
no clinical value and is part of normal genetic
variations.

Six likely pathogenic variants, each were detected
once in the current study, c.689_691delGAG, c.724-
1G>T, ¢723+2T>C, c.760G>A (p.Gly254Ser),
€.1245T>A  (p.His415GIn), and ¢.1331A>G
(p.Tyrd44Cys), but reported in seven, none, two, four,
four, and 223 in the database (9,14).

One likely benign, the silent variant, ¢.1050T>C
(p.Ser350=), was reported in four patients in this
study and four times in Varsome database. (31) One
benign variant ¢.580A>G (p. Thrl94Ala) was
detected in seven patients in this study and reported
62 times in Varsome (31).

CHBMP F9 database ~ showed that  missense
mutations account for 58% of the total mutation list,
nonsense in 8%, inframe deletion/change in 2%, and
splice site mutations in 10% (14). An Indian study
reported that 81% of the detected mutations were
missense variants (18). Another study in China
reported missense mutations in 64%, nonsense
mutations in 15%, small deletions in 11.5%, splice
site mutations in 4%, and small insertions in 2.5%
(32). There is a slight discrepancy among these
studies with the current study, which may be related
to sample size, sequencing the entire F9 gene, and
different population characteristics.

Inconclusive sequencing results may be attributed to
degradation during amplicon transport or storage.
Sequencing requires higher level of integrity and
purity than conventional PCR.

Serine protease (SP) domain of the F9 gene: Ten
out of 15 (67%) variants were detected in this domain.
In the F9 database, 56% of mutations were related to
this domain, and also in a Chinese study, which was
55% (9,32). Nine (60%) of the SP variants were
pathogenic seen in 11 patients and one was a silent
variant ¢.1050T>C (p. Ser350=), giving a disease
detection rate of 33% for the SP-coding region. The
disease-causing mutations detected in the SP domain
of the F9 gene showed moderate to severe levels of
FIX deficiency in spite of the fact that the database
reported all the severity levels in this domain (9). This
observation can be due to the fact that 96% of patients
in this study had moderate-severe phenotype. Larger-
scale, more inclusive studies can highlight the actual
state.

Linker and activation peptide domains of F9 gene:
Pathogenic variant (c.572G>A, p. Argl91His) was
detected in six patients on the linker domain, giving a
disease detection rate of 18% for this domain. One
benign variant (c.580A>G, p.Thrl94Ala) was
detected in seven patients in the activation peptide
domain. The activation peptide domain had a small
rate of genetic variation and no disease-causing
variation in this study, compared to 3.4% reported in
the database (9).

Genotype-phenotype correlation: Most (73%)
detected pathogenic mutations were missense
mutations. The severity of the disease in patients with
missense mutations ranged from mild to severe, as
reported in a US cohort and in the available database
(FDB, CDC) (9,14,19). Moreover, all nonsense
mutations (13%) were detected in severe cases (33).
This outcome is expected, as non-sense variants cause
a short-truncated protein, with a significant
impairment of FIX function.

The in-frame deletion (c.689_691delGAG), was
found in a severe hemophilia B patient in this study
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and reported in the CDC database as a severe disease
too (14).

The two splice site mutations (c.724-1G>T,
€723+2T>C) were detected in severe cases similar to
those reported in the database. The missense variant
€.572G>A was detected in exon 6 (linker domain) of
the gene and seen in six patients (3 had mild disease,
and 3 had moderate disease), and was reported in the
CDC as mild/moderate, similar to the current findings
(14).

Generally, there is a similarity in the type of mutation
(genotype), factor IX level, and the disease severity
(phenotype), especially with the nonsense and in-
frame deletion types, between this study and what is
reported in the database and published literature.

Additional observations of clinical relevance:

1. The adult male with severe hemophilia B and a
mild clinical course:

Molecular diagnosis of this patient revealed the
presence of a missense pathogenic variant
(c.1358G>T; p. Trp453Leu) in exon 8, which settled
the diagnosis of hemophilia B. This same variant was
also identified in another patient in this study who
presented at 6 months of age with gum and tooth
bleeding. This individual variation can be attributed
to the fact that clotting factor levels are typically
quantified via antigen assays (e.g., ELISA for protein
amount), whereas biological activity is assessed
through functional tests like one-stage clotting (OC)
or chromogenic substrate (CS) assays that evaluate
procoagulant efficacy. In hemopbhilia, mutations can
produce normal or near-normal antigen levels of
factor IX but severely reduced activity i.e. cross-
reacting material (CRM)-negative or low antigen
with some residual function (CRM-reduced),
explaining phenotypic variability. The latter is
exemplified by missense variants commonly seen in
F9 gene. In addition, assay discrepancies, such as
between OC and CS methods, highlight that activity
does not always correlate directly with antigen levels,
impacting diagnosis and therapy monitoring in such
conditions. This distinction is critical for patients
where protein quantity mispredicts bleeding risk (34).
Moreover, coexisting prothrombotic conditions, such
as factor V Leiden mutation, protein C or S
deficiency, or prothrombin  G20210A, can
counterbalance the bleeding diathesis, resulting in
milder or delayed symptoms even with severe factor
deficiency. Clinical bleeding criteria sometimes
classify these patients as having moderate or mild
phenotypes despite factor levels below 1% (35).
These prothrombotic conditions were obviously not
tested in this study.

2. The female patient with hemophilia phenotype:
Molecular diagnosis of this female revealed a
heterozygous state of a likely pathogenic missense
variant on the splice site of intron-exon junction 7
(c.724-1G>T). To explore the genetic constitution of
this family, other family members were requested to
be sequenced; yet, they declined.

Based on the available data, several explanations can
be presumed for this female. A compound
heterozygosity, where only one variant was detected,
and the other is located on an untested region of f9
gene. This is the most likely explanation, as
homozygosity was excluded. A skewed X-
inactivation can also be another possibility, but her 4
manifesting sisters make this suggestion less likely.
Even less likely are other possibilities where
preferential X- inactivation due to an abnormal X-
chromosome exists (36,37). However, several
retrospective and clinical studies and case histories
reported serious bleeding problems in heterozygote
carrier females, even with mild hemophilia B (38).

3. The male patient with a mild disease visiting a
tertiary hemophilia center:

This patient had a mild FIX deficiency (factor level
12.5%) who visited the tertiary hemophilia center as
he had a strong positive family history of three
affected brothers, one affected uncle, and a dead
affected uncle. He had history of bleeding following
trauma. At time of the interview, he was about to have
a dental procedure, for which he was investigated and
prophylactic doses of FIX concentrate was
recommended. He had ¢.572G>A (p.Argl91His)
pathogenic missense variant on exon 6.

Limitations

This study did not sequence the entire F9 gene;
negative results do not exclude hemophilia B in
symptomatic patients. Severe phenotypes may have
been overrepresented due to the sampling technique
used in this study. National database requires a larger
sample size, multicenter studies, recruiting diverse
geographic and ethnic populations, with complete F9
gene sequencing. This has not been achieved in this
local cross-sectional study.

Conclusions

The molecular profiling of F9 variants in the current
cohort confirms 12 disease-causing variants, making
molecular diagnosis and genetic counseling of
hemophilia B easier. It can also explain the
discrepancy between FIX level and clinical course, as
well as variable severity among family members.
Integrating such genetic data into national registries
will expand the molecular database for important
health conditions in Irag, improving healthcare
provision, through genetic counseling and prevention
and enables prenatal diagnosis.
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