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The Frequencies of three Factor IX-Linked 
Restriction Fragment Length Polymorphisms 
in Iranian Patients with Hemophilia B 
 
 

 
Abstract 
Background: Hemophilia B is an X-linked recessive coagula-
tion disorder caused by factor IX deficiency.  Analysis of fac-
tor IX gene polymorphisms is considered the best approach 
for prenatal diagnosis and carrier detection of hemophilia B 
where the identification of gene mutation is not easily possi-
ble. 
 
Objective: To study the frequency of three factor IX-linked 
restriction fragment length polymorphisms (RFLPs) in Iranian 
women. 
 
Methods: 50 normal women and 50 mothers of patients with 
hemophilia B entered this study. RFLP/Polymerase chain re-
action (PCR) techniques for detection of BamHI, HhaI and 
MnlI sites were used. 

Results: The frequencies of DNA polymorphisms were 
0.50/0.50 for HhaI; 0.24/0.76 for MnlI; and 0.02/0.98 for 
BamHI sites.  Among 9 different haplotypes, 2 major haplo-
types were predominated. 
 
Conclusion: HhaI and MnlI RFLPs can be used for carrier 
detection and prenatal diagnosis of hemophilia B.  
Iran J Med Sci 2004; 29(1):26-30. 
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Introduction 
 

emophilia B, also known as Christmas disease, is an 
X-linked recessive coagulopathy caused by a defi-
ciency of or an abnormality in coagulation factor IX. Its 

frequency is about one in every 30,000 males at birth.1 Ac-
cording to the latest statistical data given by Iranian Hemo-
philia Society, there are almost 900 patients with hemophilia B 
in Iran (personal communication).  In Iran, we spend at least 
$US 7.5 million per year for importing factor IX that is trans-
ferred to $US 8,330 for each person per year.  Since, for the 
time being, there is no permanent or long-term cure for the 
disease, carrier detection and prenatal diagnosis seem to be 
the best method for preventing birth of the familial cases of 
hemophilia B.   Clinical manifestations of hemophilia B are 
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similar to hemophilia A, however, it occurs less 
frequently.  In 8% of cases it occurs sporadi-
cally.1,2 

The human factor IX gene consisting of 
eight exons and seven introns, spaced out 
over some 34 kb of chromosomal DNA in the 
long arm of the X chromosome.  It is tran-
scribed into an mRNA of 2,803 bp.1,3,4  Due to 
the nature of this disorder, several hundred 
mutations have so far been deposited in the 
database.1  There are, however, no common 
mutations in a given population.  In order to 
provide prenatal diagnosis (PND) and/or car-
rier detection, restriction fragment length poly-
morphisms (RFLP) sites have been identified 
which are linked to factor IX gene.  Both ex-
tragenic and intragenic factor IX RFLPs (Fig 1) 
have been used for carrier detection and pre-
natal diagnosis in non-sporadic hemophilia B 
families.1  The factor IX genomic DNA is large 
in size (>30 kb) and this makes the direct mu-
tation detection very time-consuming and ex-
pensive.  On the other hand, the reverse tran-
scriptase (RT) polymerase chain reaction 
(PCR) analysis of the mRNA is not so simple 
since liver cells are the main sources of factor 
IX mRNA.  The mRNA approach is facing simi-
lar limitations and can only be performed in 
well-equipped centers.  DNA polymorphic 
analysis, on the other hand, is quick, accurate 
and simple to perform.  It is important to point 
out that it can only be used for families where 
the disease is familial.  The limitation in using 
polymorphism site is that, in most cases, the 
frequencies of each DNA polymorphism should 
be studied in a given population prior to being 
used for carrier detection, particularly for pre-
natal diagnosis (PND).  For this purpose we 
used three previously reported5,6 factor IX-
linked RFLPs (i.e., BamHI, HhaI and MnlI) to 
study 200 chromosomes taken from 100 Ira-
nian women. 
 

Material and Methods 
 
Source of DNA 

Five ml of blood samples (in EDTA, 0.5 M, 
pH 8, as anticoagulant) were collected from 50 
normal women and 50 mothers of hemophilia 
B patients.  Samples were kept at -20 °C until 
analysis.  One-half ml of blood was taken for 
DNA extraction.  DNA was extracted from 
white blood cells by boiling method with minor 
modifications7.  The blood samples were 
washed with 1 ml of lysis buffer (0.32 M su-
crose, 10 mM Tris-HCl [pH 7.5], 5 mM MgCl2 
and 1% Triton X-100) and centrifuged at 
10,000 rpm for 2 min.  The supernatant con-
taining genomic DNA was discarded and the 
procedure was repeated until the pellet looked 
clear.  One hundred µL of 50 mM NaOH was 
added to each pellet and the tube was placed 
in boiling water for 20 minutes.  Subsequently, 
20 µL of 1 M Tris-HCl (pH 7.5) was added, vor-
texed and then centrifuged for 30 sec at 
12,000 rpm.  The supernatant was transferred 
into a tube and kept at -20 °C until processs. 
 
RFLP/PCR 

Reported oligonucleotide primers5,6 were 
synthesized internally using an ABI sequenc-
ing machine.  For each PCR reaction, 8 µL of 
genomic DNA sample was added to 50 µL of 
PCR mix (10 mM Tris-HCl, 50 mM KCl, 1.5 
mM MgCl2, 0.2 mM dNTP and 1 mM sper-
midine), followed by the addition of 1 µL of 
each primers (148 ng/µL) and 1.5 units of re-
combinant Taq DNA polymerase (Gibco BRL, 
Glasgow, UK).  The mixture was overlaid with 
20 µL of mineral oil and subjected to 25 cycles 
of amplification which included denaturation for 
2 min at 93 °C, annealing for 1 min at 60 °C 
(68 °C for HhaI), extention for 1 min at 72 °C 
and final extension for 3 min at 72 °C.5 Thirty 

Fig 1: Location of DNA polymorphisms in relation to the factor IX gene 

Table 1: Allele frequencies of three RFLP loci in nor-
mal women and hemophilia B carriers 

 Carrier Normal Total 
 +/- +/- +/- 

BamHI 0.045/0.955 0/1.0 0.024/0.976 
HhaI 0.49/0.51 0.51/0.49 0.50/0.50 
MnlI 0.23/0.77 0.24/0.76 0.235/0.765 

 

Table 2: Diagnostic value of two polymorphisms of 
factor IX gene 
RFLP Expected  

Heterozygoity 
(2pq) 

Observed  
Heterozygosity 

HhaI 50 50 
MnlI 35 30 
HhaI & MnlI 68 66 
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µL of each amplified sample was digested with 
15 units of restriction endonuclease (i.e., 
BamHI, HhaI and MnlI) in 3.5 µL of 10X buffer 
for each enzyme and was incubated at 37 °C 
overnight. After the completion of digestion, 30 
µL of each sample was electrophoresed on a 
2.5% agarose gel stained with ethidium bro-
mide and visualized under UV trans-illuminator 
and photographed. 
 
Results 
 
In this study, we have determined the frequen-
cies of the known factor IX gene linked RFLPs 
with BamhI, HhaI, and MnlI restriction en-
zymes. 

Restriction analysis of the fragments ob-
tained by digesting PCR amplified products 
can be summarised as follows: Presence of 
BamHI RFLP site was very rare in our samples 
(2%) (Table 1).  The result was similar in non-
carriers and carrier females.  The observed 
heterozygosity (the frequency of cases with or 
without the condition) was 2% (Table 2).  The 

HhaI site presence or absence was similar 
(50% for each condition) (Table 1).  There was 
no difference between carrier and non-carrier 
females.  The observed heterozygosity for 
HhaI was 50% (Table 2). Allele frequencies of 
MnlI site were 24% for its absence.(Table 1)  
The observed heterozygosity for MnlI was 
30%. 

Our results also revealed that at least, 66% 
of samples showed heterozygosity for either 
HhaI or MnlI (Table 2) with a combined het-
erozygosity value of 66% for these two sites. 
 
Discussion 
 
Factor IX gene is rather large (34 kb) and so 
far several hundred mutations have been re-
ported worldwide, with no one being predomi-
nant.1  The reason for this vast diversity of mu-
tations is due to the nature of this X-linked dis-
order, that is, as the patients die new muta-
tions occur and keep the balance.  Because of 
the above reasons and also due to its easy 
application and lower expense, to study the 

 

Fig 2: Comparisons for the rarer alleles frequencies for each RFLP sites in different populations (6,8-12) 
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frequency of this disease, linkage analysis 
seems to be more suited for less developed 
countries. 

Literature review shows that BamHI and 
HhaI RFLP sites have independent informa-
tiveness.  HhaI has shown to have a high het-
erozygouse value in most studied cases.(Table 
2)  BamHI site has not shown to be highly in-
formative in most studied populations except in 
East Africans, Brazilians and African Ameri-
cans (Fig 2).6  However, BamHI site was ab-
sent in 98% of cases we studied.  We did not 
study this site further due to its very little infor-
mativeness. 

HhaI on the other hand, showed to be 
highly informative in Iranians.  Its presence or 
absence was equal (50%) which is a perfect 
combination.  This site has shown to be infor-
mative in Swedens and Angloamericans but 
less informative in Malays, Chinese, East Indi-

ans and Japanese.  For MnlI RFLP site, we 
found that its presence was 24% and its ab-
sence 76%.  This site was less informative in 
Iranians when compared to Europeans but 
was more informative than it is in East Asians 
and black Africans.6 

Comparing allele frequencies between 
normal and carrier females did not show any 
significant difference (Table 1).  We also de-
rived the expected heterozygosity frequency 
using the Hardy-Weinberg equation; 
p2+q2+2pq where p denotes the presence of 
the site, q its absence and the product 2pq the 
expected heterozygosity frequency.  Not much 
difference between expected and observed 
heterozygosity. (Table 2, Fig2, 3) was noticed.  
Our results for HhaI and MnlI together with a 
similar study on Iranians using TaqI and XmnI 
RFLP sites9 can only show nine haplotypes out 
of 16 possible ones (Table 3). 

 

Fig 3: Comparisons in the percents of heterozygosity for each RFLP sites in different populations (6, 8-12) 
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In order to show the hetrozygosity values 
for each RFLP site the following comparisons 
are given.  Knowing the heterozygosities ob-
tained in this study (i.e., BamHI, 4.5%; HhaI, 
50%; and MnlI, 37%) and those reported by 
Ghandil et al9 (i.e., TaqI 37%; and XmnI 38%) 
if we use HhaI and MnlI together, we will have 
66% heterozygosity (i.e., in 66% of families 
referred to us it will be informative) but if we 
use RFLP sites with lower heterozygosity val-
ues like TaqI, XmnI and MnlI combined, this 
value will be less (51%).  This is equal if one 
uses only HhaI alone. If we use TaqI, XmnI, 
MnlI and HhaI all together then the heterozy-
gosity will be increased to 80% (i.e.  in 80% of 
cases the families will be informative. In an-
other word we can perform carrier detection or 
PND for 80% of cases referred to us. 
  
Acknowledgments 
 
We would like to thank Ms. Z. Kaini Moghaddam, 
Mr. S. Sedighi and other members of the Biotech-
nology Dept., Pasteur Institute of Iran for their help, 
and the Iranian Hemophilia Society for their help in 
calling mothers of hemophiliacs to participate in this 
study.  

 
References 
 

1 Tuddenham EGD, Cooper DN: The mo-
lecular genetics of Haemostasis and it's 
Inherited Disorders. first ed., Oxford Uni-
versity Press, USA,1994. 

2 Stomatoyannopoulos G, et al.: The mo-
lecular basis of blood diseases. 2nd ed., 
USA,1994 

3 Anson DS, Choo KH, Rees DJG, et al.:The 
gene structure of human antihaemophilic 
factor IX. EMBO Journal 1984;3:1053-
1060. 

4 Yoshitake S, Schach BG, Foster DC, et al.: 

Nucleotide sequence of the gene for hu-
man factor IX. Biochemistry 1985; 
24:3726-50. 

5 Graham JB, Kunkel GR, Tennyson GS, et 
al.: The Malmo polymorphism of factor IX: 
Establishing the genotypes by rapid analy-
sis of DNA. Blood  1989;73(8):2104-07 

6 Graham JB, Kunkel GR, Ejilmes NK, et al.: 
The varying frequencies of five DNA poly-
morphisms of X- linked coagulant factor IX 
in eight ethnic groups. American Journal of 
Human Genetics 1991;49:537-44 

7 Sambrook J, Fristsch J, Maniatis T: Mo-
lecular Cloning: a Laboratory Manual. 2nd 
ed., Cold Spring Harbor, NY, USA. 1989. 

8 Figueiredo MS, Bowen DJ, Silva junior 
WA, Zago MA: Factor IX gene haplotypes 
in Brazilian blacks and characterization of 
unusual DdeI alleles. British Journal of 
Haematology 1994;87(4):789-95. 

9 Ghandil P, Ghadiri A, Farhud D, Zeinali S: 
Allele frequencies of two polymorphisms 
associated with the factor IX gene in Ira-
nian population. Thromb Res. 2004: In 
press. 

10 De La Salle C, Wu Q, Baas MJ, et al.: 
Common intragenic and extragenic poly-
morphisms of blood coagulation factors 
VIII and IX are different in Chinese and 
Caucasian populations. Clinical Genetics 
1990;38:434-40. 

11 Reiner AR, Thompson AR: An HhaI 
polymorphism is present in factor IX genes 
of Asian subjects. Human Genetics 1990; 
86:87-88. 

12 Toyozumi H, Kojima T, Matsushita T, et 
al.: Diagnosis of B carriers using two novel 
dinucleotide polymorphisms and HhaI 
RFLP of the factor IX gene in Japanese 
subjects. Thrombosis & Haemostasis  
1995;74(4):1009-14. 

 

Table 3: Haplotype analysis of factor IX gene in 54 chromosome 

Haplotype Chromosome % 
                XmnI         TaqI           MnlI           HhaI                                            
1 - - - - 21 39 
2 - - - + 21 39 
3 - - + + 2 3.5 
4 - + + + 2 3.5 
5 + + + + 3 5.5 
6 + + + - 2 3.5 
7 - + + - 1 2 
8 - - + - 1 2 
9 + - - + 1 2 

 


