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Abstract Hemophilia B( HB) is a recessive Xdinked inherited disorder the pathogenesis of HB is deficiency or
functional abnormalities of coagulation factor [X which is caused by F9 gene mutations. To explore the mechanism of
its molecular pathology 40 patients with HB were studied with polymerase chain reaction ( PCR) and direct sequencing.
The diagnosis of HB patients were based on clinical manifestation and deficient factor [X activity in plasma. DNA was
routinely extracted from peripheral blood cells of the patients and their relatives all the 8 exons and their flanking bound—
aries were amplified by PCR and the PCR products were screened by direct sequencing. Mutations which were found in
study need to exclude polymorphism. The results showed that 34 mutations were confirmed in 40 HB patients including
6 nonsense mutations 24 missense mutations 2 splice site mutations and 2 frame mutations for 1 or 2 nucleotide inser—
tion. After retrieved 4 missense mutations and 1 frameshift mutation were found for the first time. Among the 34 muta—
tions 2 mutations in signal peptide 7 mutations in propeptide and gla domain 7 mutations in epidermal growth factor—
like domain 3 mutations in activation domain 15 mutations in serine protease or catalytic domain. It is concluded that
gene analysis can directly explain molecular mechanism of hemophilia B and also provides the foundation for further stud—
ies to the function of coagulation factor IX. There is obvious heterogeneity in F9 gene mutation and missense mutation is
still the main way of mutation which are closely related to clinical features. DNA sequencing and linkage analysis are
efficient methods for HB carriers and prenatal gene diagnosis.
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Table 1. Primer sequence used for amplification of F9 gene
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HB DNA
o DNA -20C
( APTT) .
(PT) . (Fg) . (TT) FIX
( FIX: C) ( Stago
) o
(PCR)
F9 ( Gene Bank
K02402) 9 Primer 5
8 F9
1.
PCR 25 ul 10 x Taq
buffer 2.5 wl 25 mmol/L MgClL, 1.5 ul DNA

2 wl 10 mmol/L ANTP 0.5 wl Taq DNA

1U 10 pmol/L 2 pl

25 ulo 95°C 5 min; 95C
30 s 54°C -60C 30s( 1) 72<C 30 s
35 72°C 10 min.

1.5% 100 V 30 min
GelRed( Biotium ) Bio-RAD

Primer Sequence Product size( bp) Annealing temperature ( “C)
FIX-1-a 5’-CCCATTCTCTTCACTTGTCC3~ 407 58
FIX-1-b 5°-CCTAGCTAACAAAGAACCAGT3~

FIX-2+3-a 5"-AGAGATGTAAAATTTTCATGATGTT-3" 513 58
FIX-2+3-b 5'-CAGAGAAAAAACCCACATAAT3-

FIX -4 -a 5'-CTACAGGGGAGGACCGGGCATTCTA3 242 60
FIX -4 -b 5"-AGTTTCAACTTGTTTCAGAGGGAA3~

FIX-5-a 5'-CATGAGTCAGTAGTTCCATGTACTTT3" 275 58
FIX-5-b 5" TGTAGGTTTGTTAAAATGCTGAAGTT3~

FIX-6-a 5 TTTAAATACTGATGGGCCTG-3~ 455 58
FIX -6 -b 5"-GTTAGTGCTGAAACTTGCCT-3"

FIX -7 -a 5"-AAGCTCACATTTCCAGAAAC3” 396 58
FIX-7 -b 5 TGGGTTCTGAAATTATGA3”

FIX -81 —a 5"-TAAGAATGAGATCTTTAACA-3~ 394 54
FIX -81 -b 5'-CTAAGGTACTGAAGAACTAA3”

FIX -82 -a 5"-GAAGAGTCTTCCACAAAGGG3~ 397 58
FIX -82-b 5 AAGATGGGAAAGTGATTAGTTA3~

a: forward; b: reverse.
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SNP database. html) . 40 HB
o 50 34
243 8 o 2 6
2 24 . 34
2 v- 7
7
3 15 (
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Table 2. Thirty four kinds of F9 mutations and FIX: C level
Number Nucleotide Amino acid Exon CpG Novel No. of FIX: C Clinical
change change island mutation patients level type
1 111T>C Cys( —19% ) Arg 1 N N 1 4 Moderate
2 116A > G — -18) splicing N N 1 7 Mild
3 6329_6330insT Asp( -14) X 2+3 N Y 1 1 Severe
4 6365G>T Arg( -4) Leu 243 Y N 1 1 Severe
5 6365G > A Arg( -4) Gln 243 Y N 1 1 Severe
6 6409G > C Glyl2Arg 2+3 N N 1 1 Severe
7 6410G > A Glyl2Arg 2+3 N N 1 2 Moderate
8 6451G> A Glu26Lys 243 N N 1 1 Severe
9 6460C >T Arg29X 2+3 Y N 1 1 Severe
10 10458A > G Tyr69Cys 4 N N 1 2 Moderate
11 17963G > A Gly93 Asp 5 N N 3 1 Severe
12 17704C > A Glu97Lys 5 N N 1 1 Severe
13 17755G > A Glyl14Arg 5 N N 2 2/3 Moderate
14 17756G > A Gly114Glu 5 N N 1 7 Mild
15 17761C>T Argl16X 5 Y N 1 5 Moderate
16 17796A > G —( 127) splicing N N 1 3 Moderate
17 20414G > A Argl45His 6 Y N 2 172 Severe / moderate
18 20519G > A Argl80GlIn 6 Y N 1 1 Severe
19 20522T > C Vall81Ala 6 N N 1 2 Moderate
20 30150G > A Ala233Thr 7 Y N 2 9/12 Mild
21 30863C>T Arg248X 81 Y N 1 1 Severe
22 30863C > G Arg248Gly 81 N N 1 3 Moderate
23 30857C>T Arg252X 81 Y N 1 7 Mild
24 30945T > C Leu275Pro 81 N N 1 1 Severe
25 31020T > C Leu300Pro 82 N Y 1 1 Severe
26 31118C>T Arg333X 82 Y N 1 1 Severe
27 31133C>T Arg338X 82 Y N 1 13 Mild
28 31143_31144insAA Lys341X 82 N N 1 2 Moderate
29 31146T > G Phe342Cys 82 N Y 1 4 Moderate
30 31169T > G Cys350Gly 82 N Y 1 1 Severe
31 31187G > A Gly356Arg 82 N N 1 1 Severe
32 31221G > A Gly367Glu 82 N N 2 1 Severe
33 31227A > G His369 Arg 82 N N 1 1 Severe
34 31314A > G Tyr398 Cys 82 N Y 1 3 Moderate

* The number of amino acids is based on the initiation site of mature FIX protein.
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Figure. Five novel mutations and sequencing map. a. ( NO. 3) 6329 _6330insert( T) .

The arrow indicates the mutation it is

frameshift mutation. b. ( NO.25) 31020T > C. The arrow indicates the point mutation the base group C replaces normal T led to
Leu300Pro. ¢.(NO.29) 31146 T > G. The arrow indicates the point mutation the base group G replace mutation the normal T led

to Phe342Cys .

d. (NO.30). 31169 T >G. The arrow indicates that the point base group G replace normal T led to Cys350Gly.

e.(NO.34). 31314 A >G. The arrow indicate the point mutation the base group G repalces normal A led to Tyr398Cys.
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