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Summary

DNA from a patient with severe hemophilia B was evaluated by RFLP analysis, producing results which
suggested the existence of a partial deletion within the factor IX gene. The deletion was further localized
and characterized by PCR amplification and sequencing. The altered allele has a 4,442-bp deletion which
removes both the donor splice site located at the 5' end of intron d and the two last coding nucleotides
located at the 3' end of exon IV in the normal factor IX gene; this fragment has been replaced by a 47-bp
sequence from the normal factor IX gene, although this fragment has been inserted in inverted orientation.
Two homologous sequences have been discovered at the ends of the deleted DNA fragment.

Introduction

Hemophilia B is an X-linked bleeding disorder caused
by either a deficiency or an altered production of factor
IX, which is the precursor of a serine protease that
participates in the middle phase of blood coagulation.
Hemophilia B is a heterogeneous disease, with a large
number of discrete defects described for the factor IX
gene. These defects include complete (Anson et al.
1988; Ludwig et al. 1989) and partial gene deletions
(Giannelli et al. 1983; Chen et al. 1985), DNA seg-
ment insertion into the factor IX gene (Chen et al.
1988), as well as point mutations or short deletions
altering different positions within the multiple do-
mains of the factor IX primary structure (Giannelli et
al. 1991).
The present report documents a new mutation as a

probable cause for hemophilia B. The mutation con-
sists of a deletion/insertion in the factor IX gene. This
deletion/ insertion eliminates the sequence of the exon
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IV-intron d splice site and blocks the maturation of
factor IX precursor mRNA. A possible mechanism for
the origin of this molecular defect is discussed.

Material and Methods

A 17-year-old male affected with severe hemophilia
B had 0% of normal factor IX:Ac; his factor IX:Ag
level was <1% of normal; and he did not develop
inhibitor antibodies to factor IX. Other family mem-
bers available for study were the patient's sister and
parents. There was no family history of the disorder.
Peripheral blood samples were obtained from the four
members of the family B07, as well as from normal
control subjects. Approximately 200 gg of DNA was
isolated from 10 ml of blood anticoagulated with
EDTA. Restriction-enzyme digestion, blotting, radio-
active labeling of the probes by the random priming
method, hybridization, and autoradiography were
performed according to standard procedures (Ma-
niatis et al. 1982). Probes VIII, XIII, and I consisted
in three factor IX gene fragments, provided by Dr. G.
G. Brownlee of Oxford University. The amplification
of the altered DNA region was performed on 0.1 ig
ofgenomicDNA by using PCR, according to a method
described elsewhere (Saiki et al. 1988 ). The conditions
for amplification were 1 min at 930C for denatur-
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Figure I A, Pedigree of factor IX-deficient family B07. B,
Southern blot analysis of DNAs digested with TaqI and hybridized
to factor IX intragenic probe VIII. Lane C, Normal polymorphic
fragments of 1.8 kb and 1.3 kb detected in DNA control. Lanes 112,
Ill, and I1, Abnormal fragment of 2.3 kb. Each lane contained
approximately 5 mg of DNA sample.

ation, 30 s at 62°C for annealing, and 1.5 min at 72°C
for extension. The two amplification sequence primers
(23 mer) used in the PCR reaction were primer A-5'
GGCATTCTAAGCAGTTTACGTGC 3' (nucleo-
tides 10341-10363 in the factor IX gene)- and primer
B-5'AATGGAGCTGGAGGCCTATCATCC 3' (nu-
cleotides 15539-15516 in factor IX gene) Yoshitake et
al. (1985). PCR products were subcloned into pUC18
plasmid, and both strands from two independent
clones were sequenced by the dideoxy chain-ter-
mination method (Sanger et al. 1977).

Results

When DNA samples from four members of family
B07, whose pedigree is depicted in figure 1A, were
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evaluated by Southern blot analysis, several abnormal
restriction fragments were found. Figure 1B shows one
of these band-position changes identified, which was
observed by using the combination TaqI/probe VIII.
It consisted in an unusual 2.3-kb restriction fragment
which was found in the patient's DNA (fig. 1B, lane
112) as well as in the patient's mother's DNA (fig. 1B,
lane II) and in the patient's sister's DNA (fig. 1B, lane
III). Determination of the length of the abnormal frag-
ments and comparison with the factor IX restriction
map previously published (Yoshitake et al. 1985) al-
lowed us both to estimate the extent of the deletion as
approximately 4.5 kb and to define its location in a
position nearby the exon IV-intron d junction of the
factor IX gene (see diagram presented in fig. 2).
PCR amplification performed on the patient's DNA

as described in Material and Method produced an am-
plified fragment of approximately 750 bp, while the
two primers anneal to locations which are 5,198 bp
apart within the normal gene sequence. Alignment of
the amplified fragment's nucleotide sequence with the
sequence of the normal factor IX gene, which is shown
in figure 3A, revealed that the extension ofthe deletion
was precisely 4,442 bp; it removes both a portion of
intron d and the last two coding nucleotides at the 3'
end of exon IV. This mutation therefore deleted the
consensus splicing sequence for precursor mRNA at
the exon IV-intron d junction. This sequence feature
predicts an abnormally processed factor IX mRNA as
a product of the deletion. We have also found a 47-bp
sequence, corresponding to an intron d portion lost in
the deletion (positions 10523-10569 in the normal
factor IX gene), which has been inserted in inverted
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Figure 2 Localization of intragenic deletion in factor IXMadnd 2 mutation. A, Portion of normal factor IX gene map, in which exons
are shown as solid regions labeled with roman numerals (II-VI) and in which two arrows indicate approximate position of deletion
breakpoints. Below, the sites of the genomic probes used (XIII, VIII, and I) are depicted as unblackened horizontal bars. B, Equivalent
factor IX gene region with partial deletion delineated in patient. The sites of the oligonucleotides used in the PCR amplification are shown
as blackened horizontal bars at the boundaries of the deletion.
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A

D O C
GAT CAG TGT
GAT CRG TGT

E S N P
GAG TCC ART CCA
GAG TCC ART CCA

C L N
TGT TTA ART
TGT TTA ART

G G S C
GGC GGC AGT TGC
GGC GGC AGT TGC

K p D I N
RAG GAT GAC ATT ART
RAG GAT GRC RTT ART

S Y E
TCC TAT GAR
TCC TAT GAR

C W C
TGT TGG TGT
TGT TGG TGT

P F G F E G K N
CCC TTT GGA TTT GAR GGA RAG ARC
CCC TTT GGA TTT GAR GGA RAG ARC

C E L - 4,434 b.p. -
TGT GAR T11 G AGTR G- CARRARGARA
TGT GAR TTT TCCRGTTTCRACTTGTTTCAGAGGGARACTTTGRACCRTGAGTATTCRARRAAGRAR

5 deletion breakpoint 3 deletion breakpoint

(pos. 10,503) 5' AGGTRAGTAACTA 3'

5' AGGTAA-AAACTA 3' (pos. 14,945)

Figure 3 A, Nucleotide sequence across site of deletion found in factor IXMdnd 2. The upper line indicates the sequence from the
normal factor IX, according to Yoshitake et al. (1985), and includes also the amino acid translation of exon IV sequence. The bottom
line corresponds to the sequence of the altered allele. The deletion suppressed the nucleotide sequence between positions 10503 and 14945
within the factor IX gene (Yoshitake et al. 1985). The inserted 47-bp sequence (underlined) is identical to the intron d sequence between
positions 10526 and 10570 in the normal factor IX gene but is in inverted orientation. B, Diagram showing 13- and 12-bp nucleotide
sequences located at the 5' and 3' ends of the deleted fragment and alignment of both nucleotide sequences, revealing 11 identical nucleotides.

orientation at the deletion breakpoint. Since such a

mutation had not been previously reported, we named
it factor IXMadrid 2. Analysis of the nucleotide sequence

of the fragment removed by the mutation revealed also
the existence of two homologous sequences of 13 and
12 bp, located, respectively, at the 5' and 3' ends of
the deleted DNA fragment found as direct repeats (see
the sequence alignment shown in fig. 3B).

Discussion

The alteration in the factor IX gene we describe is
undoubtedly the cause of hemophilia B, since it re-

moves four nucleotides (AGGT) from the sequence of
the splice donor junction 3' of exon IV in the normal
gene. Therefore, we have diagnosed both the patient's
mother and the patient's sister as obligate carriers of
the disease. Previously, several hemophilia B patients
with a splice-site alteration have been reported. In
some of those cases, the mutation consisted of single-
nucleotide changes both within the obligatory GT of

the donor splice site at the 3' site of either exon VI
(Rees et al. 1985) or exon III (Brownlee 1986) and
within the obligatory AG of the acceptor splice site at
the 5' site of exon VIII (Matsushita et al. 1989). All
these mutations were associated with severe hemo-
philia b, indicating the relevance of an invariant se-

quence at the exon-intron splice site. Tetranucleotide
deletions in the 3' acceptor splice consensus of intron
d (Koeberl et al. 1989) and within the 5' donor splice
consensus of intron b near exon II (Poort et al. 1990)
have been also found.
A number of factor IX gene deletions have been

reported previously as the cause of hemophilia B, but
in very few cases have the boundaries of the deleted
sequence been characterized. Previously reported mu-
tations include factor IXLondon I (Green et al. 1988), for
which a nonhomologous, random recombination was
claimed as the mechanism for the 23-kb deletion, and
factor IXSatte I (Chen and Scott 1990), with a 10-kb
intragenic deletion. In the latter, a 13-bp sequence
at the deletion junction is homologous to two 14-bp
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identical sequences localized 10 kb apart in introns d
and f of the normal factor IX gene. The authors pro-
pose that genetic recombination has occurred between
the two homologous sequences, resulting in the gene
deletion. It is interesting that we have discovered at
the ends of the deleted region in factor IXMadrid 2 two
homologous sequences of 13 and 12 nucleotides, se-
quences which are present in direct repeats in the nor-
mal factor IX gene (fig. 3B). We postulate that a re-
combinational event based on the nucleotide pairing
at the homologous sequences could be responsible in
part for the observed molecular defect. Nevertheless
factor IXMadrid 2 contains also a 47-bp insertion at the
deletion breakpoint, and this fact excludes the partici-
pation of a single-step mutational mechanism. Obvi-
ously, we cannot rule out other alternative mecha-
nisms, such as slipped mispairing during replication
(Efstradiatis et al. 1980).
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