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Carrier detection through the use
of abnormal -deletion junction
fragments in a case of haemophi-
lia B involving complete deletion
of the factor IX gene

We previously reported a case of carrier detection by gene
dosage analysis in a family with haemophilia B,l where the
affected member had severe factor IX deficiency (with an

inhibitor) as a result of a deletion of his factor IX gene.
Subsequent analysis has shown that the severe

haemophilia B patient referred to by Peake et all has an X
chromosome deletion of minimum size 114 kb that includes
the entire factor IX gene.2 The isolation of further 3'
flanking probes ( G G Brownlee, D S Anson, unpublished
observations) has enabled us to locate the 3' breakpoint of
this deletion at a position 145 kb 3' to the start of the factor
IX gene. Abnormal junctional fragments detected at the
breakpoint have been used in a carrier study (figure). The
patient IV.1 shows a new 9-5 kb fragment instead of the
normal 10-5 kb fragment after digestion of his DNA with
the restriction enzyme TaqI and probing with genomic
probe W2C Bam 6-6 kb (a 3' flanking probe derived from
sequences 146 to 152 kb 3' to the start of the factor IX
gene). This fragment was not seen in 18 normal X
chromosomes, and abnormal fragments were also
observed in DNA from the patient when using this probe
and restriction enzymes HindIII, BglI, BamHI, and XbaI.
The results strongly suggest that the new 9-5 kb TaqI band
is indeed a result of the gene deletion and not of an

infrequently occurring restriction fragment length poly-
morphism.
The patient's mother (III.2) and sister (IV.2) both show

this abnormal band together with the normal 10-5 kb band,
and are therefore carriers of this haemophilia B trait.
These results confirm the earlier carrier studies based on

phenotypic data and gene dosage.1
The observation that the patient's grandmother and

great grandmother (II.1 and I.1), together with four other
female family members, do not show abnormal fragment
patterns with this junctional probe could be taken to
confirm their non-carrier status, in agreement with our

previous studies in the family. However, it is important to
note a recent report of germinal mosaicism in the mothers
of two haemophilia A patients.3 In this case the defect
(deletion) in the affected child's factor VIII gene was
different from that in the mother's altered gene. Furth-
ermore, it was shown that the mother's abnormal gene
could be inherited, as well as its more modified form.
Thus, for some haemophilia deletion cases one cannot
assume that the boundaries of a deletion will be the same
in all affected males and carrier females within a given
family.
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FIGURE Family pedigree and Southern blot analysis.
DNA was digested with TaqI and probed with the factor
IX 3' flanking probe W2C Bam 6-6 kb. NM is DNA
from a normal male.

Although we have no evidence that the above has
occurred in this family, and, in fact, our previous results
would strongly suggest that it has not, it is important to
emphasise the need to combine as much phenotypic and
genotypic data as possible for accurate carrier detection in
haemophilia.
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Long arm deletion of
chromosome 22
We report the case of a 13 year old male with a seizure
disorder and developmental delay, who has a deletion of
chromosome 22 in all peripheral blood lymphocytes
examined. To our knowledge, this particular chromosome
abnormality has not been previously identified.
A deletion of a G group chromosome was first observed

in an infant in 1964.1 In 1968 it was suggested that there
were two distinct syndromes, one in which the physical
features were caused by an abnormality of chromosome 21
(G deletion syndrome I) and the other in which an
abnormality of chromosome 22 was the cause of the
abnormal physical features (G deletion syndrome II). The
characteristics associated with G deletion syndrome I are:
mental retardation, hypertonia, microcephaly, large or low
set ears, skeletal malformations, and growth retardation.
The characteristics associated with G deletion syndrome II
are: mental retardation, hypotonia, epicanthic folds, and
syndactyly of the toes.2
These chromosome abnormalities and their associated

physical characteristics are somewhat variable, as noted by
Maeda et al.3 They concluded that the physical features
associated with G deletion syndrome I are constant and
represent a clinically distinct syndrome. The physical
characteristics associated with G deletion syndrome II, on
the other hand, appear to be somewhat variable.
We describe here the clinical and cytogenetic findings in

a 13 year old male who has a deletion of the long arm of
chromosome 22. The patient was born after a 10 month
pregnancy to a deaf, 18 year old, GIPO woman and a deaf
17 year old man. The child sat alone at 12 months, crawled
at 18 months, and walked at three years. He frequently
exhibits physically aggressive behaviour. The child has
poor communication skills that cannot be attributed to his
parents' lack of speech. Auditory sensitivity for simple
speech and tonal stimuti were assessed and hearing
impairment as a contributing factor to his speech delay was
ruled out. Other areas of development, including gross and
fine motor development, self help skills development, and
cognitive development were also delayed. Physical exami-
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FIGURE G banded example of22q-.

nation revealed bilateral epicanthic folds, as well as broad
fingers and thumbs. No other external abnormalities were
noted.

All metaphases examined (122) showed a 46,XY,del(22)
(pter-*q12:) complement (figure). The chromosomes of
both parents were normal.
The clinical features found in our patient with a deletion

of chromosome 22 do not coincide completely with those
observed in G deletion syndrome II. While our patient is
mentally retarded and has epicanthic folds, he does not
have syndactyly of the toes or hypotonia, both of which
were observed in all cases of G deletion syndrome II. In
fact, our patient exhibited retarded psychomotor develop-
ment which is associated with G deletion syndrome I. This
is consistent with the variability reported in G deletion
syndrome II by other authors. A compilation of additional
cases is necessary to clarify the syndrome associated with
deletion of the long arm of chromosome 22.
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