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Molecular cytogenetic characterisation of the
first familial case of partial 9p duplication
(p22p24)
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Abstract
We report on a father and daughter with
a partial 9p duplication, dup(9)(p22p24).
Their phenotype, albeit mild, is char-
acteristic of partial trisomy 9p. Fluor-
escence in situ hybridisation (FISH) was
used to characterise further and confirm
the G banding finding. This is the first
reported instance of trisomy 9p occurring
in two successive generations. The du-
plicated segment in these two patients is
among the smallest segments reported.
Comparison of our two patients and 144
reported patients with trisomy 9p (partial
or complete trisomy) suggests that the
9p22 region may be responsible for the
observed phenotype in 9p duplication
cases.
(J Med Genet 1996;33:1045-1047)

most ofthese patients, the trisomic segment was
inherited from reciprocal translocation carrier
parents, with only a small number occurring
as de novo duplications. We describe the first
familial instance of partial 9p duplication,
dup(9)(p22p24), occurring in two successive
generations. Fluorescence in situ hybridisation
(FISH) was used to characterise the con-
ventional cytogenetic findings further. This is
among the smallest reported duplicated seg-
ments resulting in the characteristic partial tri-
somy 9p phenotype, albeit mild in our two
patients, and the only family with a direct
duplication in two successive generations. Re-
view of 144 reported trisomy 9p patients, and
comparison ofour two patients specifically with
11 non-translocation patients, suggests that the
9p22 region may be responsible for the ob-
served phenotype in this syndrome.
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Since the first case of trisomy 9p was described
in 1970,' almost 150 patients with partial or

complete 9p trisomy have been reported. In

Figure 1 (A) The proband's father. (B) The proband. (C)
Proband's hand.

Father's hand. (D)

Case report
The proband, a 94 year old white girl, was the
product of an uneventful 39 week gestation
and normal vaginal delivery referred for genetic
evaluation because of short stature, low normal
intelligence (IQ 70-80), and unusual facial
appearance. Weight was 25 kg (20th centile),
height 120 cm (8th centile), head cir-
cumference 49.5 cm (8th centile), and in-
terpupillary distance 5 cm (20th centile). She
had a prominent, wide nose with a high nasal
bridge, deep set eyes, mild ptosis, mildly down-
ward slanting, small palpebral fissures, short,
wide philtrum, narrow mouth with thin upper
lip, mild micrognathia, and midfacial flattening
(fig 1B). All her fingers appeared short, espe-
cially the fifth finger, with striking clinodactyly
and a single flexion crease (fig 1D). There was
a bridged transverse palmar crease on the left
hand. An echocardiogram showed mitral valve
prolapse with mild mitral regurgitation. She
had early onset significant developmental delay,
but currently participates in a regular class,
needing assistance for impulsivity and short
attention span.
The proband's 44 year old father has always

lived independently, but considers himselfslow.
He has a history of learning disability and poor
school performance, but without documented
IQ score. He was a short, obese, middle aged
white man who resembled his daughter. Height
was 162 cm (less than the 5th centile), weight
101 kg (greater than the 95th centile), and head
circumference 56 cm (50th centile). He had a
short, wide neck without frank webbing, slightly
downward slanting palpebral fissures, large,
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Figure 2 GTG banded partial karyoptype of the proband
(A) and her father (B) showing the two chromosomes 9.
Left, normal 9; night, duplicated 9.

low set ears, a prominent nose with a high nasal
bridge, a short, flat philtrum, downturned, thin
lips, and a raspy voice (fig 1A). Before cyto-
genetic examination, the initial gestalt was re-
miniscent of Noonan syndrome. Like his
daughter, he had short fingers and striking fifth
finger clinodactyly with a single flexion crease
and bilateral bridged transverse palmar creases
(fig 1 C). An echocardiogram showed a mild
non-ischaemic dilated cardiomyopathy.
The family history is remarkable for the dead

paternal grandfather having similar cli-
nodactyly, obesity, and "slow" performance.
He did not have short stature and died at the
age of 61 years from coronary artery disease.
The 45 year old paternal uncle and 68 year old
paternal grandmother were reported as normal,
but both refused examination or karyotype ana-
lysis.

CYTOGENETIC ANALYSIS
G banding of chromosomes derived from the
patient's lymphocyte culture showed a 46,XX
karyotype with an extra dark band present on
the short arm of chromosome 9 (fig 2A). This
was interpreted as representing either a du-
plication of distal 9p (46,XX,dup(9) (p22p24))
or some other chromosomal rearrangement,
for example, a translocation or insertion. The
paternal karyotype showed the same 9p finding
(fig 2B). The mother's karyotype was normal
(46,XX). The extra band was C banding neg-
ative in both the proband and her father, thus
eliminating pericentric inversion of the 9qh
region.

Fluorescence in situ hybridisation (FISH)
studies using a chromosome 9 painting probe
(Oncor) were performed on lymphocyte meta-
phase spreads prepared from both the proband
and her father. In both patients, there was
uniform hybridisation along both chro-
mosomes 9 including the area ofthe extra band
on 9p, with the exception of the 9qh region
and centromeres. There was no evidence of
hybridisation of the probe on any other chro-
mosome. These findings excluded the pos-
sibility of an insertion or translocation and
suggested a direct duplication as the correct
interpretation of the G banding results (fig 3).

Discussion
Partial trisomy 9p is a relatively common and
well described syndrome. The largest review

Figure 3 FISH studies using a painting probe for the
entire chromosome 9 on lymphocyte metaphase spreads
prepared from the proband. Note the uniform hybridisation
on both chromosomes 9 (bars) with the exception of the
centromeric and qh region. Also note the absence of a
hybridisation signal on any other chromosome.

by Young et al2 analysed 128 patients who had
trisomic segments of variable length, extending
to 9q in some instances.
The father and daughter in our family display

several typical features of partial trisomy 9p
syndrome, that is, mental limitation (in their
case, IQ at lower limit ofnormal), short stature,
characteristic facial appearance (downturned
mouth, bulbous nose, short philtrum, apparent
hypertelorism, short, wide neck, low set ears,
downward slanting palpebral fissures), and
mild hand anomalies (short fingers with a single
flexion crease on the fifth finger, single palmar
transverse crease).3 In addition, the father of
the proband has a previously unreported mild
dilated cardiomyopathy and the proband has
mild mitral valve prolapse.
We reviewed the cytogenetic and phenotypic

findings of 144 reported patients,5'-6 including
one patient with mosaicism."5 The majority of
these patients with partial trisomy 9p were
associated with an unbalanced translocation
involving another chromosome. Thus we con-
fined our analysis to our two patients and nine
published cases in which partial trisomy 9p
involved a direct duplication (table 1). Among
these 11 patients, there was remarkable con-
sistency in the facial and digital anomalies
which were present in all patients and varied
in degree rather than type. A general trend
towards milder overall phenotype with smaller
and more distal duplications was noted. In an
earlier report, a similar comparison of patients
with a broader range of trisomic segments in-
creasing from 9pter to q32 showed an increase
in the number of skeletal and visceral mal-
formations and growth retardation.
Our patients carry one of the smallest du-

plicated 9p segments (p22p24) and display
most of the typical features of the trisomy
9p syndrome. The moderate-severely retarded
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Table 1 Phenotypic manifestations and chromosome breakpoints in 11 patients with partial trisomy 9p involving a direct duplication, arranged by
breakpoints proximal to distal

Ref Patient Chromosome 9 Mental Typical Typical Other
No trisomic region retardation face* handst

12 4 pl.2-p22 Severe + +
6 2 p 1 2-p24 Severe + +
8 1 pl2-p24 Unknown + + Bilateral CL/CP

(3 months)
10 1 p I 2-p24 "Subnormal" + +
16 1 pl3-p22 Mod-severe + +
5 1 p 1 3-p24 Severe + +

14 1 p13-p24 Moderate + +
Chiyo et al 1 p21-p24 Severe + +
(1976)
Baccichetti 1 p21 -p24 Mild + +
(1979)
This report Child p22-p24 Low normal + + Mitral valve prolapse

Father p22-p24 Low normal + + Dilated cardiomyopathy
* Bulbous nose with high nasal bridge, deep set eyes, ptosis, downward slanting palpebral fissures, apparent hypertelorism, short, wide neck, low set ears, short
philtrum, downtumed mouth.
t Brachymesophalangy, clinodactyly, single flexion creases.

patient reported by Fryns et all6 with
dup(9) (p1 3p22) shows the characteristic tri-
somy 9p phenotype suggesting that the 9p22
region may be responsible for the observed
phenotype in 9p duplication patients. When
this critical region is associated with a tiny
distal duplication, as in our patients, there is
mild mental limitation and short stature, mild
facial features, and digital anomalies as de-
scribed above. Aside from cleft lip and palate
in the patient reported by Motegi et al,' major
skeletal and visceral malformations were not
observed (table 1). The significance of mitral
valve prolapse in the proband and mild dilated
cardiomyopathy in her father is not known.
The importance of the full characterisation

of the conventional cytogenetic findings using
molecular techniques (FISH) can not be over-
stated. In our two patients, FISH data were
critical for showing the origin of the extra ma-
terial on 9p and establishing the diagnosis.

In general, an inherited direct duplication of
a chromosomal segment occurring in at least
two generations is quite rare.'7 Our patients
are the first instance of partial trisomy 9p in
two generations in which the trisomic segment
is a proven direct duplication.

We thank Dr Michael Robbins for referring the proband to
us.
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