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Intrachromosomal triplication of distal 7p
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Abstract
A female infant who died at 2 years of age
with growth and psychomotor retarda-
tion, wide anterior fontanelle, downward
slanting palpebral fissures, large, simple
ears, joint dislocation/contractures, re-
current infections, and severe pulmonary
hypertension was found to have a de
novo 7p+ chromosome. The G banding
pattern was suggestive of a triplication of
7p2l.3 and 7p22; results of fluorescence
in situ hybridisation studies using a
chromosome 7 specific library, a subtelo-
meric 7p repeat (109A6), and yeast artifi-
cial chromosome clones 786gl and
850al, which are respectively associated
with the (CA)n repeat markers D7S517
and D7S513, supported the cytogenetic
interpretation and showed that the
middle repeat was inverted. The patient's
phenotype was consistent with the 7p
duplication syndrome, allowing for the
effects of the extra burden introduced by
the partial tetrasomy. The present
rearrangement may have resulted from
several meiotic events occurring at the
four chromatid stage, namely an unequal
crossover or interhomologue trans-
location with points of exchange at 7p22
and 7plS followed by the inverted
insertion of 7p2l.3- p2l.2 at the former
breakpoint junction; moreover, a
further duplication including D7S517

within the terminal 7p22 band is also
required.
(7Med Genet 1998;35:78-80)
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Intrachromosomal triplications have so far
been described for 15qll-ql3,'-5 9p22-pter,6
5pl4-pl5.3,7 and 2q37.8 We report here on a
girl with a 7p duplication phenotype resulting
from a 7p distal triplication characterised by
banding and fluorescence in situ hybridisation
(FISH) studies.

Case report
The proband (fig 1) was the fourth child of
unrelated parents; at her birth, the mother was
27 and the father 30 years old. The family his-
tory was unremarkable and all three sibs were
healthy. The pregnancy was uneventful and
vertex delivery occurred at 40 weeks. Birth
weight was 2500 g; Apgar scores were 7 and 9
at one and five minutes respectively. The post-
natal course was characterised by respiratory
infections, delayed milestones, and failure to
thrive. At 3 months of age her length was 55
cm, weight 2350 g, and OFC 34.5 cm (all
below the 3rd centile). She exhibited hypoto-
nia, no head control, widely open anterior
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Figure I The patient at 7 months of age. (Photograph reproduced with permission.)

Figure 2 Chromosome 7pairsfrom three G banded cells
of the patient. Note that the rearranged chromosome (on the
right in each pair) has two light and two dark extra bands
beyond 7p22 and seemingly ends at 7pter.
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Figure 3 (A) Result ofFISH with the YAC clone 786g1
(D7S517) detected with rhodamine conjugated
antidigoxigenin (red signals). This clone maps within 7p22.
The 7 centromere probe pLCl1JA (D7Z1), directly labelled
with FITC, identifies the 7 homologues. The abnormal 7
(lower) shows three copies of the YAC clone 786g1 signal,
one proximal and two distal. (B) Result ofFISH with the
YAC clone 850al (D7S513) detected with rhodamine
conjugated antidigoxigenin (red signals). This clone maps
within distal 7p21. The abnormal 7 on the right of the cell
also shows three copies of the signal but in contrast to (A)
there are two proximal and one distal signal. The pattern of
signals with these two probes strongly suggests that the
middle repeat within the triplicated segment is inverted.

fontanelle (6 x 4 cm), antimongoloid palpebral
fissures, telecanthus, long philtrum, small
mandible, large, Mozart-like ears (bulging
appearance of the crura anthelicis and the crus
helicis, wide concha, and small lobule), bilat-
eral hip dislocation, camptodactyly of fingers
1-3, and a deep distal palmar crease ending in
the second interdigital space in both hands.
Cardiac auscultation and ultrasonography, as
well as renal echography, showed no anatomi-
cal defects. Immunological investigations dur-
ing a five month period showed low concentra-
tions ofserum IgA (out ofthree tests, 77 mg/ml
was the maximum value). IgG, IgM, and IgE
values, as well as the results of cellular
immunity tests (antigens: candidin and vari-
dase), were normal. A new echocardiogram at
21 months documented severe pulmonary
hypertension with right ventricular hypertro-
phy, enlarged pulmonary artery, and tricuspid
failure. At 23 months she was still unable to
control her head, had no vocabulary, and
showed marked growth retardation (length 72
cm, weight 5400 g, and OFC 39 cm), gaping
anterior fontanelle, and pronounced campto-

dactyly. One month later, she died from
congestive heart failure.

CYrOGENETIC AND FISH STUDIES
The karyotype of the patient and her parents
was assessed on GTG banded metaphases
from blood lymphocyte cultures. FISH studies
in the proband were performed using a
biotinylated chromosome 7 specific library
(Cambio, Cambridge), a subtelomeric 7p
repeat (109A6),9 and YAC clones 786gl and
850al, which are associated with the genetic
markers D7S517 and D7S513 within bands
7p22 and distal 7p21, respectively.'0 In addi-
tion, the 7 centromere probe pLC1 lA (D7Z1)
was used to assist in the identification of the
abnormal chromosome. Following in situ
hybridisation and stringent washes, 10 meta-
phases were scored using epifluorescent micro-
scopy, and images were captured and stored
with a cooled CCD camera using Smartcap-
ture software developed by Digital Scientific,
Cambridge.
The patient had a 7p+ chromosome whereas

parental karyotypes were normal. The extra
segment, which appeared to be beyond 7p22,
consisted oftwo dark and two lightG bands and
seemingly ended at 7pter. The extra dark bands
were considered to be repeats of 7p21; however,
the proximal band was thinner than the distal
one so that the former was thought to be only
7p2l.3. In contrast, both extra light bands were
of similar size (fig 2). The FISH results showed
that the 7p+ consisted entirely of chromosome
7 sequences, had a single subtelomeric signal
(images not shown), and exhibited three
distinct signals for each of the previously men-
tioned YACs. However, there were one proxi-
mal and two distal signals for YAC clone 786gl
but one distal and two proximal copies of the
DNA segment identified by the YAC clone
850al (fig 3). Overall, there appeared to be a
complex rearrangement implying triplication of
7p21.3-.p21.2 (D7S513), with the middle
repeat apparently inverted in orientation, and
for D7S517 in 7p22, and duplication of 7pl5,
7p21.1, and most of 7p22 (fig 4). Hence, the
rearranged chromosome can be described as as
7qter-p22::p21.3 -.p2l.2::pl5 -.p22::p22-
pter and the patient's karyotype as 46,XX,
trp(7) (p2l-p22) de novo.ish trp(7)(p22p2l)
(wcp7+,c109A6+, D7S517+++, D7S513+++,
D7Z1+). A cell line is not available.

Discussion
The patient's clinical features, namely growth
and psychomotor retardation, wide anterior
fontanelle, downward slanting palpebral fis-
sures, large, misshapen ears, small mandible,
joint dislocation and contractures, abnormal
palmar creases, and recurrent infections associ-
ated with IgA deficiency, are consistent with
the 7p duplication syndrome.".-'4
Although most 7p duplications have resulted

from translocations,2'-4 intrachromosomal du-
plications account for 11 out of 38
rearrangements." 15-24 These intrachromo-
somal duplications have involved different seg-
ments and two of them were mosaic with a
normal cell line." '5 The observed clinical phe-
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Figure 4 Schematic
representation of the
triplicatedlduplicated 7p+
chromosome. Note the
triplication of 7p21.3
(D7S513) with the middle
repeat inverted, and of
7p22 (D7S517), as well as
the duplication of 7p15,
7p21. 1, and most of 7p22.
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notypes in this subgroup of patients fit well
with the 7p duplication syndrome and show a
good correlation with the extent of the
duplication. Thus, the phenotypic abnormali-
ties were more severe in children with large
non-mosaic duplications"9 22 than in patients
with smaller non-mosaic duplica-
tions.16 18 20 21 23 24 Incidentally, this comparison
appears to confirm that the characteristic
craniofacial dysmorphism in the 7p duplication
syndrome maps at or around 7p21. ' 13 14 The
clinical picture of our patient is consistent with
these correlations and suggests that the extra
burden introduced by the tetrasomy resulted in
the severe phenotypic consequences, therefore
conforming to the principles inferred from
other partial trisomy/tetrasomy cases.25
Intrachromosomal triplications seem to re-

sult from a common mechanism as indicated
by the inverted orientation of the middle repeat
often found,2 3 as well as the constant mater-
nal derivation when the parental origin has
been ascertained.1 2 4 5 In the present case, the
signal distribution of YAC clone 850al sug-
gested that the middle repeat was also inverted.
Although the mechanism accounting for the
7p+ chromosome is unknown, it appears to be
a complex one. The combined cytogenetic and
FISH data indicate that the 7p+ chromosome
resulted from several meiotic events occurring
at the four chromatid stage, namely an unequal
crossover or interhomologue translocation with
points of exchange at 7p22 and 7pl5 followed
by the inverted insertion of 7p2l.3 at the
former breakpoint junction; moreover, a "cryp-
tic" duplication including the DNA segment
D7S517 within the terminal 7p22 band is also
required (fig 4).
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