
Pericentric inversions (PIs) other than those in-
volving the heterochromatic region of chromo-
somes 1 and 9 occur with the frequency of less
than 1 per 1000 newborns (Kleczkowska et al.
1987; Nielsen and Wohlert 1991). The major clini-
cal significance of PI is the risk of transmitting to
offspring a recombination aneusomy resulting
from an uneven number of chiasmata in the in-
verted segment. The probability of the recombina-
tion event depends mainly on the size of
the inverted segment and has been estimated at be-
tween 0 and 50% (Kaiser 1984). Among the off-
spring of PI carriers, two alternative derivative
recombinants are possible, depending on which
chromosome arm is duplicated: recdup(p) to-

gether with a deletion of the long arm or recdup(q)
with a deletion of the short arm material. The size
of the inverted segment and the distance of
the breakpoints from the telomeres are important
determinants for the occurrence of recombination
and type of recombinant chromosome in the live-
born offspring (Villa et al. 1995). All published
cases of recombinants, except one family (Warter
et al. 1973) with a pericentric inversion of chromo-
some 5, were duplications of the long arm with
a deletion of the short arm material (Kaiser 1984;
Goodart et al. 1996; Ishi et al. 1997; Mowat et al.
1999; Levy et al. 2002). In none of these PIs, both
breakpoints were located distally to subtelomeric
regions p15.33 and q35.3.
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Case report

Recombination aneusomy of subtelomeric regions

of chromosome 5, resulting from a large familial

pericentric inversion inv(5)(p15.33q35.3)
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Abstract. We present a family with three cases of recombination aneusomy rec(5)dup(5q) originating from

a large parental pericentric inversion of chromosome 5. The proband – a 6-year-old girl with mental retardation,

speech delay, microcephaly, and slight facial dysmorphism – was referred for subtelomere testing. FISH with

a Multiprobe Chromoprobe T System (CytoCell) and with several BAC clones mapping to both subtelomere re-

gions of chromosome 5, revealed a recombinant chromosome rec(5)dup(5q) originating from a paternal

pericentric inversion inv(5)(p15.33q35.3). The same inversion was present in the proband’s father’s twin-brother

and rec(5)dup(5q) was also identified in his two mentally retarded daughters. The distance of breakpoints from

the telomere was: 0.234–1.4 Mb for 5p and 4.1–4.8 Mb for 5q. HR-CGH analysis confirmed the duplication

of the 5q subtelomeric region but did not identify any concomitant deletion in the 5p subtelomere. Precise map-

ping of the aneusomic regions in the proband enabled mapping the cat cry and speech delay to 5p15.33, making

the earlier localizations of these features more precise. Our family shows that the large pericentric inversion with

both breakpoints at subtelomeric regions of chromosome 5 is associated with a high risk of rec(5)dup(5q) in

the progeny.
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In this report, we describe a family with three

cases of recombination aneusomy rec(5)dup(5q)

originating from the paternal, extremely large

pericentric inversion inv(5)(p15.33q35.3). The re-

arrangements were identified by FISH with

subtelomeric probes and verified by the high-reso-

lution CGH technique. Mapping of the aneusomic

regions in the proband enabled a better delineation

of the most distal deletion 5p and duplication

5q phenotype.

The proband is a 6-year-old girl (Figure 1 III:

8), the second child of healthy and non-consangui-

neous parents: 27-year-old mother and 29-year-

old father. She was born by normal delivery at

40 weeks of gestation. Her birth weight was

2950 g (10–25th centile), length 55 cm (50th

centile), and head circumference 32 cm (<5th

centile). Apgar scores at 1 and 5 minutes of age

were both equal to 9. Except overexcitability with

a monotonous high-pitched voice, neonatal and in-

fantile periods were without complications.

Apart from congenital microcephaly there were no

other abnormalities. Psychomotor development at

1 year of age was in the normal range. She started

to sit up at 7 months and walked alone at

11 months of age. From the age of 18 months

she had episodes of overexcitability. Delay of

speech development as well as behavioural prob-

lems with masturbation and abnormalities in at-

tention span were observed from the age of

3 years. Psychological evaluation on

the Terman-Merrill scale showed a mild mental

retardation with IQ = 64 at the age of 6 years.

On physical examination at that time, she showed:

microcephaly (–5 SD), short neck, sacral dimple,

clinodactyly of 5th finger, lingular cleft, dental

caries, and slight facial dysmorphism with a rela-

tively high (prominent) forehead, hypertelorism,

protruding nose, and down-turned corners of

the mouth.

Pedigree analysis revealed a positive family

history of mental retardation. The fathers’ twin

brother has two mentally impaired daughters from

two different marriages (Figure 1 III: 3, 4).

One girl was born prematurely at 7 months of ges-

tation and demonstrates a moderate degree of

mental retardation, microcephaly and short stature

(due to growth hormone deficiency). The second

girl has microcephaly and a mild mental retarda-

tion. She has been treated for epilepsy diagnosed

at 1 year of age. Phenotypic similarities between

the proband and her both cousins, especially slight

facial dysmorphism and cognitive abnormalities,

were noticed by the proband’s parents.

Mutation analysis in the FMR1 gene excluded

the fragile X syndrome as a cause of the probands’

mental retardation. Biochemical and metabolic in-

vestigations did not reveal any abnormalities.

G-banding was performed on peripheral blood

cultures by using standard cytogenetic techniques.

The karyotypes were estimated at the 550–650

band level.

FISH analysis was performed on metaphase

preparations from the proband by using a set of

41 subtelomeric probes (Multiprobe Chromo-

probe T System – CytoCell, UK) according to

the manufacturer’s instructions. Subtelomeric re-

gions of chromosome 5 in parents and other rela-

tives of the proband were studied by using

the adequate subtelomeric ‘home brew’ PAC

clone probes, kindly provided by Dr. J. Flint, (In-

stitute of Molecular Medicine, Oxford, UK). Ad-

ditional, more proximally located BAC probes

obtained from the Sanger Centre, UK

(http://www.sanger.ac.uk), were used for mapping

the breakpoints on inverted and recombinant chro-
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Figure 1. Pedigree of the family (the proband is marked by an arrow)



mosomes (Figure 2e). These probes were prepared

as described previously (Helias-Rodzewicz et al.

2002). The distance of breakpoints from

the telomere was estimated according to the NCBI

chromosome 5 physical map (National Center for

Biotechnology Information, http://www.ncbi.nlm.

nih.gov).

The HR-CGH method, described by Kirchhoff

et al. (1997, 1998), was applied to verify FISH re-

sults in the proband. Her DNA and the reference

DNA of a karyotypically normal female, were ex-

tracted from peripheral blood samples. Tested

and normal DNAs were respectively labelled by

FITC (SpectrumGreen d-UTP, Vysis) and TRIC
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Figure 2. Results of FISH and HR-CGH analysis in the proband (P) and her father (F); (a) chromosome 5 ideogram

at 550-band resolution, with names of subtelomeric clones used (b) recombinant chromosome 5: two red signals show

a duplication; (c) two normal hybridisation signals at 5p subtelomeric regions in F; (d) one fluorescent signal from the 5q

subtelomeric clone on the 5p arm; (e) chromosome 5 ideogram at 850-band resolution, with BAC clones used for

breakpoint analysis; (f) lack of fluorescence signal of the clone located in the very distal part of subtelomeric region of 5p

identifies the position of del(5p) in P; (g) the same subtelomeric clone is seen on the long arm of one chromosome 5 in F;

(h) rec(5) in P with hybridisation signals of the clone mapping the breakpoint at 5q subtelomere; (i) HR-CGH profiles

of proband’s chromosome groups A and B. The fluorescent ratio profile of chromosome 5 shows a distinct gain

at the terminal end of the q arm, proving the presence of dup(5q).



(SpectrumRed d-UTP, Vysis) with a nick transla-

tion kit (Vysis). The CGH procedure was per-

formed essentially according to Vysis protocols.

CGH analysis was performed by using

a CytoVision System with the High Resolution

CGH software (Applied Imaging, Newcastle,

UK). Karyotyping was performed basing on

the DAPI-banding pattern. Green and red fluores-

cence intensities were measured along the length

of each homologue chromosome and the average

green to red fluorescence intensity ratio (FR) pro-

file was calculated. The CGH profiles were com-

pared to dynamic standard reference intervals

based on an average of normal cases, as described

by Kirchhoff et al. (1998).

Chromosome analysis performed in the pro-

band, at the G-banding resolution of 550 650,

showed an apparently normal karyotype. FISH for

all subtelomeric regions revealed in the proband

an additional fluorescence signal on the short arm

of chromosome 5, corresponding to the 5q

subtelomeric sequences (Figure 2a, b). The pres-

ence of two normal fluorescence signals at the 5p

subtelomeric region and 5q subtelomeric se-

quences on the short arm of one chromosome 5 in

the proband’s father suggested a large pericentric

inversion with breakpoints beyond the 5p

subtelomeric clone (Figure 2c, d). A further FISH

analysis of inversion breakpoints in the father

and the daughter, using several BAC clones that

map to chromosome 5p15.33 and 5q35.2q35.3,

mapped the breakpoints between RP11–44H14

and RP11–94J21 clones at the short arm and be-

tween RP11–298C7 and RP11–265K23 clones at

the long arm of chromosome 5 (Figure 2e, f, g, h).

Thus, the breakpoint at the 5p subtelomeric region

maps more distally then the probe for this region

used in the set of the Multiprobe Chromoprobe

T System. The distances of breakpoints from

the telomere are: 0.234–1.4 Mb for 5p and

4.1–4.8 Mb for 5q. The sites of inversion break-

points are shown on the schemes of normal and in-

verted chromosomes 5 (Figure 3). The proband’s

karyo- type was designated as 46,XX,rec(5)dup(5)

(q35.3)inv(5)(p15.33q35.3)pat. The same karyo-

type was identified in her two mentally retarded

cousins (Figures 1 III:3 and III: 4). Their father

(twin-brother of the proband’s father Figure 1 II:2)

and the proband’s healthy brother (Figure 1 III:6)

carried the inversion of chromosome 5 (results not

shown). HR-CGH analysis showed the duplica-

tion of the 5q subtelomeric region but did not iden-

tify any concomitant deletion in the 5p

subtelomere (Figure 2i).

The presented family is the first one with so

large a pericentric inversion of chromosome 5 and

recombinant aneusomy rec(5)dup(5q) of very dis-

tal subtelomeric regions of this chromosome.

To date, only three cases of recombinant

aneusomies [rec(22)dup(22q); rec(6)dup(6p);

rec(11)dup(11p)] were found among 148 sub-

telomeric abnormalities identified (Rosenberg et

al. 2001; Anderlid et al. 2002; Clarkson et al.

2002; Bocian et al. 2004). Our case is an example

of the situation predicted by Knight et al. (2000),

who supposed that a small proportion of sub-

telomeric abnormalities may be missed because of

their very terminal localization, more distal than

the distance from the telomere of the probes used

in the subtelomeric probe set. Subtelomeric

del(5p) was not identified in the test with

the Multiprobe T System but it was found later
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Figure 3. Schematic representation of normal, inverted, and recombinant chromosome 5. Arrows show positions

of breakpoints.
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with BAC clone 44H14 mapping, 0.234–1.4 Mb

from the 5p telomere. In contrast to the dup(5q),

this deletion was not identified with the HR-CGH

technique. This is compatible with the ~3 Mb reso-

lution of the method (Kirchhoff et al. 1998, 1999,

2000). Our results also show that in spite of

the limited sensitivity of HR-CGH for

subtelomeric regions, abnormalities of 4–5 Mb in

size can be identified by this method.

In general, phenotypic abnormalities of

the recombinants are a function of chromosome

breakpoint localization and the size of the result-

ing trisomic and monosomic segments.

FISH mapping allowed us to correlate the identi-

fied clinical features with the size of a 5p micro-

deletion and 5q duplication and to delineate better

the most distal del(5p) and dup (5q) phenotype.

Evaluation of clinical symptoms in our proband

revealed some features of cri-du-chat syndrome:

congenital and postnatal microcephaly, speech de-

lay, and mental retardation with cognitive impair-

ment. Although typical for most cases of 5p-, cat

cry was not confirmed by the probands’ parents.

However, it is possible that overexcitability with

a monotonous high-pitched voice observed in in-

fancy were in fact the cat cry. This supposition

was confirmed by proband’s grand-mother who

stated that her granddaughter’s cry resembled cat

crying.

Recently, two chromosome regions critical for

dysmorphism and mental retardation in p15.2

and for cat cry in p15.3 have been reported

(Mainardi et al. 2001). The cat crying region was

narrowed to the region between D5S13 to D5S731

(at 5p15.31). The presence of a separate region for

the speech delay in the distal portion of 5p15.3

was hypothesized by Church et al. (1995)

and Mainardi et al. (2001). Our results suggest that

the features of cat cry and speech delay can be as-

sociated with 5p15.33, approximately

~0.234–1.4 Mb from the telomere. Other clinical

features observed in the proband can be results of

both deletion 5p and duplication 5q, or of one of

these abnormalities. Microcephaly, dysmorphism

and mental retardation were correlated with the re-

gion more proximally to the map of clinical fea-

tures of 5p– cases studied by Mainardi et al.

(2001). However, these features together with

others, like clinodactyly, prominent nasal bridge,

and heart defects have been reported in distal 5q

trisomy (Chernos et al. 1992; Kumar et al. 1987).

Unfortunately, most published distal 5q duplica-

tions were studied only by banding techniques,

without precise localization of breakpoints,

and included larger regions of 5q. In the cases

studied with the FISH technique by Levy et al.

(2002), the breakpoint of partial trisomy of 5q was

located more proximally, at 5q34. Because of the

different lengths of partial duplications of 5q, it is

difficult to correlate accurately patients’ karyo-

types with the phenotypes.

Our family fulfilled criteria for subtelomere

testing suggested by De Vries et al. (2001). The to-

tal score for our proband was 5 points. However,

the prenatal onset of growth retardation, one of

the best indicators of subtelomere defects, was not

observed in our family.

Both breakpoints of inv(5) were localized at

G-light subtelomeric bands. It has been postulated

that such a localization of breakpoints of a rear-

ranged chromosome is compatible with homo-

synapsis (inversion loop) formation, which

promotes production of unbalanced gametes

(De Pedrigo et al. 1989). The frequency of recom-

bination aneusomy in our family is compatible

with this suggestion. The size of the inverted seg-

ment, and the distance between the breakpoints

and telomeres, are also regarded as important de-

terminants for the occurrence and the type of re-

combinant chromosome among the offspring of PI

carriers (Kaiser 1984; Villa et al. 1995). A very

long inversion implies the highest risk for unbal-

anced offspring due to recombination aneusomy.

Three cases of rec(5)dup(5q) among 5 children in

our family confirm this rule. Similar results were

obtained by Roberts et al. (1989) for inv(10),

which comprised 80% of the whole chromosome.

In their case, both of the proband’s siblings were

recombinants. Confirming earlier observations,

our family shows that for PI of chromosome 5, one

type of recombination aneusomy predominates:

dup(5q) (Ishi et al. 1997; Warter et al. 1973).

In summary, our family shows that a large

pericentric inversion with both breakpoints in

subtelomeric regions of chromosome 5 is associ-

ated with a high risk of rec(5)dup(5) formation in

the progeny. Molecular cytogenetic analyses with

specific DNA probes helped in the precise local-

ization of the breakpoints involved and an exact

definition of the nature of the chromosome rear-

rangement. It also had a great value for mapping

of the cat cry and speech delay region at 5p15.33,

making the earlier localization of these features

more precise. However, further phenotype-ge-

notype correlations are needed for duplications

of distal 5q regions precisely defined with the use

of molecular cytogenetic analyses.
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