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ABSTRACT A boy with a duplication 12924 to gter shows the characteristic phenotype of this chromosome
abnormality. The aberration could be analysed as an unbalanced translocation 12/14 de novo by combining different
banding techniques with FISH and SKY. Heterologous euchromatin translocations on the heterochromatic short arm
regions of the acrocentrics are an extremely rare type of rearrangement.

INTRODUCTION

The application of banding techniquesisthe
conventional way to analyse human chromo-
somes. Unbalanced constitutional chromosomal
aberrations often result in phenotypic changes.
The probability of their detection depends on
the quality of the metaphases, the size of the
aberration and the frequency in which the
aberration occursintheinvestigated cell system.
Thelimit of resolution isin arange of 5-10 Mb
pairs. A problem for the analysis of subtle
structural aberrationsisthe possibility of asimilar
banding pattern between the exchanged
chromosomeregions. Thus, theidentification of
unbalanced translocations, de novo complex
rearrangements or additional marker
chromosomes often remains questionable,
incomplete or evenimpossible.

Molecular cytogenetic methods including
fluorescencein situ hybridisation (FISH) (Cremer
et al. 1988) and chromosome microdissection
followed by reverse FISH (Viersbach et al. 1994;
Miller-Navia et al. 1995) have been applied to
clarify problematic cases. Various probe setssuch
as whole chromosome paints, alpha satellite
probes or single copy probes are available to
analyse chromosomal rearrangements. However,
the application of conventional FISH requires
some previous knowledge about the involved
chromosomesin order to choosethe DNA probes
for hybridisation. Also, chromosome micro-
dissection followed by PCR and reverse FISH
might solve this problem but does not provide
genome-wide screening capabilities.

In 1996, two new methods were described
which combinethe sensitivity and specificity of
FISH with the possibility to analyse the whole
genome simultaneously. For M-FISH, simulta-
neous colour differentiation of the 24 human
chromosomes is achieved by combinatorial
labelling, hybridisation of a probe cocktail
followed by sequential acquisition of fiveto six
images through fluorochrome specific narrow
band pass filters and complex computational
analysis (Speicher et al. 1996). The second
method, a 24 colour FISH called spectral
karyotyping (SKY) isbased on the measurement
of the entire emission spectrum through asingle
custom designed filter using a spectrophotometer
and Fourier analysisto obtain aspecific spectrum
for eachimage point (Schrock et a. 1996).

We present the application of SKY for clinical
diagnostics of a case with a derivative chromo-
some 14 showing unidentified additional material
on the short arm. Fetal blood sampling and
conventional banding analysis were performed
prenatally. After birth of the child, SKY
investigations of placental tissue revealed the
chromosomal aberration that caused the
abnormal phenotype. The SKY -results were
confirmed using two-col our-FI SH-experiments.

MATERIAL ANDMETHODS

Fetal blood sampling was performed in the
34" gestational week because of phenotypic
abnormalities of the child that were detected by
ultrasound.

Lymphocyte short-term cultures and
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subsequent conventional cytogenetic analysis
after QFQ and RBA banding weredoneaccording
to standard protocols. FISH and SKY
investigationswere performed after the child was
born using long-term cultures of placental tissue.

FISH with a whole chromosome painting
probe for chromosome 12 was carried out as
recommended by the manufacturers protocols.

For spectrd karyotyping (SKY), chromosome
painting probeswere generated from flow sorted
human chromosomes using sequence
independent DNA amplification. In asecondary
PCR reaction, |abelling of the chromosomeswas
performed by directly incorporating haptenized
or fluorochrome-conjugated nucleotides as
described by Schrock et al. (1996). In the
presence of an excessof human Cot-1 DNA (BRL)
the differentially labelled chromosome painting
probes were combined and precipitated. Slides
were hybridised for 2 days at 37°C. The
biotinylated probe sequences were visualised
using avidin Cy5 (Amersham Life Science). The
digoxigenin-labelled probe sequences were
detected by incubation with an anti-mouse
digoxin antibody followed by agoat anti-mouse-
antibody conjugated to Cy5.5. Chromosomes
were counterstained with DAPI and covered in
paraphenylene-diamine.

Image acquisition was performed using a
SD200 Spectracube system (Applied Spectral
Imaging, Inc.) mounted on a Leica DMRBE
microscope with acustom designed optical filter
(SKY v3.0, ChromaTechnology, Brattleboro, VT).
Using aSagnacinterferometer inthe optical head,
aninterferogram wasgenerated at all image points
that is deduced from the optical path difference
of the light which in turn depends on the
wavelength of the emitted fluorescence. The
spectrum was recovered by Fourier
transformation. The spectral information was
displayed by assigning red, green and blue
colours to certain ranges of the spectrum. This
red, green, blue (RGB)-display renders
chromosomesthat were |abelled with spectrally
overlapping fluorochromes or fluorochrome
combinations. Based on the measurement of the
spectrum for each pixel, however, a spectral
classification algorithm was applied that assigns
a pseudocolour to all points in the image that
show the same spectrum. Thisalgorithm permits
the unequivocal chromosome identification by
spectral karyotyping (Garini et a. 1996). DAPI
images were acquired from all metaphases

analysed using aDAPI specific optical filter set.
RESULTS

Clinical Findings: The patient (Fig. 1) wasborn
spontaneously in the 38th g.w. He showed
dysmorphisms and malformationsasdetailed in
Table 1. Hewasthen reinvestigated at the age of
6. At that time, hislength amounted to 102 cm (<
3“P) and hisweight to 12,5 kg ( <3“P). His1Q
equaled about 50. His speach capacity was
extremely retarded, he spoke only 2 words, while
his hearing abilities were aimost normal. He
suffers from frequent infections of the middle
ear. Because of an extreme muscular hypotonia,
he can eat hismealsin very small portions, only.
Dueto motoric redardation, he hasbeenreceiving
physiotherapeutic treatment and is now able to
walk and mount stairs.

Cytogenetic and Molecular-cytogenetic
Findings: Conventional cytogenetic analysis
revealed additional chromosomal material onthe
short arm of chromosome 14 derived de novo.
After QFQ banding the additional material
showed pale fluorescence (Fig. 2) and bright
fluorescence after RBA banding (Fig. 3),
respectively. However, its chromosomal origin
could not be identified.

SKY analysis detected a chromosome 12
origin of the unknown material (Fig. 4). The
pseudocolour (spectra based colour) of the
additional segment on the short arm of
chromosome 14 (Fig. 4B) unambiguoudly allowed

Table 1: Clinical symptoms of the patient in
comparison to findings in the literature
(Schinzel, 2001)

Findings in dup(12)(q24-qter)

low birth weight

asymmetric large head

frontal bossing

dolichocephaly

hypertelorism

heavy eyebrows

short nose with bride flat bridge

small, anteverted nostrils

macrostomia

small mandible

posterior rotated, large ears

small chin

very short neck

clino- and camptodactyly

cardiac defects (50%)

renal and anal malformations anal atresia

moderate to severe +
developmentally retarded

Patient
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Fig. 1. patient with dup 12q24-qter (for description
of clinical findings see Table 1), 3 months

Fig. 2. Metaphase after QFQ banding (arrows
denote normal and aberrant chromosome 14).

the classification as chromosome 12 material.
After comparison with the chromosome banding
pattern obtained by conventional cytogenetics
it was concluded that the additional material
originated from 12(g24-qter).

FISH with a whole chromosome paint for
chromosome 12 (AGS) confirmed the SKY -result
(Fig.5):

Karyotype: 46,XY, der(14). isht(12;14)(g24;
pl1.2)(wcpl2+; SKY).

Fig. 3. Metaphase after RBA banding (arrows
denote normal and aberrant chromosome 14).
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Fig. 4. Metaphase spread after simultaneous SKY -
hybridisation of 24 combinatorially labelled
chromosome-painting probes. Chromosomes are
shown in RGB display colours (A); chromosome
spectra are visualised by applying an RGB look
up table to different regions of the spectrum, for
each homologue chromosome it is shown on the
left side the display colour and of the identical
chromosome on the right side the spectra based
colour (B); electronically inverted DAPI image
(C); the aberrant chromosome 14 is denoted by
arrow.



176 REGINE SCHUBERT, EVELIN SCHROCK, THOMAS RIED AND GESA SCHWANITZ

Fig.5. Metaphase after FISH with wcp 12, both
normal chromosomes 12 and the additional segment
on the short arm of chromosome 14 show
hybridisation signals.

DISCUSSION

Although chromosome-banding techniques
arewel| established and allow recognition of most
karyotypic changes, they arelimited with regards
to theidentification of specific aberrations. Even
under optimal conditions the detection and/or
analysis of certain aberrations may not be
possible, for examplein cases of marker chromo-
somes, some de novo unbalanced transl ocations
with unspecific banding patternsin the additional
material, complex rearrangements or subtle
translocations. For these cases, fluorescence in
situ hybridisation (FISH) isasuitable additional
method. If a suggestion can be made about the
involved chromosomes, FISH permitstoidentify
the origin of marker chromosomes (Eggermann
et a. 2002), to characterise complex chromosome
rearrangements (Mercier et al. 1996; Phelan et al.
1998; Peschka et al. 1999) and subtle trans-
locations (Engels et al. 2003). Numerical
aberrationsininterphase cellsareanaysablewith
centromere specific probes(Raff et al. 2001). Also
deletions, amplifications, insertions and trans-
locations have been visualised using locus
specific probes on metaphase chromosomes
(Bosse et al. 2004) or fibre FISH preparations
(Florijn et a. 1995). However, for each in situ
hybridisationthe DNA probes must be carefully
selected. The FISH-analysis of completely
unclear cases can become rather complex,

expensiveand time consuming until the adequate
DNA probes are found.

In addition, microdissection in combination
with probe amplification and reverse hybridisation
has been developed especially for the analyses
of marker chromosomes (Viersbach et al. 1998).
The problem of this method is that one must be
able to unambiguously detect the chromosomes
or regionsin question under the microscope that
they can be removed with a fine glass needle.
Cross hybridisation because of similarities
between short DNA segquence motifs between
two or more chromosome regionsis possible and
may cause difficulties for the interpretation of
the results. Microdissection of cases showing
unbalanced translocationsis problematic asonly
additional material can be characterised but not
deleted regions.

Comparative genome hybridisation (CGH)
offers a global approach as a genome-wide
screening technique for detection of
chromosome imbalances in a single experiment
(DuManoir et a. 1993). The CGH technique has
mostly been used in research laboratoriesfor the
identification of copy number changesin tumour
genomes. More recently, CGH has been
successfully applied in clinical cytogenetics as
an additional method to conventional banding
techniques(Lapierreet a. 1998; Breenet al. 1999).
However, balanced chromosomal rearrangements
or inversions, ploidy changes and weak
mosai cism (<40%) cannot be detected by CGH
(Kallioniemi et al. 1994) . Thelimit of resolution
for copy number increases or decreases is
estimated to bein therange of 10 Mb pairs. Gains
of smaller chromosomal regionsareidentified if
they are present in high copy numbers. A great
advantage of the CGH-technique is the
possibility to use DNA for hybridisation from
uncultivated tissue.

Sinceitsintroduction in 1996 by Schrock et
a. SKY continues to be a powerful tool for the
investigation of chromosomal aberrations that
are difficult to clarify by conventional
cytogenetic or molecular cytogenetic methods.
SKY hasbeen applied forinclinical cytogenetics
(Schrock et al. 1997), in cancer cytogenetics of
haematological malignancies (Veldmann et al.
1997; Rao et al. 1998; Sawyer et a. 1998) or solid
tumors(Macvilleet al. 1999) and in comparative
cytogenetics (Liyanage et al. 1996; Coleman et
al. 1997). SKY reveaed subtletrand ocationswith
asize of approximately 1-2 Mb pairs depending
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on the chromosome resolution (Schrock et al.
1996). Limitationsof thismethod arethe detection
of small intrachromosomal aberrations and the
identification of marker chromosomesconsisting
of repetitive DNA seguences.

In the present case of a de novo derived
aberrant chromosome 14 with unidentified
material on the short arm, SKY proved to be a
rapid and reliable method for identification of the
additional material as being derived from
chromosome 12. The phenotype of the patient
resembled the dysmorphismsknown for dup (12)
(g24-qter) (Schinzel 2001).

Especially in prenatal diagnosis, a compre-
hensive karyotype analysis must be performed
as fast as possible to provide the parents with
the necessary information about the prognosis
for the development of the fetus. In unbalanced
cases decisions for the possible interruption of
the pregnancy or for the adapted birth manage-
ment are to be made.

In the future, SKY shall be widely used to
complement clinical cytogenetics. Thecombined
application of multicolour karyotyping and high
resolution banding analysis might become the
standard of care in prenatal and postnatal
diagnostics.

SUMMARY

SKY has proven to be a powerful and rapid
tool for the characterisation of an unbalanced
translocation that could not be identified by
conventional cytogenetics. Fetal blood sampling
was performed in afetus of the 34" gestational
week because of abnormalities detected by
ultrasound. The cytogenetic analysis after QFQ
and RBA banding revealed a derivative
chromosome 14 with unidentified additional
material on the short arm. The chromosomes of
the parentswere normal.

SKY was performed to determine the
chromosomal origin of the additional material.
This method combines the sensitivity and
specificity of FISH with the possibility to analyse
thewholegenome simultaneoudly. SKY revealed
achromosome 12 origin of theadditional region.
Comparing the SK'Y -data with the conventional
banding pattern we concluded that the additional
materia originated from chromosome 12¢24-qter.
The phenotype of the child was in concordance
with reports from the literature involving
aberrations of this chromosomal region.

The advantages and disadvantages of
different cytogenetic and molecular-cytogenetic
methods are discussed.
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