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Abstract Karyotype anaysis by chromosome banding is
the standard method for identifying numerical and struc-
tural chromosomal aberrations in pre- and postnatal cyto-
genetics laboratories. However, the chromosomal origins
of markers, subtle trangocations, or complex chromoso-
mal rearrangements are often difficult to identify with cer-
tainty. We have developed a novel karyotyping technique,
termed spectral karyotyping (SKY), which is based on the
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simultaneous hybridization of 24 chromosome-specific
painting probes labeled with different fluorochromes or
fluorochrome combinations. The measurement of defined
emission spectra by means of interferometer-based spec-
tral imaging alows for the definitive discernment of al
human chromosomes in different colors. Here, we report
the comprehensive karyotype analysis of 16 samples from
different cytogenetic laboratories by merging conven-
tional cytogenetic methodology and spectral karyotyping.
This approach could become a powerful tool for the cyto-
geneticists, because it results in a considerable improve-
ment of karyotype analysis by identifying chromosomal
aberrations not previously detected by G-banding aone.
Advantages, limitations, and future directions of spectra
karyotyping are discussed.

Introduction

Since the introduction of chromosome banding in 1969 by
Caspersson and Zech (Caspersson et a. 1969; Caspersson
et al. 1970), karyotyping has become the standard diag-
nostic procedure for identifying chromosomal aberrations
involved in human diseases. The search for constitutional
chromosomal abnormalities in pre- and postnatal labora-
toriesis of the utmost importance for precise diagnostics,
risk assessment, and genetic counseling. In numerous ex-
amples, the identification of recurrent cytogenetic aberra
tions has also provided the first evidence for a disease lo-
cus (Rowley 1973; Francke and Kung 1976; Greenstein et
al. 1977) and, hence, an entry point for positiona cloning
strategies (Collins 1995). G-banding is a particularly use-
ful procedure for initial screening for chromosomal aber-
rations, because the entire genome can be evaluated in a
single experiment. In some instances, however, chromo-
some-banding patterns are difficult to interpret. In par-
ticular, this shortcoming holds true in cases in which sub-
tle chromosomal translocations, small marker chromo-
somes, or complex chromosomal aberrations confound a
comprehensive karyotype analysis. Molecular cytogenetic
techniques, e.g., fluorescencein situ hybridization (FISH),



256

have alleviated this problem to some degree (Jauch et al.
1990). Various probe sets can be used to confirm the pres-
ence of suspected chromosomal aberrations with a high
degree of sensitivity and specificity (Le Beau 1993). Mi-
crodissection procedures and reverse chromosome paint-
ing have been successfully applied to analyze aberrant
chromosomes and chromosomal regions (LUdecke et al.
1989; Miiller-Navia et al. 1996). However, a talored
analysis with region-specific probes covers only a fraction
of the genome and, consequently, requires a previous no-
tion of chromosome abnormalities. Cytogenetic analyses
would therefore greatly benefit from hybridization-based
screening approaches that combine the sensitivity and
specificity of FISH with the potential to analyze al chro-
mosomes simultaneously. This goa has been achieved re-
cently (Speicher et al. 1996; Schrock et a. 1996). Speicher
and colleagues have reported the simultaneous color dif-
ferentiation of al human chromosomes by using combina-
torial labeling and sequential exposure through fluo-
rochrome-specific filters (Speicher et al. 1996). We have
developed an approach that is based on the measurement

of the entire emission spectrum through a single custom-
designed optical filter (Schrock et al. 1996) by means of
spectral imaging. Spectral imaging is based on a combina-
tion of fluorescence microscopy, Fourier spectroscopy,
and charge-coupled device imaging (Malik et a. 1996).
Spectral karyotyping (SKY) refers to the application of
spectral imaging to the differential color display of all hu-
man chromosomes. SKY is based on the simultaneous hy-
bridization of 24 chromosome-specific painting probes.
Each probe is labeled with one or more fluorochromes, ei-
ther singly or in combinations. In contrast to filter-based
technologies, spectral imaging alows one to measure the
whole spectrum of the emitted light in a single exposure of
the entire image by generating an interferogram for each
pixel that is specific for a certain fluorochrome or fluo-
rochrome combination in the image (Garini et al. 1996). A
spectral classification then assigns a discrete color to all
pixels with identical spectra. The spectral classification is
the basis for chromosome identification and SKY of hu-
man (Schrock et al. 1996) and mouse (Liyanage et al.
1996) chromosomes.

Tablel Phenotype informa-

: 3 Case Cytogen. Indication for chromo- Karyotype based on Karyotype based on
?g}l tf Obfagge\({:i I;?;ly;;};pg? ’1a6nd no. lab- some analysis G-banding SKY-analysis
f;’;ﬁﬁ'a%ﬁg{g‘ sevendif- | & LabCorp Multiple miscarriages 45, XX, dic(13:15) 45X X, dic(13;15)

(p12;p12) (p12;p12)
EK1 Odense Multiple miscarriages 46,XX,t(2;8;15) 46,XX1(2;8;15)
(024.3;023;926.2) (924;023;926)
TE1L AML Multiple miscarriages 46,XY t(5;7)(q15;011.23) 46,XY t(5;7)(q15;011.2)
ins(7;5) ins(7;5)
(931.2 or g32;g13q15) (922 or g31;913q15)
LC2 LabCorp Dysmorphic features, 45,XY ,der(7)t(7;15) 45,XY ,der(7)t(7;15)
developmental delay (032.2;,011.2),-15 (932;911.2),-15
LC3 LabCorp Milddysmorphic features,  45,XY, dic(21;22) 45,XY ,der(22)t(21;22)
moderate mental retardation  (pl11;913.3) (p11;913.3)
LC4 LabCorp Dysmorphic features, 46,XY 1(5;7,9;18) 46,XY 1(5;9)(022.1;p22),
developmental delay (7,18)(p14;g21)inv(7q)
CK1 GU Dysmorphic features, 46,XY 46,XY ,der(18)(X;18)
developmental delay (?7023)
MP1 GGC Dysmorphic features, G-bands: 46,XY 46,XY ,der(4)t(4;8)(p15;?)
developmental delay HRG: 46,XY ,add(4)(p15)
MP2 GGC Dysmorphic features, 47, XY ,+mar 47,XY, +der(8)
developmental delay
MP3 GGC Dysmorphic features, more  47,XX,+ring[30]/ 47 XX, +r(4)[4]/
prominent on the right 46,XX[20] 46,XX[2]
JS1  Mayo Dysmorphic features and 46,XY ,der(2)t(2;8) 46,XY ,der(2)t(2;8)
Clinic developmental delay (033;024.1),add(3)(p21)  (g33;024),der(8)t(2;8;9)
der(8)t(2;,8)(q33,024.1)  (033;024;031),del (9)(0?)
ins(8;9)(023.2;022.1931),
del(9)(021.2932)
JS2 Mayo Mother of achild with cog- 46,XX,del(5)(p13.3p14.2) 46,XX
Clinic nitive learning problemsand or p14.2p15.) or
mild dysmorphic features add(5)(p13.3)
LSl Baylor Developmental delay 46,XY ,add(14)(p13) 46,XY ,der(14)t(5;14)
LS2 Baylor Not available 46,X ,der(Y) 46,X,der(Y)t(X;Y)
(7011.2)
LS3 Baylor Developmental delay 46,XY ,t(7;21;22) 46,XY ,t(7;21,22)
(921.2;021;913.3) (921;021;913)
LS4  Baylor Speech delay 46,X,add(Y)(p11.3) 46,X,der(Y)t(Xor3;Y)

and hyperactivity

(7p1l.3)




Here, we describe the application of SKY to identify
chromosomal aberrationsin 16 postnatal clinical samples.
Special emphasis has been given (1) to exploring the rou-
tine applicability of SKY to metaphase preparations col-
lected in different laboratories, and (2) to the methodol og-
ical improvement that combines conventional cytogenetic
analysis (G-banding) with SKY. In one case, an unam-
biguous chromosomal aberration was identified by SKY,
whereas the G-banded karyotype was interpreted as being
normal.

Materials and methods
Patient samples

Metaphase chromosomes were prepared, with informed consent,
from peripheral blood lymphocytes taken from patients referred to
clinical laboratories for karyotype analysis. Samples were coded to
assure confidentiality, and no identifier occurred on the slides. The
relevant laboratories, clinical information, and karyotypes are
summarized in Table 1.

M etaphase chromosome preparations and G-banding analysis

Metaphase chromosome preparations and G-banding analyses
were performed in all cases by using routine procedures in the re-
spective laboratories. Specific protocols or variations can be pro-
vided upon request.

Spectral karyotyping

Twenty-four human-chromosome-specific DNA libraries were
generated by bivariate high-resolution flow sorting and were am-
plified by using a degenerate oligonucleotide primed polymerase
chainreaction (Telenius et al. 1992). DNA labeling was performed
by directly incorporating haptenized or fluorochrome-conjugated
dUTPs as described (Schrock et al. 1996). The differentidly la-
beled probe sets were combined and precipitated in the presence of
an excess of unlabeled human Cot-1 DNA (Bethesda Research
Laboratories) and resuspended in 10ul hybridization buffer con-
sisting of 50% formamide, 10% dextran sulfate, 2 x SSC (1 x SSC
=150 mM NaCl, 15 mM sodium citrate, pH 7.0). The probe cock-
tail was denatured for 5 min at 80° C and was then allowed to pre-
anneal for 1 h at 37° C. Metaphase chromosome slides were dena-
tured separately at 75° C for 1.5-2 min in 70% formamide, 2 x
SSC, and dehydrated through an ethanol series. When G-banding
and SKY were combined on the same spreads, G-banded meta-
phases were imaged and the XY -coordinates recorded. Slides were
destained in ethanol and processed as described. The probe cock-
tail was applied to the slides and hybridized for 2 days at 37°C.
Posthybridization washes were performed as follows: 3 x 5minin
50% formamide, 2 x SSC at 45°C; 3x 5minin 1 x SSC at 45°C;
1 x 30 min in blocking solution (4 x SSC, 3% bovine serum abu-
min) at 37°C. The biotinylated probe sequences were detected by
incubation in avidin-Cy5 (Amersham Life Sciences), and the
digoxigenin probe sequences were visualized by using a mouse
anti-digoxin antibody (Sigma Chemicals) followed by a goat anti-
mouse antibody conjugated to Cy5.5 (Amersham Life Sciences).
Slides were washed in 4 x SSC Tween, dehydrated through an
ethanol series, counterstained with DAPI (4,6-diamidino-2-
phenylindole), and embedded in paraphenylendiamine (Sigma) to
reduce photobleaching.

Spectral images were acquired with the SD200 Spectracube
system (Applied Spectral Imaging) coupled via a c-mount adapter
to a Leica DMRBE microscope. The samples were illuminated
with a Xenon lamp (150 W, Optiquip). The use of a custom-de-
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signed triple-bandpassfilter (SKY, v.3, Chroma Technology, Brat-
tleboro, Vt.) permitted the excitation of all dyes and the measure-
ment of their emission spectra simultaneously, without the need
for subsequent exposure through fluorochrome-specific optical fil-
ters. The emitted light was sent through a Sagnac interferometer,
where an optical path difference as a function of the emission
wavelength was generated simultaneously at all image points (pix-
els). The spectrum was recovered by Fourier transformation as de-
scribed (Malik et a. 1996). The spectral information was visual-
ized by assigning an RGB look-up table to produce discrete spec-
tral ranges (display colors). The spectra-based classification was
obtained by using an algorithm that assigns a spectra-specific
pseudocolor to all pixelsthat have the same spectrum in the image.
This spectra-based classification is the basis for SKY and defini-
tive chromosome identification. The algorithm and details of the
image acquisition procedure are described in Garini et al. (1996)
and Schrock et a. (1996). The acquisition of DAPI images for all
metaphases facilitated the assignment of chromosomal bands dur-
ing SKY analysis. Some 5-10 metaphase spreads per case were
examined.

Results

Here, we report the comprehensive cytogenetic analysis
of 16 patient samples collected from seven different clini-
cal cytogenetic laboratories using chromosome banding
analysis and SKY. All samples were initialy analyzed by
G-banding; the karyotype interpretation is summarized in
Table 1. SKY was performed without prior knowledge of
the chromosome aberrations detected by G-banding. Re-
sults are presented in Figs. 1-3 and Table 1.

In 5 cases (TEL, LC1, LC2, EK1 and LS3), karyotype
analysis by G-banding and SKY revealed concordant re-
sults (Table 1). One of these cases (TEL) is presented in
Fig. 2A. The proband was referred for cytogenetic analy-
sis after multiple miscarriages. SKY corroborated the
translocation t(5;7) and an insertion of chromosome 5 ma-
terial into the translocated section of chromosome 7.

In 9 cases (CK1, LC3, LC4, LS1, LS2, LS4, MP1,
MP2, MP3), the cytogenetic interpretation was either
specified, completed, or modified by SKY (e.g., Fig. 1).
In case LS1, an abnormal chromosome 14, diagnosed as
add(14)(p13) was shown to be a der(14)t(5;14). In case
LS2, which had been diagnosed as 46,X,der(Y), the cyto-
genetic interpretation was refined to der(Y)t(X;Y). High
resolution chromosome-banding analysis of case MP1 re-
vealed an add(4)(pl15), which was not detectable on
metaphase chromosomes (Hannig et al. 1984). SKY, how-
ever, unambiguously identified chromosome 8 material
translocated onto the terminal band of chromosome arm
4p at a 400-band resolution. The phenotype of the patient
was similar to Wolf-Hirschhorn-syndrome. The small
marker chromosome in case MP2 was readily identified
by SKY as being derived from chromosome 8. An as yet
unidentified ring chromosome contained chromosome 4
material (MP3). In this case, mosaicism was detected by
both SKY and G-banding. This observation could explain
the unilateral predominance of dysmorphic featuresin the
patient. In case LC4, atranslocation involving four chro-
mosomes, which could only be described as t(5;7;9;18)
after G-banding, was shown to comprise reciprocal trans-
locations t(5;9) and t(7;18). The different size and the ab-
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Fig. LA—F SKY of 6 clinica
cases previously analyzed by
G-banding. The chromosomal
origin of additional material
(A-C), amarker (D) and aring
(E) chromosome could be
identified unambiguously. A
complex rearrangement involv-
ing chromosomes 5, 7, 9, and
18 (F) could be clarified as
t(5;9),1(7;18)inv(7). The G-
banded metaphase chromo-
somes with questionable inter-
pretation (arrows) and their
normal homologs are shown as
insets and the spectrally kary-
otyped metaphases are dis-
played. Note that, in all in-
stances, the origin of additional
or rearranged chromosomal
segments could be identified
(compare Table 1)

4 ring

normal DAPI-banding pattern of the long arm of chromo-
some 7 involved in the transgl ocation suggests an inversion
in this chromosomal region. Figure 1 also displays the G-
banding pattern of the involved chromosomes for compar-
ison. In most cases, SKY results were confirmed indepen-
dently by using conventional dual color FISH experi-
ments with chromasome painting probes (data not shown)
and chromosome-specific telomeric probes (Ning et al.
1996).

In case LS4, we had been unable to assign the origin of
a small additional band on the short arm of chromosome

Y to asingle chromosome. The additional material, how-
ever, was classified by SKY as either chromosome 3 or X
(Table 1). Conventional multicolor FISH was performed
based on this suggestion and revealed the X-chromosomal
origin of the additional material. The karyotype was
therefore refined to 46,X,der (Y)t(X;Y).

In two instances (cases JS1 and JS2), G-banding re-
vealed a subtle change of the banding pattern that could
not be resolved by SKY (Fig. 2B, C). In case JS1, com-
plex rearrangements involving chromosomes 2, 8 and
9 were detected by G-banding and SKY. In addition,
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Fig. 2A—C G-banding analyses and SKY of 3 cases demonstrat-
ing subtle chromosomal aberrations. In one case (A), a small in-
sertion of chromosome 5 material was detected by G-banding (ar-
rows) and SKY, in addition to the translocation t(5;7). In case JS1
(B), a dlight shift in banding pattern on chromosome 3p was ob-
served by karyotype analysis (arrows). SKY, however, showed
two normal chromosomes 3. The complex rearrangement involv-
ing chromosomes 2, 8, and 9 was detected by both methods. Sub-
sequently, FISH with a cosmid probe for the c-myc oncogene re-
vealed a small insertion on chromosome 3p. A dlightly aberrant
banding pattern was detected in case JS2 (C) on the short arm of
one chromosome 5 (arrow). This aberration was suspected to be a
small interstitial deletion or atranslocation. SKY detected two nor-
mal chromosomes 5

dightly different banding pattern was observed on the
short arm of chromosome 3 by G-banding analysis. This
chromosome was classified as a normal chromosome 3
using SKY (Fig. 2B). However, FISH with a probe for the

c-myc oncogene detected a subtle insertion of chromo-
some 8 material into chromosome arm 3p. In case JS2, a
different G-banding pattern on the short arm of chromo-
some 5 suggested a small interstitial deletion on the short
arm of chromosome 5; this was not visible by SKY (Fig.
2C).

In selected cases, previousdy G-banded slides were
destained and subsequently analyzed by SKY. Figure 3
shows, as an example, the combined cytogenetic results
for case CK1. The G-banded metaphase spread (arranged
in Fig. 3A) was destained and hybridized with the SKY-
probe cocktail, containing all 24 human chromosomes la-
beled with various fluorochromes (Fig. 3B). The G-
banded spread was karyotyped as 46,XY, but SKY re-
vealed a translocation involving chromosomes X and 18.
This translocation was confirmed by FISH with telomeric
probes for chromosomes Xq and 18q (Ning et al. 1996).

Fig. 3A,B Comprehensive cy-
togenetic analysis of a meta- J »
phase spread from a child f (
(CK1) with dysmorphic fea-

tures and developmental delay 8
resembling an 18g- syndrome. “
A G-banded metaphase chro- 1 2 3
mosomes. The karyotype inter-
pretation is 46,XY (normal
male karyotype). B SKY was
performed on the same meta-
phase spread asin A after
destaining, hybridization, and
relocation. The multicolor hy- . s
bridization clearly reveals an THER" h
aberrant chromosome (arrow) l"\ LA
that contains chromosomes 18 13 14 15
(red) and X (dark green) mate-
rial. The G-banding interpreta- " ¥
tion of anormal male kary-
otype (46,XY) was therefore 19 20 21
corrected after SKY to 46,XY,
der(18)t(X;18)(7,923) A

@
(2
g
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The correct karyotype was therefore 46,XY,der(18)t(X;18)
(g28;g23). This case was of special interest, because the
G-banding analysis, displaying a normal karyotype, was
performed twice, viz., thefirst time during pregnancy, be-
cause of abnormal maternal alphafetoprotein values, and
the second time, after birth. The child was afflicted with
developmental delay, microcephaly, hypogonadism, and
other unspecific physical abnormalities. Retrospectively,
however, the phenotype of the patient is comparable to an
18g-syndrome. Our data taken together therefore suggest
that the combination of conventional G-banding and
SKY provides a refinement of clinical cytogenetic diag-
NOSes.

Discussion

The standard of care in the cytogenetic diagnostic labora-
tory currently relies on chromosome-banding analysis.
Karyotype analysis serves as a screening test for aberra-
tions where previous knowledge of the chromosomal re-
arrangements is not required. Karyotyping has its limita-
tions with regards to specific aberrations. For example,
the interchange of small chromatin parts, particularly
telomeric chromatin (i.e., cryptic trans ocations and inser-
tions), poses a severe problem, because the exchanged
chromatin may have similar banding patterns, thus pre-
cluding the visualization of such aberrations by conven-
tional chromosome-banding procedures (L edbetter 1992).
Secondly, the characterization of complex chromosomal
aberrations is often difficult, as the origin of translocated
chromosomal bands cannot be established unambigu-
ously. Thirdly, the long perceived goal of a full and reli-
able automation of karyotype analysis has not been
reached to date (Lundsteen and Piper 1989).

Whereas FISH with chromosome painting probes, cen-
tromere-specific probes, or regional or gene-specific
probes has greatly assisted the identification of known
chromosomal aberrations, such as the Down syndrome
(e.g., Lichter et a. 1988), single gene deletions (e.g., Ried
et a. 1990), or tumor-specific chromosomal transloca
tions (Tkachuk et al. 1990; Arnoldus et a. 1990; Ried et
al. 1992), FISH is not a suitable experimental approach
for screening for chromosomal aberrations. Its value lies
mainly in the confirmation or clarification of previously
identified rearrangements (e.g., Spikes et al. 1995). In or-
der to overcome these limitations of FISH analysis, we
have recently developed a hybridization-based karyotyp-
ing approach that alows one to color-display al human
chromosomes differentially (Schrock et al. 1996). Color
distinction is based on spectral imaging, a methodology
that enables the measurement of discrete emission spectra,
with high spectral resolution, simultaneously at al image
points of a sample (Garini et al. 1996). The feasibility of
using SKY to discern all human and mouse chromosomes
has been reported (Schrock et al. 1996; Liyanage et al.
1996), and its application to the analysis of hidden chro-
mosomal aberrations in hematological malignancies has
been demonstrated (Veldman et al. 1997). In previous ex-

periments, we have shown that the sensitivity of SKY in
detecting interchromosomal changes is in the range of
1.5 Mb (Schrock et al. 1996).

Here, we explore the value of SKY in improving cyto-
genetic diagnosis of congtitutional chromosome abnor-
malities. In order to address whether SKY is broadly ap-
plicable to complement G-banding analysis, we have pur-
posely chosen to analyze cases that were made available
to us from seven cytogenetic laboratories throughout the
country. All cases could be hybridized and analyzed suc-
cessfully, thus demonstrating the robustness of SKY and
the possibility of transferring SKY to clinical laboratories
to complement routine cytogenetic diagnostics.

Readily identified chromosoma aberrations, in 5
cases previously diagnosed by G-banding analyses, were
confirmed by SKY. In 9 cases, however, the karyotype in-
terpretation was modified and improved after SKY, and
the nature of the chromosomal aberrations determined
more precisely. Notably, one case (CK1) diagnosed as
normal by G-banding (46,XY), was shown to be a
der(18)t(X;18). Pre- and postnatal G-banding analysis
had failed to identify the aberration, because the ex-
change of chromosomal material did not result in a dif-
ferent banding pattern. Retrospectively, the phenotype of
the child was comparable with an 18¢- syndrome and was
thus in accordance with the SKY data. The chromosomal
aberrations detected by SKY were confirmed in most of
the cases by conventional dual color FISH with chromo-
some painting probes (data not shown) or by using spe-
cific telomeric probes (Ning et al. 1996). In one of these
cases, SKY could only suggest the involvement of either
chromosome 3 or chromosome X in an aberration result-
ing in a small additional band on the short arm of chro-
mosome Y (LS4). Based on this assumption, the origin of
this additional material from chromosome X could be de-
termined by conventional FISH analysis. SKY analysis
was therefore useful in decreasing the number of possibly
involved chromosomes from 24 to 2.

In 2 cases (JS1 and JS2) where G-banding results were
suggestive of subtle rearrangements, SKY could not iden-
tify any material from other chromosomes involved. Re-
garding case JS1, however, the metaphase chromosomes
available for SKY analysis were relatively condensed,
thus limiting the resolution. SKY and G-banding analysis
detected complex rearrangements involving chromo-
somes 2, 8, and 9. In addition, G-banding detected a sub-
tle difference in the banding pattern on chromosome arm
3p; this was not visible with SKY. Dual color FISH ex-
periments, previously performed with chromosome paint-
ing probes for chromosomes 2, 8, and 9 to confirm the
complex rearrangements found by G-banding, showed a
signal that was derived from chromosome 8 on chromo-
some arm 3p, but the signa was barely above back-
ground. Since the breakpoint on the aberrant chromosome
8 was mapped to chromosome band 8g24.1 (the position
of the c-myc oncogene), FISH was repeated with asingle-
copy probe for the c-myc oncogene and revealed a subtle
insertion of chromosome 8 material into chromosome arm
3p. We conclude that the resolution for detecting inser-



tions when comparing conventional FISH with SKY by
using painting probes is of the same order of magnitude
and depends mainly on the degree of chromatin condensa-
tion. With respect to case JS2, the cytogenetically visible
aberration was interpreted as an interstitial deletion or
translocation on chromosome arm 5p. This anomaly was
detected by G-banding in a normal female proband (case
JS2) and her son showing mild dysmorphic features (not
analyzed). A subtle deletion is not expected to be de-
tectable by means of painting probes with SKY or con-
ventional FISH. It should be emphasized that the sensitiv-
ity is not limited by spectral imaging, but, asin any other
FISH experiment, by the nature of the probe itself. The
probes of choice for the detection of submicroscopic in-
trachromosomal or telomeric deletions must therefore be
well-defined locus-specific probes.

We have shown that SKY has a definite value in iden-
tifying hidden chromosomal aberrations and in refining
karyotype interpretation. It is evident from the results of
this study that SKY with chromosome painting probes
will complement, but not replace, chromosome-banding-
based cytogenetic diagnostics. The detection of intrachro-
mosomal rearrangements, such as deletions, duplications,
and inversions, requires simultaneous banding analysis,
and the identification of intrachromosomal or telomeric
deletions will greatly benefit from the combination of
specific probe sets for commonly deleted regions and
chromosome-specific subtelomeric sequences (Ning et al.
1996).

We conclude that an approach that combines conven-
tional chromosoma banding analysis, i.e., G-banding,
with the hybridization-based color discrimination by
SKY provides the most comprehensive cytogenetic diag-
nostic approach. Ideally, such a combination should be
performed on the same metaphase spread in order to ex-
clude the possibility of non-clonal abnormalities, thus
preventing their detection. The technical feasibility of
such an approach has been demonstrated here in case
CK1 (Fig. 3), which involves the translocation der(18)
t(X;18). G-banding and SKY analysis, in combination,
greatly benefit from microscope hardware and software
that provides the automated relocation of G-banded
metaphase spreads after hybridization. The combination
of G-banding and SKY, together with the interpretation of
the respective results, should enable the automated kary-
otype analysis of the many normal cases referred to pre-
and postnatal diagnostic laboratories. SKY will aso re-
fine breakpoint determination, because the identification
of translocated chromosomal bands will be facilitated
substantially if the origin of the aberrant chromatin can
be identified.
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