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Numerical and structural chromosome abnormalities
are a common cause of inherited and acquired dis-

eases in humans. Cytogenetic detection of genomic
imbalances and rearrangements is standard diagnostic
practice, and is used both prognostically and for treatment
stratification, especially for neoplastic disorders.
Abnormalities are recognized by chromosome banding
and by fluorescence in situ hybridization (FISH). FISH
permits examination of specific DNA sequences within
single or multiple chromosome bands on a metaphase cell
or within an interphase cell. 

Locus-specific FISH probes have traditionally been com-
posed of recombinant DNA segments that span large
chromosomal targets of hundreds of thousands of base
pairs, about an order of magnitude smaller than the length
of a typical chromosomal band. These probes, which con-
tain either repetitive sequences, single copy sequences or
combinations of both, have been developed to hybridize
to a wide spectrum of chromosomal targets -- encompass-
ing a single gene to an entire chromosome. Commercially
available clones are generally useful for detecting more
common abnormalities, whereas, detection or characteri-
zation of rare chromosomal abnormalities by FISH has
relied on clones obtained from research laboratories. 

Combinations of probes can be scored simultaneously
within a cell if the sequences are detected with different
fluorescent moieties or are distinguishable from one
another based upon their chromosomal locations.
Changes in copy number can be scored at multiple indi-
vidual loci with array comparative genomic hybridization
(CGH) (Pinkel et al., 1998). CGH is a modification of

FISH where the patient’s DNA is hybridized to an array
of probes that are attached to a solid support such as a
microscope slide. Both FISH on interphase cells and
CGH detect changes in locus copy number, but neither
technique detects abnormalities that solely alter the con-
text or position of the sequence in the genome. Metaphase
FISH detects changes in the position of the hybridized
sequence as well as differences in copy number, but the
lengths of commonly-used probes prohibit the precise,
high-resolution definition of structural abnormalities. 

DNA probes designed directly from genome reference
sequences overcome these limitations. We have produced
short repeat-free probes to detect chromosome rearrange-
ments and determined the distribution of probe intervals
across the sequenced, euchromatic human genome
(Rogan et al., 2001). The technology involves computa-
tionally identifying the boundaries of single copy inter-
vals within a specified disease locus, selecting primers for
long PCR amplification of one or more of these intervals,
then purification of the amplicon either as a probe for
FISH or for other genomic applications, e.g., as microar-
ray targets (Figure 1). In contrast to conventional recom-
binant DNA probes, these probes can be designed and
produced quickly, at a high rate of throughput.

Single copy fluorescent in situ hybridization (or scFISH)
delineates chromosome abnormalities at a resolution
equivalent to genomic Southern analysis, which is
approximately 100-fold greater than conventional FISH
probes. This is because scFISH probes are substantially
shorter (typically 1,500-3,500 bp) than conventional
recombinant DNA-derived probes (100-300 kb), potential
probe sequences are more densely arranged on chromo-
somes (average of 1 per 20 kb for chromosomes 21 and
22), and suppression of repetitive sequences is not
required. The reproducibility of data obtained using relat-
ed hybridization techniques such as array CGH, which
also utilize locus-specific probes, has been compromised
by batch-to-batch variability of highly reiterated DNA,
i.e., Cot1 DNA, used for repetitive sequence suppression
(Carter et al., 2002). Recent array CGH studies have con-
firmed our initial findings that single copy amplicons sig-
nificantly improve signal-to-noise ratios and increase the
genomic resolution for abnormality detection
(Mantripragada et al., 2004). 

We have developed single copy sequence probes (>1,500
bp) for both inherited and acquired disorders for more
than 30 chromosomal regions, and have used these probes
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to detect abnormalities and localize sites of structural
chromosome rearrangements (Knoll and Rogan, 2003).
For example, we have utilized both individual and combi-
nations of probes to detect congenital microdeletion syn-
dromes such as Angelman syndrome and DiGeorge syn-
drome on chromosomes 15 and 22; to characterize
imprinting center deletions in Prader-Willi syndrome on
chromosome 15; to detect cryptic subtelomeric rearrange-
ments for many chromosomes; to identify atypical chro-
mosome breakpoints in Smith-Magenis syndrome on
chromosome 17; and to delineate translocation break-
points in chronic myelogenous leukemia in chromosomes
9 and 22. Additionally, we have designed probes that
hybridize to multiple cis paralogs, i.e., a family of adja-
cent related sequences, on chromosome 16, and that
detect the chromosome inversion breakpoint in acute
myelogenous leukemia-M4 by splitting the family of
related sequences onto both chromosome arms. 

Rapid and precise characterization of cytogenetic abnor-
malities is feasible because of the sequence-defined prop-
erties and dense euchromatic organization of scFISH
probes. These properties will facilitate numerous other
clinical molecular cytogenetic applications, including: (a)
improving on existing commercial probes by selecting

scFISH probes that result in lower rates of false negative
detection of abnormalities; (b) detecting or characterizing
abnormalities for which commercial probes are not avail-
able; (c) delineating precise breakpoints of common chro-
mosome rearrangements (as this information has become
more important in diagnosis and treatment, especially in
various forms of leukemia where deletions have been
found adjacent to translocation breakpoints); (d) cus-
tomizing development of probes for detection of private
or familial rearrangements, for example, in pre-implanta-
tion diagnosis; and (e) therapeutic or pharmacogenetic
screening, for example, probes that detect inherited dupli-
cations or deletion alleles of drug metabolizing genes,
treatment-related amplification of drug transporter loci, or
that identify tumor-associated rearrangements in drug
metabolism genes. 

scFISH permits the high resolution definition of chromo-
some abnormalities, obviating the requirement to screen
recombinant DNA libraries for clones containing break-
points from derivative chromosomes. This capability to
differentiate among multiple intragenic breakpoints will
allow for more precise cytogenetic and ultimately clinical
characterization of acquired and inherited disorders. 
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Figure 1: Design and production of single copy FISH probes.
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