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(57) ABSTRACT

A method and apparatus for generating an Interphase chro-
mosome profile. The method comprises obtaining a sample
containing cells having chromosomes for profiling; obtaining
species specific DNA probes, wherein the DNA probes are
capable of marking at least one chromosome at substantially
equidistant locations on said chromosome; hybridizing the
sample with the DNA probes; using a plurality of enzymes to
produce differential color bands on the chromosome for colo-
rimetric analysis of the sample; and using visual analysis for
determining the profile of the chromosome.
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1
METHOD AND APPARATUS FOR
CHROMOSOME PROFILING

FIELD OF THE INVENTION

The subject invention pertains to the field of cytogenetics,
more particularly to chromosomal profiling.

BACKGROUND OF THE INVENTION

Cytogenetics is the field of study of chromosomes during
the metaphase stage of the cell life cycle. It is at this stage
where chromosomes are at their highest point of condensa-
tion and are most convenient to study in both the normal and
disease state. Currently the most frequently used technique in
the cytogenetics field (worldwide) is either short term (<10
days) or long term (up to 45 days) culture of the specimen
submitted for testing. Specimens comprise a number of vary-
ing types such as peripheral blood, bone marrow, amniotic
fluid, solid tissue, products of conception, pleural effusion
and the like. After successful culture, through various pro-
cesses, metaphase chromosomes are generally obtained and
read, to determine whether the individual tested has a genetic
abnormality. This process is quite complex and requires the
use of numerous chemicals and reagents as well as a signifi-
cant amount of time and expertise.

Chromosomal studies are frequently requested for various
diagnostic purposes including the following: 1) prenatal diag-
nosis; 2) Peripheral blood chromosome test (1o test for
patients with abnormal phenotypic features, mental retarda-
tion, couples with infertility issues as well as multiple mis-
carriage issues to determine whether the cause is genetic; 3)
Leukemia/Lymphoma diagnosis (vital to both accurate diag-
nosis as well as management of drug protocols); and 4) solid
tumor diagnosis and treatment management (for cancers
including bladder, prostate, kidney, breast, lung and the like.

For nearly fifteen years, a technique called Fluorescent In
Situ Hybridization (FISH) has been used to obtain the chro-
mosome/karyotype information. This technique, however, is
limited. Utilizing the FISH technique, complete karyotype
information cannot be obtained. A significant amount of the
FISH testing has been used on Interphase stage nuclei, where
chromosomes are not visible by the routine cytogenetic tech-
niques, without further culture. Recently, a more complete
chromosomal analysis, or karyotype information, was pos-
sible using the multiplex FISH (M-FISH) technique. The
problem with this technique was that one culture was still
required to obtain chromosomes for testing. Only then could
M-FISH clarify suspected abnormalities as well as detect new
or unsuspected changes.

Even more recently, several multicolor banding tech-
niques, such as multicolor banding (MCG), multicolor chro-
mosome bar code technique, cross-species color banding
technique (rx-FISH), spectral color banding technique
(SCAN) were developed. Of all of these techniques, only
MCG has been applied to Interphase chromosomes.

Most FISH-based techniques use disease-specific probes.
When disease-specific probes are generated, the probe sets
are limited to the existing knowledge of specific alterations
such as translocations, deletions, inversions, amplifications
or other known chromosomal anomalies. Without previous
knowledge of a suspected genetic abnormality, Cytogeneti-
cists were unable to make a diagnosis for an unknown or
unsuspected genetic disorder. Utilizing whole chromosome
paints, allows previously undetected translocations to be rec-
ognized. This, however, is a very cumbersome process and
required the use of twenty-four (24) separate chromosome
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painting probe set. Furthermore, the process yields informa-
tion only on a single type of genetic abnormality, namely, a
translocation between two different chromosomes. Often in
disease processes, genetic alterations comprise numerous
manifestations including translocations, deletions or inver-
sions. These other changes, especially, intrachromosomal
changes cannot all be detected by current chromosome paint-
ing probe sets. Instead, they require yet another set or multiple
sets of disease specific probes thereby becoming cost-pro-
hibitive for the routine clinical cytogenetics laboratory.

Numerous additional draw backs exist with the above men-
tioned techniques, for studying the metaphase chromosomes,
these include: very complex color banding patterns obtained
to recognize individual human chromosomes; techniques that
require the use of very expensive equipment such as filters,
dichroic mirrors, CCD cameras, sophisticated computer soft-
ware, inferometers and other specialized apparatus to inter-
pret banding patterns; techniques that do not provide com-
plete karyotype information, i.e., the detection of certain type
of abnormalities, such as, Robertsonian translocations; each
of the techniques are fluorochrome-based, wherein the fluo-
rescence quenches or fades and the resulting banding pattern
is not permanent; resulting banding patterns that are assigned
psuedo-colors through the use of by computer software and
cannot be interpreted by simple human observation; tech-
niques, that while useful in a research setting, are not practical
for routine use in clinical cytogenetics laboratories; and
marker chromosomes that are structurally altered and gener-
ally cannot be traced, this is especially critical as marker
chromosomes have both diagnostic as well as prognostic
implications in numerous clinical situations.

One genetic abnormality is of particular importance in
genetic diagnosis, this abnormality is referred to as a Robert-
sonian translocation. Robertsonian translocations are trans-
locations between acrocentric chromosomes that join by their
centromeres, resulting in one less centromere in the karyo-
type. Robertsonian transolocations are clinically significant
particularly in prenatal diagnosis. A pathological condition
called Uniparental Disomy (UPD) exists for chromosomes
13, 14, and 15. UPD in the fetus, detected in the prenatal
diagnosis, contributes to severe clinical manifestations and
significantly adds to infant morbidity rates.

The documents and publications cited in this disclosure are
incorporated herein by reference in their entirety, to the extent
they are not inconsistent with the explicit teachings set forth.

BRIEF SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a method and apparatus for chromosome profiling.

Aspects of the present invention include a method for gen-
erating an Interphase chromosome profile including obtain-
ing a sample containing cells having chromosomes for pro-
filing; obtaining species specific DNA probes, the DNA
probes capable of marking at least one chromosome at sub-
stantially equidistant locations on the chromosome; hybrid-
izing the sample with the DNA probes; using a plurality of
enzymes to produce differential color bands on the chromo-
some for colorimetric analysis of the sample; using visual
analysis for determining the profile of the chromosome based
on the colorimetric analysis.

The method further contemplates in situ hybridization. In
an exemplary embodiment the in situ hybridization can occur
on a slide. The slide can, for example, comprise a series of
wells for receiving, hybridizing and analyzing said DNA
profile.
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In another aspect of the present invention, the visual analy-
sis means can include a light microscope or CCD camera.

Aspects of the invention contemplate obtaining testing
samples from amniotic fluid; peripheral blood; plural fluid;
bone marrow; tumor tissue; products of conception or any
other source containing cells having chromosomes for analy-
sis.

The method according to aspects of the invention include
visual detection of a chromosonal abnormality, such as, for
example, atranslocation, or more specifically. a Robertsonian
translocation.

The method according to aspects of the invention contem-
plates yielding a complete karyotype.

The invention also includes a method of colorimetric in situ
hybridization including the steps of: obtaining a sample con-
taining cells having chromosomes for profiling; obtaining
species specific DNA probes, capable of marking chromo-
some at substantially equidistant locations on the chromo-
some; in situ hybridizing the sample with the DNA probes;
using a plurality of enzymes to produce differential color
bands on the chromosome for colorimetric analysis; and
using visual analysis for determining the profile of said chro-
mosome.

The method can further include the step of in situ hybrid-
izing the sample on a slide, wherein the slide includes a series
of wells for receiving, hybridizing and analyzing said DNA
profile.

The invention can also include a method of visually detect-
ing Robertsonian translocations in chromosomes comprising
the steps of: obtaining a sample containing cells having chro-
mosomes for profiling; obtaining human DNA probes,
capable of marking at least two chromosomes at substantially
equidistant locations on each of the chromosomes; hybridiz-
ing the sample with said DNA probes; using a plurality of
enzymes to produce differential color bands on the chromo-
somes for colorimetric analysis; and using visual analysis to
determine whether a Robertsonian translocation has occurred
between said chromosomes.

According to the invention, the method can also include
hybridizing the sample in situ on a slide that includes a series
of wells for receiving, hybridizing and analyzing said DNA
profile. This method can also include visual analysis utilizing
a light microscope or a CCD camera.

The method also contemplates a DNA sample wherein the
origin of the sample is selected from the group consisting of:
amniotic fluid; peripheral blood; plural fluid; bone marrow;
tumor tissue; and products of conception.

In an additional embodiment of the present invention, a
method of detecting marker chromosomes includes the steps
of: obtaining a sample containing cells having chromosomes
for profiling; obtaining human DNA probes, said DNA
probes capable of marking at least two chromosomes at sub-
stantially equidistant locations on each of the chromosomes;
hybridizing said sample with the DNA probes; and using a
plurality of enzymes to produce differential color bands on
the chromosomes for colorimetric analysis of the chromo-
somes.

The method for detecting marker chromosomes can
include the in situ hybridization of the sample on a slide
including a series of wells for receiving, hybridizing and
analyzing the DNA profile. The detection can be done by
visual analysis utilizing a light microscope or CCD camera.

The DNA sample for detection can originate from one of
the following: amniotic fluid; peripheral blood; plural fluid,
bone marrow; tumor tissue; and products of conception.

Another aspect of the present invention contemplates a
method of labeling a chromosome including the steps of:
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obtaining a sample containing cells having chromosome for
labeling, obtaining species specific DNA probes, wherein the
DNA probes can be capable of labeling the chromosome at
substantially equidistant locations, hybridizing the chromo-
some with the DNA probes, wherein the chromosome is
labeled.

The method can include the in situ hybridization of the
chromosome on a slide, wherein the slide includes a series of
wells for receiving, hybridizing and analyzing the DNA pro-
file. The method further contemplates a DNA origin selected
from the group consisting of: amniotic fluid; peripheral
blood; plural fluid; bone marrow; tumor tissue; and products
of conception.

In an exemplary embodiment according to aspects of the
present invention includes a kit for Interphase chromosome
profiling, a plurality of species specific DNA probes, wherein
the DNA probes can be capable of marking at least one
chromosome at substantially equidistant locations on the
chromosome, a plurality of enzymes for producing differen-
tial color bands on the chromosome for colorimetric analysis
and a plurality of slides for in situ hybridizing the chromo-
some with the probe set.

The kit can further include a visual analysis means for the
colorimetric analysis of the one chromosome, such as, for
example, a microscope, or a camera.

Another embodiment according to aspects of the present
invention includes a probe set including a plurality of species
specific DNA probes, wherein the DNA probes can be
designed to mark at least one chromosome at substantially
equidistant locations on the chromosome. The probe set can
further include a plurality of enzymes for producing colored
bands on said chromosome. A further embodiment, according
to aspects of the invention includes a slide for in situ Inter-
phase chromosome hybridization having a glass slide further
having a plurality of wells wherein in situ hybridization can
occur.

The foregoing describes a method of obtaining a chromo-
some profile using Interphase Chromosome Profiling (ICP),
to obtain the complete chromosome and karyotype informa-
tion from any cell/specimen type without need for additional
tissue culturing. This is accomplished by combing propri-
etary DNA probe sets and CISH technologies on Interphase
nuclei. Utilizing the methods disclosed herein, approxi-
mately 99% of all chromosome abnormalities can be
detected, and results generated with a turn around time (TAT)
of less than 48 hours

The invention relates to methods and apparatus for obtain-
ing complete human karyotype information by observing
individual human chromosomes in Interphase cells in hybrid-
ization chambers on a plurality of slides. ICP requires no prior
knowledge of the presence of specific or suspected diseases,
detects known and unknown genetic changes, and provides a
complete karyotype in a single test. Moreover, ICP requires
no cell culture and provides a detection mechanism for nearly
all types of chromosome changes in Interphase nuclei.

Further objects and advantages of the present invention
will become apparent by reference to the following detailed
disclosure of the invention and appended drawings wherein
like reference numerals refer to the same feature, component
or element.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
and/or photomicrograph executed in color. Copies of this
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patent or patent application publication with color drawing(s)
will be provided by the Office upon request and payment of
the necessary fee.

FIGS. 1a and 15 are Interphase Chromosome Profile ideo-
grams illustrating exemplary resulting color bands according
to aspects of the present invention.

FIGS. 24 and 25 are prior art G-Banding ideograms at the
400 band level.

FIGS. 3a through 3d are side-by-side comparisons of Inter-
phase Chromosome Profile (ICP) and G-Banding ideograms
according to aspects of the present invention.

FIGS. 4a and 4b are illustrations of microscope fields
showing a translocation between chromosomes 9 and 22,
respectively, according to aspects of the present invention.

FIGS. 5a and 5b are illustrations of microscope fields
showing a translocation and no translocation, respectively,
for verification purposes according to aspects of the present
invention.

FIGS. 6a, 65 and 6¢ are illustrations of marker chromo-
some identification in chromosomes 3, 7 and 10, respectively,
according to the aspects of the present invention.

FIG. 7 is an illustration of the resulting microscope field
from the marker chromosome identification involving chro-
mosomes 3, 7 and 10 according to aspects of the present
invention.

FIG. 8 is an illustration of a microscopic field showing an
interstitial deletion of chromosome 13 according to the
aspects of the present invention.

FIG. 9 is an illustration of a microscopic field showing a
Robertsonian translocation of chromosomes 14 and 21
according to the aspects of the present invention.

FIG. 10 is an illustration of a microscopic field showing a
paracentric inversion of the short arm of chromosome 8
according to aspects of the present invention.

FIG. 11 is an illustration of a microscopic field showing a
pericentric inversion of chromosome 16 according to aspects
of the present invention.

FIGS. 12g and 125 are illustrations of microscopic fields
showing insertional translocations involving chromosomes
17 and 19, respectively, according to aspects of the present
invention.

FIGS. 134 and 134 are photomicrographs of prior art colo-
rimetric in situ hybridization.

FIG. 14 is a top view of a hybridization slide according to
aspects of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, each chromosome is represented
by the ICP color band ideogram. Centromere/Pericentromere
areas are in Black; short arm telomeres in Blue; and long arm
telomeres in Red. For acrocentric chromosomes 14, 15 and
21, the ICP ideograms are split into two parts: Left and Right.
The left ideogram represents the color banding when the
chromosome was introduced first and the right ideogram
represents the color banding when the chromosome was
introduced second. The terms first and second refer to the
order of the respective chromosome in the Acrocentric Chro-
mosome Combination on Slide 1. For chromosomes 13 and
22, only one ICP color banding exists, since they are always
introduced first and second, respectively. FIG. 2 represents
the traditional G-banded ideogram at 400 band level.

Each chromosome, such as, for example, a human chro-
mosome can be identified in the Interphase by virtue of the
hybridization of specific DNA sequences on the various chro-
mosomes. These sequences can be located on the chromo-
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some’s centromere or telomere, or region-specific areas that
lie between the centromere and telomere. The spacing of the
sequences on the chromosome is designed to be substantially
equidistant based on the overall size of the short arm and long
arm of the chromosome. Using the substantially equidistant
concept, all human chromosome arms can be classified into
one of three groups: Group 1 (small), Group 2 (medium), and
Group 3 (large). Within each group, individual bands are
spaced substantially the same distance apart. This spacing
coupled with the disclosed staining technique produces a
unique color-banding pattern for each chromosome. The
chromosomes are classified into several groups based on their
size, and chromosomes within each group have the same
color sequence pattern for ease of recognition.

Each chromosome arm can have a distinct color band “sig-
nature.”” Any variations from this signature can indicate a
genetic change (i.e., a chromosomal abnormality). In general,
the centromere of the chromosome is stained black, and as
one proceeds from the centromere towards the end of the arm,
the color bands are produced by an admixture of varying
proportions of the two primary colors used to highlight the
chromosome end (telomere) bands. By way of example, ifthe
short arm telomere is stained blue, and the long arm telomere
is stained red, the color band between the centromere and a
telomere can be varying degrees of mixtures of red and blue,
such as dark red, dark blue, light blue, violet and reddish
brown. With this color differentiation, chromosomal varia-
tions can be easily recognizable in the Interphase cell under a
simple light microscope, without any manipulation of colors
by methods currently used in the art for FISH-based detector,
filters, dichroic mirrors, CCD cameras, sophisticated com-
puter software, or interferometric spectroscopy.

In an alternative embodiment, the chromosome can be
stained black or other differentiating color at additional equi-
distant locations along the short and long arms of the chro-
mosome between the differential color staining locations.
Such additional staining allows for easier visual detection of
genetic abnormalities by increasing the resolution as well as
providing landmarks for the user to identify. As used herein
the color differentiating bands are referred to as Major bands
and the additional solid bands, such as, for example, the black
bands are referred to as the minor bands.

To provide further differentiation between the short arm
and the long arm of the chromosomes, the short arm and long
arm minor bands can be stained to provide differing band
thicknesses between the respective chromosome arms. For
example, the short arm minor bands can be stained to provide
minor bands having a uniform thickness smaller than the
minor bands on the long arm of the chromosome. Such stain-
ing can provide easier detection of an abnormality involving
a single chromosome.

Unlike FISH, the current invention relies upon Colorimet-
ric In Situ Hybridization (CISH) for the detection of the
hybridized sequences. According to aspects of the present
invention, an admixture of specific enzymes conjugated to the
DNA probes in specific proportions can result in the produc-
tion of various colors. This can allow for the sequential or
simultaneous enzymatic reactions at the same site of a chro-
mosome in an Interphase cell.

Currently, the FISH-based approaches in the art utilize
specific DNA probes to detect known genetic abnormalities
either using metaphase chromosomes or Interphase nuclei. In
order to establish a diagnosis, one would start with a specific
set of probes and if certain results are positive, the test is
finished. However, very often the initial “working diagnosis”
from the clinician is wrong and the laboratorian is forced to
use multiple, sequential applications of DNA probe sets. This
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is not only very time consuming, but also very expensive.
Most unfortunately, there may be an insufficient quantity of
testing material (i.e., metaphase or Interphase chromosomes)
available to proceed with the sequential hybridizations nec-
essary to complete the karyotype and provide the appropriate
diagnosis.

Classical cytogenetic analysis remain the standard because
1) it requires no prior knowledge of the disease; 2) it is
capable of detecting not only known, but also unknown
genetic abnormalities; and 3) it yields the complete karyotype
in one experiment. However, this method requires culture,
resulting in significant turn around time. Moreover, for tissue
types, such as solid tumors and products of conception, cul-
ture success rates are very low, thereby, resulting in little or no
relevant information. In addition, marker chromosome iden-
tification is often very difficult and impossible with standard
G-banding. The present invention overcomes these chal-
lenges by not requiring any cell culture and providing a reli-
able detection mechanism for all types of chromosomal
changes in Interphase nuclei, in less than 48 hours.

ICP facilitates the characterization of nearly all chromo-
some abnormalities through the use of a single universal
probe set with no known prior knowledge of specific genetic
abnormalities in a specimen. This characterization can occur
one chromosome at a time, in the Interphase cells, in a des-
ignated spot or well on a hybridization chamber (slide). By
way of example, the hybridization chambers comprise a set of
three slides, each containing 10 wells. Slide 1 can be used for
detecting  Robertsonian translocations  (translocations
between the acrocentric chromosomes (i.e., chromosomes
13, 14, 15, 21, and 22)). Slide 2 can be used to characterize
chromosomes 1-10. Slide 3 can be used to characterize chro-
mosomes 11, 12, 16-20, X and Y. In one aspect of the inven-
tion, two wells can be left intentionally blank for further
testing. The ICP technique can eliminate unnecessary hybrid-
ization with numerous different probe sets thereby allowing
complete karyotype information to be assembled by combin-
ing the results from the 28 wells.

In one aspect of the invention, the ICP technique proceeds
according to the following steps: 1) generation of DNA
probes; 2) in situ hybridization; 3) colorimetric detection of
DNA hybridization; and 4) microscope analysis. Step 1 can
comprise using DNA probes from the 24 human chromo-
somes labeled with a label such as DNP, Biotin, Flourescein
and the like. The probes can be specifically generated through
chromosomal micro dissection, or other method known in the
art, to obtain the exact portion of the chromosome for which
hybridization is desired. For example, probe generation can
be performed utilizing micro dissection techniques, plas-
mids, cosmids, computational methods from genome infor-
mation, synthesis and the like. In Step 2, Interphase cells in
each well can be hybridized overnight with a single set of
DNA probes specific for the chromosome or abnormality to
be detected. Hybridization can be performed using standard
in situ hybridization techniques, such as pretreatment with
enzymes to allow DNA probes to penetrate the nuclear mem-
brane and DNA denaturation to separate the two DNA
strands. In Step 3, each particular label can be detected
through standard detection techniques. The detection can be
sequential or simultaneous. Based on the predetermined pro-
portion of colors at different bands along the length of the
individual chromosomes, the admixture of two colors for
example, two enzyme reactions, generates a new detectable
color. The various colors for the bands on the chromosomes
can be predetermined and as shown in FIG. 1 can be repre-
sented on an ideogram for ease of comparative analysis.
According to Step 4, the color development on individual
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chromosome bands can be observed and understood by a
human using a simple, standard light microscope.

In prenatal diagnosis TAT is extremely critical and there
canbe a significant amount of anxiety experienced by expect-
ing parents associated with the testing. For decision making
and pregnancy management, the deadline for obtaining
results is within 24 weeks of gestation. In normal circum-
stances, the standard chromosome test is performed at around
16-20 weeks of gestation with results being available after
10-14 days. Therefore, late gestation amniocentesis testing is
generally undesirable. In some clinical situations, it is desir-
able to perform chromosome testing within the last few weeks
of pregnancy. Under circumstances, the results need to be
obtained on an emergent basis. In early amniocentesis testing
(i.e., 12 weeks), results will usually take significantly longer
than 10-14 days. This is usually due to the small number of
cells available for testing. In each of these situations, the
classical cytogenetics cannot generally identify the nature of
marker chromosomes. As a result, special studies need to be
performed which involve additional time and money. Tradi-
tional FISH testing can be done within 48 hours, but, it is
highly limited in scope and cannot produce complete chro-
mosome information that includes the detection of any Rob-
ertsonian translocations which can potentially increase mor-
bidity through conditions, such as, Uniparental Disomy
(UPD).

Peripheral blood chromosome testing can be performed on
patients with abnormal phenotypic features, such as, for
example, mental retardation or couples with infertility issues
or multiple miscarriage, to establish genetic diagnosis. In
general, using current methodologies, the TAT for such test-
ing is usually 5 days, however, the regular chromosomal study
cannot identify marker chromosomes and unbalanced chro-
mosome rearrangements. These situations require additional
testing which increases the TAT and adds to the cost. In
certain conditions, abnormalities involve the ends of the chro-
mosomes (i.e., subtle rearrangements), that can be missed
with routine testing. Currently the detection of these abnor-
malities requires expensive FISH testing to resolve whatever
diagnostic issues may exist.

For example, in patients with conditions such as, idiopathic
mental retardation (ID), approximately 5-9% will have sub-
microscopic, sub-telomere rearrangements that cannot be
detected by classical cytogenetics. Moreover, in approxi-
mately 7% of all patients with normal karyotypes having 1D,
developmental disorders, will have sub-telomere rearrange-
ments. In some cases additional cells need to be analyzed by
routine testing which can significantly increase the cost.

In Leukemia/Lymphoma cancer testing, chromosome
information is not only vital in accurate diagnosis, but also
critical in managing different drug regimen protocols. Often
a physician can be waiting for results to make critical treat-
ment decisions. With current methodologies, TAT is usually
about 5 days. One major drawback to current testing is that the
regular chromosome study cannot identify marker and
derivative chromosomes as well as the previously mentioned
subtle rearrangements that involve the telomeres of the chro-
mosomes. These situations can require additional testing
resulting in increased TAT and cost. In some cases with nor-
mal/abnormal results, many more cells need to be analyzed
by routine testing which can also increase the cost. Unfortu-
nately, in many cases, additional cells with chromosomes are
simply unavailable for testing. In approximately 5-10% of
cases, no chromosome results are available at all, due to
culture failure.

The importance of chromosome information in solid tumor
diagnosis and patient management is increasing rapidly. In
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cancers of solid tissues such as bladder, prostate, kidney,
breast, lung and the like a regular chromosome study can take
up to 30 days or more and in more than 70-80% of the tests,
the results cannot be obtained. This results in a high incident
of study failure. Similar to the leukemias and lymphomas
discussed above, marker and derivative chromosome identi-
fication is not possible with regular chromosome testing.

Chromosome information can be obtained on miscarriage
material to establish genetic diagnosis and to counsel the
patient for future pregnancy decisions. Using current meth-
odologies, the TAT for genetic testing on such tissue can be up
to 30-45 days. More importantly, in 20-40% of cases, results
cannot be obtained by standard chromosome testing due to a
compromised sample. Accordingly, additional testing is gen-
erally required to properly diagnose the genetic abnormality
and counsel the patient. Such additional testing subsequently
increases the costs and time required.

ICP fills the void created by the limitations of current
methodologies by providing the unmet needs of the clinical
cytogenetics and medical community, in a timely and cost
effective manner.

Following are examples illustrating procedures for prac-
ticing the invention. These examples should be construed to
include obvious variations and not limiting.

Example 1
Use of the Hybridization Chambers

Under current methodologies 24 different colors are used
to obtain a multi-color karyotype, based on metaphase chro-
mosomes. To produce metaphase chromosomes, the material
from various specimen types, such as for example, peripheral
blood, bone marrow, amniotic fluid, solid mass and the like
must be cultured. It is generally necessary to study 20 cells to
obtain complete karyotype information. Often, the amount of
cells available is limited. Until the present invention, no
method has been available to effectively utilize the source
material, so that complete characterization of the genetic
changes present in the specimen presented for study, can be
accomplished. There are some methods existing in the art
capable of studying specific sets of chromosomes; however,
these methods are quite limited. As discussed above, sus-
pected genetic abnormality must be known beforehand and
only limited information can be gained by such testing. Using
the present invention with a single universal probe set, with-
out any prior knowledge of the specific genetic changes
present in a specimen, nearly all chromosome changes can be
completely characterized. This can be done one chromosome
at a time in Interphase cells, in a designated spot or well on a
hybridization chamber.

In one aspect of the invention, a hybridization chamber can
consist of a set of slides and as illustrated in the diagram, each
slide can contain wells. By way of example, Slide 1 can be a
slide for detecting a special type of chromosome rearrange-
ment called Robertsonian translocation. Robertsonian tran-
solocations are translocation between acrocentric chromo-
somes that join by their centromeres, resulting in one less
centromere in the karyotype. For example, when a Robertso-
nian translocation takes place between chromosome 14 and
chromosome 21, in a balanced form, there is one normal 21,
one normal 14 and a joined chromosome 14/21 in the karyo-
type, so that the total number of chromosomes changes from
46 to 45. There are five acrocentric chromosomes in a human
genome (chromosomes 13, 14, 15, 21 and 22), any one of
these five can participate in this type of rearrangement,
including rearrangement between both copies of the same
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chromosome, i.e., chromosome resulting in 21/21 joined
chromosome. The rearrangement can result in a balanced or
unbalanced karyotype. In an unbalanced form, the total chro-
mosome number generally remains 46, however, there will
likely be three copies of one of the acrocentric chromosomes
in the karyotype.

Using current FISH methods, on a clinical sample from a
patient having Down syndrome, three copies of Down syn-
drome specific region i.e., 21 q22, will generally be detected.
Such a result is sufficient for the free form of Down syndrome
having three copies of chromosome, 21, and without the
presence of Robertsonian translocation. However, the same
clinical phenotype of Down syndrome can result from the
Robertsonian rearrangement involving chromosome 21 and
one other acrocentric chromosome. This cannot be detected
using the current methods in the art. This has important clini-
cal implications for genetic counseling and next pregnancy
management as recurrence risk figures are entirely different
between the free form and the Robertsonian form of Down
syndrome. Accordingly, valuable information is lost. This
limitation can be overcome by the current invention.

Robertsonian translocation involving chromosomes other
than chromosome 21 can also be clinically significant in
prenatal diagnosis. A pathological condition called Uniparen-
tal Disomy (UPD) exists for chromosomes 13, 14, and 15.
When balanced Robertsonian translocations occur between
acrocentric chromosomes, and the chromosome involved is
13, 14 or 15, the carriers have an increased risk for UPD. UPD
in the fetus, detected in the prenatal diagnosis, contributes to
severe clinical manifestations and adds significantly to the
rate of morbidity. Until the current invention, the only way to
detect the Robertsonian translocations and recognize poten-
tial UPD, was by standard cytogenetics. ICP overcomes this
by detecting all Robertsonian translocations in Interphase
cells, thus providing valuable information for the pregnancy
management, in the prenatal diagnosis.

Slide 2 can comprise wells for chromosomes 1-10. Slide 3
can comprise wells for chromosomes 11, 12, 16, 17, 18, 19,
20, X/Y with additional wells left intentionally blank for
further testing. By carefully plating 25-30 Interphase cells in
each well, even compromised specimens can be studied
because unnecessary hybridization is eliminated and com-
plete karyotype information can be assembled by combining
the results from the wells.

Example 2
DNA Probe Set

The probe set consists of a uniquely designed combination
of DNA probes for each of the 24 chromosomes. Each human
chromosome contains a centromere and one short arm and
one long arm attached at the centromere. All chromosomes
contain at the ends of the arms, specific DNA sequences
called telomeres unique for each chromosome. Acrocentric
chromosomes only have centromeres and long arms. Their
short arms are variable and can be absent in the genome and
have no clinical significance. For this reason no probes are
designed to detect the acrocentric short arms.

Referring now to FIG. 1, illustrating the color banding
pattern based on the present invention. For comparison, the
standard G-banding (i.e., the gold standard), is included. The
ideogram is the diagrammatic representation of all the bands
on a chromosome. Based on the current G-banding ideo-
grams, each human chromosome was given a individual umt
length. For example, chromosome 1, the largest human chro-
mosome, has a unit size of 73, with short arm having a unit



US 7,943,304 B2

11

size 0f 36 and the long arm 37; chromosome 2 has unit size of
68 with 27 and 41 for the short and long arms, respectively.
The unit sizes for all chromosomes are depicted on the ideo-
grams.

Under current methodologies, the chromosome classifica-
tion is generally based on G-banding patterns and chromo-
somes are grouped A through G and by sex chromosomes.
Chromosomes 1-3 are in group A, 3-4inB, 6-12 and X are in
C, 13-15inD, 16-18 in F, and 19-20 including the Y chromo-
some are in G. The bands on individual chromosomes are
generally produced by chemical staining and have fixed loca-
tions on the chromosome and cannot be changed. Therefore,
identification of chromosome changes that fall between two
naturally, closely spaced G-bands can be, and is often, very
difficult. This problem can be overcome by the present inven-
tion by spacing the “bands” at substantially equidistant loca-
tions from one another based on the overall size of the short
and long arms. This can allow for the easy recognition of
chromosomal changes in Interphase nuclei.

Utilizing the concept of substantially equidistant chromo-
somal hybridization, human chromosome arms can be clas-
sified into one of three groups: Group 1 (Small) having a unit
size of 4-6; Group 2 (Medium) having a unit size of 7-19;
Group 3 (large) having a unit size of 20-41. With in each
group, individual bands are spaced at substantially the same
distance. By way of example, the short arm can have 5 bands
and the long arm can also have 5 bands. With the centromere
band, chromosome 1 has a grand total of 11 (5+1+5) color
bands. Accordingly, looking at human chromosome 1 in an
Interphase cell, using the current ICP invention, one would
observe, starting from the end of the short arm, a color band,
a “non-color” band, a color band, a non-color band etc. until
they reach the centromere and this pattern would continue
until they reach the end of the long arm with a color band.
Counting all bands, color and non-color, a normal chromo-
some 1 would have a grand total of 21 bands. This type of
resolution is equal or better than the standard G-banding
pattern, which requires metaphase chromosomes, which can
only be obtained after culture. By way of another example,
following the above model, chromosome 18 would have a
group 1 short arm and group 2 long arm; chromosome Y
would have a group 1 short arm and a group 1 long arm.

As afurther example, with respect to chromosome 1, minor
bands can be stained interstitially at locations between the
color bands. Such minor band staining, for example, can add
eight (8) additional bands, bringing the total stained bands on
the chromosome to nineteen (19).

As can be seen in FIG. 1, the classification method is
illustrated with the corresponding color banding pattern for
human chromosomes. In general and for illustrative purposes
only, centromere bands can be stained black and as one pro-
ceeds from the centromere towards the end of the short arm,
the color bands can be produced by an admixture of varying
proportions of two primary colors used to highlight the chro-
mosome end (teleomere) bands. In one aspect of the inven-
tion, short arm telomere bands can be stained blue and long
arm telomere bands can be stained red. In another aspect of
the invention, for chromosomes 1, 5, 9, 16 and 19 the peri-
cenromeric band, i.e., the band adjacent to the centromere,
can be used in lieu of the centromere.

For illustrative purposes only, using chromosome 1 as an
example, the centromere can be black, the next band in the
short arm can be 1blue:9red yielding a dark red color. The
next band can be 7blue:3red yielding a light blue color. The
next band can be Sblue:5Sred yielding a violet color. The next
band can be 3blue:7red yielding a reddish brown color.
Finally, the telomere band can be 100% blue indicating the
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end of the telomere. This sequence of bands, between cen-
tromere and temolere, of 3:7, 5:5, 7:3 can be reversed with
respect to the primary colors for the long arm. Therefore, the
long arm of chromosome 1 starting with centromere black,
will have 3red:7blue (reddish brown); Sred:5blue (violet);
7red:3blue (light blue) and finally the telomere band red
(100%). A simple read out of whole chromosome from short
arm to long arm is blue, reddish brown, violet, light blue, dark
red, black, reddish brown, violet, light blue and red. As can be
seen from this discussion each arm has its distinct color band
“signature” and any variations from this signature would
indicate a genetic change.

According to aspects of the present invention, variations
can be easily recognizable in the Interphase cell, under a
simple light microscope without the need for the manipula-
tion of colors by filters, dichroic mirrors, CCD cameras,
sophisticated computer software; inferometers and the like,
as are currently used in the art for FISH based detection of
chromosome changes. Because the color bands according to
the presentinvention are spaced more or less equidistant from
each other, regardless of the size of the arm, deviations from
the color sequence, missing or extra color bands, reduction or
enlargement of unit size of non-color bands, displacement of
the color sequence would indicate chromosomal abnormali-
ties. This method can be used for detecting both numerical
and structural abnormalities of virtually any human chromo-
some. A few examples of chromosome abnormalities and
especially marker chromosome identification using ICP are
discussed infra. Under current methodologies, marker chro-
mosomes could only be identified in metaphase chromo-
somes. Utilizing the present invention, marker chromosomes
can be identified in Interphase nuclei. The result is a signifi-
cant savings of time and money.

Example 3

The CISH Method

The present invention utilizes colorimetric in situ hybrid-
ization (CISH). There are numerous advantages to using
CISH. The most significant advantages are the practicality of
the available equipment in the cytogenetics laboratories and
the avoidance of the extraordinary cost associated with FISH
based equipment. While the FISH based approach is suffi-
cient in a research environment, CISH is uniquely situated for
routine clinical cytogenetics and other pathology laborato-
ries. As discussed above, chromosomal abnormalities are
readily recognizable in the Interphase cell, under a simple
light microscope without manipulation. Utilizing the CISH
method, there are no pseudo-color representations as in the
multi color FISH methods. In addition, generally what is seen
under the scope is what the test yields; a true color represen-
tation. The color described above, for example, is designed
for an ordinary, “non-color blind” human eye that can dis-
criminate the adjoining colors. This opens additional oppor-
tunities for current cytogenetic analysis for even those not as
highly skilled in the field, such as technicians. Therefore,
there is an opportunity for significant financial and time sav-
ings, as highly skilled technologists are both expensive and
difficult to find

Current CISH methodologies utilize only whole enzymatic
reactions to produce specific colors at the site of reaction.
Admixtures of specific enzymes conjugated to DNA probes,
in specific proportions as described herein, to produce differ-
ing colors has not been disclosed. While sequential enzymatic
reactions at different sites with in an Interphase nucleus have
been known to those in the art, until the present invention,
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sequential enzymatic reactions at the same site (i.e, any given
site, in the Interphase nucleus) has not been possible. A major
disadvantage of CISH as compared to FISH was the resolu-
tion (i.e., the brightness) of the signal, at the site of the
reaction. In the past few years several advances have been
made in the field of CISH, so that amplification of the signal,
at the site of the reaction is now possible, if desired. In
addition, with the incorporation of multiple ligands, to which
the enzymes are later attached, during the DNA probe prepa-
ration steps, the signal intensity for the color bands can be
enhanced.

The CISH method has the advantage of being permanent.
The color reaction produced is permanent and can be pre-
served for later use. On the other hand, FISH signals fade
rapidly and are not at all useful for retrospective analysis. As
new genetic changes are discovered in a patient (i.e., during
treatment), in order to establish clinical correlations, having a
previously hybridized slide will be extremely useful to use for
comparison purposes.

Example 4
Working Example

Current cytogenetic methodologies rely on natural break-
points in a chromosome for designing probes that flank these
regions. For example, to detect a leukemia specific transloca-
tion such as the translocation between chromosome 9 and 22,
probes are designed to detect the breakpoint on chromosome
9inband 9q34 (the abl gene) and band 22q11.2 (the ber gene).
Using two colors, red for 22 and green for 9, a normal Inter-
phase reaction appears as two red dots and two green' dots,
whereas a translocation would result in one green, one red and
one yellow due to the green/red fusion. By way of example,
utilizing the present invention, the same translocation would
appear as a displacement of chromosome 9 into two segments
and chromosome 22 into two segments. The resulting color
banding pattern in the chromosome 9 well on the respective
slide would be: starting from short arm telomere blue, reddish
brown, black, violet, light blue as one contiguous stretch and
red away from this stretch i.e., displacement of red which
indicates a break between light blue and red, where the abl
gene on chromosome 9 resides. The non-separated color
sequence in the same well represents the normal chromosome
9. Similarly, the color band pattern on chromosome 22 would
be red separated from the violet, dark blue stretch indicating
a break between red and violet. The ber gene on chromosome
22 lies between the two color bands red and violet. Again, the
non-separated color pattern of red, violet and dark blue indi-
cates a normal chromosome 22. Since chromosome 22 cen-
tromere cross hybridizes with chromosome 14, two addi-
tional separate red signals will be present. Chromosome 14
hybridization wells will also have 2 extra red or blue dots. If
this were the only genetic change in that specimen, as one
proceeds to read the ICP slides, all wells containing chromo-
some 22 would exhibit the above pattern, the well containing
chromosome 9 would have the above color pattern and all
other chromosomes will have two stretches of contiguous
color band pattern. Depending on the sex of the patient, either
XX or XY, chromosome color pattern would be read in the
well containing the X and Y chromosome probes. As can be
seen from this example, prior knowledge of the disease status
is unnecessary for using the ICP method.

In an embodiment according to aspects of the present
invention, in a simple translocation like the above example of
a 9:22 translocation, confirmation of the translocation can be
accomplished by visual means. Each of the individual color
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bands, including the interstitial black minor bands, in the
genome for all human chromosomes can be available in the
kit as ared or blue band. As previously indicated, there can be
slots or wells left empty intentionally in the hybridization
chamber for optional and/or confirmatory tests. Thus, select-
ing one of the non-centromere or non-telomere bands on
either side of the breakpoint on chromosome 9 and chromo-
some 22 and introducing them into the hybridization cham-
ber, any Interphase cells harboring the translocation would
have a color pattern of red, red, blue, blue. The juxtaposition
of red and blue would indicate the translocation. Cells not
harboring the translocation in this color scheme would have a
reading of red, red, blue and blue. Since centromere bands are
not introduced, the cross-hybridization for chromosome 22 is
therefore eliminated.

By way of example, this color scheme can be used to verify
virtually any simple translocation, regardless of the chromo-
some band involved. Even complex translocations involving
more than two chromosomes can be detected and diagnosed
by systematic additional hybridizations using the above
described method.

Example 5
Marker Chromosome Identification

Marker chromosomes, by definition in clinical cytogenet-
ics, indicate that by standard G-banding technique, the origin
of the centromere and the additional material on that chromo-
some could not be identified. Yet these marker chromosomes
play an important role in the disease generation and/or pro-
gression. Using metaphase chromosomes and the 24-color
FISH techniques, one can generally identify the nature of the
marker chromosomes. However, identification in the Inter-
phase nucleus is very challenging and using current method-
ologies, cannot be performed.

An example of a marker chromosome is described as fol-
lows: having the centromere of chromosome 3; all of the short
arm of 3; two bands from chromosome 7 long arm; and a long
arm telomere from chromosome 10. This is a very complex
marker and in cancer cytogenetics, especially solid tumor
cytogenetics, one encounters this type of situation routinely.

By utilizing the techniques of the present invention as
described herein, in the ICP model, hybridization is com-
pleted utilizing a three slide technology, the following results
will beread: Slide 1 unremarkable (i.e., normal); Slide 2, 1-2,
4-6, 8-9 (i.c., normal); Slide 3 unremarkable (i.e., normal).
On Slide 2, in the hybridization well for chromosome 3, an
abnormal color band pattern would be read. In addition to the
two normal contiguous color bands, an extra centromere and
short arm bands will likely be present. Similarly in the chro-
mosome 7 well in addition to the two contiguous color bands,
two extra, adjacent color bands will be present. Finally, in the
chromosome 10 well, depending on whether chromosome 10
long arm telomere composition is balanced or not, one could
observe either two contiguous color bands, and an extra
telomere separate band or one contiguous stretch of color
bands and the displacement of the telomere band from the
second color band sequence. FIG. 6 depicts the marker chro-
mosome in three different Interphase cells.

According to aspects of the present invention, in the ICP
model, the marker chromosomes can be “reconstructed”.
Taking the centric fragment from 3, and the acentric frag-
ments from 7 and 10 and hybridizing all together in an Inter-
phase cell, one can confirm whether all of these fragments
formed the “suspected” marker. If a contiguous color band
sequence was found, the results are likely positive. In addi-
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tion, the corresponding bands on the normal chromosomes 3,
7 and 10 will also likely highlight, thereby confirming the
nature of the marker chromosome. FIG. 7 depicts the “recon-
structed marker” with the remaining color bands as discussed
herein.

TABLE A
1 2 3 4 5
13/14 13/15 13/21 13/22 14/15
14/21 14/22 15/21 15/22 21/22
6 7 8 9 10

Table A represents the acrocentric chromosome combina-
tion on slide 1 according to aspects of the present invention.
Depending on whether the chromosome was introduced first
or second, the centromere would have a red or blue color with
the remaining color sequence as depicted on the ideograms.
Colorsequence to the left of the chromosome on the ideogram
represents first and the sequence on the right represents sec-
ond in the combination. For chromosomes 13 and 22, only
one color is represented because they are always introduced
only either first or second.

Since chromosome 13 and 21 centromeres can cross
hybridize, in well #3, all centromeres will be violet (red+
blue). This holds true regardless of whether there is a trans-
location between these two chromosomes. When there is a
translocation, in the balanced state there will be one less
centromere (i.e., 3 in stead of 4) in Interphase cells in this
well, whereas, in the unbalanced state, the number remains 4.
The same general rule applies to chromosomes 14 and 22 as
well. Therefore, Interphase cells in well #7, will act similarly
to chromosomes 13 and 21. Both in the balanced and unbal-
anced state, there will likely be a larger contiguous stretch of
colors from both chromosomes absent the centromere, rep-
resenting the presence of a Robertsonian translocation. In all
of the wells except for # 3 and #7, 2 or more extra centromere
bands representing the cross hybridization, will likely be
present. This design ensures multiple opportunities to cross
reference the genetic abnormality.

Example 7
Cell Measurement Technique

According to aspects of the present invention, ICP is ame-
nable to the investigation of all types of specimen types, such
as, for example peripheral blood, bone marrow aspirate,
amniotic fluid, chorionic villi, pleural effusion, lymph node
biopsy, solid tumor mass, products of conception etc. Of these
specimen types, only the “liquid” specimens such as blood,
bone marrow, amniotic fluid, and pleural effusion contain
single cells. The remainder of the specimens are tissues com-
prising aggregates of cells connected together. In order to
perform ICP, one needs single Interphase cells. Thus, accord-
ing to another aspect of the present invention, a method can be
devised to precisely add or plate 25-30 cells in each well on
the hybridization chamber slides.

Current methodologies exist to dissociate solid tissues into
single cell suspensions, such as those utilizing enzymes like
collegenase and trypsin. As discussed supra, liquid specimens
generally do not require this type of treatment to obtain single
cells. Once a single cell suspension is obtained from any
specimen type, the concentration of the cells is adjusted such
that each “pipette drop” contains 25-30 cells. For example; if
ml of specimen contains 1000 cells and each ml contains 10
pipette drops, each drop then contains 100 cells. Since each
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well will generally receive only one drop for ICP, the speci-
men is appropriately diluted, in this case, 3.5-4 times so that
each drop can contain the desired cell concentration. If the
original volume is 10 cells per pipette drop, then the specimen
is concentrated 2.5-3 times by spinning down and removing
excess volume, so that each pipette drop can contain the
desired cell concentration.

This technique ensures that, even “compromised” speci-
mens, specimens having small volumes, can be analyzed
completely under the present invention, whereas other meth-
ods in the art might have failed to capture complete karyotype
information.

Example 8§
Use of Hypotonic Treatment

Most of the FISH methodologies currently only use smears
prepared from the specimen with no hypotonic treatment. The
discovery of hypotonic treatments such as KCl and Na Citrate
solutions, gave birth to the modern cytogenetics field. The
proper “swelling” of metaphase cell ensures the separation of
metaphase chromosomes when they are dropped onto micro-
scope slides. Similarly, proper separation of Interphase chro-
mosomes is crucial for the successful delineation of a multi-
color band sequence. By experimenting with different
hypotonic solutions at different concentrations, either singly
or in combination, it is likely possible to properly “swell” the
Interphase, before it is fixed onto the microscope slide in the
hybridization well.

Example 9
ICP Procedure

Generation of Human DNA Probes:

1) On each chromosome, the location of the DNA probe
hybridization is depicted on the standard G-banded ideo-
grams. As previously disclosed, Chromosome 1 can have 19
DNA probes: 1 pericentromere, 4 short arm colored+5 short
arm black+1 short arm telomere, 3 long arm colored+4 long
arm black+1 long arm telomere.

2) Each chromosome band can be, for example, micro
dissected or isolated using other techniques known in the art
from the standard G-banded metaphase chromosome prepa-
rations.

3) Each micro dissected chromosome band can be ampli-
fied by DOP-PCR technique as generally described by Tele-
nius (1992).

4) Repeat sequences from these probes can be removed
using biotin-labelled Cot-1 DNA, followed by avidin mag-
netic beads, as generally described by Craig (1997)

5)Repeat-free Probes from the first DOP-PCR cycle can be
subjected to further rounds of amplification using the meth-
odology described by Liehr (2002)

6) Using standard sonication techniques, the probe length
can be adjusted to between about 200 bp-600 bp. Alterna-
tively, smaller fragments of the probe can be created utilizing
standard techniques as a kit, such as Vector labs Nickit kit.

7) The DNA fragments can be labeled with a label, such as,
for example, DNP, Biotin, Flourescein or the like, by using
standard labeling techniques or technology, such as, Vector
Labs FastTag.

8) The label is selected according to a predetermined meth-
odology.
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9) The FastTag technology for example, can incorporate
the labels at multiple sites throughout the DNA strand to
achieve a higher sensitivity at the site of hybridization.

10) DNA probes from the 24 human chromosomes are then
ready for in situ hybridization to the Interphase cells on the
hybridization chamber slides.

11) Centromere and telomere DNA probes can be created
or comniercially available probes can be utilized. The probes
can be obtained for the ICP purpose without the need for a
label and as described above, the appropriate label can be
incorporated into the DNA.

In situ hybridization:

1) The single cell suspension can be plated onto each well
on three hybridization chamber slides. The suspension is
treated with hypotonic solution and fixed witha3:1 methanol:
acetic acid solution.

2) Interphase cells in each well can be hybridized with a
single set of DNA probes specific for that well, using standard
in situ hybridization techniques, such as, with the pretreat-
ment of enzymes to allow the DNA probes to penetrate the
nuclear membrane, wherein DNA denaturation is performed
to separate the DNA strands.

3) Hybridization can occur overnight.

4) Post hybridization washes can be done to remove excess,
unhybridized probes from the slides.

Colorimetric Detection of DNA Hybridization (CISH)

1) The label biotin can be detected by avidin-D conjugated
Glucose Oxidase enzyme, after reaction with a TNBT sub-
strate specific for Glucose Oxidase. This can produce a Black
precipitate at the site of DNA hybridization (i.e., at the cen-
tromere and pericenromere bands as well as interstitial loca-
tions on the short and long arms on all chromosomes).

2) Label fluorescein can be detected by anti-Fluorescein
anti-body-conjugated Peroxidase enzyme after reaction with
a substrate such as, for example, NovaRed, specific for Per-
oxidase. This produces a red precipitate at the site of DNA
hybridization i.e., at the long arm telomeres and other bands
through out the chromosome, on all chromosomes.

3) Label DNP can be detected by anti-DNP anti-body-
conjugated Alkaline Phosphatase enzyme upon reaction with
a substrate, such as, for example vector blue, specific for
Alkaline Phosphatase. This produces a blue precipitate at the
site of DNA hybridization i.e., at the short arm telomeres and
other bands through out the chromosome, on all chromo-
somes.

4) The three reactions are carried out in a sequential man-
ner with necessary blocking and washing steps in between.
Commercially available substrates use should follow the pro-
tocol of the vendor.

5) The sequence can be as follows: Biotin, Fluorescein, and
DNP detection.

6) In the alternative, it is possible to complete all three
reactions simultaneously, because the enzymes are different
and the substrates are specific for these respective enzymes.

7) As previously disclosed, the acrocentric chromosome
centromeres can be color stained with colors, such as, for
example, blue or red, but not black. Similar accommodations
can be made for certainbands on chromosome 10, 12 andY as
well as acrocentric long arm bands to ensure proper identifi-
cation of all chromosome rearrangements.

8) The slides can be counter-stained with a counter-stain,
such as, for example, Methyl Green (Vector Labs) and per-
manently mounted in a mounting media, such as, for
example, permount (Vector Labs). Methyl Green can be used
because it will provide exceptional contrast against the three
primary colors: Black, Blue and Red.

10

15

20

25

30

40

45

50

55

60

18

9) Based on the predetermined proportion of colors at
different bands along the length of the individual chromo-
somes, the admixture of two colors (two enzyme reactions)
generates a new detectable color. An example of the color
scheme for all bands on all human chromosomes is depicted
in FIG. 1.

Microscopic Analysis:

1) Upon color development of individual chromosome
bands, the Interphase chromosomes can be observed by using
a simple, standard light microscope without any further aid.
CCD cameras can be used as a visual aid, however, are not
necessary.

2) Starting with slide 1 the color pattern in each Interphase
cell can be recorded. Based on the expected normal color
pattern from the ideograms, one can determine the normal or
abnormal status of the respective acrocentric chromosomes.
In general one could score 20 Interphase cells from each well.

3) Repeating the same analysis for the remainder of the
chromosomes on slide 2 and 3, i.e., recording the normal and
abnormal status of each chromosome using 20 Interphase
cells, one can combine the results to get a complete karyotype
profile of the individual tested.

4) If additional analysis is indicated, for example, suspi-
cion of mosaicism—normal and abnormal cells, clarification
of simple or complex translocations, marker chromosomes or
the like, the empty wells on a, such as, Slide # 3 can be used
for confirmatory experiments. If needed, an entire extra slide
can be used depending on the design of the confirmatory
experiment.

5) The banding pattern of any chromosome can be docu-
mented by simple digital photography.

6) Simple mosaicism can be easily detected on microscope
analysis. Even complex, apparently related clonal mosaicism
can be clarified. The following example is illustrative of the
clarification procedure according to aspects of the present
invention.

Example 10
Karyotype Analysis

As an example, a karyotype with the following results is
analyzed: +8/t(9;22)/1(9;22), +8/normal.

In this case of chronic granulocytic leukemia there are two
clonal abnormalities: the t(9;22) as discussed supra the char-
acteristic change for this disease. Trisomy 8 (+8) signifies
advanced disease progression. However, trisomy 8 can exist
alone as an “unrelated” clone. Thus, establishing whether the
same clone has both the t(9;22) and +8 is clinically very
important.

By way of example, on the first ICP routine reaction, there
were 10 cells with t(9;22); 5 cells with +8, 15 cells normal for
chromosome 8 and 10 cells normal for chromosomes 9 and
22. As explained everywhere, the clarification of the translo-
cation can be done by the red:blue experiment, where the
red:blue juxtaposition indicated a translocation and separate
red and blue indicate no translocation. Combining that result
with the probe for the chromosome 8 centromere (Black), the
results are likely as follows: there were likely 5 cells with
1(9;22); 5 cells with t(9;22) and +8; 10 cells normal for chro-
mosomes 8, 9 and 22. These results would clearly indicate
that +8 was part of the disease progression, not an isolated
event. If it were an isolated event, no cells with the combina-
tion result will be observed.

Referring now to FIG. 14, a hybridization slide according
to aspects of the present invention is illustrated and generally
referred to by the reference numeral 10. The slide 10 can
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comprise a body 20, a plurality of wells 22 and an identifica-
tion label area 24. The body 20 can comprise glass or any
other translucent material sufficient for performing hybrid-
ization thereon. The wells 22 can comprise areas printed for
separating the wells 22 thereon. The wells 22 can also com-
prise ground out indentations, molded indentations or the like
for receiving and hybridizing a sample. The identification
label area 24 can comprise a clear area or frosted area for
receiving a label or other identification means.

The following tables provide a quick reference to the user
to compare results obtained utilizing the techniques disclosed
herein to techniques utilizing the Gold Standard G-Banding.

The tables below illustrate the Interphase Chromosome
Profile (ICP) banding as compared to the standard G-Banding
methods. For ease of reference, the following abbreviations
are provided: Q=Long arm; P=Short arm; p=proximal to cen-
tromere; q=distal to centromere; Ter=Telomere; ma=Major
band; and mi=minor band.

TABLE 1

Chromosome 1

ICP Bands G-Bands
Telomere (pter) Pma5 P36.3

Pmi5 P36.1d

Pmad P34.3d/p35p

Pmi4 P33

Pma3 P31.3d

Pmi3 P31.1d

Pma?2 P31.1p

Pmi2 P22.1

Pmal P13.3d/p21p

Pmil P13.1
Centromere Q0 Q12

Qmil Q21.3

Qmal Q23

Qmi2 Q25

Qma2 Q31d

Qmi3 Q32.1

Qma3 Q32.2/932.3

Qmi4 Q42.1
Telomere (qter) Qmad Q44

TABLE 2

Chromosome 2

ICP Bands G-Bands
Telomere (pter) Pmad P25/p25.3

Pmi4 P23d/p24p

Pma3 P22d/p23p

Pmi3 P21d

Pma?2 P16

Pmi2 P15

Pmal P13
Centromere P/q0 P/iq0

Qmil Q13

Qmal Q21.1

Qmi2 Q22p

Qma?2 Q23

Qmi3 Q243

Qma3 Q31d/q32.1p

Qmi4 Q32.3d/q33p

Qma4 Q34d/q35p

Qmi5 Q36
Telomere (qter) Qma5s Q373

10

15

20

25

30

35

40

45

50

55

60

65

20
TABLE 3

Chromosome 3

ICP Bands G-Bands
Telomere (pter) Pmad p26

Pmi4 P24d/p25p

Pma3 P24p

Pmi3 P21d/p22p

Pma2 P21.5p

Pmi2 P14.3

Pmal P13/pl4.1p

Pmil pl2
Centromere p/q0

Qmil Q13.1

Qmal ql3.3

Qmi2 q21d

Qma2 Q23/q24p

Qmi3 Q25.1

Qma3 Q26.2

Qmi4 q27
Telomere (qter) Qma4 q29

TABLE 4
Chromosome 4

ICP Bands G-Bands
Telomere (pter) Pma2 pléd

Pmi2 P15.3

Pmal P15.1

Pmil Pl4p/pl13d
Centromere p/q0

Qmil Q13.2

Qmal Q21.2

Qmi2 q22d

Qma2 Q25/q24d

Qmi3 Q26/q26d

Qma3 q28p

Qmi4 Q31.1

Qmad Q31.3/932p

Qmi5 q33
Telomere (qgter) Qma5 q35

TABLE 5
Chromosome 5

ICP Bands G-Bands
Telomere (pter) Pma2 P153

Pmi2 P15.2/p15.1

Pmal pl4

Pmil P13.2
Paracentromere Q0 Ql1.2

Qmil Q12d/q13.1

Qmal Q13.3/ql4p

Qmi2 ql5

Qma?2 q21d

Qmi3 Q23.1

Qma3 Q23.3/931.1

Qmi4 Q31.3

Qma4 Q32/q33.1

Qmi5 q34
Telomere (qter) Qma3s Q35.2/35.3
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TABLE 9-continued

Chromosome 6

ICP Bands G-Bands
Telomere (pter) Pma3 p25
Pmi3 p23d
Pma2 P22/p22.2
Pmi2 P21.3p
Pmal P21.2
Centromere p/q0
Qmil q13
Qmal Q16.1/q15
Qmi2 q21p
Qma2 Q2.1
Qmi3 Q22.3d
Qma3 q24
Qmi4 Q25.3
Telomere (qter) Qma4 q27
TABLE 7
Chromosome 7
ICP Bands G-Bands
Telomere (pter) Pma3 P22
Pmi3 P21d
Pma2 P21p/pl15.3
Pmi2 P15.1
Pmal Pl4p/pl13d
Pmil P12
Centromere p/q0
Qmil Q11.23p
Qmal Q1.1
Qmi2 Q21.3/922p
Qma2 Q311
Qmi3 Q313
Qma3 Q32
Qmi4 Q35
Telomere (qgter) Qmas q36
TABLE 8
Chromosome 8
ICP Bands G-Bands
Telomere (pter) Pma2 P23.2/p23.3
Pmi2 P22d
Pmal P21.2
Pmil P12
Centromere p/q0
Qmil Q12
Qmal Q13d/q21.1p
Qmi2 Q1.2
Qma2 Q21.3d/q22.1
Qmi3 Q223
Qma3 Q23d
Qmi4 Q4.1
Telomere (gter) Qma4 Q4.3
TABLE 9
Chromosome 9
ICP Bands G-Bands
Telomere (pter) Pma2 P24
Pmi2 P23p
Pmal P2
Pmil P13p
Paracentromere Q0 Q12
Qmil Q1.2
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Chromosome 9

ICP Bands G-Bands
Qmal Q22.1
Qmi2 Q223
Qma2 Q31d/q32
Qmi3 Q34.
Telomere (gter) Qma3 Q34.2/q34.3
TABLE 10
Chromosome 10
ICP Bands G-Bands
Telomere Pma2 P15
Pmi2 Plp
Pmal P12.3d/p13p
Pmil P11.2d
Centromere p/q0
Qmil Q11p
Qmal Q213d
Qmi2 Q21
Qma2 Q223d/q23.1p
Qmi3 Q233
Qma3 Q24.3d/q25.1p
Qmid Q253
Telomere (qter) Qmad Q26.2/q26.3
TABLE 11
Chromosome 11
ICP Bands G-Bands
Telomere (pter) Pma3 P15.5
Pmi3 P15.2/p15.3
Pma?2 P14d
Pmi2 Pl4p
Pmal P13/pl2d
Pmil P11.2
Centromere p/q 0
Qmil Ql2d
Qmal Q133/q134
Qmi2 Ql4.1
Qma2 Q21
Qmi3 Q23
Qma3 Q23.2/q23.3p
Qmi4 Q23.3d
Telomere (gter) Qmad q25
TABLE 12
Chromosome 12
ICP Bands G-Bands
Telomere (pter) Pma?2 P133
Pmi2 P13.1
Pmal P12.2/p12.3p
Pmil P11.2
Centromere p/q 0
Qmil Ql3.1p
Qmal Q13.3/q14p
Qmi2 Q15
Qma2 Q21.3p
Qmi3 Q2
Qma3 Q23d
Qmi4 Q4.1d
Telomere (gter) Qma4 Q24.32/q24.33




23
TABLE 13

US 7,943,304 B2

24
TABLE 17-continued

Chromosome 13

ICP Bands

G-Bands

Chromosome 17

5 ICP Bands G-Bands
Centromere Q0 . Pmal PL2p
Qmil Q23 Pmil PI12
8?11321 81;“1' Centromere p/q 0
Qma2 Q1.3 o Qmil Q11.2d/q12p
Qmi3 Q22 meﬂ Q21.2/q21.3p
Qma3 Q31 Qmi2 Q21.3d/q22p
Qmi4 Q32d Qma2 Q22d/q23p
Telomere (qter) Qmad q34 Qmi3 Q24
Telomere (qter) Qma3 q25
15
TABLE 14
TABLE 18
Chromosome 14
Chromosome 18
ICP Bands G-Bands 20
ICP Bands G-Bands
Centromere Q0
Qmil Q12p Telomere (pter) Pmal P11.3/p11.32
Qmal Q13d Pmil P11.2
Qmi2 Q21/q21d Centromere p/q 0
Qma2 Q22d/q23 25 Qmil Qil.2d
Qmi3 Q24.1 Qmal Q12.3d
Qma3 Q24.3 Qmi2 Q21.1
Qmi4 Q31d Qma2 Q21.3
Telomere (qter) Qma4 Q32.2/q32.3 Qmi3 Q22
Telomere (qter) Qma3 q23
30
TABLE 15
TABLE 19
Chromosome 15
Chromosome 19
ICP Bands G-Bands
3 ICP Bands G-Bands
Centromere Q0
Qmil Q13 Telomere (pter) Pma?2 P13.3d
Qmal Ql4d/q15p Pmi2 P13.3p
Qmi2 Q21.1 Pmal P13.2
Qma2 Q21.3d/g22.1 Pmil P13.1p
Qmi3 Q223 40 Paracentromere Qo Q12
Qma3 Q24 Qmil Q13.1
Qmi4 q25d Qmal Q13.1d/q13.2p
Telomere (qgter) Qma4 Q26.2/q26.3 Qmi2 Q133
Telomere (qter) Qma2 Q134
45
TABLE 16
TABLE 20
Chromosome 16
Chromosome 20
ICP Bands G-Bands
50 ICP Bands G-Bands
Telomere (pter) Pma2 P13.3
Pmi2 P13.1 Telomere (pter) Pma2 P13d
Pmal P12p Pmi2 P13p/pl2d
Pmil P11.2 Pmal P12p/pll.2d
Paracentromere Q0 Q11.2 Centromere p/q0
Qmil Q13 55 Qmil Q11.2
Qmal Q21d/q22p Qmal Q12
Qmi2 Q22d/q23p Qmi2 Q13.1
Telomere (gter) Qma?2 q24 Telomere (gter) Qma2 Q133
TABLE 17 60 TABLE 21
Chromosome 17 Chromosome 21
ICP Bands G-Bands ICP Bands G-Bands
Telomere (pter) Pma2 P13d 65 Centromere Qo0
Pmi2 P13p/pl2d Qmil Q21p
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TABLE 21-continued

Chromosome 21

ICP Bands G-Bands
Qmal Q21d
Qmi2 Q22.1
Telomere Qma2 Q223
TABLE 22
Chromosome 22
ICP Bands G-bands
Centromere Q0
Qmil Q11.2
Qmal Q12.3/q13.1p
Qmi2 Q13.1d
Telomere (gter) Qma2 Q133
TABLE X
Chromosome X
ICP Bands G-bands
Telomere (pter) Pma3 P223
Pmi3 P22.1d
Pma?2 P22.1p/p21.3
Pmi2 P21.1
Pmal P11.4/p11.3
Pmil P11.23
Centromere p/q0
Qmil P13p
Qmal P13dp21.1p
Qmi2 Q21.3d
Qma2 Q22
Qmi3 Q25d/q26p
Qmi4 Q27p
Telomere (qter) Qmad q28
TABLEY
Chromosome Y
ICP Bands G-Bands
Telomere (pter) Pmal P11.3/pll.2d
Pmil P11.2p
Centromere p/q0
Qmil Q11.221
Qmal Q11.222/q11.223
Qmi2 Q11.23
Q Heterochromatin Qma?2 ql2

Inasmuch as the preceding disclosure presents the best
mode devised by the invention for practicing the invention
and is intended to enable one skilled in the pertinent art to
carry it out, it is apparent that methods incorporating modi-
fications and variations will be obvious to those skilled in the
art. As such, it should not be construed to be limited thereby
but should include such aforementioned obvious variations
and be limited only by the spirit and scope of the following
claims.
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I claim:

1. A method for generating an interphase chromosome
profile comprising:

obtaining a sample containing cells having at least one

interphase chromosome for profiling;

obtaining a plurality of different species specific, chromo-

some specific, and location specific DNA probes,
wherein said DNA probes contain different antibody-
specific labels and are capable of marking a normal
control chromosome of the at least one interphase chro-
mosome for profiling at substantially equidistant loca-
tions on the normal control chromosome;

hybridizing said sample with said DNA probes;

detecting the hybridization of said DNA probes to the at

least one interphase chromosome for profiling using a
plurality of different specific enzymes, a plurality of
different specific antibodies, and different specific sub-
strates, wherein said plurality of different specific
enzymes and said plurality of different specific antibod-
ies form a plurality of different specific enzyme-anti-
body conjugates, each of said enzyme-antibody conju-
gates comprises at least one of said specific antibodies
and at least one of said specific enzymes and wherein
each of said specific antibodies binds to one of said
antibody specific labels that is attached to one of said
specific DNA probes and wherein each of said specific
enzymes reacts with its specific substrate from said spe-
cific substrates such that mixed differential major color
bands are produced on the at least one interphase chro-
mosome for profiling; and

comparing said mixed differential major color bands on the

at least one interphase chromosome for profiling with
mixed differential major color bands on the normal con-
trol chromosome by visual analysis and determining the
interphase chromosome profile of the at least one inter-
phase chromosome for profiling, wherein said mixed
differential major color bands on said normal control
chromosome are generated by hybridizing said normal
control chromosome with said DNA probes and detect-
ing the hybridization of said DNA probes to said normal
control chromosome using said enzyme-antibody con-
Jugates and said specific substrates, and each adjacent
band of said mixed differential major color bands on said
normal control chromosome are spaced at substantially
the same distance.

2. The method of claim 1 further comprising creating dif-
ferential minor bands among said mixed differential major
color bands on the at least one interphase chromosome for
profiling using an additional differential stain.

3. The method of claim 2 wherein said additional differen-
tial stain comprises a black pigment.

4. The method of claim 2 wherein said mixed differential
major color bands and said differential minor bands on the at
least one interphase chromosome for profiling are present in
aratio of 1:1.

5. The method of claim 2 wherein the at least one inter-
phase chromosome for profiling comprises a long arm and a
short arm and wherein the thicknesses of said differential
minor bands of said long arm and said short arm are different.

6. The method of claim 1 wherein said hybridization is in
situ hybridization wherein the sample is on a slide.

7. The method of claim 6 wherein said slide comprises a
series of wells for receiving, hybridizing and analyzing the at
least one interphase chromosome for profiling.

8. The method of claim 1 wherein said visual analysis
comprises utilizing a light microscope.
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9. The method of claim 1 wherein said visual analysis
comprises utilizing a CCD camera.

10. The method of claim 1 wherein the origin of said
sample is selected from the group consisting of amniotic
fluid, chorionic villi, peripheral blood, plural fluid, bone mar-
row, tumor tissue, and products of conception.

11. The method of claim 2 wherein said visual analysis is
used to detect a suspected chromosome abnormality on the at
least one interphase chromosome for profiling by comparing
the mixed differential major color bands and differential
minor bands on the at least one interphase chromosome for
profiling with the mixed differential major color bands and
differential minor bands on the normal control chromosome
wherein the differential minor bands on the normal control
chromosome are generated by staining the normal control
chromosome using said additional differential stain.

12. The method of claim 11 wherein said chromosome
abnormality is a structural chromosome abnormality or a
numerical chromosome abnormality.

13. The method of claim 11 wherein said chromosome
abnormality is selected from the group consisting of a chro-
mosome translocation, a chromosome deletion, a chromo-
some inversion, a trisomy, and a chromosomal amplification.

14. The method of claim 2 wherein the interphase chromo-
some profile is used to produce a complete karyotype when
the sample is from a human.

15. A method of colorimetric in situ hybridization com-
prising the steps of:

obtaining a sample containing cells having at least one

chromosome for profiling;
obtaining a plurality of different species specific, chromo-
some specific, and location specific DNA probes,
wherein said DNA probes contain different antibody-
specific labels and are capable of marking the at least one
chromosome for profiling at substantially equidistant
locations on the at least one chromosome for profiling;

in situ hybridizing said sample with said DNA probes; and

detecting the hybridization of said DNA probes to the at
least one chromosome for profiling using a plurality of
different specific enzymes, a plurality of different spe-
cific antibodies, and different specific substrates,
wherein said plurality of different specific enzymes and
said plurality of different specific antibodies form a plu-
rality of different specific enzyme-antibody conjugates,
each of said enzyme-antibody conjugates comprises at
least one of said specific antibodies and at least one of
said specific enzymes and wherein each of said specific
antibodies binds to one of said antibody specific labels
that is attached to one of said specific DNA probes and
wherein each of said specific enzymes reacts with its
specific substrate from said specific substrates such that
mixed differential major color bands are produced on the
at least one chromosome for profiling and each adjacent
band of said mixed differential major color bands on the
at least one chromosome for profiling are spaced at
substantially the same distance.

16. The method of claim 15 further comprising creating
differential minor bands among said mixed differential major
color bands on the at least one chromosome for profiling
using an additional differential stain.

17. The method of claim 16 wherein said additional differ-
ential stain comprises a black pigment.

18. The method of claim 16 wherein said mixed differential
major color bands and said differential minor bands on the at
least one chromosome for profiling are present in a ratio of
1:1.
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19. The method of claim 16 wherein the at least one chro-
mosome for profiling comprises a long arm and a short arm
and wherein the thicknesses of said differential minor bands
of said long arm and said short arm are different.

20. The method of claim 15 wherein said in situ hybridiza-
tion occurs on a slide.

21. The method of claim 20 wherein said slide comprises a
series of wells for receiving, hybridizing and analyzing the at
least one chromosome for profiling.

22. A method of visually determining whether a Robertso-
nian translocation has occurred among acrocentric chromo-
somes in a human sample comprising the steps of:

obtaining a human sample containing cells having acro-

centric chromosomes for profiling;

obtaining a plurality of different chromosome specific and

location specific human DNA probes, wherein said
DNA probes contain different antibody-specific labels
and are capable of marking normal control acrocentric
chromosomes at substantially equidistant locations on
each of said normal acrocentric chromosomes;
hybridizing said sample with said DNA probes;

detecting the hybridization of said DNA probes to acrocen-

tric chromosomes for profiling using a plurality of dif-
ferent specific enzymes, a plurality of different specific
antibodies, and different specific substrates, wherein
said plurality of different specific enzymes and said
plurality of different specific antibodies form a plurality
of different specific enzyme-antibody conjugates, each
of said enzyme-antibody conjugates comprises at least
one of said specific antibodies and at least one of said
specific enzymes and wherein each of said specific anti-
bodies binds to one of said antibody specific labels that
is attached to one of said specific DNA probes and
wherein each of said specific enzymes reacts with its
specific substrate from said specific substrates such that
mixed differential major color bands are produced on
each of said acrocentric chromosomes; and

comparing said mixed differential major color bands on

each of said acrocentric chromosomes for profiling with
mixed differential major color bands on the normal con-
trol acrocentric chromosomes by visual analysis and
determining whether a Robertsonian translocation has
occurred among said acrocentric chromosomes for pro-
filing, wherein said mixed differential major color bands
on said normal control acrocentric chromosomes are
generated by hybridizing said normal control acrocen-
tric chromosomes with said DNA probes and detecting
the hybridization of said DNA probes to said normal
control acrocentric chromosomes using said enzyme-
antibody conjugates and said specific substrates, and
each adjacent band of said mixed differential major
color bands on each of said normal control acrocentric
chromosomes are spaced at substantially the same dis-
tance.

23. The method of claim 22 further comprising creating
differential minor bands among said mixed differential major
color bands on each of said acrocentric chromosomes for
profiling using an additional differential stain.

24. The method of claim 23 wherein said additional differ-
ential stain comprises a black pigment.

25. The method ofclaim 23 wherein said mixed differential
major color bands and said differential minor bands on each
of said acrocentric chromosomes for profiling are present in a
ratio of 1:1.

26. The method of claim 22 wherein said hybridization is in
situ hybridization wherein the sample is on a slide.
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27. The method of claim 26 wherein said slide comprises a
series of wells for receiving, hybridizing and analyzing said
acrocentric chromosomes for profiling.

28. The method of claim 22 wherein said visual analysis
comprises utilizing a light microscope.

29. The method of claim 22 wherein said visual analysis
comprises utilizing a CCD camera.

30. The method of claim 22 wherein the origin of said
human sample is selected from the group consisting of amni-
otic fluid, chorionic villi, peripheral blood, plural fluid, bone
marrow, tumor tissue, and products of conception.

31. A method of verifying the presence of a marker chro-
mosome in a sample comprising the steps of:

obtaining a sample containing cells having a chromosomal

material suspected of containing partial chromosomes
for analysis;
obtaining a plurality of different species specific, chromo-
some specific, and location specific DNA probes,
wherein said DNA probes contain different antibody-
specific labels and are capable of marking normal con-
trol chromosomes of said partial chromosomes at sub-
stantially equidistant locations on each of said normal
control chromosomes;
hybridizing said sample with said DNA probes; and
detecting the hybridization of said DNA probes to said
chromosomal material suspected of containing partial
chromosomes using a plurality of different specific
enzymes, a plurality of different specific antibodies, and
different specific substrates, wherein said plurality of
different specific enzymes and said plurality of different
specific antibodies form a plurality of different specific
enzyme-antibody conjugates, each of said enzyme-anti-
body conjugates comprises at least one of said specific
antibodies and at least one of said specific enzymes and
wherein each of said specific antibodies binds to one of
said antibody specific labels that is attached to one of
said specific DNA probes and wherein each of said spe-
cific enzymes reacts with its specific substrate from said
specific substrates such that mixed differential major
color bands are produced on said chromosomal material
suspected of containing partial chromosomes; and

comparing said mixed differential major color bands on
said chromosomal material suspected of containing par-
tial chromosomes with mixed differential major color
bands on said normal control chromosomes by visual
analysis and verifying whether said chromosomal mate-
rial contains said partial chromosomes, wherein the
presence of said partial chromosomes in said chromo-
somal material indicates the presence of said marker
chromosome in the sample, said mixed differential
major color bands on said normal control chromosomes
are generated by hybridizing said normal control chro-
mosomes with said DNA probes and detecting the
hybridization of said DNA probes to said normal control
chromosomes using said enzyme-antibody conjugates
and said specific substrates, and each adjacent band of
said mixed differential major color bands on each of said
normal control chromosomes are spaced at substantially
the same distance.

32. The method of claim 31 further comprising creating
differential minor bands among said major color bands on
each chromosome of said chromosomal material suspected of
containing partial chromosomes.

33. The method of claim 32 wherein said additional differ-
ential stain comprises a black pigment.

34. The method of claim 32 wherein said mixed differential
major color bands and said differential minor bands on each
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chromosome of said chromosomal material suspected of con-
taining partial chromosomes are present in a ratio of 1:1.

35. The method of claim 32 wherein each chromosome in
said chromosomal material comprises a long arm and a short
arm and wherein the thicknesses of said differential minor
bands of said long arm and said short arm are different.

36. The method of claim 31 wherein said hybridization is in
situ hybridization wherein the sample is on a slide.

37. The method of claim 36 wherein said slide comprises a
series of wells for receiving, hybridizing and analyzing said
chromosomal material suspected of containing partial chro-
mosomes.
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38. The method of claim 31 wherein said visual analysis
comprises utilizing a light microscope.

39. The method of claim 31 wherein said visual analysis
comprises utilizing a CCD camera.

40. The method of claim 31 wherein the origin of said
sample is selected from the group consisting of amniotic
fluid, chorionic villi, peripheral blood, plural fluid, bone mar-
row, tumor tissue, and products of conception.
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