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Tifle: METHODS AND COMPOSITION TO GENERATE UNIQUE SEQUENCE DNA
PROBES LABELING OF DNA FROBES AND THE USE OF THESE PROBES

Inventors: Merk Carle Comnslly, Brad Foulk; Michae] Kagan, Joost I, Swennenbuis; Leon
WM, Terstappen, Arjan G.J. Tibbe, and John Verrant

Cross-Reference to Related Applications

This is a non-provisional application which clatms priority to U.S, Provisional Applications
50/718,676, filed 20 September 2005; 60/729,336, fled 24 October 2005, and 60/786,117,
filed March 2006. Each of the afcrementioned applications is incorporated in full by

reference herein.
BACKGROUND OF THE INVENTION

Field of the Invention
The invendion relates generally 1o the 8eld of identification of DNA sequences, genes o1

chromosomes,

Generation of DNA probes

Human genomic DNA s 2 mixture of unigue sequences and repetitive sequences that ave
present in multiple copigs throughout fhe genome. T some applivations, nusleic acid
hybridization prebes to detect repetitive sequences are desirable. These probes have shown
utility in the ficlds of fetal coll diagnostics, oucology, and cytogenetics. In other applications
it is desirable to generate hybridization probes that anneal only to tnique sequences of
interest on a chromoesome, Preparation of unigue seqguence probes is confounded by the
presence of mumerous classes of repetitive sequences throughout the genome of the orpanism
(Hood et al., Molecular Biology of Ewcarvetic Cells {Benjamin/Cuminings Publishing
Company, Menio Park, CA 1975), The preseuce of repetitive seqnences in hybridization
probes will reduce the specificity of the probes because portions of the probe will bind to
other repetitive sequences found outside the ssquence of interest. Thus, o ensure binding of
hybridization probes to a specific sequence of interest, efforts must be made fo ensure that
repetitive sequences in the probe do not anneal to the target DNA outside the sequence of

interast,
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Recent contributions have addressed this question by iphibifing hybridization of the
repetitive sequences with the use of unlabeled blocking nucteie acids {US 5,447,841 and US

6,596,479}, Use of tlocking nucleic acids in hybridizations is expensive, does not
completely prevent hybridization of the repetitive sequences, and ean distort genomic
hybridization patterns (Newkirk of al, “Distortion of quantitative genomic and expression
hybridization by Cot-1 DINA: mitigation of this effect,” Nugleis Acids Res. vol 33 (223191

(2005)). Thus, methods that prevent hybridization of repeat sequences without the use of blocking
DNA are nooossary for optimal hybridization.

Oe means to ashieve this is to remove unwanted repeat segments from the hybridization
prokes prior to hybridization. Techniques involving the removal of highly repetitive
sequences have been previcusly deseribed, Absorbents, like hydroxyapatite, provide a means
o remove highly repetitive sequences from sxtracted DNA, Hyroxyapatite chromatography
fractionates DNA on the basis of duplex re-association conditions, such as temperature, sait
coneentration, or ofher siringencies. This procedure is cumbersome and varies with different
sequences. Repeat DNA can also be removed by hybridization te immobilized DNA (Brison
et al., “General Methods for Cloning Amphfied DNA by Differential Screening with
Gegomic Probes,” Molecular and Celfular Bislogy, Vol. 2, pp. 578-387 (1982)), Inall of
these procedures, the physical removal of the repetitive sequences will depend upon the strict
optimization of conditions with inherent variations based upon the base composition of the
DNA sequence.

Several other methods to remove yepetitive sequences from hybridization probes have
heen described. One method fovelves using a cross-Hnking agent to cross-Hink repetitive
sequences either to divectly prevent hybridization of repetitive sequences or to prevent
amplification of Tepext sequences in a PCR reaction. (LIS 6,406,830). Asother mothod uses
PCR. assisted afflinity chromatography to remove repeats from hybridization probes (US
6.569,621). Both of these methods roly on the use of labeled DNA to remeve repeat
sequences which makes these processes complex and difficult to reproduce. Furthez, both
methods arve Hme consuming, requiring multiple rounds of repeat removal o produce
functional probes, suitable for use in fuorescent In ity hybridization (FISTD) or other
hybridization reactions requiring Nigh target specificity.

The use of duplex. specific nucleases which preferentially cleave double stranded
deoxyribenucleic acid molecules has been described for sequence variant detection
applivations such as single nucleotide polymorphisms (US 2005/0104216; US 6,541,204).
The sbility of the enzyme 1o preferentially cleave perfectly maiched nucleic acid duplex
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polynuclectides as compared to single stranded provides 2 means for removing non-target
double stranded DNA from the sample mixture.

The ability of these nucleases to specificatly digest the duplex form of polynucleotides
was Giscovered in the instant invention to provide substantial benefit in manufaciuring vnique
target specific probes that do not reguire blecking DINA, thus eliminating the cosis and
intetfering affoct of blocking DNA, and providing a means for rapid, efficient and cost
sffective production of high specificity probes.

Detection of specific sequences in 2 genoms makes use of the fact that DNA consists of 2
helix of two DNA strands and that this double strand iz most stable when thesc two strands
are homelogues, The DNA consists of & phosphate-sugar phosphate backbone and to every
sugar one of four different nitrogenous bases, cytosine guanine thymine or adenine, might be
present, Homologue strands pair every cytosine with a guanine and every thymine with an
adenine. When a labeled homologue sequence is added to a genome and the DNA is made
single sirsnded, these labeled sequences will hybridize, under the right cirowmnstances, to the
specific homelogue seauenee in the genome, For this in sity hvbridization, a number of

probes are available for dilferent detections parposes and applications.

Whole chromosome / paint probes (WCP)

WCP incorporates labeled IXINA material, homologous te a specific chromosome. The
material is obtained by flow sorting of mefaphase chromosomes or by laser dissection from 2
metaphase spread which is amplified by PCR or & related technigue. Afler labeiing and
spplying it to a property prepared nucleus, it witl stain the target chromosome. However,
such labeled probes will in addition stain other nomta;éc& chromosomes because of structural
or repetitive sequence elements thas are shared among some or all chromosotnes.
Acgordingly in order to stain only those sequences originating from the intended
chromosome of interest, these comumon repetifive elements are nsually inhibited by
hybridization with blocking DINA or other methods that block or remove non-specific
interactions.

Multiple chromosome paints are also applied to 2 single nuclens, WCP are labeled by
different flusrochromes or with a combination of flnorochromes, providing no limit to the
amount of WCP’s applied in a single hybridization, WCP’s are mainly used for karyotyping
and o study translocations of large fragments, regions and subregions of clromesores wlich

are best obgerved in a metaphase spread of a nucleus.

tax
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Centromere probes
Centromere probes are targeted to a 171 by sequence that occurs in repetitive order in

every cenfromeric region of the human chromosomes, All chromosomes have a slightly
different sequence and becanse of this all chromosomes are detecied separately when the
right hybridization siringency is used. Only two clwomosome pairs, 13 with 21 and 14 with
22, share the same reps:éi ard canmot be detected independently. Generally, centromeric
probes are produced from plasmids containing an insert from one or a few copies of the 171
pb repeat. These probes are able to be hybridized without the addition of blocking DNA

because the 171bp sequences de ot ocour outside the regions of interest,

Telomere probes

Human telomeres consist of an array of short repetitive sequences (Le. TTAGGG). This
is repeated several times in different amounts for every chromosome and individual test
subject age. This repetitive sequence s used as a probe that will stain all chromosomes
although not every clromosome will staim equally strong. To detect the telomeric end of
chromosomes, mostly a sub-elomeric bacterial artificial chromosome (BAC) clone 15 used.
This BAC clone contains repetitive sequences which should be biecked or removed during or

before hybridization.

Compuaraiive Genoptie Hypbridization (CGH)Y probes

CGH is a process that involves hybridizing a test genoms o a reference gepome. The
reference genome may take the form of a metaphase chromosome spread frem a healthy
individual or may be array based using probe sequences that represent all or part of a
genome. Microarray probes made using BAC clotes contain repetitive sequences which
st be blocked prior to hybeidization. However, blocking has the potential o cause a
deviation in the results when compared to repeat depleted probes (Cnof and Rogan, Nucleis
Acids Research, 2005, Vol. 33, No. 22). Further, the blocking step increases the cost of
hybridization assays. If the probe sequences are depleted of repetitive sequences, the
blocking step of the Jabeled genoric DNA i3 not necessary, resulting in a reduction in the

cost and removal of any variation.

Gene specific probes
Cene spacific probes are designed to detegt a region of the genome containing a target

gene or group of genes, These probes are used o detect amplifications or deletions of
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specific genomic areas which correlated o the expression level of the specific gene of
interest. The coding seqaence of the gene(s) itself is not large enough to generate a detection
signal for the probe that is visible using standard flnorescence microscope. Therefore such
gene specific probes are not limited to just the coding gene seguences (exons) but alse
mvolve non-coding (introns), regulatory or other sequences around the gene. Because of the
large sequences encompassed within even a gene specific probe design they often suffer fom
the undesirable inclusion of unwanted repetitive sequences. When such material is then
cither tabeled and used m hybridizations or used in hybridizations and then labeled, the
nwanted sequences must be blocked or removed from the probe to be able to detect the gene

area specifically.

Microarray probes

Similar to CGH, microarray probes are fixed to 2 carder. Yo general, automated robotic
techmques are used to spot cDNA-PCR products or synthetic oligonucleoiides on a shide or
similar fixed surface. Also, techniques exist to synthesize sequences directly on a slide
(Aftimeirix, Inc, Santa Clara). The slides are hybridized with jabeled cDDNA or RNA ia
combination with different labeled cDNA or RNA as controls.

Coupling reporter melecnles fo DNA, probes

DNA probes are visnalized by coupled reporier molecules. These mokecules need to be
incorporated in or attached to the DNA probe. One method utilizes a reporter molecule,
having nuclectides linked to enzymatio reactions, Examples inchide incorporation by nick
transkation or & random prime reaction. Further, an amine coupled nucleotide, built in this
way, is subsequently coupled directly or indirectly to reporter molecules. Coupling is done
by chemicul labeling of the DNA. An example is the conpling of a reporter molscule bnked
to 2 platinwm group which forms a coordinative bond 1o the N7 position of guanive as used in
VLS labeling (Kreatoch Diaguostics, Amstordam) and described in 118 5,580,990; 18
5,714,327, U8 5,585,566; US 6,133,038; US 6,248,531, US 6,338,943; US 6,406,850; and
S 6,797,818, Reporter molecules can be radioactive ispiope, non-isotopic labels,
digoxygenin, enzymes, biotin, avidin, streptavidin, luminescent agents such as
radioluminescent, chemiluminescent, bioluminescent, and photcluminescent, (including

fluorescent and phosphorescent), dyes, haptens, and the like.

Sample preparation
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To be able to detect the labeled probes bound to interphasc chromosomes, fhe puclens
showld maintain morphelogy during and after the FISH procedures, Using fixation, cefls or
muciet are attached to a solid layer such as a microscope sitde. Fixation before during or afier
attachonent fo the solid layer, provide reference for identification. Depending on the type of
cell or tissue, the naclel have to be accessible for probe DNA, usvally by pre-treating with
proteoiytic enzymes, heat, alcokols, denaturants, detergent selutions or & combination of
treatments. Probe and mucleic DINA are made single stranded by heat or afkali ireatment and

then allowed to hybridize.

Use of DINA probes
Micromrrays
One common use of miczoarrays is to determine the RNA expression profile of a suspect
iiasue, tumor, or microbe. By analyzing the RNA. cxpression profile, a prognosis for the
reatment and survival of the patient is propesed. The prognostic value of RNA microarrays
for clinical usage has yet fo be determined. Anocther common use of microarrays are array
based CGH. With this technique an entire genome can be screened for amplifications and/or

deletions of chromoesowal regions

Microscopy

Cytogenstic analysis in pre and post natal testing is used to determine whether or not &
fetus bes a cytogenetic abnormality in. a cell population from the fotus, Samples sre
Frequently obtained through ammiocenthesis, conducted i pregnant women who are
cousidered {o have an increased risk for cytogenstic abnommalities, Accordingly, these cells
dre investipated for cytogensetic abnormalities. The sume type of investigations ace
performed io confirm cytogenetic abpormalities or investigate suspect cytogenetic

abnormalities in celt populations obtained afier delivery.

Assessing Feral Cells in Maternal Blood

During pregnancy, fetal cells may enter into the maternal blood with increases in the
namber of these fetal cells found with tranma, {(pre)-scclampsy and abnormal pregnancies. Tn
routine assessmenis of fetomatemal hemonhages, the frequently used Kleihaper-Betke tegt is
based on the detection of red blood cells expressing fetal hemoglobin. For detection of
cytogenetic abnormatities, mucleated cells from maternal blood are needed, The frequeney of

these cells is considerably lower and are estimated fo be in the range of 1- 10 fetal ceils per
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mL of maternai bleod. Nucleated red blood cells, trophoblast cefls and the presence of
hematopoeitic progenitors that are of fetal origin provide a target for isolation and probe
hybridization in the detection of cytogenetic abnormalities carly in the pregnancies. To date
% reliable and reproducible method to identify and assess the cytogenetic composition of
these cells is not available. One of the main problems with 1his analvsis is the Joss of fetal
cells at various steps throughout the procedure, resulting in inconsistent or inconclusive

inforoaation.

Oneology

FISH is used o detect varicus kinds of chwomosomal aberrations like translocations,
deletions, amplifications, inversions, and duplications. These aberrations are detected in all
types of cells and fissue. In leukemia, cells are isolated from blood or bone marrow for
subsequent FISH analysis. In bladder cancer, cells ate isolated from urine. Cells from solid
tumors are obtained by punchire or excision of the fumor itself. Also, vells that are released
by solid tumors are isolated from the blood and analyzed by FISH. The latter gives the
oppostunity to monitor tumor treattnent closely in order to detect a chromaosomal change in
the tumor, in some types of cancer, FISH provides a prognoesis of tumer progression or
predicts the sfiicacy of specific medication. Commercially, the most used FISH tests are the
BCR-ABL transtocation FISH in Chronic myelogenous leukemia and the her?/nen gene

amplification FISH in breast cancer,

Disseminated tumor cells

Mietheds for the charactesization of not only temor cells, bui alse rare cells, or other
biological entities from biological samples have been previously described (US 6,365,362).
This two stage method requires efficient enrichment to ensure acquisition of target celis while
eliminating a substantizl arocunt of debris and other interfering substances prior fo analysis,
allowing for cellular examination by imaging technigues. The mathod combines elements of
immunoniagnetic enrichment with multi-perameter flow cytometry, microscopy asd
immunocyiochemical analysis in 2 uniquely antomated way. The combination method is
used to enrich and enamerate epithelial cells in blood samples, thus providing a tool for
meastzing cancer.

The two stage method has applications in cancer prognoesis and survival for patients with
metastatic cancer (WO 04076643). Based on the presence of morphologically intact

circulating cancer cells in Blood, this method is able to correlate the presencs of citculnting
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cancer oefls of metastatic reast cancer patients with time to disease progression and survival,
More specifically, the presence of five (5) or more ciroulating tumor cells per 7.5 milliliters
provides & predictive value at the first follow-up, thus providing an sarly prognostic indicatar
of patient survival.

The specificity of the assay described above increases with the number of cells detected
and is not sufficient in cases were only few (generally less than § circulating humor cells) are
detected. One solution to this problem is to provide detailed genetic information about
suspected cancer cefls. Accordingly, a methed that would incorporate enrichment of 2 blood
sumpls with multi-parametre image cytometry and wulti-parametric genetic amalysis on an
individual suspect cancer cell would provide a complete profile and confirmatory mechanism
to signiﬁcaﬂtiy improve current procedures for patiend screening, assessing recurrence of
disease, or overall survival.

Fluorescent in situ hybridization {FISH) has been described as a single mods of analysis
in rare cell detection after enrichment as described i WO 00/60119; Meng et al PNAS 101
{25): 9393-9398 (2004); Felun &t al. Clin Can Res & 2073-2084 (2002} and incorporated by
reference herein. After epithelial cell enrichment, captuzed cells are soreened by known
hybridization methods and imaged ot a microscope slide, Peocanse of inherent technical
variations and a lack of satisfactory confirmation of the genetic information, the hybridization
pattern alone does not provide a level of clinical confidence that would be necessary for
sensitive analysis, as in assessing samples with less than 35 target cells. Further, this method
for FISH analysis is difficuit to antomate.

Conpling hybridization-based methods with immunocytochemistry in fhe analysis of
idividual cells aas been previousty described (1S 6,524,798). Simultanzons phenotypic and
genotypic assesstnent of ndividual cells requires that the phenotypic characteristics remain
statile aﬁer in ity hybridization preparatory steps and are Iimited in the choice of detectable
- labels. Typically, conventional in situ hybridization assays require the foflowing steps: (1)
danamrézion with heat or alkai; (2) an optional step 10 reduce nomspecific binding; (3)
hybridization of one or more nuckeic acid probes to the target nucieic acid sequence; (4)
removal of nucleic acid fragments not bound; and (5) detection of the hybridized probes, The
reagents used 1o complete one or more of these steps (.6, methanol wash) will alter antigen
recognition in subsequent immunocytochemistry, cause small shifts in the position of target
cells or completely removes the target cells, which introduces the possibility of

mischaracterization of suspect ceils.

=]
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Prebe sets and methods for multi-paremetric FISH analysis has been deseribed in ung
cancar {5 20030087248}, A3 probe combination resnifing in 95% sensitivity for deteeting
bladder cancer in pasients has alse been described, see US 6,376,188; US 6,174,681, These
methods lack the specifieity and sensitivity for assessing small numbers of target cells, and
thus a confirmatory assessment for early detection of diseass state. They also de not provide
a means for convenient automation.

One aspeoct of the present invention provides a confirmatory asszy in the analysis of rare
circulating cells by combining phenotypic and genotypic multiparametic analvsis of at
mdividually isolated target cell, resulting in 2 clinically significant level of sensitivity end,
therefore, assurance to the clinician of any quantitative inforation acquired, Relevant
disease staies are assessed using extremely amall (1, 2, 3, or 4} mumbers of cireulating tumor

cells (CTC’s) and provide 2 confirmation for early disease detection.
SUMMARY OF THE INVENTION

Generation of repeat depleted DNA probes

One embodiment of the present invention inclndes methods and compositions to
eliminate repetitive sequences from DNA. Any double stranded DNA is a suitabls source in
the application of the methode of the present invention. 'To obtain single stranded DNA,
devoid of repetitive sequences, first an amplified whole genome library is made from the
source DNA according o standard procedures. The iibrary obtained eonsists of randomly
selected fragments ranging in size from approximately 206 to 500 base pairs. Each fragment
consists of double stranded DNA, having PCR primer sequences at each end of a target
sequence. Generaily, this library is representative of fhe source DNA. Othsr methods that
resuits in modified fragments of DNA to permit amplification are alse considered in this
invention with no mit to the size of the fragments. Thess inchude, but are rot limited 10,
degenetate oligenucleotide primed polymerase chain reaction (DOP PCR), rolling circles and
isothermal mplification methods. Double siranded DNA fragments are denatured by heating
up to 95°C or other means to obtain single stranded DINA ﬁagmems.%%fhe resuliing single
stranded DNA fagments contain repetitive scquenqeé, unique sequences or 4 combination of
unique and repetitive Sequmc?gﬁﬁ An excess of Cot DNA or otber appropriate subtracior
DNA that binds to repetitive sequences is sdded, Subsequent lowering of the temperaturs
results it the formation of double stranded DNA for only those fragments that contain
repetitive sequences. Duplex Specific Nuclease {DSN) is added to allow digestion of double
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stranded DNA. In one embodiment, the DSN enzyme is added for 2 hours at 55“C.1 The
rosulting composition conteing mostly single stranded DNA, having only unique sequences,
and digested DNA. The unigue sequence, novw single stranded DNA with PCR prizners at
both ends, is used as a template to gonerate large smounis of fhe unique sequence for use in
probe production. When BAC clones containing a desired unigue sequence is used as sonrce
I A, the template generated by this method contains only that unigus sequence, When the
boundary sequerices are known, this method is useful in obfaining probes that cover the
nacleotides between the boundary sequences in genomic DINA, Further, the present
invention includes methods of use and compositions, resulting from the production of these
DNA sequences after elimination of their repetitive sequences. These repeat depleted DNA
sequences function as hybridization probes without the use of & blecking DNA in any
appropriate application requiring disabling or blocking of undesired DNA, sEQUENCES,

Another embodiment of the present invention provides for a system, apparatus, and
methods in the preservation of immmomagneticaily labeled oells for subsequent FISH
analysis. This aspoot permits the reanalysis of individual ocells, niilizing the same or similar
reporter molecies previously used to identify them. Accordingly after frmimomnmagnetic
selection and initiz} Buoressent labeling, the celis of interest are identified and their location
isecorded. The cells are fixed in position followed by appropriate processing.

Alternatively, the cells are fived in position and stored for processing at 2 Jater point in time.
For FISH applications, the sample is heated above the melting lemperature oF DNA, resulting
in the loss of reporter molecutes used to initially identify the target calls. After completing
FISH in which the fluctescent FISH probes are hybridized and the nuclear material is again
ferescently labeled, the sample is refntroduced in an malyzer which locates the cells of
interest to examine fluorescent signals froms the FISH probes,

Another embodiment of tho present fuvention provides methods for the reanal ysis of
immunomagneticaily labeled cells as a confirmation in identifying rare circulating eetls such
as elrcutating memor ceils (CTC’s). Thus, methods and techniques for the further Drocessing
of eells afier ennichment, immunofiuorescent labeling and subsequent confirmatory analysis,
using in sity hybridization, a5 2 means to increase specificity and thereby confirm the identity
of suspect CTCs in patients as being cancer cells, Cyiogenetic abnormalities detected in
morphologically suspect {TC’s, detested in metastatic carcinona patisnts, have a prognosis
similar to patients with morphologically ohvious CTCs or having an abundance of CTCs,
One embodiment of the present invention considers confirmation assays in patients diagnosed

with careinemas and having CTCS, or disseminated mmor cells (DT s) in bone marrow,
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where there is an inereased risk for recurence. In addition, the methods of the present
invention are applicable when thers is 2 need w assess for the presence or absencs of drug
targets in CTC such as, but not limited to, Herl, Her2, Androgen Receptor (AR), eMye, or
Plo,

11
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BRIEF DESCRIPTION OF THE DRAWINGS

Figare 1: Schematic representation Gepicling the generation of repeat depleted DNA. probes
from BAC starting DNA. A fragmented whole genome amplification library is denatured and
atlowed to re-anmeal in the presence of excess Cot DNA. DSN digestion of the double strand
DNA results in a wdxture of single strand unique sequence, available as a template for probe

production.

Figiere 2: Schematic representation depicting the cleavage of a specific DNA sequence from
a DNA source and production of clones thereof. Double stranded DNA from an appropriate
source is denatured and specific DNA scquence is allowsd to hybridize, DSN digestion of
the double strand DNA followed by separation of single strand DNA by size results in
selation of e desired single sirond TINA. After synthesis of the second strand, the desired

DNA is cloned into an appropriate vestor for production.

Figare 3: Comparisen using repeat-depleted probes in FISH analysis. White blood ceils
hybridized with a Her-2 probe containing repeats sad no blocking DNA. In the absence of
blocking DMA, the probe labels the entire nucicus after hybridization with repeat regions,
Panel A shows white blood cells hybridized with a Her-2 FISH probe containing repeats and
o blocking DNA. Panel B shows the same cells after labeling the nuclens with DAPIL Panel
C shows the overlay of the two signals and the Tack of Her-2 resolution. Panel 1) shows FISH
analysis on white blood cells nging repeat-depleted & Her-2 probe. Arrows indicate kecations
of unique chromosome sequenee for Her-2, Panel E shows the sarne cells after labeling the
nucless with DAPL Panel F shows the overfay of panel D and E, visualizing the location of

the Her-2 site within the cell nueleus.

Figure 4: Panel A shows a chromesome spread hyvbridized with a P16 (CDEN2A) labelad
tepeat free probe targeting 9p21 fequently tsed to characterize melanoma, Two
chromosomes show the presence of 9p21 and are illustrated by arvrows. Panel B shows a
chromosome spread hybridized with MLL labeled repeat free probe targeting 11623 used to
identify a specific type of leukemia. Two chromosemes show the presence of 11623 as

iflustrated by arrows.
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Figare 5: Schematic representation of the fixation and hybridization device used to prepare
samples for FISH analysis. A compact and pertable device for preparing 4 sample for FISH
analysis afler immunomagneiic enrichment and initial fluorescent imaging. Shown are the

control panel, electronics, pump. and poser supply in refation to the sample cartridge.

Pigure §: Schematic representation of the basic steps for FISH afier initial fluorescent
imaging. Shown are cross-sectional images of the sample cartridge and the presence of
magnetic support (black wedges). Panel 1 shows the cails aranged along the internal surface
of the imaging fece of the cartridge after inftial fluorescent imaging using CeliFracks System.
Panel 2 shows the simultaneous replacement of the buffer solution with a fixative for FISH.
Fn Panet 3, the fixative is aspirated to remove fluids from the cartridge. Panel 4 shows the
addition of foroed air to diy the cartridge. In Panel 5, the cartridge is inverted and enough
FISH probe is added to cover the cells. Panel 6 shows the cartridge on a heat source to allow
hybridization. In Panel 7, the FISH reagenis are washed to allow rescanming and analysis of
the FISH signals in Panel 8.

Figure 7: Schematic ropresemtation of the stopper with probe extension for TISH cartridge

for reducing the chamber volume of the cartridge..

Figure 8: Schematic representation of the cartridge. A cross-sectional illustration depicts
the cartridge inverted with the location of the cells and FISH reagepts tllustrating a low
reagent volume distribution the lower face of the chamber, thus allowisg snough reagents to

anly cover the cells along eotire lower surface,

Figure 9: Representative image of a twmor cefl initially identified through
immunocytochemistry {1CC) with subsequent FISH analysis for the presence of cluomosome
1,7, 8 and 17. Panel A shows a list of CTC candidates identified by the softwars on basis of
their ICC signarure. Panel B shows the acquired flnorescent ICC images acquired, Panel C
shows the corresponding FISH signals for chromosomes 1, 7, 8 and 17 demonstrating the

aneuploid signature of the same cell fumor ceil.

Figure 18: Shown are five fluorcscence images at different focal planes through the ceil
using excitation/emission filters for 5 different fuorochromes. Panel A shows the jmages for

acell using PE. Panel B shows images for the same cell using DAPL Panst C shows images
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for the same cell using APC. Panel D shows images for the same cell using FITC. Pansl E

shows images for the same ecl! using Dy413,

Figwre 111 Results Fom ICC and FISH analysis to confirm a CTC. Prmel A shows 100
images of the ICC scan on which a suspect CTC was identified. Panel B shows the
gotresponding finorescence signals, using FISH probes. Corresponding counds of the signals
for sach probe arc shown next to sach image; 4 count for PE, 1 count for APC, 4 count for

FITC and 2 count for Dy413.

DETATLED DESCRIPTION OF THE INVENTION

Generation of repeat depleted DNA. probes

DA cortains unique 28 well as repetitive sequences. The repefifive sequences oocur
throughowt the chromosomes and have the potential to interfere with hybridization reactions,
such as with in sitn hybridization, targeted toweard specific regions or unigue sequences
cuiside these repetitive sequences. To identify the presence, amount and location of specific
sequences on chrommosomes, genes or DINA seqnences it is important that the hybrdization
probes hybridize ondy at the location of inferest. The presence of repetitive sequences in the
hybridization probe mixtuwre reduces the spesificity of the binding, requiring methods to
either Temove ihe repetitive sequences from the probes or prevent the probes from
hybridizing to the repetitive sequences on the target, For example, Cot-1 DNA is often added
during hybridization fo prevent binding of the probes to the repetitive sequences (US
3,447,841 and 115 6,396,479).

Recent contributions have addressed (his question by disabling the repetitive sequences.
The use of Cot-1 DNA relics on the ability of Cot-1 DNA to form a duplex structure with
available single sirand repeat sequences, and thereby mititize non-specific binding
inferaction of this portion of the sequence with the unique target sequence. Blocking the
epetitive DNA, either during a kybridization step with the unique target sequence of prior as
in a pre-zssociation step, results in 2 mixtare having repetitive segments forming duplex
structares with Gelr complementary sequence and 2 single strand form of the target probe,
available for hybridization to its unigue target segment. Unfortunately, the presence of this
duplex in a subsequent amplification or labeling reaction affects the signel throngh the

introduction of non-specific noise, especially in situations where the signal is very weak. An
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aliernative to blocking the repetifive ssquence ia to remove the unwanted repeat segments
from the reaction mix.

Generarion of repeat-depleted DINA probes of this prevention is depicted in Figure 1.

Ong embodiment of the present invention makes use of duplex specific nucleases (DSIN}
which preferentially cleave deoxyribenucleic acid molecules {US 2005/6164215 and US
6,541,204 incorporated by reference). The ability of the enzyme to preferentially cleave
nucleic acid duplex polynecleotides as compared to single strand DNA provides & means for
removing non-target double stranded DNA from the sample mixture. The ability of these
nucleases to preferentially digest the éupie;;c form of polynucleotides provides potendial use in
manufacturing an unique target specific probe, eliminating the interfering atfect of blocking
DNA, and providing a means for their rapid, efficient and cost effective production.

Starting DNA used in the practice of this invention is typically in the form of one or more
DNA sequences which contain a multiphicity of DNA segments. The initial source of
idividual starting material in the production of the probe composition has been described in
the produsiion of direct-labeied probes (US 6,569,620). Optimally the source of the starting
polymclectide is purified from tissue and Fragmented inte 150 kb to 200 kb segments, using
any known technique such as, but not imited o, enzyme reatment (restriction enzymes),
polymerase, Hmited DNase T digestion, limbted numg bean nuclease digestion, sonication,
shearing of DNA, and the Hke. Soms of these segmental fagments will be complementary to
at least a portion of one or more DNA segments in the particular unique targel sequence.

The individaal DNA segments are propagated by commonly known methods, such as cloning
into a plasmid construet and then fransfected into bacteria. Afler propagating the cloned
fragments, individual colonies represeniing isolated fagments are identified as containing at
least a portion. of the sequence of interest, Identification Is accomplished by known
techaiques such as hybridization, PCR, or searching established databases of comntercially
availzble Ebraries. Each chosen volony is grown to obtain an isolated plasmid construct
having a unique fragment, at least partially complementary to a segment of the target
sequence on the chromosome. Exenuplary target sequences include HER-2, IGF-1, MUC-1,
EGFR, and AR and may be available through commercial vendors {{.e. BAC clones).

Onee the cloned fragments of interest are propagated and isolated, they arg depleted of their
repetitive polynucieotide sequences. Using whole gone amplification (WGA), the fragments
are amplified as 200 fo 500bp segments fom the isolated plasmid constructs. Commerciatly
avaligble DOP PCR is considered as one embodiment to this portion of the procedure.
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Cot-1 DNA 15 combined with the WGA Ebrary pool after amplification by fizst heating to
95°C to denature the double-sirand polynuciectide into a single strand stete and then cooling
te 65°C to allow selective re-annealing of the repeat sequences. Duplex specific nucleases
(DSN) under opiimized DSN conditicns are then added to preferentially cleave
deoxyribonucleic acid molecnles containing perfectly matched nucleic acid duplexes while
wat affecting any remaining single strandad segments. Seleciively cleaving the duplex
nucleic acids is accomplished by enzymatic digestion of DNA-DNA duplexes and DNA-
RNA duplexes. Specific embodiments of the present invention include DSN isolated from
the Kamchatka crab (IS 10/845,3066) or shrimp (US 6,541,204}, but any enzymatic removal
of dupiex structure is considered in the present tavention, The nse of endonuclease-specific
nucieases hydrolyzes a phosphodiester bond in the duplex DNA backbene, providing the
advantage of not being nucleotide sequence-specific and therefore applicable to most targets
of intersst. DSN digestion provides for the removal of 2 substantial amount of the nucleie
acid duplex for subsequent amsplification of the remaining single-strand polynucleotide, One
emboditment of the present irrveniion is a 2 hoor DN digestion at 65°C. The resulting
composition contains single stranded DNA, corresponding to portions of the unique target
sequence on the chromosome, gome amount of undigested double-sirand DNA, and digested
hase pairs. Preferably, the undigested DINA is separated from the digested DMNA and the
I3SN by cenirifugation (i.e. spin column chromatography). The mixture is used immediately
or stored at 80°C, either before or after amplification of the purified composition for
subrsequent utilization such as labeling and use for in sitn hybridizatien. Afier amplification,
the resuiting target probe sequence is amplified by PCR yielding 90% to ¥9% pure target
prebe seguence, and designated repeat-depleted DNA.

The use of DSN in the enrichment and isolation of a single strand polynuclestide from
double strand is applicable in the production of any single strand palynuclestide wherein
separation of the single strand entity from double strand contaminants is desirable. This is
particularly relavant, alithough not Ymited, in the production of labeled probes Tor gene or
chromescme identification, karvotype or panping a pool of siagle strand and double strand
polynneleotides,

The resulting probes, both composition and production, ars incorporated in the subjeet
matier embodied in the present invention. Repeat-depleted DINA, 25 deseribed in the present
Ipvention, is useful for in sitn hybridization, including FISH, and 21l other nucleic acid

bybridization assays. The requirement for competitive binding is eliminated using the repeat-
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depleted probes described in this invention, resulling in increased specificity of the reaction

and a reduction in the smount of probes necessary for binding.

The Duplex Specific Nuclease Method

To make a hybridization probe toward a target sequence, DNA containing the sequence of
interest is obiained. Methods to obtain DNA containing sequences of interest will be known
to those skilled in the art and include, without imitation, isolafion of genomic DINA from
tissues or cells, flow sorfing of chromosomes, and screening libraries of cloned fagments of
ehromosomes by hybridization, electronically, or PCR.

Starting DNA vsed in the practice of this invention is purified from a souree by any
method. Typically the starting DNA consists of genomes, chromosomes, portions of
chromesomes, or cloned fragments of chromosemes, Flow —sorted chiromosomes and
Bacterial Artifieial Chiromosomes (BAC) known to contain target sequences of cancer refated
genes make the present invention particularly applicable. Exemplary target sequences
include HER-Z, IGF-1, MYC, EGFR, and AR. BAC clones containing these sequences are
available through commercial vendors.

Cince the DNA containing sequences of interest are identified and obtained, they are
depleted of repetitive polynucleotide sequences. This process begins by fragmenting and
preparing a library containing the sequoence of inferest. One method is the GenomeMex®
Whotle Genome Amplification {WGA) method {GenomePlex® is a rademark of Rubicon
Genomics, Inc.) that randomiy cleaves the cloned fagments tnto 200-300 by fiagments and
attaches linker sequences which can then be used to amplify and re-amplify the Bbrary nsing
PCR. In this example fhe fagmented, amplified library is considered the source DINA.

To remove the repetitive seguences, the source DNA is denatured to 2 single stranded
staie and then cooled under conditions that selectively allow repetitive sequences to annecal to
form double siranded molecules and unigue sequences to remain single stranded. A duplex.
specific nructease (DSN) is then added which preferentislly cleaves the double stranded
repetitive fragments while not cleaving e single standed zmiqlh;e sequences, The resulting
mixture contains single stranded DNA, comesponding to portions of the enigue target
seguence on the chromosome, some emount of undigested double-strand DNA, and digested
base pairs. Preferably, the undigested DINA is separated from the digested DNA and the
DEN by spin column chromatographyy, phenol chioreform extraction or some other sitmilar
method, but separation is not 2 requirement. Then, the Tepeat-depleted library is nsed as a

hybridization probe or re-amplified ushg PCR to prepare larger amouais of probe DNA,
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After amplification, the resuliing target probe sequence is 9%0% to 99% pure targef probe
sequence, and designated Repeat-depleted DNA.

The library fregmentation and amplification methods described above are not intended to
be limiting but rather serve as an example of how one fragmentation and amplification
method is used t0 make repeat-depleted probes. There are numerous methods of fagmenting
andd amplifying nucleio acids including linker-sdapter PCR, DOP PCR, rolling circle
amplification, transcription-mediated amplification and &l other methods are considered this
invention, It ie expected that some modification of the abeve method to propare repeai-
depleted DINA will be necessary to accommodate the different methods of library
fragmentation snd amplification and these modifications are also included in the present
nvention.

One consideration in this invention is the use of an enzyme that is capable of cleaving
double stranded DNA while not cleaving single stranded DNA. Enzymes included in this
invention may cleave double stranded DNA. i any way, inclading lysis of the sugar-
phosphate backbona, removal of one or hoth strands in a DNA duplex or removal of
niftogencus bases to form spurinic/apyrimidinic sites. Non-limiting examples of these
enzymes include endonucleases, exonucleases, restriction enzymes, nicking enzymes, DNA
Tepasr enzymes, topoisomerases, DNA. gyrases, and enzymes involved in homologous
recombination. Specific embodiments of the present invention inchude DSN isolated from
the Kamchatka crab (US 10/845,366), shrimp {US 6,541,204}, T7 Endonuclease I, and F.eoli
exonuclease I, all incorporated by reference. '

Enzyme concentration, time of digestion, and buffer conditions such a5 salt and
magnesium ion concentration are factors that can affect the specificity of DSN toward double
stranded DNA. Optimization of these conditions is necessary to get efficient repeat-
depletion.

Efficiency and specificity of repeat removal in this invention are dependent on the
reaction conditions used o denature and re-anneal as well as the conditicns present during
digestion with the DSN. Denaturation is accomplished by alkali or heating. The degree of
DINA re-annealing is dependent on the concentration of DNA present in the gamples and the
time allowed for re-anmealing. In order for selective re-annealing of repetitive sequences to
occur, the repeat sequences rmust be presernd in a higher concentration than the unique
sequences. The ratio of repeat to unique sequences within 2 particular clone will vary from
region to region throughout the genome. To standardize the depletion process across rogions

with varying numbers of repeat sequences, an excess of subtragior DNA 15 added to the
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reaction. The mnags of subtractor DNA added varies depending on the desired amount of
repeat removal and is preferably 10-50 times the mass of the souce DNA. The present
invention considers that a subiractor is any aucleic acid or nucleic acid analogue containiug
sequences sufficientiy homologous in nucieotide sequence to the repetitiva sequences as to
allow hybridization between subtractor sequences and a portion of the sequences in the
source DNA, making the subtractor sequence useful. One embodiment of the present
invention inciudes Cot-1 DMNA as e subtractor DNA which is used to remove repetitive
sequences from source DNA.

The stringency for re-annealing is another component in the present mvention, Salt
congentralion and tmperatire are faciors that determine the stringency of any re-annealing
step. The degree of repeat remova!l is controlied by adjusting stringency conditions for this
step. Adjusting the stringency conditions to allow some degree of anneating between
sequences that are ot 100% homologous improves the degrec of repeat removal. Salt
eoncentrations range from 5 miflimolar to 1000 millimolar NaCl with annealing temperaiures
range from I35 °C 1o 80°C.

In one embodiment, the repeat-depletion process is performed such that re-annealing and
DSN digestion ocour sequentially. Accordingly, the DNA is denatured and allowed to cool
for a period of time under conditions eptimized for ammealing. Then, the reaction conditions
are changed to conditions that optimize the specificiiy and activity of DSN digestion. In
ancther embodiment, the re-annealing and D8N digestion take place simltaneously, under
the sane conditions.

Also within the scope of this invention, the source or sabiractor DNA is treated with an
agent, either chemical or physical, before or during enzymatic digestion to alter the
specificity of an ensyme toward cither the single stranded or double stranded fractions withizn
the mixtire. For example, E.coli RecA protein is added to e mixture of single stranded and
double stranded DNA. This protein coats the single stranded IXNA in the mix and protects
the single sirand DNA from E.coli RecBC DNage while allowing the double stranded DINA
in the mixture o be digested ( “Escherichio coli RecA protein protects singles siranded DNA.
or Gapped Duplex DNA from degradafion by RecBC DNage”, Williams, JGK, Shibata, T,
Radding, CM Journal of Biclogical Chemistry V246 no.14 pp 7573-7582). 1t is slso possible
to generate scurce or subtractor DNA using modified nucleotides which alier the specificity
of an enzyme toward the single strand or donble strand DNA fractions.

The use of DSN in the enrichment and isolation of 2 single strand pelynucleotide from

double strand is applicable in the production of any single sirand polymicleotide wherein

19

JP 2014-50404 A 2014.3.20



(50)

WO 207053245 PUT/USHIBEAIONGSS

separation of the single strand entity from double strand confaminants is desirable. This
inciudes removal of any undesirable sequence from a source DNA. These undesirable
sequences inclnde without Krdtation, repetitive sequences, unique sequences, and veotor
sequences. This method is particutarly refevant in the production of labeled probes for gene
or chreresome identification, karyotyping, or panning a poeel of single sérand asd double

strand polynucleotides.

The Selective Binding Method

By denaturing source DNA and selectively allowing repefitive sequences 1o anneal, any
apent that binds preferentially to 2 single or double siranded DNA structure is used to remove
repeat sequences from source DNA. Examples of these agents include, without himitation,
DNA or RNA polynucleotides, enzymnes, antibodies, DINA. binding proteins, combinations of
anfibodies and DNA binding agents, aud natiral or synthetic compevnnds and molegules.
DINA hinding agents may be loked direcily or indirectly to a solid support which allews for
pogitive or negative chromatographic selection of unigue or repetitive sequences. One
example includes separation of single and double strand DNA using biotinyiated antibodies
toward single strand or double sirand DNA, The desired population is separated using
streptavidin-coated paramagnetic particles. Alternately, a biotinyiated antibody toward a
DNA binding agent that preferentially binds single or double strand DNA is used in the same

faghion.

Other Singie or Deuble Strand Specific Enzymes

The present invention also embodies any enzyrme that preferentially acts on single or
double strand I¥NA in medifying source or subtractor DNA in facilitating repeat removal,
One non-limiting example is to selectively ligate a DINA linker fo the double stranded DINA
population after depatoration and selective re-anpealing the repeats. This Enker is hybridized
{0 2 homologous oligonucleotide attached to 2 magnetic (or paramagnetic) particle to remove
repetitive seguences. A second oxample is to use a single sirand DNA/RNA lgase to
seleciively circularize single stranded DNA present after denaturation and selective re-
annealing the source DNA. The resulting circles are then be amplified and enriched by

rolling cirele amplification.

Structure Specific Separation of Repetitive Sequences
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In addition te specific probe production methods and based on separstion of single
stranded DINA from double strand DNA, the present invention considers any method lmown
in the art whereby separation of repeat sequences from unique ssquences occnrs with the
establishinent some detectzble DNA structore in efther the repeat sequences or the unique
sequences and this detectable strocture is used fo separate one population from the other.
Home examples of detectable DNA structures inchude without Emitation, tripie or guadruple
stranded DINA, hairpins, panhandles, flaps, Z-DNA, Holliday junctions and other structares
formed during recombination. These structures may be naturally oceurring witlin the
sequentces of interest or they may be induced by modifying either or both the source nueleic

acid or the subiractor nucleic acid.

Selective Digestion of Repent Sequences

Another method to remove repeat sequences from sovrce DNA is fo digest a fragmegted
and amplifiable DNA library with a resiriction enzyme whose recognition ssquence is known
to exist in repetitive DNA sequences. When the digested source DNA is re-amplified by
PCR, the remaining library will be enriched for unique sequences and depleted of sequences

that contain repeats.

Drigestion and Selective Ligation

Another method is to prepars ropeat-depleted probes is o digest target DNA with two
restriction enzymes that Jeave different overhangs on the digested sconence. The first
restriction enzyme is preferably en enzyme that cuts within the repest sequences and the
second is an enzyms that the does not cut within the repeat sequences. Following digestion,
linkers ave selectively attached to the ends of the sequences cut by the second restriction
enzyime, Thess Linker sequences are then used 1o PCR ainplify a library, depleted of repeat
sequences. The resulting repeat-depleted DNA, both composition and production, are
incorporated in the present invention. Repeal-depleted DNA, as described i fhe prasemt
inveution, is nseful as probes for any type of hybridization assay where specific binding of
target seguences is desired. These techniques mclude, withowt Bmitation, ISH, FISH, CGH,
spectral karyotyping, chromesome painting, Southern blot, Northers: biot, and microarrays.
Production of hybtidization probes that only contain uniquc sequence ks one embodiment of
the present invention, Consequently, the requirement for competitive binding is eliminated,
resulting in an increase in fhe specificity of the reastion, and reducing the amount of probes

necessary for binding,
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Use of Duplex Specifie Nuciease to Cieave DNA at a Desired Location.

The usa of duplex specific nucleases has utitity in cleaving specific sequences from
DNA.. Figure 2 show a schematic representation of this embodiment. Single strand DNA is
obtained from & DNA source, containing the desired sequence. Oligonuclectides identifying
both ends of the desired sequence are added, and duplex specific nicleases introduced to cut
the desired DNA probe from the souree DNA. After separating the desired DNA probe by
size exclusion, second strand DA is synthesized and cloped to provide a source for DINA
probes, Thus, duplex specific nucleases are used to cleave DNA sequences at specific
regions, This method is most useful in cloning of fragments of interest that are too large to
amplify by PCR end when the fragments lack appropriate restriction enzyme sites. These
fragments may then be used as hybridization probes, sequenced, or used for any other
puzpose. In Figure 2, two oligonneieotides are designed to anneal to one or both swands of
the DNA, and flank the sequence of interest. DNA contmining 8 seguence of interest is
denatured and allowed 1o re-anneal in the presence of an excess of the flanking
oligonucleotides. Digestion with a duplex specific nuclease selectively cuis the DNA at the
site where the oligonucleotides are annealed. The remaming single strand DINA molecules
are fractionated by size to obiain the sequence of inferest. The sequence of interest is made
double stranded using 2 DNA polymerase and clongd into a plasmid, Thus making
posgibilities to clone or subclone sequences of inferest from & larger DINA polyaucleotides.
A second example of site specific cleavage is the recovery of cloned Fagments from plasmid
vectors by selectively digesting the vectors. In one example, the plasmid containing cloned
DNA fagment is denatured and allowed to re-antieal in the prosence of excess plasmid,
lacking cloned DNA. Addition of a duplex specific nuclease cleaves the plasmid sequences
and leaves the single strand cloned DNA intact. The remaining single strand INA is then be
used for arry application known in the art including, bt not Himited to, sequencing o

subcloning.

Example 1-Detection of Chromosomes or Portions of Chromosomes using Repeat-
Depleted DNA Probes

BAC clone CTD-2019C10 was selected to be used as a probe for the Her-2 gene by
electronically sereening the human genoms using the UCSC Genome Browser sofiware
(hitp:fgenome.ucse. edu/cgi-binvhgGateway) and clones were oblained from Invirogen
(Carlshad, CA). BAC DNA was isolated using the Large Construct Kit from Cagen

2z
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(Valescia, CA). Source DNA was prepared using 10 nanograms of purified BAC and the
Genomeplex® Complete Whole Genome Amplification Kit (Sigma-Aldrich St Lowis, MO}
aceording to the manufacturer’s directions. Depletion mixes were prepared containing 2
miczograms of Cot-1 DNA, 1x Duplex Specific Nucicase buffer (Evrogen, Moscow, Russia),
4.3 molar NaCl, and 66 nanograms of source DNA. The depletion mixes were denatured for
5 minutes al 95 °C, pleced on ice for 10 seconds and 1 unit of Duplex Specific Nuclease
{Evrogen, Moscow, Russia) added. Saniples wers incubated at 65°C for 90 minutes. Five
microliters of the reaction were purified using the Geneiute PCR Clean-Up Kit (Sigma-
Aldrich St. Louis, MO} and the purified DNA was eluted in 30 microliter aliguots. Fifteen
microliters of the depleted samples were then re-amplified by PCR using the Whole Genome
Re-amplification kit {Sigma-Aldrich 5t. Lows, MOQ). PCR reactions were pwified as
described and quaniified based upon their Azey. Ten rancgrarms of the first re-amplification
mixture was nsed as templaze in 2 second re-amplification, pmified as deseribed. This
material was sonicated to an average molecular weight of 200-500 base pairs, ethanol
precipitated, and resuspended in distilled HoO. The resulting DNA was fluorescently labeled
nsing the Kreatech ULS Platinum Bright Red/Orange Kit (Kreatech, Amsterdam,
Netherlands). For cornparison, nrobes with repeats were also made from the source DNA
which was used in the depletion process..

Phytohemaggiutinin-stimulated white blood celis were prepared for FISH by fixation in
T5%methanoi, 25% acetic acid and spotted on slides using standard techniques. Repeat-
dapleted probes and source DNA probes were hybridized at Zng/u! without Cot blocking
DNA in a hybridization buffer consisting of 50% formamide, 10% dextrac sulfate, and 1x
SSC. Shdes and prebe were co-denatred at 80°C for 3 minutes and hybridized overnight at
37 °C. Following hybridization, samples were washed for five minutes at 50 °C in 0.5x 88C,
0.001% SDS. Samples were counterstained in 0.5 pg/ml DAP] for 5 minutes sud mommted in
50% glycerol. Images wers acquired using a Leica DM-RYA flootescent microscope(Leica
Microsystenss, Bannockburs, IL} equipped with filters appropriate for rhodamine and DAPL
Images were acquired with a Photometrics SynSys black and white digital camera
{Photometrics, Tucson, AZ). DAPI signals were enhanced and overlay images were
generated using Leica FW 4000 sofiware. Her-2 images are unedited and were captured nsing
identical camera seflings comparison purposes. Figure 3 depiots a comparison of the images.
Panel A shows that when source DNA containing repeats is used as a hybridizetion probe, the

probes stain the entire nuclens and no Her-2 specific signals are visible. ‘When repeat-
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depleted DINA. is used as & probe (Panel D) specific signals that correspond to the Her-2 gene

ate clearly detectable {arrows).

Example 2- DINA probes depleted from repeat sequences according fo this invention
improves the visualization of fleorescently labeled DNA probes as compared to
traditional DNA probes that contain repeats which are blocked during the procedure.

The signal to noise rabon of fluorescently labeled probes is significantly improved when
employing repeat depleted DNA probes obiained according to the invention. For this
compparison, DNA probes targeting 9p21 and 11923 were used as they are known {0 those
skilled in the arl. These signals are problematic m that they are relatively small signals and
difficlt to discern. Probos were depleted from repest sequences according to the invention
and {luorescent reporter molscule linked to a platinum group which forms & coordinative
bond 1 the N7 position of goanine was used to fuorsscently label the probes {ULS labeling,
Kreatech, Amsterdarn). Figure 4 Panels A and B show a chromoseme spreed hybridized with
thodamine labeled 9p21 and dGreen labeled 11923 probe respectively. Clear signais from
the repeat free probes can be discerned with the repeat free probes as ndicated by arrows in
the figures. Thus, the visualization of the presence of these probes is superior to those that
are obtained using probes that are obfained fhrough aditional methods. This tmprovement
i visualization provides a2 more scourate differential diagnosis of melanoma {Panel A,
Sp21, P16 (CDRINZA) and lenkemis (Panel B, 11923, MLL}.

Preservation of lmmunomagnetically-Labeled Cells for Subseguent Analysis

Iruring imnmmnocytochenestry (3CC) image analysis the cells are magnetically held to the
optically transparent surface of the cartridge by mapnetic forces applied by an external
magnet (US 3,466,574). The caleulated holding force of the device is approximately 10
Newtons, This holding force is dependant upon several variables incinding but not limited to
the number of forrofluid particles on the oell, the size of the magnetic particles and the
magnetic field gradient applied by the extemal magnet. In order to fix the cells to the glass
surface, the buffer solution must be removed and replaced by & cell fixative solution, such as
methanol, acetone, acetic acid, other agents known in the art snd combinations of these,
Agspiration of the buffer solution must be carsfuily completed so as to not displace or ratove
the cells to be analyzed. So as fnd is aspirated from the sample chamber, the memigcus of
the fnid applics shear forces on the magnekcaily held cells, These shear forees can be

greater than the magnetic holding forces (calculated at greater than 10°° Newtons). In such
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gituations, the cells will sither be moved within the cartridge or displaced such that they are
aspiraled from the cartridge along with the buffer solution. Fluid shear forcss are a function
of the raie at whick the meniscus moves across the glass portion of the cariridge, the distance
between the aspiration probe and the gless surface, the velocity and viscosity of the fluid
being aspirated and other parameters. Additionally after aspiration, any drying of the glass
surface before the fixation solution is added can have & negative effect on the cells within the
cariridge. Plus, the addition of a fixation solution imto an empty cartridge will further distuzb
the distributton of the cells.

Aceordingly, ong aspect of the present invertion address these fssues by providing a
method for replacing the buffer solution with the fixation fluid without subjecting the cells to
fiuid shear forces caused by the meniscus. Fixation solution is dispensed inio the bottom of
the cartridge with the siultaneous aspiration of the displaced tuffer solution from the top of
the certridge. While some mixing of fixative and buffer will take place at the interface of the
two fluids, sufficient fixation sofution will be dispensed to complete the required eell fixation
to the glass surface. This finid displacement will ocowr with minimal shear forces applied fo
the cells in the carlridge hy balancing the flow between the dispensed Gxative solution and
aspiration of the displaced flnid, iv addition 1o the magnetic holding force retaining the
immunomegietic atiached cells to the surface of the glass. One preferrad embediment of the
present invention utilizes the entry arca of sampie chambers described in US 6,861,259; US
10/988,057; and US 7,011,704, US 11/294,011 in displacing approyimately 100 mieroliters
of flind within the cartridge without spilling out of the catiridge. The opening port of the
cartridge is sufficient to allow an aspiration probe to remove buffer solution as the fixative
solution is being dispensed to displace the buffer solution, Ones the cells have been fixed in
place by the fixation fluid, the fluid may be removed without risk of cell disturbance. This
procedure allows for automated processing of samples for subsequent FISH or other analysis
with minimal operator interaction thaf couid infroduce variability into the preparation
Process.

The preseat mvention describes an asforuated device which allows for complete and
consistent fxation of cells in the cartridge after ICC imaging in 4 bench-top device, and
ingorporates all the steps in the preparetion of target oslls afier ICC for sabsequent FISH
image analysis, Figure 5 depiets a schematic view of the apparatus showing the relative
locations of the individual components. Accordingly, the cartridge containing the ICC
imaged sample is placed into the device for buffer removal and Gxation. A syringe and

syringe pump in combination with a pipette aspirates the buffer and dispenses the fixative,
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Figure 6 is a schematic representation of the steps involved in the fixation and hybridization
of the celis. In one embodiment of the invention the buffer removal and addition of fixative
ate performed simmltaneously to minimize cell movement through the forces exhibited by the
fluid resroval and addition. The fixation is completed by remeval of all fluids from the
cartridge followed by drying of the cartridge by a forced air flow inside the cartridge using
the same pipetie as used for ihe addition and removal of fxation reagents. Afier fixation and
drying the cartridge is stored or used mmmediately for FISH ot other additional analysis.
Ountimal mixtures for the fixative differ depending on the target enfity (Le. DNA, RNA,
proteis),

Fixation Protocol for FISH

Te fix the celis on the upper surface and leave ther intact and accessible for FISH
probes, e following protosol is developed and implemented i the avtormated bench-top
device:

1. Dispense 250 mictoliters of fixative frem the bottom of the cartridge (cariridge in up-
right position).
Aspirate 250 microliters from the top and dispose..
Repeat the dispense 250 micreliters new fistative from the bottom of the cartridge.
Aspirate all fluid from the top of the cartridge.

A

Dry the carteidge by flowing air throvgh the cartddge. Pipette ased for

aspiration/dispensing is nsed for air flow as well.

Volame Reduction

As a consequence of the expense of antibodies or polynucleotide probes and the
requirement to use them in high concentrations, reactions are carried out in very small closed
volumes (for example 5 wicroliters to 25 microliters) so the cost ofusing a high
soncentration is offset by having fo use very smatl volumes of reagents. Sampie cartridges as
desoribed in US 6,861,259, 16/988 057, and US 7,011,754; 11/294,012 are used as the
reaction vesset after immobilization in the chamber. In these cartridges, the tmmediate
vohmme of the chamber where the cells are immobilized is 320 microlifers. Thus, thereis a
need to analyze immebilized cells by in situ hybridization, but the adding 320 microliters of &

high concentration of most probes are expensive and impractical,
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Fo address this problem, a mniform distribution of the probe mixiure acrass the surface of
the optically twranspavent surface of the cartridge where the cells are immobilized is needed,
while reducing the volume of the added probe. This method is obtained by the ollowing:

1. Inseriing an objeot inside the cartridge to reduce the vohune,

2. Using a volume thai is large epough, but smaller that the 320 microliters acress the
entirs surface where the cells are immobilized when the cartridge is in a horizontal
position and the surface with the cells is downside (optical viewing serface on
bottom).

Use a small volume plus a fluld with a density that is lower than the density of the

(5]

reagents. The low density fhiid floats on top of the reagent and allows the reagenis to
spread nniformly soross the entire surface.

As an example of the first possibility, av extension is intreduced at the probe end of the
stopper o that a portion extends the full length of the chamber (Figure 73. The extension
consuymes approximately 1/3 of the volume of the chamber. The extension diameter is
dimensioned such that it will slide through the chamber operdng, 2.36 mm diameter. The
gxtension is made by molding an eniire new plug over the molding vn the existing plug, or
mserting 2 solid metal rod through the center fine of the plug. The meterial must be inert to
the reagents ag, for exammle, 316 slainiess steel, polypropylens or Inconel 625, The over
molding of the upper portion of the plag with 2 thermal piasﬁ;: is necessary to ensure the
proper plastic darometer for maintaining shapc‘:uc;u.ﬁng insertion and when positioned in the
chamber to matatais liguid seal and locking of the plug. Further, the plag and extension
optionally has an access hole through the center for monitoring temperature within the
chamber during processing, The plug is finther destgned to be removed and re-used afler
proper cleamng,

A second embodiment is deplcted in Figure 8. A volwme of 50 microlitors of FISH
reagents is sufficient jo cover the whole upper surface of the cariridge. This volume needed
to ensure complete reactions and is dependent on the viscosity and hydrophobicity of the
reagents. After adédition of the reagents, the cartridge is placed in a horizontal position to
further ensure expostze {0 the reagents.

One other embodiment incorporates the second embodiment with a further rednction in
reagent volume. Afer injecting of the reagents as described, an extra fiuid with a lower
density is infected. As the lower deasity flnid floats on top of the reagents of the reagents,
there is a more complete reaction over the entire surface. Depending on the components of

the reagents, a volume of 25 microliters rengents is obtained.
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Reanalysis of Immunomagnetically-Labeled Cells

Chromosomal aneuploidy is associated with genetic disorders, parficularly cancer,
Diagnostic methods are available that provids for the detection of these chromosemat
abnormalities particularly with the use of [n ity ybuidization (ISH). The application of ISH
and immumocytochemisiry (ICC) on tissue or cell samples has been well sstablished, but
there is a clear need to establisk a diagnostically effective method for the simultaneous
anatysis of ISH and ICC on a single coll. One aspect of the present invention provides for the
detection of these chromosomal abnermalities on individual cells as they relate io the
confinpation of morphologically suspect cancer cells throngh a cost effective and highly
specific means.

One aspect of the present invention provides for the further processing of rare cells afler
enrichment and muncoytochemical (JCC) analysis.  For example, circulating rare cefls
such as epithelial ceils are identified as suspect cancer cells {U1S 6,365.362; 1S 6,645,731;
ard US 11/202,8735 are incorporated by reference). Swuspect cells are identified through
specific cellular antigens and mucieic acid labeling. Confirmation of these suspect cells are
subsequently determined by the expression of specific untque target sequences, defiging
gither a chromoesome and/or gene, used 10 assess chromosomal changes (1.¢. ansuploidy)
within the ideatificd suspeet cell. Accordingly, one embodiment of the present invention
includes the combination of ICC staining and subsequent confirmation by fluorescent in sifu
hybridization (FISH} on 2 group of selected chromosomes which define a CTC,

The cancer confirmatory assay provides an increased specificity afler immimomagnetic
earichment and fluorescent imaging of circulating tumor cells as provided by the
CellTracks® AutoPrep® and Cell Tracks® Analyzer I Systems (Immunicon Corporation)
and fmther described in US 6,363,362, A confurmatory test perinits the designasion of 1 or
more CTC’s as & cancer cell rogardless of the stage of the disease and thus lowers the
fhreshold for calling 2 sample positive for CTCs. One embodiment of the present invention is
assessing aneuploidy in chromosomes 1, 7, § and‘or 17 to confitm YCC-determined suspect
CTC's. A further embs;iimem includes the detection of individual genes such as, but not
limited to, HER-2, IGF-1, MYC, EGFR, and the androgen recepior (AR) to detect the
presence or absence of therapeutic targets and thus provides 2 means to make the correct
choice of treatment.

Accordingty, an automated and standardized method for blood sample processing

provides identification of circulating epithelial celle by ICC. Asphated plasma from a
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partitioned blood sample is combined with a ferrofiuid reagent conjugated so antibodies
specific for a target eel} population (.e. BpCAM positive). These celis are
immunomagnaticatly coliected through s exieraalty applied magnetic feld, aliowing for
separation and removal of unlabeied cells.

Onoe the target cells are separated, they are dispensed mnto a disposable cartridge for
image analysis using an image presentation device {US 6,790,356 and US 6,890,426). The
device is designed to exert a magnetic field that orients the labeled cells along the optically
trangparent surface of the chamber for subsequent ICC imaging,

After ICC imaging, suspect cells are identified using appropriate algorithms. Images of
the suspected cells are presented to the user who makes the finzl decision about the identity
of the presented suspect cells. fmages of the suspect celis and thelr relative position alony the
eptically transparent viewing surface of the chammber are recorded and archived for later use.

Singe ICC imaging alone acks the specificity to assess the clinical significance of blood
samples with less than 5 CTC’s or to provide detailed genetic information about suspecied
cancer cells, subsequent analysis using multiparametric genetic profiling on individual
suspect cells is needed fo provide a complete profile and astablish a confirmatory mechanism
that can be used in diagnostic analysis, including screening, assessing recurrance of disease,
and overall swrvival, One embodiment of the present invention utilizes fhuorescent in sitm
kybridization (FISH) as a multiparametric genetic analysis, but other profile assessments are
considered. This provides both phenotypic and genotypic profile assessment for an
individual eell present along the viewing surface

FISH requires lemperatuzes above the melting temperature of DNA &5 well a reagents that
are not compatible with the TOC labeling. Most of the ICC and DINA labels do ot survive
the FISH procedure with any signals lost in precessing, Thus, 4 cell that was identified as
being an interesting cell for FISH analysis can not be traced back on its position, Thercfore
there 1s a need to have a detection method that once the ICC image is obtained, the cell
position along the optically wansparent viewing surface is maintained for subseguent
multiparametric genetic analysis (FISH) or other types of analvsis in which the ICC iabels are
last. This is achieved, in part, by fixing the cells on the optically transparent surface after the
1CC image is obtained without a loss of celis or any substantial movernent along the surface,
Acecordingly afier addition of the FISH reagents, the cariridge is placed on a hofplate having
the surface with the immobilized cells in contact with the hotplate. Depending on the typs of
2asay the hotplate is programmed with different temperaturc ¢veles that run between 2 and 48

hours. After the temperature cycles are completed, the excess FISH reagents are removed

9
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fram the cartridge. The cartridge is filled with a buffer solution containing 2 DNA label to
visuahize the nuclel of immobilized cells. Depending on the DINA label used, the label
remains in the cariridge or is washed out of the cariridge after staining.

Wext, the cariridge is placed back in the CellTracks® Apalyzer I System for a second
scan. Because cells present on the upper surface during the first ICC fmage analysis were
immobilized, the same cells are still in the same relative location inside the cariridge. Te
assess the shift of the cartridge relative to the imaging sysiem (CellTracks® Analyzer I
System), the locations of the nuclei in the images of the second scan are comparad to the
Iocation of the nuclel in the images of the first ICC scan. The shift of these mages with
respect ta each other is determined using convolution algorithms. Afier this shift has been
determined a specific cell of interest, based on its ICC fmage, can be selected from a list and
be relocated on the surface of carividge after FISH in the second scan, Next fluorescent
images of the different FISH probes are acquired.

Figure O shows g represeptative image of e tumor ceil, identified by ICC and probed for
the presence of chromosome 1, 7, 8 and 17, Panel A shows a list of CTC candidates
identified by the software as cytokeratin {cytoskeletal protein present in celis of epithelial
origin) positive and DAPI (nucleic 2cid stain} positive. The correspoending images of the
highlighted evem were identified as 2 CTC by the user 25 it confirmed the CTC definition
{cytokeratin positive, CD45 negative, DAPT positive event with the merphological
appearance of & cell). Four images taleen with a 10X objective are shown in Panel B. The
The top left mage shows the DAPI staining of the nucleus and the bottom left image the
cyiokeratin staining of the eyteplasm. D45 staining and FITC staining are lacking as
illasirated by the lack of positive staining. After the cells were preserved and probed for the
centromeric probes for chromosome 1, 7, 8 and 17, images of the upper surface of the
cartridge were reacguired and the fluorescent signals of the probes for chromosome 1, 7, 8
and 17 are shown in Panel € for the same cell shown in B. Two copies of chromosome 1,
three copies of chromosome 7, four copies of chromosome 8 and two copies of chromosome
17 are clearly visibie demonsiraﬁng that the cell is aneuploid and confirming that the ezl
mdeed is a cancer cell.

Images dispiayed in Figure 10 are acquired using a 10X, WA 0.5 plan achromat objective.
Although the resolution is sufficient for most cenfromeric probes, it is not sufficient for the
gens specific probes, for example HER-2 and EGFR FISH probes. Por this reason the 10X,
MNA 0,5 objective, the ohjective used for ICC image acquisition, is replaced by a 40X, NA 0.6

objective, corrected for the optical thickness of the éranspareat apper surface of the cartridge.
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The use of high NA objectives ailows for 3D imaging of the cell of interest allowing for a
confident determinaiton of the correct number of copies for FISH probe Jabelad sequence in a
selected osll, Multiple images at different focal planes along the optical axis of 2 specific call
of interest are acquired followed by 3D reconstruction of the vell. Figure 10 shows 5 such
shices through the cell using excitation/emission filters for § different fluorochromes. In
Panel A, five slices for PE are shown, In shice # 2, only two sigaals are visj.bie whereas in
slice # 3 three signals are visible. Panel B shows 3 shices of the DAPY staining. In the APC
slices of Panel C, # 2 slice shows | signal. In the FITC slices of Panel I3, slce #3 shows two
signals and slive #4 shows two different signals, making the total for this probe 4. In Panel B,
Dyd15 slices show [ signal in stice #2 and two signais tu slice #3. From the images, it is
cleax that the probes are lecated in different parts of the nuciens and that using only one focst
plame the counting of the signals wonld not be correct. In Figure 11 Pane] A fluprescence
ICC images of the CTC, presented as a stack of images from Figure 19. In panel B, the slices
for oach fluorochrome are added and the average intensity is presented thereby scaling the
images o use the full range of intensity levals which facilitates enumeration. The count for
the number of signals with each probe are shown next to each image (i.e. 4 for PE, | for
APC, 4 for FITC and 2 for dyd18),

It 15 understood that the subject matier of this invention is not lHmiled 1o the detection of
canoer cells but can also be used to characierize other cell types. One cell type frequently
pursued for detection of cytogenetic abnormalities is fetal celis in maternal blood. To enrich
for sueh cells, markers need fo be targeted that are present at high fraquency on the fetal cells
and in low frequency on the maternal cells, One cell type that is frequently pursned is the
nucleated red blood cefls. A marker that is present on all nucleated red blood cells is, for
example, the transferin receptor (CD71). When coupled to ferrofTuids, nucleated red blood
celis are reproducibly enriched from whole blood with the CeliTracks® Autoprep® System.
"The enriched cells contain fetai nucieated red bloed ceils, maternal mucleated red bloed cells,
activated T-lymphocytes, immature reticulocytes and other cells that have been carried over
by the immunomagnetic enrichment, The enriched cell population is now be stained with
markers that diseriminate between cells of fetal and maternal origin. One such panel of
markers is the use of CP45 to eliminate Jeukocytes from the analysis in combination with
Hemoglobin F that is prosent in fetal red blood cells bizt only rarely in maternal rzd bivod
cells, carbonic anhydrase that is only present in adult red blood cslls and DAPI to identify the
nucleus of the cells, The CellTracks® Autoprep® Systen is veed fo stain the cells in a

reproducible mapner. As some of the antigens are intracellular the cells, cells need o he
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permeabilized for the antibodics to pass the cell membrane. The agents used for
permeabilization also lyse the mumature reticnlocytes, specifically selecied by the use of
CD71 and the remaining ervthrocytes that were carried over through the procedure. Afier the
staining of the cells with the probes that have different reporter molecules, the cartridge
containing the staingd cells are placed in the CellTracks® Analyzer 1T Systern, The system
identifies fetal nocteated red blood cell candidates as DAPT, CD45, Fetal Hemoglobulin®,
Carboric Anbydrase events, The user can confirm that these events indeed have all the
characteristics typical for fetal rucleated red blood cells. Afier the systen: remembers the
location of the fetal nucleated red blood cells, the cartridge is emptied as described above and
the cells are hiybridized with probes for cytogenstic anatysis, Probes that are typically used to
idemify relatively frequent eylogenetic sbnormalities are thoss that recognize chromosome
X, Y, 13,18 and 21. Afler the oells have been stained, the cartridge is reinserted in the
CellTracks ® Avalyzer I System, because the cells that were present on the upper surface
during the first ICC image analysis were immobilized the same cells arc still on the same
location inside the cariridge. The system returns to the events and fakes mages of the
{lzorochromes used to identify chromosomes X, Y, 13, 18 and 21. The user than assesses
whetler the copy number of each of the chremosomss and deternzines the sex of the fetus and
wiether or not the copy number of the chromesores suggest the presence of cylogenetic

ahnormalities.

Example I- Detection of Cyingenctic Aberrations after CTC Identification.

CTCs from 7.5 mi of blood were identified as oviokeratind, C45- nucleated cells after
Immrunomagnetic entichiment targeting the EpCAM antigen usimg the CellSearch System
{Veridex, LLC). CTCs are identified by the CellTracks™ Analyzer (Immundcon Corporation)
where the cells ave pragnetically held along the upper surface of 2 cartridge. For cytogenetic
anatysis, the fluid in the cartridge was removed and the cells fixed while maintaining their
original position. Fluorescently Jabeled probes for chromosome 1, 7, 8 and 17 were
infroduced into the cariridge and hybridized to the cells. The Hxalion and hybridization
process removes the fluorescent labels used for CTC dentifieation. After hiybridization the
cariridges were again placed on the CeliTracks? Analyzer and analyzed for a second time.
The fluorescent irmages of the CTCs identified in the first scan ave then combined with the
florescent images from each of the four chromosomes labels obtained in the second scan,
The number of chromosomes 1, 7, 8 and 17 were enumerated for cach CTC that was
identified in the first scan. The nurnber of chromosomes detected in leukocytes that
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surrounded the CTC’s were used as intexngl conirots. In 7.5 mL of blood from 8 patients
with metastatic carcinoma, 1 to 7 CTC’s were identified. Greater than or less than two copies
of chromosame 1, 7, § or 17 were detected in al} 8 patients. Heterogeneity in the
chromosomal abnormalities were not enly detected between CTC s of different patients but
also among CTCs of the same patient. Of the 21 CTCs examined, 77% showed chromosomal
sbniormalities and & majority showed an increase in the number of copies of the
chromosomes. Iu contrast, more than 30% of the lenkocytes examined showed two copies of
the chromosomes and none showed an increase in chromoesocine copy number,

Conclusions: Cylogenetio composition of CTC’s can be assessed after they have been
identified. The presence of ansusemic CTC’s provides information to the cwtcome of patient
conditions and provides a prognostic indicator of clinical outcome. Further, gene alterations

in CTC's provide indices 1o current and future cancer therapies.

Example 2- Evaluation of Anti-Cancer Targets on CTC’s to Prediet Therapeutic
Success.

The CellSearch System™ has been used in multi-center prospective studies to
demanstrate that presence of fumor cells in bloed of patients with metastatic carcinomas is
sssociated with poor survival prospects. Faijure to elinyinate Cirealating Tumor Cells {(CTCs)
after one cycle of therapy in these studies strongly suggests that these patients are on 2 futile
therapy. Assessinent of the presence of therapeutic targets on the tumor should enable the
aporopriate choice of therapy. Anti-cancer targets arc identified on CTCs before mitiation of
therapy. Celis from 7.5 mL of blood are identified a3 cytoleraun(CR+, CDA4S- and
mucleated afier EpCAM immunomagnetic sslection. Suspect CTCs are identified and
Ioealized at the upper surface of z cartridge where they are held by & magnetic feld.
Fluorescently labeled antibodies that recognize treatment targets associated with known
therapies such as HERZ, IGF-1, Bei-2 and BGFR are assessed on the CTCe. Subsequently,
CTCs are preserved for cytogenetic analysis. Afier the fluid in the cartridge is removed, the
cells are fixed and maintain their original position for probe hybridization, Since the system
knows their original position, the cells cin be reexamined for the presence of probes of
interest, The results show a CTC and a leukocyte before and after hybridization with

chromosome 1, 7, 8 and 17,
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1. Amethod for producing nucleic aoid probes compiementary to a target seguence

comprising the steps of!

a. fragrmenting double strand polynucleotides known to contain cormplementary target
seguences and repetiive sequence s info fragments,

b denaturing said fragments info single strands;

¢ hwbrichzing said repetitive sequences with & non-specific competitar to fom a rmixdure of
double strands and sngle strands,

d cleaving said double strands, and

o amplifying said single strands wherein said single strands are complementary to said

target sequences,

2. The method of Claim 1 whereby an additional step of adding PCR primers to said

fragments in step {a) before denaturing in step (b).

3. The method of Claim 1 wherein said fragments in step (b) comprises polynuciectides
selected from a group consisting of cloned frapments, amplified genomic fragments,

clOMA fragments, and combinations thereof

4. The mrethod of Claim 1 wherein said hybridizing to said repetitive sequences is with 3
non-specific competitor of repetitive sequences selected from a group consisting of
sonicated saimon sperm DNA COT-1 DNA, E coli tRNA, placental total genormic LINA,

cloned Al and combinations thereof,

&, The method of Claim 1 wherein the cleaving step is performed by enrymatic digestion

specific to double stranded DNA.



10,

11

13.
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The method of Claim & whereimn said enpymatic digestion results fromthe activity of 3
double strand specific nuclease selected from a group consisting of cation-dependent
endonucieases, Ca, Mog-dependent endonuclease DNARNA non-specific nucleases and

combinations thereof,

. The method of Claim 8 wherein said cation-dependent endonuclease is DNAase K from

the Kamchatka crab,

. The method of Claim B wherein said DMA/RNA non-speciic nuclease i thermolabile

DilAase from the Pandalus borealis shrirmp.

. The method of Claim 1 wherein amplified single strands from step (e} are affixed 10 3 lzbsl

containing moiety selected from a group consisting of radicactive isctope, enzyimes, biatin,
avidin, streptaviding, digoxygenin, lminescent agent, dve, hapten, or combinabions

thereof,

The method of Clair 9 wherein sald luminesoent agent s selected from a group
consisting of radioluminescent, chemiluminescent, bioluminescent, photoluminescent,

and combinations thereof.

The method of Claim 1 wherein the amplified single strands from step {(e) are affixed 1o 3

flugraphore group.

The method of Claim 11 wheremn said fluocrophore group is affixed through a linkage

selected from a group consisting of covalent inker, metal coordinative linker, biotin

derivatives, and combinations thereof.

The method of Clairn 12 wherein said metal coordinative bond 15 a platinurn coordinative

hond.

A method for detecting the presence of a target seguence comprising:

a. adding a probe of Claim 1, and
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b, detecting said probe wherein said detection is selected from a group consisting of 15H,
FISH, CGH, spectral karyobyping, chromoseme painting, Morthern blots, Southern

blots, microarray analysis, and combinations thereof,

15 Nucleic acid probes produced by the method of Claim 13 wherein said probes are used in
methods selected from a group consisting of 1SH, FISH | COH, spectrat Karvotyping,
chrornosome pamting, Morthern blots, Southern blots, microarray analysis, and
corrbyinations thereof.

18 Nucleic acid probes produced by the method of Claim 13 wherein said probes are used in
the detection of chrormosome abnonmalities selected from a group consisting of exdra or
missing individual chromosomes, exdra or missing portions of a chromosome, reaks,
rings and chromosomal transiocations, chromosome dicentrics, chiomosome inversions,

chromosame insertions, chromosome amplifications, and chromosome deletions.

{57) Abstract: The invention refates generally 1o the field of identification of DNA sequences, genes or chromosomes. Methods and
composition to obtain Unigue Sequence DNA probes are provided. Composition coraprises of any double stranded DNA containing
Unique Sequences from which the repeiitive sequences are eliminated according to the method described in this iavention. The
invention also relates 16 the preservaiion of cells that have been identified after immuncmagnetic selection and fluorescent labeling
in order to further interrogate the cells of interest. Forthermore the invention relates to genetic analysis of cells that have been
identified after immunomagnetic selection and fluorescent labeling.
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