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The present invention relates to a novel method for the amplification of DNA, this method being particularly useful for the amplification
of the DNA or the whole genome of a single cell, chromosomes or fragments thereof. Described is also the use of the method in DNA
analysis for medical, forensic, diagnostic or scientific purposes, like comparative genomic hybridization (CGH)-, fluorescence in situ
hybridization (FISH)~, polymerase chain reaction (PCR)~, single strand conformation polymorphism (SSCP)-, DNA sequence—, "loss of
heterozygosity" (LOH)-, fingerprint- and/or restriction fragment length polymorphism (RFLP)- analysis.
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genome of a single cell, chromosomes or fragments thereof. The present invention

further relates to the application of the method in DNA analysis for medical,
forensic, diagnostic or scientific purposes, like comparative genomic hybridization
(CGH)-, fluorescence in situ hybridization (FISH)-, polymerase chain reaction
(PCRY)-, single strand conformation polymorphism (SSCP)-, DNA sequence-, "loss
of heterozygosity (LOH)-, fingerprint-, and/or restriction fragment length
polymorphism (RFLP)-analysis.

Several documents are cited throughout the text of this specification. Each of the
documents cited herein (including any manufacturer's specifications, instructions,
etc.) are hereby incorporated by reference; however, there is no admission that any
document cited is indeed prior art of the present invention.

PCR (polymerase chain reaction) is an extremely powerful in vitro method for the
amplification of DNA, which was initially introduced in 1985 (Saiki (1985), Science
230, 1350-1354). By repeated thermal denaturation, primer annealing and

polymerase extension, PCR can amplify a single target DNA molecule to easily
detectable quantities.

Although PCR was initially applied to amplify a single locus in target DNA, it is
increasingly being used to amplify multiple loci simuitaneously. Frequently used
primers for this general amplification of DNA are those based on repetitive
sequences within the genome, which allow amplification of segments between
suitable positioned repeats. Interspersed repetitive sequence PCR (IRS-PCR) has
been used to create human chromosome- and region-specific libraries (Nelson
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oligonucleotide-primed PCR" (DOP-PCR), with the addltlonal advantage of species
independence (Telenius (1992), Genomics 13, 718-725). DOP-PCR is based on
the principle of priming from short sequences specified by the 3"-end of partially
degenerate oligonucleotides used, during initial low anriealing temperature cycles
of the PCR protocol. Since. these short sequences occur frequently, amphﬂcatnon of
target DNA proceeds at multlple loci simultaneously. '

DOP-PCR can be applied for generatmg libraries contalmng a high level of single-
copy sequences, provided pure and a substantial amount of DNA of interest can be
obtained, e. g. flow-sorted chromosomes, mlcrodlssected chromosome bands or
isolated yeast artificial chromosomes (YACs). However, DOP-PCR seems to be not
capable of providing a sufficient, uniform amplification of the DNA content of a
single cell (Kuukasjarvi (1 997), Genes, Chromosomes & Cancer 18, 94-101).

The sensitivity of PCR allows for the analysis of a specific target DNA in a single
cell (Li (1988), Nature 335. 414-417). This led to the development of
preimplantation genetic disease diagnosis using single cells from early embryos
(Handyside (1989), Lancet 1, 347-349) and genetic reeembination analysis using a
single sperm (Cui (1989), Proc. Natl. Acad. Sci. USA 86, 9389-9393) or oocyte (Cui
(1992), Genomics 13, 713_—_71 7). However, in all these cases the single cell can be
analyzed only once for a given target sequence and independent confirmation of
the genotype of any one cell is impossible.
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A method called representational difference analysis (RDA) is a subtractive DNA
hybridization technique that discovers the differences between paired normal and
tumor genomes (Lisitsyn (1993), Science 259, 946-951). The minimal amount of
DNA needed for RDA shown is 3 ng, corresponding to = 1 x 10° cells. However,
only 70% of the genomic sequences can be reproducibly amplified by RDA (Lucito
(1998), Proc. Natl. Acad. Sci. USA 95, 4487-4492). Therefore, a uniform and
complete ampilification of the entire genome of a single cell by representational
difference analysis is not possible.

Therefore, considering the prior art described above, there is a demand for a
method capable of substantially uniform and preferably complete amplification of
genomic DNA, particularly from a single cell.

Thus, the technical problem consists in providing means and methods which
comply with the needs as described above and which eliminate the above-
mentioned disadvantages.

The solution to this technical problem is achieved by providing the embodiments
characterized in the claims.

Accordingly, the present invention relates to a method for the amplification of DNA,
comprising the steps of '

(a) providing a sampie comprising DNA,;

(b) digesting the DNA to be amplified with a restriction endonuclease under
conditions suitable to obtain DNA fragments of similar length, wherein said
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primer are hybridized to said 5’ overhangs on said DNA fragments of

step (b) and wherein oligonucleotides representing a second primer
hybridize to 3’ overhangs generated by said' first primer and wherein
said first and second primer are of different length;
(cab) said second primer is ligated to said 5’ overhangs; and
(cac) said first primer is removed from said DNA fragments; or
(cb) (cba) simultaneously or subsequently, oligonucleotides representing a first
primer wherein the nucleotide at the 5' terminus is phosphorylated
are hybridized to said 5’ overhangs on said DNA fragments of step
(b) and wherein oligonucleotides representing a second primer
hybridize with said first primer; and
(cbb) said first and second primer are ligated to said DNA fragments; or
(cc) (cca) oligonucleotides representing said primer are hybridized to said 3’ -
| overhangs so that 5’ overhangs are generated; and
(ccb) said primer is ligated to recessed 5’ ends of said DNA fragments; or
(cd) oligonucleotides representing said primer are ligated to said 5’overhangs;

(d) filling in generated 5' overhangs; and

(e) amplifying said DNA fragments with primers which are capable of
hybridizing with the complementary strand of said primer(s) of step (c).

As used in accordance with the present invention, the term “DNA fragments of
similar length” denotes fragments which, at a statistical level, have a size which is
of comparable length. DNA fragments of comparabie length are, for example,
fragments of 50 +/- 5bp or of 4kbp +/- 0.4 kbp. The length range of DNA fragments
that is preferably generated is advantageously between abdut 50 bp and about 4
kbp. DNA fragments of greater or shorter length may be used as well, although
they may be amplified or represented to a lesser extent than the above defined
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recessed Sinvenilon,olindaisd pebferablgg amnbligodeoxyribonucleotide. Purification of said
primers is generally envisaged, prior to their use in the method of the present
invention. Such purification steps can comprise HPLC (high performance liquid
chromatography) or PAGE (polyacrylamide gel-electrophoresis), and are known to

the person skilled in the art.

As used herein, the term “restriction endonuclease” refers to bacterial enzymes
capable of cutting double stranded DNA at or near a specific nucleotide sequence.

The term “filling in” as used herein means a DNA synthesis reaction, initiated at 3’
hydroxyl ends, leading to a fill in of the complementary strand. This DNA synthesis
reaction is preferably carried out in presence of dNTPs (dATP, dGTP, dCTP and
dTTP). Thermostable DNA polymerases such as Taq polymerases are generally
used and are well known to the person skilled in the art.

The term “hybridized to” in accordance with the present invention denotes the
pairing of two polynucleotide strands by hydrogen bonding between complementary
nucleotides. This hybridization includes hybridization wherein a primer is hybridized
directly adjacent to said 5 overhangs as well as hybridization wherein gaps
between primers and protruding or receding ends of said DNA fragments are
generated. For example, the method of the present invention can be conveniently
carried out in the case that a gap is formed between said second primer and the &'
end of the DNA fragment, to name an example, since this gap will be filled in by
DNA polymerases, such as Taq polymerases, in embodiments where said Taq
polymerase is added before or during annealing and hybridization steps.



(d) filling in generated 5 overhangs; and (e) anplifying said DNA .
fragnent.s WWOWOATIers whi ch are capabl e of hybridizing PCT/ERI9/3621R e
conpl ementary strand of said prinmer(s) of step (c). As used in accordance
with the present invention, the term"” fragnents of simlar |ength”
denotes fragments which, at a statistical level, have a size which is of
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t han t he rgg@q,%s,dgfg. h,é%'ng?gok ?Molecular Cloning; A Laboratory Manuah\&NDEditiopEET
S Cold Spring Harbour Laboratory Press, Cold Spring Harbour, NY (1989)).
Furthermore, the setting of conditions for the above described steps of the method
of the present invention is well within the skill of the artisan and to be determined
according to protocols described, for example in Sambrook et al, loc. cit., or in the
appended examples. Further examples of broader rahgé hybridization conditions
that can be employed in accordance with the invention are described, inter alia, in
Ausubel, "Current Protocols in Molecular Biology*, Green Publishing Associates
and Wiley Interscience, N.Y. (1989), or Higgins and Hames (Eds) "Nucleic acid
hybridization, a practical approach” IRL Press Oxford, Washington DC, (1985).

From the above recited options of the following method for the amplification of DNA
is preferred, said method comprising the steps of

(@) providing a sample comprising DNA;

(b) digesting the DNA to be amplified with a restriction endonuclease under
. conditions suitable to obtain DNA fragments of similar length, wherein said
restriction endonuclease is capable of providing 5’ overhangs wherein the
terminal nucleotide of the overhangs is phosphorylated or 3' overhangs
wherein the terminal nucleotide of the overhangs_ is hydroxylated on said
DNA fragments;

(c) annealing at least one primer to said DNA fragments whérein

(ca) (caa) simultaneously or subsequently, oligonucleotides representing a first
primer are hybridized to said 5’ overhangs on said DNA fragments of
step (b) and wherein oligonucleotides representing a second primer
hybridize to 3’ overhangs generated by said first primer and wherein
said first and second primer are of different length;

(cab) said second primer is ligated to said 5’ overhangs; and
(cac) said first primér is removed from said DNA fragments;
(d) filling in generated 5’ overhangs; and - -
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A DNA sample to be amplified can be obtained by isolating a single cell, i.e., for
example, a bone marrow stoma cell, a single (tumorous) cell from peripheral blood,
a single cell from umbilical vein blood or from a lymph node which is subjected to a
digestion with a proteinase. After inactivation of the proteinase-activity, said sampie
DNA can be digested with a restriction endonuclease with four-nucleotide
recognition site, like Msel, leading to DNA fragments of a similar length of about
200 to 400 bp.

The annealing and hybridization of a first and a second primer can be achieved by
adding a primer comprising the nucleotide sequence as depicted in SEQ ID NO: 2,
and a longer second primer comprising the nucleotide sequence as depicted in
SEQ ID NO: 1. Said first primer can be additionally modified in that the last 3’
nucleotide of said primer is a dideoxy (dd)-nucleotide. The final concentration of
primers in the following ligation reaction was 5uM. The ratio between primers used
in the present invention to DNA to be amplified was in a range 3 Mio:1, more
preferably said ratio was in the range of 300,000:1, most preferably said ration was
in the range of 30,000:1. Furthermore, said primers' can be pre-hybridized to each
other before their addition to said DNA sample.

An annealing reaction was started at a temperature which served also to inactivate
said restriction enzyme, i.e. 68°C. Said second primer was ligated to said DNA
fragments, in contrast to said first primer which is not ligated since no 5’ phosphate
necessary for ligation was available. Therefore, the reaction temperature was
gradually Iov_vered to a temperature where such a ligation reaction can be carried
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The resulting mixture was then subjected to PCR ampilification with said second
primer, in a concentration of 1uM, as specified in examples 2 and 3.

The ampiification product was then further analyzed as described in Example 3.

The method of the present invention is substantiaily independent from particular
precautious measures that have to be observed in methods of the prior art. For
example, with the method of the present invention, it is not necessary to extract or
purify the DNA of interest (which could lead to losses of DNA) prior to amplificatioh.

Thus, in contrast to the above-mentioned methods for DNA amplification, the
method of the present invention can be carried out under amplification conditions
which are convenient and optimal for the further use of different adaptor-ligated
sequences of choice.

The method of the present invention for the first time allows the amplification of the
entire genome of a single cell even from unextracted DNA sample's. This enables
e.g. the genomic analysis of individual isolated disseminated tumor cells, applying
comparative genomic hybridization (CGH) to single cells. Therefore, this method
provides, e.g., the means to identify the individual genetic changes in a single cell
that might promote dissemination and ectopic growth of disseminated tumor cells
with metastatic potential. The genomic profile of such single disseminated cells
could provide useful information on whether certain clonal genotypes are

associated with disseminative events.
This Sheet Has Been Replaced
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impossible to achieve during the same reaction. Additionally, since the amplification

method of the present invention does not depend on repetitive sequences within
the genome (like IRS-PCR), it is possible to reliably amplify the genomic DNA of
single cells from species where such repetitive sequences are less frequent or
even non-existent. '

In a preferred embodiment of the method of the present invention DNA which is
amplified is the genome of a single cell or chromosomes or (a) fragment(s) thereof.
It has surprisingly been found that the method of the present invention is
particularly useful for the analysis of single cells such as disseminating tumor cells,
cells obtained from a lymph node, peripheral blood cells, cells from bone marrow
aspirates, cells from tumor biopsis, cells obtained from microdissected tissue, or
the like. As shown in the appended examples, the method of the present invention
is also useful for the analysis of the genome of any single cell (or chromosomes or
fragments thereof) wherein said single cell is a rare event containing potentially
interesting genetic information. Said single cell which is a rare event might be, inter
alia, the cells described hereinabove or embryonic/fetal cells in the venous blood of
the mother and the like. The inventive method is particularly useful for the
assessment of clonal evolution events of genetic variants in compiex (cell)
populations, like, inter alia, the clonal evolution of single micro-metastatic cells
isolated from peripheral blood, bone marrow, or the like.
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7 (e) arpOi00/y130¢ said DNA fragnents with prinmers which aPSTERI¥DI%2 of
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I nvention has been exen&lifled as follows: A DNA sanple to be anmplified
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subj ectecelko a digestion with a proteinase. After inactivation of the
protei nase-activity, said sanple

in another preferred embodiment of the method of the present invention said DNA
is present in the form of one copy of a double stranded DNA sequence.

In a further preferred embodiment of the met'hod of the present inveritién the
numerical abundancé of said DNA fragments is essentially maintained. As has
been found in accordance with the presen{ invention, the method of this invention
is capable of reproducibly amplifying genomic sequences. Usually, 80%, preferably
more than 80%, more preferably more than 95% and most preferably 99% or more
of the genomic sequences can be amplified by the method of the present invention,
and the amount of the amplification product for each of those genomic sequences
substantially corresponds to their copy number in the genome, as demonstrated in
example 4. Therefore, with the method of the present invention it is possible to
amplify DNA of a given sample so that the ratio between genomic sequences
remain the same before and after said DNA amplification. As discussed above,
methods such as RDA (Lucito (1998), PNAS USA 95, 4487-4492) provide for
amplifications wherein only 70% of genomic sequences are amplified. It is
questionable whether the DNA fragments which are amplified by the prior art
methods retain their relative numerical abundance.

In an additional preferred embodiment of the meth@d of the present invention said
method comprises, prior to step (a), the 'stép (a’) wherein said sample comprising
DNA is digested with a proteinase and wherein, after the protein digest in step ('),
the proteinase is inactivated. Preferably, said proteinase is thermo-labil.
Accordingly, said proteinasé can be th"ermal'ly inactivated in'step (D). In a preferred
embodiment of the method of the present invention the said proteinase is
Proteinase K.



DNA can be digested wth a restriction endonucl ease with fours '
recogni tion WAW190 e Msel, |eading to DNA fragnents of a si %szc;drﬁ?gdnggtfh
of about 200 to 400 bp. The annealing and hybridization of a first and a-
second priner can be achi eved by adding g prinmer conprising the nucleotide
sequence as depicted in SEQ 1D NO 2, and a | onger second prinmer conprising
the nucl eoti de sequence as depicted in SEQID NO 1. Said first prinmer can
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anneal i ng reaction was started at a tenperature which served also to
inactivate said restriction enzyne, i.e. 68[err]C Said second priner was
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XhNErNgESDugngqul)rI\@c%ésoe% éoerﬁﬁﬁéé’ gngy?rﬁesb Which F\l’:\\%j four distinct nucleotides, e.g. Msel,
in their recognition side as well as enzymes where an additional wobble base lies
within the restriction side, like e.g. Apol. Preferably, said restriction endonuclease

recognizes the consensus sequence TTAA.

In a most preferred embodiment of the method of the present invention said
restriction endonuclease is Msel or an isoschizomer thereof. The convenience of
using said restriction enzyme is demonstrated in example 2.

The first primer may be longer than the sécond primer, yet in another preferred
embodiment, the present invention relates to the above described method wherein
in step (caa) said second primer is longer than said first primer. As demonstrated in
the examples, a convenient length difference is 8 to 12bp.

in another preferred embodiment of the method of the invention the annealing
temperature of said second primer in step (caa) is higher than the hybridizing
temperature of said first primer to said second primer and said 5’ overhangs, as
demonstrated in example 2. |

In a particularly preferred embodiment of the method of the present invention in
step (caa) said first primer comprises 11 or 12 nucleotides and said second primer
comprises 21 nucleotides.

It is understood that in accordance with the method of the present invention said
first primer i_n step (caa) or step (cba) is at least partially complementary to said
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to target sequences and resulting in the reduction of ampilification efficiency.

In a yet more preferred embodiment, said first primer used in step (caa) has the

-sequence shown in SEQ ID NO: 2 and/or said second primer used in step (caa)

has the sequence as shown in SEQ I.D'NOI: 1.

In a further preferred embodiment of the method of the present invention, the last 3’
nucleotide of the first primer in step (caa) of the above described method is
modified, such that said primer cannot be elongated by polymerase activity (e.g.
Taq polymerase activity). The person .skilled in the art is well aware of such

‘modifications and methods for producing such modified oligonucleotides. One of

these modifications can be the addition of a dd-nucleotide at the 3’ end of the first
primer in the above described step (caa).

In an additional preferred embodiment, said first and said second primer of the
method of the present invention are hybridized to each other separately from said
DNA fragments and are added to said DNA fragments after they hybridized to each
other. The addition of the hybridized primers to said DNA fragments is effected
prior to step (ca) or step (cb). Such a pre-hybridization of primers leads, inter alia,
to a higher hybridization 'éfﬁcie’ncy to said DNA fragmehts and interfering to
chromosomal DNA can be avoided.

In another preferrea embodiment of the method of the present invention essentially
the whole nuclear genome of a single cell is amplified.

under
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AVENDED SHEET . 9 . .
In a particularly preferred embodiment of the method of the present invention said

single cell is a chemically fixed cell. One option for chemically fixing a cell or tissue
is formalin, Others are well known to the person skilled in the art.

The inventive method described herein can be applied to DNA of different sources,
such as solid tumor DNA isolated from frozen sections and/or cryosections and/or
paraffin embedded, formalin fixed specimens. For decades these tissue sections
have been stored mainly for histopathological diagnosis. Single cells or small
samples, comprising a limited amount of cells, from histopathological tissue can be
screened for specific genetic changes and compared with other areas from the
same tissue that may exhibit distinctly different histopathological features or, for
control purposes, with areas of apparently normal tissue. Global screening of copy
number sequence changes within a tumor genome from archival tissue material
could increase the knowledge about cytogenetic alterations in solid tumors
significantly. A direct comparison of these cytogenetic data with histological and
histochemical results and clinical follow up data would become possible. '

Furthermore, the method of the present invention may be used for the amplification
of single-cell DNA which stems from microdissected and/or laser-microdissected
(for example, laser microbeam microdissection preferably combined with laser
pressure catapulting) material from, inter'alia, cryosections, as shown in the
appended examples.

In yet a more preferred embodiment of the method of the present invention steps
(a) to (e) are carried out in one reaction vessel. This has the advantage that a
potential template loss is avoided and, moreover, an additional opening and closing
of the reaction vessel, which may involve contamination and is troublesome, is
avoided.
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The present invention therefore further relates to the use of the amplified DNA
fragments obtained by the above described method in methods and techniques for
DNA analysis. Such methods and techniques are routinely used in prenatal
diagnosis, forensic medicine, pathogehic_ analysis or biological/biochemical
research and are known to the person skilled in the art.

In a particularly preferred embodiment of the use of the present invention, the
methods for DNA analysis are comparative genomic hybridization (CGH)-,
representational difference analysis (RDA)-, analytical PCR-, restriction enzyme
length polymorphism analysis (RFLP)-,'single strand conformation polymorphism
analysis (SSCP)-, DNA sequence-, “loss of heterozygosity” (LOH)-, fingerprint-
and/or FISH-analysis.

A variety of techniques are now available for genome-wide screening of alterations
in copy-number, structure and expression of genes and DNA sequences. These
include molecular cytogenetic techniques (such. as comparative genomic
hybridization (CGH) and multicolor fluorescence in situ hybridization (M-FISH)), as
well as molecular genetic techniques (such as representational difference analysis
(RDA), differential display, serial analysis of gene expression (SAGE) and
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(green) and reference (red) DNAs are co-hybridized to normal metaphase spreads.
Copy-number differences between test and reference genomes are seen as
green:red fluorescence intensity differences on the metaphase chromosomes. DNA
gains and amplifications in the test DNA are seen as chromosomal regions with an
increased fluorescence ratio, while losses and deletions result in a reduced ratio.

An important contribution of CGH to cancer research has been in pinpointing
putative locations of cancer genes, especially at chromosomal sites undergoing
DNA amplification. A large number of subregional chromosomal gains and DNA
amplifications have been discovered by CGH in some cancers. Because
oncogenes and drug-resistance genes are known to be upregulated by DNA
amplifications, it has been speculated that DNA amplification sites in cancer could
pinpoint locations of novel genes with important roles in cancer progression. Tumor
progression implies the gradual transition of a localized, slow growing tumor to an
invasive, metastatic and treatment refractory cancer. This progression is thought to
be caused by a stepwise accumulation of genetic changes affecting critical genes.
By providing genome-scale information of clonal genetic alternations, CGH is
extremely useful in the analysis of the biological basis of the tumor progression
process. Two cancer specimen taken from the same patient at different stages of
progression can be analyzed. For example, genetic changes that are not found in
primary tumors, but do occur in their metastases could be informative in pinpointing
genetic changes and genes with important roles in the metastatic progression.

Metastatic relapse is caused by early dissemination of individual tumor cells, which
leave their primary site and enter into the circulation prior to diagnosis and surgical
removal of the primary tumor. The vast majority of these cells will be eliminated by
the immune system or undergo apoptosis, while others will survive the perils of the
circulation, invade tissues at a secondary site, and remain in a dormant stage for -
years before they finally grow to metastases. This early stage of metastasis
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metastasis.

Based on CGH and DOP-PCR the minimal amo_lint of target DNA so far needed for
a reproducible amplification is 50 pg, cdrrespgnding to 8 diploid cells (Speicher
(1993), Hum. Mol. Genet. 11, 1907-1914). S'maller amounts of genomic DNA could
not be reproducibly amplified. Using the method of the present invention a further
reduction of the amount of DNA necessary fora single test is possible.

The method of the present invention not only provides for example uniformly
amplified DNA for the subsequent use in CGH, but also allows the reliable uniform
amplification of even smallest quantities of DNA for further techniques and
rhethods, wherein samples contain only small amounts of DNA. For example, in
forensic science, DNA typing procedurés have become increasingly important in
the last few years (Lee (1994), Am. J. Forensic Med. Pathol. 15, 269-282): PCR
and RFLP analysis, also called fingerprint a_n_a'xlyéis, are carried out with only minute
available quantities of DNA found in spérm, blood traces or individual cells and the
like.

Another important application of the presented method is prenatal diagnosis using
embryonic or fetal cells in maternal blood. The ability to use embryonic or fetal cells
enriched from maternal blood of pregnant women for prenatal diagnosis of
chromosomal abnormalities has been a long-sought goal for those pursuing a non-
invasive alter_native to current methods, such as amniocentesis or chorionic villus
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The present invention further relates to a kit comprising at least one primer and/or a
first and/or a second primer as defined above. Advantageously, the kit of the
present invention further comprises, besides said primer and/or the primers,
optionally, proteinases; restriction enzymes, DNA-ligases (such as T4-DNA-
Ligase), DNA-polymerases (such as Taq polymerase), Pwo polymerase, and/or
ThermoSequenase, as well as (a) reaction buffer(s) and/or storage solution(s).
Furthermore, parts of the kit of the invention can be packaged individually in vials
or in combination in containers or multicontainer units. As it has been usefully
demonstrated in the examples, a Proteinase K-digestion, a four-cutting restriction-
endonuclease and primer(s) as defined above are suitable for the method of the
invention. Thus, the kit of the invention preferably comprises Proteinase K, a four-
cutting restriction endonuclease (such as Msel), Tag and/or Pwo polymerase,
primer(s) as defined above, and/or T4-Ligase. The kit of the present invention may
be advantageously used for carrying out the method of the invention and could be,
inter alia, employed in a variety of applications referred to above, e.g. in diagnostic
Kits or as research tools. Additionally, the kit of the invention may contain means for
detection suitable for scientific and/or diagnostic purposes. The manufacture of the

kits follows preferably standard procedures which are known to the person skilled in
the art. |

Furthermore, the present invention relates to the use of a first and/or second primer

as defined above for the preparation of a kit for carrying out the method of the
present invention. '



I n anot her preferred enbodi mrent of the nmethod of the invention-the
anneal i ng MWOP¥IAre of said second primer in step (caa) | SCREEAUINan
the hybridizing tenperature of said first priner to said second priner and
said 5 overhangs, as denonstrated in1§xanple 2. In a particularly
preferred enbodi ment of the method of 'the present invention in step (caa)
said first primer conprises 11 or 12 nucl eoti des and $said second pri mer
conprises 21 nucleotides, It is understood that in accordance with the
met hod ofhreughqutethisiispesifieation ranshitie ralaims whiche follaw,s unless cthe) comtext ep

(cba) i : 38 t Q@ ent L sa " i
12 secoﬁga{f)t#’é%éﬁer&%rea&@%r |r§ u{‘@r_"ﬁg?%r gf‘ﬁr‘iagﬁﬁgh%&w%ﬁ c?gi“%f'smgr sqndand
sai d sec'oompﬁsing&rwiﬂmmm*smodabiimﬂlyqannéleﬁimma- stated integer or step or
group of integers or steps but not the excl,u_sjo'n of any other integer or step or
~group of integer of step.

The figures show:

Figure 1. CGH-profile of a peripheral blood leukocyte of a patient with Down’s
syndrome. In order to be considered significant, deviations from the black midline
have to cross the right (chromosomal gain) or left (chromosomal loss) punctate
line. The black horizontal bars indicate regibns_excluded-from analysis due to the
prevalence of heterochromatic DNA. The chromosome 21 (except for the blocked
heterochromatic region) was found to be amplified entirely, whereas all other
c_hromosorhes showed normal profiles. Deviations from the midiine have to cross
the right (chromosomal ggin)'or left .(Chromoéomal loss).

Figure 2. Comparison of the CGH profiles of a conventional CGH experiment using
1 pg nick-translated DNA prepared from the MCF-7 celI. line and from a single cell
of the same cel! line after PCR-amplification. For both experiments chromosomes
2, 3, 8, 19 and 20 are shown for comparison of differences between the single cell
and the cell line. The single cell profiles are depicted in the upper panel, the cell
line profiles in the lower. Bars on the right side of the chromosome symbol indicate
chromosomal gains, bars on the left side chromosomal losses of the test-DNA.
Chromosome 10 represents one example, where no change could be seen in
either sample. Deviations from the midline have to croés the right (chromosomal
gain) or left (chromosomal loss). |

Figure 3. Two-color intérphase-FISH on MCF-7 cells with YAC clones for 2p25
(red) and 2931 (green). in the upper right cell three signals can be identified for the



In yet anot rred embodi ment . of the: method of the pres EPSYYERBE2 ON,
t he sequencg‘séfoﬁéggg first and said second priner is non-degeﬁgir.ate. As

descri bed above, other nethods known to the person skilled in the art, such
as DOP-PCR (Tel enias (1992), Cenomics 19 718-725) are based on the use of

degener at | I | de rtially degenerate.priners. h
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t hemsel veg@q(peeisé. ot her) from binding to target sequences and resulting in
the reduction of anplification efficiency. In a yet nore preferred
enbodi nment, said first prinmer used in step (caa) has the sequence shown in
SEQ ID NO 2 and/or said second prinmer used in step (caa) has the sequence

as shown FiguiieQd) Bdlglionlof a kingle HissbhmhateticfupidredelP Mepsliionet nidfrrowh of et hod
of the pr i nvention, the [ast 3 nucleotide of the first primer in

sen
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rmdificathé)ns can berthe addi tion of a dd-nucleotide at the 3' end of the
first prifePrespentR ekl was thanaspited by aglass capilany{C) @mditranserred to
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the pr esent invention are to eac her s
f r agment sfialdd ditt enatddentaim anyi dttiddAcell.a@remt sherbt thie tdully wastakérzad tiee each

ot her. The _addi t.ion of e hybridized priners to said DNA fragnents i s
of f ect ed amp?iﬂcatnon tube. E[SB depicts the chron[i)osomal changes of the cell. J

Figure 5. CGH-profile of four single tumor cells (T#1-T#4) and one normal cell of a
patient with CUP-syndrome. Chromosomes '2, 5, 7 and 15 are chosen for
comparison of identical and divergent findings. The losses on chromosomes 2, 5
and 15 are common for all tumor cells whereas the loss of chromosome 7 was only
seen for T#2. As in the other profiles, chromosomal losses are marked .by vertical
bars at the left side of the chromosome symbol.

Figure 6. (A) LOH-analysis using the dinucleotide repeat polymorphism at D5S346
locus linked to the APC gene (upper part) and PCR-RFLP of a Aiw21! site within
exon 15 of the APC gene (lower pari). In the first experiment ali four tumor cells
demonstrate loss of one allele, whereas the single control cells contained two
alleles except for #2. in the APC PCR-RFLP experiment all but one control cell (#3)
had two alleles, whereas the tumor cells only contained the uncut fragment. The
fragment of tumor cell #4 was not amplified (-, negative control; M10, 10bp ladder;
M50, 50 bp ladder; M, marker for agarose gel electrophoresis).

(B) Sequence of the mutation found in codon 215. The single control celis
contained the wild type sequence with an A at nt 643 (upper two sequences),
whereas the tumor cells were mutated at this position showing a A -> G mutation
(lower two sequences). The sequences of four of the eight cells are shown.



prior to step (ca) or step (cb). Such a pre-hybridization of

rimers. | eads,
inter alia,WO&80ATHP gher hybridization efficiency to sai d DNROI/EHYHMMZ and
interfering to chronosomal DNA can be avoi ded. I n anot her preferred

enbodi nent of the nethod of the pres%r# i nvention essentially the whole
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nucl ear enone of a single cell is anpfified.
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Figure 8. CGH profile of a smgle Ieukocyte isolated from the umbilical cord of a
newborn boy The cell was stamed usmg ‘an antibody directed against fetal
hemoglobin, a marker frequently used to detect cells from the child in the peripheral
blood of the mother during pregnancy. Female DNA served as control DNA in the
CGH experiment. The quality of the hybridization can then be assessed by the
demonstration of a “loss” of the X chromosome and a “gain” of the Y chromosore
as a consequence of this experimental design. As it is depicted, the sex could be

- successfully determined as well as all autosomes showed normal profiles.

Figure 9. Identification of polymorphisms in single celis for fingerprint analysis. In
microsatellite PCR the size of a band corresponds to a polymorphism. The
identification of a polymorphism requires therefore that the size is not changed by
the procedure. Here, PCR products of a dinucleotide microsateliite marker
(D5S1975) derived from 12 single cells are shown next to the bands genera_ted
from the DNA of thousands of cells (+). The two 'a'IleI'es of the marker amplified
from the individual cells and the positive control mlgrate at the same size. No loss
of heterozygosity is observed. '

Figure 10. (A): Isolation of a BCIP/NBT stained cell using alkaline phosphatase by
micromanipulation. (B): PCR analys_is of the genomic sequence of cytokeratin 19
(CK19) of 24 consecutively isolated cells that were immuncytochemically stained
with the mab A45 B/B3, as mentioned in example 15. No loss in sensitivity as
compared to immunofluorescent labeling is observed, the whole genome
amplification, exemplified by the CK19 PCR, was successful in all cells. C: CGH



have been-stqr inly for hi stopat._hél-dgi- cal- diagnosis. Singl
smal | sanpl egv,vsggg%ﬁsi ng a limted anount of cells, from hi stggﬁ/?ké)g?%g{zcal
ti ssue can be screened for specific genetic changes and conpared with other

areas fromthe sane tissue that may exhidit distinctly different

hi st opat hol ogi ¢ features qr, for c rqQl purposes, w.th areas of |

appar ent | ypﬁ’gi’%a‘ CQIF Elé'??b.er @%&JHI“%'EQ gahr &g" fetﬁegﬁgﬂﬁ%@ﬁ’s aeyn@sent Meges
within a't meenone from archival tissue material could increase the
know edge about cytogenetic alterations in solid tunors significantly. A
di rect comparison of these cytogenetic data with histol ogical and

hi st ochem cal results and clinical follow up data woul d becone possi bl e.

Fur t her mor The t ineemtidrh awill ohow hise Pdestribedi By SréféreRcaBi6 IRe UkEwiry bidiSgical
anplification of single-cell DNA which stens from m crodi ssect éd and?or

| aser - mi cr S¥AMERIES viCh AR merelirillusirative and éire nebtahe wopstiued as & lirvitation of

preferablyg bR F%é tliﬁ@&{tioﬂr essure catapulting) material from inter
alia, cryosections, "as shown i n the appended exanpl es. In yet a nore

preferred enbodi nent of the nmethod of the present invention steps (a) to
(e) are carried out in one reaction vessel. This has the advantage that a

potential EQaRp 9: R?%?]Sﬁén EYPN*?d and, noreover, an additional opening and

cl osing of the'react vessel, which may involve contam nation and is
troubl esonpy aidoniptafis study several restriction enzymes recognizing a four base motif

were tested whether they are able to generate DNA fragments from 0.2-2 kb length
that are suitable for the method of the invention. Fragments with an average length
of 256 bp (4%) were predicted under the premise that the four bases are evenly
distributed and that the digest is complete. Five enzymes were tested: Tagql
(TCGA), Cspsl '(GTAC), Mspl (CCGG), Acil (CCGC, GCGG) and Msel (TTAA).
Only Msel, an enzyme without a C/G in its recognition site, produced a smear
visible in the range from 100-1500bp length and was therefore used in the protocol.

Example 2: Amplification of DNA of a single cell

In order to avoid template loss, all preparatory steps were performed in one tube.
For DNA isolation, restriction enzyme digest, primer ligation and PCR-ampilification
all buffers and conditions were adjusted for optimal performance to guarantee
highest reliability and reproducibility. Generally, high concentrations of proteinase
K, Msel, T4 DNA ligase and Taq polymerase gave the best results.

A single cell (e.g. peripheral blood lymphocyte or bone marrow stoma cell) in 1pl
pick buffer (50 mM Tris/HCl,pH 8.3, 75 mM KC! 3mM MgCl,, 137 mM NaCl) was
added to 2yl Proteinase K digestion buffer (10mM Tris-Acetate (pH 7.5), 10mM Mg-
Acetate, 50 mM K-Acetate (0.2 pl of Pharmacia One-Phor-All-Buffer-Plus), 0.67%
TWEEN (Sigma), 0.67% Igepal (Sigma), 0.67 mg/ml Protsinase K) and incubated
for 10h at 42°C in a PCR machine with heated lid. Proteinase K was inactivated at
80°C for 10 minutes. After inactivation of Proteinase K, Mse | restriction
endonuclease digest was performed in 5pl by adding 0.2 pl One-Phor-Ali-Buffer-



14 As is evident to the person skilled in the art, the nethod of the:
present -i nVWA00B798nd/ or the anplified DNA fragrrents obt ai nRFHEPPNEO et hod
of the present invention are particularly useful in diagnhostic assays and
as research tools. Said arrplified DNA fyagnments are, inter alia, useful in
areas and_fields were ted anmpunts of target-DNA is avail able, such

as in fordHsi Q~5PW§§tll(b@U1 Uﬁy Eﬁ'ﬁ@@@ Biglabs)mod ﬂﬁnl@'eh'zﬁd for Srhgurs iah 37°C.
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For primary PCR amplification 40ul consisting of 3ul PCR buffer (Boehringer
Mannheim, Expand Long Template, buffer 1), 2ul dNTPs (10mM) and 35ul H20
were added to the 10|jl reaction volum_e.' The PCR-program started with a
denaturation step at 68°C for 4 minutes t¢ remove the MseLig-12 oligonucieotide,
addition of 1ui (3.5U) of DNA polymefase mixture of Taq and Pwo polymerase
(Boehringer Mannheim, Expand Long 'Tem'plate) and 3 minutes incubation for the
fill-in-reaction. The Stratagene Robocycler was programmed to 94°C (40sec.),
57°C (30sec.), 68°C (1min. 15830.): for 14 cyclés; 94°C (40sec.), 57°C (30sec.),
68°C (1min. 45sec.) for 34 cycles; and 94°C (40sec.), 57°C (30sec.), 68°C (5min)
for the final cycle.

As to the choice of primers, HPLC purification and a high concentration in the
annealing/ligation reaction (SuM) were prerequisites for successful performance.
Under these conditions amplification of the digested single cell DNA resulted in a
smear of a size similar to a complete digest of 1ug high molecular weight DNA.

Example 3: CGH with amplified DNA from peripheral blood lymphocytes

DNA isolated from a single unfixed and 'p_a'raformaldehyde (PFA)-fixed peripheral
blood lymphocyte was amplified as described in Example 2 and competitively
hybridized with 1ug nick-translated, unamplifie'd' placenta DNA. Labeling was most
efficient using ThermoSequenase in combination with a ratio of d‘l"l'P/bio-dUTP of
- 7/1. Reamplification was performed in 30pl using 0.5ul LigMse-21 primer (100uM),
1ul ANTP (dATP, dCTP, dGTP, 10 mM each, 8.6 mM dTTP) and 1.3ul biotin-16-"



In a parti-cul ferred enbodl rrent of the use of the pres T/h 9%%

t he net hods vg{v M&gnal ysis are corrpar ative genomic hybri di z:{#
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|l ost in a DNA Because DNA copy-nunber alterations are of

pat hogenet?‘{?"?ﬁ%‘gm ﬁ@pher (?993‘3 Hum. Mo)/ Genet 2, 1907-14. Images were captured
with the Leica DMXA-RF8 microscope, equipped with a Sensys CCD camera
(Photometrix, Tucson, AZ). Quantitative evaluation of the ratio of test and control
DNA was done according to du Manoir (1995), Cytometry 19, 27-41, using the
Leica software package Q-CGH. Seven to twelve metaphase spreads fitting the
requirements of the program were evaluated in each experiment. In the course of
experiments the profiles became smoother with no change in results when PCR-
amplified and labeled control DNA was used instead of nick-translated
chromosomes (compare Fig. 1: PCR-labeled control DNA, and Fig. 2: 0.5ug nick-
translated control DNA). 0.5ug control DNA was modified and amplified as
described for single cells and labeled in the reamplification reaction with
digoxigenin-UTP (Boehringer Mannheim). The smoother CGH profiles probably
reflect that fragment size and blocking efficacy for repetitive sequences are
identical under these conditions for the two DNA samples.

In seven independent single cell experiments the obtained CGH profiles, CGH was
carried out as described in Speicher (1993), Hum. Mol. Gen. 2, 1907-1914) showed
no PCR-related chromosomal gains or losses detectable as a significant deviation
from the central line. In fact, in all cases analyzed the sex of donor could be
confirmed. PFA fixation had no effect on the outcome of the experiment.

Example 4: Detection of chromosomal changes in a patient with Down’s
syndrome

In order to determine whether known chromosomal changes could be detected by
the single cell analysis, DNA of a single leukocyte from a blood sample of a patient



I n cancer, nost of the applications of CGH are in cancer research. In CGH,
which is baWePOdm9 nodified in situ hybridization, differemRGHEF¥NUBel ed
test (green) and reference (red) DNAs are co-hybridized to normal netaphase’
spreads. Copy-nunber differences betwegp test and reference genonmes are

seen as r,&en: red flr:‘J&r escence intensity differences on the netaphase
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di scovered by CGH in sone cancers. Because oncogenes and drug-resistance
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di ssem nation of "I ndi vidual tunor cel eave t r primary site and
enter i nisignatefariZpchutaenty twe fon2q {Bigd Bhoh asimericatiaboormalily present in only '

16% of a cells popdl‘ation does not change a CGH-profile made of pooled DNA (du

Manoir (1995), loc. cit.), however, it may become clearly visible if CGH is performed
. with a single cell from this minor subclone.

~ Table 1. Comparison of changes found in MCF-7 and a single cell of the same cell
line. Most of the changes found in MCF-7 can be detected in a single cell. Differing
changes of either the cell line or the single cell are shown in bold letters.

Hybridization with | chromosomal gains chromosomal
| | losses
Cell line DNA : 8q, 11p, 11q, 159, 19q, 20g 3p, 8p

Single cell amplified DNA 2p, 8q, 11p, 159, 199, 209 3p, 8p



removal of the primary tumor. The vast majority of these cells,
el i m nat ed byVQ ?ﬂrﬁne system or "under'gJo 'apo%t osis, while ot %/ﬁsﬁg&ﬂﬁlz
survive the perils of the circulation, invade tissues at a secondary site,
and remain in a dormant stage for yearsggefore they finally growto
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Example 6: CGH analysis of a single tumor cell from a patient with a primary
breast cancer

The extremely rare individual tumor cells in bone marrow were identified in marrow
aspirates by indirect immunofluorescence with the monoclonal cytokeratin antibody
A45 B/B3 (Micromet). Cytokeratin-epitopes recognized by A45B/B3 have been
mapped to cytokeratins 8, 18 and heterodimers of 8/18 and 8/19 (Stigbrand (1998),
Tumor Biol. 19, 132-52).

Aspiration of the bone marrow samples and isolation of mononucieated cells was
performed as described (Pantel (1996), Lancet 347, 649-653). Cells were washed
in PBS and fixed for 5 minutes in 0.2% PFA. Blocking of unspeciﬁc binding with 5%
AB-serum as well as incubation with 10 pg/mi A45-B/3 (Micromet) in 2%
Pepton/PBS, 10 minutes each, was performed in the presence of 0.05% saponin
(Sigma) to permeabilize the cells. After washing the cells in 2% Pepton/PBS, the
antigen-antibody complexes were incubated with PE conjugated goat antibody to
mouse IgG (Jackson) for detection (10 minutes).

All single cells were isolated from cell suspensions by micromanipulation. Bone
marrow cells were plated at a density of 250,000 cells/0.8 cm? in a volume of 200yl
on a microscope slide. Single fluorescent cells were aspirated into a glass pipette
of approximately 30um diameter and transferred to a new slide. After confirming



a reproduci ble anplification is 50 pg, corresponding to 8 diploid cells
(Spei cher (WOOI739%um Ml . Genet. 11, 1907-1914). Smaller EREHRPIY06SI2
genomnmi ¢ DNA coul d not be reproducibly anplified. Using the nethod of the
present invention a further reduction,of the amobunt of DNA necessary for a
single test is possible, The met hod™of the present invention not only

provi dedhateniy,asipole epll had been dransfarrast thiscellowas finally pickgddnt1ubpick n” CaH,
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contain only-small anpbunts of DNA. For exanple, in forensic science, DNA
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(Lee (1994he nfiiftow ashirstB o thE Pevicibate of é%at%ﬁ%‘cﬁggt)é%s ¢ tl\’j‘m%td%lﬁﬁ%ﬁy

anal ysis, also called fingerprint analysis, 'are carr

m nut e dveastatanceyuwithouti eddericeDfox distand rmetastasisy stageddadcoading tor the

I ndivid cells d t.he.like. Anqt h i rtant application of the
present g@em%r?&al ?:Pgsﬂlgﬂethqrhps S R§@i’ ?ﬁ%i Rr%g’eﬂtﬁ'%ﬁi' "Bf"q%'lé‘P SCeBPPs in
mat er nallatidle@ deelll fiotebteli Bindry WmetfHidd YSBH: Marrbft Fell§eivids Pickedhasy from

mat er nal bl ood of Eregnant' wonen for prenatal diagnosis of chronosoral
abnor nalMmicremanpylatien nand | gapsfedednto gomew slide hinse visuak wontroh thath-no

| vas! veqitioRal8bi Was'iRadveremly aXpiRASHiG AT FAIM tRERILE The o8l widt" ! oni ©
taken to the final reaction tube. Fig. 4D depicts the chromosomal gains and losses
found by CGH analysis in this cell that were consistent with chromosomal
imbalances reported earlier for breast cancer. For example, the observed
amplifications on 8q and 17q represent two of the three most common gains while
losses of 8p and 13q are also known to occur frequently in breast cancer (Forozan
(1997), Trends Genet 13, 405-9).

‘Example 7: CGH analysis of a tumor cell from a patient with CUP-syndrome

The same procedure as in Example 6 was applied to four individual cytokeratin-
positive tumor cells and four unstained control cells isolated from the bone marrow
of a patient with a cancer of unknown primary lesion (CUP-syndrome), who was
initially presented with liver metastasis. The findings of the CGH analysis of the four
tumor cells, summarized in Fig. 5 and in Table 3, showed a remarkable congruent
pattern of genomic changes (Table 3). Particularly the distinct loss of the so-called
consensus deletion regions- 3p, 5q, 10q, 13q, and 17p-, suggested that the
cytokeratin-positive cells originated from a small cell lung cancer (Ried (1994),
Cancer Res 54, 1801-6). Clinical imaging of a characteristic pulmonary lesion and
histopathological examination of a metastasis led to the diagnosis of a ,small to
intermediate cell - most likely epithelial - tumor® - thus corroborating CGH based
suspicion.

Table 3. Summary of the CGH results of four individual cytokeratin-positive cells
isolated from the bGne marrow of a patient with CUP-syndrome. Some deviations
from the central line did not reach significance, but were very similar in their profile
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singl e gene disorders or chronosonmal abnormality etc. The method of the .
present invention inproves the accuracy s well as applicability of nethods

for the di osis of preinplantation genetic disorders or for the diagnosis
on fetal c ?i‘ﬁf é‘l"g’&' FEE%%%QW Faq"Hl changesrs epposemhite dha centioleell at
perfornmed gy RspboMletioetl! ThesShre GREA iR Malrbrhbegs, | OF fg&gﬂ el
enrichment of cgl |s. As dermnstrget lﬁr%ﬁ éégtgggﬁ%edglﬁae rrpwg'g,be?ée rre%‘ﬂgd
of the predtninhaidiaitersn provides for the reliable anplification of DNA
froma single fetal or enbryonic cell isolated frommaternal blood, inter
alia, fromunherdena ! icﬁ?émﬁ@érﬂaﬁﬂ?éiﬁﬁl- The pr es&ﬂ&m})@&ﬁi&‘i 'dége%u” her
relates to a kit conprising at Teast one prinmer and/or a first and/or a
second priger as defined abgve. Advant ageously, .INe Kil_ol_ the present
i nvention further conprisesdbesides AP pPire BRINHP 013t 1 168 HBP<22, Y
optional | -0t e RS esS—te -6 es—DNA-Li-gasa such—as. T4- DN/
Li gase), DRA-pol ynerases (gh as Taq 209/ 3pTHRTEB ,WMS}Q'S{H’SQ?W}B,@E}W or
Ther noSequenase., as well as (a) reaction buffer(s? and/ or storage

sol ution(sk. Furthernore, ts of th i It I pyent | an,pe aged
individualTy in vials or i ﬁonbi nat i g%&iép'%gnt @me%' ‘B#' ﬁl@ﬂc&ﬁ?aﬁ%y

Dy ~nt ol o~

uni ts. As TtT has beenmrTusefutty denonstrated—tn—the—exafptess—a—+roteinrase
K-di gestioh, a four-cuttinddestricti @p, 3padanuciBpad®, 3,01 HriGgen7p)22sY
defined above are suitable for the nmethod of the invention. Thus, the kit
of the invention preferably conprises Proteinase K, a four- cutting

restriction endgonycl ease (such as Msel), Tag and/or Pwo pol ynerase,
Examp e %: Loss of(heterozygosity-a)nalysi% Pty

In order to detect loss of heterozygosity and mutations in epithelial tumors, the
amplified DNA of all four tumor cells from the patient with CUP syndrome (see
Example 7) and the four unstained bone marrow cells were examined for the
presence of loss of heterozygosity (LOH) and mutations. The detection of LOH in a
single cell requires that the two allelic DNA strands are cut, ligated to the adaptor
and amplified in a nearly identical fashion. For LOH analysis of the APC tumor
Suppressor gene on 5q21, the dinucleotide repeat polymorphism D5S346 located
40kb downstream of the gene and a polymorphic Alw21! site located within exon 15
were used (Groden (1991), Cell 66, 589-600). The D16S3019 marker tightly linked
to the E-cadherin gene (Guilford (1998), Nature 392, 402-5) on 16q22 was applied
to assess LOH of E-cadherin. Since the CGH results of the respective
chromosomes already suggested a loss of chromosomal material from 5qg and 16q,
amplification of two alleles from each control cell and one from each fumor cell was
calculated to result in 12 fragments (4 x 2 for the normal cells and 4 x 1 for the
tumor cells) for each of the three markers, adding up to 36 independently amplified
fragments. As it is depicted for APC in Fig. 6A, both alleles could be amplified from
three of the four control cells for each of the two markers analyzed. The primary
PCR-products were diluted 1:5 in H20. 1l of this dilution was used in the specific
PCR. This specific PCR was carried out under standard primer conditions and the
sequence of the D16S3019 locus, the D5S346 locus, the APC PCR-RFLP and the
exons 2-9 of the p53 gene (Futeral (1991), Nucleic Acids Res. 19, 6977). Gel



primer(s) as defined above, and/or T4-Ligase. The kit of the present.

i nvent i on O oBETAGvant ageously used for carrying out the nRCGTEPI¥P6HYe

i nvention and could be, inter alia, enployed in a variety of applications
referred to above, e.g. in diagnostic_,its or as research tools.
Additionalr{&/,_ the kit of the inventioﬁ-may contain neans for detection

sui t abl ecanslitionsi fantmicresateititeo analysigrwas iperformed sass deStribedhinuLitt { 1998)pf t he
kits fol . r abl a r r ur.es ich ar to the rson
ki 11 eq PRSI 15 2002 OB HavabRET TG HcR Jut SYPIHeb S50t e
of a firipy flasrithagingcAnalgsierof tive ART PEH-RFUPabAY pefieméd By Rligieting5uper of a
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a stated integer or step or group of integers or steps but not the
exclusion of any other integer or step or group of integer or step.

While the losses found in control cell #2 and #3 were not seen with the second
marker, all tumor cells showed LOH in both experiments. Similar results were
obtained for E-cadherin: all control cells wére informative and showed two alleles
whereas all four tumor cells had lost oné allele. Taken together, 33 of the 36
expected fragments were amplified and detected. These data not only demonstrate
a respectable reliability of the method but also indicate that a presumed loss needs
to be controlled by additional markers (Fig. 6A).

In order to avoid Taq polymerase errors during the early cycles the PCR, a mixture
of Taq polymerase with a proofreading enzyme, Pwo polymerase was used.
Because the CGH-profiles of all four tumor cells showed a loss of 17p, it was
examined whether the remaining allele of the p53 tumor suppressor gene had been
inactivated by a mutation. Mutations in p53, the most commonly mutated tumor
suppressor gene in human cancer, occur in about 50% of lung carcinomas
(Greenblatt (1994), Cancer Res. 54, 4855-78). Since the vast majority of mutations
~are localized within the core domain, exon 4-9 was amplified for sequencing.
Successful ampilification of all exons proved that the primary PCR conditions are
sufficiently robust to yield products at least as large as 1374 bp, despite the
presence of much smaller fragments. There are no Msel sites contained within
these exons, a prerequiste for successful amplification. The map of Msel cleavage
sites in the p53 gene region predicted four exon containing fragments: one of 1374
bp with exons 2, 3 and 4, another of 1032 bp with exons 5 and 6, a third of a 722
bp fragment with exon 7, and a fourth of a 558 bp with exons 8 and 9. Sequencing
of all four tumor cells showed an A -> G mutation in codon 215 of p53, leading to a
serine to glycine exchange, which had already been described in several human
cancers before (Hainaut (1 998), Nuc_leic Acids Res. 26, 205-13). Four normal bone
marrow cells contained the wild-type sequence at codon 215 (Fig. 6B) of p&3,
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principle that single stranded DNA strands of different sequences exhibit different

mobilities during electrophoresis in non-denaturing polyacrylamid gels. The strategy
of the method is to amplify the segment of interest of a gene by PCR and then to
compare the mobility of the denatured DNA with that of a reference segment of
known sequence. Single point mutations withih a sequence already lead to
changed running behaviour in the gel, this method is very well suited for detecting
the presence of mutations in a segment of DNA. Under non-denaturing conditions
single stranded DNA exhibits a folded structure, which is determined essentially by
intramolecular interactions and thus by the sequence. The occurrence of mutational
changes in the DNA sequence causes a changed folded structure. Thus, in the
SSCP analysis the detection of a mutated sequence is determined by the changed
mobility in the polyacrylamid gel electrophoresis. The method has to be adjusted
for sensitivity for each fragment to be analyzed. Important variables are the length
of the fragment, ideally between 120-350 bp, and the temperature of the gel run.
Once established SSCP has the advantage of screening a high number of probes
at the same time without expensive and laborious sequencing. However, a
fragment with a changed running behaviour should subsequently sequenced in
order to name the mutation.

In this experiment, the running behavior of three single cytokeratin-negative cells
from the patient with CUP syndrome and the cancer cells that had already been
sequenced was compared. The mutation could be picked up in all cytokeratin-

positive cells, whereas the normal cells did not show a changed mobility, as
demonstrated in Figure 7.
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chr onps @fmermal 1Bukocytes were prepared and then isolated the single cells by LMM and

LPC. The DNA preparation and CGH was performed. as in examples 1-3 and

results were as expected: The profiles were normal for normal cells demonstrating

that the method is applicable to microdissected single cells the same way as to

cells isolated from suspensions.

Example 11: Isolation of single disseminated tumor cells from lymph nodes

Lymphogenic metastasis is a very important way for tumor cells to disseminate and
often determines the prognosis of the patient. Immunohistochemically/im-
munocytochemically detectable disseminated tumor cells have been shown to
predict the patients outcome in a variety of studies. The genetic changes of these
celis have not yet been characterized so far. Cell suspensions from lymph nodes
were prepared and tested the application of the present invention. Cell suspensions
were prepared using the Medi-Machine from Biorad according to the
manufacturer's instructions. Tumor cells were detected by staining with the mab
Ber-EP4 from Dako that recognizes the EpCAM epitope and has been shown to be
even more specific in lymph nodes than cytokeratin antibodies. Stained cells were
isolated and the singie cell DNA prepared as mentioned. Then, CGH was
performed. Normal, unstained cells demonstrated normal profiles and in tumor cells
a variety of aberrations could be detected.

Example 12: Isolation of single circulating tumor cells from peripheral blood

In analogy to the analysis of disseminated tumor cells isolated from bone marrow
and lymph nodes it was also looked for cells in the peripheral blood of patients with
malignant disease. Peripheral blood cells of carcinoma patients were screened with
the cytokeratin antiEody A45 B/B3, of a melanoma patient with the mab 9.2.27
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met ast asi sdusing pregnancy and also up to 27 years postpartum, as demonstrated in one
study (Bianchi (1996), P.N.A.S. USA 93, 705-709). During pregnancy these cells
could be useful for prenatal diagnosis without any danger for the mother and the
child. The persistent microchimerism in the mother has been connected to higher
prevalence of autoimmune diseases in women. One way to detect these fetal cells
is the use of antibodies to fetal hemoglobin (Hb-F) for the detection of
erythroblasts. This antibody (mouse mab to Hb-F: Coltag, Cat. No. MHFHO0) was
used to detect erythroblasts in umbilical cord blood of a newborn. Single cells were
isofated and the methods applied as described. The CGH profiles were normal for
all chromosomes. The boy was healthy, as demonstrated in Fig. 8.

Example 14: Fingerprints of single cells

The reliability of amplification for a sequence that is only once present in a genome
was shown in a large number of experiments to be 90%. This is an important value
for the analysis of loss of heterozygosity. However, for fingerprint analysis it is not
only important that the sequences are reliably amplified but also that a
polymorphism can be identified. in order to test this, the band sizes obtained from a
PCR reaction with 3000 cells with those from a single cell were compared. it was
detected that - within the known limits of the microsatellite analysis - the bands
showed no altered migration behaviour as compared to the positive control. This is
demonstrated in Fig. 9. Therefore, the polymorphic bands can be identified and
fingerprints be obtained from single cells.
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the PBS was discarded and the slide were air-dried. After this treatment routine

staining procedures such as the APAAP technique (alkaline phosphatase-anti-

alkaline phosphatase technique) with' BCIP/NBT development can be applied.

Addition of a non-jonic detergent to PBS later helps to overcome the adhesive

forces during the micromanipulation for isolation of the stained cells. Results of

these expetiments are demonstrated in Fig.. 10. "

All CGH-, LOH- and SSCP-experiments, i.e. with normal cells from peripheral
blood, tumor celis from bone marrow, biood and lymph node, stained with
cytokeratine ab, Ber-EP4 and anti-Hb-F have also been performed using this
procedure giving equally excellent resuits.

Example 16: Application of the method of the invention to single cells of
various sources .

In summary, it can be stated that the method of the invention works independently
~of the source of tissue from which the cell is derived, of the antibody used to detect
the rare cell within a cell population or environment and/or of the choice of labeling,
i.e. fluorescent dyes or enzymatically activated substrates such as BCIP/NBT (see
‘Table 4).
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sequen ing)

Exanpl e 14: Digestion of DNA

Normal PBL 10
PBL with trisomy 21 4 2
Hb-F positive PBL 10 10
Laser-microdissected PBL 2 2

Tumor cells from BM of
carcinomas patients:

Breast cancer 140 69
Prostate cancer 17 9
(astric cancer 6 '

Colon cancer

Pancreatic cancer 17

Oesophageal cancer 2

Lung cancer 8

CUP 16 8
Cervix 6 3

Tumor cells from LN of
carcinoma patients:

QGastric 21
Colon 11
Lung 4

Tumor cells from peripheral
blood of carcinoma patients
Breast 3

Cervix 3 1
Lung 7

Tumor cells from
peripheral blood of non-
epithelial malignancies
Melanoma - 5

B-CLL 5 2
M. Hodgkin 1

BM = bone marrow; LN = lymph node



In a conparative study several restriction enzynmes recogni zing-a four base
motif were WOS0@WBINhet her they are able to generate DNA fradl&ifreoedm
0.2-2 kb Iength that are suitable for the method of

Fragnents with an average | ength of 23’(3 bp (44) were Hrﬁﬁi cted under t he

prenise that the four bases are evenl y'distributed an I mlwﬁm is)
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conplete. Five enzynes were tested: Tagl (TCGA), Csp6
Acil (CCGC, GCG5 and Msel (TTAA). @h;l'n%el an enzyme without a ¢ Gin
its recognition site, produced a snear Vi si bI e in the range from 100- 1500bp
| ength and was t'Herefore used in the protocol. Exanmple 2: Anplification

of DNA of. a sAngthod éor thelampslifidatiori of DNA, dofmphiBingithe Istspss ofal | preparatory
steps were performed in one tube. For DNA isol atlon restriction enzyne

di gest, prin@ |i grovidingsasampie compiising @NAN al | buffers and conditi ons
were adjusted for optinmal perfornance to guarantee highest reliability and
reproduci bi I{b)y. Cligestingl the BN/ to@a:amphﬁedamhai restnctwmcm\doﬁuclbhsé T4

per i phoral bl ood 1A SEpRERHs Slifblents, oain, DERLragimepts of sitdlar i8tath: cic ©
buf fer (50 nM Tri syidebinpdaf ?rest?étlé’ﬁ\/' éﬁaonﬁBMaySQSZ capale Eﬁﬁrlﬁﬂ'@aa added

to 2[err]l Proteinase K digestion buffer- (1 OmM Tris-Acet at
onM My- Acetate, SYyefRangsaydieieia (lbe 2tqremqll nucleptide natithe overhang is

One- Phor - Al | - Buf f _. 067
i Pr ot ei nase. 1 SRI0VRAELf ooV b AEein ot AT iElechie

with heated |id. Rvethengpishydroxytated ontisaiciDRA fragrfiéhser] C for 10 mi nut es
After inactivation of Proteinase K, Me | restri ct i on endonucl ease di gest

was perforngd) i n Zneiealihg bl/leastiomeypimer feesaitl IDNA éragntentsd\whekrblhf er -

(ca) (caa) simultaneously or subséquently, oligonucleotides representing
a first primer are hybridized to said 5’ overhangs on said DNA
fragments of step (b) and wherein oligonucleotides representing a
second primer hybridize to 3' overhangs generated by said first
primer and wherein said first and second primer are of different
length; '

(cab) said second primer is ligated to said 5' overhangs; and
(cac) said first primer is removed from said DNA fragments; or

(cb) (cba) simultaneousiy or subsequently, oligonucleotides representing
a first primer wherein the nucleotide at the 5 terminus is
phosphorylated are hybridized to said 5’ overhangs on said DNA
‘fragments of step (b) and wherein oligonucleotides representing a
second primer hybridize with said first primer; and ' |

(cbb) said first and second primer are ligated to said DNA fragments;
or |

(cc) (cca) oligonucleotides representing said primer are hybridized to said
3’ overhangs so that 5’ overhangs are generated; and

(ccb) said primer is ligated to recessed 5 ends of said DNA
fragments; or

(cd) oligonucleotides representing said primer are ligated to said

5'overhangs;
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reaction of 1 [err]M Annealln was started at tenperature of 6%99”%0
(al so servi n{p)t camplibying, :8aid t B Arefﬁgmemsoﬂwﬁhzl‘}ﬁ'fﬂe@ef ieh| agt eaRabIeNaf was

ATP (Tomy and 1[G it o BordBmBbigty RRaRY of SaRtRineflh) SRNERIES ;6

and prinmers and DNA fragnments were |igated over night. . For pri mary PCR
anplification 40[ err]l consisting of 3pl PCR buffer (Boehringer Mannhei m
Exhand, Long, Terpha'niotB'ds aify 1, whéeid daNBRA is 1Ae'dorsitts 8Phairigid col dr eer ©
added to the err reaction vol une. CR-program started wth a

denat ur ati on stelpromompesor]nf(abfragmem(sbmreof renove the Mselig-12

ol i gonucl eoti de, addition of 1[err] (3.5U) of DNA polynerase m xture of Taq
and Pwo pol ynerase (Boehringer Mannheim Expand Long Tenpl ate) and 3

m nutes incubation for the fill-in-reaction. The Stratagene Robocxlcl er was
programmed3t o 94temetbed of claim 2, wherein said single cell'is a dlssemmated tumor cell, a

peripheral blood cell, a cell from bone marrow aspirates, a cell from tumor
biopsis, a cell obtained from umbilical cord blood, a cell obtained from a lymph
node and/or a cell obtained from microdissected tissue.

4. The method of any one of claims 1 to 3, wherein said DNA is present in the
form of one copy of a double stranded DNA sequence.

5. The method of any one of claims 1 -to 4, wherein the numerical abundance of
said DNA fragments is essentially maintained.

6. The method of any one of claims 1 to 5, wherein said method comprises, prior
to step (a), the step (a’) wherein said sample comprising DNA is digested with
a proteinase and wherein, after the protein digest in step (b"), the proteinase is
inactivated.

7. The method of claim 6, Wherein said proteinase is thermo-labil.
8. The method of claim 6 or 7, wherein said proteinase is Proteinase K.

9. The method of any one of claims 6 to 8, wherein said proteinase is thermally
inactivated in step (b’). : —
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94[err] C (40sec.), 57[err] ( os® c 68[err] e final cycle.
As to the choice of prinmers, HPLC pur ication and a h| ncentratlon in
the annealing/ligation reaction (SpM re prerequisites for successful

per f or matbe. Lhamethdﬁie@earwmnﬁ of dJaimsatiod Bf whetsio saiof DNAdraljrgents dvaveiang| e
cell DNA resulte near of a size simlar to a conplete digest of 1
[err]g high 8 %L#grkgﬁelght DNA.  Exanple 3: CGH with anplified DNA from
peri pheral bl ood Il ynphocytes DNA.isolated froma single unfixed and

par af or mal dehyde (PFA) fi xed peripheral blood |ynphocyte was anplified as

describ in bridi.zed.

ni ck-tr gﬁsl at , unhg’ ?ﬁ}&eﬁ?@ﬁé‘éﬁ%?m » MhgEein ﬁ&'%&%&@m&% have, ¢

usi ng Ther no Secaverage lengtic ohabali 200400 bp. @ ratio of dTTP/ bi o-dUTP of 7/1.
Reanplification was performed in 30[err]1 using O0.5[err]l LigMe-21 priner
(100[err]M, 1[err] dNTP (dATP, dCTP, dGIP, 10 nM each, 8.6 nM dTTP) and
1.3[err] biotin-16- 23 dUTP
(1M Bu@hr iTihgemethodhef rAny e Bfieclaints quetvasd, (WhBein nsdid Xrestriction

endonuclease does not comprise any cytosine/guanine in its restriction site.

(405ec. ).,  SHDRATES (30 ummm lllﬂJlll Mllﬁ : f”‘ﬁ mn“@w Fsssstand

13. The method of any one of claims 1 to 12, wherein said restriction
endonuclease recognizes a motif with four defined bases.

14. The method of any one of claims 1 to 13, wherein said restriction
endonuclease recognizes the consensus sequence TTAA.

15.  The method of any one of claims 1 to 14, wherein said restriction
endonuclease is Msel or an isoschizome:" thereof. '

16. The method of any one of claims 1 to 15, wherein in step (caa) said second
primer is longer than said first primer.

17.  The method of claim 16, wherein in step (caa) the annealing temperature of
said second primer is higher than the hybridizing temperature of said first
primer to said second primer and said 5’ overhangs.

18. The method of any one of claims 1 to 17, wherein in step (caa) said first
primer comprises 11 or 12 nucleotides and said second primer comprises 21
nucleotides.

19. The method of any one of claims 1 to 18, wherein in step (caa) or step (cba)
said first primer is at least partially complementary to said second primer.



TherrmSequenase buff ﬁkgt}ﬁsﬁﬁeﬁkéﬂléee@f t he primary PCR 1In to;g,g/é??/@ég es

wer e progra ‘Wlfh s set to 94[err]C (1mn.)
(30sec.), 72[err]C (2 |m Ie 94[err]C(4OSec) 65[err] C

(30sec.), 72[err] C (1 cycl es; I nml““

65[err] C (30sec.), 72[err]C (2m n. ) for g cycles and mll nm Hllnal
extensi on step at 72[err] C for 5 mn. Before usi ng 2pg reanpl i%ied, *| abel ed
DNA, pri S e re _, I\/Bel est.. k trans ation of cantrol DNA
as wel | Q?OIVCF fF‘D Féﬁ'ﬂﬁ% h"@r sgquance R sa'é)f“t
hybri di zati on %gﬁwge@gﬁ, bﬁf%%ri a%?ﬁg@{@r (1993) Hum Ml . GCenet
2,1907-14. | nmages were captured wth t el ca DMXA- RF8 m croscope,

equi pped with a Sensys CCD canmera (Photonetrix, Tucson, AZ). Quantitative
eval uation of the ratio of test and control DNA was done according to du

Manoi r (1295) , TAetmtHddyof Any dfie o, clalfisd tb ), Wﬂféré:rﬁ@élﬂvﬁéte?m%@@éd%m"
Seven to twel ve rrezaphase spreads fitting the reqlsl rements of the program

wer e eval uat ed Step tae; W"cﬁrﬁw o SEL2 BNk Reandfonwhereip said

profil es beca e and
| abel ed cont rgI§ W&a@eﬂgggalwngttegwgggfh#?% e%ﬁ%@cﬁ%}lﬁ%wﬁ%@@@ ﬁ6‘
(conpare Fig. 1. PCR-labeled control DNA, and Fig. 2: 0.5[err]g nick-
transl ated control DNA). 0.5[err]g control DNA was nodified and anplified
as described for single cells and |abeled in the reanplification reaction
wi t h di goxi geni n- UTP (Boehri nger Mannheinm). The snmoother CGH profiles
probabl y 22| edhetmathod:ofcamnone iof slaime biw2k; whersin isaitfjrst pnmee;aﬂdl saide

sequences are o d|t| ns,.for_the DNA s

In seven i ndepggg&‘q Cﬁi‘n&%’”%?%é’fy{%?é%@ Pﬂ@roﬁpﬁrﬁ &Qm&ﬁ IDﬁA CGH
was carried oufragmetts ahdoee addesP® QQﬂrDNm%@meﬂwfbnbﬁo stép'(ca} or step
1907-1914) shoz&r)l no PCR-rel ated chronpbsomal gains or | osses detectable as

a significant tation fromthe central line. In fact, in all cases
anal yzed the sex of donor could be

23. The method of any one of claims 1 to 22, wherein the last 3’ nucleotide of
the first primer in step (caa) is a dd-nucleotide.

24. The method of any one of claims 2 to 23, wherein essentially the whoie
nuclear genome of said single cell is amplified.

25. The method of any one of claims 2 to 24, wherein said single cell is. a
chemically fixed cell.

26. The method of any one of claims 1 to 25, wherein steps (a) to (e) are carried
out in one reaction vessel.

27.  Use of the amplified DNA fragments obtained by the method of any one of
claims 1 to 26 in methods for DNA analysis.

29. The use of claim 27, wherein the methods for DNA analysis is comparative
genomic hybridization (CGH), representational difference analysis (RDA)-,



confirmed. PFA fixation had no effect on e experinent.
Exanpl e 4: WR0#tB9n of chronpsonal changmmmﬂ"fmﬂ,mm i PETEBAN06912
syndrome |In order to determ ne whet her knbwn®chrorfosémak changes coul d be
detected by the single cell analysis, Q\IA of a single | eukocyte froma
bl ood sanple of a patient ) : 24
with Down' s sanalylinaé PGRY, irestriclion fkagmesb lemgthi palytharphisini analysis (BRELP), bed i n

et ot abl o anNOPRAES! ool oddbnhian SSCTE O, Sadiess et ol
al terations iheterozyhesity™LOHy Sirigerpimt 86d/of FISH afRlysis;onpl ex nuneri cal

alterations was verified by conparing the ratio profiles of a single cell
fromthe MCF-7 breast cancer cell line (ATCC HTB-22) and of 1 pg
unanplified DNA isolated directly fromMCF-7 cells (Fig. 2 and Table 1).
The extrd0gaiA kihcempising cardirstpand/or et sedordl primer ray defined iC@ryvowe ot due

to a claims 1, 16, 17, 18, 19, 20, 21, 22 or 23.

31.  Use of a first and/or second primer as defined in any one of claims 1, 16, 17,
18, 19, 20, 21, 22 or 23 for the preparation of a kit for the method of any one
of claims 1 to 26.

\
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PCR artefact but was al so seen by two-color interphase FISH (FlI SH anal ysi s
was performed as described in Lengauer [(1992), Cancer Res. 52, 2590-6]
performed wi t WGWE7ERPH YACs 695h7 and 963dl 1 probes, mapped t ®CIEPIY/A6M2
2031, respectively). As summarized in T Ze 2, 16% of all cells eval uated
showed 3 signals for 2p but _only tw for 2q (Fig,__3). A nunerical
abnormality present in only 16% of a cells popul ati on does not change a
CGHprofile made of pooled DNA (du Manoitr (1995), loc. cit.), however, it
may becone clearly_ visible=i«fCa4~ s perfor med Wobli<a=$kdigl'e cell fromthis
m nor subcl one. Tabl e 1*CorPari son of changes=f<ound-+r=MCF-7 and a

single cell of the sanme c€7 1" Tihe. "NMbst™ of the changes found in MCF-7 can

be detected in a single cell. Differing changes ef=either—the cell line or
the single cell are sShoWnesReededteghmf=gt=tts S . m:@on W th
chronosonmal gai ns R |~

| osses Cell |ine DNA e 8qg, 11p, 11q, 15q, 19q, 20q 3p, 8p
Single cell anmplified DNA 2p, 8q, 1lp, 15qg, 19q, 20q 3p, 8p
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25 Table 2. Results of interphase cytogenetics on cells fromthe breast
cancer cel Iwbiooe73CF- 7 and normal | ynphocytes. 100 nucl ei weRaI/ER#a06fa2 ed i n

each case. 1x2p 1x2p 2X2p 2X2p 2X2p 3x2p 3x2p 4x2p
4x2p 1x2q 2X2q 1x2q 2@%9 3x2q 2X2q 3x2q 2X2q 3x2q
MCF- 7 6 0 2 70 3 2 1 normal
cel |l 1 3 4 89 1 1 0 0

Exanpl e 6: CGH analysis of a_single tum)r cell froma patient with a
primary breast cancer The extreneliy rare individual ffturmr cells in bone
marrow were identified in marrow aspirates by |nd| ;

with the nonocl onal cyt okera‘t“l’f‘_aﬂtl body A45 B/
Cyt oker ati n-epi t opes recogm..z.ec..by :A45B/ B3 have oe
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mapped to cytokeratins 8, 18 and heterodi nmers of 8/ 18 and 8/ 19 (Stigbrand
(1998), Tunor, 9, 132-52). Aspiration of the bone narrg

and i sol ation’ @P‘%ﬁ) %nucl eated cells was performed as descri beﬁ@gér?gﬁ6ﬁﬁ
(1996), Lancet 347, 649-653). Cells were_,mwgshed in PBS and fixed for 5

m nutes in 0.2% PFA. Bl ocki ng of unspecr? bi nding with 5% AB-serum as
well as incubation with 10 [err]g/mM A45-B/3 (Mcronet) in 2% Pept on/ PBS,
10 mi nutes each, was perfornmed I n th¢ presence of 0.TU5% sapomin (HBigm) to
perneabilize the cells. After washing the cells in 2%Pepton/PBS t he

anti gen-anti body conpl & Lo dugelibat ed with PE cQli-ugat ant i body
to mouse | gG (Jackson) for-detection{(10 m nutes). -Al-l- -sr-r-rg-l-e-e-e | s were

i solated fromcell suspensions by m ¢romani pul ati on. Bone marrow ,eI | s were
plated at a density of 250-000——ceft+s/0.8 cn? in a voltre—e—266 1 on a
m croscope slide. Sing QMWD cells were aspi(B ‘ pEass

pi pette of approxinmately 30pm di aneter and transferred to a new slide.

After confirm ng 26 that only
a single cell had been transferred, this cell was finally picked in 1[err]|
pi ck buffer into the PCR-reaction tulje. -

ey

— i .

SRImFAE

s
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Figure 2



In the marrow aspirate fromthe pelvic bone of a patient, diagnosed with a
primary breast cancer w thout evidence for distant netastasis, staged
accordi ng @ dohesgont ernati onal classification as pT3, pNl, pkDEry@8i12a

si ngl e i mmunof | uorescence- | abel ed cell detected anong unstai ned bone
marrow cells, was picked by micronani iii7ati on and transferred to a new
slide for visual control that no additional cell was inadvertently
aspirated (Fig. 4A-C). Fromthis slide the cell was taken to the final
reaction tube. Fig. 4D depicts the chronosonmal gains and | osses found by
CCH analysis-in‘this cell that were consistent with chronosonmal inbal ances
reported earlier for breast cancer. For exanple, the observed
anplifications on 8g and 17q represent two of the three nost conmon gai ns
whi |l e | ossi bt chalaagelon et : Sl €St
cancer (Fo ‘ al ysi s
of a tunor as in

Exanpl e 6 cells
and four u pati ent
with a can lally
pr esent ed t he
four tunor rkabl e
congr uent tinct

| oss of th and
17p-, sugg a smal |
cell lung i ng of
a characte of a
met ast asi s

Figure 3



internmediate cell - nost likely epithelial - tunor"” - thus corroborating
CGH based suspi ci on. Table ;3. Summary of the CGH results of four
i ndi vi dual oyoolersatin-positive cells i soI ated fromt he bone PalFB¥4712a

patient with CUP-syndrone 0 de ine_did not
reach signific

27 to the othe t he
control cell a :
Changes unlque, nosona
gai ns

2p,3p, 5q, (8p
2p, 3p, 5q, 7,

2p, 3p, 5q,a (8p)

Figure 4



4 89 2p, 3p, 5q, 8p, 10, 13, 15; 16q,-  17p,
22, Y  ExanplegnBoo Loss of heterozygosity-analysis |In ordePCI®ErI®0e&22 | oSS
of heterozygosity and nmutations in epithelial tunors, the anplified DNA of
all four tunor cells fromthe patient\‘xﬁr h CUP syndrone (see Exanple 7) and
the four unstai ned bone marrow cells e exanmined for the presence of |oss
of heterozygosity (LOH) and nutations. The detection of LOHin a single

cell requires that the two allelic DNA strands are cut, ligated to the .
adaptor and anplified ldeaeacly ddentical fashion. ForLQd gnalyvsis of

the APC tunor suppressor gene on 59213 the dinucl eotide repeat pol rphi sm
D5S346 | ocat ed 40kb stream of thejgene and a pol ynorphic Alw21f site

| ocated within exon Wevwere used (G.oqen (1991), Cell 66,,289:600).§ The D1
6S3019 nmarker tightl cadherin gene (Qui LLQLdld

Nat ure 392, 402-5) d 0 assess LOH of_E—_c,ad.he“.
the CGH.results of t respecti nosiones al ready s
chronosomal material from5q and 1 6q,J anplification of two allel e
each control cell and-nnﬂ-&ﬂ.m-ﬂaﬁh-t nor cell was cal culaiedelg .l

G&nce
3% of
from
ult in

12 fragnents (4 x 2 eIl s and 4 x 1 for t | s) for
each of the three _,_’ 36 i ndependent |
fragnents. As it is depicted in Fig. 6A, both al be

anplified from f cells for each—e-i—;-ha-um rkers
anal yzed. The primary PCR-products we dlluted 1:5 in H20. 1[err]Igof this
dilution was used in the S
under standard prd fer #@bF

This specific PCR was carri out
t he D5S346 | oc

Bt wons ands the sequence of t ke B®MIICLY IPpcus,
t he exons 2-9 o
(Futeral: (1991)% CTerT "ACi US R¥. ™

- 98977). Cel

proremy s s
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28 conditions for mcrosatellite analysis was perfornmed as described in
Litt (1993), vBroWEBPMI ques 15, 280-4, and devel oped by i ncubatRGHERSCRII2
SYBR- Green followed by fluorinmaging. Analysis of the APC PCR-RFLP was
performed by digesting 5[err]l of the P@RAProducts in a vol une of 30[err]|
with 15U Alw211 (MBI Fernentas) for 3h. The result was visualized in an

et hi di um brom de stai ned agar ose gel. Wi le the | osses found in control
cell #2 and #3 were not seen with the second marker, all tunor cells showed
LOH in both experi nents. Simlar results were obtained for E-cadherin: all
control cells were inforopi-lve howed-t-ae= al | el es whereas all four
tunor cells had Iost one aI I eI e. Taken toget her, 33=of~Tihe 36 expected

fragments «gre_applifi.ed.and.det ec% ed...These.dat a n_qtmgg_lﬂ _denonstrate a
respect abl:q:r_rel i abil] but al so i n a pr esune pl

| oss needs T0gi°F ed- 'by' additi ers T?l""“GA‘)“ AT der to
avoi d Taq Iyrrerase errors dur| ng the early cycles the a mxture of

Taq pol yner as e ==tk
the CGH profi | @8 ST TS unnrllr L D, 1!
exani ned whet hér the remaining allele OF-TFE'553 tunor suppressor gene had
been

TH#3

MnenSNn TR Do

TaSmmE e o
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T#1

0 0 @ e e s me e e
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I nactivated by a nmutation. Mutations in p53, the nost comonly. nutat ed
tunor suppressor gene in human cancer, occur in about 50% of | ung

car ci nomasywio@egenk! att (1994), Cancer Res. 54, 4855-78). Sigtg¢rdoh@soiast
majority of nutations are localized within the core domain, exon 4-9 was
anplified for sequencing. Successful gyplification of all exons proved that
the primary PCR conditions are sufficiently robust to yield products at

| east as | arge as 1374 bp, despite the presence of nuch snaller fragnents.
There are no Msel sites contained within these exons, a prerequiste for
successful anplification. The map of Msel cleavage sites in the p53 gene
regi on predicted four exon containing fragnents: one of 1374 bp with exons
2, 3 and 4, another of 1032 bp with exons 5 and 6, a third of a 722 bp
fragment with exon 7, and a fourth of a 558 bp with exons 8 and 9.
Sequencing of all four tunor cells showed an A -> G nutation in codon 215
of p53, leading to a serine to glycine exchange, which had al ready been
described in several human cancers before (Hainaut (1998), Nucleic Acids

Res. 26, 205-13). Fouf popaalyboralfarrow cel | sfqoppghpedeiHe wild-type

sequence at codon 215[(’%@&%?({2@%‘;3 Ec{'@ ' ’??e@eﬁ

29 vi rtualkj;gle@cl udi r@.that?a Tay pg;ymerase eror*j,lacco@t edggf g{g@a A->G
O =’ . g 1 3 e

mut at i on. her deviation fromthe wild type sefuence was TouURd 1 n the
exons of tunmor- and control cell DNA, indicating that Taq pol ymerase

I nduced nmuta¥:-ons are rather rare under the applied conditions.

Control cell Tumor cell

Figure 6a



Exanpl e 9: DNA sequence anal ysis by direct sequencing and SSCP After
detection of said A->G nutation in codon 215 of p53, it was tested whether
it woul d be Y&MiIBI%8 to detect said point nutations by singl ePETEZAYC612
conformati on pol ynorphi sm (SSCP). Si ngl § @t rand conformati on pol ynor phi sm
relies on the principle that single str ﬁ ed DNA strands of different
sequences exhibit different nobilities during el ectrophoresis in
non- denat uri ng pol yacrylam d gels. The strategy of the nethod is to anplify
the segnent of interest of a gene by PCR and then to conpare the nobility
of the denatured DNA with that of a reference segnent of known sequence.
Single point nutations within a sequence already | ead to changed runni ng
behaviour in the gel, this nethod is very well suited for detecting the
presence of nmutations in a segnent of DNA. Under non-denaturing conditions
single stranded DNA exhibits a folded structure, which is determ ned
essentially by intranol gcular interactipns and thus by fhe sequence. Th
occurrence of mutationgl changes in thg DNA sequence cdlses a changed 5
7 .

[¢]

fol ded structure. Thu in the SSCP apal ysis the dete on of a nutat
sequence i s dgferm nef / npbi litggin th pl yacr ylam d
el ectrophoresis. The 3} agj usted for séﬂs tivity for edch
fragnent to be anal yzed| Inportant vary ables are the kenpgth of the
fragment, ideally betwgen 120-350 bp, and the tenperattge of the gel
Once established SSCP hés the advantagg| of screening @ high nunber of
probes at the sane tim i ve and | abori sequenci ng.
However, a fr&gnment wift h a chaidyed rufinj ng bekavi ou pul d s&Bsequ
sequenced in order to{nanme the nutatign In this e ment, the r
i e cytokeratin-nepative cells om the patient

oK
SQ

W

Figure 8b



sequenced was conpared. The nmutation could be picked up in all-cytokeratin-
positive cells, whereas the normal cells did not show a changed nobility,
as denonstyategddsp Figure 7. PCT/EP99/06912
30 Exanpl e10: CGH of | aser-m crodissected single cells Analysis of many
clinical sanples requires the i sol at #BA70f the cells of interest fromthe
surrounding tissue. It was tested whether the procedure also works in the
setting of |aser assisted mcrodissection. In one of the nore advanced
techni ques | aser m crobeam m crodissection (LMM is conbined with | aser
pressure catapulting (LPC): the cells are cut out and subsequently
catapulted into the tube. To avoid the introduction of confounding

vari abl es such di ssected nucl ei cytospins of nornmal |eukocytes were
prepared and then isolated the single cells by LMM and LPC. The DNA
preparation and CGH was perfornmed as in exanples 1-3 and results were as
expected: The profiles were normal for normal cells denonstrating that the
met hod is appligable to mcrodissected single cells the sane way as to
cells isolated f£,0m suspensi ons. B&@Npl e 11; .1 sol &¥on ofc$§ngle

di ssem nated tu cel Ls. fronffynph nades

control-ce
control-cell
tumor-cel

o @
s F
o O
o £
2 8

Figure 7



Lynphogenic netastasis is a very inporta
di ssem nat e aWMdOo¥1138h determ nes the pro
| munohi st ochemi cal | y/i m nunocyt ocheni c
cells have been shown to predict the pai
studi es. The genetic changes of these ce
so far. Cell suspensions fromtymphTTOUY
application of the present invention. Ce
t he Medi - Machi ne from Bi orad..accar ding--t
Tunor cells were det ect ed=by=—staiarre==i
recogni zes the EpCAM epi t epe--and -has—bee
| ynph nodes than cytokeratin anti bodies.
the single cell DNA prepared_as nentione
unst ai ned cells denonstra
of aberrations could be d
circulating tunor cells fromperipneral

di ssem nated tunor cells isolated fromb

CESCD
e!ecteg. Exanpl e 12: TsSoration d

nt may for tunor cells to
gnosi s of the patient. “PCT/EP99/06912
ally det ect abl e di sseni nated tunor
fpts outconme in a variety of

s have not yet been characterized
s were prepared angl tested the
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31 (fromR Reisfeld, San D ego,

USA) directed agai nst the human nel anoma
associ at.ed whomdnrg ti n sul fate proteogl ycan ( MCSP)

The bl oedTaPymod81ZCLL

patient was screened with an antibody directed agai nst CD24 (anti body from

Cynbus Bi ot echnol ogy, CBL478).

The ntq

i solated from bone marrow and | ynph no

morked equally well as with céells
Exanpl e 13: Isolation and
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pol ynor phi sm can be identified. In order to test this, the band sizes
obtained froma PCR reaction with 3000 cells with those froma single cel
wer e conpar egto obti7asas detected that - within the known |im t sSPET/EPPREICI12
m crosatellite analysis - the bands showed no altered m gration behaviour
as conpared to the positive control. THi¥17 s denonstrated in Fig. 9.
Therefore, the pol ynorphic bands can be identified and fingerprints be
obtained fromsingle cells. 32
Exanpl e 15: Isolation of single en al |y stalned cells for routine and
di agnosti c procedujyes For many d and routine wuses it is

advant ageous to avoid i munofl-uo Ways to prepare cells for
experinments that inply routine lig scopy were tested. The first
experinments tested which enzymatic i reaction with al kaline
phosphat ase can b&=&pplied wit hout ‘the DNA. Several commercially
avai |l abl e substrates of al kaline ph e were tested, such as different
preparations of Neufuchsin and BCl P orad). Only S|ngle cell s stained
wi th BCl P/ NBT wer €\successfully anp n a next step, intact cells
were isolated fromroutine slides. . g so, cells in PBS were pipetted
on special positively charged slide - where they adhered within 30
m nutes, the PBS @&% di scarded and were air-dried. After this
treatment routine staining procedur 5 the APAAP techni que (al kaline
phosphat ase-anti -

<t

6
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al kal i ne phosphat ase techni que) with BCl P/ NBT devel opnment can be appli ed.
Addition of a non-ionic detergent to PBS | ater hel ps to overcone the
adhesive f@LaRs749ri ng the mcromani pul ation for isolation mfrg#ensdiai ned
cells. Results of these experinents are denonstrated in Fig. 10. Al CGH,
LOH and SSCP-experinents, i.e. with normal cells from peripheral bl ood,
tunor cells frombone nmarrow, bl ood #&di7 ynph node, stained with
cytokeratine ab, Ber-EP4 and anti-Hb-F have al so been perforned using this
procedure giving equally excellent results. Exanpl e 16: Application of
the nethod of the invention to single cells of various sources In summary,
It can be stated that the nethod of the invention works independently of
the source of tissue fromwhich the cell is derived, of the antibody used
to detect the rare cell within a cell population or environnent and/or of
the choice of labeling, i.e. fluorescent dyes or enzymatically activated
substrates such as BClI P/ NBT (see Table 4).

33
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Table 4. Application of single cell PCRto individual cells fromdifferent
ti ssues and di agnostic settings Sanple PCR anal ysi s
(Anal yti cal w&Rp:1739€GH anal ysi s LCHT/EBBRI6912
fingerprint or sequenci ng) Normal PBL
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Tunmor cells from peripheral blood of carcinoma patients Breast .

3 2 Cervix 3
1 Lung WO 00/17390 7 Tunor cells from peRGTERNAS1BI 0od
of non- epithelial nalignancies Ml nﬁna 5
1 B-CLL 1617 2 M
Hodgki n 1 BM = bone marrow;] LN = | ynph node
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(a) provi diwigo18ahpl e conpri si ng DNA

DNA to be anplified with a restriction endonucl ease under

A nmethod for the anplification of DNA, conprising the st

eps of:
(b) o‘ip%glfspf?@”?he

conditions suitable to obtai n4PMy fragnents of simlar |ength, wherein

said restriction endonucl ease i s capable of providing 5

wherein the term na
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oVer ha
of step (b) and wherein olilgonucl eoti des repr
quer ated by sate—f
re=ar e of diffECant
over hangs;

a¥d- 5o~ oyer hangs—aR -sar - [
gecond pri ner

over hangs

nucl eoti de of the overhang is phosphorylated or 3

t he overhang is

(c) anneal i ng at
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des representing a
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esenting a second priner
irst prinmer and wherein
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DNA fragments; or
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'—————f |
(cQ‘i)‘)'”s%QQﬂJr pri mer is Iigat ed to recessed 5 ends of said DNA f r agment EP 00990691

(da filli over hangs; and (e) anplifying said
DNAfrag |ch are capapl e of hybridi zing

aith the B-of - sai d priner(s) of step (c). o
AVENDED S -Z000

EP ooggoaglges;nctnon endonuqlease Eneapabie ofl prdvidingi Shoverhvingyseivhersi thétmiisal

[ raghent (5) 1 hoPasetide & the’bvéfhang s phasphomigfed. PhAmeYerANas. Whossinhe
single cell is. terdhifalafidiedtiié éﬂh@ro&ﬁhéng & h¥drox¥|ated on saﬂeﬁNﬁhﬁéﬁheR tg90d

cell, a cell from bone marrow aspirates,
bi opsi s, a (@ | appealing:at leashonebrimerdo saad DNA fnagmeats:whére)bt ained froma

lymPh - (ca) (caa) SAASHAHEHRlY Br SEbseqiddly! Bligbhomentijes %Srse?s%tn%rqgté Tirst
primer are hybridized to said 5' overhangs on said DNA fragments of
step (b) and wherein oligonucleotides representing a second primer
hybridize to 3' overhangs generaied by said first primer and wherein
said first and second primer are of different length;
(cab) said second primer is ligated to said 5' overhangs; and
(cac) said first primer is removed from said DNA fragments; or
(cb) (cba) simultaneously or subsequently, oligonucieotides representing a first
primer wherein the nucleotide at the 5' terminus is phosphorylated are
hybridized to said 5’ overhangs on said DNA fragments of step (b) and
wherein oligonucleotides representing a second primer hybridize with
said first primer; and
(cbb) said first and second primer are ligated to said DNA fragments; or
(cc) (cca) oligonucleotides representing said primer are hybridized to said 3'
overhangs so that 5' overhangs are generated; and
. (ccb)said primer is ligated to recessed 5' ends of said DNA fragments;
(d) filling in generated 5 overhang's; and |
(e) amplifying said DNA fragments with primers which are capable of hybridizing
with the complementary strand of said primer(s) of step (c).

As used in accordance with the present invention, the term "DNA fragments of similar
length” denotes fragments which, at a stafistical level, have a size which is of
comparable length. DNA fragments of comparable length are, for example, fragments
of 50 +/- 5bp or of 4kbp +/- 0.4 kbp. The length range of DNA fragments that is
preferably generated is advantageously between about 50 bp and about 4 kbp. DNA
fragments of greater or shorter length may be used as well, although they may be
amplified or represented to a lesser extent than the above defined
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406-Th@800€t hod of any one of claims 1 to 3, wherein said DNA is presdaft 009906912

the . form of one copy of a double stranded DNA sequence.

5. The nethod of any one of clainms 1 toy4, wherein the nunerical abundance
-of said DNA fragments is essentially maintained. 6
The met hod of any one of clains 1 to 5, wherein said nmethod conprises,

prior (g)N:mphf(;jring sm@ﬁ)Nh)‘nagn‘nm'ltsmﬂh ;ﬁr&hérwdvhibthlaie&fapéb@md Wh)ibndlzmg
conpri sing IS, di ot ei nase an erein

atter the prottte &@pQWW%%q of 53id ppiraRils)pfetep {O).

I nacti vat ed. : The nethod of claim6, wherein said proteinase
I's therno-1abil. 8. The nethod of claim6 or 7, wherein said

pr ot ei nadn the casetieatithedwss.primers are hybridized sibseqathtly, the firgtyprimer afterc! ai s
i nactivated in

6 to 8, nsald rotgi nase is,ther
step (b’ \)Wy% ization fO"P' § opMeEn m%wﬁ@%ﬁfeaﬁedmmrawhﬁegueaﬂ» wher ei n
sai d DNAIWWWS have a size of [err] 3 kbp.

The present invention is based on the surpﬁsiné finding that the combination of the
above mentioned steps leads to a substantially uniform and complete amplification of
DNA, as demonstrated in Exampies 2 and 3. In particular, the method of the
invention has been exemplified as follows:

A DNA sample to be amplified can be obtained by isolating a single cell, i.e., for
example, a bone marrow stroma cell, a single (tumorous) cell from peripheral blood,
a single cell from umbilical vein blood or from a lymph node which is subjected to a
digestion with a proteinase. After inactivation of the proteinase-activity, said sample
DNA can be digested with a restriction endonuclease with four-nucleotide recognition
site, like Msei, leading to DNA fragments of a similar length of about 200 to 400 bp.

The annealing and hybridization of a first and a second primer can be achieved by
adding a primer comprising the nucleotide sequence as depicted in SEQ ID NO: 2,
ahd a longer second primer comprising the nucleotide sequence as depicted in SEQ
ID NO: 1. Said first primer can be additionally modified in that the last 3' nucleotide of
said primer is a dideoxy (dd)-nucleotide. The final concentration of primers in the
following ligation reaction was 5uM. The ratio between primers used in the present
invention to DNA to be amplified was in a range 3 Mio:1, more preferably said ratio
was in the range of 300,000:1, most preferably said ration was in the range of
30,000:1. Furthermore, said primers can be pre-hybridized to each other before their
addition to said DNA sample.

An annealing reaction was started at a temperature which served also to inactivate
said restriction enzyme, i.e. 68°C. Said second primer was ligated to said DNA
fragments, in contrast to said first primer which is not ligated since no 5’ pho.sphate
necessary for ligation was available. Therefore, the reaction temperature was
“gradually. lowered to a temperature where such a ligation reaction can be carried

AMENDED SHEET
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E—ﬁiﬂﬂﬂmet hod of any one of claims 1 to 10, wherein said DNA fragreR099906912

have an average | ength of about 200400 bp.

AMENDED SHEET 06-11- 2000 8

EP 009906912 12. The nethod of any one of clains 1 to 11
wherein said restriction endonucl ease does not conprise any
cyt osi neditupei 15°C. ﬂ_lgéﬁoﬁ wasrdbtained [ the addition of ATF8and Wﬂmﬂhﬁl@aﬁé /By
one of claims 1 to wherein said restriction endonucl ease

r ecogni Zaid Primsersrand DNA diagmrnts.nAftep ligation, said first primer washiemexeshfronr
any- one Q

- endonucl se%@ ?@éﬁwéﬁgﬂg%{@éﬁg éi%éﬁ@&él&%hange of temperature to a

 higher temperature (e.g. of about 68°C) wherein said primer dissociates from said

DNA fragments. Said second primer remained ligated to said DNA fragments.

Resulting 5’ phosphate extensions on said DNA fragments were filled in by the
addition of DNA polymerases, in the present case Taq and Pwo polymerase, in the
presence of dNTPs (dATP, dCTP, dGTP and dTTP), under suitable conditions, as
indicated in the examples.

The resulting mixture was then subjected to PCR amplification with said second
primer, in a concentration of 1puM, as specified in éxamples 2 and 3.

The amplification product was then further analyzed as described in Example 3.

The method of the present invention is substantially independent from particular
precautious measures that have to be observed in methods of the prior art. For
example, with the method of the present invention, it is not necessary to extract or
purify the DNA of interest (which could lead to losses of DNA) prior to amplification.

Thus, in contrast to the above-mentioned methods for DNA ampilification, the method
of the present invention can be carried out under amplification conditions which are
convenient and optimal for the further use of different adaptor-ligated sequences of
choice.

The method of the present invention for the first time allows the amplification of the
entire genome of a single cell even from unextracted DNA samples. This enables e.g.
the genomic analysis of individual isolated disseminated tumor celis, applying
comparative genomic hybridization (CGH) to single cells. Therefore, this method
provides, e.g., the means to identify the individual genetic changes in a single cell
that might promote dissemination and ectopic growth of disseminated tumor celis
with metastatic potential. The genomic profile of such single disseminated cells could

provide useful information on whether certain clonal genotypes are associated with
disseminative events.
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196-11FRE0Get hod of any one of clains 1 to 14, wherein said restricti &b 009906912

endonucl ease is Msel or an isoschizoner thereof. 16. The net hod
of any one of claims 1 to 15, wherein in step (caa) said second

orimer is longer than said first priner. 17. Ttle/ms‘t/ﬁod of
claim16, wherein in step (caa) the annealing terrper

sai d secBed/BPOMEBIN2 hi gher than the hybri di enper \\“\‘gsal d first
pri mer tMicramet Gaselischaft fiFr...and said 5° overhan ‘ ““ The

met hod oQuaRefo®1867PICAII ns 1 to 17, wherein in \%\ wsaid first

pri mer conprises 11 or 12 nucl eoth § and sai d second
primer conprises 21 nGtainsd i des. 19. The

nmet hod of any one of clainms 1 to 18, wherein in step (caa) or step (cba)
said first primer is at least partially conplenentary to said second

priner. 14, A methodZ0r theTamplificdtion off DNAY conprieingcihel stepd of:0 19, wherein
the sequence of said first and said second primer is

non- degener afe. providing a sample comprising DNA,;

(b) digesting the DNA to be amplified with a restriction endonuclease under
conditions suitable to obtain DNA fragments of similar length, wherein
said restriction endonuclease is capable of providing 5' overhangs
wherein the terminal nucleotide of the overhang is phosphorylated or 3'
overhangs wherein the terminal nucleotide of the overhang is
hydroxylated on said DNA fragments;

(c) annealing at least one primer to said DNA fragments wherein

(ca) (caa) simultaneously or subsequently, oligonuclectides representing a
first primer are hybridized to said 5’ overhangs on said DNA fragments
of step (b) and wherein oligonucleotides representing a second primer

- hybridize to 3' overhangs generated by said first primer and wherein
said first and second primer are of different iength;
. (cab) said second primer is ligated to said 5' overhangs; and
(cac) said first primer is removed from said DNA fragments; or

(cb) (cba) simultaneously or subsequently, oligonucleotides representing a
first primer wherein the nucleotide at the 5' terminus is phosphorylated
are hybridized o said 5 overhangs on said DNA fragments of step (b)
and wherein oligonucleotides representing a second primer hybridize
with said first primer; and

(cbb) said first and second primer are ligated to said DNA fragments; or
(cc) (cca) oligonucleotides representing said primer are hybridized to said
3' overhangs so that §' overhangs are generated; and
(ccb) said primer is ligated to recessed 5' ends of said DNA fragments;
(d) filling in generated 5' overhangs; and
(e} amplifying said DNA fragments with primers which are capable of hybridizing
with the complementary strand of said primer(s) of step (c).
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and/ or wherein said second prixnmee used' i rf st'ep (caa) has
t he sequence as shown in SEQ I D NO 1.
AVENDED SHEET 06-11- 2000

EP 00990912 The method of claim 1, wherein said DNA is the genome of a single cell oryof

secona pri mor HREAREPes ol (PaBntp WERRIE T D21 U 7 om stch DA

fragments and are added to said DNA fragnments prior to step (ca) or step
(ch). 23. The nmethod of any one of clains 1 to 22, wherein the
LSSt 3| @Cgemﬁedﬁ\e@ﬁod B claim 2, wherein safd sigleoceliisr a idlssesinatetaimarscell, a
nucl eot i de
peripheral blood cell, a cell from bone marrow aspirates, a cell from tumor -
biopsis, a cell obtained from umbilical cord blood, a cell obtained from a lymph

node and/or a cell obtained from microdissected tissue.

4. 'The method of any one of claims 1 to 3, wherein said DNA is present in the
form of one copy of a double stranded DNA sequence.

5. The method of any one of claims 1 to 4, wherein the numerical abundance of
said DNA fragments is essentially maintained.

6. The method of any one of claims 1 to 5, wherein said method comprises, prior

to step (a), the step (a") wherein said sample comprising DNA is digested with a
proteinase and wherein, after the protein digest in step (b"), the proteinase is
. inactivated.

7. The method of claim 6, wherein said proteinase is thermo-labil.
8. The method of claim 6 or 7, wherein said proteinase is Proteinase K.

9. The method of any one of claims 6 to 8, wherein said proteinase is thermally
inactivated in step (b').

10. The method of any one of claims 1 to 9, wherein said DNA fragments have a
size of < 3 kbp.

11. The method of any one of claims 1 to 10, wherein said DNA fragments have
an average length of about 200-400 bp.
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206-112690rret hod of any one of claims 2 to 23, wherein essentially ¢ e RRgPQe912
nucl ear genone of said single cell

.of any one of clains 2 to 24, vvhere: ﬁgg}oljl f IHBIM"I&!"""I""JHF The method

chemcally fixed cell. " 26. The nethod any one of claims 1 to
25, wherein steps (a) to (e) are carried

in one reaction
vessel 12 The meth%& of drgeored ofdalmwﬂltbﬂﬁewwnf#ad‘éﬁ%ﬁf'gt‘%t ai ned by the
met hod of any one of

anal ysi s. endonuclease goesfigt comprise %Wa‘gﬁ?%?&&»%ﬁ‘ﬁé ﬁ?i#ggﬁm%rgw

erelrn e nmet hods for DNA
anal ysis is conparative genom ¢ hybridi zati on (CGH),
representational difference analysis

| yt I
PCR-, r@stritgd metiddenany ohemgclai:pm1yt¢o1ﬁ>nmla¢m§al§isrg§tqc§gga”a ytica

Si ngl e strand confornation

equence-, "l oss of
het er ozygosiendonUcledse recag Fﬁ Eﬂf@a%wea%ﬁl g

29. A
kit conprising a first and/or a second priner as defined in claim21.
30. Use of a first and/or second prinmer as defined d ? m21 for the
pr epar aj4 on The method of any one of claims 1 to 13, wherein said restri

endonuclease recognizes the consensus sequence TTAA.

15. The method of any one of claims 1 to 14, wherein said restriction
endonuciease is Msel or an isoschizomer thereof.

16. The method of any one of claims 1 to 15, wherein in step (caa) said second
primer is longer than said first primer.

17. The method of claim 16, wherein in step (caa) the annealing temperature of
said second primer is higher than the hybridizing temperature of said ﬂrst
primer to said second primer and said 5' overhangs.

18. The method of any one of claims 1 to 17, wherein in step (caa) said first primer
comprises 11 or 12 nucleotides and said second primer comprises 21
nucleotides.

19. The method of any one of claims 1 to 18, wherein in step (caa) or step (cba)

said first primer is at least partially complementary to said second primer.

20. The me;chod of any one of claims 1 to 19, wherein the sequence of said first
and said second primer is non-degenerate.

21. The method of any one of claims 1 to 20, wherein said first primer used in step

(caa) has the sequence shown in SEQ 1D NO: 2 and/or wherein said second
primer used in step (caa) has the sequence as shown in SEQ ID NO: 1.
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22.  The method of any one of claims 1 to 21, wherein said first primer and said
second primer are hybridized to each other separately from such DNA
fragments and are added to said DNA fragments prior to step (ca) or step (cb).

23. The method of any one of claims 1 to 22, wherein the last 3' nucleotide of the
first primer in step (caa) is a dd-nucleotide.

24. The method of any one of claims 2 to 23, wherein essentially the whole
nuclear genome of said single cell is amplified.

25. The method of any one of claims 2 to 24, wherein said single cell is a
chemically fixed cell.

26. The method of any one of claims 1 to 25, wherein steps (a) to (e) are carried
out in one reaction vessel.

27.  Use of the amplified DNA fragments obtained by the method of any one of
claims 1 to 26 in methods for DNA analysis.

28. The use of claim 27, wherein the methods for DNA analysis is comparative
genomic hybridization (CGH), representational difference analysis (RDA)-,
analytical PCR-, restriction fragment length polymorphism analysis (RFLP)-,
single strand conformation polymorphism (SSCP)-, DNA sequence-, “loss of
heterozygosity” (LOH), fingerprint- and/or FISH analysis.

20. A kit comprising a first and/or a second primer as defined in claim 21.

30. Use of a first and/or second primer as defined in claim 21 for the preparation
of a kit for the method of any one of claims 1 to 26.
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