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*tt~stts* The present invention relates to a novel nethod for th
anplification of DNA, this nethod being particularly useful for &EAUG 2002
anplification of the DNA or the whole genonme of a single cell, chronosones
or fragnents thereof. The present invention further relates to the

application of the nethod in DNA anal ysis for nedical, forensi 1 m“ C
or scientific purposes, |iBNAcAmplification ofa&ingleGelli di zat i o““mwmm
fluorescence in situ hybridization (FISH)-, polynmerase chain reactﬂiaggk,
(PCR)-, single strand conformation pol ynorphi sm (SSCP)-, DNA sequence-,

"l oss of heterozygosity (LOH)-, fingerprint-, and/or restriction fragnent

| engt h pdhemumepantimveRfiduiPyelatas tos asnovied mathod ffor thier achplification aof DNA)ahis
| filed, | .d t ited t, hout, the text of thi
dpect 1 cAABRY (36108 LoRTHELIaHY Raul I ThecAMOVBERIETY B8 b JINA Ohdhp wbPBns.
ey p . . . h i .
met hod 1 9EnPRE 4 Fpf SR chrofRERIR or Fadilefs (IR THG ¥iocdtl ibfertlolY 995
(Sai ki ( 19859r, réfgiesnte tR80aplidation 36f the Briethorde it INAhanalgbisdforamedidal,on,

primer anneal i ng and pol ynerase extension, PCR can anplify a single target
DNA ol edeneasico dasmqsgc Bt scientificepuinases  likescomparalivgroengmigaRyhridization y

appl i ed | ingle Locus. . f. e Lt eSadAGH i_n i ng
ased to PRy Miebosd®) B shE: R lohs (/W . ebbiery36. B8N FealR o
thi s gengpeR)argmdlé i strindogorforriitfor pelynistpRishf $SECH)-, IBNAL ddquences dYssces

w thin the genone, which allow anplification of segments between suitable
posi ti on®f 2Y¥gosityt efldPd)-s e dingerints, i \@dé@rquéﬁﬁ%éctm fragmentR)lenglh been
used to crslate [lg‘uma 'glgg,grmslone- and region-specific libraries (Nelson

01 Auu 268PTP @gbfh r 68NANRIPt . Acad. Sci. USA 86, 6686-6690). |n hunans,
the nost abundant famly of repeats is the Alu famly, estinated to
conprise 900,000 elenments in the haploid genone, thus giving an average

[ -4 Kk : .. d, ' - :
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AU or Lihaughoat therekisithis shetificalish %c&ﬂ&l‘ir@'&gyHiaﬁtﬁé’ct%é?%%ecﬁ‘idétions,

el enents, fof exanple, are preferentially found in the Iight 'bands of human
chr onosoinstructibes.eftor)e, such a PCR nethod results in a bias toward these
regions while other regions are |less represented and thus not anplified or
an anplification can only be obtai ned bel ow detectable | evels. Furthernore,
this technique is only applicable to those speci es where abundant repeat
fani | i es RER dpblymerasie chaini redictiohkiscan extrearely pewviesil iniyitrcamethad dphihlea and

|ess vel | NG bF s AThTR wad Moy Rir3aSa0 %t 1885 342G (1 685): Scidhc
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 simultaneously. 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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A more general anplification than with I SR-PCR can be achi eved Wi ays 200
"degenerate ol igonucl eotide-prined PCR' (DOP-PCR), wth the additi ona?
advant age of species i ndependence (Tel enius (1992), Genom cs 13, 718-725).
DOP-PCR is based on the principle of pimng fromshort sequences specified
by the 3! d [ g r i I [ Wi tial
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mul tiple loci sinmultaneously. DOP-PCR can be applied for generatin
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these cases the single ce can be analyzed only once for a given target
sequencebeatd idaaéfirthdavitereanf ohent species sueh gahobygsophilaaandotesscavell i s
- ext i on

or eanpl 1 1agielred doies and R, el Bei s Biade BT B om by ki ng

Fandom o SREQHErat PRt HERITR BT oof & Aefify HfingualBiedier
t her eby dirpAUBRBOtIGeNPhéd POR" @OPRPERN igftHNEddS i dvaneyd of shedigd but ed
sites. It 1s estimated that about 78% of the ?enomc sequences in a single

human haprependande ctaleniescdgPal Genemies 1Bar18(25) nPOR-Phdhds biasedon
Pr oc. .. i s | et
a:lgcuni[\?ﬁare @ﬁ%ﬂ?f(ﬁg%??mg%as'ﬁ @Fee%‘géﬁ%%% Sg‘gxﬁggirbr},g#% ?2' ﬂg\kllé{csﬁ%@gmgegne

docunent gsheneratenelidgomisleaiicde s asedERluriAgnritinb tbvwe ainhedlimg peraperdtate oywlds
difference, a Si s . is . a subtractive DNA hybyidization techni que that
i scover S NG GHIGIdbRE INgR RS- TAH $eaHanGPRRCCUR e AR, GERIEBIQT b ¢ sy
(1993), } 2 T B 8| unt of DNA needed for RDA
shown iséggﬁgﬁéiﬁrgg%%sﬁ%?ﬁgm (l)e @iglw{%?bgggl?s However, only 70% of the

enoni ¢ I i £ d i ] I .
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conpl et ecempseduaraes oprayidechrurerarid @ sybstantialodmausi efgPBACf intepgst can be

Const dor PRGTHIE s oIk SPAEA bRl disS, dbrdiBRE s enBRRR P Changs 8t oo
capabl e gblasdyeasttdrafididl cHrofrsohRzd YAGY) eHakieyet MDPRPERagEYME tebé ineh of

genom ¢ DNA) particularly froma single cell. Thus, the technical problem
consi st sCRRAIE i RfoNiling @n sullisenbe e REIT BMRIKicatemIo) et BNAheonieal f &

cor ut | on 1 T KIEKARERT Pod 7 PEhes, CRANBYEREER! ARG, 1N mbodi ment

sol ution mis-ac provi di ng t énbodi nent s

char act ethg el fh ks B oy APl Aakisid BPa RipBRRRlaFGUINATH 4 Slries to

a method for t l'ificatron o
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 recombination analysis using a
single sperm (Cui (1989), Proc. Natl. Acad. Sci. USA 86, 9389-9393) or oocyte (Cui
(1992), Genomics 13, 713-717). 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.



conprising the steps of (a) providing a sanple conprising DNA (d)P 002
digesting the DNA to be anplified with a restriction endonucl ease é%élﬂ
conditions suitable to obtain DNA fragnents of simlar |ength, wherein said
06- 11-2000 EP 0 , ~06912 01 AUf 2~~~ . ®CTI EP99106912 M cronet GCesel |l schaft
fur ... . r Ref.: £ 1867 PCT restrictipn.end ease =i §.capabl e of

b ovi i dymethed Brhes SrierioasnsioR oreanli G R PER) RidFestefing ShfdmieRt : <
phosphor; ‘maXi i85 b ithe DNAYJHuUBALe S PressttiiA% e
over hanémiggérﬁgm%?l n;?)é@@gﬁﬂggiléé‘@%éf rfagnenl}ls;egd(ag)@ﬂaﬁﬂgl I ng Iat l@i@gtse{‘ one
primer toellsRE® DS &rrapdemt sixtheer ef 15-baad fulyadegeneratachabgeiideatidus as
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ol i gonucdiepbiifRIS it 1€ 3¢ Ristifatéd &@@toaﬂom_r 78%S of‘YI?é igéinémi% Beuehres himrgs

generated by said first primer and wherein said first and second priner are
of diff exirgle humanhapleidbgelsaaa keeconi®done ness itkam iGghtigest ZRang (192),

or (o) TogaNaY! AZRN.RELISD S BARRLR IR A4 ol D g
a first |Hifof@rampricaitiontdien AHelegénsine af a_tm%ré' célefiae neSbeen RldesmRated at ed
are hybridized to said 5 overhangs on said fragnments of step (b) and

wher ei n With gwitedesisdas PEfpresenting a second prinmer hybridize with said
first primer; and (cbb) said first and second priner are ligated to said

DNA fraMthpdcﬁa“ed 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 amplification 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

(@) providing a sample comprising DNA,;

(b) digesting the DNA to be amplitied with a restriction endonuclease under

conditions suitable to obtain DNA fragments of similar length, wherein said



Wr epresenting said priner are hybridiz I
08+ 1159 angs so that 5' overhangs are generated; and (ccbh) said (pr ﬁ@%&?gégm

i»l gat edPé?/EﬁQ@/@ g4 5’ ends of said DNA fragnents; (d) filling in generated
5' over l@éh

t e AR fying said‘bNAfragrrents with primers which are
capabl eng b tA"the conplementary strand of said priner{s) of
step (c T ccor

) . used 1n a dance wi.th_ the .present invention, the term"DNA
Fr agment SeSFICPRENPNIGREER © GePRRIe O RaYIR: 5 QuerANOswhareid dia rmuos
Level ) have it & dah} ' a r ; )
conpar abl e | ?n"gjtli&%?f:@o% %gggjﬁfﬁg‘fé Pﬁgéﬂedr@g%cpog%\{erggg o%ce)félﬁktgpe) +l -
0.4 kbp. The teemihnuaegtidebf thecovarhgne s bydioaylated pn et BN/ frggments;ed i s
advant agegusl y_between,abou' ¢ 50 by, and 4 kbp. fragnments of
gr eat er OC% sh%mq{gtlmg@%qq; 5\ W%ﬁ@&%@%%’?gmﬁw %'¢'Rey nmay be
anplifie t ki NDED
ST 0Tk R G e e T A 'Y o e
of <_ 3 kbp, nore pireteabhybrdized thisaid Bgaverhangave said NASgorhentstdf of

ot o o2 o AR et P kA edeobk 1AL RuSh AR RD° P
provided e.g. by ahyrregeted elemangs géne@éiédmj %g?%@%ﬂ%%@ﬁses,

and denotes a singl'e stranded overhanging 5' term"primer"
as used herein refegid firy and sqogemimecatedy differehtlengiturring natural ly as

inapurified restri.cti ' OF: Y, jcally. The priner is
preferably si W&?’z %@tasﬁg@&g?grﬁ%g ’%%&%ﬁ%ggg%ﬁf&}&%%@’iaﬁﬁt he net hod of the
present i nven{dzen, saitdirstpriped ie ramioyed froph sgikldDRRAYFadrastiet et i de.
Purification of said priners is g neral | y enyi saged, prior to their use in

t he met hotFbof (QoRe PPBEBREOUSY Bit PRSeadgRRY pRliganueiaatigss sepprsaning ca st se

HPLC (hi gh perforngg IGhh i R R ﬁﬁgﬁ[ L1240
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used herein, the teybridizasta saidiSnverhdngedresaie DN Affiragsnands loéstesr (dland

enzynmes capabl e of ﬁutti %?I dou Ie.itranded rgNA at_or aear a g ecjfic,

nucl eoti de sequenc¥NeHiR FEPRYCledlidss, [FRTRseNHNg 2 sgCABY AR BRI IazeHyAN

synthesi s reacti ongaiyfirét r6r; @ind3" hydroxyl ends, leading to a fill in of

the conplenentary strand. This DNA synthesis reaction iaépr eferably carried
F

out in presenéedof sairfirst rehgecordmmenaerigated torseid. DNAdFaaseents! er DNA
pol yner as S as :Peﬁ r g r al. d : . kgown
to the peﬁ%n@éﬂ lQﬁ’lg‘in tpgggr%%?%%{ttﬁ] rrgr?@hghﬁé(ﬁiu%%dh??)ﬁdl?él&é)ég%ér'gaﬁce
with the present i overmiangs sdehat ovehtanas arengeraratedpanpd! ynucl eot i de

strands by hydrggen bondi ng be en _conpl epent ary. nu tides. This

hybri di zat | on?‘Ff?Pg PR ‘rﬂ?/'b’gi“&F%ﬁ%’r‘?%ﬁ%‘ggﬁ?rﬁp&ﬁ%?é‘f bﬁ@* h?ﬁmea‘itszed
directly ag) agfing ih QehatHed®5 ovahBaggsarks wel | as hybridi zation wherein
gaps between priners and protruding or receding ends of said DNA fragnents
are gener deked anmiifyiex aaisl N4 fiegmentsowit primeass prhicke ate canabieicd mybrdizbg

ner ded 2 . S i ! b
Cecona pri mor ‘i Ereniienbataly sFRR8 Ak Bitele) StABRIRE an evampi e, since

this gap will be filled in by DNA pol ynmerases, such as Taq pol ynerases, in

enbodi nents where said Ta\s, olynerase, i s added before aor_duri nfq anneal i ng
and hybrisi¥ses inArcordgnee 1tf81h¥jgp@egbwegtlon, 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 comparable length are, for example, fragments
of 80 +/- 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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A igonucleotides, representing priners as used in the nethod of gheyygnggent
I nvention can be identified, obtained and tested according to the state of

the art especially represented by conmputer based sequence anal ysis and

| abor at ory nanual s e.g. Sanbrook (Ml ecular Coning; A Laboratory Manual,

2"d Edition, Cold ri ng Harbour Laboratory Press, Cold Spring Harbour, NY
(1989)) . frEgments: rPde rablyethes DNA fagmenémbaye arsize of <3 kbabmpse d’é@f@fﬁlbj&éd

The ar b 2 BV PSR FEvR, AR eradh STty SpdoLad ol ol Wty

exanpl e priSesdardiraginedts of 860ut200-400bpi N the appended exanpl es. Further
exanpl es of broader range hybridi zati on conditions that can be enployed in

accor danghe Wb “5hevermiuAns 85 uaed KBBRT Meads thet3rphdsbatd gros yhevided
"Current Protocols in Mlecular Biology", Geen Publishing Associ ates and

Wl ey | ned Hyikataggered clegyege)of QNA rtnyg'zﬁswtlézﬁcﬁnmglq@e@) anqigenstes aci d
hybri di z%ﬁ\g%n%th o%{)ca&;érﬁgllx ‘@Q% %ﬂﬁrbn b Press Oxford, Washington DC,

(1985). ove rec options of the follow ng nethod for the

Al | 11 cehbaBrl-oiiht SsPhelehptdn BRd BEARoloERRELRIOS idiforbERiriAg ()

providing a sanple conprisin to be arrp
with a raaturalb/t 891 enpkonifiec! mfmtmddagesbmdptodmmedsamnﬂwloally oTlm@tpzmmerDNA
f ragnent

mla h,, wherein said restrictipn en ase |
Capabl o BrOTRIAB Bl SR ohAgBesITEIc) S ReT R ARRS ATt e
Overhangﬁ“ﬂeﬁu@ﬁ%maow' aPly ff @baaafl% ERIddEhePy ddEtina oFUé‘élGOt'de
of the overhangs Is hydroxylat’e fragnents; (c) annealing at
| east onprlmarsms gamGSaii)deDNAageé.gpﬁmm\ﬁh@r euse (rc#he (m@falpdsbfnth& nesard| y or
subsequent | ucl otldes re resentln are h b |d|zed
Co sard Bveliyafy SRR HTEANGR PP i BhbYsR WPLE (Boh i dianaohe
ol i gonucbﬁﬂinhéiégrd;ﬁﬂﬂj %MGEQ(p@I}@@Wﬁld@ gé'feéle&t)’éﬁhdiééﬁ t&&aré’KﬁéWﬁﬁQS

generated by sard fi'rst priner and wherein said first and second priner are
of diffethmpersengiilied inte@B)t. sai d second priner is ligated to said 5

over hangs; and é@ac) said first priner is renpved fromsaid DNA fragnents;
(d) fillAsguses derinathel term Siestrictings enderucleass’ refersoto brcsniab@sgyes o ~

auu Zoozcapable 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 gareferably 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 polynuclectide 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.



(e) anplifying said DNA fragments with priners which are capable of
hybridizing with the conplementary strand of said prinmers) of step (A% AL
the case that the two prinmers are hybridi zed subsequently, the first prinmer
after hybridization forns a 5° overhang to which the second priner

i mal ng IR ARBCEse RRraERYBb “PEeth o Unef: Mot el ehdfie Ble¥gt 0

subst antxh@éﬂmﬁfom eaiﬁ crréndwﬁfuseneb@ﬁreeoaaaaltbs@@t h&dbraingDl¥ theasta@BINAE It ed i n
Exanples 2 and 3. in particular, the nethod of the |nvent|on has been

exenpl i femm&llyf wpressnted bNAcemnpta; basedd %&quameeanabrale@ndbi@bqn@@rby
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vein bl ogdldos prifid lafbd i boRr@eey Praseh Cotd SpAhE HaaBolio Ny ¢igegg).ion with a
pr ot ei nase. After i nactivation of the protei nase-activity, said sanple DNA

can be drFgeiséresbrel tHe Qetnﬁgtdflc@hdmbngmﬁﬁoﬂhecét&ﬁ&edésdnbeﬂmiépsmﬁlh@t’ddﬂ!@od
recogn|t|on site, |like Mel, |eadi ments of a sinmilar length

of aboutORtie RrESRODINYENtIqM s a/ﬁHéfythlm@h%ﬁhlllrﬂfbthﬁoﬁrﬂaan GRdde ke deieymingd a

second p [ I gl e tide
sequenceé%@g'ngl ct‘gr ! nmsgé&ﬂlg%ﬁo?&gé an ghléﬁé%&%s@géctoandn%r %Rér&g@?r@ér)l si ng
t he nucl@merﬂE$empm.ﬁmpimmblw obERoadeMN@ngk. hyridizdtiors tonditioms can
be additjonally noditied in that the | ast 3' nucl eotide of ald primer is a

di deoxy *("@él)caﬂdctﬁ BEPIQYEd MMrRecOrFRNCec Wik dne r"ﬁﬁ”@ﬁ”&'e SﬁﬂP% i WiQrRiia, in
fol | ow ngybgqt ”Gﬂrréﬁ%mbﬁ'aoﬁaﬁu ﬁ/@’é?uwre g&égfn@ﬁe‘éﬁepuBg‘éW%:q%tgé‘ the

pr esent Aventl on 1o I ed was a range
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annealing reaction was started at a tenperature which served also to

i nactivate said restriction enzynme, i.e. 68C. Said second priner was
| i gat ed Frors dhelabbite fecar@dmnt'mnsicm thve Mlioadng metkad torfthe emplification whiDMNA i s

not |igated n no, 5' hat.e n ces ary for ligation was avail abl e.

Ther ef or &, Pfﬁfﬁgl’%cggé{q Wﬁfﬁ%ﬁﬁ@’ﬂaﬂﬂﬂe &sual Iy Towered -to a tenperature
wher e such n reactlon can. be rri ed AMENDED SHEET M * ~;
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(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 wherein

(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 primer is removed from said DNA fragments;
(d) filling in generated & overhangs; and



f_—B'MWon Was obtained by the addition of ATP ang
Oﬁﬂf?b%ﬁ Pi gase, P30d09906912

to said priners and DNA fragnents. After |igation,
first primer was renoved from said DNA7fragments by a denaturati of 1Al 002
i'nvol ving a change of tenperature to a’higher tenperature (e.g. of about
68C) wherein sai d prinmer dissociates fromsaid DNA fragnents. Said second

i d t DINA T, { tl t
Dt ensi ori®) MBI FNA e il Fﬁ%@swwRﬁfa‘?@ﬁeB%eéqf%n s
pol yner i Ses,whﬁtﬁé‘éor%,?%?ﬁéﬁtagﬁﬁ%ﬁ@@fwé FHferfd|afBad ao) 0 the presence of

dNTPs (dATP) dCTP, dGIP and dTTP), under 'suit tions, as indicated
in the exanples. The resulting m xture was then subj ected to PCR

anplification ai d second ri I, concen ign of. 1 NM as

apect 11 Etnerraseahel B8 Soinars S Varsiadh SuPaneph dhe trsRrrtsanarir  ner
anal vz el (RANRAT 1794 d & SIARBAE towhENNBRIBAd PrintdiubsBggahyy Nvention i's
substantial |y 1 ndependent fromparticular precautions nmeasures that have to
be obsenhywidizes.met hods of the prior art. For exanple) with the nethod of

the present invention, it is not necessary to extract or purify the DNA of
interest (which could lead to | osses of DNA) prior to anplification. Thus,

i n cont TRstprkerdthiavereiseaséd oadheaiunotsing dind Py thafmhe chedinaion bhthe
met hod of the present invention can be carried out under anplification

condi t i 8Revevmasioned steps/ieadee asiPARtiatyIuniformians eamplee ampdifieation of

differe dapt o] plrese

i nventi @h“%oggt ﬁémﬂ rs%t%tql ﬁnﬁ%o@vsas?%e arrp# !fn @%&éﬁﬁé qu é"etéﬁ Cgf g}e

of a si ngkatierlHasdswn dxemplificeds flioed: DNA sanpl es. This enabl es e g. the
genom ¢ anal ysis of individual isolated dissemnated tunor - cells,

appl yi ng DNﬁpaeaiﬂla&oMamrhpﬂﬂngbmzirdibead:btame(d(lﬁ}i)lsdslatusg rngmglrelcbﬁs i.e., for
Therefore, this t hod |_Erow the nmeans to i nldl vi dual

t f
genet i c SXATWIRE® PANG 47 Wes“?énzl" CFFra"{’ smgé%{tumqg%ﬂecqugn I heaﬁ"
ect opi ¢ a%ﬁ?‘fehcéﬂf frgt'nsér%]h@éﬁ N tBIGBS of $lon® a%%h%@%ﬁdﬁlspﬁtﬁéﬁtlaé'to aThe

genom c profi such single dissemnated Cells could providé useful
i nf or nmdllgﬁstlon mm@hrenot@eam Aften aativajionoolyihespratainasa-activitye ¢aid sample

T T e

appl i Cafs,it@nmcé N@@H leadihgdo ‘Dl‘mlaiagn'&irim of alsgnitfrdengthesf dboot 200ks 4borbp \Ahol e
genone arrpl ification" such as PEP, DOP-PCR and Al u- PCR do not provide

hom)lgendlh‘&I srﬁmmmlggarmﬁmyt&rdmtkvp dI@—hmhendelahrsddma]gcminﬂama)f b¢ eshielBAbys a
single ce]l, single chronpsones or ts thereof. This re ible

applgl catiGinG A TSPTRIRNS gfﬁpugﬁﬁgcﬁees%%qqrgecaasn %C@@dpgﬁﬁﬂgﬁ 'Y?ht ér alia,
by the fagfa tckwgter%ee@m AR AR SORifRisd mrnuéfedtmdséc{mcera%saéméhyn Bgyces

the conplexity rimer binding sites of onucl eotides hitherto used in

t he DoplarMOPEPSta firat gumer can dscagsiirnalysngdifieddn that the fast Benucleptidasof
require P o} le to
Lont eve S PGS S0 HaRUEROMEET T il PoE RS BESTRBR RS, o
met hod (fbl\tb\hmgﬂfgﬁﬁlehtreamaerSpMéEhmMIOGEimédn erinferd st iy thesppigentes
within the norre llkelRSpF%?%] OSSIb|etO rell bl)éwergllf t he
genoni ¢ DK@ &Petoc% Ry W§ﬁé€|aer§ ﬁﬁ@r]@'%h’c’ﬁo!’%ﬁﬁ prEphesaid dalidices
are |essyhg ﬁ*ﬂﬂfenrtan@é &7 \900, 600 b8t §¥dFerably said ration was in therange 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 lowered to a temperature where such a ligation reaction can be carried
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0@“1‘@2@?@ erred enbodinent of the method of the present invention ONA dMdigpBg1o
is anplified is the genone of a single cell or chronosones or (a)(91 %“‘"{W
0

fragnents) thereof. It has surprisi nglt% been found that the netho

present invention is particularly useful for the analysis of single cells
such as dissem nating tunor cells, cells obtained froma |ynph node,

peri ph I, Dl ; f | %ﬂ;r e l\S. f.raomt unor
bi opsi g’[’tac'e : I@ogbf' galrﬁ@ﬁ v?%oh?%"ﬁ:%??@%@tgg@%ﬁ :%sfs ue, a@%ﬂ fﬁg-c[?liklﬁgl!gaag, own

i n thesajppprideds exdnPNAsiragmentetAftet ligltibhesait efirenprimey evdd fgmbed ot
useful for _the anal ysiz of the ?enorre of _anY_si ngl e cell (or chronosones or
fr agnesel P} &gomente o¥is denpiyralion;pieps éNolviag @ ehangecobtemperatuteriorg

pot ent i j i i € idgHo i i d.si_ngl i .S a
Far o eVl folraiie N BT 0d €8 E) Whortth, 55 HridaP Mgkl Btes HEng baid
enbr yoiDIMA fieigmherste) Saidi secohd priemaruenidioed ligitet e sait DRIA fagmehs. | | ke. The
inventive nethod is particularly useful for the assessnent of clonal

evol ut iResuitirens'splafsphetetitensions am said DNAfrRbemerts alare fitepiH By tens, | i ke,
inter alja, the clonal evolutjion of single n_]'_cr o-netastatic cells isolated
from p&cdiicsy @l DHARRIYMBE@RRESH NGPregpnt tase | agand Py pelgmenase, inthena
conten } i pbd ol I rt DNA
il { 1iPEar e AN ERE @NPRCABTE. SETPEhE TS, it sUipBls gtheMior o0 i hg
t o f ourndicpledi id thelexampigse necessary for effective anplification of the

entire . wever, as deponstrated .i.n I 3. 4,.5 and 6 the net hod

of the %@W'W%W@Wﬁeo‘ﬁ?%% ﬂé@e&ﬁg tﬂ@%%ﬁﬁﬁ?ﬁ%{bwyﬁaﬁ%ﬁ ??SP'Eﬁd anal yze

the entdrfegfnadNeEnRatidrel eudehs spbbifidd®h BRAmPIAT2LAES enbodi ment of the

met hod of the Eresent invention said DNA is present 1n the formof one copy
i

of a doihs amplifieatiedporackwags drrrefuriher anglyzed @s desefibed éuEsabnplé Bent of the
nmet hod of the present invention the nunerical abundance of said DNA
fragnents is essentially maintained. As has been found in accordance with

th . . _ ; ,as . .

Fopr bdogip ST il lres 8t BECHRhH & sdtttdndelly flesSRapB OB ARdRT ), vor e

t han 90fecanticupmebenrd thatibaee thba 095&tvaddn msthogs of tieadrior HQ%oer nore of
resent

t he genom ¢ sequences can be amplified by .the nmethod of the p

i nvent i@@m@ﬁda‘ﬂtﬁéh%mﬁw&? thqqgregﬁﬂ I“rVP\éH‘Pri‘vdHSmO(SG@E?S?r%Y 1@ §xHagkOf hose
genom ¢ [ r [ T ofidn T he
Genone. P e e B PG R, (i chald JBaRRO s of DN P o A Gation, e
present invention it is possible to anplify DNA of a given sanple so that

the rat4{Q bet enani G > i h befare.and, aft aid
oA ampl 17 da ool e e R A MRl TR 3P RER o rocthods,
PNAS USAf S preb8int #dalionrcani ke chatedaom uihderadrhpiifisatibe rconditienk YwHiGPo Lk
genom c sequences are_arTFI i ;Bed Lt i's %ges i onabl e whet her t he DNA

fr agmen®@\EIRH 20 oRtipel fardaediiringe Use B diflerenhadariasigaiesi sequasices of

rel ati Vﬁncgﬁém” cal abundance. _ In an additional preferred enbodi nent of

t he met hod of the present invention said nethod conprises, prior to step
(2)) thenstRBHOR of fﬂ@%r@genﬁﬁqwenm@thgwﬁrﬁb%r_owﬁh'esar?gﬁlﬁc%&i%ﬂ g i a
protei nase and wherein, after the protein digest in step "), the

pr ot ei nas¥re gename of aairgle cell even Ny unexiracted GiNA saswples Thirenablkalsid..

o pr of oot ARAVEIST BF NSRS SERRT tsecBBited Ty Gl nlbllly "
pr ot ei nasmpasatfiedigehomse hybridizBfiod (GGRPER stAgle ncalist aTHdMelord) Biiermethod
enbodi ment of the nethod of the present invention said restriction

endonuc PEA4@eSRE- fBe TBBARS ita ddentify dhe dRqividpguasnetis changes incatsing'ei el

site. |t,1:S I Q%Q i geMo i y i i he sts
can be &rl'é%th%@te%%& |c¢{&rérgﬁtaﬁpéawtgca r‘e%@g@ éﬁ?{?ﬁgf'ﬁ'ﬁg‘ (?gtu@l m& ceifs

r fest L i ctwithnmetestatispotential. ﬁ'@gtgmdnaipIpypiiie@ﬁegcledinie_;téadiébamiﬁate@ cele ctf&tdh_og
of the present invention said restrictipn epdonucl ease recogni zes ti
Wi th 1 oBrOGge R g REAtE] @/ﬁﬁh?ﬁ!&%f@é%&@hﬁﬁngwpeﬁﬁ SRRIEERA M
four di sfidddhinaticd 8odntdes, e.g. Msel, in their recognition side as well as
enzynmes where an additional wobble base lies within the restriction side,
like e.g. Apol. Preferably, said restriction endonucl ease recogni zes the
consensus sequence TTAA. In a nost preferred enbodi nent of the nethod of

the present invention said restriction endonucl ease is Msel or an
i soschi zoner thereof. The conveni ence of
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using said restriction enzyne is denonstrated in exanple 2. The f”{ﬁgU"Z%Z
primer may be |onger than the second priner, yet in another preferre
enbodi ment, the present: invention relates to the above described net hod
wherein in step (caa) said second primgr is longer than said first priner.
As denonstrated in the exanples, a convenient length difference is 8 to

| 2bp. I n anot her preferred enbodi nent of the nethod of the invention the

I t d t h th
e nybrneH AT Grectscmatosd o RS argsert LUopiamiar B f dme SUAMEJ5T s and
said ~ r%}{) & a}ﬁpﬁrcgﬁaﬁ’r&té 30 nf‘idﬁ lByig- wh@r@asoéiﬁércyrcft‘ééd{s for
preferre odi menit’ of fhe method of the present invention in step (caa)

sai d fi r'sthote gemomeamplificasiot” such a2 PHR; I ROP+RER antiAkaPERsde oot provideer
conprises 21 nucl eotides

h t
P ormatits Shirina patierts, Y GH, whateif 16 arbirh o S A0NE ' 4, Brglie
(cba) i Scet Slr%?ébhlwéécﬁﬁéé/ OP?EHE Qﬁ@’@bﬁrﬂ‘né ?eérétidmbl@épgﬁlc)a‘hon?@@eﬁ?orﬁecond

prinmer. Ina particularly preferred enbodinent said first and said second
priner dodjidusé singteateliedcambe eixethmd:enter alig.cvy thecfabthab eenen-degerematali nent

second primer s sk inBl GEedioah rEAkA g RERTERISVEF pimel BifldinglStest Rbn t o
the per S&%oﬁ'@ble'oﬂdes fhrthbﬁoé\féed PR BOFDER REEP (dehifles. THER? brevistiviy cs

13, are based on the use of degenerate ollgonucleotldes or
parti aI |lyumemedrﬁe@rﬁsrtﬁerequaﬂagmmr@ué different spegitic Pemhrondiliork of

Car oot sontstils RGTRLe S she RemEIERE R PRI BB g AR ReAfT O

ef fi ci enggthddohthebraasre iweftidn édenobdepend ,orseanbﬁtweséeqmenm withed i n
step (caa) has the sequence shown in 2 and/or said second Prl mer

used in Beegenna)(likas SrPecgeq'Eréﬁ]@@S%@'esQr%Wﬂ'aer amplifypthaogenomic DNA o

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 complex (cell)
populations, like, inter alia, the clonal evolution of single micro-metastatic cells
isolated from peripheral blood, bone marrow, or the like.



In a further preferred enbodi nent of the nmethod of the present invinti on
the last 3" nucleotide of the first prinmer in step (caa) of the ab \ﬂeAUHUUZ
descri bed nethod is nodified, such that said prinmer cannot be el ongated by
pol ynerase activity (e.g. Taq pol ynerage activity). The person skilled in
the art_is well aware of ?u h rmdificgtions and net hods for producing such

modi f i edngI PNt ol $indie diRjeid: ¢RISBMoNALS PRIt PRrd RGENNURN AR RNt i on

f a ddzpekesid ! ' ' ' i bed
otep (canpimieRidieRinds’ kg DOPHER, Banl 56 pofliORA, bty b 01 o
second diplotdrcell§, afeenewddsady tdr ¢ffective espplificationrdfitbe entiee DA Howedet,0 each

ot her separately fromsaid fr nt.s d ar dded to said, DNA .
fragmanlag %’F%’F%f%% mj‘%@r@@?’g\@@,téggg‘é@g %ﬁﬁ%rme%ﬁg atne; PEssest invggtion

hybr i di L d [ %)H? gwoe j ft [ efndiga) or
step (céﬁbl%écﬁ&pﬁagﬁ?ﬁ?b’%ﬂl I a%rf] n“o p?bérlwgr%s ﬁ%tae?gré’igﬁﬁé?{eg?fg, t% a

hi gher bglridi zation efficiency to said DNA fragnments and interfering to
chronmosomal DNA can be avoided. In another preferred enbodi mrent of the

met hod of the present invention essentially the whole nucl ear genone of a

single cell is anplified. 01 Auuy 2002 13 Usual ly, 80% prefer ablra/ mor e
t han 9093 anoiher prefesiedembadimentidihesethad afdbe nieserdriayentionosaid DNAr e of

nvent SrertRnERBaBATRL RS BPyRTR AR sBHER PTEh SBHuSes nac or che
present invention said single cell is a chemcally fixed cell. One option
for chemcally fixing a cell or tissue is formalin. O hers are well known

to the persoartisdd prefdrred émbodinientTok thevasthiodeofmeiidrqstegesic inveatiomethei n can
be applied to DNA of different sources, such as solid tunor DNA isol ated

from fr GEEIRricat BbyRganeRl/Ar said yelAc iraghenim s Gespatiallyr MRiktaineddct hesr mal i n
fixed S%%%h”fﬁ[]ﬁd 5% ngaﬂeswiﬁ‘?ﬁee Féﬁ%ﬁi‘ﬁw%‘ﬁ%hoﬂ'% H@Yﬁo&%?ﬂw@"ime%‘{‘ioﬁﬁ“ nly
for histopathol ogi caF I"'agnosi s. SPng e cells ofr shall sanples, conprising
? i m t@?amnletofmépr@elﬁbibly amﬁighgsgermmwgrgjﬁmtezl Ususaily, Ga)]f/o,tmefe;ablgned

or specific, ge c_changes and conpare ot her are r e sane
{1 ssub. (TRIE A SLithi LS BISSTatbl P aNraead ARt IR A air gy o PedlRes or,
for contyehe Béﬁ&ﬂ&e%r%d@nkﬁs tafde %ﬁﬁﬂ%@b?'ﬂﬁé W elREABF tHd greident feveRfon,
screeni ng of “copy nunber sequence changes within a tunor genonme from
ar chi valandi theamaunteofi thie ayoplificatioo rradiect: foe ekab df dbigee gboamicsequanvesi c
oyt ogonsLPRaelY RPURSREIS o ER R TPt BoRerier s iy Peg oa=ted i cal
fol I ow \gxafiia M&ehﬂé?ﬁlﬂh%}?sﬂn‘é‘tﬁbd bURkE §rEBER, inlBEt df}?tithilgdpégslit?lbgﬁA

i
present invention nay be used for the anplification of single-ce

whi ch stasnRlify ridNAnPt rodliveBetarBrlca Rt/ HAt [the datiei Retygraseenenic Feruencaspl e,

| aser m i i cti i Wiath 4 re
cat apul ETEN 0y G BpRaErbnd Ak o B SAORREN"As ais3ed k5P
appendednethaopl ech By RBIA {Lungiice (1998) £ ANAIS eldBAJ D6 44 8Tt 4498) pret/fued faf t he
present invention ste s,(a% to ég) re carried out in one rea\g_tion vessel .
Thi s ha@mw@caamt\aa%%a Ny pBYerftli GPNPRIHISAAENES /e ArapiHied. albdls

nor eover, Wty N I NEi~ef S S i ch
may 1 mecligofable hABMer WRETORA HONTUREMAICR! ale"3niAREY 67 8RR aMooa
14 methods retain their relative numerical abundance. -

In an additional preferred embodiment of the method of the present invention 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. Preferably, said proteinase is thermo-labil.
Accordingly, said proteinase can be thermally inactivated in step (b'). In a preferred
embodiment of the method of the present invention the said proteinase is
Proteinase K.



As is evident to the person skilled in the art, the nethod of the pbquqg 0
invention andlor the anplified DNA fragments obtalned by the net hod of #@
present invention are particularly useful in diagnostic assays and as
research tools. Said anplified DNA fra nts are, inter alia, useful in
areas and fields were only limted anounts of target-DNA is avail able, such
as in forensic investigations (inter alia DNA-fingerprinting), in
paleontology and/or in paleoarcheoltog%t Furt hernore, the nmethod of the

[

present ilRverAuitaer BrRietrdt erabaRmen hsnethagneinthe presanidaventione@aich ar e
|
STpTEAR T e

used, | ]ntsete o isa\:cvell rknooumbImie ant mat rgecnbmie twwmwél wrdeguar?]me nefdtmgarﬂlbegtl on
assays for DNA of contaninati organi sns i n sanples, such as food products
or in bl dBethY@ted, wiNsh @sgﬁsﬂ%%ﬂg tora FeRHGasR RZYMAHE Ut RYTESTISRR@RGUMSSd/ or
the anplified DNA fragnents obtai ned by said nethod may be useful in the
detection of contam nating DNA in pharnaceutical conpositions or diagnostic

sol ution The pr sent n therefore further reIates o the use, of
he anpl | 1hicERRME YRR SERRCHEEM Y PREIAOLb Prosent RueRben said

met hods %Qtrkﬁsn‘nbﬁ&@ﬁuél@?s@%cégﬁrk%' 8 oWl oS deithelicpaRkEUSSucH ©
routinely used i n prenatal diagnosis, forensic medi cine, pathogenic

anal ysi s endaniuclesges gontprisehendyraes wisinhahave fowt distindt moslectideshe. goérﬂ&&:bn
skilled i.n,the art. .ln articul arl referred enb

the presdRiMerarIuh BB iRl PRI A8l SOl EREMBtp Biane o
hybri di zagitip th&rEbtrictibl RIS aRbad, gonPbr . Prcfeapns earn pdstadtior. BRf9nuclease

anal ytical PCR-, restriction enzy th pol ymor phi sm anal ysi s ( RFLP) -
single sﬂﬁéﬂ@n%Q&ﬂU&Q@ﬂﬁam$up@ﬁﬂhﬁﬂ%hTgﬁaanalysrs (SSCP) -, DNA sequence-,

"l oss of heterozggosrty -, fingerprintand/ or FISH—anaIysrs A variety
of technilguasmas nﬁetﬁrr@rdaierrmd@neat ogetherrmamrb QiCV@enreﬁyrﬁfrnaemmeatﬂns in

copy-nu r S5 u e
el ude nerielP S Do Bae TSR b n dto R G el T S BRericRCoF
hybri di zaigiog s&idGEstrigtidn mnkzyineds denfdnstatstitneampled.t u hybri dl zati on
(MFISH), as well as nol ecul ar genetic techniques (such as
representational difference analysis (RDA), differential display, serial
anal ysi s of gene expression (SAGE) and 01 ~11G 2002 15 m croarray

t echni queBhe fictprimsr ey berlsngemtrecuther semrmgenmerc yebol anbttiergpritensti

conprehensrve analy is of the entire Kal | i oni 199 Cl ence
358 515 aphoggs ey pidsent beRtiut LiAEaIR gt Ao VB Cabet fRebH e e ber
char. Ses jgngeP(chd) daR SedBH B mbh%’sl@ngé‘rr t‘hﬁﬂsﬁ"ﬂihrﬁtt%mSAﬂﬁm&{Qrﬂé‘d fed or
| ost in a DNA speci men. Because DNA copy-nunber alterations are of

pat hogenelheEXamies.sneenyanienirieegth ctrtﬁeten@e i3 Bdo d@PPi cations of CGH are in
cancer research. In CGH, which is based on a nodified in situ
hybri di zation, differentially |abeled test (green) and reference (red) DNAs
are co-hybridized to normal netaphase spreads. py- nunber differences

bet ween t Bs@natigr msetaras emhadinest &f dhe seathed gt é‘éfh ipeentiony e apepaling
t t
ol 111 e e AR IREs R0 UG RF bARRATE S RRRTTE gt e Mhe Hifridizing

i ncr easedtenpeyakse eicaid dirstoprimbr te shits sesorach grichelr etridbsaidr @sovdrhangs as
reduced ratio. ortan ontribution of CGH to cancer research has been
i n pi npoi ?WHBSG%PQPH§%a i ons of cancer genes, especially at

chronmosomal sites undergoing DNA anplification. A |large nunber of

subr egi onal chronosonal gains and DNA anplifications have been di scovered

choun to ety IgURal BBy eB AR aRRAR G et o 78RBS AP R T e

DNA anpl i étleﬁé(ba@)f"sﬁdtfﬁﬁ pAMmEROSRAPrisdit o gpi 1IPPRIcIEotisRah@ BaIdPEedtNGEpriienes
with inportant roles in cancer progression. Tumor progression inplies the

gradual tfARBIIEEDAT AUCROtideS! i zed, sl ow growi ng tunor to an invasive,
nmetastatic and treat nent refractory cancer. This progression is thought to
be caused by a stepw se accumul ation of genetic changes affecting critical

o ernat ) b e %gﬁ&‘%%é&c?sa‘rﬁg@q%”tﬂﬁ%?rﬁe%gféf"r ofeseRb Inyestiagisai
basi s of tulae ptrnr@rrmpéteﬁr(egé ensr&;pg&ﬁ? is BAQegRNGA ﬁ,ge trt]&étnbﬁka‘?\? th'sam t he

same patient at different stages of progression can anal yzed. " For
exanpl e, genetic changes that are not found in primary tunors, but do occur
in their netastases could be informative in pinpointing genetic changes and
genes with inportant roles in the netastatic progression. Metastatic
relapse |s caused by early drssentnatron of |nd|vrdual tunDr ceIIs mhrch

S " e o . .. o, . — - o o o



Based on CGH and DOP-PCR the m ni mal anmount of target DNA so far needed for
a reproducible anplification is 50 pg, corresponding to 8 diploid cdll aU§ 2002
(Spei cher (1993), Hum WMbdl. Cenet. 11, 1907-1914). Smaller anounts of
genom ¢ DNA coul d not be reproduci ny a,gplifi ed. Using the nethod of the
present inve (ilon a further r%guctl t he amount of A DNA neceasary for a

singl e t &§FONG DHGA: B b & PERiCUREY HrgTe e Fa €At sich Hrst a5 $RY

provi des d DNA for the subsequent use in CCH,
but al sopg'ﬁfer%%@te&rﬁp aﬂ%%??@?%ﬁdaeenpl ification of even snall est
quantities of DNA for further techniques and nmethods, wherein sanples
contain only snmall amunts of DNA. For exanple, in forenS| Cc science, DNA
typing p éﬁ%@ WnBthdtanardtess @ﬁmdgﬁrheats bPHe/ mMdtRed tomhe' pﬂe&@ﬁ’t in%éﬁué@wméear s
(Lee (1994), Am J. Forensic hol . 15, 269-28 PCR and

anal ysi s seaerce:@lflmld ffirstgamqh raand sanaWﬂrgneraISenomdegedecaje xASndesambleyl

| abl f f d i \ bl d
v dagboud, P@\eiuanﬁw“s i R Aot &S SNSRI 4R 4TE e B es DORePCR
pr esent e¢rarhiad |c§|' L NPFE-F255 iR LRIERHY ORI theOlisd f adedefldrdtel N

mat er nal "bl ood. 1fhe abl lity to use enbryonic or fetal cells enriched from
mat er nal dbpopdciestigaceghanttialiriageneratpriziners ichgdeganerate primers deanR

abnornall h S asi ve
a1t or nac 14 Pek B sBhrRalifg S el o Idalfae (SRR foRBnbiE o
01 A LI 6 {304 gel deqaemesitnd rEzaltingdalthe pédudtionrd amsislifichfios afficiencyf novel

di sease genes allows for nutation analysis or |inkage studies on fetuses at
risk for single gene disorders or chronosonal abnormality etc. The net hod
of the present invention inproves the accuracy as well as applicability of
et hods flora yeenbragrefrsedoémbodimphitasti fish pyiemet usedlirs stepe(caaprhaisothet he

di agnosi s on fet aI cells 0 fro mat ernal bl ood, wherehy anal yses can
be perf orSP8HEBR® & 9Wﬁg‘PeSE§ B H@Se Wss%ﬂgo?qcﬁﬁ'ﬁn@”mﬁé ”ﬁﬁadxf%ﬁ*p 6¥%§edi ng
enri Chm%s%e%%bbéncé‘%s%ﬁwg qolptqtag he appended exanples, the nethod

of the present invention provi e reliable anplification of DNA
froma single fetal or enbryonic cell isolated frommaternal blood, inter

L T TR T b Rl
pri mer a%&?édtﬂ%doﬁl%ﬁé( SirsOHRARE p“ @Xg&}é}hﬁf "ihiﬁ Qéo@%e@&ﬁéé‘d"tmét%@”fs' on

further conprises, besides sai [or the primers, optionally,
pr ot ei nasnedlfleéssucmﬁmaimmdzgrmr cnret| ey akrgated Oy miymefmacmatye()e, g.

DNA- pol yner ase such as yner ase),). | ynerase,

Ther hosequshFoarmEEshearidef Bfe Y aBRch I fa By B dRoiel Bivag, of such

sol uti on(mbdnfaEwéﬁbeaﬁ@rrﬁetm&tf@rcp‘ro@mnglstucﬁfmbbmeurwyamu@réoﬁa@s beneagikaged
|nd|V|duaIIy in vials or in conbination in containers or nulticontainer

uni ts. Adhpee mediteasiongsanube jhelafgiisnaliaddinvclantidexainpp ek end dhibedirstase
K- di gesti f C endonucl ease and prinmers) as defined
above ar e&gﬁ?'ﬁgt}ﬁg %%tdnggrlE %E%I%‘thﬂe i nvention. Thus, the kit of the
invention preferably conprises Proteinase K, a fourcutting restriction
endonucl ease (such as Msel ), Taq and/or Pwo pol ynerase, priners) as defined
above, angd/ e

advant agegués)ﬂli ya%?g%?@?efgl@?y?@'gogmérﬁ}hga%ﬁﬁsgdaddf“éﬁ elsl&rﬁ?/ﬁ(;arall rIgﬁeraorfdthceouI d
be, i nt ermathical, ofetingl presdni imvantiam iaed Wybfidiapg o cachatber sépanaaly fronakaide,

nvent | ort iw FeaE e L iR Forad BV Pegimerts o't Py hridadlo i,

di agnost i &thBHI PES eRiditibhe oNMaisl habtitized Prirhére 1o héndeNMDWégﬁ'reﬁ»‘ﬁ@ﬁéi@fﬁécted
standard procedures which are known to the person skil he art

Fur t her noR&Qr toridep {edepit Stenvehl. iDichr  Ipag-bybtidizatien gf erigters leadsstintgp@liar

out ¢ he' rigl Aol Y TR zeBBR Sl o, NP 33h, oBlagds SiererBRbaY T .

speci f i caghromozaehd! IDNA kah e avdigdd.f ol | ow, unl ess the context requires
ot herwi se, the word "conprise”) and variations such as "conprising” and

"conprising”, will be understood to inply the inclusion of a stated integer
or step or group of integers or steps but not the exclusion of any other
i nt eger oln aiatheoprefiemen eafbadirnegeof the métnpd ofttke pregserd snwedrdion essentially

the whole nuclear genome of a single cell is amplified.



Figure 1. CGH+profile of a peripheral blood | eukocyte of a patient with
Down' s syndrome. In order to be considered significant, deviationsgfirgmmgne
bl ack m dline have to cross the right (chronosonmal gai n) or left
(chrompsomal | 0ss) punct ate l'ine. The {d ack hori zontal bars indicate

regi ons xcl ud froma si s .due t he ce of heterochromatjc
oA, ThdSRiaI B e Atk 2ase thEF DR BOGREETABb AP O IR wgmeﬁ was
f ound t de r W C S or mal
pr of i ?re%egggtl%{?sg ?@Srrqet H’he acséedrt rﬁ(}?ﬁgsé'% ?ér ?g ﬂ? ogrt)égorral
gai n) ormetriad cﬁfdheqmmn’mﬂwémm) Fi gure 2. Conparison of the CGH profiles
of a conventional CGH experinment using 1 Ng nick-transl ated DNA prepared
fromthe MCF-7 cell line and froma single cell of the sanme cell |ine after

PCR-anplification. For both experinments chronosones 2, 3, 8, 19 and 20 are
shown fdn apapuisstyrpreferdd eermdireenbet theemethind of thy prasent invedtiohsaik! |

i ne pr onnglaEHIs Ernarbvaly e 866,058 obliph e chtEicaly st Pehat SRaiEy nbol
i ndi cat &5G5imeARS OtRbrsdatenFell hﬁéﬁn%‘tﬁé"ﬁeﬂs@htskﬁl'e@%@h'éQF(DSO”E“ | osses of the

test-DNA. Chronposone 10 represents one exanple, where no change could be

seen i n Thé ienfdPahodeiskalibembefdivthh e apsliedne DRMCoftdIffEfers oliftes! | ght
(chronosonal gain) or left (chromosomal |oss). Figure 3. Two-col or

i nt er phaseehrassolith tamet PNA IsalatgriForAzancsraions rangionscrypsagtiansdandian

(green). r e gn he
(3" o0 oAy BBk M °Hlad BhEampe" St RBARE HOSE M dekfnd

si gnal s fiave lhekh btloee@pmaindy qu pﬂstbpathElo@um daghsﬁba@wgteot:el% or ngrhall

di ssem nat ed tumor cell from bone marrow of a breast cancer patient. After

i munost $AMPIRG, COMErisiaga imepd renentpd Sefis. dé@méusteﬁtathoéoepald@saﬁ@a@rt& ked
f | 508

S0 ni e GeaHE 36F SBECBE endli) chirides 188 LA EH WA dthodleds 1R #" ©
f | uor esceamne.tisEbe that Ima\pexhtmetndlasmttyadéfcéréryt ta:stgipamologjpal twtyre(s@ar god

transferred to a new s e. No .ot her than th fluor ent ce
T anst or eHrl DufpEsatn Bl Gieal! ARPere Y oMY HSEHEREIBANSCHANAS BEPPRY Fr om

there thﬁur%let s\é’a§eh@é<%ﬂahﬁe§ f\’)\fft‘th‘"l’rméI tJMGﬁbéH&nbUPSm é@hl\%ﬁls‘ébé hBferial

chronmosomal changes of the“cel Figure 57 CGHprofile of four single tunor
cells (T@qulcr#xtpcrm dhe koow’eldgeelatboct ca/tcpganeént altetationsPirs ysalidortemors

Chr onosones...2 15 are. c for arls n,.of .id ical ,and

di ver genbaniiranRy iR oeBid gl S BSIS8gi ity BRSO or

al |t unopistRhkemivdlessas éﬁ@clnﬂéél f@ﬂowfmb%ﬁiémlﬂ bsesmedossien for T#2. As

in the other profiles) chronosomal | osses are marked by vertical bars at

the left side of the chronosone synbol. Figure 6. (A LOH analysis using

t he di nucl eoti de repeat pol ynorphismat D5S346 | ocus |linked to the APC gene

E :Jpper pEnttheﬁmmter tREItthdDbf meﬁbm@éﬁt lsi/em]tmoi trialyrbecyoad lﬂdlfr thg a‘nhqﬂuf;é&ﬁbrgelne
ower pa irst er| nt a our, tunor, ¢ enonstrat 0SS

ot Cone b1 sigie-RRLEINA Which Siage T eanIIGPEaEFiet Ml TResTrGT ol e

except f t P L t (#3)

had two gb Zég‘gﬁ mkﬁ'gﬁsﬁtﬁﬁﬁﬁmrﬁﬂﬁge%b% p?%r?t@?‘%ed t g{é{(}‘ng\ﬁtlth fa%laegrrent

The fragptassuts qammrlttm@l matarialafronut irderplalia edygsectinagataisvehownt irolthe MLO)

| Obp | adder ; I\/Bé) | adder; M marker for agarose gel el ectrophoresis).

(B) Sequ@ﬂ%%n%ef BXRM ation found in codon 215. The single control cells

contained the wild type sequence with an A at nt 643 (upper two sequences),

whereas the tunor cells were nutated at this position showng a A -> G

are shont Y BT epBIRSEE e, 3P RERRTRT oL M8 Br&lad R 85} Livor
suppress) @e(w @e3carfietesutnior oné reatticn &edsélhﬂ'hts hasuhecadwamt@ge wedtlaas a
bi opsy froma npetastasis were sué) jected to SSCP ana:o%m s. The rooduct s

of the sPRINI2hIGMRIRIEIESS & AYQJHaT aNGt METIPE AR agali AbAPemiag 9{“9& B8 the
tunmor ce t | |

| ntor et Phaly TSRRA Soafhl: MG i) SRS chitafiital T RIER, Wpblesome d6s
cont ai nedvoidedal stromal or infiltrating cells in addition to tunor cells.
Figure 8. CCGH profile of a single | eukocyte isolated fromthe unbilical
cord of a newborn boy. The cell was stained using an antibody directed
agai nst fetal henoglobin, a marker frequently used to detect cells fromthe
child in the peripheral blood of the nother during pregnancy. Fermal e DNA
served as control DNA in the CGH experinent. The quality of the
hybri di zati on can then be assessed by the denonstration of a "loss" of the
X chronosone and a "gain" of the Y chronbpsone as a consequence of this
experlnental de5|gn As |t |s deplcted the sex could be successfully

o o o e o Y




Figure 9. Identification of polynorphisns in single cells for fingerprint
analysis. In nicrosatellite PCR the size of a band corresponds to a0l AUs 2007
pol ymor phi sm The identification of a poI ynor phi smrequires therefore that
the size is not changed by the procedyye. Here, PCR products of a

di nucl eot i de m crosatellite marker (D5 1975 derived from 12 single cells

are shofs igegidery t@hté\eb%?fégng‘%lﬁﬂlﬁdametﬂ‘ef @f&rﬁh@h@em of tﬂ%@[@ﬁﬁf@én‘tﬁ‘nt@él |'s
(). "ok 9 sl e TbboRTGRGY ©F ! RRiRGH of hoseLte an

t he posi PPvE EontT rate a e same siIze. ZyQgosity is
obser vemventlsngaxeepénﬂncul(aﬂ)/ usedyll latdlagn@étlcﬂaﬁﬁl)ﬂy NRT a3t miseartie eddis.uSaidg

| kal i b PCR f th '
Cequenc niAIERINA: EaarHerls A18xieg” ae. Haokis i alsas i Jorsoai e IMiet nat
wer e 'mwmmsga'dm A5 \P%ﬁlﬂbl@ tdhichnas ri‘ﬁtfgr%‘h%ch rivesti |dﬂ%”ghfé?%qla' n
e

exarrpl n sens Ivity 'as conpared to | munoYT uore
| abel i n@®NA-fiolgserintitg), tlh'nepwleohmlwanﬂ/cnmpl péleoatchenlogyx énypthermecde, binet he
CK19 PCR, ﬁ/as successful in all K 2002 Zle‘E@Ofl | e of

cel | nudiilod of G frese MuBton e e, BraRlieda PN draareeriF SRAIneh ¢ he
genore. (e, iRl g Hiclily uaeH lﬂ‘?gf’é?ﬁfb’iérﬁéﬁor%xd\g@%@fse&?ﬁuh%ﬁ Bg Eplrhai N9

bi ol ogi c exanp are mner ustrati and are not
constr u@dnmyoa Skid rrmﬂncnm aoid/rcerid arﬁpiﬁﬂ@ Dlr\hﬁsémgmenmmanofurtl'iéxmmm del:
Di gestio everal restri tIO

d
recogni ﬁsﬁa H‘??Nﬁﬁ\‘a Hgs‘%% €t é\/\gﬁtgs‘%iﬁgt% RARYIRSy ' SN glrcépaﬁlna?ég}eﬂgé%rner ate
DNA f r agieAtss cbhgamwﬂaang of§antismatih shiffledirRichldd fb@deprb@ﬁcfsh@r imibegt & the

invention. Fragnents with an average Iength of 256 by (44) were predicted

under t Higugr @m@aes hfwrhhﬁernormrtheas@@r&we medihod) mddorutbetémpah@dt!aw\ t he

Vel olae o B Febitt LRI R A e FE agenel of SoMehugane”

wi t hout DNA/ifepharmhasetitRaPedinbbsifiofs be didgnediic ediulioasear Vvisible in the
range from 100- 1500bp [ ength and was therefore used in the protocol.

Example 2: Anplification of DNA of a single cell In order to avoid tenplate
| oss, all preparatory steps were perforned in one tube. For DNA isolation,

lr3 efS]E ri ctThmd pwwgmwbrgmt thqmeiorrr@rfuhggvatélaresafwﬂ’lf&lasen@ﬂ tHd aaipiitiod aDNA
uffers and conditi.on ed for opti rmance to guarantee
i ghest. TRRITSIER IO0tNGALY BBrARAE daCig EBHER D FyEt A0S RNSIEENARES fans o
protei ”WAK n%@?ﬂs § iHo%Sﬁn&”fécFﬁﬁwﬁe' &F@ﬁ%ﬁg 2V83é&|‘ g?éne{tﬁlsu'ts
A single cel ral bl ood ocyte or bone nmarrow stoma cell
in 1 N diagiodiaf fferer(s&if) mudhme;/ rﬁ(athpgerﬂcB an‘a!ysrslvl ®Cl bidhdgidajBichebhidgainiv
NaCl) was added to 2 Pr ot el nase K d e tion buffer (1O Tris-Acetate (pH
75)) 1ORRPNGACEICRS naia e tsch SkTBE A {8 BF phar imo a

One- Phor-Al | -Buffer-Plus), 0.67%" TV\EEN (Sl gma), 0.67% I gepal (Signm),
0.67 ng/mM Proteinase K) and incubated for 10h at 42C in a PCR machine with

neat o b FApb AT el ehEGmURLEF 1 ATl i HeUALESAmidh ! B,

per f or rTErdeIhdeNiorbyDHAdlaT@lykls? e QuenpivativéNl feBorinicer hybridiizationl [(EGH)=0?
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



22 Plus, 0.5N1 Mse | (10U; New England Biolabs) and 1.3 NI H20, 3Aggtbrs
at 37C. Annealing of priners was achi eved by addi ng MseLig 2i pr| Ug 4002
shown in SEQ ID: 1, (5 -AGI GGG ATT CCG CAT GCT AGT-3') and MseLig 12
prinmer, as shown in SEQ ID: 2, (5 -TAAALTA GCA TGC-3', 0.5N1 each of 100NM
stock sol ytion Buf f er and | Vi ng

bi , N1 On - 1.5N1 H20,
a final RGHATRY %%t'% I"%%T ﬁg‘l'g?"\'aﬁe'ﬁhg ﬁﬁghﬂéew cqgenete ERO?HF?H\)%I% al i ng
t f 4185 I te@ar
fostri oti P Eheh SIBTAMILE, & 1eobnir® BendRE IRy SR80 bR 288, |
of 1 C/ n3184821). @Gﬂiwoﬂva\lorﬂﬂé’ sctedning femDONA déqueshdaNfepyi- gambe( ﬁbar ges
Boehr i nger I\/an rs.a at ed

over ni néqe&r? fﬁ%ﬂsg%ﬁﬁggpgwgﬁwm@mﬂ%ﬁﬁ Q?q}gent °§UP uf fer
(Boehr i ”Qf‘é uweﬁnbsbgaéseéjqumgﬁbpmﬂm@ramr{%ieeef &a%og@h‘étléi WhB8rtadceP™)

and 35N1 'H20 were a e” 10Nl reaction vol une program
start ed inidancar, deosttaitlhe applicatomsaf @3B drern gantennessatah. r enove t he
MselLi g-12 oligonucleotide, addition of 1 NI (3.5U) of DNA pol ynerase
m xt ur e lofCGkk winieh IB\/haE]@@I gmearrmedifiedde Aty hgbmdmatlﬂmdnfmreanpan betmigtest

Fobocycl Greaanst s teine i) aieS tue SocWidided bt fhéthadd Spidedd! 29°n°
| 5sec. ) Copy-hinfbiee! esferéttles( 4RER6en  teBl @rid3Peferense oredidie 466@Cag for

34 cycl es; and 94C (40sec.), 57C (30sec.), 68C (5mn) for the final cycle.
As to tr@reendedélu@feq@enﬁ@wenﬂmm grRNGESR thenmetaphashi atiomeseaesr BNAn in

per for e Sod ARURRLBAEEH IR 1o BNa 8% BoBh B Hob Rl ReaiBHERREA)
cel | DNAncmbUEfmoms®rmar&aﬁoo.fmuae Biszes ahdidefations resgloph eédustduesiv. of 1 Ng
hi gh nol ecul ar wei ght DNA. Exarrple 3: CGHwith anplified DNA from

peri ]LoherAFdxm potant yegrhdioytices oDP@Gi—Ed)d) actaml bIe\‘ rrgsalaarchl hgt ebaen lnmq:ﬂnplmigtm%
ar af or mal de PFA) |xe eri era 00 te was a ified as
R ar | e BV Iasasioa b0t haeargenes, Seteraib ot BHEBIoAaTA Siag, Unberdoing
nick-tr A2 [ Af e f

ok PORISERBISLANIP! A o FLARRRSH DMfoqbBeLivathsRimaGline it |
Reanpl i famatlilccmlowas haeef deend discd@rdd uby nGGH SML $ombk eapters: i Beca(lsé)ONl\/p
1 NI dNTP (dATP, dCTP, dGIP, .10 mM each, 8.6 nM dTTP) and 1. bi i,h-16
51 A1 50 GASHODES EB AT ISt g 216 KRRBITHO DE PTG bule INA
(USB) i naﬁqp?ﬁlJﬂ%rn@ﬁ%é%@éﬁfﬁééﬁlﬁfedaﬁhﬁt Q}I\Wénﬂﬂlfl&&%rpélté@fr{ cﬁ’%r ddﬂjld Ot al

25 cycl es were programred w he tenperatures set to
(30sec. ) pinpat (@aﬂnn; of eovel ggnasewitly iapedanigeles, IHGEDC@BQWG%IOHQ'@W@Y m n.

andan atimerridl b MEEEREebougn S wBREdd A ol b oy A g

reanpl i finedsivkahetedaiNand pigatent wiratd I\;gFmawedr hidvpedgresgientis tidught to
transl atjion of control DNA as well as 7 cell l1ne DNA, netaphase

spread pPRFAHERY B aftePVER reryRUiadienR{gesiHe c&@neasﬁff@ﬁaag iCHtiICRcganess
(1993), 074 S r ikca
DVXA- RF8 crrO(l\)v,;Héo equ%SB%I% hf%ﬁn%ﬁ@ﬁ %l %grgrféérja£%l5 é(;hns\téré GII-P s
Tucson, Aﬂ)em@yan&;efuatn e avalysest bbme)bialb@calabams adf Mesmmdpmgnessmdm DNA

d d to du Manoi 995 t t 1 th
Lol ca soPitigrs. pABCRIehBER e iAo Bomabeve e Pabrisa! difiadisstales ohg ¢ ne
requir engfagﬁeﬁ.oﬁ '&ﬁnﬁf@ﬁh&lgké‘@rForeé!?érﬁﬁlbe@eh@tn@%ﬁﬁn%@%at@r@tnot'f8uﬁ<§'¢n

course experinments the profil es becane “snoot hange i n
resul ts primanPCRaons, béit da oandr indbeir exetastases icodidbevirdoumsative inspiepaintifig

B ST ST N S 0

Feanpl |t MEETBRS 1EERES brEabachl o 5B BB S ol BRI bk el ot
snoot her |G thepfprinesy pitearial snteetrteche cheatlativagrivnto diagmosizdarid sadgiday
efficacy for repetitive sequences are identical under these conditions for

t Be t mdmowrﬁﬂteg Primary dy@ieri Her ¥esidaaiordy Ayinesedalisexiide almingtachiy
993
P o) ehRLgb s S BEpW R B00MBRIsD 8 DiCTa il RV 1P BLARRH 1he D9

| osses delrewlatidn enaad@tlssmn &t ass"condanasitqrarfd emaineinca mormbnt stage fon
fact, in all a &e[ l?the sex of, donor uldql%@c?nfir d. PFA

fixati onyﬁ%@ QafPf 4 \E/J aliyh 91yt i fRetgpiasas: 93 Stags ghpmetastasis
‘Detection of chronosonal changes in a patient with Down's syndrone In order
to determ ne whet her known chronosomal changes coul d be detected by the
single cell analysis, DNA of a single | eukocyte froma bl ood sanple of a
pati ent 01 .11u 2002 24 with Down's syndrone and its DNA was isol ated and



Example 2. The CGHprofile showed a gain of chronosone 21 as singl Wal AUS 2007
detectabl e abnormality (Fig. 1 ). Exanple 5: Detection of chronoso
alterations in single MCF-7 cells Detection of nore conplex nunerical
alterations was verified by corrpari ngighe ratio profiles of a single cell

f t he MCF- t L1 22

unamp | T EEteRATT E0nat ESFTdHcERkasP mé&um%mﬂé e o Engh giharsed. 1

The ext rré’pr@é‘éﬁtso'?h%“fﬂﬁﬂ%%m—igél” agt deingef etel bﬁuéﬁﬁg' té?g;t 18P tﬂ%t due
to a PCR artefact but was al so seen by two-co or i'nterphase FISH (F

anal ysi slewaloppant of med therapesdicidppdoachdsdnguaeent[dlibit@P metasiasisr Res. 52,
2590- 6~ pertornmed with the CEPH YACs 695h7 and 963d11 probes, mapped to
2p25 and heegore, risprsteri ieesgreen Andbiguedrtumed ¢ellsTayreethodsclikeoCGIH) itcisl | s

nt |
Sbnor malEe AP e HnTodg A ReolBio arBPit héouhdl: Shdipedet.shen B ARE"L ©°
CG"-prOWchrdTﬁ@? Qﬁe pg@d;\%i d@%nbﬂ@ ﬁ@ﬂ%d |é18915|buldrl90uséil.ﬂ for é’&‘é’éﬁiﬁ@ it

may becone ¢ learly visib CCH is perforned with"a single cell fromthis

m nor sumwlduel turabr eceils bmn@@rl-l ami dhereferagabiowingnaarly diggngsianef £.6i ngl e

ot ect efeOBTEET e o1 Y by e B R ALHETSORE, Tha o fnetianls, e

singl e efddrderse ishatemded t@ph@ba{rem@wmolmelcﬁumﬁm mmahonhﬁomaﬂgﬁaht gal ns

chronosomal - | osses 3P, 8P 3P, 8P Cell line DNA 8q, 11 SQ?

20q Si ngna@swmaﬂaﬁﬁma sEwlerall 2?) ad&ié”cqq cgncqgQIsegggl, mgty@mg Q§tmt g 2002
Tabl e 2. E‘l Efs I nt erphase cytogenetics on cells fromthe breast cancer
cell line and normal |ynphocytes. 100 nuclei were evaluated in each

case.
| X2pl Xx2p2x2p2x2p2x2p3x2p3x2p4x2p4x2pl x292x2ql x292x2093x2092x2093x292x2093x249

Based on CGH and DOP-PCR the minimal amount of target DNA so far needed for
a reproducible amplification is 50 pg, corresponding to 8 diploid cells (Speicher
(1993), Hum. Mol. Genet. 11, 1907-1914). Smaller 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 for a 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 technigues and
methods, wherein samples contain only small amounts of DNA. For example, in
forensic science, DNA typing procedures 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 analysis, are carried out with only minute
available quantities of DNA found in sperm, 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 biood. 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 alternative to current methods, such as amniocentesis or chorionic villus



MCF-7 6 0 2 70 0 16 3 2 1 normal cell 1 3489 1110 0 Exanple 6: CGH
analysis of a single tunor cell froma patient with a primry breas 1cHifqgen
The extrenely rare individual tunor cells in bone marrow were identified in
marrow aspirates by indirect imunofl yprescence with the nonocl onal

cytokeratin antipody A45 B/ B3 (M .cropet), t oker ati n-epi t opes recogni zed
by A45B$@@PH%@-eTB8ePé°ﬁlﬁ%'@a ?Béclsiﬁakﬁ&%é{mn&/ 8ovels dieasSReINF NS tgﬂf 81 18

and 8/1 i L o{ T | : B2) i i j tfie bone
mar row i 3aSls difkage 'lfBfes Arblotysch aiidk RiisindERid UsSrdte O
descri bebroniestnedl 4Erisiality atee EThe3 Abthéd ©f GhS )presaitl invewtion wnploedsithe PBS
and fixed for 5 m nhltes i n,Oagﬁ%PFA. tI%Iockg’ nq of .unspecific bi r]di ng with 5%
AB- ser uAfaragiIas welliascaBaliGabiitgaf metiods, ter tha sliagnosisct riggiplaniation,
Pept on/ BBiReticl Aisdrduisesy RRdhe 8 LRI 1804l delstiSGaRIEHBAL Pntbrrid| BRS4EapONi n
(Sigma) "to perneabilize the celTs. After washing the cells 1n 2%

Pept on/ RiB8remhanaipsésyean hatpartodmedarma single well teviehdbbatabdlisthing tiREneed

conj ugated goat. antibpd o.mopse, 1 gG (Jacksaon) for detection 0 minutes).
A1 of nierBaRiod RoeRment B BRI s AEonSEAEohhe oo P aRH SR INaL | on
Bone maridinoE ok kise pRésenbiriicdiontpravieessor thedlligie. AHABIifmatioh/ - BNANPorhn @

vol ume of 200Nl on a m croscope slide. Single fluorescent cells were

aspi r at adsingleofedalgbrasmbpyqric teell gsolatast rrmmadesnad bivod)i intast alia, £ram the
transferr dl't? a. rbgw(il ide. After confirmng D1 AIIG ?00T. 26 that only
a singl E”ﬁfqa HEG BBBY transferred, this cell was finally picked in 1 N

pi ck buffer into the PCR-reaction tube. In the marrow aspirate fromthe
pel vic bone of a patient, diagnosed with a primary breast cancer without

i d LSt t i t i i I
oY1 Seno TSSO (8 SR BGRENSA R b Wl NSRS
cel | deffiestt @ud/anengeoosd gprimer lasndefireed abovel Aslvantagepuskedhdykit of the
m cromani pul atj on and transferred to a new slide for vi scval control that no
Tl o ORESS&eRl VRRton {HDBE (CRpYSa doesiiey Sa1 PImEr Bdler dRe RIGES,  de
th | 1 k f Lol i i D i
ch?o?rgsgr?‘g?ﬁ %lgl?ngfb%@a%ggséé%%ﬂ%@agéi@i%,;m@@pgsleﬁ { ?QI c%gflf{]ﬁgltp‘ wer e
consi st duig%asm),t r\bﬁhgobymgaés i(f@)fh_ austc;ﬁaq rmcpwmemtee),gﬁw'?oerpoiwmeﬂase?apdtmnfce{ 3
For e e observed a i atiops qn n [ epresent . 0 e
t(r)\r egxa mag He@%ﬁ%sa%\m% 850 &%ﬁ%ﬁ“ﬁ%&@s@fﬁ?g sig Sekﬁw\oﬁ\‘,@)'occur
frequentﬁwbﬂnbf@q:l%rnspémgki( EPH@E%eﬁﬁ&?&n Jé@ﬁé@@ﬁfdhﬁ&cﬂ @ S

l
Exanpl e 7: CGH anal ysis of a tunmor cell froma patient wt yndr one
The sam®rphoedbingtias inrcantaimgre: o6 Mmakicapiginesdunits. fAsirt hadi keeruaisefully

cyt oker ati J_k [ | s , tained ¢ rol..cells.isolated
Y om ¢ neegaveted BB Bllese AP e KERbBHIGH SIS TS on
( CUP- sy righionetleasd andegrimet(s) ak! defiiegiseihdverard hitdble or s avétAsH Sof thee
findings of the CGH analysis of the four tunor cells, summrized in Fig. 5

and in TANI08. ToHsviRG 'l Peife kysntor rRfeialMy cpmprises FeptajrarsiKc adRdfiges
Tabl . 1,6 | L.SLI | t - cal |
Gt ot | oR VIS PSRN \ehdofgash: Bbn 85 0. Toa°andRt' Plior BRREIETAS.,

cyt oker girimmer(s) s defeneckedboveyrangi/ordl £4digaseniTae kitedfl the gireséntrigvertioremayRi ed
1994), Cancer Res 54, 1801-6). Cinical i i f .a characteristic
 ana i SO Gt oaR e frrsnd But e maroa o sReJhverian ged ser fad ¢ o
the dia ia%a O N I id I } 5 j VinEf! i~al -
ooy » - P e emBloyBRh a Vang o Batiohsilenea fPghoe, o inilabissiich! |
CGH r esWitsor@fs researchridolgi AdditioogalyyRiee it ioh thepiniventien oyl coritaiol raeeds farom t he
bone nmaryow.of a. ient with CUP,syndrone. Sone deviations.fromt
contrar b iRl il eckirtfo ARG Hig BE eSS i tasorE ot e |
profil e kits@dliows) ﬁré&%l@gtah@aﬁmﬁrto@ba@festmh af& khswhitd fhé baRidn Sididd iphanges
o .

as opposed to the control cell
the ar.

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.



the respective |locus. These are given in parentheses. Changes unique to one
cell are in bold letters. tunor cell # chronosonmal gains chronnsonq]1Mg§§@§
1 8gq 2p,3p, 5q, (8p), 10, 13, 15, 16q, 17p, 22, Y 2 (8qg) 2p, 3p, 5q9) 7, 8p,
10, 13, 15, 16q, 17p, 22, Y 3 8q 2p, 18p, 5q, (8p) 10, 13, 15, 16q, 17p,

22, Y 4 8q 2p, 3p, 5q, 8p, 10, 13, 15, 16q, 17p, 22) Y Exanple 8: Loss of
het erozygosity-analysis in order to detect |oss of heterozygosity and

mut at i ag; | I t ells

from t naaudh R HiF ste Al cand afie S ORI el Byl dipsithe, SEREER,

bone naggGives etHerwivey, &hewrun'edntp@tSet tmdwaﬁenm slich ass'cofmphising’ aydgosi ty
(LOH) and nutations. The detection of LOHin a single cell requires that

t he twocemMpEpRing” DN bs wagdrrstaadstocimply Fh&gtitcwl%ot ﬁeﬁt%t&arstt@geaﬁa StepoPh f i ed
gene odteys £ kel or ats M i itne Sion Wrtard) olhf ihfdadr BRGteB AR °5°"

downst rgzeop of intbgergemstepnd a pol ynorphic Alw2l | site | ocated within exon
15 were used (G oden (1991 ), Cell 66, 589-600). The D1653019 narker
tightly linked to the E-cadherin gene (Guilford (1998), Nature 392, 402-5)
on 16022 was applied to assess LOH of E-cadherin. Since the CGH results of
t he resfectigwesshowvnosones al ready suggested a | oss of chronpbsonal materi al
from5q and 16q, anplification of two alleles fromeach control cell and
one from each- tunor cell was calculated to result in 12 fragnments (4 x 2
for the normal cells and 4 x 1 for the tunor cells) for each of the three
mar ker angadeii1nng|b| pmfiBes of rameeiptjeml |blocaiméukaayte fof saympatiest whith Dowinss
depicted for AP th alleles coul d. be Lifi fromthree of
the fo/nEGMPon B 451kt candied HiadrEant Hevauds 3, bedbladh BNt ar y
PCR- pr oghi@l fo WS%. fhd Hgﬁtd éhrén'io@ol‘r‘?é@ galn)Nbr @dft (EHronttidowidl dBsgRpubGtate i n the

specific PCR This speC|f|c CR was carrled out under standard priner
condi t i lthes Tattedbtaa& hesigaeiet ass indicatpregvnsexchiies froreanslysissiucmtathe t he

aci s P velbge8 i afe BERRmén DR D BReHERne L Reep ol thettlonh 7 ¢

anal ysi seteRsshpembioe mediory wes cfouhddid el ahiplitié98ntireli, ollesteaisqak sothdr

280- 4, and devel oped by incubation with SYBR-G een followed by

f1 uor i rRIYPARGSOMES Showednofmal mﬁlmﬁmtﬂ%&ogbm%mm)?aw dJesresy s\
of the Alw21 | (MBI Fernentas)
for 3h. tﬁ%ﬁl@%@&ﬂﬁbﬁ;\ﬁ'&g\a\?lg\séu %%@E?rﬁggkse C?]S% brom de stai ned agarose
gel. Wiile the losses found in control cell #2 and #3 were not seen with
the second marker) all tunor cells showed LOH in both experinents. Simlar
results 5§ﬁg tla S j ive
and shoﬁgﬁﬁtmo al l'e eoq&ﬂéﬁgﬁ%ﬂﬂ%ﬁbﬂgaﬁJfhnnr @gbngﬁ% ;ﬁw@ﬂgqgl el e.
Taken tbget hiek-fraBsladéd DiNA Peeparpddtard the MM selivine aadﬁrdm @ dingralcell

detected These da nog eno I ect bIe eliability of the
et hod SuNeaTBe a0k, &teh BE FEe BPLLerEn: Fos SoTE Bbeiments ehihetdnter by
addi ti opag, grerkang 20Mare sHOWN fdrrbdhﬁmrsohcnmﬂefén’éég tmwéﬁrtﬁégur@lé esls
during the earlﬁycycles the PCR, a mxture of Taq kfla8olynerase with a

i

pr oof r eddd foe &8l Jine Thﬂ/(ﬁlr@dewﬁétrrareélaﬁa%r%dedctede heclpprr wEpelpthst Felbs of

all f ouf né sc.%l #ﬂ@ lﬁRBY‘%rg dnot?t% r? ht S/ of fhe"‘@?roﬁ%%%’b:gyrwgg Bﬂ[cawe

rena|n|ng pressor gene i’ nactrvated by

mut at i Oﬂtroh‘tﬁs@imalr‘gamﬁt b@r&) oh haenleﬁttsudemmomsamaatleslséwbbltheuerNAor gene
in human cancer, occur in about 50% of |ung carcinomas (G eenblatt (1994),
Cancer REEMEIOMEgHES. repiesesih Oaer AR, Wr&?fér PPyC"tﬁ”QﬁJPQPtdoHE g In

| ocal iz i 4 Aoy ng.
Success ﬁhé!}‘ %T‘P |(t%ﬁ%@ggﬁgﬁ me’exmmgrg%veéd\@?hat t Hé ﬁghﬂgéh@@%ﬁ%ﬁ'l
condit|gam)aréﬁs@#ﬁmmoemhhwosdbust to yield products at Ieast as large as
1374 bp, despite the presence of nuch smaller fragnents. There are no Msel
sites contained wthin these exons, a prerequiste for successful

anplification. The map of Msel cleavage sites in theAP ene region
predi ct Etgureu8. EnorcaonirdemhageffriaghentMCFRoaceds Wity nes &xodB2%, 3

it exBROYARG 2893 OV e dkE PRy of fhrd b rg%a%@. Bedftharr b ol

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). Four

normal bone marrow cells contained the wild-type sequence at codon 215

(Fig. 6B) of pb53, 01 AUu 2002 29 virtually excluding that a Taq

pol ymerase error accounted for the A -> G nutation. No other deviation from
the mnld type sequence was found |n the exons of tunDrand control ceII DINA,

o - o .. I M



Exanpl e 9: DNA sequence anal ysis by direct sequencing and SSCP After 1 AUG 200
detection of said A->G nutation in codon 215 of p53, it was tested whet her
it would be possible to detect said point nutations by single strand
conformation pol yrmr phi sm (SSCP). SingRe strand conformation pol ynor phi sm
relies I t

equonca® 'SSREPHTEP ForRaSTpio e RSP RYY, Sohalr SonEie 25 e
non- den&qusrobg. poI yacryl amd gels. The strategy of the nmethod 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
behavi olFigure ¥hdsglation tdfi 8 simgleodisseminatgd veinor et fsomf bondemarroivngf @he

o ot o BrShireon o e TR obincbr e BACE. PR S8 il el o
essenti g bjdd¥nH HHeBRBY %Iu Lrﬁﬁwheﬁﬁwé&éﬁtnéenen Jt ey thdH&%a?@éJWEﬁghtThe

occurrence of nmnutational anges 1 n uence causes a Change
f ol ded siytoptasmie. staming and thad t8sSCRrrenadingi eeltsheodmt@df\moanpfb@kgmtmded

oF ot T oderesseoce TAS Gelias Wil Ratall b odst oabilaty B aid Hiaps et &,
fragmenty h@\gté‘ﬁdénﬁlbyétﬁ@r tHdFPfHet ﬁ’urtSregééhtaéellaﬁaﬂr@néfé@rédeé'ﬁftﬁb whowelsual

fragnment, eal ly between 120-350 bp, and the tenperature of the gel run.
Once estfwﬂrl|@deaoesantanasanheo@eu'/amlbgﬁrom therecthiengell maghtarkm)é@ the

pr obes at th e nS|ve | abor quenci ng.
However ,2 @PII}IC@%”E‘I a(ﬁ%htf %ﬂg %gﬁgg?%a Rken%%'d subsequent |y

sequenced in order to narre t he mutati on In this experinment, the running
behavi or of three single cytokeratin-negative cells fromthe patient with

CUP syn h I e

corpar ed 19WFe St PeiTE st elun g Rier a8t ATEFTH) AER BT HIEE RN el 1
wher eas gdirnhokitil COEl-bypndibfhaloChEdAveemesanges] wobhti 4B, afs Eledseastsat ed
in Figure 7. 01 A(l ~i 2002 30 Exanplel 0: CGH of |aser-m crodissected
singl e c,cmnnearmam gsidengealnang divergentdindings | Ee lasgar ras chipmesanes 2ol of
the cel | gcpfs 1pl BE&Ho fHBI gt UoliO W88k IHeSBUE of bhidiRgsdfis AflalhBhNe”
t he proce SO works™in ng of laser assis mcro rSsection.
I(n MC\)/Ine céeetnﬁrmmeAadlﬁanmemthwpmﬂlwmrbmseorm tuss(beeaT;armaﬁ@ﬂl b):sleemtucah

L I's conbined w.t e ressure ca ulting (LPC): the cells are cut
out and %Bé‘éa‘lfe%ﬁ ?d%ﬁgﬁj RIONGSRE FW@EPE To avoid the introduction of
confoundi ng vari abl es such di ssected nucl ei cytospins of normal | eukocytes
were prepared and then isolated the single cell s by LMM and LPC. The DNA

Cpoct o 1978 & (1 T PEESOR SRS Iner b B RS ronat P UERBIITE A RE TR e
met hod | 5caPRhkEdid td AFT Gend (@pget o pelt? bl PCRAAEEP!dTen JWR1VGe Mithir?

cells isolated from suspensi ons . Isolation of single
di ssem nexcmﬂ5u:hiheo%?@sgena)ﬂowyrrparthoI@e@eLﬁmbmnementraﬂafgvaeimot gells very

or ognost LR ee b eSO ARG, MLBRER A SiF, bRl S iRl G

det ect abhlrlel emptm@rtml IhUneARG IFICRRFLP bgsariradovdll bot grieedottroltdetl (pa) i ent s
outcone in a variety of studies. The ﬁenetl c changes of these cells_have

not yet MREEHVE pdeles; aereas dhe tumor cglls oglys pemaingdsther BReyt KaemaBletawer e
prepare h t NiA4@N I

Cusponsi agneht 3 EorteItRE R oinQlick! S, REGERRI oo bR 1068 ladder,

t he nmanuf1g0t 80 &p' Iadde Lmankenﬁor agarose gel élscinepleordsisict ed by staining with
the mab Ber-EP4 from Dako that recogni zes the EpCAM epi tope and has been
shown t o(B)e Szgesnoer f ﬁwahﬁiatiohnqunmhn noaties 2180 ‘Ebe adieglat contaolt cbieli es.
St ai ned cells re | Iated and the na%bzx Ce”sﬁ% repared as nentioned.
Then, CCEPriaK® dypﬂo?%encﬁn‘é’t et rr Y FERUPRESS),

profil eswﬁaféasnthquﬁ{or%énkSN@revIﬁm:ﬁéa Rfthid Rt m@wm@% & be Gjﬁ’ILﬁétII@rIj

Exanpl e 12: Isolation of single circulating tunor cell$S from peri pheral

bl ood | n(Ia\NeI b‘@/sewaﬂws}arﬁw&@waﬁbeamMﬁéheelghh@HS aed BRowsol ated from
bone marrow ' and | ynph nodes it was also | ooked for cells in the

peri pheral blood of patients with malignant di sease. Peripheral blood cells
of carcinoma patients were screened with the cytokeratin anti body A45 B/ B3,
of a nelanoma patient with the mab 9. 2. 27 01 ~Uu 2002 31 (fromR

"Rei sfeld, San Diego, USA) directed against the human nel anoma associ at ed
chondroitin sul fate proteoglycan (MCSP). The blood of a B-CLL patient was
screened with an anti body directed agai nst CD24 (anti body from Cynbus

B| ot echnol ogy, CBL478) The et hod wor ked equal I y well as Wlth ceI I S

o o, . o p— o A~ o o, .



Exanpl e 14: Fingerprints of single cells The reliability of anplification
for a sequence that is only once present in a genone was shown in §1|A%Q@02
nunber of experinments to be 90% This is an inportant value for the

anal ysis of |oss of heterozygosity. Hosgever, for fingerprint analysis it is

1 e S5chL b B SRS i Lo At 4 B T
oot eh A SIETH W G bR Lo A 4 bsgpinr !

m cr osatslbjédted 0 BFCPsanalysie Paa (RCR ipvosubts @f dhé siregle mogmat cells beédrate our
monst r at

B e e LY Ty SOTLT Bl th i, FATSR Lot el o
obt ai nedtu b SIS forlingly, bofll bbinksl cdf 19d 3c3A 3! Sodsy dapiatinan Of

single enzymatically stai s for routine an gnost’i ¢ procedures
For manyohiiagsip sontairedinomali siromalay infiltrating deliminaaptition tootuavari aglls.

i mrunof | uorescence. Ways to prepare cells for experinments that inply
routine light mcroscopy were tested. The first experinments tested which
enzymatic staining reaction with al kaline phosphatase can be applied

W t hout i v i j r SA+0,

A kol i net g oo ShEp [l PR Birfle RARRELE! Rblafed il s Drabifedy dbrdrora
Neuf uchshewlomeh BOYP/THET delbi aragdbtaifad wskhgigre artiboslystinected waghinsBEefal NBT
were successfully anplified. In a next ste{_ﬁ, E@act cells were iso| ated
from rou'ﬂ?'ﬁ@glﬂbi'%@smaﬁéﬁr ferguegtiy yised dp detedd cppisstrgat thechildkindhe perigpe@l al

PosT L ! VeblboBIAAE tndttied RS Bhdnoy FialbSNAKLITEE B bdrtd? DIfA Th B S

t he PBS was scarded a e were air- I's treatnent
routi ne €GH mixpgrimente@be eguaitc lof dse thybridizaibnt earh thequde( assadsiedeby the

hosphat ase- ant i al kal i hosph t echni i t h,BCLP/ NBT, devel t
P bo- aaSToBataRn Bt polpsRr Of MK A B AR At opt 4P M ShIOeSs e o

over cone g@%@\-@g@@bﬁg fHrER insEchthl hi§. REBN; egn ' hon of
the stained cells Regtjjl?tg 3?’%?2{5%’ e%%%‘?rreﬁts Eﬁéﬂgﬁghtgﬁéﬁgﬁége!’lﬁt%?g.

10. Al | s@eessiutidesernisstrsoxgleas atkautnsomeas showed normall profilelss from
peri pheral blood, tunor cells frombone marrow, blood and | ynph node,
stained with cytokeratine ab, Ber-EP4 and anti-Hb-F have al so been
performed using this procedure giving equally excellent results. Exanple

16: | i ' & t i nv.ent.i : . !
sour coy. [1aures: (BentifadBh 8 Holfinot s {8 ces 3P ABe it BdhslS it lor s
i ndependaridrbgatetiite hRCSodneesiné of @sbentlr oorresparids he aepodlymorpleisim etihe of

i - onriRrabRRd, S6r NG biTw  BhSr s Hortlrd et KBEL Ehelr
enzymat i gl |ptodsdirsat I98res UPER apReiusHC bfag %ghcgléﬁﬁe( Srﬁﬁzr%_e?éﬂlelﬁtcegl)rlnarkegl AUG

2002 33 Tabl'e 4. Application of single cell to i ndividua s from

di f f er enfD8 SR sderiveddfraghd 2t sivgieecelisngee shawnemaik tantheybardg aeakiatedal
PCR, LOH S i r.Rrint_or enci al ysi rmal , PBL6010PBL
wth tri 08 S A R GBPLEneof SHTTEL ofHer b SHRLSSKT IF Plinorampinet <
from BM gbm the individual cells and the positive control migrate 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 analysis 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



carcinonas atients: Breast cancer14069Prostate cancer179Gastric cancerﬁ(fowm
cancer! Pancreatic cancerl7 Oeso ha eal cancer_ 2 Lun b 2002
cancer CUP168Cer vi x63Tunpor cells from LRjof carci noma

atients: Gastric21Col onl1lLun4l Tunor cells from peri pheral bl ood of carcinoma

at i ent s Bpesdita gbcrll pumber drframrfigure JI0Bs A varietyefi ghesrations|are (presemtdn-the
itheiial pall nanci esMel anoma51B- CLL52M Hod ki nl' BM = bone marrow, LN =
| ynph no98MOME- — ytu, 20c~ dains 1. A method for the anplification of DNA,
conprising the steps of: (a) providing a sanple conprising DNA, (b)
digesting the DNA to be anplified with a restriction endonucl ease under
conditio suitaple to obtajn f.ra nts, of simlar | t.h rein said
estri ot T ENRMRI il B0 beaapriall B saietone® B0 e olimyos  HORE A he
ter mi nal eparahRatHIEn of ViflidtAiivel shPBRSROIAb At itbtRied3as 8YiRfiABADS
wherein the err‘#na? n%?lhggit)”iﬁ% o) tehe overhang 1s ﬁ%ro%ﬁat e@{'on sz)ld DNA
f r agment scopecdf therpresemtgneentiomast one prinmer to said DNA fragments wherein
(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 pri ner
hybri di zExamplée 1o Digestions of@MNAat ed by said first primer and wherein said
first and second prinmer are of different |ength; (cab) said second priner
i s |igatkdatcompardtite stwdy beveral restrictioraepzyraes récognizipgi ardoun bases muotif d
fromsaid DNA fragnents;, or

! were testecij1 %heﬂwr 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: Tagl

(TCGA), Csp6l (GTAC), Msp!l (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-amplification
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 1ul
pick buffer (50 mM Tris/HCIl,pH 8.3, 75 mM KCI 3mM MgCl,, 137 mM NaCl) was
added to 2pl 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 Proteinase 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 5yl by adding 0.2 yl One-Phor-All-Buffer-



(cb) (cba) simultaneously or subsequently, oligonucleotides representing a
first primer wherein the nucleotide at the 5 terninus is phosphoryl hit8d?]
are hybridized to said 5 overhangs on said DNA fragnents of step (b) and
wher ei n ol i gonucl eoti des representinggg second priner hybridize with said

DA f r AEEnCsshivst § 050y SRal Endiha E0EBET aBS e pl Beonid ORISR Ty ar e
hybr i di Nﬁge&f?n fgn%erewshéémév&pbp faab@m%gggw ﬁnferreaggnswnﬁfsiz@nd

(cch) sa r 'S gated to recessed sald DNA fragnents; (d)
fillinglDnt g(éhAGaI &GG ABD@GG@%T GOIE AGT-39rgrid li/l;seb@ $2pdnaas showent s

of a4 bRRRID B f’i-ﬁ@pf?l‘éﬂ TChs oL RnS 5D 5% gﬁ haORERhBeE SRt 1,
fr agnent S DIoER S PRI O O el el AR o 220, g, el Gomse ng‘%‘é“@re?f"f A
di sseni tiza pdrrensnin th@IHCRaepetorphéﬂaM tArmedillngIWas atacted aff t&mperaherermfr r ow
aspirat ggcgl ell _fromtunor from.u cord

t tiyat ﬁ? ot a'@ fr l
bl 00d. (e, R 1 Ry A TesfictEn B BEfarelReRR e e
i cr odi shededown 36 48°C4vithTBeaffit GotPCymimms. Anaset ¢l AT (florhM ?anown,ﬂrel n

said DNA is present in the formof one copy of a double stranded
sequencd 4-DNA-Ligase (5U; Boehnnger Mannheim) was added and primers and DNA

fragments were ligated over night.

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 10l reaction volume. The PCR-program started with a
denaturation step at 68°C for 4 minutes to remove the MseLig-12 oligonucleotide,
addition of 1pl (3.5U) of DNA polymerase mixture of Taq and Pwo polymerase
(Boehringer Mannheim, Expand Long Template) and 3 minutes incubation for the
fill-in-reaction. The Stratagene Robocycler was programmed to 94°C (40sec.),
57°C (30sec.), 68°C (1min. 15sec.) for 14 cycles; 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 (5uM) 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 paraformaldehyde (PFA)-fixed peripheral
blood lymphocyte was amplified as described in Example 2 and competitively
hybridized with 1ug nick-translated, unamplified placenta DNA. Labeling was most
efficient using ThermoSequenase in combination with a ratio of dTTP/bio-dUTP of
7/1. Reamplification was performed in 30yl using 0.5p1 LigMse-21 primer (100pM),
1pl ANTP (dATP, dCTP, dGTP, 10 mM each, 8.6 mM dTTP) and 1.3ul biotin-16-
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MCF 7 cell line DNA, metaphase spread preparation and hybridization was done as

published in Speicher (1993), Hum. Mol. 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
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and of 1ug unamplified DNA isolated directly from MCF-7 cells (Fig. 2 and Table 1).
The extra gain on chromosome 2p as detected in single cell CGH was not due to a
PCR artefact but was also seen by two-color interphase FISH (FISH analysis was
performed as described in Lengauer [(1992), Cancer Res. 52, 2590-6] performed
with the CEPH-YACs 695h7 and 963d11 probes, mapped to 2p25 and 2q31,
respectively). As summarized in Table 2, 16% of all cells evaluated showed 3
signals for 2p but only two for 2q (Fig. 3). A numerical abnormality present in only
16% of a cells population 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, 15q, 19q, 20q 3p, 8p

Single cell amplified DNA 2p, 8q, 11p, 15q, 19q, 20q 3p, 8p
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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 immunofiuorescence 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 sampies and isolation of mononucleated 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/ml 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 30pm diameter and transferred to a new slide. After confirming
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10@H@  yymor 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, 10g, 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 bone 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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10; 2b2230rét éeB#/ chromosomal gains chromosomal losses
1 8q 2p,3p, 59, (8p), 10, 13, 15, 16q, 17p, 22, Y
2 (8q) 2p, 3p, 59,7, 8p, 10, 18, 15, 16q, 17p, 22, Y
3 8q 2p, 3p, 59, (8p), 10, 13, 15, 16q, 17p, 22, Y
4 89 2p, 3p, 59, 8p, 10, 13,15, 16q, 17p, 22, Y

Example 8: Loss of heterozygosity-analysis

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 521, 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 5q and 16q,
amplification of two alleles from each control cell and one from each tumor 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 H2O. 1ul 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 D58346 locus, the APC PCR-RFLP and the
exons 2-9 of the p53 gene (Futeral (1991), Nucleic Acids Res. 19, 6977). Gel
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luorima mg alysis of the APC PCR-RFLP was performed by digesting 5yl of
the PCR products in a volume of 30pl with 15U Alw211 (MBI Fermentas) for 3h. The

result was visualized in an ethidium bromide stained agarose gel.

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 were informative and showed two alleles
whereas all four tumor cells had lost one 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. 8A).

In order to avoid Taq polymerase errors during the early cycles the PCR, a mixture
of Tag 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 amplification 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 8, 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 aiready been described in several human
cancers before (Hainaut (1998), Nucleic Acids Res. 26, 205-13). Four normal bone
marrow cells contained the wild-type sequence at codon 215 (Fig. 6B) of p53,
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Example 9: DNA sequence analysis by direct sequencing and SSCP

After detection of said A->G mutation in codon 215 of p583, it was tested whether it
would be possible to detect said point mutations by single strand conformation
polymorphism (SSCP). Single strand conformation polymorphism relies on the
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 within 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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catapulting (LPC): the cells are cut out and subsequently catapulted into the tube.
To avoid the introduction of confounding variables such dissected nuclei cytospins
of normal leukocytes 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
cells 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 single 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 antibody A45 B/B3, of a melanoma patient with the mab 9.2.27
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Example 13: Isolation and characterization of single Hb-F positive cells
Circulating cells from the child can be detected in the venous blood of the mother
during 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. MHFHO00) was
used to detect erythroblasts in umbilical cord blood of a newborn. Single cells were
isoclated 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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For many diagnostic and routine uses it is advantageous to avoid
immunofluorescence. Ways to prepare cells for experiments that imply routine light
microscopy were tested. The first experiments tested which enzymatic staining
reaction with alkaline phosphatase can be applied without damaging the DNA.
Several commercially available substrates of alkaline phosphatase were tested,
such as different preparations of Neufuchsin and BCIP/NBT (Biorad). Only single
cells stained with BCIP/NBT were successfully amplified. In a next step, intact celis
were isolated from routine slides. For doing so, cells in PBS were pipetted on
special positively charged slides (Menzel), where they adhered within 30 minutes,
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-ionic detergent to PBS later helps to overcome the adhesive
forces during the micromanipulation for isolation of the stained cells. Results of

these experiments are demonstrated in Fig. 10.

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

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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Sample PCR analysis (Analytical PCR, CGH analysis
LOH, SSCP, fingerprint or
sequencing)

Normal PBL 60 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
Gastric 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:

Gastric 21
Colon 11
Lung 4

Tumor cells from peripheral
biood of carcinoma patients
Breast 3
Cervix 3
Lung 7
Tumor cells from
peripheral blood of non-
epithelial malignancies
Melanoma 5

B-CLL 5 2
M. Hodgkin 1

el L\

=

BM = bone marrow; LN = lymph node
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Claims

1. A method for the amplification of DNA, comprising the steps of:

(a) 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 or3
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, oligonucleotides representing a
first primer are hybridized to said §' 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;
(d) filling in generated &' 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).



10%&' ()-3 109%& ()-3 10%& ()-3 10%& ()-3 10%& ()-AoQ &JIB)K3 100/&'[](,‘)’&’%}%2
&3 10%&' ()-3 109 ()-3 109%& ()-3 35 0

2. The method of claim 1, wherein said DNA is the genome of a single cell or of
chromosomes or of (a) fragment(s) thereof.

3. The method of claim 2, wherein said single cell is a disseminated 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').

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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20. The method 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 ID NO: 2 and/or wherein said second
primer used in step (caa) has the sequence as shown in SEQ ID NO: 1.



y 100R&& ()- yz#100R&K () - Om###GIN$0Y| [ : - 41028y y37Z109%R&& ()-Y 01 Aus 0
y53" 109288 () -y yS2: 109R&&' ()- yont 10928&' ()- y& MLOYR&S& () -

y+ #109R8& () - 0$p$qS) $$$WUDA41028y y 3 109R8& ()- yZ10%R&&: () -

yf 109288 () y 109R8& ()- y' FMO%R&& ()- 10281028Y9006 &SELE] [ : A41028y

JyLoveeaey ) - TATPEBLE: by g SR ol L MR A st ang sae

t 10928&& ( ) sechdidXdihén areytyyri W dach otlaed Se(rate]ly froﬁpé@ﬁ‘DNA [ A41028&y

 ronae () fagmeisand giq addasifrsge LA Eadments phgsiskstebyica) or step (cb).

yF(1 nl0%R&& () - 10281028102& y7109%R&&: () - yy510%’2&& ()-*+ +++ ,1,|[:vU410 y
vy Z109R&&' ()-y y@ 109%R&& ()-y yy 109R2&& ()- y"109R&& ()- yy 109%R&& ()- Vyy
- 10928823 - ]The methed pf anyone of claims Mot X%, vvbetylryl‘hejlamu@}eo}ide of the

y%&g&/g?&l ?;fgf E’"'\T/?%H']#fw%& 301 '&7%9"@6‘%@@ () - y yL3109R8&& () -y

y 1f #10%&& ()- ys. ZlO(VQ&& () - y+T10(VQ&& O- vy 10%&& ()- Normal" "Headi ng
13] c¢" "Heading 23] c" "Heading g] Headl 43] c" "Heading 53] c" "Heading
63] c" "Riadi Hige mtbod ofiaay iong of gjaims 2448, ergrbessenbaﬂxathet whaleagr aph

Font u! *3Y<E LNPRTVXZ\ A bdf hj | nprt vx1b?q]
GNE (17415 Méwﬂg}*%g&m@w%ﬁﬁag &ra

Y>c- BO<hV*! 0#0$Y%&c() "#$9%®R' () *6Ti mes New RomanAri al Courier New'h

Root En V‘b dDocu $°/e& )*¥+,-./,0123456789:
<>o@B ﬂ”@&éﬂw\mwm( Bl 2P 2 RiTIReIBg seicl single, oellis
#IU& () * +’chemlcally 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.

29. 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.



