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WD 2006/ 102569 PCT/ US2006/ 010699 NUCLEI C ACI D
DETECTION FI ELD OF INVENTION This invention rel ates

wo eoobha2s569 el d of nucl eic acid detection. 5 BAQKGERORRDG/010699
OF THE | NVENTI ON The detection of small differences in
nucleic acid content is an inportant task within the
field of nol ecul ar diagnostics. The nbst common net hod
used to detect snall quantities of nucleic acids is by

using PCR or SaApH
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Quantitative analysis of nucleic acid is used for
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anal ysis, nedical nonitoring and di agnosis. Methods

am@e deseidnddnhdrdfferehddsin nddeis ngidicbheanik lay iinPHifai sk within

the accuracy of these measurements, opening up new
the fighgEmplecyler @iggnastichi n sci ence and medi ci ne. SUMMARY OF

THE I NVENTION I n one aspect, the invention provides
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one aspect, the nethods rely upon net hod
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m sbal anced |n this manner, an asymmetry is created
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. .sensitive detection of even small differences in the,
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SUMMARY OF THE INVENTION

In one aspect, the invention provides improved methods for quantitating the amount
of a nucleic acid sequence in a nucleic acid sample. The claimed methods can permit the
accurate detection of the amount of a nucleic acid having a given sequence in a sample,

including accurate determination of differences of less than two-fold.

In one aspect, the methods rely upon a method of misbalancing a PCR reaction.
When the reaction is misbalanced in this manner, an asymmetry is created between template
and complementary strands that permits subsequent differentiation between desired and
undesired products in the reaction, which permits sensitive detection of even small

differences in the amounts of nucleic acid sequences in nucleic acid samples.
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In one enbodi nent, then, a nmethod of m sbal ancing a

PCR reaction is provided that conprises the steps of:
wW@Roogamssat i ng products in a PCR reaction thatPCTHUb200€010699

the original nucleic acid sequence of interest

(tenplate), its conplenent nucleic acid sequence, and

t heonLORBRBRSRIINRS, efx*nétﬁbd andi$erasde %’@&I{Jféae%ﬁ is H8¢ided that
b) addi ng an excess of a nucleic acrd di sruption

comp@@q tearstepstoiiaa) generbingl waduntsine E@R@mtlom thah metdhéhe ofiginal

t I.n t
miclepdFi lirabar et Grupli: B e fama B i R e
correshOndif@fitst b8d secBiid PER prifhas; dnli) daingiini eRBess @8 H Q6IRIcl aid
allowed to hybridize in the next annealing cycle,

dlsrupﬁpé devicaemthpt/is complementary o wmrél@mrbmf theatirss armysecgnd PCR
prlmelasmiﬁ"f)ﬂé cﬂ&utsﬁoﬁ Fhea folfo%at{ﬂg 'dﬁgrlg)éﬁg (il? el 1% cg{nglem%taﬁ% e{he first

dl na

primef) UWhBﬁJ'thdlﬁﬁrhptﬁdiﬁs’.bqadiceﬁls Alaved té (hyb&i‘kﬂlzé‘luﬁﬁe h&&%@nédﬂﬁg cycle it
strands has_the conpl enent, of the dlsrUE@lon

predomeﬂﬁ dayms diTepRiR SSqREIGe Pair® BY BYnepliBg deythefirstatinasigng fo one or
the otlgé;r%lf {mses&@éﬁanb ﬁt’gﬁlgﬁaﬂg)r&é&% C e@rﬁ@%enﬂt?&ﬂt&%{t R&tﬁ;{ﬁé{%ﬁ&ing upon
whichi of thesp owo sixdrels daothe &bm@leni'epb of e zlamilp:umncséqﬂdnee) Products

I syuption sequence( ,.th re | s produce
genef%?i{% E‘}Lbﬁa‘ilﬂe% Kirsig are gyistg rafaagsbreh i ara sy Pigfies dgmplate or its
compl@in%ﬂp ﬁs%r@ﬂuo%@ OBIR A6 ELM.! hl“h%t RI 8346 dxBerBR8 affr E}hﬁlcﬁia‘iﬁﬁ d8 the
and a single stranded conpl ement 15 sequence, b)
disruption seqresca(Hnthete is @rqﬂuempmdmnp@mrhsc eitheirt aﬁ a dbubla Istramded original

t he and ran d ori.ginal
e @R sBuch 5 By iR o R P rRePr i SR el Eptegent
sequeildfeD DRCWCh ddubld shigh@eddondNethb seducabsGeh haneak 1ﬁ one of the strands
determ ned by which of the two PCR priners

and a éla&bw&rﬁ@iﬂdawrggutaé (templaty) SPAHSOFD nTh@&%ﬁa ef wwhd?.r@dlmﬁ isof
produ&éaqnss r@ﬁgdﬁ f&%% det@ﬂlﬂ%& By %ﬁf&ﬁ'otf'tﬂe two PCR primers
neas rrent e original anounts of ‘a target

is congﬁcﬂﬂﬁmm@ to ?d.'é dmuﬂﬁmt sfeqﬁer&sp dBdtect@n I theosingle stparoded gesdinct
for bl ocking future PCR-based anplification in a
permifssgasitigmpgsiraneat pithe gprmabaraews ef & targsh sesrernea

t hrough cross-1linking. The cross- |inking prevents the
afPhiidhies atieen aafﬂ@lh&hﬁ rp%&xdéd&%r gﬁk@fﬁgl f&ﬂ.lerPCRB@;s'é@ @fnplification
was doubl e-strande at the time of “cross-Iinking.

in a reqeticn mixtare dvgéoqﬁngadqubila‘ stoadébDNAathrpehrrressdimkéng. The cross-

I SN R TR NN T —

at the &meldf crdds Yinkin! IlgV Phis BIveKA el ahffpﬁﬁhﬁﬁﬁlt oan lpRrAR A{dp€ ensitive
aspect, a net is provided for determning the

detectmmfﬁhe prpducts thetywerernigs Frsise linkgd. d Thelczassiaking cahde accomplished
by, _@;@n&g{]&cﬂ ﬁ:af&%eﬁ&gﬂtce nuc! eic acid i n a nucl eic acid

conprises performng PCR on a
conbi ned mi xture of the reference and target nucleic
afi ghother aspect, a method is provided for determining the amount of a target nucleic

acid relative to the amount of a reference nucleic acid in a nucleic acid sample. The method
comprises performing PCR on a combined mixture of the reference and target nucleic acid,
along with the forward and reverse PCR primers for both the reference and target nucleic
acids. The reverse PCR primer for the reference contains a tail sequence that is identical to a

sequence found on the target nucleic acid. Following a given number of cycles of PCR, the
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along with the forward and reverse PCR priners for
both the reference and target nucleic 30 acids. The

wo ewensxs6PCR prinmer for the reference contai nSPEI/U82006/010699
sequence that is identical to a sequence found on the
target nucleic acid. Follow ng a given nunber of

symnfe¥§ |o?ﬁ1e‘%§a&)@5 is 8idRipted bwda&%a@ (L2 %ﬁl%uﬁ’@yf%ﬁﬁ?éél%%%

S nnetry of the reactlon IS srupte |ng excess
dlsrupmwnqxsnws anddetting theinchybeidize tditler siggle smrsleq B@chmm@ The

first dm g(&llfe%ﬁ%wycl%Hp ?rrzleg}tégi Gcﬁ)ﬁ\e&ﬁrgg%aag tﬁrge%ggs% primer and the
secon€ qm&h;ma Re@iehcé Gs EdigpleMERiaty BHRORGed @RS RVERE brimer but
and, the second di sruption sequence is conplenmentary

not ingydingdhe t@flép@ﬁ@ dapisgdentisal toviercqeenge favad apiihe Brgasnucleic acid.
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uen e C acCl

amounitl aiitarget ianhe srégiRalRbmMgless ﬂ@blﬁ}mﬁéd alig td eHegeferdice.
reference is detected, such that the anount of target

in the origin etermned relative to the

ref erence. ) Méﬁgﬁﬂ@gﬂ Wm%ure 1 shows

a_sche ic of controlled rupti.on of a PCR reaction

t §18e galéovs&s 3 grhemaye et %qqtraﬁafiélsw%n at e PLRaeyctigndo greate a
smgle%’éﬁ&i&l @&bﬁ@g@@}o | £4%Ble 5‘8%2 A tommp Jrﬁ@?tf(bsﬁ’tA SRR first step

hows the  ori genom C
shows thnphgmel ge@an)lc PINA sdymemeedp kcat tenqalzite,rAABCw anchihe re@ean&dorward

o GRS a0 & resbest el the seelad T
PCR c%fckﬁ larCHIRNE ARRPcRhp ltat'i‘&l SaRé (8GR WTRBEr O P(ﬁ@&e?é %’egschematic

t'he schemati c shows the addition of a disrupt
ShOWESTéq additen 003 disoppion ﬁmaw((l)@oniplsemmm;f sethpreverse frizhdr (C’) in

BTN ST IR T —

primeBland®ie conifflerh&@ s6QEALQMBIPtheSAE YNEL She POFwArB Privdi®yill bind the
time, the forward prinmer will bind the conplenent and

complemeatand exicng Fsating @M%st@pfi%%@plemm veifiembroak ehthg junction
of B akﬁﬁer g @tterﬁ}hgtej (?f@fdg tf?&efo?g vﬁ ﬁ; 'sin g E@d ate (ABQ)

ore mal n S|ng e s ran |gure 2 shows
a schematic of how to elim nate doubl e stranded DNA
f Figwa? 2ioveuhsubgmeti¢ oPERy or elotinete ddeblestramied At fram a

u li.nking. Step 1.shows t e esen e of
subsed g B ol dete it B LS ARF b SiPd oM fefesence of
a sequeRédTin b‘é@ﬂélﬁ%e %trﬁﬁd%ﬂsanh ldoHh18 gtrélﬁi%ﬂ fornP 'A[H?l%lé J‘@rog@ﬁfﬂhﬁg agent

st randed toget her permanent|y or sem -permanent!y,

binds Hreedoahle; sﬁrgndqsﬂaﬁ IAeipsetmrmmmnﬂa 91 semi-prymahentlyi, greventing
compfe?erﬁ%gs%gltaﬁon dl‘i’rtmelgP thg%lgthht%mggrgtu% step o{" %e%l??:ycle Pstep 3). This
prevents amplification of the double DNA e.g., by PCR, but does not limit the single stranded

DNA amplification, selectively.

Figure 3 shows a schematic of a single tube relative amplification technique that can
detect much smaller differences in nucleic acid content than previously thought possible. Step
1 shows the starting materials: two genomic DNA sequences one would like to compare, and
respective forward and reverse PCR primers, with the reverse primer of the reference

sequence having a “tail” with partial B sequence. After performing several cycles of PCR, the
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prevents anplification of the double DNA e.g., by PCR

but does not limt the single stranded 25 DNA
w@egbilbiseat i on, sel ectively. Figure 3 shows a BCHERENG/€10699

of a single tube relative anplification techni que that

can detect nuch smaller differences in nucleic acid

producRRb@nin stapwill evprodaded. Iffadeihis fEScicldds exdesPC ahd F primers to
ows the starting materials: two genoni c DNA

h
the regfé@aéﬁ-b@ﬁ@ camBYRsiFarol thxeeveise poimssy @1d thmermplegisaiotenvances,
cavid 000 o BSCRETD AL TR pclh) AT SR P3o or e

previoustyradded tévatse Briaet @he einghf shandqiefepente m/gd SRy I’c;&hplate can then
.cycles of PCR . the 3, 2006/,102569 PCT/ US2006/ 010699
hybﬂ%%%@m% owgedng ﬁr@taepalr\-zlgw PppEcdptsERnce aY tapget smplpte will

remaih Igingl aRd&e) Eg@dﬁﬁlo% Q’f}%? }1%leéﬂ§lif '%héoidu’g‘fé' rahed DRA is cross-

reactions, t e can h ze to the reverse priners
linkedh QigogsHinkaongpile hestb hepprnenctbs C/Cl arlpBIgBt beejutwoepl Itk cross-

. h ith h w C d F .
i 6 SRS B Sl e LT oty e0lod € Bnd B using

primess A8 Pas h CAREAHIMBSRE RNIGeR Bl RE BiBElelBIR RALEMF ARk (ATRM as
5 hybridize to each other and"forma pair. Any

showinpai red reference or target tenplate will remain
single stranded. Step 4 shows what happens if the

d I8 C .| -] b nki

R AN b AR A SRS e aore
strandefl ténhydlatepaiisis followed by tigsicteakemopiha s@ghastiapiatchiplaids using

m_- permanent |y, direct PCR can be perforned using
PCR. f&’fl? R8RS ShAWE 2 9esible selpgiou ot prgmsistier fugthgreanabisispihgre
.ol r . ) .

o850 DRSS TR S Bt sl ¢ g,
and Rd mpd K2l wirkké adfedflatehdsdbowhehe ptimaersdeid] drdypinplify thakingle

sanded AR LS P et gt R Tl REl Folly BRER cmplac
showﬁ&hﬁ{f‘ﬂ;i on of PCR primers for further analysis, where

forward priners A and D were already found in the
final sanple as seen in Step 4 of Figure 3, 15 and R
and. Re INREA LR AESGREPTRON 0GA HENEN VE NETO N | |
only anplify the single stranded tenplates and w |
Definiiions:be able to anplify the cross-1inked double
stranded tenplate shown on top. DETAI LED DESCRI PTI ON

O s Tk fl&%ﬁ!\g I‘@lymg?goitiﬁg’t é)ra%%léleic acid” refers to a covalently linked

sequence of nucleotides (i.e., ribonucleotides for RNA and deoxyribonucleotides for DNA) in
which the 3’ position of the pentose of one nucleotide is joined by a phosphodiester group to
the 5’ position of the pentose of the next. The term “polynucleotide” includes, without
limitation, single- and double-stranded polynucleotide. The term “polynucleotide” as it is
employed herein embraces chemically, enzymatically or metabolically modified forms of
polynucleotide comprising, e.g., DNA, RNA, PNA, combinations of these and/or polymers
containing one or more nucleotide analogs. A “nucleotide analog”, as used herein, refers to a
nucleotide in which the pentose sugar and/or one or more of the phosphate esters is replaced
with its respective analog. Exemplary phosphate ester analogs include, but are not limited to,

alkylphosphonates, methylphosphonates, phosphoramidates, phosphotriesters,
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20 As used herein, a "polynucleotide" or "nucleic

acid" refers to a covalently linked sequence of
woeabaassdes (i.e., ribonucl eotides for RNA anpPiCT/US2006/010699

deoxyri bonucl eotides for DNA) in which the 3

position of the pentose of one nucleotide is joined by

phospﬁo%lﬂ@ﬁ@@%h@%@fodﬁh@dfés IphospHioselenBREE, &)h@ibh@focﬁﬁfenoates
the next. The term " pol ynucl eot

entose 0
phosp%gmagd@bloaws,tpi@gphowanmdasﬂs; mmspmrpgnglateaﬂ@ronophosphates etc.,

e T e T T

“nucledi@eiagslbly are@neltoBdsk eftnbinety whieh 8si0bd seilhn¥rizgidhid F\gﬁ&ynucleotlde

forms .of = polynucl eotide conprising, e.g DNA,
analogs\in Whigfn e X@ﬁ% FPhosmhatecesten andipr wpgfmghat@ @Wrdiaﬁklv@e is

A e
nuclegtétes aswhichghs mahebbse 1noietyois nomicenvehtiding, adiffatim one of G,
o AT B B SR S B S e
empldybm G‘éﬂerﬁ@y 2 26n %Ilf%hﬁ&% RROB&S8S w1l'irﬁ£\n‘ythp G%g{%‘? fba%)‘éré&ydro gen

sphor am dat es, phosphotriesters,
bOHdSIWlTh y3e00 Gﬁ@nm%asqlhosmmhomam e@acent counter-directional

t hi oat es hos rosel eno
polynIERRRHAH bopaiish e wob RS s he JoBane BURS biFes.
phosphor oani | i dat es, phosphor oamni dat es,
boPeRpRNasidsaLEs emBtdes a SHOMCHIIGRERHAY, Feh Q6feAbE as an
counterions, if present. Al so Incl uded within the
oligonysleptifle {eah, HPrimengrA ebe)de pelmmusieotide danu &) detaisgs” and a “3’-

I cleotide o,
RSB8P PO PR L
carbos ufjthe pphiospting ef s kebistibrakinonemickotidey! ’Hi‘e%d\bﬂfh oBmucleotide at

different type of linkage. Further jncluded within
whioh 4,83 Lilfaegarcs Potps o' apbonyith eoterawal pyeleghiden Thpend of a

polyn{ﬂél%tﬁf%ba@%ldﬁod W 11hk°ag@ %u?d)ﬁl%’t%% 1 Q:Qf’don i 1t§ 33 teﬂgfnfaﬁﬁucbl é)tlde

from one of or exanp genat e
A termine] mwidotids, as uusd:d 1a3e1br io tidamleptide di the enahpodmon of the 3°- or 5°-

.enpl.oyed. . Gener a convention nucl eobase w | |
rermifi0 4R berihon Pytvtnle s FAEG ke s mEHab 0 Freca:
polynh@é&ide o8, ﬂléédtl b@ﬁa%ldﬁ%i@ﬁlﬁ aRoBERBleo k) 2l FeHnAeRAtd to have 5°-

count er-di recti onal pol ynucl edti de stfand or provide
and3aen@h interacting, non-interfering base.

"Pol ynucl eoti de" al so enbraces a short pol ynucl eoti de,
of, r £
Ats ?rlg?c{ %érrgllg gl? (t)%rﬁ-s ‘ac%xt%ﬁa yn X ?Fﬁ'ectfr \ghérﬂﬁseg?n Hie' coBtext of a
nucleétﬁie- tedgratanasticlenide alavﬁiga differehdela ‘at lkestans €hemical bond relatlve to
phodlester Ilnkagﬁs occur . to th

o a0 5 DRGNS S3hEr ipkageny ocour 1O ANE B
modiﬁ:‘dFéﬁ" 4dé5 bt %g&g? Hiel 8GR RN olBErHE WA aducleotide is incorporated

ynuc eotl
into a polynucleotlde by 5’ to 3’ phosphodiester linkage.

As used herein, the term “hybridization” is used in reference to the physical
interaction of complementary (including partially complementary) polynucleotide strands by
the formation of hydrogen bonds between complementary nucleotides when the strands are

arranged antiparalle] to each other. Hybridization and the strength of hybridization (i.e., the
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whi ch a new |inkage would be to a 5 carbon is its 5
term nal nucl eotide. The end of a polynucl eotide at
wokiochomenew | i nkage woul d be to a 3' carbon iBCT/1US2086/010699
term nal nucleotide. A term nal nucleotide, as used
herein, is the nucleotide at the end position of the

strengdh of & aSsociati6i BEtkiésn F&§nﬁt§@cﬂ1d‘8%&§ﬁd@) 13611'@@&%@ YG meRl Irsl8ors well

sequence, even if internal to a

knowpm %@f_ﬂ 1@@ud1§g tl(eede@ree of complearentarity q:t(vynewhemomcleotldes and
e sV Lo BT GR 10, RADGHEP LR St o

concenhigionusgaalts, the presenobLatherfonibonbns (0] the Sresededrabidhcd of
nucl eotide having. a difference in at | east one

polyetdipitens ghicohohe m(é#féb’ w ethybridizingstrgadpndithe Getreongsppof the
polynﬁ%iﬁoéc}hﬂ?ggn%d Gl Bf w éﬁ'its ﬂ;q ghe{?&'c%r S n?eeftm% gg}pﬁrature (Tp) of the

5o d! |ca ron™ does no
formedigbfid.cat i on occurring when a nucleotlde is
incorporated into a polynucleotide by 5° to 3'

0S i ester |inka sed her he, term
] B@?Cﬁﬁ?sﬁ Shen pie EHJC?L%U & Feritiochybyiding tBRpSthen
polynhé’l&(ﬁ{décft Wﬁn@fhaﬁﬁ%@ %%%lbfot(deﬁ‘ %rH’fjé rQEéH B@Hdebf antiparallel
1%®Hd qgaenentar pol ynucl éoti de strands by

hlgbwtrmgeh%dﬁmglémnbo Hd’brléleahmmqmmmam ot eoypplete sequence

compl g AR P B shBR SRR B bFriia: VAR Bhmotpaecteotide i

said tGheteyBLiBize o MWllidrgoBatitientidd, it9neant ARt tHerdARid0Rdid36QRnce
PCT/ US2006/ 010699 strength of the associ ati on bet ween

complsgiedaiiey eeswrerths twa nakyugleotidep setfosa alyydnesey- lmd@(bh:éond or that
no hyﬂﬁcll fqrmg %QMEeh Bhd tgx%t }tmdc 1&95'0 ef I}ﬁ h ﬁllr gl?cy c:ongmo%l?1 As used

ementarity ynuc
herelrﬁ t‘spen@”mrlq}mdi&amdlé’ refem:hotth@bmdingvmim@dng,wh hgzﬂsrmaslon of a nucleic
such conditjons as the concentrati on

. aff b
acid @A?Cﬁ@é gl%qﬁ f PrEg HBeleisrackst Jraience Apd Ale thes ngn- targﬁéwclelc acid
moleoﬁ[e@%?&ﬁﬁxt‘ﬂ @iﬁ&)@rﬁ%ﬁg&:@énd ﬁorpfélr &Ll Eﬁ%@gﬂeﬁﬁ&g - the

nmolarity o I zI ng s ran

content of the poI ynucl eoti de strands, all of which

r éswisedshéreinathe hermac ey stsmgmoryé’l ‘euigurn etmﬂgmatyd t higiTstyingency,”
her

or “vep P e om0y deseoc Ginins Jepte g Rgridizaton and

washiR@! $oléeh&ofot Perforntin BRI tdidh rééaﬁoﬁmnnﬁlmmﬁle@méﬁe Protocols
form a hydrogen-bonded antlearallel 10 hybrid under

in Mogicglar Biglogyy éﬁl@ywebm?ﬁ Bpesn 8. Y H1689)el b Zakt-6 816, méihi i éaporporated

herei efegeg{erilc%uc Q]{ﬁ!l gé/ %ﬁj%?&{:ﬁb o?}ggﬁ) OS%EH{I%E(}% are escr\lll\’)%?l in that

refereped andudtheodand® used. Specific hybridization conditions referred to herein are as
follows: (1) low stringency hybridization conditions in 6X sodium chloride/sodium citrate
(SSC) at about 45°C, followed by two washes in 0.2X SSC, 0.1% SDS at least at 50°C (the
temperature of the washes can be increased to 55°C for low stringency conditions); (2)
medium stringency hybridization conditions in 6X SSC at about 45°C, followed by one or
more washes in 0.2X SSC, 0.1% SDS at 60°C; (3) high stringency hybridization conditions in
6X SSC at about 45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 65°C;
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said to not hybridize to another polynucleotide, it
nmeans that there is insufficient sequence
weoompliesent arity between the two pol ynucl eot i dBGT/U82006/010699
form a hydrogen-bonded hybrid, or that no hybrid
fornms between the two pol ynucl eoti des under high

and (zgtvefylggm §N1n§@{@lﬂybﬁﬂ§atlo‘}§cdﬁ§lﬁg>|n% greftﬁm' sBdmn?‘?l%bflétQ 7% SDS at

bridization" réefers to the I ng, dupl ex
5°C 9lbowedly e @fmerewashasiat 0.23C8SC M SOH & 65ACY to a
target nucleic acid sequence and not to other

n et. nucl.ei c a e m xture
b L Gk S RShEGICHE cisPRGE e 2 sniledih Al osgurring
polyntiestidesegidice ‘&v'ilﬁmt tﬁﬁt‘ﬁ'émpleos”hléﬁ hhd8RA G¥moved Bsth lil@normal cellular
st ringency, stringency or, "very high
or n%@fﬂlﬂ#?g@ﬁwowmq ghuﬁagn w@@m pelysoelastidedhat wasrinauormalcellular

R L -

S1mlla(f:‘lyg pe ﬁisollé‘tedt’ po@hﬁclemldb’bhﬁﬁztds afi a BoAh&lGn-odDtAr MiRYin@&nt may be

ﬁfg I}Ig ]1989 6.3.1-6.3.6, which is incorporated
in a diigreat pellyfres saluti@herdbe Hageddn aelivlan spvirpmertus and
nonaqueous net hods are described in that reference

apd udd REEInCAB thifis U‘Eﬁ)@d ”EPE\%M&*" Qn@‘yskéfdr? %}ﬁ)trésgf} engompass,

conditions referred to hefein are as

fractiogs or prpeessyd peitionslihereof. oBindtanlkyi tvhers samplods $akénlfmm a biopsy,
chlorlde/sodlu gitrate 25 SSC at about, 45

swab, fileft e OB e BTy Fiop pRsasa priyoisy daiian of pegtion

derivedtfroa® BeBiblRy, i shad:Use. of the washes can be
increased to 55C for 1ow stringency conditi ons); (2)

nedlun1str|ngency hybri di zati on conditions in 6X SSC
s prs rerein @ thesionisiieef ipmpie asampleshat ingbiamed “at 1eas Fartially”

0 NI N T —

foll owed by one or nore washes in 0.2X SSC, 0.1% SDS
a‘t‘C@ﬁp],errﬁnM@ "28QEnt e ESESeB(ﬁ'EfddSZ“@Kéﬁ tdskqt&fes ﬁn\dhlé:ﬂ)mtmarallel
rin enc hybr i congltlos are 5M

ahgnngegg{q}mpgﬁﬁ Festaies 9 rag w1 or pd]e§1 Wédtn Wilh Q))fes1dues on
the otH¥p Vs@aﬂ’éﬁﬁlﬁﬁ%a@% ’9 A?:XJ aREG: é%}é@geﬁ%oﬁﬁ bafSp écifse& form These

herein, a polynucl edtide oma sanpl e
are theyiangad T Watsen-&]ﬂckn Qasemairy nowirdng indbe va mtmamawa IDN An and RNA

I S MR TR T —

when lide8 @b déseeibe E(ﬂr@tfﬂﬂuﬁﬂe@@dd fégudreaiin WtionRo @ s@&inﬁ@ﬂucleotlde sequence,
cellular environnent may be in a cell-free solution or

refers foethg phidiggof an @@iﬂﬂ@éﬂi’t&ﬁor@elymuclﬁmubmﬂmmwmrthe first nucleotide

e T 0 L B oL,
oligonaelebtider c&q)o,‘.miuulebﬁdb @M the @éboh& nﬁcl@@thdetﬂeé}ﬁence as will be
underst(?o\g bryotrﬂgtg ﬁled person. “Complementary” sequences can also include, or be
formed entirely from, non-Watson-Crick base pairs and/or base pairs formed from non-
natural and modified nucleotides, in as far as the above requirements with respect to their

ability to hybridize are fulfilled.

The terms “complementary”, “fully complementary” and “substantially

complementary” herein may be used with respect to the base matching between the sense



10

15

20

25

As used herein, the ternms "blood," "plasm" and
"serunt’ expressly enconpass 10 fractions or processed
w@ouobilaess9 t hereof . Sim larly, where a sanpl e i BCT/EKm06/010699
froma biopsy, swab, snear, etc., the "sanple"
expressly enconpasses a processed fraction or portion
strandierdi the antfsense stiard bf ©geyble-steadided ausleic ackliybrids AUty
cont ext of sanple, a sanple_that is

t
comp regra?védl?ybé{ﬁaésﬁrygaa?l@? o qronersiiapd hasginpuRd waliritsduxtaposed

0
com ERTEOL55, Bl ghe 3O SRR STAYISHAB 05t A
strands eeama be fullyedoenplémertayyanhes cinninvinie bneot ey Bt pebferably not more
A SN T T R
understﬁé SMitfons lﬂsécﬂﬁtthﬁn&ho&s YbscAB férémhy dr ogen- bonded

base pairs can form These are the standard
"Wat son- Cri ck"” base pa| rs occurring in the vast
ot %Jrﬁos%ina%d’i%ght? s UYPRd 88 FoBer¥ c[y Shy &%ﬁﬂﬁﬁqn the DNA
herein, and unless otherw se | ndi cate
compdssierpdrestmatuas §f & clzGmebeme fremdhiateothpssitibher strlfdtwrs tmost

prevel g pRRE Ty b b BB iR Bl aoiiags.

duplidatioR) kéé%ﬁ!g&ﬁéritﬂ RoFAEM rrﬂlo?hf"&mbﬂ@ uBiﬂa?énth ld?sjoﬁﬁft hil€altered
sequence to hybri di ze and form a upl ex strucfure

chromgfig strueterer ihg eeshetstdessiibediheteimare swltcrcbﬁ»n detieetirtg, derong others,

snon Y941 S5 IS R bRRBE AP, AR e o

XYY,W pani abhCangll seqisntacotint ERGHbAEESitE dhe Gy h paltbde, oOf
be 25 forned entirely from_non- V\atson Crick base

c 0”155’:5?@%l%ﬂge@Flf’cﬁé’;f.l@n'@%ilqu%ntft@ﬁhed from non- natural and
nodi fi ed nucl eotides, in as far as the above
requirements wth respect to their ability to

hyBe tegmz @ha@@wﬂe@lnfic | s dafinerhes araplegule G@Ti‘pn@dmfttw))@'r more
deoxynfbwn]lxc)feo(fl{a Eéf@éﬁﬁleﬁglgesbé%?esfg@?tnﬁarﬁ tl%/a SB.rg& Itts &xack glze

use

will dﬁmﬂ ﬁfah g‘adm’s wehidth, irhterrs degenrd upodEhe?D8H1al86@on and use of
3382006/ 010699 st rand and the anti sense strand of
the oligopiAle Lo CHEABRRISQN e B Ssath e Rypdhada deserbsdipsyin are most

often ‘PS’FH% ié?)ﬁl{es 1?151%{%\1? ’El?éteﬁ'}{e NmBMGk %géd 8820 an

st ran ase paire ts ] xt aposed  counterpart on
oligontuhkzotigh odietler steuaring ndtarally ‘4s inhspaifiddakestyiction digest or produced

onpl enent ary” brid, the two _strands can be full

syt G GHFERH Grappatt of sipeann pPAEPLRLAGHE CoioURE dopeAdent
nuclei@ ra@iﬁi%zﬂtl%é’xs n’Pﬁe PRk Ray B@&tﬂe@ siﬂgﬁe@faﬁﬁ&ﬂorbcﬁﬁl%leoﬁfaﬁaed and

upon bridization, while retaining the ability t
must Wﬁ@plﬁbr long to prime the synthesis of the desired extension product in the
presence of the chosen polymerase. The exact length of the primer will depend upon many
factors, including hybridization and polymerization temperatures, source of primer and the
method used. For example, for diagnostic applications, depending on the complexity of the
target sequence, the oligonucleotide primer typically contains 15-25 or more nucleotides,

although it may contain fewer or more nucleotides. The factors involved in determining the

appropriate length of primer are readily known to one of ordinary skill in the art.
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under the conditions used in the methods descri bed
herein. A "chronpbsomal abnormality", as used herein,

WO edoens2ss® any deviation in the DNA conposi t i PET/082006/010699
structure of a chronosonme fromthat conposition or
structure nost prevalent in a given population. This
| PGl use@Berefdtan indR@tual" reFk LG atlﬂlméi'les’uﬁ{ebﬁﬁkswelﬁb’st #hdPRSman
10 dupli cati ons, rearrangenents, cova

SubJecmsavb ASCRIPHS, a@ﬁnwtebw{cema veitelshisya radrrohorbe, erded, a cat, a cow, a
chickGHA MR & Brobd HILMAE o pHIRAE! 003 A0BOF LR SIRNBLE LRl

bactemh Iandam Thmebtan([&esglereﬁl@m ndﬁhﬂeﬁﬂff t@ﬂinﬁ[ thefPaétBdtology of the
ward, Turper, Triple-X etc.) and abnornma

Prese%té’a\c?élﬁe’é Q.3 fiwman %}WJ% AN ‘ihP ynsiipaé n@ﬂ@ﬁpgpga igralpq ussfuldn the

. fields %@Kf@t@ﬁﬁ éd;?\mﬁﬁ)%gl? $é1?%c%g,e?§ér%gég IM%hE IJIS The

term™ o onuc as a nn SCul's
conprlsed of two or nore deoxyribonucleotides and/ or
r isonsed| bereing é'djagposs e refbisy tomthiee abihigyn to hdemeonstrats @x dndreased

et i R DR R R Sl Dl ot

the abdlitly @9 BetabRBhateds) inbleh@8MUeHIRRY (BESnf nQ(!wid%Ql ddds hbﬁhave a specific
nmet hods descrlbed herein are nost often 15 to

conditieps | Msre gagicilarly &idipghosisthesfare tovihepabiilingrto chmomsteaje an increased

e to.an 20 oI onucl eot i
ikeli35 el b B R oo R o Rt toat Teop gppnditon. More
particallag@ Stiaghosiy”qQefeectd a @%Bésb QHefablyl tere WA thetdasSERREMhBo@that an
acting as a point of injtiation of tenplate-dependent

individypl |ig P&OP&EIM aiphteHsed as havies grqOﬁélrtlom(ymafep@am%’b or is properly
charaéér?%heassﬁonc "Iﬁ%ﬁg Oond iR (Gtrﬁe% h@?& a\gﬁle 1?’ {ﬁ} %gg the likelihood

Icrently ng to pri heS|s
that tloke sidividuadxis empraperlyr ddticterizad tvhﬁh sa[id Q&ﬁﬂﬁl@an fallsféeposxtwe”) or

ase. The exact |ength of the primer w|
o e P e GO A T 5r e WAL AT O, A 65 GBI
and pol yneri zation tenperatures source of prinmer and

t A usdEhdioid, He em ‘Fc@he% tg%” Fe®drs @H @Hﬁh‘?é&tid@ jna first nucleic
ppllcatlons dependi ng he conpl exity of

acid secaiepe th@%ﬁi%ﬁ Biéth atﬁi@mﬁu‘%ﬁ@ﬁd@ Ilre@tqf@tenmnmc acyqb smlengc when
the ﬁrgtq{ﬁtc?eﬁ@ac‘?&‘ gnc?l%fé%énc%ﬁlglen u%éde é) tqlagrgcsés arliglealt novg o&]égnmgr'&){s

nore nuc

perforinedpfov edarhyie d@l (ﬁfemf@kﬂﬂnttﬂi@art a4ing Siftvat ﬁeélgﬁ&ﬁﬁir fifis purpose. As
prinmer are readll%pknown to one of ordinary skill in

an exaple gF RUcleptifes BObSPISSEES, P T BEPoTRIDLbeDDe spaeneed -
| ‘e ubj,ect_as_ ..
TATISPRO TARAGNINS, SN0 BN U i
positiom¥£09 lebif GereBargk X erebcbi #KH 158234 of ECRIBJ &, vice ¥@6h. Fhe term
correcs:ggndmg ?so reﬁ‘ers for example, to the relationship between two specific binding
partners — that is, one member of a binding partner pair “corresponds to” the other member of

such pair.

As used herein, the phrase “close to the amount of reference or target sequence
present” when used in reference to probe concentration means that the concentration of the
discussed probe or probes is equal within 80% to the concentration of the reference or the

target sequence, whichever might be discussed.
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chicken, a bird, a nouse, a rodent, a primate, a fish,
a frog, a deer, a fungus, a yeast, a bacteria, and a
W@ R200a40256he exanpl es herein are not nmeant to |POT/US100€010699

nmet hodol ogy of the 5 present invention to a human
subj ect only, as the instant nethodology is also
ugafudbd héreinhe “plob€! fferdto a/8HE bf HRgdubREHidd MFingddH ddSE{amlng a
sci ences, research |aboratories and such. As used

sequepes Whigh 15 anaplpraentary tp enether podynusteokitis: ei& ya tagget polynucleotide or

e
onoth UL o fic? Tnk BEABERRhso LLRER|PRRS dbibeRoreip e ideally less

than dDieqgel 0s 660 aldeotides &rlSngth), typiosilypbdtiveéry40-600 gnglesideat e
an increased likelihood that an individual does not

hagve a ecific, 10 conditian. Myre particul arl
%éﬁﬁ%ﬁ% in, {Herase { BT @Tass T Fefsrs £t RRoRet hat e ghysically
assocﬂafé@rvﬁﬁ?&%ouhﬂ If@édcﬁ%%rt Pateftobfdiay ibd ge{lnc{‘ﬂ:sea% Bther by the
condition as conpared to a second condition. re
associgtien pﬁmoablnghng phdigpr osdistiesme tlertsrm & defiped besm, wtvhrditgy but not
. .. there.is an sed_.likelihoqd,t. i ndi vi dual
timite1 85 b i 5 et 08 3 SReiois SoRVEHE b ooyl g
bondspesbihdve via &btdn’iipﬂﬁéiﬂ ﬁ{tér&(ctl&lb AITaE kel ‘%ﬁff'e@ﬁrdﬁ@i” éi')@éﬁ'nﬁ&ses not
a condition ("true negative") while n1n|n12|n8
only proles|tha @wpall@dtnh atl: ltwgﬂtlpmhlpub@u also p@bpmﬁse@eﬁe yn hlgher order
ri.ze h conds t fals
relati RRHERE LI kS8 FDAR SR GRIAGeGRF bf bbb pairing

with 208t 4 58] 4 cﬁ@rrdolbculéls etcf of &@cﬁﬁgpﬂob&)@ a9 lonA\%is Ueadtio is known or at
herein, the term correspondl ng to" refers to a

least GonstpRidPY @ 81vieR sef afipralies.n{a| gnpaired prebes dxuprabe (¢-Bap first probe)
[ eloef | &
that is2ioh ERRICHIY Be B HE AN ' ndorRely” ARG U, The
“pairingf @neccer thmughlone anmdrmlqp@enmhecalee al i gned.
Al'ignment is 20 performed, for exarrpl e, by one of

S Eisglggdeﬁertg@ethg:p us! ‘n Of t F(@gﬁqs }arggees? rﬁfggt%nt to dSétectlon >and
1renderi-‘r%r a@f%@gb\ es résﬁ@an?t@&et&ﬁ%h* féfé} td Jché)tﬁ edtfEnt T %L}ﬁﬁ@l%edsor paired
TAAAGGAGAA-3' (SEQ ID NO 1) "correSponds
probeg gnchithas theyrue nelofubstantiglly qgtpstedu@ fheatuclin acid dgeeticBamithod
o 8 5 o RG0S, oy M B 55 e B

or palfedlpadsbds mehic td eindeetheth Wesignacd ﬁét@cttﬂn%hﬁ%@@le@ﬁtﬂqbﬂ €0%, and
is, one menber. of a binding & artner pair
Pfefefa‘@éirl?Sé Sywrads of Be signel isrthepudleippeid dstectionaisthodiemploged to detect

unpanléaﬁﬁjolﬁ.e r’ﬁfegyhratsg ereﬂaérg%? bElaRRE H?)e’é Ha% ?ﬁvﬁ%m&et&fu‘?n is equivalent

erence or target ence resen
to the terfne ‘biulieg "ty “pequbgediogioreltrappliehtorpralys. f[\ftﬁlt-hmhﬁlg examples of
di scussed r obes,

weatr g AT kT RV oY EOTRA? ARERE (OF B U ReALbY.

cross-gﬁk1h§ ef §1Q>bb 6 BBdet SEAMGBER seiineO 8 R anBi8PhrdB8, or the physical
i scussed
removal of said hybndlzed or paired probes.

As used herein, “binding partner” or “binding partner moiety” refers to a member of a
specific binding pair. A specific binding pair is a pair of moieties that specifically bind to

each other under a given set of conditions; “specific binding” refers to the binding of one

10
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9 WD 2006/ 102569 PCT/ US2006/ 010699 As used herein, a
"probe” refers to a type of oligonucleotide having or
w@emwbad2sbng a sequence which is conpl enmentary POI/US2006/010699
anot her pol ynucl eotide, e.g., a target polynucl eotide
or another oligonucleotide. The probes for use in the
membE bNE Haies el UG n@hiRI: Bf ﬁfe%airqg A dbbt8HiEal ekaﬁgoﬁ) bf the binding
equal to 600 nucleotides in‘length, typically
ofo&mumem@eﬁm@maﬁumamtmwgom@mmSed herein, the phrase
" paired probes refers to two probes that are
t. or ¢h ot
A HsEPhordo, BRIRELE EhaM RS ok o BHPS k2 TR Sl oty o

interactsgitic & aﬁdondl bﬁfdlﬁg/phrtheﬂﬂbi’@w Tefekerthdseie@vir@smésgaltdo@ditions that
termis defi herein, including, but not Ilimted to
favor BRRHGEAAR oF RReTR G HaEH5HOB Pt U Membes ita shgasis Biding pai
Sch SS9 AL GRS M P o
be deterngionp by ses ofkill iIIDthe afty Epempksy ¢draliticas éndgdeder leridivigg conditions
as des%éiléeé{heelrgltg:oggg y Bst e gllt,geog péo%%?tfop?%? Pl%lhzgcr?nd_geggy (er l:g:rl]oevxr/ when,
for exdmple, ﬁle%lncﬂﬁ%parﬁierseare c&ﬂﬁleﬂﬁhﬁ?ﬁh&l&fz a&@%e e‘ﬂp% Such
pal ring or nol ec
condifggnsgplsoanelnde @p@b‘@)tantal;absom@ d@otnpetmoasetquem@s,lqnoludmgrsequences
st ¢ nsta t.for iven set. of probes.
preseiti p f08G RGP tor Hhofi HEug B oJmell gt be

deterriiéd. WathitOthe RSB dsdeb 38 ﬁ%irﬁ‘ﬂﬁ:dstéﬁ 61231&%@91%8& glfrtner
another (e.g., a second) probe pairing” ‘can

mowtl@é ELPTOPRY euggIsHecthom underecondiione thahmreum Best bindinggradiner
moie P51 ot N8 PREBEEFnd B BARHL 90 B30 S8 05 s s

e.g., fasldxsmag aottattngdebdlestwitndanipdd Sicléio atils or itesah RO ddking such
ridized or paired probes such that they are not
ComBQ%fstantlally detected in the nucleic acid detection

met hod enployed to detect unpaired probe. By "not
suhsk@ntdrath the @&hﬁ‘%%@t ndci-:eld'fﬁﬁ@t refd?éifo J‘g@gﬁffﬂl@(ﬁﬂe Hhots

pai r ed (gqqeobes treated to render themre

amomttés @cbq rgwradiin bunepleesdativiedn a I frearechuctrieddd A4 Starget
ot 55, AR 20 B0 ¢ A PSR oPBh om0

nucleotides mra@&feﬂasndﬁmm Ju61500 nasdotRIes BEScAaR 1§ﬁg@9t At‘Qarget
detectlon is equivalent to the terns "hiding

nucleie ggigy) e£ therinyagtionkambapprtreliyoscyring eglynmdnotlderﬁ £ mge existing

in natlr?ré & oﬁtslinﬁflan 13\(6?\2%}%@% %Ir %g glé?@%ﬁéﬁ;lxxlfcﬁeoglge Udg/,pcgn%gemstmg

only witlolssndn intervegtiof), li).{dllhﬁng buttndt f@lte@to Fedbeti € DPRA, SPNEISsmid
or o anot her ob or the physi cal = renoval of said
9,tg RYids RN, %&}T obedarget polynucleotide also includes amplified

products of itself, for example, as in a polymerase chain reaction. As used herein, a “target
polynucleotide” or “target nucleic acid” can contain a modified nucleotide which can include
phosphorothioate, phosphite, ring atom modified derivatives, and the like. Target nucleic
acid sequence necessarily differs from reference nucleic acid sequence, such that target and

reference nucleic acid sequences cannot hybridize to each other under stringent conditions.
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As used herein, "binding partner” or "binding partner

noi ety" refers to a nmenber of a specific binding
wW@ai06/102565peci fic binding pair is a pair of nOPEL/UEN06/010699

that specifically bind to each other under a given

set of conditions; "specific binding" refers to the

biAzdise@heking tie tdith WioR0afkiddy2eRss {0CH ISR 0A L O6SR probe to
menher of the pair to the other nmenber of the pair to

anoth@lh &olloyring a specilic pysicakiniracsipn brivesn Hf i prebesot her

noi eti es present in that environment. As used herein,

th W Y

 PORBIGEE of BRSO Rl PRI syt M ueen o
nucle#oalciquumesamywetwm Iiodlyrtebn&eseqnmcem nHemb&lgy can be determined

conditions.that 5 favor the physical and/or chem ca

by COpIEREE PPOHOT R 6 SIS LhIGh ﬁ’é@ allereds ObPW@PHRY 9 spmparison.
When G Hal Rl B85 copirel Sihanip gbﬁ‘%‘é‘“"még nE st B fino
acids,gherotie nasfleasikdslare homeolagowsrat .‘chaEX@mpilm P degnei afihonmlogy between

sequehpe%%%%%?hrﬁﬁlp ZI n %ggfgnatc 18% 8t ?rgﬂ Sgg{isl &ﬂ%gwrr]g rsﬁarcre]d B}rf the
sequeBidsi AGCHEY]aed" Q@" M- hoMGID gousf 88queNahaks 1458 ehadl 4094 Rlntity,
artners are cogg}enentary nucl ei c acid sequences.

thouggwferfbly(:lwdhm 4 idgngty, witkl anather spsuendsst ant i al
absence of conpetitor sequences, including sequences

g fA%StEQ& héI@lnatH'él{&Jn’F“lﬁol%gicgl ﬁﬂ%ﬂp{e 2 % a Y}'ﬁﬁlgt%a%%ﬁ tﬁﬂc&loglcal

a target sequence |

sourcerartchindbidele §mraxlam@1d1 bloei ysertnhepl sse) sp)ituml h&agegﬂﬂd;@td‘t@ospmal
.. partner noieties or,. probge nprising them under
fluid, gﬁﬁﬁlsF?%%Weﬁ%feaﬁseF?‘H‘g é‘?ggebi ndi ng partner noiety

to interact with a second binding partner noiety can

bespged Hér@iﬁdt}ﬁﬁ)hﬁasé eﬁ@fs&hﬁtoﬁi&féﬂselcﬁezﬁfage” mb&1s! R ark,gven nucleic
contacting probes with sanple nucleic acids, or can

acid pseleLonthiis ang os getie clesmicalanodifjcatiags us@dlcnealea.tmbutds ehat render it

e s RERNETE ARV LR G B5h b S BB S o o
structiifal atribige. tNoxﬂlmﬁﬁlﬁgﬁé)&ﬂﬁﬁesﬁﬁ@lh@é €had§ésto’ thdsghdsﬁli(ﬂﬁéster linkages,
nucl ei ¢ acid" contains known seguence o | east 20

e.g., thgpchsiongd @ thig} bnkaggAnd ﬂéﬁ pregamse obgeconday sireasttede g, double-
strano‘ggﬁﬁ[%s %1%{15%1@\@% ¥tr£}ﬁfe Qo%% atll g)g}q &?ngqu'?ﬁé gl%fecﬁfét Iééﬁrfess

onger targ e AOCT el ¢ I'nvent
suscejtétrie’his naean‘azitl]eat l@% dewerrdléavggoleynueltod todn(modified prishe
istin in ature Wi [ hout hunan intervention), or a

underrtﬁec }ﬁas‘b FO1Ige FRUERNS- (i . e., one existing only

with human intervention), including but not limted to
JARQAUELHEMI, tHePh “ReRNBIY” refers to the state of having a chromosome

number that is not a multiple of the haploid number for the species. For example, a diploid
cell or organism having a total number of chromosomes which is different from (e.g., either
greater than or less than) a multple of two times the haploid number of chromosomes would

be aneuploid.

As used herein, “polymerase chain reaction” or “PCR” refers to an in vitro method for
amplifying a specific polynucleotide template sequence. The PCR reaction involves a

repetitive series of temperature cycles and is typically performed in a volume of 10-100 pl.
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DNA, total RNA, nmRNA, tRNA, rRNA. The target
pol ynucl eoti de al so i ncludes anplified 25 products of
w0 t@el162564 or exanpl e, as in a polyinerase chaiPCT/US2006/010699

reaction. As used herein, a "target polynucleotide"
or "target nucleic acid" can contain a nodified

The réHeGbL ATk B6mPeS INTPQ (428 oo el foﬁﬂmnﬁ%@é&ﬁue@a&w dCTP, dGTP,

hosphite, ting atom nodified derivatives, the
and d%ﬂ%b primgry buffpnacDéTu‘\cpolmm@smguerdwnn&telelgémmpplymerase and

e Ie|c aci.d s n « »
polyflibofleTep b, G PR PR Ry Er B SLP T 2 dbo ovetes of
denat@ratioindyyptiedis € ab@ly@aélbotﬁiehﬁélebtﬂae r stringent

conditions. 11 WO 2006/ 102569 PCT/ U82006/ 010699 As
useg1here|n the term"cross-linking" refers to
TEA SN e aaflsqs*r%@r%cp@alm@es t&wos@}fecpmpﬂ@nmﬁm@q@nces
| r
that n¥ %‘nfl h 99@513 %‘rrﬁl?dc?g ﬁﬁtﬁf@% %gf’a%écﬁ’@fﬂo&ﬁ %cra(it}’&e}?@ t’%keecv?/o regions
of thes)élgummt@tlsic whiclr ¢d11yprtse tthﬂmmbtefﬂrandecbitemcregoh dre substantially

o B RS e Sh ol S B RERYBSBLAC BROUERRS o ey ine

one of MoRARRNHRALE RER 1S CshdéI@dbsbS‘r Rldt0E dﬂfeo'ha hRESRACOT as used
conpari son. Wen several positions of a conpare

hereing equ@ddafeomile comptipt suglbptratiedsegren(spbhesextendafitomdhe double-
strancfaé % o hentthe nol ecul es are honol ogous at that
5 gh TR degree of honol ogy between sequences is a

function of the nunber of matching or honol ogous

positions shared by tipEScRIPaIONs. An "unrel ated" or

"non- honol ogous"” sequence shares | ess than 40%

identity, 10 though preferably I ess than 25% i dentity,
MISBALANGINGAPCR REACEIONAT ATAVERABLE TIRE TOALLOW THE
REDIREOCTIQN@F THERPROCESSrs to a liquid taken froma

bi ol ogi cal source and includes, for exanple, blood,

S \fhBugPPERMRa cERHOMM adc@t@&ﬁieﬁﬂoblbl@gy ﬁﬁﬁ%ﬁ%ﬁﬁpbﬁ%gy, the basic
fluid, urine, senen, sweat, tears, Saliva, and

idea behijg thipgethadalagshes phangpdvestidistiein'thepass 28 years. oThe prlmary reason

"~ for thid li'§%1§@13@R%|a§ &W&Fthe %eoq&%latr% 1%% &m?(x%ﬁo g;y\&l li alf is a1t5 oﬁtﬁa’c can

contalns one of nore C IOﬂ

detec&b(tremblyrlabv dqiahtitidsfeacleitakid @gegiced dnd it efteved $e0AEE Hidgh
1o, nucl ease _cl eavage than a siml ar_sequence w t hout

quantitaiiye 2palveis c@ns oith 5Fecu§r§qg}gplg}p@p with RGRy raavever, has been around the
formal¥Bf of ?ﬁméﬁqest L Oy n{i&%s e HEQ P‘di@ﬁ@ﬁﬁ e tﬁattrﬁﬁie th(?seaPCR products

phospho ages, e.g., usron o
unusableiinmanynkpli@tioand t he presence of secondary
structure, e.g., double- strandedness versus single

SRR, DUEhe bk g R e B RSB oTBAE LS
unbal&lc8dVvAQAs VRN, the k@ URbAIAndRE™ SNt BFhRIPRALh respect to PCR
refers to the use of PCR or a variant of PCR to produce an amplification product containing
both single stranded and double stranded nucleic acids, i.e., to create either a single stranded
template and a double stranded complement or to create a double stranded template and a
single stranded complement. The purpose of this misbalancing is to facilitate
differentiatiation between the template and its complement, thereby permitting downstream

reactions with one, but not the other.
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under the sanme nucl ease cl eavage conditions. As used
herein, the term "aneupl oidy" refers to the state of
whaosenoeesed chr onnosonme nunber that is not a nul PCPUS200§/010699
t he hapl oid nunber for the species. For exanple, a
diploid cell or organismhaving a total nunber of

C feneseE POREles| & radcfidemBitirelcoftains@n Gssor@hdn 6f prt%ﬁucts. A
e

greater than or less than) a nultple of two tines .
way tp gpshaiagcn theyesction at tisoviegsofsinwodiag anisacess @f iediul] .or pertial

M [1] al n re '. n [1] CRI

comp 3 B8y SUHRAPRE oGS BOERAAD, By TR excess
primes raefeiied t@héuslteotdicapt @imdnateoselidiepie sedidhcBERT this disrupt

reaction involves a repetitive series of tenperature
sequeggfcis @dowpit kybridize da fheysinge steandadi PCR niodustts half of the products

. . / 6/. :
it o3850 A2l SO08IAERE T BRRER ROR Tt 1,
Note ithetthy docble strardied cadtpRmedCiRemplatdwill astdediicbf)inuous sgland, but
rinmers, buffers, DNA polynerase . e.d., a thernostable |

rather gy %ﬁf%%ra%‘%{n thnequ ¢ idisfuPteragmse Biectiae piappsion of
the or[lg@ﬁﬁ#)ﬁﬁ{ér BRY isGRP bBplelentell @ tRX@RbEseqredR@. 100

"“cycles" of denaturation and synthesi's of a

pol ynucl eoti de nol ecule. 5 A "hairpin sequence", as
u

Jherefrse.dhivugk dripsimplemethod o6 nfishatpmping Wem fisal \PCR reaction, the
. bl.e- st ded st
o SHERREe o SO BB g

of the oligonucl eotide which conprise the
doubl e- stranded stemregi on are substantially
KNOCKINGoark NiUCEBIE@ACTDS{ FROM FESWREMETHECTION BY PCR OR

OTHER NMBTHODS REQUIRINESENGLE STIANDED DNA i ncl ude one
or nore m smatches, insertions, sideloops, or

deinet bAdBas abhRved@btaR wher€ tHeQRSEcd produdiS A€ stId\@F@HEd and the
can additionall i% conpri se singl e-stranded region(s)

undesirpd progdiete gt 4qublp sigadesb ane ean leel tdeublesanrndsdgelsic acids by

oS AR PTG s s

strandPROBDESSill EuWemliHmu:lllgl’be Blﬁﬁhérgpla?/ﬁoﬂmt] Iy:acgcitﬁl@ e d%quire a single
t hodol Qgy i n_nol ecul ar_bi ol ogy, the basic _ idea
Stfandgg EPTHY SEHT 4 %{%%‘E BYyridizpdionpnia o gyith qertain Buqrescepedyes

specifRE®sinefe #BAHSI nddi&ic QEiPW a?&g?@;?’s Yaloud Rlodifled HiAL |

PCR has served the nol ecu gy conmunity we

It is a tool that can
Essentially what has been achieved through the cross-linking, therefore, is the

inhibition of further activity by the now unnecessary complements and the isolation of the

desired product for further testing or other uses.

USING PCR MISBALANCING AND CROSS-LINKING TO DETECT SMALL
DIFFERENCES IN NUCLEIC ACID CONTENT

Detecting small differences in nucleic acid content or providing accurate
quantification of low concentration nucleic acids is an important goal for a wide range of
diagnostic and research approaches. The method described below compares the relative
concentration of two nucleic acids by eliminating the common background through

stoichiometric pairing (which need not be one to one). The description that follows discusses
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detect extrenely low quantities of nucleic acid
sequences and it can even provide a rough
w@o@aioses i ve anal ysis. One of the recurring prODUS2086/010699

with PCR, however, has been around the 20 formation of

a nunber of by-products in the final PCR m xture that
the ondR 6nd pAFLg BEMIdNIOHAS Snd 14 li BustBtiGBPYrposes to Fi

applel cgétil o%s Descri bed he%e?ﬁﬁlﬂzua net bf;' %ﬁ}ggﬁe3andthe
notatighuseB@RFigaedi on can be sel ectively unbal anced. As

used herein, the term "unbal anci ng" or "m sbal anci ng"

f t he se, of r
P SORRAE BT 6 58 S, O s reernc
(DEF):tDrHe&bmpBg:d25 el chhérl an@hteowtcbmwumdml@@ﬂbﬁnﬁgm@m ekk
ic acids, i.e., to.create either a sing

quan’f%x ?étﬁa desired SpeeRees Cande dncensed. dNasy a%sﬁal@dhq{céwp Egﬂ?emp o

|
prorf S SRl A SO PAEIPI S ASTALAN St yBAIASD e
partial squence §eB) thatis epprdkiniatele syuisilemtto anedion ve e ﬁlfget template (B).

By a0 GREAF o S VPISH0 i1 GG A A CBie st OFBE cPe ey cayizalnt
partlal\@qgé?f%@/(ﬁl@@ SRRUPERE la}%%ggﬁl/rg%lgﬁ 4 the@cr al § Shed o ﬁg%arget
l es, a rfeaction m xture contalns rtment

templzﬁﬁ 6@)4 CHls rexersa prifer mrgb@fd@rwetthephMS Imfe]medato dshiBF’.
stage is to introduce an excess of the full or partial

VR PR SRy I St b IR el B RS TRORm s Step 2 of

Figurd Eﬁvﬁl b@ﬁ)utnd i EHeahknas, THealiffilUBY UBY inSRAUBHSLUNRE analyses are
‘di sruption sequence." |f this disrupt 5 sequence 1s

prohibified bydlee preserge pf pmeroubirpgraenss hgt eandrinditeden d product,
1nh1b1is?1§ ang% &et%Hogfé{s rl]agcgrgc% F[ﬁféqg prere%ﬁsi)alg)r c‘ﬁ? S?’gfgi?%gct1on
beconss irapaokenht.( Fi gure 1) . Note that t he doubl e stranded
conpl ement or tenplate will not be a continuous
xhi.bi.t a break jn t

%&&ﬁﬁ*@g QiR 8015151811“&3% r({} @é’&t}bﬁ& ée%@mew'} the target (C’) and

the re\%ﬁeq{iﬁh&rbf Fhe refdibnRI(FYianakstBblishBig HyIBﬁle‘aﬁoﬁ‘ &ndjtions, the double
onpl emented by the di'srupt sequence. 10 T her ef or €]

Stfandtﬂger e PHIMSTS IS ﬁvméedréf the domﬁtlfmsmhghtca mighsténeent pxtension on

NS e T e e
referrddd aN@Eh@tﬁné@é@ﬁc&Rm iR -ﬁEﬁEEk GWll Bt SI6RwWHR double
OTHER METHODS REQUI RI NG SI NGLE RANDED DNA ce one

strandipgdbofferevesse grigesy ynder hruidizing{extaeding eendifiensuthey wilkalso bind to
the coﬁlbfe%e%t f&ﬁﬁlﬁ&gf& 8 Lﬁ}ﬁpBF E’D’), and on the reference template there will

be a short extension to double strand the pB sequence. The forward primers will not remain

inactive either. They will eventually (although statistically later due to relative
concentrations) find the complement templates as well and by hybridization and extension,
they will double strand the rest of the complement template with a small discontinuation in
the new double strand where the extension of the forward primers meets the disruption

sequences.

Now that the higher concentration disruption primers and forward primers did their

work, the original templates find time and space to bind to each other and extend in a
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15

15 undesired products are doubl e stranded, one can
| ock the doubl e stranded nucl eic acids by pernmanent
woroosamsper manent (i.e., stable) cross-1inki ngp¢FU§M0€010699

2). Cross-linked double stranded DNA wil |

subsequently be an inert player in nost reactions that
predefiggilii toel autidi Wilaerensifiisainel sitbwrOmBteS3 6NFigard BI ORI t6 el € 1

hy brldlzat|on interaction with certain fluorescent
palrmayé the agjginal fqnesp ef@s d4f thgreds an pxgeavel the trestctherswidl bepargle

strano‘% eft oYl gﬁ E)&%gs (% (O Perer: eEﬁ%?e'\R/ [iAhd Q{ngﬂh hranded
een ac eve rou e ¢ross-171nKing,
DEFpBh Efeémr Rveindf ﬂheempllam ﬂalringcxﬁaafonflyﬁéthﬁffea? thetelastv®ylifference

now unnecessar npleﬂents and_t he isol ati on of

th
betwephfhe tagef e [srGETIBE il oeHaeased by ﬁgjmmmmgﬁé? absolute

differd}6 Snd H3hbGe PR A BB ANEH NG A2, CROBR AN e o5

Detectlng snall di fferences in nucleic acid content or
provaxébtap isste chidat éhe deubletsthndsattrivoteiodcidsofom further reactions. This

oo b QAR B PN P BB A B8R Sy
degrading fiegh d)@&ﬁfss-hﬁldmb ehediy 16 S E5Fibh@ 3r18b ahidB” of the double
ncentration of two nucleic aci by elimnating the

Strandeg AHEpicBEiER Y parerneAty egwngtmme@ﬁmcmsa-lmmgu them to each other

s shoish A8l APy LRyS1hr % 50 HEBLEFbELe A

that 1stdapah}e] ef bezomiieg iagle iswandet, sredlag succassifidsy Radveeitsactions from
Il ust raél on.purposes to Figure 3 and the notation
alldo‘ﬂ}g%ﬂt@nﬁle 6§ 3. For this approach, assune that the
t wo nuclelc acids, a target (ABC and a reference

(BEE )iet‘é@tl&?tO@PﬂEQ%&% %ll%@?}é&{ﬁ%nt?ﬁ Serfl- aérﬁi’é{nent cross- linking is

concentrations. By performn uant I t
PCR. Lh@edelsﬁlveeﬁffemqg@mf@s’ercanalbquanrmuaseaﬁwlemmdamlhemasﬂy

acec 2R, BB SRl e LR R L S 55 SBanced
moleculRg f+FECR Infidd priecddiSLausesieon( B fotvitall Fhﬁleﬁpﬁf B&ﬂhﬁﬁé %léget and

equi valent to a region on the target | ate (B)

the re%fﬁpélﬁ@ Sanipdates (A é@ﬂ:DvamwelM; agediaedyt masena Qrermsied waht add new

nately equi valent partial sequence
revers?%gﬁi}?sv\%“%gé ‘'nd a desired region of the original
sequence on the target 10 tenplate (B). This reverse
pThergboveanethdtplogf @ubhicesimphyphadified sushatharthe thrge aad reference

are refigsed, pifo 15 %3%%%&89%7%%9 aijhes s the original template

sequences.

In another embodiment, one can create systems where the reference nucleic acid that
the target is being compared to is part of a standard dilution with known concentration. This
would allow for accurate bounding of nucleic acid concentrations by determining which two
standard concentrations the target nucleic acid falls between and potentially by looking at the
final relative amounts of target and reference, and estimating, for example, the distance from

either or both standards.
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Figure 3 will be found in the mxture. The difficulty
lies in that many future anal yses are prohibited by
wo b@oporssence of numerous fragnments that can bPETUSH06/010699
our desired product, inhibiting many nethodol ogi es
| ater on. This is where m sbal anci ng the PCR reaction
NUCLBIOATIMESAM®POEL ant . By addi ng excess conpl enents (C,
F) to both the reverse priner of the target (C) and
the reverse priner of the reference (F') and
eghahhélsiiaem Swdld Wivaath 48 n&é!e&ghstde%ﬁ)ed heRifIaEAbElied can be
stranding of these priners I1s tavored. |If the
from @yragirdeo igequertly, ithghample caniwehielvgicekietesialbwhich is isblated from

its nat%% %%%e Hréelr]ilgﬁl{id «\:’%ltalgﬁ da? Ubllgﬁlécﬁ%%gg the B?alr?e(%l 5t of ;}urr]iﬁaed or
isolatétl SolyARIclF 8,8 HEdAE @B mpribea Blofdgidl kaiple SAMLRACLSEssW bdmple, a

.. hot stop with double "stranding both reverse prinmers °
biologifrd inichsamilelioz pregil exmpln ¢pmgrisiog aipelyorelcotidreyA widlogied! Syid

T L e

lavagdsearal Istilosphossisaasiples. “ondisibidd simpledat bed@eaaeie apint,
. The faorward prinmers will not remain inactive either.
animappagieipl or vapbeRUbes: | SAPAes 438 bg Rbtainedifam diffaripeisawises. due
. " | CC [+ ] o
inchudifl, UL 0 1A o ARG o Ry 6 AR Al Boppenta
stagestdfelye sand ordbffirdent intividudlss didferens tisedsed helividugd$ &ngnindividuals
., tenplate wt smal I di scontinyation in. the ne )
with 088% eEsSePfo 1 ¢ gRuelg fispRiepnnymal HiYighgle cittorent disease
stagesRIftREEa9n 1 FerbREin@ivRIvdR! Indlid BRINBRERE to Mfréﬁi%seg&e
hi gher concentration disruption priners and forwar
treatment, st widulel suthedted to3iffeventenvirhementalgfactats, beindivadwds with
.find tine space to.bi.nd.to each ot her.and extend
predisphffor 5 Gyt 8R D St apiik et Busgnrfituali fupeent
(e.g,HOV)L ratio. What renmains are shown in Step 3 of Figure
3. Due tothe 1 to 1 pairing of the original
tenplates, if there is an excess of the target, there
WEhinples cid M9 Be obihined 4eth MBS0 b@tdre @M &Hies, CElId BEHBel S
an excess of the reference, there will be single
polynyelectisgecentagimp ureast (The velturedamplis cantee ekemplremeources

e e B T ——

and comditiond €e. g eHEpreedhird) or faRhpdk Aiu), RltiRe (@RS Atsut @r cells) maintained
.difference and reducing the common background by equal
for difigyens neriedapblgngts. cublurrse-gs tisyeios cells) tiepigd withrdiffawsnbfagtors or

reagerﬁg (&8 ,d§ &ru%%%cﬁh&te?&j aqﬁocﬁlflﬁ)cg})f o éu'?tﬁfes ro?ﬁﬁﬁr@rﬂ%ype-gl?)lfﬁssue or

cells.

Furthermore, samples can be obtained as a product of polynucleotide synthesis.

The sample preferably comprises isolated nucleic acid from a source as described
above. Methods of isolating nucleic acids from biological sources are well known and will
differ depending upon the nature of the source. One of skill in the art can readily isolate

nucleic acid from a source as needed for the methods described herein. In some instances,
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can be acconplished, for exanple, by selectively,
physically renoving them enzymatically degrading
WO b@102569 cr oss-1inking them In Step 4 of Fi geeBUS20061€10699
“hi ding" of the double 10 stranded nucleic acids by
permanently or sem -permanently cross-linking themto
it can ®3@fvatdpebus toTraghiRnhithe nhclelRe cIrhERELENNTRE hedleithBld sample.
follows 1s specific for single stranded DNA or DNA
Fragmentation sa hpeasidemeer ihewobs spgcidicna ashisyed foeekamples ubiag

. I - dyknteractions f.rom al.l doubl ,
esoi SR S BIRUR A 36 B 5Bl SRGRA gn
the arghh@inchelefan exdmysle, 188idd PHARS apRktid), lkah kieidticngandphybfeal

PCR. Large relative differences of even small
sheariggant i ties of nucleic acids can be easily detected by

PCR, although it is necessary to prevent further

C - . 1 r

1P ety e doul BRI ELSEM AL £ g
pregniggtvipnidne Ihdinig @tstamnel the senple tar Enamltzedpiiag €8 dthaddddderibed

v SRS B P, T B A e
collectatfhag el cAATRkdd, RR eRAMPXhdMEbd,is8inS PERmah&t sohlEfraction

target and reference are reversed, or to focus on
thereof'e by piefartpdiamebosimentetive saraple candisgs of paifiadnwicksid apidisblated from
Q{r&l es. I n another enbodi nent, one can
thebléreataggrg%a?’g%%\%ﬁ'ere the reference nucleic acid that
the target is being conpared to is part of a standard
diAnalysie of Biood plasmarDNANEE Kdviealed dint it THtEmpaded Wi of short DNA

al | ow for accuyrate bounding of nucleic acid
ﬁagm@@fﬁ@é\ﬁﬂ%{%?%—%ﬁbe AR ARG GRS BRS SR8tes {Thpiganant women than

: t j r ' ' )
i oSSR Enb S LA SRl Pl 50
plasma N werofhort@r gebvaagt thed mnend fragmente §Charpdtiahg2 0049 Clin.

Cren P kBB A L bl sl
fractiop@Mids bf gg@ﬁen Wab%h tn ACiaft ?xgé(}ﬁé)@s &f‘?sédM’do%rbftnlil@lef&Eicm%m blood

[ erein are appl can b from any source.

descri
or sern @gdasetihed inhior sxample Cham etad., 4990, Navge dddd. Bal @3- 8035 and Lo

j i s . i,sQl ate rom. its.natural enwvirgonnent .an

ot al., {95E Lo 3G R0 oS i i co B B emi B e
preseried loff fdt&l DA ib mas@hat@abnROInREfine O ireRr, PHallah e£AN(2004,

corgjr i se a_ biol ogl cal sanple such as a tissue sanple,
J.AMGA. 291: 1114-1119) and WO 95/08646 describe methods to enrich for fetal DNA from
maternal serum. While such enrichment is not necessary for the prenatal diagnostic
embodiments described herein, the potential for such enrichment could be advantageous in
some aspects of the methods described herein. Fetal cells can also be selected and obtained
from the maternal circulation (see e.g., Bischoff et al., Hum. Reprod. Update 8, 493-500
(2002) and Merchant et al., Hum. Reprod. Update 8, 509-521 (2002), and can serve as a
source for target and reference nucleic acid sequences. For example, sorted fetal cells can
serve as the source for target and reference sequences obtained by PCR (see e.g., Geifman-

Holtzman et al., Am. J. Obstet. Gynecol. 174:818-22 (1996)). If the fetus is male, then

another approach is to use a reference sequence from the Y chromosome; such sequences can
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bi ol ogical fluid sanple, or a cell sanple conprising a
pol ynucl eoti de. A biological fluid includes, as
woomvel102564 | ng exanpl es, bl ood, plasma, sputum PCEF/URN6/010699
cerebrospinal fluid, |avages, and | eukophoresis
sanples. A nucleic acid sanple can be derived froma
be obfRiRAfiom &d1l-B¢ fetNTN LM e Rterhl @cuffidh ¢Re e EKEAWRRRal,
be obtained fromdiffering sources, 10 including, but
Am. JnBharniappgeagmics, 1: ldnp(2991Y.r om di f f erent i ndi vi dual s,
di fferent devel opnental stages of the sane or
di . LAdL Vi . [ r L,Se I hdi vi dyal s
(W S 1 Ol R o B bl @erd WEERBE RO ANt oo ve
applied tg eeadetartion sOamiesbnormalitii therepredertstios of gérdetieseditences within
di sease étages of the same or different 1 ndividuals,

f

the geppae., ftdga beersthepatha bleqs Ripsmasindrerummn DA &om ¢aagerhatients

W lc VY I ' t [ i | 5. .
contap S AME GRaciife OF AN DN (ChELEDD. S0, NARFERIA 2 1035
Nawrqradttab| t36, Naturé Nobidyv2:01085s] 0817 ). HTweamgae ater chataotedized by aneuploidy, or
. I nf.ecti oys di sease agent ée. g.,. HV). Sanpl eg can .
inappropLipe MRt A RERe 59BRRGR O S YRS HiprasnIess J8g detection ofa
differ&Rb S the @i RhP6f a giRO YRUEARGH h d&EmERME G Bh REIVAMM] &S thus be used
. The cultured sanples can be takeh from sources
in the idiaghosi$ ofganbert not limited to, cultures (e.g., tissue

or cells) maintained in different nedia 20 and

cendi f4 . (9., pH, pressure, or tenperature),
cg?%%JNﬁa wa?& tissue or cells) maintained for
different periods of length, cultures (e.g., tissue or
c&ht sjetitade desetibed héreiai fhéititagnthe daetiivsofdiffetef&@an tie amount of a
8?18" a drug capdi date, or a nodulator), or_cultures
target gpclgicrackh wrgusaypreEense np¢leic agidsequenge darge puckas Agifsinclude any
lei 38RIeRS: Haf R '
e G A Bl B Ao B Hohofe SO LR by
versusdisdas¢indviidhals: dhenanso DNYeisaspetéayrisbfud as akauree of target and
Met hods of. .isgl ati nucl.ei c acids from bi ol ogi ca
referelGh AHGIRe SIS ol KACH UG AP ISCIPY Y B PG Wb
chronfob&m# aad _[sQn@fetpEé%SntS,@Hf £ 8isedBe:. ?,f a §dgubhcel dh 4 HRoRblont@bted in
readily isolate roma source as needed

nucl eic acid
Tableflor t he met hods described herein. In some instances,
17 WD 2006/ 102569 PCT/ US2006/ 010699 it can be

¢ AR GRERME g WARIPRY okt e R S B oy

polymoepli¢ sta@n Thagges peuiefides camslsadirhaleptbr ekanple xegmdmes kMsivwigto be
Lestriction endonuc| ease_dj gestion. Methods for random
ampllﬁ«;(g@quﬁf-éqgr%qqntgg aotusy the whglgringipidual, but in certain cells of the

individual, as is seen for example, in cells of some cancers.

Finally, target sequences also include sequences under investigation, for example, for
differential gene expression. The amount of an RNA transcript can be measured relative to a
reference sequence by applying the methods described herein to a sample containing reverse-

transcription reaction products of the RNA source of interest.
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the art, and include, for exanple, |limted DNAse
di gestion, alkali treatnent and physical 5 shearing.
w0 nooene2searbodi nent, the sanple is collected frpoT/ES2006/010699
pregnant fenmale, for exanple a pregnant woman. In
this instance, the sanple can be anal yzed using the
mRicheercMarldic Bed: herein to prenatally di agnose
chronmosomal abnormalities in the fetus. The sanpl e can
be <collected from biological fluids, for exanple the
biTae defeieBdiiticldit aciHRalled fof R MBe hic@fdds @bsciiBed heeRab a sbdhence
. a preferred enbodi nent, the sanple consists of
againgiyvhigh g ameunieofa targetisequencatieepripased. Viel diieopairedérence
t . si S, of ood pl has .
s S B 0 B 88 BT BN e i sampte
For gdnoadr BN/, fobehmplé, arrefetdnog bauehdeecad \be adgGuent@gize fiitpresent in a
. .Size was greater in pregnant women than in )
single{gRY PELERIAM S Be ! Daterprygonsindeyidyals, 98 Enva sppies egain
homo Y RAF R Aabdls CRESRARL ¥ ETE R Bndtic ) 86 MRty MARA o
examplk tq d@eddine Meilevel ofbgression;of @i @:RA)meshteh tidsefecance b be, for
i.solatiaon of nucleic acid fr ood, serum or
examnpyf G RuisSipeing dens SHbemtnesBoP AP oF AGHHPT4 reqyRace, or
anoth@'sequa¥es RGAphieH tHe 3@}l 1I9BwAT o HGeRt Hhidh 'Cifﬁncf\ﬁrp'f@ Wl 8Rtvely
~or serumare described in, for exanple Chen et al.,
Invariggp6, Nature Med. 2: 1033-1035 and Lo et al., 1997,
Lancet 350: 485-487. The Lo et al. reference
specifically recognized the 20 presence of fetal DNA
i Mastofem alrefoteaserseqmenteswitlibm onk tinat ealreadh ptesent et badlogical
2004, ..J.AMA 291: 1114-1119) and 95/ 08646
sarnplfGREIEHBY it S BTSN £ SHuRl YHGRE PROHISHES t
investigatethB @moS A o8 seiince asseiBte8 Wit B&Rtic URkoRRE, sHEEgssary
for the prenatal "diagnostic enbodi nents descri bed
chrompserap A1 tisempiatisativead Down syncroree thetefeenceceguaichwould be a

van us LN __sSone As t f the nethods scribed
sequefBH R LAERR, chfom e 21° BRGE isdhnat ol B S LS Eronitee
preserd onfcheyimdsbter Pl dh s einiplelviierOthe (&R fente SoquelieSs BR%sént in two
et al., Hum Reprad, Update 8, 493-500 (2002) and _
copieg\ishomipayeQts sgauencel hihqiapgeb sequepsgds ugd te e nmpg abundant in
materﬁﬁ?gl%}n thaf) ﬁle%férech%é¥&gl%ﬁceausi@2ﬁ{5% JUs d%?ch%?& h@l%ﬂl {he C}iata
reference nuclelc acrt sequentes. For exanple, softe
would et iatlicetitd of Rawn syeroee asthe figusour ce for target and
ref erence sequences obtai ned by PCR (see e.g.,
Ceifman- Holtzman et al., Am J. Cbstet. Gynecol.
1 AdteBihBvEal?, the 96jehce delquée chebelond thatidlspiked ieo tidbample at a

anot her approach_is.to _use a reference sequence from
knowy fcopsiapf : #ad Wi' lgf@iﬁ Jdeowe the tacgpt Squen%e. This approach will

give results that indicate the amount of target sequence relative only to the amount of

external spiked reference sequence, but can be used to normalize between samples the
levels of another reference sequence that is internal to the sample. The use of internal
standard sequences is especially useful for determining and correcting for differences in

amplification efficiency, as is generally known in the art.
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WD 2006/ 102569 PCT/ US2006/ 010699 be obtai ned from
cell-free fetal DNA in the maternal circul ation (see
We2@6/1056ki zawa et al., Am J. Phar macogenormi BGI/US2006/010699
1:111-7 (2001). In addition to the early detection of
birth defects, the nethods descri bed herein can be
appbjesd to the detection of any abnormality in the
representation of genetic sequences within 5 the
gengne. It has been shown_that bl ood ggasna and serum

DRIPbes dhn usa fitibe meiqds describsd heerswilbieds o hesngle stranded

empliiE kg g sBtrehoRlpl o B gy Hoppuch B s wnder
furthet @8%stigaged) Thasemootes aveld beaxan PER amplified cpéspr codyleneits of
the orgHb AR, OrFREY A LEXHoh RO e FErifee OHANE f miial PCR
steps. bro%te vﬂll%bx\f on& (HEES eHc@urﬁl%PHLv@stgaﬂﬂ?l #HAt was flenved from
i ndi vidual can us be use agnosi s
the targahspguencvalkgfetenMpﬂObc wilhcomiespdhdtontbe bapisnctascler hwestigation that
d Ci tatethe detection of differences in the
was 8%631#0%?11 e{&gi,cag?ql}?agq eic acid versus a reference
nucl ei ¢ aci d sequence. Target nucleic acids include
aByndinuPr8iegs: Sequence that is associated with a
difference in sequence representation in healthy 15
ver sus .di seased individuals. Genomic DNA is especially
udibgash ipsdance shipiobe Wil alsa cefaprisgriregionfosegiely thaieeniss the
physu?a‘f' Bﬁjiﬁn b ‘rﬁ?get and ﬁé’ %ﬁcegﬁf%%' ﬁld@féegtaﬁe&)ﬂﬁﬁfbﬁs can be a
uen e on r onos IS msrepresented in a
dlsease e.g., a sequence on a chronosonme noted in
Tdbe eegion dtangiety (Sﬁ‘qlmﬁhw aé%ﬁuﬂiﬁ@pﬁ%ﬁmoi@y”)e&]xaﬂppﬁ*ﬂits physical
. n known t .a,.20 ic sta
pa1r1n§,§vgg 29&513%36“18%%9 cg"éﬂec'éf gaé \/ qlﬁ%l 8196 ]?x)éfnm «Feé'tam cond1t1ons) to
a proteeBMeRRSnkiemuddc Rad séfiehtd. i Bils iliBVEThe ABES ?%He%‘ bind the
not in the whole individual, but in cCertain cells of
referepegpropgperinitg fig remevald ox @@neﬁt@tm@ Qﬁﬁpt(@orthmab@lm‘ger@ﬁ" target and
NGEYL: S 1, uences_al cl ude
referegcg 8?1%{3(821%{118?1 (eellrﬁ P%V S‘?’}&gﬁ[ﬁg%ﬁe& oglro%g o1 r% ft & Paf Or req”erence
sequenkief thetrie rdiakive ene digfepdnes $i e .ambat @ﬂmié@EqLQafnc@ﬂerRMhe other in
anscrlpt can be nmeasured relative to a 25 reference
% eappl ying the nethods described herein to a
sanple contalnlng reverse- transcription reaction

PiPABf SRl ashft®, AR W ket For BTAGRE S beferkiice probe to a target

probe is made by incorporating a corresponding member of a specific binding partner pair

into each of a target and a reference probe. Binding partners can interact by, for example,
hybridization (involving hydrogen bonding), protein interactions, covalent bonding, ionic
bonding, van der Waals interactions and hydrophobic interactions. The binding partners will
necessarily bind to each other with a well-defined stoichiometry. This is not to say that the
binding partners bind with 1:1 stoichiometry. Rather, what is important is that the
stoichiometry be known. For example, avidin binds biotin with up to 8:1 stoichiometry.
However, the biotin:avidin stoichiometry actually observed can vary depending upon the

influences of steric hindrances caused by the appended nucleic acid sequence(s). For a given
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WD 2006/ 102569 PCT/ US2006/ 010699 Reference Nucl eic
Acid: The reference nucleic acid called for in the
woredokoosedescri bed herein is a sequence agai NBCT/WR10061010699
the anmount of a target sequence is conpared. Most
often, a reference sequence will be one having a
biotinkTA@Ebrbe, BYREFdreMe SRMHRSRAEAGS Vidih Br sthetaidih DirtdiEisExpected
sanpl e. 5 For genom ¢ DNA, for exanple, a reference
to rempay eRAstaat.can be a sequence that is present in a
singl e copy per genone, e.g., in heterozygous

v > . o B
BT el a8l sl OGNSR iconay

able torbmsluo eachi othé2NBy “foonditienalypibée todbinketossanh othet hie nheautthat the
of expression of I ven nessage, the reference can

.1 glv A
bindingeof ong paginerip the of er_r?aﬁge reamuiedsich that detsriahle binding only
. o )
o EHEERn S O 9 D07, SIS A SR,
exampilhj changisg kenapemattie, kedt oresbaeiotiedr physical ar claemicalliasdmeter of the

. often, _a reference sequence Wwill he aone that i .
envirdini il B @Bl KrerieghorBee oL AANacn BT dhe B forg nucleic
acid bahdiOYHr FeRRES SR ot A to VIR cRR MR e Coﬁ@i@ibﬁal%‘ﬁ‘diﬂ‘% &s0 be

. to_1nvestigate the amount of a sequence associ at ed
achiexgdtlry compstitien for dheslaindiag sitensheaaily Tromoalad sompetitars. By
“remot\/'é%ﬁg @ymb%hlﬁ 3§ @é%g%@g%ﬁ%&ﬁ%&%%{%e ’rfgéﬁlﬁtbri e(ﬁr(legr SRt probes to

sequence

each sthérpbmsbaRaz be et pRydifglytrameeéd Gaas®RIaEt Whkh & iP8esired to
sequence resent on chronosone 21. In this exanple, ‘

permifyfhe pEoliep g0 pialde earbeothequence is present in two copies

(a honbzygous sequence), if the target sequence is

| LRSS 0 AR S SEO T A e
bindirtgh & o @k@mle, the ekpbsbee dfiedinpimientarp SedDonees Symprising halvgenated

the fe . Alternatively, the referepce sequence_ can
nucleggdfes 8 USh i real T et vl bl i b g soa ehigefo eghoal oross-
linking @Btk aBFRHBynaH thodB bEkillidf fiehs. from the target

sSequence. This approach will give results that

indicate the amount of target sequence relative only
t & enreerabpstimentothe bindieg paitnesyyirk sebstantiel e pereplsmgniariceycleic acid

. rmabizer b en |es the 25 L
el BB S0 B AOE R DB Bl bl ai
sequehi@ drhenegaoipd 18 ablEhe hybiedied td the Bindalg pasthanal’ldc scduefiRase on the

I s_especially useful for determ ning and correcting
other prgpe Ynderdy glyiesst pheondiionss i cati on ef ficiency, as is
generally known in the art.

Similar parameters to those considered in designing PCR primer sequences are

considered in designing the sequences of binding partner nucleic acid sequences to include on
probes as described herein. For example, one of skill in the art will consider the impact of
length and G+C content on the hybridization behavior of the binding partner sequences.
Often, although not necessarily, the binding partner sequence of a probe that uses a nucleic
acid as a binding partner will be of equal or shorter (e.g., at least one nucleotide or more

shorter) length than that portion of a probe that binds the reference or target sequence.
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20 WD 2006/ 102569 PCT/ US2006/ 010699 Probes: Probes
for use in the nethods described herein will refer to
w0 b@eai2sed e stranded anplified target and ref PCEOSHE06/010699
tenpl ate or conpl enent, depending on which set is
under further investigated. These probes could be

em&dmf?ﬁnﬁi@&dﬂdh@&ﬁ@&? %\2 ; 8ﬁﬁ)g%§ﬁﬁé?§ §f &y spelifi€ binding pair

_original sequences, or exhibit .
that isgeairatibletwigntheieavirenmens cequtred fioy nuklkeid avid hytiride@Eon. That is, the

Iy ) robe. wi |l ..correspond. to . th equence
bindiiFer ROLAE off Al e GRRRY P A PR o
examplegiie biidingheleencrRtipy adehe pdir SaH68ERARS Yifd i@ ch other

sequence under investigation that was derived from

throughgovalepkeiainsecoyalgnicintesactiops dE xasnipey efsuek bindgng partermoieties
includ il BP0 i S REBin B RUGR- R0, LEBP g
heteroaliderization enci€ ppiro@as, dongdsm et déutioniphdr nilss, cohiplementary
. legion or ety (referred to as a "binding partner |
hehx—[pg%-é}egx)mqtﬁgtet i ﬁmgeg-aﬁlﬂpgqlwaperacﬁ@pﬁ,iaﬁganw1.1 izap erpeons, or
multi-@ofipadkht %enﬁ.@ﬁ%e{c‘t%ﬁ‘é.lMetﬁb&%ﬂﬂleQﬁﬁ?é%&th n(ﬁﬁr&fje? acid binding
cer aInCOHItIOHS])tO a probe that®binds another

partnemsitol pedloesace wek &goven cethe Biti Fustherd, bhe/skifled inethé art gax readily

rob 0 hind the 15 reference probe perm.ts, the

detertbiog ot Rl s u g s et S0 RLTGHEAon G ap aderse
effect bAMBEDinAAEG pafBdGhSBES RHRREMiLiRi 1§ bid Blherpermts

the detection of non-paired target or reference

sequence that is indicative of a difference in the

arrB® Rindire nepBemeistipceanadiosinterach indgeetlyr throughtand‘adapter

ol gl i I referred aspect,. .2 reqgion... ..

o, 4 6o e R PG A B0R Bl bt vinn
specif@llp tothe birﬁiiﬁ@;ﬁt&hi&;lrﬂo{)&i@% pldraby Bridgin € e reRRMae hlm]tar%]et probe

menber of speci fic hinding partner pair _into eac
sequeres, I %l‘regf‘éleab%‘ﬁae%fs %ﬁé%?rdéglﬁﬁ% EompRisey nHgleiseacichisayences that
oo DFNL:BLAE b BT e DUPULA OB proe. i
adapter ova et candrediingle-stramied, donbleditragded/ardotble-haldal with one or

i nteractions and .hydrophobic interactiops, The binding .
more (R S ARPTY MORUBLCUAPPIEY I HBPBhcrCBblerantergie acid
with tW8 |d'ifféi'@ﬁt!sﬂ%‘l’e—§t¥dﬂd@@ bAFRATRS collditR vséd D8he bPerfisht WHRE be

the 25 binding partners bind with 1:1 stoichiohetry.
substaptialjeeomplpmentary to mﬁ@mdigg]pe_lrtr_@r séraendehe ths talgﬁmrob’ﬂa tind/the other
wouldgn%fhgé%mm'l]lggchgﬁ(e%‘l%lta?y &y Bglldlnngbpla?t%gr s%lql%nlcg o\ﬂmtltlehre%lé%ertlc% probe.

0i C
The adapter molecule can also comprise multiple nucleic acids.

When using an adapter molecule, it is preferable that the sites which interact with the
binding partner moieties are able to distinguish between the binding partner moieties of the
first and second probe. It is also preferable that the ratio of first and second probes with
which each adapter molecule can interact be a defined number. In one embodiment, the

adapter molecule is able to bind the first and second probe at a ratio of 1:1.

It is not necessary that an adapter molecule interact with the first and second probes at

a 1:1 ratio. In alternative embodiments, a single adapter molecule can bind to multiple copies
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However, the biotin:avidin stoichionetry actually
observed can vary dependi ng upon the influences of
W@ t@eile25k9 ndr ances caused by the appended nucl PET/US06010699
sequence(s). For a given 21 WD 2006/ 102569
PCT/ US2006/ 010699 bi oti nyl at ed probe, however, the
(e.g., 3 4CB] @B &tc.Pbf ¥ ifEitAnd kecdhd gmb@y.l Horexahiptt, Ak dddpter
expected to remain constant. Binding partners useful
molequif ¢aRCOmPEING A SOlFbSPPPIS senthiaing apluraditpeletites atithywhich the first and

it | ] L n each ot her. o g
scconfl Bt bR epga Pl ferkd. £t Riod SR eBilit o Yngingpprtoe
moiety bathetfiret frobd md%; Bensft 0PABolyaA tdik bnd thelbigdifg Fﬁ{ne@ Albik of the
mani pul ated such that_ detectable binding only occurs

secongErbednry camsieet # paly-G tatl ol scadapter medectlsraantcpmpaise a solid

i . | ' .
sppe SRRl 8 RSB B i e EER St
whichthe fingttaed sabnd bobe ey speoiffvrlly intéract throagp kiesir bindag ph@ner

. the tenperature of solution belowthe T,,, for a
moietfg P ectvelgs I Hiofur ?}héraaﬁwﬂ ﬁngmgpeltt Rerehf Onbiee-1% 3, 4 5, 6,
7, 8, el@iﬁéﬂaﬁ&?ﬁo@édﬂfécan@_@%ﬁl (g};ga_al bi ndi ng can al so be so

ac

i eved by conpetitionfor the binding sites by
easily "renovabl e" conpetitors. By b"reanabIe"

c eaguesirationsorj Remavahef FarpettRdferen or the

bi ndi ng of the probes to each other, but that can be

ei L&a . 1N nit.is

b iR AT O TR B0 i  rtrnc
probe Gndiditdrgenabbd I idegtocieiecahsd chiftplegdd avaelt bYdropedbetniidiecules

ddi t i f tal yst that 15 bi ndi ng. For
e Qb e o B s Pl
o BT R AR BIB iy AL oAy 068 LA o

removwal,688ling arlsequgpstagiemt s are al so known to those of skill
in the art. In one enbodi nent, the binding partners

bstanti al].y , I nucl ei ¢ aci d . .
< Chsaheadis if rhle SOgredacl ke ity opplbes fomersrion. This
can bgdhased by PRl BEssPRIEMEST tAs 8t GefRfcnbe gl%@e_§§1%@lﬁ‘ §%ay that
on one probe is able to hybridize to the binding

it integfyes Math theidetestiongasthod Fguerrseplonf PER is usdddor thealotection of

. [ ndi tions. Sinl araneters to
unpe 180, Oty SRS 0 B Bt R 6 et
bind them ahdldrieduplex ctaiedndsadinkbé b ehiriagles phfysibaladang, such as UV,

. artner nuclgic,acid sequences to include on  probes.
mltonfygl <Urqthrad dessriedprevigrsidh s rsimesp Eorghe dgtpgtion;age depigned to

overlaBlthe Yeridan&REPd SRk §ifdorl AR BE Foudll on opposite sides of the crosslink sites,
PCR amplification of paired probes will be inhibited, thus only unpaired probes will be

amplified, and thus detected.

Introducing halogenated nucleosides (e.g., to the PCR primers or disruption
sequences) can improve U.V. crosslinking efficiencies (see Qiagen website). Other useful
chemical modifications to nucleosides or nucleotides include, as non-limiting examples,
thiolation, amidation and biotinylation. More than one (e.g., 2, 3, 4 or more) primer in the

reaction can be modified if desired, including different modifications to different primers.
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25 length and G+C content on the hybridization

behavi or of the binding partner sequences. Oten,
Ww@bkdokoogho not necessarily, the binding partnerPCHUNINCE10699

of a probe that uses a nucleic acid as a binding

partner will be of equal or shorter (e.g., at |east

Chem@iaé crobdHinkeisicd® alsd beRER], sitdh@k ndifomycangl(Bidahafet A1 aBiochemistry
tion of a probe that binds the reference or target

1992,34 33091 or esvabivws/of st pive (BEOOHGLTG ShemBiai ng
ToxicBel RIS FRes Bl RO IE bt Ve P EPE SR ST S L am.

ChemeRud.; 2008p 125, 3ETULB3488), apzinoptahigibizelsing nitydpeh diugalkd, 9Rtropsin or
' the bi nding gartner noi eties can al so

. That |s, . .
derivaiipepliBtse HYSRRSE FROARShe eReT-litledryhyiBy rigingheifemive tesmplates
M e e N R R R e

and/oneferemwe piralres or séqeaEs vah yielExapifiesion praiucts dulynehag there is
art.ner. noieties include but are not_limted_to: .
non-c R R P e A e b g
methdd@) dnfplificREbLhoHERRROAAbE gesig&fd' sfo_t? Wil e(iﬁﬁegtr%bridize to the
_ conplenentary |eucine zipper notifs, conplenentary
regiorha$|which propesiedcome poasslinkedomso)thatdhn argplification beqhence would

interactigns, apt r-]igand, interactions, or. .
contaip e B Gl Rse@Oh BN bR S qutbis B et stance the
preserlce R a@8s-UhkdioobeGilBinterfed Gith PR Mplfctidh! A tRerbfore the

probes are well known in the art. Fﬁrther, one skilled
readoyt,pf P QR twill garrespaad tosthe gequenedsmot oiostlinged threugh these
metho§@Vi ronment required for nucleic acid hybridization

has an adverse effect on the binding partner noieties
or their abilities to bind each other. The binding
pBeteaton obUspdired Rrelresal so i nteract indirectly through
an "adapter nolecule."” As used herein, an adapter

B0 of SRR Gral ) B proioe 1 pgeion o the

amourtRE kRt sBiUeABt PsdiiOhé RicBI0AD A8 cABEN hAEHGEqREORE detection of
sequences. | n one enbodi ment, the adapter nol ecule

unpaired pprties.e $hisdetestion eani e peefgunedey ontelt severahdififetent appreaches.
to nucleic acid binding partner noieties of the first

: | | be ..
< PRe PEARRE bR fine Sl e BB SRR il Retinsg o
amplifi¢ation ofiprabe motesudesaldrabam@iiabléso sorge MdnplifivatibMemplates. PCR

) g %&Fle of an adapter, a double stranded nucleic acid
is wel %ﬂ 1 if thewrt.dindusssentbernosable smplateidependert paligrerass and

oligongglﬁpb‘ﬁﬁ%ﬂm&@ ?ha‘?\c’lﬁllié}gfbgtgflﬂﬁgiltég%@ eic S403h %@éé&s‘ﬁei‘t!egﬁra?%s in cycles of

C ntary to a ner sequ
primet @mgelingy pritner extackicthandotttaed separatiod th gersaudts egpdnieatiAlly increasing

I t .t bi ndi t h
numbérgggglgpﬂfcgteraﬁr%lgé gf g ten%pqatle rs]gqu%falge. nSeeré, F()? %}lilaenqglg, 18[?111}8 e% al., U.S.
Patent No. 4,683,202.

PCR detection of unpaired probes can be performed through use of PCR primers that
amplify the unpaired probe sequences. PCR primers can be designed so as to exploit the
nature of the unpaired probes. For example, where the target and reference probes bind to
each other through hybridization of complementary sequence tags, one of the primers used

for unpaired probe amplification can be designed to be complementary to the sequence tag.
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The adapter nolecule can also conprise nultiple
nucl ei ¢ acids. Wen using an adapter nolecule, it is
w@e@baosi e that the sites which interact w thP€TEs2085010699
bi ndi ng partner noieties are able to distinguish
bet ween the binding partner noieties of the first and
If, forXQEMPIE, Meqh@et drld rbﬁ:réi‘i'c§ grd%aaxerc?&lsﬁmkw() éa'aﬁ o&é} bRerOf
first and seécond probes with whi each adapt er
hybrigigatisaudfsheceomplementarytseqeenge theh.i th@t.agn efthercrossindiaé molecules will

not bef zr?\ggblgﬁ a?@’é‘gf?&“?ﬂ brtgg" ! 1H§ng,a\%;}?18 gvill %}?cﬁdqt t?xe %gorgg &d probes
from NBEFIEHEGAELY ubiRgh paifned 6 hftridiBds8s Wetay, NS RIAGT ap?%dé@htm)%ld leave
first and second probes at 30 a 1:1 ratio. I'n
only the uenairgd pyebes ﬁmlgg}?efﬁt amplifiepting ped suhspquent detasionl e can
bind to nmultiple copies 23 WO 2006/ 102569

P

LS o8 i by g Bfhind e
amougideparget nucteieauid eamlﬁrb}cmypneame cam&ﬁinil}duﬁdp@dgt’ectfPCR products.

conai ' lurality of sites with which the first
For xApId b fht BhesBeetasfinapantorea P&?B?lﬁ@ BFelestide s pimer, and
ﬂuore@&ﬁcé bisbiopd d&é@mﬁl @n bk RSedoBtAga P@dﬁtdﬂ?r Alt?i‘ﬂ'aﬁ@ y,oz{lreal time

first probe may consist of a poly-A

methqgh Sﬁ@ﬁl ﬁ@thpgrg Man" n@méwla@ﬂlat Bead&‘)nswbmis plrmb’éedmythods can be
used. consist of a poly-Ctail. The adapter nolecul e can

conprise a solid support, for exanple a bead,

conprising a plurality of poly-T and poly-G

oln @emqm@tassh@s(seet@g UiS. Phteh$743,581), BAFIPCRGRiMtbrPfI e

specifically i nt er act through thelr binding
Centrabambﬁ shgonsicstifesThe prope eligensrleotidecamipriss two fluorescent
t
rnmet%!s. @Fxﬂﬂ% "tﬁ’e ’ ?g?%%aﬁgggte{) g?{hgol{(ggﬁ]ioggsga%%gglygle%ase cleéwes the
probe bﬁgﬁﬁﬁ;ﬂmmﬂe aThecdesragReameathe o ThiogRtent R&ﬁﬁfe@ Iﬂ@BedBEr&b e
xes; The methods described herejn epr0|t t he

Physufaﬁ?/ﬁanr%}ﬁdm 1616%18%&%@136&? Hee vavelengh ohthe fygressentgmission.
As mcﬁe P@Rgﬁ{)dﬁ)cft (i)sb@reatle@ tR of{ﬁ% %S%Irlﬁﬂreﬁeﬂg@l iRX RS

left over" probe no ecu ter es are
bound to each other, it can be advantageous to renove,
MQi@culamBeag@qu&e@tléS Pattenttl*échgéiZW,éf)érGehﬁ)eO%?n 61937,130) are an

L N e L T .

to a crplemeiary teh@ldiar Diet congdr8la@ibeA chAMR&f EIBERYE Sndré=2688 the
detection. This _can be achi eved by pernmanent

physical distanes bxwveen sflueiephers mgcé@tyra@d éeprebepmeisss on theddrakomn This
1ncreaé€1‘;fl1 I_F;pl{}gl?:all (%1&@1&%&%55682 o Qﬁ 1%1@ ﬁggﬁéglfttog)%rhngﬁﬁgh%g thf®"

increasing the signal derived from the ﬂuorophore.

Other applicable fluorescent and enzymatic PCR technologies, such as Scorpions™
(Solinas et al., 2001, Nucleic Acids Res. 29: €96), Sunrise™ primers (Nazarenko et al., 1997,
Nucleic Acids Res., 25, 2516-2521), and DNAzymes can also be used.

PCR-based detection of unpaired probes can also use capillary electrophoresis for

rapid detection. Generally, where capillary electrophoresis is used, amplification of a
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unpai red probes, conplenentary sequences on the target
and reference probe can be used to 20 bind them and
w0 bios/1005p9 ex can be cross-linked by chem cal oPCT/US2006/010699
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Generally, evaluation of chromosome or gene sequence dosage is performed in

conjunction with other assessments, such as clinical evaluations of patient symptoms. For
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DETECTING DISEASES AND DISORDERS

As described above, the methods described herein can detect differences between
nucleic acid concentrations. As such, the methods can be used to detect diseases and
disorders that are linked to a genetic imbalance in DNA or RNA concentrations. To do so,
one need only define what the deviation from normal is that describes the disease. Given the
following possible scenarios, examples of potential solutions using the above methods

follow:;

The target concentration is normally equal to an internal reference, but in case of
disease, the concentration of the target relative to the reference decreases or increases:

The target and the reference in this case, once extracted from a biological sample, is
equivalent to the target and reference, respectively, in the above analysis. The starting
samples are prepared in such a manner that the relative amounts of target and reference is
maintained, therefore allowing one to perform the steps described in the previous section.
The final PCR detection step detects whether the target and the internal reference are equal
or, alternatively, whether there is a deviation in the concentration of the target as compared to
the reference. This knowledge is indicative of the underlying presence or absence of a disease

or disorder.

The target concentration is normally less (more) than an internal reference, but in case
of the disease, the concentration of the target becomes relative more (less) than the
internal reference:

The target and the reference in this case, once extracted from a biological sample, is
equivalent to the target and reference, respectively, in the above analysis. The starting
samples are prepared in such a manner that the relative amounts of target and reference are

maintained, therefore allowing one to perform the steps described in the previous section.
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of target and reference is maintained, therefore allowing one to perform the steps described in
the previous section. The final PCR detection step detects whether the target concentration is
greater than or less than that of the reference, which is at the threshold concentration X, This

knowledge is indicative of the underlying presence or absence of a disease or disorder.
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Turner syndrome 11n 3, 000 blrths 45 XO
XYY syndrome  1in 1,000 births 47, XYY

'Tnple-x syndrome 1in,000 births 47, XXX

Table 2 Incldence and 1nher1tance of fetal aneup101dy.

Down syndrome is caused by trisomy 21 — an occurrence of three instead of the
normal two copies of chromosome 21. Down patients suffer from mental retardation, heart
defects, premature death, and anatomical deformities; most require a lifetime of care. They
pose an immense emotional, physical and financial strain on the families and society. Many
women therefore want a choice about bringing a child with Down’s syndrome into the world

or to prepare emotionally for the birth.

Down syndrome is an example of a disease in which early detection is desirable. The
tests used today are amniocentesis, chronic villus sampling (CVS), umbilical cord sampling,

fetal biopsy, and maternal serum, urine, and ultrasound screens.

Amniocentesis is an invasive test requiring an ultrasound-guided needle biopsy of the
amniotic fluid surrounding the fetus, through the mother’s abdomen. Fetal cells from the

amniotic fluid are cultured, and the chromosomes are visualized by fluorescent in-situ
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Once the free DNA has been isolated from maternal blood serum or plasma, one can
perform a method as described herein upon it to determine the relative amounts of target and
reference sequence. For detection of Down syndrome, for example, one would choose a
target sequence on chromosome 21 and a reference sequence on any other chromosome, e.g.,
chromosome 10. The operative question is whether the concentration of the target sequence is
equal to the reference sequence concentration, indicative of a healthy fetus, or whether the
target sequence can be found in excess as compared to the reference sequence, which is
indicative of Down Syndrome. The results of the above methodology provide a measurement

of this relative concentration, providing a method to detect fetal Down syndrome from a
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chronmosomal di sorder affecting about 1 in 750 births
(Tabl e 2). The incidence of Down 5 syndrone is
increasing with the increasing average age at which
wonen are bearing children. D sorder |Incidence
I nheritance Down syndronme 1 in 750 births Trisony 21
Edward syndrome 1 in 3,000 births Trisonmy 18 Patau
syndrone 1 in 5,000 births Trisony 13 Klinefelter
syndrome 1 in 1,000 births 47, XXY Turner syndrone 1,
in 3,000 births 45, XO XYY syndrome 1 in 1,000 births
47, XYY Triple-X syndronme 1 in 1,000 births 47, E
Table 2. Incidence and inheritance of fetal
aneupl oi dy. Down syndrone is caused by trisony 21 - an
occurrence of three instead of the
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normal two copies of chronpsone 21. Down patients
suffer fromnental retardation, heart defects,
wee@rao2sse deat h, and anatom cal deformties; POBUS2006/010699

require a lifetime of care. They 10 pose an i mmense
enotional, physical and financial strain on the
famlies and society. MXAMPOLES therefore want a
choi ce about bringing a child with Down's syndrone

Examblél 10 Déectidrdfhe Shoiid 0Pk ERediBoRMRY 10Rahdnte kAt a

birth. Down syndrome Is an _exanple of a disease In
Chrompsomte Kagenyengs uising biniin imnapbilizatinn of theneferanset s used

today are ami ocentesis, chronic villus sanpling

( %@metm 'dleéc‘fi%led ﬁ&regl aé g@&lieﬁgo theld%té RhA Iof 9158193/3?1 it rilrgaternal

mat ernal serum ‘urine, an Ut Tasound screens.

5 serumfssribbioest Blsd tardes amtreforomsipvebes @séd aregsifoliomg (Admenclature is as in

Figurd t rasound- gui ded needl e biopsy of the ammiotic fluid
18U r oundi ng the fetus, through the nother's abdonen.

Fetal cells fromthe amiotic fluid are cultured, and
Targety@\l/l\%meq%mﬁ@g%s are visualized by fluorescent in-situ

33 2006/ 102569 PCT/ US2006/ 010699 hybri di zati on

(FI'SH). Results take 2-4 weeks. Amiocentesis is only

recomended between 15 and 18 weeks of pregnancy. |t

'C%'éri es a 1% chance of m scarriage and a slight

[

F%\%@WGGPFEW [ rrb _di sor de][s. Ami ocgnt esis is
10 S3bh, %g eNEte %%Sc%%%gé#%ﬁ%ﬁe@gﬁgﬁg}&%ﬁﬁﬁmmmcmw

asive tests that neasure the | evel

gFgﬁgeééeéAg%]Fg?Gégf mar kers. Markers incl ude

ern (AFP), human chronic gonadotropin

(h Hoat ed estriol, inhibin A and PAPP-A
I\/bgtg Frsa%{gg[%gkgf?test ed between the 16th and 18th

- i.r .conbinations, have. l.ess
¢ RreOhs BREAENR be BT OF s GRERLR-BP R ARGy 58 gz
15 | equinslefitau Betuehed Bt eiiftblinddk a6 cqoiRthiaht s pBehad the€Burth line is

bl oad cells (fRBC), but no commercial diagnostics to

dSEVHeRtdo Gt 3315howa i Riggrachow edge. In 1997, free fetal

DNA was also found in maternal bl ood serum and pl asna
Referddde Sequate i@ 108 641, 268) . These fetal cell and DNA,

however, are diluted by significant anounts of

maternal cells and DNA (Lo et al., J. Hum Genet. 1998

62/ -768-75), conplicating the detection of fetal

genetic abnormalities. 15 Nevertheless, free fetal DNA

f BERACT T RACEr MAFCAT ood serum and pl asma has been

20 TTACCATTCCGTAACGCTTTTATGGGCTCTGATGACCGAGGT

CTCAATGTCGATTGGGTGGT
- 3’ (SEQ ID NO:3)

where the first line is equivalent to sequence D, the second line is equivalent to

sequence E, and the third line is equivalent to sequence F as shown in Figure 3.
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hypot hesi zed to be present in average relative
concentrations (as conpared to maternal DNA) of up to

wWQ060850%56m average (Dhallan et al, JAVA 291: 118<dF/18%086/010699
2004. Benachi, din Chem 51:1-3, 2004. Lo et al, AmJ
Hum Genet 64:218-224, 1999.). A 20%fetal, 80%

The abBiedeqaénceONS ftvdnplgiealbyPdre aihkhyinieed iRl agnd a fetus
with Down syndrome will result in a 10% 20 greater
chronosone, 21 content than a reference chronosone
c OV RIMEL ghipl e, 5 chr BRPLSHRECLECERIT @it enB! Thi s
10% di fference can be detected by the above nethods.

Once the free DNA has (sgenipsm.atyed from naterna

bl ood serum or plasma, one can performa nethod as
described herein, upon .t to determne the relative
ArtBURIE SBF PRAFGEY and °'r 61 SPATIE S BHASHRE For 3
detection of Down syndrome, for exanple, one would
choose a 25 target seq@&QceDayo:chronosone 21 and a
ref erence sequence on any other chronosone, e.g.,

chyr .. Theoperati ' ' t her, t he
c%ﬁ%%ﬁ%%gﬁﬁ%%ngrrﬁﬁé ?ﬁrge%é%gﬁﬁéﬁégg?%éhég% al Eo t he
ref erence sequence concentration, indicative of a
heal t hy fetus, or whet(R8R IheVO:ttar get sequence can be
found in excess as conpared to the reference sequence,

WRE£hnleSevelsR Bligal bye). @F DodEecAtRRacAdB dpes Ul t's Of

the above nethodol ogy \pra¥teydapaswEgaents, 30 of this
rel ati ve concentration, providing a nethod to detect

fetal Down syndrone fr@eparp 3¢h.Wp 2006/ 102569

PCT/ US2006/ 010699 nat ernal bl ood sanple. This

%Q%roach is applicable to a wide range of such genetic
The refpieppesey erse PHREF S Hst GAllét 2 AW ervmar hibisrousyalgndto the third line
ol LI BB L0050 Nl PELAOAS o accoring o
Figur@ppl i cati on No. 11/036,833, filed January 14, 5 2005,

and in U S. patent application No. 60/622,522, filed

er , 2004, the entirety. o bot h, of which is )

For thﬂ%‘%@ﬁ agwﬁ%ﬁ%%t@a ﬁnwaﬁi%’fv&ﬁ éﬁ&%{ targst Y EERBIOEFoGEYCes serving
as tentﬁ)%éyﬁgegoa%i q @Bg@%{lrﬁé%’f’duﬁ aI5RhRr dr eacht %)gﬁe\bgalﬁfl %f 1 a5 pl of 2X

anount o r onosone sequence re
PCR 16ix @ 2advenckd Biegoiandegieshufigr DV Dt Exenip@®POR enilingRoditions are

t he reference.
as follows:

a. 95°C for 15 minutes (activate enzyme if necessary)
b. cycle 10-20 times the following:

1) 94°C for 20 seconds

it) 55°C for 30 seconds

1ii) 72°C for 40 seconds

¢. Hold at 4°C
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The net hods described herein are applied to the
detection of trisonmy 21 in maternal 5 serum as
wo 2006002569 The target and reference probes usedPEr/ESz86/010699
follows (nonenclature is as in Figure 3): Target
sequence from18qg: 5  GAGGAGACCAGGGCCTCAAG 10
SRR hECEOA S SR TBRT AT KNI AN T@@A@%@M@ﬁn
CCT GGGCOGACT GCTAGAGAACA GOA\GCGCC‘AC‘?t al
concegtrafiaseas deperigod2povier e the first line will be
equi val ent to sequence A, second and third line are 15
eyl Viad; s ence B, tghe_t 37
eqwgvalsgﬂjit {qgengg&t)land t he fourtﬁt{k(lgbndgq%gmzaﬁdfva ent
to C as shown in Figure 3. [Behefgngs: ssequence from
10p 5' ACAAGCTGCAAGCTCACGAC 20
5 &Cﬁ@% : TATCECET CT GAT€aaGmbetel reeeTaeT — 37
CTC‘AATGT - 3 (SEQ ID NO 3) where the
first line is equival ent tqssequengs dy, the second
line is equivalent to sequence E, and the third |ine
This ik SolRaidva! @Bthet Beagepelence F as shown in Figure 3. 36
WO 2006/ 102569 PCT/ US2006/ 010699 The above sequences
are irg; g%npllfled E PCR. The priners used are:
Tar gt 7 19 mipptes (actingte enzyme EREFSASIOCAGEEGCTCAAG -
3" (SEQ ID NO 4) Target reverse prinmer (C): 5 -

A@mﬁ%%{zﬁiefoﬁewing: (SEQ 1D NQO 5)

10 i) 94°C for 20 seconds

i) 55°C for 30 seconds

iii) 72°C for 40 seconds

iv) 55°C for 1 hour

v) 72°C for 40 seconds
15 f. Hold at 4°C

To the misbalanced PCR mixture, one can then add a mitomycin dimer as shown below
(picture of dimer taken from Paz et al., J} Med Chem, 47:3308-3319, 2004) at a final

concentration of 100pM:
33 "’«i"%«“ﬁ« ?’% . @tﬁ LI,
& AR f‘%%«u w *«., wf {*;“gm
i K Vé{ﬁ: f{?}« ;;«vi& w ‘é%%q
ﬁ% el *«3 R % ”
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Ref erence forward prinmer (D): 5 -
ACAAGCTGCAAGCTCACGAC - 3" (SEQ ID NGO 6) Reference
w0 eaenexsepri ner (pBF' ): 5 - GGGCCGACT GCTAGAGARCINUS2006/010699
ACCACCCAATCGACATTGAG - 3' 10 (SEQ ID NO 7) The
reference reverse priner's first half is a 20bp
The nEQMUWRINE Qintdd 3 adtivated ubivahéibic JIP(FH8.0) Bhd ghelshMBles are incubated for
sequence of the target sequence as Shown above. Note
3 hougsfgachinysmpximyay eisteacy Bost tinkignd feptherrepardimkig st neutral
. thi | ' .one starts with 5pl of
pH 18%%3 %8?@%3@%%@%%@%%92)%%%%%@ "serving 15 as
tenpl ates, then add 10d of prinmer solution with 450nM
ofAlm@mots of thenaross-larkdd aarﬁﬁlesb ﬁ?l}}]%ovPﬁiR tlién)(udeld i anot}g,é round of
dvanced Bi ot nol ogi es buffer 1V). Exenplary P
PCR. ?yﬁﬁbﬁgprewﬁm ?égﬁ’é'd e the sqlks'ilmb%!%gada confBie theyheopssary forward

primeﬁ, BH BSed( RS ?o?’a@(iqw@ ey | e;rg e g‘%%ﬁ%g ?ﬁ%)eség by hééx Gl e 3Q- 20

rmes the follow ng: 2 conds Ti) 55C
for 30 seconds iii) 72C for 40 seconds c. Hold at 4C
3R WAONED06/ 102569’ PETAGBEIGEL OTOBIERGTAR er 3t et ri evi ng

t he above post-PCR m xture, one adds the disrupt
sequences at 10Mkkipatp @RAgeNntrati on as descri bed
above: Target disrupt sequence (C: 5 -
GCAGCGCCACTGTTCCGICT - 3! SEQ I D NO 8) 5 Reference
dREPHPES sequence O Fy ; CEECCE TEETGET - 3
(SEQ ID NO9) This is followed by anot her heat cycle:
d. 95C for 15 m nykesIif aet:iigate enzyne if necessary)

Using the new reverse primers, the old forward primers and the sample aliquot from the
cross-linked mixture, one then adds 2X PCR mix in equal volumes to perform a round of
real-time PCR using multiplexed Tagman probes to detect the relative concentration of the

target and the sequence probes. Again, a sample PCR heat cycle is:

o

95°C for 15 minutes (activate enzyme if necessary)

=

Cycle 50 times the following:
1) 94°C for 20 seconds
it) 55°C for 30 seconds
1i1) 72°C for 40 seconds

c. Hold at 72°C for 15 seconds

d. Hold at4°C
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e. only once performthe following: 10 i) 94C for 20
seconds ii) 55C for 30 seconds iii) 72C for 40
wae@onase9 i v) 55C for 1 hour v) 72C for 40 sechel&ES2005010699
f. Hold at 4C To the m sbal anced PCR m xture, one can
then add a mtonycin dinmer as shown bel ow (picture of
OTHER BMBOBKBMIENT®mM Paz et al., J Med Chem 47:3308-3319,
2004) at a final concentration of 100M 38 WO

2 BB 1R S ﬁvﬂ%@sﬁﬂ&ﬂe @509se dnillid 1BBWET B sEbUI® be biderstood
activated u3|n%'a0|d|c H (pH 4. 0} and the sanples are
S

that theforagaingciefasled descriptipn IStnsmaépd fou slamitix Pl and s m@ﬁeén@sﬁmplary-
t
he o550 LBt ALY SRR 8o By EHAEL ot e

enanﬂmﬁqnbn&heﬂﬂkhﬁngb@ﬁﬁ&I|nked sanpl es from above are
then used in another round of 5 PCR Since the
previ ous PCR and hence the solution already contain
the necessary forward priners, one need only to add
two new reverse priners (Figure 4). These are, e.qg.:
RL primer: 5 - AGGAGGGITGICTCTAGICA - 3' (SEQ ID
NO 10) R2 primer: 5 - GGGCCGACTGCCTAGAGAACA - 3' 10
(SEQ I D NG 11) Using the new reverse prinmers, the old
forward priners and the sanple aliquot fromthe
cross-linked mxture, one then adds 2X PCR m x in
equal volunes to performa round of real-time PCR
using mul ti pl exed Tagman probes to detect the relative
concentration of the target and the sequence probes.
Again, a sanple PCR heat cycle is: 15 a. 95C for 15
m nutes (activate enzyne if necessary) b. Cycle 50
tinmes the follow ng:
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i) 94C for 20 seconds 1ii) 55C for 30 seconds iii)
72C for 40 seconds 20 c¢c. Hold at 72C for 15 seconds
wa@l 200600256t 4C 39 WO 2006/ 102569 PCT/ US2006/ 01P6GE9S2006/010699
OTHER EMBODI MENTS O her enbodi ments will be evident to
those of skill in the art. It should be understood
that the foregoing detail@dapdgscription is provided
for clarity only and is nerely exenplary. The spirit
and scope qf the present invention are not limted to
t He aboVBetiodphnugbalangngapolymenseshststsagiiany comprising:
followi ng clainms. 40 WO 2006/ 102569 PCT/ US2006/ 010699
I e - , . . .
- S8 Mmtyinf TP Rlold, SAELARCh AR KRR oF Bl Biming
one onmoretylaold pphmemeehaindedction asinp ladietirinhgr widc hybridiges to the

o QR R A5 B A DB e

tenpl ate and a second prinmer which hybridizes to the

C @pRddaiRY diSfuptibiesdqaemieatifich RREnipom @iy R first primer, wherein
disruption sequence which is conplenentary to the

the digfupten paquesae, is ogded én pxcesheonapased fotthe ameenfed toeflist primer.
added in excess conpared to the amobunt of the first

phHi Mer . - ai herein.the .
d i2's ru ptTihg rT1n e;{ﬁ;(gduﬁ%&dlt’ %;ehe?%n?gg dé%r#@o% S%gr N i htg © gl ésé Shge or

the sepondmimecsvpiprisesa halbgdnagdmatiedtidaicl eot i de. 10 3. The
met hod of claim11, further conprising: (c) annealing

the second pri t.o the conpl ement of the tenplate
s?r and&%ﬁﬁﬁﬁ?‘lﬁ[&l&?@rﬂdi elrggmg’é%‘%:d primer, wherein
the conplenent of the tenplate strand is converted to

a (SombbAingltheasudent prigetielthe 8ifplbent AT RLDIMAE 5@, and

remai ns single stranded 4. A nethod of selectively

ar&%l ifying a single stranded tenplate nucleic acid
exténding the second primer, wherein the complement of the template strand is

converted to a double stranded product, and the template strand remains single stranded

4. A method of selectively amplifying a single stranded template nucleic acid

sequence in a mixture containing both single and double stranded nucleic acids, comprising:
(a) crosslinking double stranded nucleic acids in the mixture; and

(b) amplifying the single stranded template nucleic acid sequence and its complement
by performing one or more cycles of a polymerase chain reaction using a first primer which
hybridizes to the template and a second primer which hybridizes to the complement of the

template.

5. The method of claim 4, wherein the double stranded nucleic acid comprises a

halogenated nucleotide.

6. The method of claim 4, wherein crosslinking is performed using ultraviolet
light.
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15 sequence in a mxture containing both single and

doubl e stranded nucleic acids, conprising: (a)
w@e@sAabiseki ng doubl e stranded nucl ei ¢ aci ds i nP€TES2006/010699

m xture; and (b) anplifying the single stranded

tenpl ate nucleic acid sequence and its conplenment by

pe f or MiRGnANE] Off clATRY £ Whesdif SrodélinkindOk YEEDASR! i A'chemical

reaction using a first primer which = hybridizes to the

crosshigigh| at e and a second primer which hybridizes to the
conpl ement of the 20 tenplate. 5. The nethod of claim

4 43, m leggeg%%t@ ggag{algg{ ﬁ&é@?&%ﬁ%@% § frofl n?@‘? @%&tggﬁom the

group/dmasletlmg o:ﬁmﬂslhymhj angzinsphilén, hivehssih, tittogen tHuktaay In@ir@ﬁsm and
WD 2006/ 102569 PCT/ US2006/ 010699 7. The

derlvaﬁﬁ%ﬁh”d’ “claim4, wherein crosslinking is perfornmed

u5| ng a chem cal «crosslinker. 8. The nethod of claim
7.9, WherehRtod &f @Qt%fﬁli‘ﬁﬁlg WhieR 8f h DI &t nhéleﬁeicﬁfa&ﬁda lfefé?gﬂce

the group consisting of mtonycin, carzinophi

nucleigjagis] is prasentrin grestps ameust iaradample, cappiising:and s
derivatives thereof. 9. A nmethod of determ ning which

Oga)aan]gﬁ{fg@k tljileut‘e‘il‘% %e(?l%ge?f%l%n ?m@lﬁlceafcedsﬁpgl pé)lyrg%rﬁ%%lé n?]rﬁac ion

using @a"ﬁ)rvwm piifret ﬁngi 4 hretsapgigier &rdhd i@t enCe fdi%fdgp& meCAndS reverse
rase chain_ reaction using a forwar rimer
Pﬂmea ﬂée SFencse WhpteHEthe reyersempaimes fejethe sference omprisgs a ta
T e reference,
Sequeﬁéée‘?gllcg gﬁt}%@igf‘é pl(rnl} ?rfe@% ;t A}?& S&@"entc?e rence conprises
a tail sequence which is identical to a portion of the
t db)geidingefimshdisruptios Sealaidlilcmgwla'cli isrcz@tnl:)dﬁmdfnna:ryit@ the reverse primer
s conpl epentary to t reve rlner

for th et QE]'@%P& secondl diegpiiey srdugie el is/egpleggpntary to a portion,

but ndt EEIRN GEquekiES; bf tiR re R Iﬁrfﬁatf@f YhelrbfenBOrahiion.  but not
the tail sequence, of t reverse pringr for the

reference; and 15 (c) detecting the presence of single

s{Pdlstreting theguesease ofsinglesipade onref¢rengs; whersirethe @fesence
of sm%lfe @Qlﬂ‘?deﬁttﬁx%as ﬁgxrcétgge ﬂ}%{ a ﬁ&?ﬁg g%i??%titogngrggt \%sep%s%kt ARe'S orlgmal

sample, and the presence of single stranded reference indicates that a greater amount of

reference was present in the original sample.

10. The method of claim 9, wherein the method further comprises, after addition

of the first and second disruption sequences, but prior to the step of detecting:

annealing the reverse primer for the target to the complement of the target; annealing
the reverse primer for the reference to the complement of the reference; and annealing the tail

sequence of the reverse primer for the reference to the target; and

extending the reverse primers for the target and the reference and the tail sequence of
the reverse primer for the reference; wherein the complement of the target, the complement

of the reference, and at least a portion of the target and at least a portion of the reference are
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sanpl e, and the presence of single stranded reference
i ndi cates that a greater anount of reference was
w@e@samsed n the original sanple. 10. The met hoRICD1S2006/010699
claim9, wherein the nethod further conprises, after
addition 20 of the first and second di sruption
each %ﬁ@ﬁ&?@sa d(ﬁl%le d¥fan8éd ﬁ@dﬁd%,eanﬁta%Q eﬁéesg %g&to!r ?&ére e remains
~ annealing the reverse priner fofr the target to Phe
singlewrpledrent of the target; annealing the reverse
primer for the reference to the conplenment of the
raef,ere ; i t he Lai equence of .t he .
raver s m et GIAR 10" R i IR dopnR 3SR RyRleid affcomprises o
halogexttechmiobgptidee reverse primers for the target and the
reference and the tail sequence of 25 the reverse
pr.ii.nmer for the reference; wherein the conpl enent of .
t Hé ¢ ar’é’@tf{let{;frﬁeofgéﬁﬁl Qﬁﬁé}?{em geuble atranded paelgie acils @regrosslinked
. : ' ¢ . '
e TR oL ) o R S S hub G o HRE bbcting
PCT/ US2006/ 010699 each converted to a doubl e stranded
prldductThe ampthathgf daimelds wharegretroslinkipds perd@rnredmaingsiltraviolet
single stranded. 11. The nethod of claim 10, wherein
t he doubl e stranded nucleic acid conprises a
hal ogenated nucleotide. s 12. The nethod of claim9,
whdr ei mhe andthel sftolamdiey whidieidsekihg i8p-feiRaHsingethemical
after addition of the first and second di sruption
crosslifiGliences but prior to the step of detecting. 13. The
nmet hod of claim 12, wherein crosslinking is perforned
ugkng i i gh Al
e o e PR Gicladl € herkdy i dFeER 8Pk ke rom re
groupgopsistingenitorein, aezimapthiiag birkelesinahitiogdn moksard ndtrdpden, and
deri ghen}cal crosslinker is selected fromthe group
Va%ﬁ%}§ﬁpﬁg of mtonmycin, carzinophilin, bizelesin,
nitrogen nustard, netropsin, and derivatives thereof.
166. Thahewidiasd sfcldmd, WilreinhRIsRIpbidRBAER Riformed using
detecting is perfornmed using 15 polynerase chain
polymegasg ch@ip reaption.The met hod of claim 9, wherein the step
of detecting is performed using

17. The method of claim 9, wherein the step of detecting is performed using

light.

fluorescence, capillary electrophoresis, radioactivity, or enzyme activity.
18.  The method of claim 9, wherein the sample is a biological sample.

19.  The method of claim 18, wherein the biological sample is selected from the
group consisting of blood, serum, plasma, a biopsy specimen, a swab, a smear, cell culture,
RNA, and cDNA.

20.  The method of claim 9, wherein the sample is not a biological sample.

21. The method of claim 18, wherein the sample is obtained from a pregnant

woman.

43



10

15

20

25

fluorescence, capillary el ectrophoresis,
radi oactivity, or enzyne activity. 18. The net hod of
W@ k@369 wherein the sanple is a biol ogical sepPUs2006/010699
19. The nmethod of claim 18, wherein the biol ogica
sanple is selected fromthe 20 group consisting of

bheod, a Gi
2020 TS PR R SRR TR B R o

Sequend:Qaiismfetal nuuémeamdiserﬂles@ﬁrpl e is not a biological
sanple 21. The nethod of claim 18, wherein the

2005/ 10988t bR ReRYEP B reneH B Ren 01 afovey af reet

and refdrenstheictidladif Seduahd@e s Rlatdd e al BERhERERI Elbifdr&'aﬁt_ﬂﬁ itigh fetus.
sequence is a fetal nucleic acid sequence
hod f claim22, wherein a_difference between the

afBunt T8 meshoskaf claime3s ehereinbe diffrrenseds slyted trdopiwn slrome

lnﬂwqgmgelated to a chronosonmal abnornality in the fetus.
24. The nethod of claim 23, wherein the difference
|s related to Down syndrone in the fetus. 25. The
méb hod The nuthxidnefZBimvil3e whereint the dififdréreeantdatedtor Biraéresyndrome,

Tur,ner dr one Edwar d! ndrone, Patayu' s
Edwales gREhe, B S piopes KEpHBReRL S R dR I P diggte,or XYY
syndr@ﬁe}ﬁY‘ﬁefQMeromé in the fetus. 10 26. The met hod of
claim9, wherein a difference between the anmpbunt of

target _and reference nucleic acid sequences is
r éPat edhe srefipdielpimd, aperepra diffesence bhtben thecaragunt Btarget and

I
R RO Sl o 2l

and a reference nucleic acid is present in greater
a@Bunt The neetleanflclim@onwheeimige addup(ddy anplatddyto gndehe
target and reference nucleic acids by perform ng one

oL, hor cles . .of a rase chain reactjo (b)

n2&bal Z\@F‘?ﬁ*@@ﬁé@tmlpﬁgr ugh fhpereet B‘é‘i:l?lic&ﬁldtaé‘gﬁrrsg‘f%’ée
nuclei@ aBid§ PreBertlin gf@{ek bin6@dtliRA salpRIMGhSrisisal d m xture

contalnlng both single and doubl e stranded nucl eic

aci_ds;
(a) amplifying the target and reference nucleic acids by performing one or more

cycles of a polymerase chain reaction;

(b) misbalancing the polymerase chain reaction to provide a mixture of amplification

products, said mixture containing both single and double stranded nucleic acids;
(c) crosslinking double stranded nucleic acids in the mixture; and

(d) detecting the presence of single stranded target or reference, wherein the presence
of single stranded target indicates that a greater amount of target was present in the original
sample, and the presence of single stranded reference indicates that a greater amount of

reference was present in the original sample.

29.  The method of claim 28, wherein crosslinking is performed using ultraviolet
light.
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(c) crosslinking double stranded nucleic acids in the

m xture; and 20 (d) detecting the presence of single
w@Reoahesed t ar get or reference, wherein the preRents2000610699

single stranded target indicates that a greater anount

of target was present in the original sanple, and the

Pr3®s encrhehetBdNaf aifif IR RARELIK BIo8IRRER ik ?Q%fﬁx%%eﬁl?sﬁd@aa{ ciemical

reater anount of refeérence was presen
Crossgiicgi nal sanple. 29. The nethod of claim 28, wherein
crosslinking is perfornmed using ultraviolet 25 |ight.
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crossl| or ne

groupcdmms‘ﬂwg of mitomgtinndeezinoBillin, 'Blmldsfﬁi; hﬁﬂ)g@lﬁ nis@kdndfopsin, and
n the chemcal crosslinker is selected fromthe

demw&l"’&ﬁ@“&?ﬂ%l sting of mtonycin, carzinophilin,
bi zel esin, nitrogen nustard, netropsin and 5

depi Vat’[’h\é%etﬁ&%ie&ilm B 'wh-gfé?n el Q)f(?ifetee{n? fl}]ﬁ%ﬁfgmed using

wherein the step of detecting I s performe
polymrsasgrebpiageactioni n reaction. 33. The nethod of claim 28,
wherein the step of detectlng is perforned usi ng

fl t
e N e AR K ——
ﬂuor@éen@é 2dapilBy elediRiphbresishadRarbliey, bSerdyRieAcdiE al
sarrpl e. 35. The nethod of claim 34, wherein the

I I elected fromthe gro
Iégs?glt 1 @ﬁ‘éhor%fg%%% 728ef"‘{lilﬁﬁelfb¥hﬁ§ﬁlﬁp legs b.buﬁ@gwaﬂ@@@phen

a swab, a snear, cell culture, RNA, and cDNA. 36. The

nmgshod 1ok n?étl?dcmf%@almw gﬁlleﬂbllilﬁ]l% brdh 5 ?ﬁlgpe% g%ted from the

bi ol ogi cal sanpl e. e net
gr OUP\WGSSIéﬁlIFg eftdoarh sprum, pbsmb,t abinpsy dpecimea, pswedn animeanyoaibhoulture,
RNAa nmet hod of claim 37, wherein the target or the

Ter e e nucleic acid sequence is a fetal nucleic
aci d sequence. 39. The nethod of claim 38, wherein a

di3bf er ame endiledd eflaifn BB, et thefsathpled€hot a biological sample.

37.  The method of claim 35, wherein the sample is obtained from a pregnant

woman.

38.  The method of claim 37, wherein the target or the reference nucleic acid

sequence is a fetal nucleic acid sequence.

39.  The method of claim 38, wherein a difference between the amount of target

and reference nucleic acid sequences is related to a chromosomal abnormality in the fetus.

40.  The method of claim 39, wherein the difference is related to Down syndrome

in the fetus.

41. The method of claim 39, wherein the difference is related to Turner syndrome,
Edward’s syndrome, Patau’s syndrome, Klinefelter’s syndrome, Triple-X syndrome, or XYY
syndrome in the fetus.
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to Down syndronme in the fetus. 41. The nethod of

claim 39, wherein the difference is related to Turner

S y4mlr orEhe méttv@ bflclaing IR0V IHMEN aaftfaund BRYWEENAHAE amount of target
Klinefelter's syndrone, Triple-X syndrone, or XYY 25

and refgreaes Ruclein agidetquanges is adatpdiogosrerpREho

PCT/ US2006/ 010699 42. The nethod of claim 28, wherein

a fhff | f e n
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aneupl oi dy. 43. The nmethod of claim42, wherein the
aneuploidy is related to cancer. 46
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