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t hat difference between the concentration of two sequences, approximately a 2-fold difference is

needed.

Quantitative analysis of nucleic acid is used for example, in quality control, gene
expression analysis, medical monitoring and diagnosis. Methods are described herein that
15  significantly improve the accuracy of these measurements, opening up new possibilities

within science and medicine.

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
20  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
25 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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permits sensitive measurement of the original amounts of a target sequence.

20 In another aspect, a method is provided for blocking future PCR-based amplification
in a reaction mixture by locking double stranded DNA through cross-linking. The cross-
linking prevents the amplification and thereby the detection of DNA that was double-stranded
at the time of cross-linking. This blockage of amplification can permit more sensitive
detection of the products that were not cross-linked. The cross-linking can be accomplished

25 by, e.g., UV or chemical treatment.

In another 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

30  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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'Figure 2 shows a schematic of how to eliminate double stranded DNA from a
20  subsequent PCR or other detection reaction using c‘:ross-linking. Step 1 shows the presence of
a sequence in both single stranded and double stranded form. Adding a cross-linking agent
binds the double stranded DNA together permanently or semi-permanently, preventing
complete dissociation during the high temperature step of the PCR cycle (step 3). This
prevents amplification of the double DNA e.g., by PCR, but does not limit the single stranded
25 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

30  sequence having a “tail” with partial B sequence. After performing several cycles of PCR, the
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stranded templates and will not be able to amplify the cross-linked double stranded template

shown on top.

DETAILED DESCRIPTION OF THE INVENTION

Definitions:

20 As used herein, a “polynucleotide” or “nucleic 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

25 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,

30  alkylphosphonates, methylphosphonates, phosphoramidates, phosphotriesters,
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A terminal nucleotide, as used herein, is the nucleotide at the end position of the 3’- or 5°-

terminus. As used herein, a polynucleotide sequence, even if internal to a larger
20 polynucleotide (e.g., a sequence region within a polynucleotide), also can be said to have 5°-

and 3’- ends.

As used herein, the term “chemically modified,” when used in the context of a
nucleotide, refers to a nucleotide having a difference in at least one chemical bond relative to
a standard ATP, CTP, GTP, UTP, dATP, dCTP, dGTP or dTTP nucleotide. The “chemical
25 modification” does not refer to the modification occurring when a nucleotide is incorporated

into a polynucleotide 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

30  arranged antiparallel to each other. Hybridization and the strength of hybridization (i.e., the
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As used herein, the terms “low stringency,” “medium stringency,” “high stringency,”
ot “very high stringency conditions” describe conditions for nucleic acid hybridization and

20  washing. Guidance for performing hybridization reactions can be found in Current Protocols
in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6, which is incorporated
herein by reference in its entirety. Aqueous and nonaqueous methods are described in that
reference and either can be used. Specific hybridization conditions referred to herein are as
follows: (1) low stringency hybridization conditions in 6X sodium chloride/sodium citrate

25 (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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cel | - f r eeWaln SueRIp AiCo thepsapmplet @ypiessly croomabses agrQdestndrfeaction AEPertied her ei n,

the ter v hl.god, " ".and "serunl expressly enconpass io fractions or
processrergerb\%fiﬁ%%ghettﬁélgig‘gfiwabsqura%f:y, where a sanple is taken froma

bi opsy, swab, snear, etc., the "sanple" expressly enconpasses a processed

fraction or paktubs@heréeifin tRtohteRidL HeniylepPSmpta@bt is dbRed “at Rast partia gt
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parti al | from g gigen spugeacompsises aideast apg sample eampenest olfnimed fopl vich espesent
obtained fromsuch a source. 15 "Conpl enmentary” sequences, as used herein,

refen,to seq ue@&ﬁﬁlehﬁnm Cﬁq&é}{cgﬁ a5 ﬁéeldederein, refer to sequences in which antiparallel

alignment juxtaposes A residues on one strand with T or U residues and G with C residues on
the other strand such that A:T, A:U, and G:C hydrogen-bonded base pairs can form. These
are the standard “Watson-Crick” base pairs occurring in the vast majority of DNA and RNA
hybrids in vivo. As used herein, and unless otherwise indicated, the term "complementary,"

20  when used to describe a first nucleotide sequence in relation to a second nucleotide sequence,
refers to the ability of an oligonucleotide or polynucleotide comprising the first nucleotide
sequence to hybridize and form a duplex structure under certain conditions with an
oligonucleotide or polynucleotide comprising the second nucleotide sequence, as will be
understood by the skilled person. “Complementary” sequences can also include, or be

25 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
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met hodshroesomdis présenitcinmbacenad quarkitie§lor det ecting, anmong others, abnor nal
chronmosone count (e.g. Down, Klinefelter, Patau, Edward, Turner, Triple-X
XYY, etc.) and abnormal sequence count (an abnormalitywhere only a part of a

15 The term "oligonucleotide" is defined as a molecule comprised of two or more

deoxyribonucleotides and/ or ribonucleotides, preferably more than three. Its exact size
will depend upon many factors which, in turn, depend upon the ultimate function and use of
the oligonucleotide. Oligonucleotides for use in the methods described herein are most
often 15 to 600 nucleotides in length, The term "primer" as used herein refers to an

20  oligonucleotide, whether occurring naturally as in a purified restriction digest or produced
synthetically, which is capable of acting as a point of initiation of template-dependent
nucleic acid synthesis. The primer may be either single-stranded or double-stranded and
must be sufficiently 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

25 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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As used herein, the term “corresponding to” refers to a nucleotide in a first nucleic
acid sequence that aligns with a given nucleotide in a reference nucleic acid sequence when
the first nucleic acid and reference nucleic acid sequences are aligned. Alignment is

20 performed, for example, by one of skill in the art using software designed for this purpose. As
an example of nucleotides that “correspond,” the T at position 11 of the sequence 5°-
GTATCACTGA TAAAGGAGAA-3’ (SEQ ID NO:1) “corresponds to” the T nucleotide at
position 27,091 of Gen Bank Accession # GI:1552506 of TCRB, and vice versa. The term
“corresponding” also refers, for example, to the relationship between two specific binding

25  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

30  target sequence, whichever might be discussed.
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to binding via the formation of nucleic acid hybrids, binding via covalent
chem cal As used herein, the phrases “rendering hybridized probes resistant to detection” and
“rendering paired probes resistant to detection” refer to the treatment of hybridized or paired
probes such that they are not substantially detected in the nucleic acid detection method
employed to detect unpaired probe. By “not substantially detected” is meant that hybridized
20  or paired probes treated to render them resistant to detection contribute less than 10%, and
preferably less than 2% of the signal in the nucleic acid detection method employed to detect
unpaired probe. The phrase “rendering hybridized probes resistant to detection” is equivalent
to the terms “hiding” or “sequestering” when applied to probes. Non-limiting examples of
treatments that render hybridized probes resistant to detection include chemical and U.V.
25 cross-linking of probe to target or reference sequence or to another probe, or the physical

removal of said hybridized 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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As used herein, the term “target nucleic acid” refers to a polynucleotide whose
amount is to be determined in a sample, relative to a “reference nucleic acid.” A “target
nucleic acid” contains a known sequence of at least 20 nucleotides, preferably at least 50

20  nucleotides, more preferably between 80 to 500 nucleotides but can be longer. A “target
nucleic acid” of the invention can be a naturally occurring polynucleotide (i.e., one existing
in nature without human intervention), or a recombinant polynucleotide (i.e., one existing
only with human intervention), including but not limited to genomic DNA, cDNA, plasmid
DNA, total RNA, mRNA, tRNA, rRNA. The target polynucleotide also includes amplified

25 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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PCT/ 13804081101 560y, Sweat, feus, SQBV%iaﬁ‘,i%lﬂé(et- erm"cross-linking" refers to

coval ent |inkage of one probe to another, follow ng a specific physical

B T A e T AR
t Wl palcidosipbé Sentsias bes6cSoreibienlical yhodHitatiensiatseiiure dttributes that render it
less susceptible to nuclease cleavage than a similar sequence without the modification or
structural attribute. Non-limiting examples include changes to the phosphodiester linkages,
e.g., the inclusion of a thiol linkage, and the presence of secondary structure, e.g., double-
strandedness versus single strandedness over all or part of the probe molecule. By “less
20  susceptible” is meant at least 10% fewer cleavage events relative to non-modified probe

under the same nuclease cleavage conditions.

As used herein, the term “aneuploidy” 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

25  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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ynucl eot’i d

met hod for anplifying a specific po e tenpl ate sequence. The PCR
reaction involves a repetitive series of tenperature cycles and is

typicall s ' IRTR k%ﬁﬁi?ﬁ,ﬁt
PCTI US2 0%.‘H é%gﬁ;%tﬂ@gﬁgﬁg%ﬁ%%@ég S (eac %Q)ggﬁ?;h%wf%%?
deoxynucl'eotTde (119\ ; , P, and dTTP), prinmers, buffers, DNA

pol yngrise e. g;3&1’cho%g];[l p&i{r{g%tcgr%ln?on y accggtlex Metho %log?/qg molecular biology, the basic

idea_behind this methodology has changed very little in the past 20 years. The primary reason

* for this is that PCR has served the molecular biology community well. It is a tool that can
detect extremely low quantities of nucleic acid sequences and it can even provide a rough
quantitative analysis. One of the recurring problems with PCR, however, has been around the

20 formation of a number of by-products in the final PCR mixture that make these PCR products

unusable in many applications.

Described herein is a method by which the PCR reaction can be selectively
unbalanced. As used herein, the term “unbalancing” or “misbalancing” with respect to PCR
refers to the use of PCR or a variant of PCR to produce an amplification product containing

25  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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pol ynucl eoti de tenplate. One PCR reaction may consist of, for exanple, 5 to
100 "cycles" of denaturation and synthesis of a pol ynucl eotide nolecule. 5
A "hai rnpi e", as used herein, conprises two selfs ary
sequenc&/B Zﬁ(ﬁ@@g#géy form a doubl e-stranded stemregi on,ljcsjzg%g@e@g%y a |l oop
sequence. The two regions of the oligonucl eotide which conprise the

doubl e- strapded ste %éegi on are substantially conplenentary to each other,
resul ting i ftgrépyerﬁ{/n R&yslss,iagpactiop peiyaire comiging ap asspEmentef pigducthde or nore

m snat vorad [ . dal i , e haid Pl uence", as
Tou 1ERFRmisbAde Rffcfold 80 Bhge 1o kGt AR excehPof ABMPOEOARALSN R
ext enctoimpdéméieo theubiviard ot tirreedssprate:s gNwénti:ang,SﬁﬂlPFﬂaaﬂIde&/le%ANCl NGA
PCR REACTI ON AT A FAVORABLE TIME TO ALLOW THE REDI RECTI ON OF THE PROCESS 15
Al t houyinedrraterred toderaimps thgc dispint seavenesd 5| digiuption spqusace- Arlf Blivdisgpt t he

basic _.i el b S F VEer ' ) ast 20
yod o sofis RleREhTtRbq B8} RRpclES, Rl PARRREK, bbb B pibdiiB. 00 o

bi ol ogyillasaeme dbiyblestrndell white theloftdr hhHa¢ill ¢&ain Geiphestradded Qriphne 10w
quantities of nucleic acid sequences and it can even provide a rough

quant i Neie ithas therdouply sirandydecaptplement os templaisgvimeb be asonlinupupgirand, bwlever , has

it ur @i it HEEP p REER A s Rionts AR he By P Reth Bl Blemelg®r "
Descr ithedrigiahBirinérshat isBéRehpdmaed By tHealidPit segagiceon can be sel ectively

unbal anced. As used herein, the term "unbal anci ng" or "m sbal ancing” with
respect to PCR refers to the use of a variant of PCR to produce an

B 11 cat | BIFHPTG HOU RSP ghetiodbok mishe s eI BERomsatisubiee 5t 1 anded
doubi dre R e Gres pefiskh U Rty BERDARE e el Bl e ana

singl e stranded conpl enent. The purpose of this msbalancing is to
facilitate differentiatiation between the tenplate and its conpl enent,
t her el KNQCKINGIOYTAUCERICACIDS FROM EUTURE DETECTION®BYPCR @Rer. 13 WO

2006/ 1P HER METHOPY R PFORANG SINGLE STRANDED DNA

Once one has achieved a state where the desired products are single stranded and the
15 undesired products are double stranded, one can lock the double stranded nucleic acids by
permanent or semipermanent (i.e., stable) cross-linking (Figure 2). Cross-linked double
stranded DNA will subsequently be an inert player in most reactions that require a single
stranded form, such as nucleic acid hybridization, interaction with certain fluorescent dyes

specific to single stranded nucleic acids, PCR and PCR’s various modified forms.

20 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

25 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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After several PCR cycles, a reaction mxture contains an assortnment of
products. A' way to m sbal ance the reaction at this stage is to introduce
an. excessw 2dobeoXsed | or partial conplenent to the forwa€THUS006/HW69%Vver se
prinmers (or potentially, bot h) The added excess prinmer is referred to
herein as the "di srupt sequence™ or "disruption sequence.” If this disrupt s
sequence ; hal f

of the. prise MR Dl A B B S P P et

remai n shoigtien ssedamBamird ¥i gure 1). Note that the double stranded conpl enment
or tenplate will not be a continuous strand, but rather will exhibit a

break in the sequence where the disru quence neets ens on of the
or i ginal pri nEpt PRAPPrEChGSEEn L Be i e ag gcamied @r&tﬁ{f&g@%@ g Ecferegos

-rrgg::te T SL@EW%%H%’E@F% é@eﬁ?ﬁgé}q et°\?g?é‘%‘t&?t§%f§? g)nldéagm prgééq cts and
t hei r s coqudntityeof the dedt ﬂd@c&ﬁn%@&tﬁe&@ﬁ@@aﬁﬁﬁdt&ﬂhﬂﬂ?%ﬂtﬁﬁﬁl ON BY PCR

Stat e whBFETIT L FRENe G GRITcE (B JaPriGE S1EPsr oG ochied an s e
pr oduct ot daublee (5] RS op8UEAAY chASHchYS L1aubh nthe ARAP MG PR aci o

by pernanent oOr se er nane cross-lin | gure

Cross- i Btyexdpmxuhdttely eqtlrvatededs fddhntwhdtla compiedtpne of th¢ approximatelyrequiviakper i n
nost reactions that ui re a Si st randed forrn such as nucleic acid
hybri di zat-mahseqvntcst(a% il ping ad%ﬁltf%l Tggion of theseriginal ggquence R tiertarget o sj ngl e

st ranged 0O Essentially
ahat has “DUIAE (B} PEUE SovelSs Sribid s RrtBh B IIREHs i Bften M BPpRiZ®, 12
i nhi b|t|on of further activity by the now unnecessary conplenents and the

i sol ation of Alfier selesl Pém et 2f Bird, 510,161 et g tHel produmts sitolvarin Bses2 ofJSI NG

PCR M SB LANC LINKING TO DETE SN%L DI FFERENCES | N NUCLEI C
ACID C e G B e Thed te%.mn tewg’«m BB or
provi di ng féﬁ Ghe b of AL Bher@ifh g&tt&ﬁt&%&@g d@gl ds i's_an
|rrportan goa for a wde range o agnos c and researc proathes. The
net hod désdbitihg thabg hethadotopiesdatet tre Théd istwheee misbalancihg die ROR odactiow nucl ei ¢

acids by elimnati n%ﬁt he comon background through stoichionmetric pairing
(whi dh nEESPFSIMBRI e to one). The description that fol | ows di scusses

By adding excess complements (C, F) to both the reverse primer of the target (C*) and
the reverse primer of the reference (F’) and establishing hybridization conditions, the double
stranding of these primers is favored. If the conditions are right, a subsequent extension on
the reverse primer will double strand the pB region with a pB’ complement. C and F are

20  referred to as disruption sequences. The disruption sequences will not stop with double
stranding both reverse primers under hybridizing/extending conditions. They will also bind to
the complement templates (C’B’A’ and pBF’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

25 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

30  work, the original templates find time and space to bind to each other and extend in a
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14 WO 2006/ 102569 PCT/ US2006/ 010699 the one to one pairing of nucleic acids
and refers for illustration purposes to Figure 3 and the notation used in
Fi gure E I 5 approach, assume that the two nucl eigeragd88s01860bar g€t
(ABC) aﬁﬁoé&% gér‘%nce (DEF) to be conpared to each other are ataﬁow
concentrations. By performing PCR the 5 quantity of the desired sequences

be i d that this.P t en..i f h that th
¢ ver BTG 1 I SFORAGRALY B SHON B SeBad THBUF A CHet P lde &
parti g e '%%ﬁ)tefnpﬁfes,' 7 1RO [N é%%és%'o!ttfé"cb&%éﬁ}'tﬁ‘é?é viR b8 singfl on on the
target tenpl ate . By approxi mately equival ent, at a

is meant t
conpl atremdedodABECh kefiager.df theed slap ezcess viithereferqnae,tthere val deeingle {traR'ded woul d

bi nd j,red region of the origi.nal sequence on _the target [.Q tenplate
(e S 06k pug® Bremdding Gl DeiBne Fanuer Bappaeen bt FIEta Gleaths par
Af t.er : : , el o ucts shown
i ntSSt g%ﬁg&gg he @%&%&%‘?ﬁ?‘f&g@pﬁ&ﬁgl ?enmté ﬁggﬁ% bﬁ?@%’%ﬁg ﬂ%f?%fs Pfti:]u ty lies in
t hat nriiffereficet andeeduralg/the somnmn hackdrotmd eyledual atsehyie ememmts. of nuner ous
fragments that can bind to our desired product, inhibiting many

becones. | mpbRESAIED iBP it rige ERELS S aRpRuHER oI Gorfurtr HIERORN Lhever s
Bt bl Re BORR g, K ol by SR E PR QI o Ving ey S SBRGA . ) "
pr i merdegradingathempat. crods-litking-thami i $ep 4af &igurgBthe “hidinp’ efitherdoulelet ensi on on
. F opiegalelecai P R R ey SR RO SRR 0% P a6k OB ences
Iy b | 4 o 13 S T S AR PDNASONA crvent

t enpl dhatss ¢apableAf bacuninBBingld¥tianded) dnehas dvecessfully eermevedimpirattions freme wi | |
be a short. extension t.o double strand the pB sequence. The forward priners

Wil | (dopblestrandedentitiey, e e ther. They will eventual |y (although
statistically later due to relative 25 concentrations) fnd the conpl enent

tenpl ates @ne"\feltéc{iﬁﬂﬁoo@%d@ﬁf&k%@l@ﬁﬁ%%ﬁg{lﬁf%lﬁ%?ﬁigﬂrg?fﬁﬂﬁ&d%hihkﬁ ypl e

strand the rest of the conplenent te a scontinudtion in
t e néCRIdubgecrekative differbrees of evenesutatingiantitiasfoftbelefcoacidsrodn heieasilys meets t he
di sru %te!ce?:tréd by PCR, although it is necessary to prevent further cross-linking of double stranded

molecules for PCR. In the preceding description, the forward primers for both the target and
the reference templates (A and D, respectively) are already present. One need only add new

reverse primers (Figure 4).

20 The above methodology could be simply modified such that the target and reference
are reversed, or to focus on recovering the complements, rather than 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

25 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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sequences. Now that the higher concentration disruption priners and forward
primers did their 30 work, the original tenplates find tine and space to
bi nd to ea®o adobao2send extend in a 15 WO 2006/ 102569 PCT/ PSRUSBNGIESO
predefined 1 to 1 ratio. Wat remains are showmn in Step 3 of Figure 3. Due
tothe 1 to 1 pairing of the original tenplates, if there is an excess of
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mai nt ai ni ng tﬁ%gﬁ@gﬁcu@@ stag'l{p er@ﬁg%{hgrﬁ&ﬁg%ud&gng ?%tg&com%ﬁBﬁ?i% gr}%und by
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acids fromfurther reactions. This can be acconplished, for exanple, by

sel ect : v éis patugH gayisenmept a@chmntﬁfgs ¢ n@lmlucdmid?ﬁ gy cargeapsistiphpprt wlémr or
4 Eigure. 3 the "hiding" of.. 10
ot randed NRRLIcidoRaz ol hodompBbk Biotodii sylbisfidh oL IS SARPRLE, 00 ¢ e
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ities, One d ' | Il af
e - per HER 2 BEkbMoreRpmpld” (it 85 sy bl n B VBT kR 2R o1 even
smal | quanindl) Rstetih] GYAGTaE56uras | SHnfl&d cadne@edihed frolRldeEéfeh dovrdegR  al t hough

It Is necessary to prevent further cross-Ilinking of double stranded

mol ectdl esndledin®omt notrlinites! toy saoepdésrfyord differengtindimidualscdifferentideeopmestad f or
both th d th f tes. (A and,. tivel

't eady SPREETE B oBgeEH GabiGale Tty ibeed i G R guind s ' The
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reference are reverSed, or t ocus on recovering the conplenents, rather

t han t he stagpgyofithe saneerpit different imdividundss individwale suipecteshioctiffensnt disease can create
systens where the.reference nucleic acid.that e, target,.i. ei.ng conpar ed
PYo o etfent, Wik SO R Bl R G F ebitsonal B af vyl v °°"P

15 predisposition to a pathology, or individuals with exposure to an infectious disease agent

(e.g., HIV).

Samples can also be obtained from in vitro cultured tissues, cells, or other
polynucleotide-containing sources. The cultured samples can be taken from sources
including, but not limited to, cultures (e.g., tissue or cells) maintained in different media

20  and conditions (e.g., pH, pressure, or temperature), cultures (e.g., tissue or cells) maintained
for different periods of length, cultures (e.g., tissue or cells) treated with different factors or
reagents (e.g., a drug candidate, or a modulator), or cultures of different types of tissue or

cells.

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

25 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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25 woul d all ow for accurate boundi ng of nucleic acid concentrations by
determ ning which two standard concentrations the target nucleic acid falls
bet ween ially by looking at the final relati 5% f target
and refé?gggggbgﬁg estimating, for exanple, the distang§ﬁ¥ronyﬂ%§?ﬁer or
bot h standards. 16 WO 2006/ 102569 PCT/ US2006/ 010699 NUCLEI C ACI D SAMPLE
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sources including, but not [imted to, cultures (e.g., tissue or cells)

mai nt ai ned Analybis ¢frlesd plagia DN2Ohayvevexdatithhi i0isscofpoged mpiily pf dRsfDNA or

t enper at ur ez, cultures (e.g., tissue or cells) maintained for different

per i odtrgprenisesnst interestinglys thie average fragment pzegyascerpater) inpregnaatiwamen thts f er ent
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of differ I Ssue or
15 plasma DNA were shorter on average than maternal fragments (Chan et al., 2004, Clin.

Chem. 50: 88-92). Methods for the isolation of nucleic acid from blood, serum or processed
fractions thereof are well known in the art. Methods of isolation of nucleic acids from blood
or serum are described in, for example Chen et al., 1996, 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 in maternal plasma and serum. Further, Dhallan et al. (2004,
JAM.A. 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

25 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

30  another approach is to use a reference sequence from the Y chromosome; such sequences can
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Furt hernore, sanples can be obtained as a product of polynucl eotide
synthesis. 25 The sanple preferably conprises isolated nu I | rom a
source as NEEHVPBESGS? above. Methods of isol ati ng nucl ei c géf/hgzoﬁflﬁlﬂ?&

bi ol ogi cal sources are well known and will differ dependi ng upon the nature
of the source. One of skill in the art can readily isolate nucleic acid
from a sbeolteined frorechiefréafetal BN A thedsatetosloiichlation &eeierg., Jakizawaet alnst ances,
17 WO 20Q6/ g]O 569 PCT/ USZOQE{QHJ,{:&%@ it can be advantageous to fragnent the
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acid isolated from the bl ood of a pregnant wonan. Anal ysis of bl ootd pl asma
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worrend s irsthpldagnesiibfcanesre shorter on average than maternal fragnents (Chan
et al., 2004, din. Chem 50: 88-92). Methods for the isolation of nucleic
acid from bl ogd, serum or .processed fractions thereof are well known in the
art. Methods iﬂ&%ﬁﬂaﬁgﬁﬂ&f nucl eic acids fromblood or serumare
described in, for exanple Chen et al., 1996, Nature Med. 2: 1033-1035 and Lo
et al.. 1997, ThaRfflods dbicribEPndeif fadiigud e Retctlion OFERERACA iRRRFIMOLALYY
recogni zed the 20 presence o etal DNA in maternal plasnma and serum
Fur t her , tdbpetinheleicaividatersus200frencd niclbicAcid@quentt. ] Tadgki M) cleodciddirebidd a6 6
hods to enrjch for fetal from maternal serum, ile such

descri be t
enrich meﬁ{lr&f‘“g septenpiiakis asspciatid Witk a gHEmeRcs M SFaugRRsEPesentation in healthy

15 versus diseased individuals. Genomic DNA is especially useful as a source of target and

reference nucleic acids. Thus, a target nucleic acid sequence can be a sequence on a
chromosome that is misrepresented in a disease, e.g., a sequence on a chromosome noted in
Table 1.

Target sequences also include, for example, sequences known to exist in a
20  polymorphic state. Target sequences can also include, for example, sequences known to be
amplified or over-represented not in the whole individual, 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
25 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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enbodi nents described herein, the potential for such enrichnment could be
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di agnSEPEPEs 3 BAIREKPeP IR ETSSORFRFYicE- A E D AGHT A% 4, i5ONG SeWEPHR 4T her ei n

fagi | idnainRr $daBestRBEWhRA R 1eYEllil RhGNE 2% at RadthfhiaBUBbwWAto Be réldiedy nucl eic
acid versus a reference nucleic acid sequence. Target nucleic acids include

any riowr@ant sequence that is associated with a difference in sequence
representation in healthy 15 versus diseased individuals. Genomc DNA is
especially useful as a source of target and reference nucleic acids. Thus,
a target nudbstioftencd bfeenpesaqencawilbbe ansthgtisnireadynprasent i obivbagieal t hat i s
m srepresented in a disease, e.g., -a sequence on a chronpsone noted in
Tabl e Sempleaprsésralytia kpewn sensesenialipm:EOT GXaMPIS, FHhsTeONeSH es known to

exi st i.jn%sﬁgate the amount of a sequence associated with a genetic disorder, such as
15 chromosome 21 trisomy indicative of Down syndrome, the reference sequence would be a
sequence not present on chromosome 21, while the target sequence would be a sequence
present on chromosome 21. In this example, where the reference sequence is present in two
copies (a homozygous sequence), if the target sequence is found to be more abundant in
maternal serum than the reference sequence using the methods described herein, the data

20  would be indicative of Down syndrome in the fetus.

Alternatively, the reference sequence can be one that is spiked into the sample at a
known or constant amount and which differs from the target sequence. 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

25 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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20 pol ynorphic state. Target sequences can also include, for exanple,
sequences known to be anplified or over-represented not i g m@ |

i ndi vi dual W®ao{1A26%rtain cells of the individual, as ig@@@'%mp ﬁmgkanple,
in cells of some cancers. Finally, target sequences also include sequences
under investigation, for exanple, for differential gene expression. The
amount of an Bxgbesr anscript can be neasured relative to a 25 reference
sequence by applying the nethods described herein to a sanple containing

reverse- transgcription reacti roduct s.0f .t he: R rece.of interest. 19
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r ef er enc durthas danssicgated. Mhesseprobrs chuld beepxactd{cRwamphified pepiescet coplemsantzeft i on i n
the nucle c acid sanple. s.For noyi A, for exanple,.a referen

sequence eeried s8Rt et meR sl BRbE soniticsohs FRNreE :Bims B TRLRGR.
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i ndividual's. Wherée the target” sequence’'is to be neasured in RNA, for

exanpl e the tdegebsagueecet Refetance prabe vel poasspond tofhezegionemundes suvpetigation that
reference can .be, .for Eﬁ(aggl e, a housekeepi ng gene sequence, e.g., GAPDH,
actin or “sledygliomdhs welrence 5eq¥@enot her sequence for which the |evel is
known, or at |east which is known to be relatively invariant. Mdst often, a
reference sequfpgife PhitherPe one that is already present in a biological

sanpl e, preferabl 'y'gat —a known representation. For exanple, where one w shes
to investigate the anount of a sequence associated with a genetic disorder,
such @s i s chinpachanstaike, & piabemillialsei contprise a oégi Goomrmeigtyithetpermith éher ef er ence
sequence uld be. a _sequence not present on chronospne 21, while the target
sequence PRSP %M@zﬂgéﬁe fefglfeé‘ggmo &h Sﬁ%%ﬁ%mgti?nsr n this exanple,
where the reference sequence is present in two copies (a honpzygous
sequence), if THaQediah BLmofBfIERERA kSad &‘%]ﬁ‘dihgpbﬁn&l?ﬁ(ﬁe@b}‘t!ﬁéﬁﬁ&mh@phﬁéaﬂ” nal
serum than the reference sequence using the nethods deScribed herein, the
data 20 pauing widl dompirisea imean6f fpevidicalnbinding ana prohs (iedarsertain conditions) to

a probe that binds another nucleic acid sequence. This ability of the target probe to bind the

15  reference probe permits the “removal” or sequestration of a proportional number of target and
reference probes. This “removal” permits the detection of non-paired target or reference
sequence that is indicative of a difference in the amount of one sequence versus the other in

the nucleic acid sample.

In a preferred aspect, a region or moiety for binding a reference probe to a target

20  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

25  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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Alternatively, the reference sequence can be one that is spiked into the
sanple at a known or constant anount and which differs fromthe target

sequenceyo IhvsaoPRYPr oach will give results that indi caperitigo@meessd of
target sequence relative only to the amount of external spiked reference

sequence, but can be used to nornalize between sanples the 25 | evels of
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COr r egd tenghih @dnstHnt f erences in anplification efficiency, as is generally
known in the art. 20 WO 2006/ 102569 PCT/ US2006/ 010699 Probes: Probes for
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that RaviddntertNBor HANHIEWwaRlg the tenierdtafedsTla salflioh VeRIvEIHET, Plop RABcleRer
certain conditions. The region or noiety (referred to as a "binding partner

moi et yeid biding pair rindersghypaicatile tobind ieach athel. Gndigiansbbiadimgaas alsd be
P Bt R BReR 5 B DAL RS Sl bR T Do 1

bi nd thgndvableet8mpBsBrais ARanPBoRENISs thAfcori @R the thﬁlﬁ%f%ﬁﬁxﬁbésotﬂ of a
proportional nunmber of target and reference probes. This "renoval" permts

t he dedacathembutfthatanan baieitbet physigally wmoved er madeinestoghsarit is dekiaed fos i ndi cati ve
of a difference i he, anmoynt . of one sequence versus the other in the

nucl eipE“%‘g{]?T@St?FﬁR%?”nl °§a°33r%q1%rrred aspect, a region or moiety for binding a
reference probe to a target 20 probe is nmade by incorporating a

cor r espondigudFRRRESin@ihg 3ar® M8 bé héhiéeddhiddgP el A8aItioRA ™ catalyst that causes

15 binding. For example, the exposure of complementary sequences comprising halogenated

nucleosides to UV can result in the covalent cross-linking of the sequences. Chemical cross-

linking agents are also known to those of skill in the art.

In one embodiment, the binding partners are substantially complementary nucleic acid
sequences comprises by the respective probes. In this aspect, the binding partner nucleic acid
20  sequence on one probe is able to hybridize to the binding partner nucleic acid sequence on the

other probe under a given set of conditions.

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

25 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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t he bi ndseygenas: freoneenchoeiimentcthd adapter molecule comprises nucleic acid sequences that

can hybridize to nucleic acid binding partner moieties of the first and second probe. The

adapter molecule can be single-stranded, double-stranded or double-stranded with one or

more overhangs. As one non-limiting example of an adapter, a double stranded nucleic acid

20  with two different single-stranded overhangs could be used — one overhang would be
substantially complementary to a binding partner sequence on the target probe, and the other
would be substantially complementary to a binding partner sequence on the reference probe.

The adapter molecule can also comprise multiple nucleic acids.

When using an adapter molecule, it is preferable that the sites which interact with the
25 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

30 al:lratio. In alternative embodiments, a single adapter molecule can bind to multiple copies
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20 sequence on one probe is able to hybridize to the binding partner nucleic
aci d sequence on the other probe under a given set of conditions. Simlar
paranmeters to those considered in designing PCR priner re

consi der®f ZPW‘&%%(’Pgni ng the sequences of binding part ne&e‘ﬂﬁ@péﬁ@@gi d
sequences to include on probes as described herein. For exanple, one of
skill in the art will consider the inpact of 25 length and G+C content on
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that binds ‘the reference or target sexe'nce. 22 WO
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each owlieh the firktr andghcamhmblentanspecificallyonteraeh throwglethair hirslisg pdenpl es of such
bi ndi ng .partner leties include but are not limted to:
bi ot | 1THQERES, FEDPIVADY- B GEPHECACHANYe PEBRBiTsAL mefa fhAnFRele £+ 2,3, 4. 5,6,
het er OﬂiS”&E.:)éééﬂt&%BEEﬁlE chbé SmpRy&d., conpl ementary | eucine zi pper notifs,
conpl efehtafy ‘heli x-I oop-hel I x Ot i fs, etc.), antigen-antibody
I nteractions, aptaner-ligand interactions, or nmulti-conponent chem cal
rewct i ons. Jdgnéstrasion or Remevaliof Farget:Befenence Puehesiommeted: bi ndi ng i o partners
to probes are well known in the art. Further, one skilled in the art can

readily deg.erm ne.whether..the environment required.for . nucleic acid
nybri di zat | B HEGOM FeRRIo direin PRt B oRhef SRt 5 bREYeRa BT 56e o
their Rbbd drd £@rde pRIbRAnSRE& 16 UBREL nohlRRIISHING “RAH Svee” prtbk ldi&uldzan al so
interact indirectly through an "adapter 'nolecule." As used herein, an
adapt exftentliequrobes arsbaumyd toehchoathe, itica he advantagatmistogembie) (thidg” of s

e A S B B e 1

COMPr i e vAUCiging” BFshusqAiBACcCES that can hybridize to nucleic acid binding
part ner rrzi e(tgllhes%o? téréllg first and second probe. The adapter nol ecul e can be

si ngl e- stranded, doubl e-stranded or doubl e-stranded with one or
One approach is to “hide” the target:reference probe complexes from detection. This

can be achieved by permanent cross-linking of the target:reference probes in such a way that
it interferes with the detection method. For example, if PCR is used for the detection of
unpaired probes, complementary sequences on the target and reference probe can be used to

20  bind them and this duplex can be cross-linked by chemical or physical means, such as UV,
mitomycin C, or others described previously. If the primers for the detection are designed to
overlap the permanent crosslink site or can be found 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.

25 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.

24
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consist of a poly-Atail, an e bindinhg partrier noiety of the s second
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In anot her alternative enbodi nent, nore than one (e.g., 2, 3, 4, 5, 6, 7,
8, et c.) readeytod the®CRovill eoraspobd teethplseyedces 1ot Srogslinked through theseRenoval  of
Tar get : Ref (ﬁ}ro%nce Probe conpl exes: The met hods descri bed herein exploit the
f or mat i o**61°“®onpl exes .bet ween a reference probe and a target probe. In
order to detect non-conplexed or "left over" probe nolecules after the
probgs are bomagction 6ATRpAEddFrobdst can be advant ageous to renove, "hide" or

sequester the target:reference probe conpl exes. There are several ways to

acconplish this 15 renoval, "hiding" or sequestration. )
Following the physical pairing of target and reference probes in proportion to the

amount of target sequence present, the methods described herein require the detection of

unpaired probes. This detection can be performed by one of several different approaches.

One method of detecting unpaired probe uses polymerase chain reaction (PCR)

20 amplification of probe molecules that are available to serve as amplification templates. PCR
is well known in the art, and uses a thermostable template dependent polymerase and
oligonucleotide primers that anneal to template nucleic acid on opposite strands in cycles of
primer annealing, primer extension and strand separation to generate exponentially increasing
numbers of duplicate copies of a template sequence. See, for example, Mullis et al., U.S.

25 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

30  for unpaired probe amplification can be designed to be complementary to the sequence tag.
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One approach is to "hide" the target:reference probe conpl exes from
detection. This can be achieved by permanent cross-|inking of the
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the react i deidttiBs ofPORS predudt indiesive Qﬂurgrdih‘éhgﬁi&%n@iafcﬁﬁéﬁﬁée fodefications
to different primers. 24 2006/ 102569 PCT/ US2006/ 010699 Chem cal

cr oss|ammat of target andeictagidnsn de bywoy megnsicerompolyrusal (BiletestPCReprodhcts.

Bi ochem str 1 , .31, 3084-3091) or .derivatives of it. nitric oxide

Ccaul PoEFEplea CR g el i botsa of skgiausiéf aeonits gphimer, -4

pyr r ol fidréicetaeWr Esotdfle defddtibl ehifBe (3aR66bt@in Alead odt. AMrna Na reflGime 2003,
125, 3471-3485), carzi nop&] lin, bizelesin, nitrogen nustard, netropsin or s

detoi vanethed sush asitlessTaqMan risnd Melserlar Bedsen orethusls] ontrlatedimethpdss can be not
effective tenplates for detection by, for exanple, PCR Therefore, PCR using
pri rrer‘%ge‘?'hat anplify target and/or reference probes or sequences will yield
anplification products only where there is non-cross-linked tenplate

sequence. A thé TeMaRtsshe (R 8. oW 8. PRERIT7230591),Ro FER Biledfladked hods,
anplification primers should be designed so they will either hybridize to

t he i ceniglipyobeoligonucleotides e mrebeooligonnelsetide qvimptises tvamfluorgscenthie
anplification,.sequence woul d. cqgnt al cross-linked region, thus

Pt biThp e R polEReeos SN of B PRE SiPReSdhe BOBRSS Ty deor

Cr 25 S-drbBkElboROIBE MY, | Thel AR ESLERs the thE Fusidiient iodtied Bb b&dhet herefore the
readout of the PCR w Il correSpond to the sequences not crosslinked through
t hese physically separated, which causes a change in the wavelength of the fluorescent emission.

As more PCR product is created, the intensity of the novel wavelength increases.

Molecular Beacons (see U.S. Patent Nos. 6,277,607; 6,150,097; 6,037,130) are an
alternative to TagMan. Molecular Beacons undergo a conformational change upon binding
20 to a complementary template. The conformational change of the Beacon increases the
physical distance between a fluorophore moiety and a quencher moiety on the Beacon. This
increase in physical distance causes the effect of the quencher to be diminished, thus

increasing the signal derived from the fluorophore.

Other applicable fluorescent and enzymatic PCR technologies, such as Scorpions™
25 (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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probes. This detection can be perfornmed by one of several different
approaches. One net hod of_ detecting unpaired probe uses pol ynerase chain
react i onSgguERe incorpenates fiftupreseent aticlgplidscorpsineas that 4s thamdetgeted aysamplpl e t o
serve as_anplification H | ates. PCR is well known in the art, and uses a
t her nost 861 9¢5ﬂ$ﬁ§$%pﬁ%§ggdent pol ymerase and ol igonucl eotide primers that
anneal to tenplate nucleic acid on opposite strands in cycles of prinmer

anneal i ng, pr CapillaB)Xélestfophbresid @ak hlsa BEl usiPRAitidiut Gt deed S ECR bR pERBAMANE al |y
i ncreasing nunbers of duplicate copies of a tenplate sequence. See, for

exanpl e, theigrak frem the unpaired protgs mpsudfigienidor aredighlesignal. PdRrapsivelt i on of

unpai redprobes can be,perforned t.hrough u of P riners, that a I fy
the uhpafTRdSGE e Hes 8F 1buehiaas hiEr bl piuetiilel WERvEY il wRY o)
the nat yrdde® By figoredteade tagl “dicRBRS ardiRban® SRR That Wi bdld Reddédfhe@Nd
reference probés bind to each other through hybridization of conplenmentary
sequence number, of dhwrestent tagspithersdisectly edthtgghadapapaiotesulep totid imdetectiancat i on

can be design to be c lementary to the sequence .tag. S 2006/ 102569
FoT) Us200%) BBk atetiad SESRagiRa ooy’ 8 Gabeaivated Bt cBoihibs. ar o
cross-1i f ol L @R Rf Bi’ﬁn ﬁ?ﬂrli
sequenceﬁé&gggshfﬁtaﬁ??l é)‘ig’icﬂ%‘ﬁs b? rt\%@\(ﬁ:n gg‘g@ﬁ%&%#‘%@%@b?es V\‘f tﬁgt%] emg\?ai | abl e
f or anpl détectad bpa changesn cbiondiungescette o sintilar readohi Qther ldetectiars methiodk eahlgr obes

fromanplificati.on using.a prjmner that hybridizes to the tag. Such an
appr oach? edaqlhggﬁpé(ega M‘Hﬁ%&ﬁ?@d probes available for anplification
and subsequent detection. The detection of PCR product indicative of

unpai red probehasidosdntt AbSreRG8ed dhdiiseasgéount of target nucleic acid can be
by any neans commonly used to detfeci PCR products. For exanple, PCR can

incorporate a_fluorescent or radiolabeled nucleotide or priner, and
fl uorescence & thegnetheds deeerdediherein alavibtionssfeemad : bintiei of targeidadeference

AL er nat el Yo it § el IEorh Sl N0 SHED. Rt i QAT AP bl o

15 abnormalities that are associated with disease and which can be evaluated using the method

according to the methods described herein are provided in Table 1 below.

Table 1. Chromosome Abnormalities and Disease

Chromosome Abnormality | Disease Association

X, | X0 Turner’s Syndrome
¥ XXY Klinefelter syndrome
XYY Double Y syndrome
XXX Trisomy X syndrome
XXXX Four X syndrome
Xp21 deletion Duchenne’s /Becker syndrome, congenital adrenal
hypoplasia, chronic granulomatus disease
Xp22 deletion steroid sulfatase deficiency
Xq26 deletion X-linked lymphproliferative disease
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monosomy

trisomy

monosomy

trisomy (somatic)

clear-cell sarcoma

7q11.23 deletion

William’s syndrome

monosomy

monosomy 7 syndrome of childhood; somatic: renal
cortical adenomas; myelodysplastic syndrome

trisomy

8q24.1 deletion

Langer-Giedon syndrome

monosomy

trisomy

myelodysplastic syndrome; Warkany syndrome;
somatic: chronic myelogenous leukemia

monosomy 9p

Alfi’s syndrome

monosomy
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10 detected by a change in color, fluorescence or simlar readout. O her
detection nmethods could include radioactive taggi ng and ot her net hods.
Chr onbsone WAbMYS/i56% i es and Di sease: | n the nethods descPEHESRORPET,
deviations froma 1:1 ratio of target to reference gene indicates a |likely
chronosomal abnormality. Non-limting exanples of chronpsone 15
abnor malli ti g9p plraibl tisemgssoci |Rethbresydramsease and whi ch can be eval pat ed
using the nmethod according tlo the methods descri bed herein are provided in
Tabl e | |bel puisomhgbl € 1. Chron té\&[g@myeg gﬁdﬁﬁn@.mﬁbs&c&ﬂm oChr onpsone
Abnor malli ty} Di sease Associ ati %'gnc\ﬂ’on?éo Turner's Syndrone Y )&Y Klinefelter
syndromg XYY Double Y syndro XXX Trisomy X syndrome XXXX Four X
syndro P2 o Duttrenme=s
hypopl a:kim\ thrgéré?ﬁc" gr anul omat us d| sease Xp22 del et | on steroid sul fatase
defi ci ency et o—7C11 +otfFerattve—tdrsease—27+—W5
20061102569 ‘%?Wjﬁﬁﬁbcl)m%gd&fgoféﬁ(ﬁomt i c) neurobl astoma monosofy
tri sony mnncnmJJ H-some jrl g owt-h—r et ardati-on—devel njlgnr'nnf al—andi nent al
del ay, éhd Mavor phySI cal  aljrisiFgdis WlhBS@m?%nosorry trisony (somatic
non- Hodgki nl.s_Lymmhaoma_
11g- Jacobson Syndrome
monosomy (somatic) myeloid lineages affected (ANLL, MDS)
trisomy
12 | monosomy
trisomy (somatic) CLL, Juvenile granulosa cell tumor (JGCT)
13 | 13g- 13g- syndrome; Orbeli syndrome
13q14 deletion retinoblastoma
monosomy
trisomy Patau’s syndrome
14 | monsomy
trisomy (somatic) myeloid disorders (MDS, ANLL, atypical CML)
15 | 15q11-q13 deletion Prader-Willi, Angelman’s syndrome
monosomy
trisomy (somatic) myeloid and lymphoid lineages affected, e.g., MDS,
ANLL, ALL, CLL)
16 | 16q13.3 deletion Rubenstein~-Taybi
monosomy
trisomy (somatic) papillary renal cell carcinomas (malignant)
17 | 17p- (somatic) 17p syndrome in myeloid malignancies
17q11.2 deletion Smith-Magenis
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4 nmonosony trsiomy (somatic) Acute non | ynphocytic | eukaem a (ANLL)
Cri du chat; Lejeune syndrone 5g- (sonmatic) nyel odyspl astic syndrone

mnosowww40?§%636 nonosony trisony (somatic) clear- CeMT/?%ﬁé,?‘f@ﬁ”?gll' 23

5 5p-

del etion syndronme nonosony nonosony 7 syndrone o 0od;
somatic: renal cortical adenomas; nyel odysplastic syndrone trisony 8
8924. 1-de | -G . C osony-trisony nyel adyspl astic
syndrlone;| Mad&any syndr ome; MidleirRigker chroni c nyel ogenous’ | eukeni a 9
nmonosjony 9p Alfi's syndro monosony 28 WO 2006/ 102569 PCT/ US2006/ 010699
9p parti glmomassmyy Ret horejsyndrome trisony conplete trisony 9 syndrone;
nosaijc trlisony 9 syndrone|10 nonosony trisony (somatic) ALL or ANLL | | |1
| p- A’ni r i |drisomy\(doamaticynor | irerla|eorfiesi@deomdsy ndr ome nonosony (sonat | c)
nyel o d lji neages affected (ANLL, NMS) trisony
17p11.2-12 trisomy Charcot-Marie Tooth Syndrome type 1; HNPP
18 | 18p- 18p partial monosomy syndrome or Grouchy Lamy
Thieffry syndrome
18g- Grouchy Lamy Salmon Landry Syndrome
monosomy
trisomy Edwards Syndrome
19 | monosomy
trisomy
20 | 20p- trisomy 20p syndrome
20p11.2-12 deletion Alagille
20g- somatic: MDS, ANLL, polycythemia vera, chronic
neutrophilic leukemia
monosomy
trisomy (somatic) papillary renal cell carcinomas (malignant)
21 | monosomy
trisomy Down’s syndrome
22 | 22q11.2 deletion DiGeorge’s syndrome, velocardiofacial syndrome,
conotruncal anomaly face syndrome, autosomal
dominant Opitz G/BBB syndrome, Caylor cardiofacial
syndrome
monosomy
trisomy complete trisomy 22 syndrome

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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12 nmonosony trisomy (somatic) CLL, Juvenile granulosa cell tumor (JGCT) 13

13g- 13qg- syndrone; Obeli syndrone 13gl14 deletion retin nosony
trisony Pa éhzoéwé%ﬁﬂ’roma 14 nonsony trisony (sonatic) nyog(lf'@lﬁ%ﬁggglgr ers

(MDS, ANLL, atypical CM.) 15 15811-ql 3 deletion Prader-WIIli, Angelman's

syndronme nonosony trisony (somatic) nyeloid and | ynphoid |ineages affected,
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unexplained mental retardation, primary and secondary amenorrhea, infertility, and the like.

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
10 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
15 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.

20 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
25  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

3  maintained, therefore allowing one to perform the steps described in the previous section.
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trisomy 20 20p- trisony 20p syndronme 20p 11.2-12 deletion Alagille 20g-
somatic: MDS, ANLL, polycythem a vera, chronic neutrophilic |eukem a
nonosony, (somatic) papillary renal cell carci ant) 21
rmnosorrywpr%roéﬁzﬁgy%om' s syndrone 22 229gl11.2 deletion n@%&ﬂ@&sy dr one,
vel ocardi of aci al syndrone, conotruncal anomaly face syndrome, autosonal
dom nant Opitz GBBB syndronme, Caylor cardiofacial syndronme nonosony

t ri sorhectingh PERedatedtion siepetestsrwathas thmﬁameawxgcen@atmmagmtcr@hamrdm sone or

gene n 0s erf e 0 ct.ion er assessnents,
Such -8R RhrLEe HeRel Rrhice IR kapvienB® BNBEUE biths thi s ESER Saseo
PCT/ US#610e @9 @RRasecoradiddr@er. Prenat al eval uation naybe particularly .

appropriate where parents have a history of spontaneous abortions, still

births and neonatal death, or where advanced maternal age, abnormal

mat er nEhe targetrmomgenteationsisutormallyiless (mane) than agheesholst casteentration, but

abreor nimldasé efthedlisease; sherconcenrtitian af thecarget ecamedbmozep (ess) that thenher e t here
ar e muihireshloR] eotivgntratioh X2 abnormalities, clinical manifestations consistent
wi th known chronosomal syndronmes, unexplained nental retardation, prinmary

and secondarpe tafpei i thf&Eb%se loﬁf:@éitfa'cteﬁ)fron@ﬁ@1616@cdl'sli1‘ﬁple B'-:e'ﬁﬁgﬁld}iﬁtﬂthASES AND
DI SORDERS As descri bed above t he net hods descri bed hérein can detect

di f f ertergebin the ehausranalysis| Therefarenredpan extemnal stanvderd addediat the threehcﬂét hods can
be used to d t (;[?1 ses and io0 disorgers hat areth rh 1% entetlc
i mbal afPRESHRY BNX G535¢ PRSRAred ), Sygg agdgannet that the relative Amouin
10 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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one need only define what the deviation fromnormal is that describes the

di sease. G.ven.th foI | om ng possi bl e scenarios, exanpl al

sol utions Wé”?&wt@@ above nmethods follow The target coﬁ%jelrﬁj |/@Eg49
normal |y equal to an internal reference, but in case of 15 disease, the
concentration of the target relative to the reference decreases or

i ncrease The tar ere ted froma
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al | owi ng one 1 i Pebdwesare hernswidlps gelwatic didoadbri Powh syrplreme duthe sanst f@nmoR0 The
final det ecti.o et ec r..t nd_t.he internal

ref er enc 3?‘85%%}:5{] sor%err éi’tt‘bgrfh’gt"% &%Wgtﬁé%etgﬁ elg"lgeltﬂ’s &g}ow&n in the
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The target concentratron is normally less (nmpore) than an internal reference,
but in case 25 of ttﬁ@,ﬂ;,gg’ase t he cp,ry;&;;,%gatron i) ,t,})ﬁwt ar get becones
relative nmore (less)|than the interna erence: etar;et and the
reference in this cas OTTCE EXL racteg; from brot gr cat—sanple, is

equi val ent to the taf #MWi5Y@ ?oé‘?eerencem7&§‘é@ﬁr v riﬁontyr?t he above anal ysi s.
The starting sanples-.are.prepared.in.such a nmanner-that the relative

amount s of target anqiEdafaaigrmdﬂ)rme 3b imBj000 dirtied, TrisomyelRof e al | owi ng one to
performthe steps described in the previous section. 31 WD 2006/102569

PCT/ US2006/ 010699 Th‘?’afah@ﬁﬁdrﬁfﬁ@ det e‘f'tui @Oébﬁ&t d?%%k@ e mhet her the target

concentration is greater.than or l'ess an t ernal reference.

Thi s know edge i s i ngl e of the undert g.prese absence of a

di sease or disorder. Eﬁi@e%% b@f‘ld&iﬂ%eﬁﬂ?a@ﬁégm@ rt@ %gﬁ | ess (nore) than a
threshol d concentratilon.X, .. but_.s.in case of .the.di.sease, . {he concentration

of the target becorreaTmnmesym}rem}: tharhthr,@OObh'ﬂxssmSLKQ:oncentration X: The
target in this case, |once extracted from.a bi ological sanple, is equival ent

to the XYY syndrome 1 in 1,000 births 47, XYY

L v

HTrtplé-X syndrome lm 1 OOO blrths 47 XXX

Table 2 Inc1dence and mhentance 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

10 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,

15 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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target in the above analysis. The reference is an external standard added at
the threshold concentration X. The starting sanples are prepared in such a
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47, Turner . syndrone 1 in 3,00 irt syndronme 1 in 1,000

bi r t hsgatizdotropin (ICG ) lueconjegatadl estriol linhibin A, 200OP APP14 Mdst maxkers Aetested.

I nci dence and inheritance qf fetal aneuploi.dy. Down syndrone._is used by
e sonpraedt e Bicid BB Fek of ranty, ol ki irieton SRHL{ESS et 255 5. of

chr omMDgQEvit) at 7949 spédifiGR). s suffer fromnental retardation, heart defects,
pr emat ur e deatth, ang anatdm cal deformties; nost require a lifetinme of

care. They io pose an i mense enotional, physical and financial strain on
the fam | i e 1878 icwad foupd thdhmaternad ibnodtdostaifsdetal wdritload edllsi((RB@R but ndr i ngi ng

a child with, Dgwn's synd IntQ. the worl or .t ar jonally for
he. bl SERTCIBBRASEYRIRS Huoats bae il his Broledsts dadab?ifea Feh BB R3S get ect | on
i's desjtaRjuRd in HBternal blood serum and plasma (U.S. Pat. No. 5,641,268). These fetal cell

and DNA, however, are diluted by significant amounts of maternal cells and DNA (Lo et al,,

J. Hum Genet. 1998 62, 768-75), complicating the detection of fetal genetic abnormalities.

15 Nevertheless, free fetal DNA found in maternal blood serum and plasma has been
hypothesized to be present in average relative concentrations (as compared to maternal DNA)
of up to 20-25% on average (Dhallan et al, JAMA 291:1114-1119, 2004. Benachi, Clin Chem
51:1-3, 2004. Lo et al, Am J Hum Genet 64:218-224, 1999.). A 20% fetal, 80% maternal
DNA mixture of a healthy mother and a fetus with Down syndrome will result in a 10%

20 greater chromosome 21 DNA content than a reference chromosome content, for example,

chromosome 10 DNA content. This 10% difference can be detected by the above methods.

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

25  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

30  of this relative concentration, providing a method to detect fetal Down syndrome from a
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found in maternal bl ood serumand plasma (U. S. Pat. No. 5,641, 268). These
fetal cell and DNA, however, are diluted by significant amounts of materna
cells and DNA (Lo et al., J. Hum Genet. 1998 62, 768-75), conplicating the
detection. of fetal genetic abnormalities. is Nevertheless, free fetal DNA
found in maternal bl ood serum and pl asma has been hypothesized to be
present in average relative concentrations (as conpared to maternal DNA) of
up to 20-25% on average (Dhallan et al, JAVA 291:1114-1119, 2004. Benachi,
Cin Chem 51:1-3, 2004. Lo et al, AmJ Hum CGenet 64:218-224, 1999.). A 20%
fetal, 80% maternal DNA m xture of a healthy nother and a fetus with Down
syndrome will result in a 10% 20 greater chronosone 21 DNA content than a
reference chronosone content, for exanple, chronmosone 10 DNA content. This
10% di fference can be detected by the above nethods. Once the free DNA has
been isolated from maternal bl ood serum or plasnma, one can
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performa nmethod as described herein upon it to determne the relative
anmopunts of target and reference sequence. For detection of Down syndrone,
for exa uld choose a 25 target sequence on C‘J% 29%! and a
referenggbgg%legﬁ%éoon any ot her chronosone, e.g., chro sone&]z@ he
operative question is whether the concentration of the target sequence is
equal to the reference sequence E%W&Lg“ on, indicative of a healthy

fetus, or whether the target se ® be found in excess as conpared to
the reference sequence which is indi catlveof Down Syndrome. The results

of th ctestion efjihe gme brorojemed & sequeneg relative te al at i ve
conce ' | Down syndrone froma 34
WO 200 S&tpte. This approach is

applicable to a w de range of such genetl c disorders. Description of
addi tional TRIMSHEdPRE i ereth Sreldg@hecﬂ Wﬂhbﬁéteﬁﬁkﬁpﬁrﬁ‘lsérﬁﬁlgm
descri bed herein is provided in U atent application 11/ 036, 833

filsed s@amaar fpllows. dhe tyget aad deference mo pewdtarmﬁddl@ws (nomenslatige isaAn522,
filed Bi 27, 2004, the entirety of both of which is incorporated

her ei ference. 35 WD 2006/ 102569 PCT/ US2006/ 010699 EXAMPLES Exanpl e
1. Detection of the anbunt of a Chronobsone 18 sequence relative to a

Chr onoERg& ségueRCSIBSACEBqYSI Ng biotin imobilization of the reference. The
nmet hods descri bed herein are applied to the detection of trisony 21 in
maternal s serumas follows. The target and reference probes used are as
fol | ows (no-zr‘re‘ncl ature is as in Figure 3): Target sequence from 18qg: 5
GAGGAGACCAGGECCTCAAG. 10

TGAGOCCCT O ARER T S EEPECAGCAGAGAT ATGACT AGAGACAACCCTCCT

GGGCCGACT GCTAGAGAACA
TGAGCCCCTCCGAGGGGATGGCTGTGCTGCAGCAGAGATATGACTAGAGACAACCCTCCT

GGGCCGACTGCTAGAGAACA
GCAGCGCCACTGTTGCGTCT
- 3’ (SEQ ID NO:2)

where the first line will be equivalent to sequence A, second and third line are
15 equivalent to sequence B, the third line is also equivalent to pB, and the fourth line is

equivalent to C as shown in Figure 3.
Reference sequence from 10p:

57 -
ACAAGCTGCAAGCTCACGAC

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.

36



GCAGCGCCACTGITGCGTICT - 3'(SEQ ID NO 2) where the first line wll be
equi val ent _to nce A, second and third line are 1s eqy
MRS AR o o

sequence Bwq % line is also equi valent to pB, and our

equi valent to C as shown in Figure 3. Reference sequence from 10p: 5
ACAAGCTGCAAGCTCACGAC 20 TTACCATTCCGTAACGCTTTTATGGGCTCTGATGACCGAGGT
CTCAATGT Gbatraxssrasnees arg firgt grplified kipPER. ke pemersused 25 | ine is equi val ent
to sequence D, the second line is equivalent to sequence E, and the third

line is equiv Q(;e F as Sh@ﬁkﬁbAd%&h%éé@c@CAA@G WO 2006/ 102569
PCT/ US2006/ 0106 9 The above’sequences are first anplified by PCR The

primers used are: Target forward prinmer (A : 5 - GAGGAGACCAGGGGECTCAAG - 3
(SEQ ID NO: 4) Target reverse pringfEQCIY:NG4). AGACGCAACAGTGGOGCTGC - 3' 5
(SEQ I D NO:5) Reference forward primer (D): 5 - ACAAGCTGCAAGCTCACGAC - 3

,(AgEgCICgARI‘(I)' %ﬁ%%ﬂgsﬁg%?gs(SEg’mrw CA%F% %rence rgg’g\%ﬁecf S

first half is a 20bp sequence that is equivalent to the third line sequence
of thé target sequence as shown abé¥@. IN& X)hat this is sequence pB
according to Figure 3. For this PCR anplification step, one starts wth 5I

of target andglglolEDKG SEAUERSES %LV AMMGCTGCARGCTCACGAC ~ 3/
(SEQ ID NO:6)

Reference reverse primer (pBF’): 5/ - GGGCCGACTGCTAGAGAACA
ACCACCCAATCGACATTGAG - 3

10 (SEQ ID NO:7)

The reference reverse primer’s first half is a 20bp sequence that is equivalent to the third line
sequence of the target sequence as shown above. Note that this is sequence pB according to

Figure 3.

For this PCR amplification step, one starts with Sl of target and reference sequences serving
15  as templates, then add 10ul of primer solution with 450nM of each primer, and a 15ul of 2X
PCR mix (e.g. Advanced Biotechnologies buffer IV). Exemplary PCR cycling conditions are

as follows:
a. 95°C for 15 minutes (activate enzyme if necessary)
b. cycle 10-20 times the following:
20 i) 94°C for 20 seconds
if) 55°C for 30 seconds
iii) 72°C for 40 seconds

c. Hold at 4°C
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1ls as tenplates, then add |01 of prinmer solution with 450nM of each priner,
and a 151 of 2X PCR m x (e.g. Advanced Bi ot echnol ogi es buffer 1V).

Exenpl ar&é?@ﬁﬁé&# ng conditions are as follows: a. QSECP@{SIZQ&IO%@yt es

(activat necessary) b. cycle 10-20 tines th ow ng: 20 i)
94C for 20 seconds ii) 55C for 30 seconds iii) 72C for 40 seconds <c¢. Hold

at 4C 37, WD 20061102569 PCT/ 0061010699 ter retrievin

st - P SHISEGYaE tor ADOR BESTHIGK HIEH RS PRe Ad5 . israat Soayepaet dad OBt  at i on
as des Ssrupt sequence (C): 5 - GCAGCGCCACTGITGCGICT -
3 (S%%h ﬂ@gﬁlﬁdesgﬂ?%ﬁgée di srupt sequence (F): 5" -

CTCAATGTCGATTGGGTGGET - 3" (SEQ ID NO9) This is foll owed by anot her heat
cycle: d. 99@rgeidisrdd seguenet & (act i vat® enf¢AECEECARITTSEEYTT €.3’only once
performthe followng: 10 i) 94C for 20 seconds ii) 55C for 30 seconds
iii) 72C for 40 seconds iv) 55C for (SH@GP NP:FRC for 40 seconds 15 f.
Hold at 4C To the m sbal anced PCR m xture, one can then add a mtorryci n

di mér as shdeferdned dsuptiguedca®: of di rEr + ERERATETERNIALGETGATr .~ ¥ Med Chem
47: 3308- 3319, 2004) at a final concentration of 100M

(SEQ ID NO:9)

This is followed by another heat cycle:
d. 95°C for 15 minutes (activate enzyme if necessary)
e. only once perform the following:
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 100uM:

*" @'1;}'31.3-«. Q *;‘ ” a! ,»,, i‘ !;-*(ltv\fﬂﬁ
ﬁ c r,,“é ‘; ,«.«!\4 t"'w ¥ ey _‘,.@ ﬁqﬁg
&, K %a i ,“ ‘\

’
?
*.s

b P
‘f'u Hy c" N K, wa

38



1.52+ >33 + 9%i t~ -i3i ""fiJH- SSFI t i IIl" htt I '"x 717 .ti + ..not

st l NCOO 38 0061102569 PCT/ US2006/ 010699 The m BEXI ' ' is
activated 8%9?1‘5'6@%’:/%\? c pH (pH 4.0) and the sanples are ini(,:u /asieogwﬁ{grgws

hours to achieve maxi num efficiency cross-linking. After the cross-1|inking
step, neutral pHis reestablished to enabl e another PCR reactjon. Aliquots

of the cridgsitomyeinidisteni ativated isias avidicartt (RHhEN) andtheisamplrserraincytptadfons s
necessars IPRRaR st BRLiHE A0S IfCRE AP ReSHERMKGERRE . ¢

(Figure 4HisTéeeblisied to endbls arfdthed PORefeactfon. - AGGAGGSGTTGTCTCTAGICA - 3" (SEQ
I D NO 10) R2priner. 5 - GGGCCGACTGCTAGAGAACA - 3 10 (SEQ I D NO 11) Usi ng

the new reverse priners, the old forward prinmers and the sanple aliquot from
the cross-|i Adigyotsiofthe@ossdinked sanplgsfremaroperrethsn nieddey angthergpundef t o

Phe &l a6 S0is s mipERbs bR anfipEnd P Soton WReay S RR B BOGRT IR 1o
sanpl e PoHnfeeabné Heddeonlpio 2k tho n3RGelétte pimbisTPigafe 42 Théséak& eqnzyme i f

necessary) b. Cycle 50 tinmes the followng: i) 94Cfor 20 seconds 1ii) 55C

for 30 seconds iii) 72C for 40 seconds 20 c. Hold at 72C for 15 seconds
R1 ptimer: 5’ - AGGAGGGTTGTCTCTAGTCA - 3’

(SEQ ID NO:10)
R2 primer: 5’ - GGGCCGACTGCTAGAGAACA - 3/
10 (SEQ ID NO:11)

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:
15 a. 95°C for 15 minutes (activate enzyme if necessary)
b. Cycle 50 times the following:
i) 94°C for 20 seconds
if) 55°C for 30 seconds
iit) 72°C for 40 seconds
20 c. Hold at 72°C for 15 seconds

d. Hold at 4°C
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d. Hold at 4C 39 WO 2006/ 102569 PCT/ US2006/ 010699 OTHER EMBCODI MENTS O her
enbodi nents will be evident to those of skill in the art. It should be

understo e foregoing detailed description is i clarity
only andQﬂgzﬁgﬁé?%pexenplary. The spirit and scope of ?nggggggﬁﬁﬁ?nvention
are not limted to the above exanples, but are s enconpassed by the

fol | ow .8, M5 1. A nethod of determ ning which of a target
nucIeié?g%ﬁgigagcgﬁggﬁgﬁgnce nucleic acid is present in greater anount in a
sanpl e, conprisin amplifying the target and reference nucleic acids by

pol yner ase @fhﬁfﬁll%@&géﬁlté Wikige ﬁ&dgntfte those o1 gl i thearl Iishpulddeqmdprstaegy £ or

the tar .fo0 Ler . e { . [ef nce,
wher ei r%ﬁl‘ﬁl%ea};&g% }rg%&e\éﬁ!egedﬁg«%rg)‘rﬁop ﬁ%g@g@ Z%C%‘ﬁﬁ(\f(% b ri sd elé %gerélgi%f(ergg%f ence
whi ch iTheisPRittahg 8éope@f theistedenpihveritidn e hat liBitebRAHE B6Gie dxampRAdhrtare first
di sruption sequence which is conplenentary to the reverse prinmer for the

t ar get .eneerapaseefl bithg fellewing chiims.upt i on sequence which is conplenentary to a
portion, but not the tail sequence, of the reverse priner for the reference;
and (c) detecting the presence of single stranded target or reference,
wherein the presence of single stranded target indicates that a greater
anount of target was present in the original sanple, and the presence of
single stranded reference indicates that a greater amount of reference was
present in the original sanmple. 2. The method of claim 1, wherein the nmethod
further conprises, after addition of the first and second disruption
sequences, but prior to the step of detecting: annealing the reverse priner
for the target to the conplenent of the target; annealing the reverse
primer for the reference to the conplenent of the reference; and annealing
the tail sequence of the reverse primer for the reference to the target; and
extending the reverse priners for the target and the reference and the tai

40



sequence of the reverse priner for the reference; wherein the conpl enent of
the target, the conplenent of the reference, and at | east a portion of the
target and at |least a portion of the reference are each converted to a
doubl e stranded product, and any excess target or reference remains single
stranded. 3. The nethod of claim2, wherein the double stranded nucleic acid
conprises a |ialogenated nucleotide. 41 4. The nethod of claim1l, wherein
doubl e stranded nucleic acids are crosslinked after addition of the first
and second di sruption sequences but pHdlosIM® the step of detecting. 5. The
met hod of claim4, wherein crosslinking is perforned using ultraviolet

light. 6. The nethod of claim4, wherein crosslinking is perfornmed using a

chem cal  cnossl iNk@ihod 6f ddiB@niARERARCIOS OhBeMMiRleivhted 8id thGetlenticr!
crosslinker is selected fromthe  group consisting of mtonycin,

car zi nophi | Reid inpressneis; gicateriamooglein arsasples eomprésingpsi n, and derivati ves

t hereof. 8 Jhe nethogn&f det ectin

. claim.1 rein the step .0 I. S

per f or med uélng pol yie gg@gghg%ﬁﬁFg%@?ﬁ%%?e§Pd?ﬁ§a%%E%B%W8F”§?gW%H1,
wher ei n t he rattgh Gingdefoewindiginies apdd taeredritst Y thef thiger aricefdeesrd papict | ary
el ectrophoresis, radiQactivity, or enzyne activity. 10. The nethod of claim
1, wherein fRE2 LARESE BrimsT tor Hiegrisgineal Whessip the. reverse privaer fat the se1eiened ai m 10,
wherein t he Lihghagh ¢al L &hch S RleRELPE J S Bne B sting of
bl ood, seruﬁl fasna,sga@?gpsy sﬁeg#ngﬁiq% gma , a gné%#?uﬁgpﬁi cul ture,
RNA, and cD®A. 12. Thaddimg hbdt difruption saqligncatvdriéi in complesmnatyetoitbe rotrsa
bi ol ogi cal sanple. 13. The 10d of claim 10, wherein.the sanple is
obt ai hed 1 r SHTET (F S AL ABTRHRINE AsFooRt @S HBE b BTeE M ' o BREFRPR ¢ he
target or tR}e, p&tish e RotHClaRisEqRAtd of BB IMNRAESrinter forfthd RferBite! &lac acid
sequence.

(© 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.

2. The method of claim 1, 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

each converted to a double stranded product, and any excess target or reference

remains single stranded.

3. The method of claim 2, wherein the double stranded nucleic acid comprises a

lialogenated nucleotide.
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42 15. The met hod of claim 14, wherein a difference between the anount of
target and reference nucleic acid sequences is related to a chronpbsomal
abnormality in the fetus. 16. The nmethod of claim 15, wherein the
difference is related to Down syndrone in the fetus. 17. The method of
claim15, wherein the difference is related to Turner syndronme, Edward's
syndrone, Patau's syndrone, Klinefelter's syndronme, Triple-X syndrone, or
XYY syndrone in the fetus. 18. The method of claim1l, wherein a difference
bet ween t he4anouthhe wtthpdpfeninahdvharehdpere stranded pideiaacids sregusslodsdi s

related to ap aneupl ordy.. 19. The thod of claim18,. wherein the aneupl oi dy
S Ferateq feradiB Sttt iGad Btabo S seairrong PHrioh KOPeSRP&l ger mucl of ¢
acid and a g@b@mgnce nucleic acid is present in greater anount in a sanple,

conprising: (d) anplifying the target and reference nucleic acids by
perform ng one or nore cycles of a polynerase chain reaction; (e)

m sbal anci ng t he I r >hai ction 4.0 provide m Xt.ur e .
anplificati g'n pr o@gc @Odﬁi%é? %ﬁxtuj ll}%rg%c%n SQP‘HP%SS pg}éff[oﬂn%a?%% geu%%\ac}@{)lﬁ%hlt'e
stranded nucleic acids; (t) crosslinking double stranded nucleic acids in
the m xture; andT%g) detecting the presenqe_of'siggle stranded target or
reference, ®her eilfeisahodpiciaimde Whereyy grggstinkipg risefarmed wene 3 sigmicles that a
greater andyRt. ket arget was present in the original sanple, and the
presence of single stranded reference indicates that a greater anount of
reference was present in the original sanple. 21. The nethod of claim 20,

wherein crosslinking is orned using ultraviolet . |ight. 22, The
T ehod of - orai m Se g eledie intieie e Cheoh B cfesshnkat i SPletred Poficthe o
crosslinker grodd codddRingRt ARGk inC bakifb@Rtin, MRIRIN nfildge B h@ahetfdpSipsirdnker is

sel ected fromthe
derivatives thereof.

8. The method of claim 1, wherein the step of detecting is performed using

polymerase chain reaction.

9. The method of claim 1, wherein the step of detecting is performed using

fluorescence, capillary electrophoresis, radioactivity, or enzyme activity.
10.  The method of claim 1, wherein the sample is a biological sample.
1. The method of claim 10, 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.

12. The method of claim 1, wherein the sample is not a biological sample.
13. The method of claim 10, wherein the sample is obtained from a pregnant woman.
14. The method of claim 13, wherein the target or the reference nucleic acid

sequence is a fetal nucleic acid sequence.
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group consisting of mtonycin, carzinophilin, bizelesin, nitrogen nustard,
netropsin, and derivatives thereof. 24. The nethod of claim 20, wherein the
step of detecting is perforned using polynerase chain reaction. 25. The

met hod of claim 20, wherein the step of detecting is performed using
fluorescence, capillary electrophoresis, radioactivity, or enzyne activity.
26. The nethod of claim 20, wherein the sanple is a biological sanple. 27.
The net hod of claim 26, wherein the biological sanple is selected fromthe
gr oup consisting of bl ood, serum plasna a biopsy specinen, a swab, a
smear, cell It n t cl ai ni erein the
sanple is no a ﬁfhg%eé%“ﬁ‘mq 19'3% gg™" aﬂﬁer%n maDe oeflq{é? AP 2 gpa’r e\{\Ihrtlaci{n t he
sanpl e i s obdfaemechutletvacal REegRaNE rylREa b a cia@mosﬂml aeidiedligfin eHearenis 29,
wherein the target or the reference nucleic acid sequence is a fetal

nucl eic acid sequence. 31. The nethod of claim 30, wherein a difference

bet ween t he t 52

ol ated 1o AConPan B QAR 1S GhEURREGC P Bl GH0U5 SSRMERETT T
claim31l, weusein the difference is related to Down syndrone in the fetus.
33. The nethod of claim 31, wherein the difference is related to Turner
syndrome, Edward's syndrome, Patau's syndrone, Klinefelter's syndrone,
Triple-X syndr ongpe Akthod ¥ ciands qmréiﬁ'tﬁehﬁffér@ﬁdﬁs rebfled %hﬁirm%t PQ&O% claim
20, wherein a difference between the amount of target and erence nucl eic
aci d sequen&dwaids syedramedPatar'ssyndrewpKbndylter3syndrbme itod syirldmmi on 34,
wherein thea§8§§§M0|q% E %glated to cancer. 45 WD 20061102569

PCT/ US2006/ Bd8e 8. ST25 SEQUENCE LI STI NG

18.  The method of claim 1, wherein a difference between the amount of target and

reference nucleic acid sequences is related to an aneuploidy.
19. The method of claim 18, wherein the aneuploidy is related to cancer.

20. A method of determining which of a target nucleic acid and a reference nucleic
acid is present in greater amount in a sample, comprising:

(d) amplifying the target and reference nucleic acids by performing one or
more cycles of a polymerase chain reaction;

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

amplification products, said mixture containing both single and double stranded nucleic

acids;
6 crosslinking double stranded nucleic acids in the mixture; and
(g) 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.

21. The method of claim 20, wherein crosslinking is performed using ultraviolet

light.
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<110> zoragen, Inc. Szasz, Nora <120> Nucleic Acid Detection <130>

201695- 2018 <140> Not yet assigned <141> 2006-03-23 <150> US 60/ 664, 853
<151> 2005-03-24 <160> 11 <170> Patentln version 3.3 <210> 1 <211> 20
<212> DNA <213> Honp sapiens <400> 1 gtatcactga taaaggagaa 20 <210> 2
<211> 120 <212> DNA <213> Honp sapi ens <400> 2 gaggagacca ggggctcaag

t gagcccct ¢ cgaggggatg gctgtgctgc agcagagata 60 tgactagaga caaccctcct
gggccgact g ctagagaaca gcagcgccac tgttgcgtct 120 <210> 3 <211> 82 <212> DNA
<213> Honp sapi ens <400> 3 acaagctgca agctcacgac ttaccattcc gtaacgcttt

tatgggetct gat ga%g%th%% of claim 20, wherein crosslinking is performed using a chemical

crosslinker.

23. The method of claim 22, wherein the chemical crosslinker is selected from the
group consisting of mitomycin, carzinophilin, bizelesin, nitrogen mustard, netropsin, and

derivatives thereof,

24. The method of claim 20, wherein the step of detecting is performed using

polymerase chain reaction.

25. The method of claim 20, wherein the step of detecting is performed using

fluorescence, capillary electrophoresis, radioactivity, or enzyme activity.
26. The method of claim 20, wherein the sample is a biological sample.
27.  The method of claim 26, 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.

28. ‘The method of claim 20, wherein the sample is not a biological sample.
29.  The method of claim 27, wherein the sample is obtained from a pregnant woman.
30.  The method of claim 29, wherein the target or the reference nucleic acid sequence

is a fetal nucleic acid sequence.

31. The method of claim 30, wherein a difference between the amount of target and

reference nucleic acid sequences is related to a chromosomal abnormality in the fetus.
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gtctcaatgt cgattgggtg gt 82 <210> 4 <211> 20 <212> DNA <213> Artificial
<220> <223> PCR prinmer <400> 4 gaggagacca ggggctcaag 20 <210> 5 <211> 20
<212> DNA <213> Artificial 1/3 WD 2006/ 102569 PCT/ US2006/ 010699

201695- 2018. ST25 <220> <223> PCR prinmer <400> 5 agacgcaaca gtggcgctgc 20
<210> 6 <211> 20 <212> DNA <213> Artificial <220> <223> PCR primer <400>
6 agacgcaaca gtggcgctgc 20 <210> 7

32. The method of claim 31, wherein the difference is related to Down syndrome in
the fetus.
33. The method of claim 31, 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.

34, The method of claim 20, wherein a difference between the amount of target and

reference nucleic acid sequences is related to an aneuploidy.

35.  The method of claim 34, wherein the aneuploidy is related to cancer.
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<211> 20 <212> DNA <213> Artificial <220> <223> PCR prinmer <400> 7
gggccgact g ctagagaaca 20 <210> 8 <211> 20 <212> DNA <213> Artificial
<220> <22%0 owad2seent of PCR priner <400> 8 gcagcgccacPE€HUBYEHPH6920
<210> 9 <211> 20 <212> DNA <213> Artificial <220> <223> conplenent of PCR
primer <400> 9 ctcaatgtcg attgggtggt 20 <210> 10 <211> 20 <212> DNA
<213> Artificial <220> <223> PCRRESYI®D1S.ST25

SEQUENCE LISTING

<110> Zoragen, Inc.
Szasz, Nora

<120> Nucleic Acid Detection
<130> 201695-2018

<140> Not yet assigned
<141> 2006-03-23

<150> Us 60/664,853
<151> 2005-03-24

<160> 11
<170> PatentIn version 3.3

<210> 1

<211> 20

<212> DNA

<213> Homo sapiens

<400> 1
gtatcactga taaaggagaa 20

<210> 2

<211> 120

<212> DNA

<213> Homo sapiens

<400> 2
gaggagacca ggggctcaag tgagcccctc cgaggggatg gctgtgctgc agcagagata 60

tgactagaga caaccctcct gggccgactg ctagagaaca gcagcgccac tgttgegtct 120

<210> 3

<211> 82

<212> DNA

<213> Homo sapiens

<400> 3
acaagctgca agctcacgac ttaccattcc gtaacgcttt tatgggctct gatgaccgag 60

gtctcaatgt cgattgggtg gt 82

<210> 4

<211> 20

<212> DNA

<213> Artificial

<220> .
<223> PCR primer

<400> 4
gaggagacca ggggctcaag 20

<210> 5

<211> 20

<212> DNA

<213> Artificial

1/3



<400> 10 aggagggttg tctctagtca 20 2/3 WO 2006/ 102569 PCTI US20061 010699
201695-2018. ST25 <210> 11 <211> 20 <212> DNA <213> Artificial <220>

<223> PCR primer <400> 11 gggccgactg ctagagaaca 20 3/3
WO 2006/102569 PCT/US2006/010699

201695-2018.ST25
<220>
<223> PCR primer

<400> 5
agacgcaaca gtggcgctgce 20

<210> 6

<211> 20

<212> DNA

<213> Artificial

<220>
<223> PCR primer

<400> 6
agacgcaaca gtggcgctgc 20

<210> 7

<211> 20

<212> DNA

<213> Artificial

<220>
<223> PCR primer

<400> 7
gggccgactg ctagagaaca 20

<210> 8

<211> 20

<212> DNA

<213> Artificial

<220>
<223> Complement of PCR primer

<400> 38
gcagcgccac tgttgegtct 20

<210> 9

<211> 20

<212> DNA

<213> Artificial

<220> )
<223> complement of PCR primer

<400> 9 ‘
ctcaatgtcg attgggtggt 20

<210> 10

<211> 20

<212> DNA

<213> Artificial

<220>
<223> PCR primer

<400> 10
aggagggttg tctctagtca 20
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