ASSAYS FOR THE DETECTI ON OF GENOTYPE, MUJUTATI ONS, AND/ OR ANEUPLO DY

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains the
benefit oWoWof/14ps36vi si onal application 5no. 61/ 395, 551 pcfridseat 1/vbossi4,
2010, which is hereby incorporated by reference inits entirety. FIELD OF
THE | NVENTI ON [ 0002] The present invention relates to generally to the area
of detecting genotype and/or aneuploidy. In particular, the invention.

rel ates to nethods and conpositions for 1l0detecting fetal genotype and/or

aneuploidy in a 3?% urine.
BACKEROND o TASSRERTRR Tl BETRCRRON OF GEROTYEE, " |
mat ernal bodily flui I Det ecti ng
genotype (e.g., mut a?ﬁ%ﬁ;ﬁwwdswmﬁmggmﬂdgﬂg 15DNA in a
mat ernal sanple is difficult due to the presence of cell-free maternal DNA
at a much hi gher per f itutes only
about 5 percent, (?ﬁ@?@%ﬁ@ﬁ?ﬁﬁ@f’f{)%ﬁ n suﬁﬁtg’%@.g Simlar .
di fficul tiggoigxi St thsflpﬁﬁciﬂéﬁélam tBé‘E‘en‘éﬁi&QﬁS o@ikiofifllabplidagién t Umor DNA in
bodily fluids from cancer patients. SUVMMARY OF THE | NVENTI ON 20[ 0004] A
first et H@dWﬁ%ﬁé BtedtMiay 14a9@H): Mhichiisherehyeinepsaorpigd by seferenseanp itand/ or
quanti fyi ngs %%e nore target anplicon(s) produced by anplification,
wherein the tecting and/or quantifying is carried out during
anplification or after an anplification endpoint has been reached. The
nmet hod entails the method i ncpydin@rrERaNVENRIORNP! i fication reaction
m xture including: 25sanple nucleic acids; at |east one target-specific
pri mer pai[f§02] The present irvantatrelareato genotady to/\ﬂheae'alof ddtedtinggenadyye pri mer
\(l)\: t th ]E?lrjigg}é)g%lg fo&{ye iy L mg&laxp allerm\%rntlgnhreelag)esc%o n'lethods de So?nrgokltllc)r?s o?bel ed

10 detecting fetal genotype and/or aneuploidy in a maternal bodily fluid sample, such as blood

or urine.

BACKGROUND OF THE INVENTION

[0003] Cell-free fetal DNA is present in maternal bodily fluids from a pregnant
woman, such blood. Detecting genotype (e.g., mutations) and/or aneuploidy in such fetal
15 DNA in a maternal sample is difficult due to the presence of cell-free maternal DNA at a
much higher percentage than the fetal DNA, which constitutes only about 5 percent, or less,
of the total DNA in such samples. Similar difficulties exist with respect to the detection of

cell-free tumor DNA in bodily fluids from cancer patients.

SUMMARY OF THE INVENTION

20 [0004] A first method of the of the invention is a method for detecting and/or
quantifying one or more target amplicon(s) produced by amplification, wherein the
detecting and/or quantifying is carried out during amplification or after an amplification
endpoint has been reached. The method entails the method including preparing an

amplification reaction mixture including:

25 sample nucleic acids;

at least one target-specific primer pair;



a fluorescent doubl e-stranded DNA-bi ndi ng dye, where fluorescence fromthe
dye is capabl e of quenching fluorescent signal fromthe | abeled prinmer or
5probe, iwoppasEes3s The anplification mxture i s subjectPel/useo11/000887
anplification, and the fluorescent signal is detected to detect and/or
quantify the target anplicon(s). [0005]An enbodi nent of the first method
entails preparing an anplification reaction m xture including: 10sanple

nucl el e acids; at | east @NGoRhGFbRS RRGEN 1AL e DiRR] br U AEEL A, | oot

one primer in the target-specific priner pair conprises a nuctleotide tag at
the 5' end of tphieneppainerthe atobe,dfipresenhas abaled with e flubrgsdeabdsieeghdor i mer or

probe that is 15capabl e nn i t lLeot | t I t or via
one or nore intervening %frﬂlu%\g?cg?tl (%/(\)E}g]re'es r?'g({éﬁ?w&aggrf%ﬁcggﬁ’eb‘gg%ﬁgh{”?%ﬁgé% to the
nucl eoti de t ag;froanthe dye is capable of quenching fluoresceant figna fieacthntabdied primesbor anded
DNA- bi ndi ng dye, ,where fl uorescence fromthe dye is capabl e of quenching
fl uorescent si d’h%e’ ?lpbeﬁ?"tthe | abel ed prinmer or probe. 20The anplification

m Xt ur e i STHell]phigitatbntndixareis ishitjeddd 10 ampfichtioncank thiofl@serait signgnal 1 s
detected tp detect and/or quantify the target anplicon(s). In a variation
of this e E&Feﬁé%f"’:tecttﬁ‘é‘ﬁ?rlﬂw é]é%té'ége??'wﬂi“gﬁé)'dye quenches fluorescent
si gnal froopds)e | ab@nashtdtiniht othe AFseRRthob eftalligrepaiRlaadnplificRionor probe is
i ncorporated intq, or hybridized to, an anplification product. 25[0006] A

second netREEeBMiXtHE iNdYdingi on is a nethod for detecting an allele in a
sanple. The nethod entails preparing an applification m xture including:
sanpl elbhucl eic acids; two al | ¥MPlPEEEIFacspr i ner pairs, wherein: at |east

one priner in each primer pai idast &ﬁ%’g&isgeéiﬁé ARedidire Waerdan thabiont agged
with a distinct nucleotide tag at the 5 en ? the priner; and the other
primer in REERS ptie fargdpeséfiG praney i comprises papelgetidertehatdhred and ohthe;

primer;
at least one fluorescently labeled primer or probe that is

15  capable of annealing to the nucleotide tag, directly or via one or more intervening primers,

whereby the label can become linked to the nucleotide tag; and

a fluorescent double-stranded DNA-binding dye, where
fluorescence from the dye is capable of quenching fluorescent signal from the labeled
primer or probe. '

20 The amplification mixture is subjected to amplification, and the fluorescent signal is
detected to detect and/or quantify the target amplicon(s). In a variation of this embodiment,
the fluorescence from the dye quenches fluorescent signal from the labeled primer or probe
when the labeled primer or probe is incorporated into, or hybridized to, an amplification
product.

25  [0006] A second method of the invention is a method for detecting an allele in a

sample. The method entails preparing an amplification mixture including:

sample nucleic acids;
two allele-specific primer pairs, wherein:
at least one primer in each primer pair is specific for an allele
30 and is tagged with a distinct nucleotide tag at the 5° end of the primer; and
the other primer in each pair can be the same or different from

one another;



at least two differently fluorescently |abeled prinmers or probes, each
capabl e of annealing to one of the nucleotide tags, directly or via one or
nore i nt ewoenimg2gssi ners, whereby one | abel can becone IPCmRSdo1100G38

nucl eotide tag and a different | abel can become |inked to the other

nucl eotide tag. 5The anplification m xture is then subjected to
anplification, and the fluorescent signal is detected to detect the allele
in the sanple. [0007]In , e
anplification m xture adgﬁﬁsg{% ﬁi@{gﬂﬂénﬁg%gscgﬁtﬁlg%r%f@gﬂ%s %Eﬁe %ayr?anded
DNA- bi ndi ng dyeapabteerfainneafing o ensod itheenutieotidet thgs, diyestly or gapabloemofe quenchi ng
fl uorescent si b 0 ive
erbodi mont s, _t AACPFUBE Bie MRS She i E e R, oAt bl BEGRL VT o
t he | abel ed prlardafferemrlaq@i odnﬁmcmhehnkeldeo ttmlmﬁieeduqmedtmtelt@ or probes are

oar 01 601 ar BT SRn R bR AR et b P PRREHG uamdl 8 "

primers ardeteertphoyackt tierdiclelie tieatmpd. addi tionally entails including in the
reacti on one or 15nore quencher oligonucl eotide(s) that include(s) a
sequence t[hw7]i s capaddraindmbudiméntd dﬂtn@seb@lmeth@casﬁe Wiﬁc@ﬁodtﬁﬁ{tmﬂcl eoti de

tag(s) and rescence, quench wher ybr.i tion to unincorporated
f I uor escerid 39‘01‘ B’ éﬂ&ﬁ i (THOFEeEgnt aﬂg’rlu 8‘?‘{}‘8{}& Rig '8% ¥ntvherey ‘(cgﬁsceqcﬁ
vari ati onsfrd thelg lsezﬁpsm Gﬁﬂleﬁchlﬁé'lﬂudcréédél’ft@@ﬁﬂ% fHeQaMeRRprinferddr grées 3’ end

of the quencher oligonucleotide or is attached to an internal nucleotide of

t he quidncHarllusirptsirirhodiprsntse the flyorsseeses frem dheshs Supnrdiat Quoreseentsignpl e at i on

m xture inpd 14888d AlimbB3P brob¥OwRHAGRE RBEIPhriiHEN BE hRBES HE fhcoPBfiteiNRGl & ¢ for
each nucl eotide tag. [0009] A third method of the invention is another

met hod f orhylediged tordp amplificréeneprpdicsy sanpl e. The net hod ent a| | s preparing an
anplification m xture including: sanple nucleic acids;

al | el e-spd@988lc ol i Qb%ﬁ?%@t@‘@@ﬂlmw&%e@éﬁn%mdgB’I"m@lffé@mlﬂéabﬂﬁéI udes a
target- Spe&fnié&:ar@ @ﬂﬂﬁ?&? ahd RS a%dgfoﬁélh)%Eal@ lncm!ﬁﬁg%ﬂttﬁedr%aét donBA

at least two differe luorescently | a priners or probes, each
capabl® ofmea ﬁmChw@luggnt@mtléer(s)tth@ inliedeld piseenceghat ingropklppf byhsidizitee| can

becone "%@ﬁg%s@,jgpsftﬂy ucfra;tfdg@dgg;ﬁqnéyﬂr@r?&%&fe%@@mm %@Je@%t.ﬁ%w li nked

to the other eot | etag I'cation mXtu en subjected
to anplif iteanineerporated ﬂmhescrehtly)tabslcéptlmsu(@mabnqhss tr!ietﬂacltemnt lebal@). elmt the

or i mors. ar SnSiaREPfn chRafHiche, B AIRRSHR Bt Bl PETOls 0BPRNT ¢ e
reaction mmgommlamndceoxqsleumhai tociniigemacluetzbiidiedfahe dllhbaf:hdr oligemlielestidea [sequence
that i cq ec%c errcllbodnxgnrté ?he am;glﬁcatlon mixture includes at least two quencher

oligonucleotides, one specific for each nucleotide tag.

[0009] A third method of the invention is another method for detecting an allele in a

sample. The method entails preparing an amplification mixture including:

sample nucleic acids;
25 two allele-specific oligonucleotides, wherein each oligonucleotide
includes a target-specific sequence linked to a distinct 3” nucleotide tag; and
at least two differently fluorescently labeled primers or probes, each
capable of annealing to one of the nucleotide tags, whereby one label can become
linked to one nucleotide tag and a different label can become linked to the other

30 nucleotide tag.



5to at least part of the nucleotide tag(s) and a fluorescence quencher,
wherei n hybridization to unincorporated fluorescently | abeled priner(s)
guenches wheofl/ides3escent | abel (s). In variations of suclkCemsodiimersss, the
fluorescence quencher is at the 3' end of the quencher oligonucl eotide or
is attached to an internal nucleotide of the quencher oligonucleotide. In
speci fic enbodi nents, the anplification m xture includes at |east two
quencher Li 1 des: i fol afnoliBEatRACthd M, ' ;[ 0010] A
fourth netllﬁ]géh%? ﬁ?ﬁ%ﬁ%%@ﬁeﬁ%}%ﬂ?gﬁg&ﬁdﬂo%é) l? oar abﬂ}dgg&ﬂﬁég?%gﬁsc@gggquences
to one or detsried tadeyet thewdtleiic thasaniplebin eapini embodinmeants, tvihdi fiamsntip thbelnd ai | s
preparing an amplificatiqn, m xt £.Qr. aucl el c id, rein
Pher ampi - sy s Pt 8% (et dofioRAETbal s SRty o leGeRitof ontBET 1
i nner f or wagre qpenich@roligoaiciediidefs)ahdtamaate(sy pegjubne tba ueaipatde aflybaidfzings t
nucl eot.i de t t the 5 end.o e priner; an | nner reverse
b rror 51 nap P obg neeTeae el Snbh Ik deense quanebe e ARSI E Fag
the 5' endo Qhintdiporptet MBbrcsceAay labeike prifnen syajuehches tive flubresdenidlabeg(sy.hia fi r st
nucl eoti de tag; and ) an outer reverse, prinmer including the
second nucREiPag 1k emppliments %ﬁ@uws%‘musfe&h& s ey el he GsTeNsRal 1 y,
incl ude ongigekuclfi@ &dslhkdcAdtPlo ahisit@af MudRoGQIMRRCQfentier BRgATREtIdeD 14 he
target nucleic acid, Each ai(rtml ification mxture is subjected to
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anpl i fi catsPesifis gnbadgaete the amnifigptiqnmiyfure mckides BdeastiMoQYRRCIEfCl udi ng t agged

tar getlonucﬂl“gg,;ljc%ti@&g &Sfic gﬁg&ﬂﬂ@iegg@mgfi rst and second nucl eoti de
tags linkedto the target nucl eotide sequence. [0011]A fifth nmethod of the

invention pe1of et NAGLhR meM8doPthednRhibrdks atnvetild hAIRIRle MdLBEC acids in a
sanple with common nucl eotide tags. The nethod entails contacting the

sanpl e wi tspguences to one or more target phgipiglapidy byamplificgfion oecneibed eals one for
each targgﬁe;ﬁHﬁ% a%m?lﬁf'ic%tio?ﬁ@%&@ﬂe%x%gmtaﬁg'eg ?&dl&@%{&,'v@%éiﬁ%e!a]E}MiHQﬁ%na first

nucl eoti de tag In to and 5 , a target-specific sequence; a
pl ural ity reiktug inpludlggonucl eot i des, one for each target nucleic acid,
5wherein each 3' oligonucleotide includes a target-specific sequence that
is linked to, and 5' of, sanplerusieic auids; eot i de t ag, wherein the

tar get - speci fic_sequence,pf, ga6hy 3 Ak GAMGHE A0S Pl dorsietbu g tar get

nucl eic acid i medi at el y adj acent arg crfic sequence of the 3
ol i gonucl eot i ddirstwutlbotade tag/a theald esdiofthelpetnegne or nore of the 5' - 10nost

base(s) of the 3' ol i gonyc) cotide J sfAls ARl A (M Dfuchd fita nuct ei c
acids, formng a flap;

second nucleotide tag at the 5’ end of the primer;

20 an outer forward primer including the first nucleotide tag; and
an outer reverse primer including the second nucleotide tag, wherein
one or both outer primers can, optionally, include one or more additional nucleotide
sequences to be added to the target nucleic acid.
Each amplification mixture is subjected to amplification to produce a plurality of target

25  amplicons including tagged target nucleotide sequences, each including first and second

nucleotide tags linked to the target nucleotide sequence.

[0011] A fifth method of the invention is a method for tagging a plurality of target
nucleic acids in a sample with common nucleotide tags. The method entails contacting the

sample with:



a flap endonucl ease; and a |igase, The contacting is carried under
conditions suitable for the flap endonucl ease to cl eave the 15flap and the
| i gase t owbi2gat283he 5° and 3' ol i gonucl eoti des t oget hePCrasSpriomdomss’ a
plurality of tagged target nucleic acids, each including the first and
second tags. After this reaction, the unligated oligonucleotides can be
renoved and the tagged target nucleic acids anplified using priners
specific for the first ) I t hxt h..get hod of
the invention is a nethggg?gﬁggggzpﬁ%%ﬁggbt 3’ﬁ§?'y%g€%@#@5§2§25%3§f
cytosine in a waegiteanlyél digonealéadids énplisies @ firsh neclendidp kag. thathelinket todnént ai | s
first treatingct e & t methylated cytosine(s) to uracil(s) in
the target nuc e?@a%% 58?%&ﬁgggﬁgé a treated sanple, which is contacted

wi t h: apliraligt of3” obgorgoleutidesodrieder danie tanghit ngcleic héid st

nucl eotide tag that is, Linked to..and, 5 o first nelti t erature
Gi'scrt m nat or sidin g o haHShu g ionits @ larer® snesie et 9 SRR BLoc s
sequence, wher and5tdfea &comnicldoddetags a G a first 3' oligonucl eotide
including a Glinked to a 3'. target-spegcific sequence,, .. . wherein
the target-specific sequihdeindfe ‘g%t'f’ CFele S%queﬁ‘f‘?c%ﬁﬁ%bé SHEPHEINYBG i di zes to
a target nucl ehﬁbrﬁﬁie@ té ApRebt Aty acidjimmedibtelyadidienti@ i@eirgapedific C
30sequence of the first 3' oligonucleotide, wth an ove;Fap such that at

| east the G of S§yeNes of #ie 3y QHeRNUSPTIdfe With apoxglaRsEeh halRRcORaT&pdBE Shucl ei ¢

aci ds,jof or m ng nysf b8R5) of e RQLiLbAARB AP SR EigNdcta BRAPRE target nucleic acids,@

second 5' oligonucleotide including the same first nucleotide tag that is
li nked to, andf®mirgaflagpisecond nelting tenperature discrininator sequence
that is linked to, and 5; g8 end@ntleab@Qf@t - SPeCi fic sequence, wherein the
3'-nost base is an A; 5a second 3' oligonucleotide including an A linked to
the 3' target- specific &bgasence; wherein the target-specific

seauence ghe Lt aBEA0GTea MHabAMHELROLIARC AL A ERoh A BB Ol ol

acid i medi a j acen target-specific sequence
ol i goridc| dlapiadéthewigade tatigae del 54 pnd dodligbhadectitled tegetherttdrproducefa flOtality &

0l 1 90nuc! et el t o 1804 AGEdad TG ot Hrd5ha TSS s ARhSMishALTAGh 1 2P
unligated oligonucleotides can be removed and the tagged target nucleic acids amplified

using primers specific for the first and second nucleotide tags.

[0012] A sixth method of the invention is a method for determining the methylation
20  state of cytosine in a target nucleic acid sequence in a sample. The method entails first
treating the sample to convert methylated cytosine(s) to uracil(s) in the target nucleic acids

to produce a treated sample, which is contacted with:

a first 5’ oligonucleotide including a first nucleotide tag that is linked
to, and 5’ of, a first melting temperature discriminator sequence that is linked to, and
25 5’ of, a 5’ target-specific sequence, wherein the 3’-most base is a G;
a first 3’ oligonucleotide including a G linked to a 3’ target-specific
sequence,
wherein the target-specific sequence of the first 5° oligonucleotide
hybridizes to a target nucleic acid immediately adjacent to the target-specific
30 sequence of the first 3’ oligonucleotide, with an overlap such that at least the G of

the 3’ oligonucleotide is displaced from the target nucleic acids, forming a flap;



a ligase. The contacting is carried under conditions suitable to produce a
| igation product fromthe first 5 and 3' oligonucleotides if the target
nucl ei ¢ awooimabssded a net hyl at ed cytosine or 15from t ReTASC@n®0@87 and 3’
ol i gonucl eotides if the target nucleic acids included an unnethyl ated
cytosine. After this reaction, the unligated oligonucl eotides can,
optionally, be renoved and the tagged target nucleic acids anplified using
a forward primer speci i gsdiBha §08ighhicilorial HcRRaifc LAtk 1 Riebfschge pri mer
that is specific for a target nuc eot | doe sequence I n the li1gation product.

I n specific eniintinked to, aed |Qfga segervemelting (eipsrature dcriminkioy sefuencedistt er i ne
which ligation v 0 f

invention is meﬂfﬂ%Hg& awgtégré? ?ggt ?Jgp(}%%&@e@%b%m ”Eﬁé? 9‘19 geb? Eeerr]liggn

target nucleicAgcids in a sanple, wherein the met hod can det ect a reI atlve
copy nunber difference |ess t od e

sanpl e%t o preanplificati %ﬁecﬁgﬁpgﬂ(’lﬁpp%?oéﬁg n§ agf’& g%ﬁ% t?y]elr?g aég T ur aI ity
of target nucl speifacietsence 25pr oduce a pl uraI ity of target anpli cons SO
that the relative copy nupbers, of the t et nuclejc ac IS su ntlaIIy
mai nt ai ned, where sone of"ﬂbrﬁlé‘ tP%\Faég?f's?ﬁﬁ?I %e%“ea&? %‘gtl’%?eéo‘iffis"é'ﬁ?m& ‘?st
chromosome and hybhidz&fto b Regdtatgeic abildam@icaiakly ffacRhto Mieasigdi-spedifid second,

di fferent chronmobsone. |n various enbodinents, at |east 10 or at |east 100

target on each SEHEBFRRISHEseEond holigeruclegride, %‘b@yféer apgpehethaiptdegsighe Aidfat i on,
the rejoati ve copys diikbacRbage BQidpRked fi6mlthd BigePhRISCEMNIfRFRIRIDEHIES S
determ ned. In some enbodi ments, the number of copies of target anplicons
derived fromthe first chflaperdonecleasss ade nunber of copi es of target

anpl i cons derived fromthgs,sgcond chronmosome are deternined by a method
that includes anplificati on In variations of such enbodinents, the

anpl i fi catThsreonientpngi is eried gidenonditions suiehleito prodpee asligatior pteguétfeom the t he
nunber of f | me and
The nurber e and S oo B e Rl e e S O B rosome
are detser rﬁmdwebyccmdriéambﬂ Otllgamudlawﬂtsdé&le Dhiget sedeiencidagqclltdaid] An ei ghth
gﬂ Pg?eﬁietn%e{h Nk (;éllt(?quel %\t%{ H]E is reacglon t'ixe ur?lt (t:edloth%fmucieollgesl C\érel O%BXalf}ggFﬁgl ng
a first aIHeerbmoeadchndtl&ﬁagged,targietfnixelmerat::dahmpllﬁaedatsugta fomesd pamer pacifiet | ocus,

wher ein t det ect | at diff | th
1", “The' ot RedvaRbdRTie S tatr gl Bep e thatier BUTFOReuc ng

primers capaqitnee mftheangﬂnbﬁ prodgctt fmsﬁdcﬁﬁ:tenﬁ)ﬂdmﬁ:ﬁfspmdltlag ketveanal(dioispr oduce a
pl ur al the rel ative copy nunbers of the

ty of tar i cons
first ié) @'ﬁﬂg%\é‘ft%'gg%e Y’E‘%U%@t"&rﬂ?‘éﬂﬂ VasRiPHCES-ned. The target anplicons
are distri dinto a ural ity _of |.ifjcation mxtures, and digital
anmpl i fi cat@@iﬁl s carrieg lbl}’letho‘f’l‘?éqﬁd??{? floryis %dnff”f (el§qtBR 2 BT I3 YESQBY t hat
contai n a duMbgediferitd ﬁ@ﬂg@l@fumm&d@mmﬂolé |M§¥e1@ihb%éﬁloﬂrtﬁn déxectaunber  of
anplification mxtures that contain a targ licon derived fromthe

second 15dFlalyecopy @upberedifiprangs lespianlad. |Bhedflet5 gntgifseublpee sealeds t hat
contain tgﬁeatnmﬁfca@dnlﬁh@ ﬁrmqefrdmsme Baamm?m@larmrﬁn ek n@&é@h&d&@n be

determ ned to detect the relative co ference Tor t first and second
al | el 5. [mg%fmélr@léveﬁttargeampl&ogmsﬁ th%thﬁé@létl‘@fCOPhéumPﬁféﬁf thefrgdn, in

certain e%@@ic%msﬁs su@%ﬁ’c%‘ily ifthihYe %@Wsoﬂx‘é%‘?ﬁ% &nggtfrﬁl'éﬁﬂzcﬂ%ﬁisgfe ;ﬁ'Ese'n?aSt

1.02. In particular 20enbodi ments of these ne rea Ification is
carried ouan firstchiumaesema an sk Qth%WeéBUCIql%a@‘ﬁﬁeﬁw me@ené nbedmwedst@fferem

preanpl i f'&\%dm&pmgelr{:%foh%n%&m&% aPl%EéQ%%r?tl (ftﬂg@éf ?aschF’th of the

met hods can 1 nc I ntroducing on€ or nore nuc into the
t ar get anpihragurssme 66 mterssh Al apalyadd. I/’d’mtpraam@hﬁcpatm,rthofeleeezcIqomrdiffelrenmi r

enpl Oyﬁ)d ff%F the first and second chromosomes is determined. In some embodiments, the number of
copies of target amplicons derived from the first chromosome and the number of copies of

target amplicons derived from the second chromosome are determined by a method that
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preanplification can include a nucleotide tag. Useful nucleotide tags
include, e.g., a 25universal tag and a chronosone-specific nucleotide tag.
[ 0016] A nwot2hi1of4283ke | nvention is a nmethod for detecti ngcratsadiiamsspl oi dy
in a mternal bodily fluid sanple froma pregnant subject, wherein the

met hod can detect a relative chronosomal copy nunber difference | ess than
1.5 and, in certain enbodinents, at |least 1.02. The nethod entails

subj ect | nqnau&@%ﬁﬁgaoﬁ. PR fafits JFQ8knl otk hhiss BRI rikiioR SRBGAG! | on
thereof, to preanplification using priner palrs capable of anplifying at

| east a pldigital amplificfationr pesoma goibedimentsi e numbgsoddepies of tuketraaiplicgnsof t ar get
anpl i cons, i f | eic acids

i s subst andteiﬁg ({g%néﬁe%% Jrl?g(%ﬁés Pége?ggﬁxtnwgl rg‘%%g&%%@?@%@"g@%g@%{‘g%resent
on a fi r stfrahthenesndeh@nssoerare dbtetrhieed by g etethod diatincludes Db Aasequepcimgent on a
second, different chronosone. In various enbodi nents, at |east 10 or at

| east D00 [0@k4jet on Aazxightlcmethow shHihe irofentiont is n@sthodrfer datating e delatbachpyr i mer
enpl oyed for  5pr. lificatign includes a nucleatide tag,. so.tha

o banp! | 1 1TEPPLH TR BeR b ANEISE ARSI DS e Ptldr AGTE P dpcTiig § Bt

nucl eot i dalltid@ndh sevord,elifferamtdllele aeatdeudt drigahrgartiocle, Wingeia thdvaethbdeih end,
wherein al] target, anplicons ived froma_given chronosone. i nclude only a
Fow i 1 erdeifera Gy Brigter areies i Lo EEMeBen FUem Lbieoiath & ago.
Al tar getsampRlt pRAGpHfdaive Usihg Piitndrs Ghpsdit STAMPITBAOI e fiFst aflEicebiPdllefsW th a
common probe. The target l10anplicons are distributed into a plurality of

anpl i fi0catt? BIPdHeS@ RIFRELY of fireshampligpnsxsathei thearelativg pory; number Pfithe fighanded out

using:  second alleles isButkdnfRily R@infairtBC Thé tabgdt @plidtas hic @driRiel merpnd
nucl eotide tags in target anplicons derived fromthe first chronosong;

a common (yBky ohamphificationmixtues.aad gisitabamnlificetinn igeariodents Abppemberpdf i r st
chromoso MEmplification mixtures that Rbhtda'a t%gtr arr?p@ﬁgx'l ?érﬁ/eﬁ Aom! A fifst éﬁél?_lgrﬂiqhé econd

nucl eotide tags 1n target anplicons derive romthe second chronposone; and
a common pwusther efpeamlificationgnixius thaicgeteinaripigeicomiicoedérided fifomothe sdsendecond

chr omyso ,uel%%}féc]&gémmar Tﬂ% ra@i%lfbr&lpﬁﬁ@a'tigﬁ' d&tﬁ%&' Eﬁ?c&n?a?f%th%%%t%lgle% target
anpl i con derive romthe first chfonosone and the nunber of anplification
m xt ur es tthest tleonerdain the seeongedlelammh bedaterdanddve dettetoim telaéive eapyrtifferbmaenosone
are deter rp&)p@gim It:ro Sewne aeflﬁﬁal ues the ratio of anplification m xtures that

contain thé TTrst Chronbsos to those that contain the second can be

det ermi nedogy det ecty{ e Flal LY fnSOModioE i anaRol o 1N Lt and second
alleles. I'n certai n empodi nents, each comron probe detects a
chr onos onmenthpdiniehtscdavat irdlativie rop@anirmisn diferertoati arteastd . 020dh phrtisyleci fi

anplifj.cation . can be carried out. In.illustrative odi mept s he  probes
oo | 285 R B P pieanpliteron Bl iea G BRPEMERT Aend b B Bent < of
t hese ”E]E hﬁd&%ﬂﬂ@ﬂdﬂiﬁl&d‘n&;pﬁehmplliﬁ?tiﬁﬁ[srdaﬂd:dwt fok eérwlged 3\/@1&?2&)@@. Bbticycl e;.
In specific enbodipents, preanplification is carrie yt for between 5 an
20 cycl es .0%5*6[16%&%&52*1? Il FAHUEIn® P14 e PuriFatis e A AdiHERe or

det ect i ng ampliebidt IFéLexaRiPYe, at least one primer of each primer pair employed for

preamplification can include a nucleotide tag. Useful nucleotide tags include, e.g., a

25  universal tag and a chromosome-specific nucleotide tag.

[0016] A ninth of the invention is a method for detecting fetal aneuploidy in a

maternal bodily fluid sample from a pregnant subject, wherein the method can detect a

relative chromosomal copy number difference less than 1.5 and, in certain embodiments, at

least 1.02. The method entails subjecting a sample of a maternal bodily fluid sample, or a
30 fraction thereof, to preamplification using primer pairs capable of amplifying at least a

plurality of target nucleic acids to produce a plurality of target amplicons, so that the
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nunber difference between at least two loci in genomic DNA or RNAin a
sanple. The nethod entails quantifying the anount, in the sanple, of a
first norwoadimg283blA expressed WO 2011/ 142836PCT/ US2012L0AG3@&7/00088™ a
chronosomal region linked to a first |ocus, and quantifying the amount, in
the sanple, of a second non-codi ng RNA expressed froma chronosomal region
linked to a second |locus. The ratio of the anmount of the first non-coding
RNA to t hg.aapun P i : : ryFued,
wherein aqsatl 0 ?Vgtﬁ?k?gggﬁggﬁ ?tg ? gelrel{eé(r%?' dp% S%rﬂ%gﬁ}éwﬁ%}l%?f g)(s%g o(ng(t)}{p}y nunber
di f f er enceargetnueleit aclis afd presentomch Swtdmemosomgsind Sune afthe tangat nudeic agfdRNAs f or

oub o ot et BE M8 QAR cRloRR ek ARASE o lBRfA B Porat o o

t he i nventleasn100starget dnoghch chironhetwmnd offite@straed artalywed.cBaoh pimdp emplbyéd farence

between at_|east. two.lgci in genom c DNA a sanple. .The thod entails

Topr odde: M Gt drSidsse QRO de, bR u iR HERrigr Pafieattedhat

i ncl udesl, _a!ﬁ'lkplig@ls?xhclucﬁrlxg)ﬁfsﬂﬁﬁrd_t)hﬁtdéd’ﬂ'_@e sdgtae ofieddndaint @swend nﬁ)b‘{l&)tﬁle](cw_.gea‘mhb ng
rimer, |inked direct or via.an intervyening sequence, to a first target
el cot | deaaub LAl Feks FPEIeoRLETHED SEM DEye T ERMed g RIRGHY &  ocely.
or via an fewldgfran) PraeabioikesanicOfiRt &id 8®ndDubIdbtite tadst Alf @Fgefarigidnse DNA
sequencing priner. The nethod further entails producing, fromthe sanple, a
15second DRAvekRm A&y chommsane arersecable Willecommon pyole. Therareg) i ner

bi ndi NG SidnfIikos dd@istiBhraifo PHRrARIVEHTRatdn HRtured, bik@ditPidk@ditay, or via
an intervening sequence, to a second target nucleotide sequence derived

from t he SEydiligationdeiearrighpwtMsing: | i nked directly, or via an intervening
sequence, to a priner binding site for the reverse DNA sequencing priner.
The forward and reverse DREMEERAERES HE Qs thenfirst avid serong nusleetidedaes intasgedr abl y

the 20same in BobhcfiNdeSRAURRE tHdirk RARIAsERe; @l though this is not

necessary. The first and second DNA se%_uenm ng tenplates are produced from
t he sanpl e substanti al | yarempen pobe seagiticdor the tasggs pmnlieans dedyedtfram ther st and
second, 4 oci i”éﬁ-ﬁ%h%ﬁ@& e The nucl eotide sequences of the DNA sequencing

tenpl ates are determ ned and the anmpbunts of these tenplates are quantified.
A ratio of the anmount of aptimef pairsipeddiiAfc elepuiaicind gecopdpheeaidedags etapgedunt  of

the 25second DI}ier%1 ﬁg(ﬂ}l,sl%gﬁ\l,e gfhotng elsg‘%o%d% %m%goggta ym ned to determ ne a copy
nunber differefC& petween the tirst and second focus. In certain

enbodi nents, the first aadommonphbPbecifrcfuethe tangetpmiplieons dadehidt framm el y

i nclude a barcaode nucl eoti de sequence between the priner binding site for
the forward Dme?ggﬁﬁrﬁﬁoﬁﬁ“%ri nmer and the first and second target

nucl e@0 deTize@@BCEIMpliGsARAINM XM thablcbitinatthnged dmpliodn Herivad diobd e first he

first and second DNA 30sequenci ng prijers can additionally include a

bar code n F%SPﬂé_ag%g‘ﬁé‘Hg‘ge'H?&f@ﬂ%@ﬁ_c Q8 “f‘ﬁ”ﬁef ﬂé?ﬁa‘_’rg%lﬁéﬁﬂg%/té‘tnﬁ’ %hucl eot i de
sequences, defie&PRérh itheSleYondRFbrid3BmP ieRfcrMingdi P@nSiht& ValQies tHeatieyer se DNA
sequencing primer. MO 2011/142836PCT/ US2011/000887 {0019 A twelfth nethod

of the i nAsifigafiondnixprssdbptcantaigdhelist shgomesems o Hieshthpt spntain the second

can be determined to detect the relative copy difference for the first and second alleles. In
25  certain embodiments, each common probe detects a chromosome-specific motif. In
particular embodiments, motif-specific amplification can be carried out. In illustrative
embodiments, the probes are labeled with different fluorescent labels. In particular
embodiments of these methods, preamplification is carried out for between 2 and 25 cycles.

In specific embodiments, preamplification is carried out for between 5 and 20 cycles.

30 [0017] A tenth method of the invention is a method for detecting a relative copy
number difference between at least two loci in genomic DNA or RNA in a sample. The

method entails quantifying the amount, in the sample, of a first non-coding RNA expressed
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one or nore fetal target nucleic acids in a maternal bodily fluid sanple
froma pregnant subject. The nethod entails treating the sanple to enrich
for anpliwoablig4dsssal nucl ei ¢ aci ds and produce a treat edTaseqlimpossher ei n
the treated sanpl e includes a higher percentage of 5fetal nucleic acids
that are capable of being anplified, as conpared to the percentage of

mat ernal nucleic acids that are capabl e of being anplified. One or nore

L par oo B Yfiflofondf o HIR0T SRR jooh S hAnARAShE MBI Bipdl o0 T on
for anpl i fsambleeoffateadnddidA-oniling RNA pxpressed fremtawblrmtqsomal rbglbmhnkcmltto ae
mat er nal sggdnldxocug u‘l‘ﬁje raEl %th%%ﬁlogﬁt oq“'?l?el r%teh%n ciadInhIR?\IAr?q 8 Plﬂrﬁl ﬁﬂ,e 10whol e

bl ood, pl asma, Ufine, cervi co-vagi nal secre Pong

embodi rrentsscontihnenicomagmmtcannbdnhbeieteemmed hivtregein b eatasigificahody disfeesnt nucl ei c
aci ds. For e e treatnen an i.n sical enrich ased on
e d o mR RN st § p SR PERRe Bttt e G R Siab 00

nucl eot i deﬁ)n&bdﬂngRNAsl’fd amg,tsh b9Tthig Atiod 20 Dudeuighoitiad @sd, @bn-t&hsg RNA|s,engt h.
[0020] I n od| nucl‘ﬁmgmggl ds froma maternal bodily fluid

ijE}em fic e

sanpl e 154fcublepyde rfé’f‘ A" ¢ acid size, and the fractions are
assayed t ermn ch fractiaqn(s) incl ude rt nuclei ¢ acids. For
exanpl e, ﬁﬁ&%il c ac%ﬂvg?er"%‘{”’?fﬂ? 2" év“d‘dg? 154Be 'l?%fi tg’éﬁ%‘?‘fﬁ“ﬂé AR ROPY t wo
target nuGlugiber @efe@nELEUORA QS [chft@ko RIcRinRhEm I MA akample3GBe MétHRichtadtsi ds
apart in the genonme are found to et her on_individual nucleic acids

(char dét erﬁr%‘i‘icl‘f‘goﬁmfe dhq samplse peaprysinegemalete thasinrdudss 3 &3 at e nucl eic
aci ds. Thiggintl@bRilHgRAaL kRl fsmra)gNa\Ofad&mb,g pPVRE, | iRl QRy Xr v@TR] 1 f 1 cation.

In some enbodi nents, enrichment for short nucleic acids is carried out by
sel ect i ve BEPIENING setuptss. Woasiret tamgeiugleotidopauqnan geried fiom thp St lages cr i bed

et hods captiigliees iRk, 30y ATRIAERERNE QyenceMOSIHIRS biring i i put i ng them

into Separate corrpartmans of mcro IC deV|ce prior to arrplflcatlon.
I n parti cubvarsedddeaneneing primer. nihemadthag fdither ¢otails prodeging; drommatbe soapled at

| east 1§5i bl &)NU%@%@L% a?enﬁ%tl 1ﬁcl[¥3’etses' 18 tl[eoqg’f%e;r#)ﬂxd Yeit@or! tFeebO dily

above-descr be a éa t érna
fluid, or farvfalr@DNAoquetwmgqmmef,rlmﬂm@dlpercdg,mxrvia amb]eecehmglsaqueea:et, & o
errbodl nment s

f.th
al l el es, tsg?oélgttarﬁg e{,??dt ehce éer Vgil?rogr@n%&‘?qq}tgﬂ’esf ‘Evglﬁﬁ l?n?(ng%?‘i%%’ e fetal,

DNA. In spae&nafanomeﬁemdg mmbme tohaepridiks dinding sits f@ thaurEperee DNArmt]eemmlg bl ood,
or a fraction t

f the t
D011/ 1aas B (RoB g auGes e DR soaincing R PO ST Brgferabih e

nmet ho@® caBmben baak DNedsequéncig@émpRERlBougdhQhid & it Pﬂ:d‘é@sagf fEHeairstg@BOt ype or
det er m ne theé% sence Qof a n]%t ation or fetal aneupl oi BRI.EF DESCRI PTI ON
OF THE DRAFIN Pf DHESEFIEIREIFRPIRIES 265 Pragised froedhs Wm%wﬁtﬁgﬂqﬂmmqﬁeﬂ@ﬂudl es

descri bed tb the copy number of the first and second loci in the sample. The nucleotide sequences of

the DNA sequencing templates are determined and the amounts of these templates are
quantified. A ratio of the amount of the first DNA sequencing template to the amount of the

25  second DNA sequencing template can be determined to determine a copy number difference
between the first and second locus. In certain embodiments, the first and second DNA
sequencing primers additionally include a barcode nucleotide sequence between the primer
binding site for the forward DNA sequencing primer and the first and second target
nucleotide sequences, respectively. Alternatively, or in addition, the first and second DNA

30  sequencing primers can additionally include a barcode nucleotide sequence between the first
and second target nucleotide sequences, respectively, and the primer binding site for the

reverse DNA sequencing primer.



5Exanpl e 1: Use of fluorescent priners and intercal ating dye to generate
fluorescent PCR signals (real-tine, end-point, nultiplex). A LCG FAM
CalO, CalWweapiiQ4assar; B: Fl uorescent priner (Cal0) plusPETAS2@en)0s€!

Fl uorescent prinmer (Cal0) plus EvaGeen (nore contrast); Do FAM E:

Fl uorescent primer (ROX) plus EvaGeen; F: Fluorescent prinmer (Quasar) plus
EvaG een; G Endpoint reads at 20C, left to right: FM Cal0O, Cal R

10Quasar . 4] Fi gur - 2L E{ﬁﬂ : i i

fl uor escer&) %i mer s.% &S%@ertagg [e{P L?I%F%loél%\{gfﬁéd E(g?jlgéle%g}{rh qfoggld%n%mg% IS

present i rona oseerd fetal tahgst Benkpt eciduiolagnaeraditodilnfleidsabpledtosda pregnant

all el e-speghiliC ORI IR LR YA drld ELESRBELT GBI (BT Suddidhcibne! uded

5' nucl eotide tags having di fele Aucteott de sedUBhtes aid™8 Cofmbn

15r ever se gadiprneluce #treatdesaaipid, whereai thotreat@bsampenintlnddsuddghet percéragpesypeci fi c

primers, eac ith a djfferent fluorescent. abel at the 5 end and a

Floubl e 3st r Bl g thetefs i o e S Ve R BrE B 6% BrroR et uor escent

si gnal ; Ewnatémsiancieicrudils it biteapBR ¢teihgGinplified. 06 1R6re Fetainadget MicleRNPs 1

tol2: "EP" reaq after 25 cycl es; invertedf&%r?lfs) . SNPs. to0l2: signal is
r

g hs;. )
actual |y rfelfaiyareamplifie anddgiepted apyy prequpnti Rpticrembodinsnisefhei ndi cat e
the 20 t wandiei@IZya Ry HuidiSireatetd @nricH Rt amiplifidbRfetap DNA ®itBout grfor XY and YY are
the GI calls nade; E: PCR protocol used in Exa e 2. F: BEva Green as
r

.mad . PCR p used npl — {
r ef er ence ffastonatipa. Hlugtrafive anatgrppd bodihsHluidgithafcap by apalyzsd inthis mgmepwclude | ed;

G Eva oS agibldslobd hekRAGRInk MdndSdRScolvabtab@¥RtbhNaf coriiit &Abbdheds YL er s, but
can be called; H "Tenperature dependence of signal fromstudies in Exanple

2. 25[ 0025]FIn BcRdesmricking thel semple fopdogmuelgicgeids.cBorskanalat the fregimealo and a

tag- specid,j ¢ L : - spegi fi i .
Conpl errentcfglrl 31 ﬂ%ﬁ#&% ggfcl!ﬂ gﬁtltlgs‘%)‘f%g%’ ?'B'é?\ @&%ﬁg%@@%ﬁg@a aé?? mer is
ext ended ithatere dbeutf 300Inuklgatgden oplebsiprigngtl or@boys| 28 frmntlestidenbi lgssrinddngtht | de i s

not bl ocked; forward priner and conplinmentary oligonucl eotide are extended
into full -0t h primspecifin@mbodipicatsemicleiCGicid3drmin & matesyd bodilycfluidsamflor war d
primers ar . ' f ' dized to
Pheir Poopiefranahy Byt QHEALFRIL B ahl leTnERtls PR AT VK 22 e
is WO 20Nfiactida §36ERCTK(HSROL a0 88ds. Hamezangde) swuéleic aaidl fedcBonk; cab be queried

fluorescent ,priners. o |lele A get incorporated into PCR pr t gnd
gener at o 1P SBPLTBERndherTivo arkerRodifls sgASRRA VAR aisibera i B AU nuflEie

ol i gonuc| ewids dparaindhggmematas: foond togeha@nandividug matleic[a0ldR Edhbiagueristicdok- 4C.
Exanpl e 4: ligation s for_Detecting Fetal Aneup|loidy. .5.A: FEN
loavage  geliiRR e SR Kor it b GF Sepmaeic Bl DRt PSR sl e

requi r®s andle bp hebiMdIadtdn ion aMplifdatib® B&Bme NBodinzk; enridhinb@ falshence of FEN
cl eavage (whjch requires, proper hybridjzation and alignnent), there are no
ol i gos pr d&ekic agids i cgrrpd quf B splectixe applifiqatian basedpn 8% can be | gat ed
together; B. The 5 oli and 3' oligo can be joined using a_connector
segnent scﬁ?%‘ér e i SAB%IOgR‘GﬁBf"f‘T*&é?r ll?ﬁ "Eﬂ“?oﬁéci%‘ﬂc%lg:%%’&@}“g@ﬁ%ﬁF?t@éti on, a
circul ar IfRkh@a! bafistRhQhigGhenh ftd YpaREE dRipeAimbsts bLS nfdréMiidit AeR¥OPUSHI8ase

di gestion; C. Average CT values for each of twelve chronl8 asse}iy per f or med
as descri @gtphiﬁﬁatmaglbp@'nwlar embodiments, the microfluidic device can be fabricated, at least

25  in part, from an elastomeric material.

[0022] In any of the above-described fnethods, the sample can be a sample of a
maternal bodily fluid, or a fraction thereof, from a pregnant subject. In certain
embodiments, of these methods, at least some of the target amplicons, alleles, target nucleic
acids, or loci are derived from, or comprise fetal, DNA. In specific embodiments, the

30  sample is a sample of maternal blood, or a fraction thereof, and at least some of the target
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[ 0027] Fi gure 5A-5D. Exanple 5: Method to Detect Differentially Methyl ated
DNA (i.e., "Methyl SNPs") Using Tm Enhancing Priners and FluidgimIFCs. A
Overvi ew wb 20/ged3phite treatnent™ to di scrim nate betweem/usetihpbessed and
unnet hyl ated cytosine 15 (Calladin, Drew et al. 2004); B: Rare SNP-or

met hyl ated DNA, |igation, and PCR detection nethod using Tm enhanci ng
primers (EGFR nutation used as an exanple for actual results shown in C and
D); Resul t.ﬁ,crelpcta%uda%emyﬁsmtammodr@k@mhb& i bk Abul TR GO Tm heat
map (C) and Tmnelt curves (D) show ng specificity of [igation and the
change i n dearp@pe adbiebganetype oF drjerminghe pIgsqpes o mutation elofm@éarmualpldyl ui di gm
chips; single SNP Tm 20di fferences (3C) are readily observed. [0028]Figure

6A-F: Exanple 7: Use of BREERBESCRIEHONAFIHE BRGWINGPCR for the enhanced
detection guant o) i tions and
SNPs. A: 9 u]ts of IFE ulgé?l%.ﬁ@; Agéﬁfﬁ;&?ﬁrﬁe@@%‘ffﬁr@ Egé%ifkgd ,cnﬁ%grﬁal ized ratio
of chr drmslbmpml tUselcif fluBresR@Nprirhers Iand)imtmmlmmgzlye wsgeniriatevﬁltorﬁscm PERsi ng
anount of 259 | t r pMeasur ed
val ues ove? a*‘%q%%fﬁﬁ{f Ze%dé’@n% I?mdglg)é?l ?&C |r11vI gﬁ]B lkgzrlfeéucaé%réB using the
pool ed r efBn@acest ;ﬁﬁ%(ﬂ:aloapmeEQéGn@am COfwzi)resbmtphmss(CfaythlsaM@eas nor mal

< posat bl @R FRvas i FANE gvcles SRl PRPERITOG PR PRGBSO RBRRSTE 2 6%

fetal conqeinter&Quaar)iplusiBya6rdea) GPERIpORL reads KEPQflefe iy FMECaIOICMR, 18
measur %d i n pregnancy plasma 30 sanples; the RCN was determ ned for 13
nor mal pre@‘ﬁ’é Hcy plasma sanples (green), 3 trisomy 21 sanples (red) and one

trisony 1 l e (hblue 2 99% Cl_ € bars incl ude WO

5013/ 14289808 Us0 ORI EBPIans SVE by BEEBe Ao TR MuESHeES of
pre-anpl i fprﬁrﬂirsOm@diéttﬂferaﬂéle%refﬂnﬂ’duﬂdf%cﬂblﬂllﬁfisfpkdééfth@ﬂsé?ﬁpléhtﬂé daalpld®CR, the
first, darker bar, per sanp hows the initial neasurenent, the second

i ght er bd}”ckerfé‘cﬁjls|aFFoSéFBJeFt€15éChQ“eB’rSPFHQCEgﬁélsﬁlﬂéwarﬁ?j’lwafq aligle-pReifi peimers; D:
Effect of tharalgcul;axé\senud‘r&mma%gh%dl%remcﬁeﬁ@ééeader@essewdcar&nﬁwnr el ation
bet ween the percentage sof |on in a sanple and the neasured RCN; the
corr el &t i JRVEATEPTimEN Th@alapleﬁqgagwa@wnvwéud%mtagpp@gﬁcawwerm cashrwits anpl es:
pregnancy dereAtESRABIE Bl the’s: 3h 4d a%&bfe%r@hde@%%rﬁhrg@ Uelfgle-

D amonds: Pregnancy plasma sanpl es, Square: genom upl oi d
sanpl e, blstrended prigwragivga ﬂu@dscemtrsigl@hﬁvaﬂjreen rbmdawceﬁhagéRREnﬂm alai sanpl e was
plotted I gm? r t and

bl i nded \ngﬁtE[gcsht@y%)% a[])ﬁl g% i 6 pqét(?lxts)?r%5 E"%P{; 43 geg[&gﬁm ne b;l first
and secondeol2|signdl maalsaill)ermattlveol) M@aﬁamepr perdihR, iReld aad Gmtnpmcbchm:ﬂnp G een:

el udds v SEAPPENeebECT et bR Te(HagR et R0 Xt AR OLERT o 2 i gn

propor t i ormaie; EOPER patiado] Bi¥Ain Exantie2,ACEvaiGredreasfréferhcd 8 SNPRS-65@kvet 0 1. 00;

t he RCN of.the se nal but one ca 5 %of the
RON of -t ndnp PeBSE SR B a8 a3 BLE R bisel ss Rl piee don S Obs Vo80T

[ 0029] Fi guines ihétei oﬂi)h&lt’abé ®uficanAe ullddt Bt Tx@perai depettich& ofdinglCirdron of fet al
aneupl oideis.in ter plasma. A: UPL schene in the quantitation of

mul tiple ISB’(Sil‘eSd'h 1?181 e chronosone; colored arrows (red, blue, and

gr een) iC pr nmers, fqr. three | oci a chronpsone; colored bars (red,
bl ue, 23ndqg&éi Pgé‘ée"tﬁgée ﬁ?‘plﬁr?‘pct?SEBE?’geb‘F%R'eB‘&P@‘y Jige3AHBIPE ag

sequences spdﬂﬁdpﬁrﬁerttbgem@tafrge@s;&rciﬂe&aggealﬁdmtehemefcwhqalamkdryons the tags
added to the fo[vvard reverse priners are different; black arrows:

primers uLEgoRysleoHde ’d%{:ﬂ"{(eaq onby thg OerfAtTar hprimer; ‘Sﬁﬁéi‘qedégamfnféﬂée%fé t he
sanme as t hginferas:; c&maﬁ&@?bhg&ﬂlem&h@n&hﬁéck@ms@ia?d bimél dng3 anplicons; it
ta

is only used in the d array quantitation; the bars above the

chr ormsorréOjnaEme%tww'ﬁg%ucﬂf@gﬁq #18 §5tendedtinte falsnedbgmimesandtomilemenst Cr esul t s

of 1430  Allele- -specific long forward primers are generated from extending fluorescent tag primers

hybridized to their respective allele’s complimentary oligos; in this example, the sample is
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25 pregnancy plasnma DNA sanples; the green bars represent plasnma DNA
sanples fromwonen pregnant with a normal fetus; the red bars represent
sanpl es fwormtwi4gssny 21-carryi ng woren; the bl ue bars repraseot/ovesssony 18
sanpl es. [0030] Fi gure 8A-B: Exanpl e 10: Nexgen sequenci ng detection of
fetal aneuploidy with anplicon tagging: A by pre-PCR B: by ligation.

30[ 0031] Fi gure 9: Exanpl e 11 SNP detection via target-specific ligation
fol | oned ction by
Pr eAnp i 3%(1){‘?) %ﬁégug? rbﬁ% yﬁlgr% %ﬂt?nrbngggf fggflngg %ct I @Sgtegygtr?p%e{? y target:
clinicall yprgcitghalfd gﬁamateE@éRsmmpatwmln allatp B’ yyainare byhrislizgio aAWEGCcherSNP | s

SPEARSGK?%W%% Mokt RSl (6 o standara o
oo hat o g L er?g%r t/gﬁtEN BG4 L ARV S N B G HelaMAnBuofbicy

phosphat e gro Ic PCR
anpl i fiscatA d?EN)nleava@b @snequ@ adﬁlpppsp@aﬂt): oﬁ:@hm’drobgmqgleomlm ligase dedufires eﬁce

bet ween i.ch r us - PQ tuffer). 032 Fl gure
ToA M xRl BBE R v NEIR O e il Bt Rt bk BR300,
t ar get - spagoper aybridizition and/alignhﬁﬁi/) LibERe Gtel padigos prasent aithl al5t glasphaetet i on
reaction) éOf ol | owed

ner ghbor | By RSSEAR RevEsH strer S RS Bes Mg BHEa SRR DT e

enriches f@hnddi@segrien@editicte iasni9 ahyllm@besg@y@rassiyglupgn ligatiohea Gevkar f r agnment
are ligation corrpetent a | ong DNA fragﬁrrent will yield gne | ong product
wher eal) t HigHehROded iseioEraed WhliblsfrF%ﬁ?Pé ?oeaﬂe%ff‘elgastwa ¢ oAYeragh 6T Yalyes
l'igation popeierbobiwddRy hadhl s IpEﬂf&hﬁdﬂa@H&@ﬁ@éduﬁ%x%ﬁEl’eeﬁ with a
tenperature-resi stant |ligase 15pernmts one strand of the target fragnent(s)

to be lingaoty anpl iFiduedsABD: EaRPtd 9l Methbdid D&edtiTufERn iRl aéthPalli gase
chai n assa ossible to introduce tags for downstream

funct i onaﬁWége é\d@hylasg%dﬁsm&am%nhpn%wﬁr@n@é§n<t5wld@én e ndavesyievhe 5
end of a |drgeiiBRitdPhQRRerdt? & &Qc’rmﬁ%b&@&n%etﬁﬂgﬁg ahd"uﬁrﬁ'&hﬂbtg&jlzﬁoﬁﬁe

ligation probe (right); in this fashion, bot ds of probes are
avai | abl e (Celladin,dyeweshal: anli tRaPFgSNB'Opmﬂ'U@@ddDNAglaﬁaéQn,@hé|P€Rcﬁet€ﬁﬂglbes

20C in Of}ﬁggéﬁs)lgs‘r%leg’frgtenhafn@ﬁg rlnE?ng%fFRqMﬁﬁ 3r12use@éso x%ﬁmﬁle%r ér!c%?a‘i'o%ﬁltso“ m ng

site (tag quence pri nmer ner tag every
ot her 2nd spewhén Giahd D3Reseltashtdingddising nsdthal shbwa nsBcdlgnlalmGmepl(canéf mhave a

arpl i 11 cat ot Qb 1l BRYECOR SRS exirh) Se PRERL M 88 FRREIET 121 on

as on
product i °€hebtainel wingtlipatidn prirhers aigrh¢dnomnerpiabBleididny chips; 3t SNIa@nand

i nter nﬂ)l ﬂaﬁsrenﬁgséqﬁgregg%ig 83%% | ess of whether the ligation product is

long of sh dl rrent | igation chain reaction (LCR)
using 3 or e consecut obe rand nse a can
serve as d° g%:]get sﬁé%”‘?% xfim\pl cat sc?r‘i’ élﬁg HQn3n. |dﬁ%‘paﬁ B‘?ggs %’F
informati CHilhamS(ydmtfoh@ndi.ﬁ]&rﬁlﬁbdﬂanwiﬁeﬂ%ﬁl)ahéd‘pﬂ?dld)t peins ain&Eiony ardrEN e s e
strandsa differe preferred ligation b e of

ol i gonucl l&Fe%fe 'H&Stﬁyfd%éﬁr@ﬁ‘?i" AP ?“3?) NRUBG izﬁ‘i? TALio] O% omosorte 21°t6 13;

t enper at urg- mpendﬁamomwaen véel89N1ttﬁﬂ6rb€é’hgfdhﬁoulqﬁbf&Trdrﬁéydni@QQ@pikE ther 100
ation tenperature r|or to LCR or

cycle pr i SW t'chi to a | ower
LDR) o t Wé%bq"?fléﬁacsflmvﬁggwwr@d Aptees e %qgn Ygh gheegtpesdghettes’) BAldYt chai ns
of probes,ongicse; udimythbBodbdRferences 95% CI range (1.00 + 0.8%) to classify a sample as

normal or trisomy, a call of at least > 3% difference in chromosome 21 copy number is

-—J

possible with a 48.770 Digital ArrayTM IFC; this corresponds to a > 6% fetal concentration
in maternal plasma; C: RCN of chromosomes 21 vs. 18 measured in pregnancy plasma
30  samples; the RCN was determined for 13 normal pregnancy plasma samples (green), 3

trisomy 21 samples (red) and one trisomy 18 sample (blue); the 99% CI error bars include a
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WO 2011/ 142836PCT/ US2011/ 000887 positive; E: PCR, F: Ligation: two main
schenes of ligation are used in this nmethod as exanples: a) 5'-phosphate,
b) over hamg 20fi/@mss36or nore nucl eotides (Flap) which is eceasediloyosar

fl ap- endonucl ease (e.g. Taq Pol ynerase) resulting in a ligation conpetent
5'- phosphate; G one enbodi nent of the nethod entails using nore than 2
adj acent probes for 5ligation; H in an enbodinent, all Forward probes are
tagged (e.@GmpMhd &rdt b3 QAR InREES 1§sQﬁ(f)'rJ hipl§fRQion dnd e?fo?gﬁl%laQ@Q al so contain
i nt er nal tagg not con(})l enment ar he target sequence; J:. anot her

enbodi mentquestificatiernf digital RgRaths'fi rsta@rlsmcbarawr pample ﬁlquth‘gmﬂtml mleasramzent.ng
probes, a I gn

exo- nucl eggeegrgg]sqﬁi hltér%g't t'h‘%Plufcfeﬁq%%Et Otgtéesglé 11 thﬁgﬁﬁ ? B}:fgﬁé Bugfefeéﬂg- B:
Exanpl e 130ng_]DyAtorUneamureB>BEI\ba15\eat dbaa'rget a gpag |c{)llrdat8uxjmtweeﬁlthﬁ<pern@nuge ng

Uni ver sal u onbynatoria [ ne

det oct Pon SEHATR ip & %Amr SR8 bt B R ERe B8 ORURdoplng P s AE G e
Super - pl exhewgoral ps‘rggr&nhjnpluﬁﬁesshhnpﬂn’s; pregmanty\plasiia @nplempkmysoefobogrmtmatl on of

only 2 ta o PCR anpl,if. et ed nuclel eneral
ot onedur o DA frerg pien e D Bmpie; bRRb Bt PP S 1ifieg SuSertsEenpiiiens VA certr

bearing a dlplieiatiple, brg: trlké}njzllﬂs’ re@mﬁsmstmwé@g@mmda se@pleVas pied a

Uni versal A sequence and Tag 1 seq nce i‘n Cg\?qjiﬁl g g@ P2 be rs the 5
over hang FYhge Rultip edvaaévreeﬁfetéwmav @m%d & s fi ds‘@d‘iféﬂ ° (4) Taq
FEN clgavesn 1|ﬁ€d Ha@t’ﬁas @adetemned@ iR QAP LR, BliAY MeaddRintBnt b tgsdmegat | on;
cycle with | i gase; al | Ilgatlons w | | |ncorporate Universal A and B

sequences Hr‘PTa'PH @&%P B‘Hu@fee"teh‘l’? brregraney. sdelrisomp g and Blyeusipeiay onl y 2
Uni ver sal gt {thﬁre(lﬁblm r&liits fr@ﬂ*n 0919 ?r1§6mgql8%al‘ﬁﬁmhaﬁ als Qﬂ:lﬁ’cfed%gg tdjel lfnkﬁr ent

tag prinmers o primer and erent tag priners on pri mer
gener at es m:opomm\ @dmg tatel BNAYIF: Wrﬂ@ﬁpﬁthﬁéﬁ!ﬁ{é@éWﬁ §%¢to1 00 QO tlee %@E(ﬁffhec pri mer

sets; (7) ddnehsirBledi Pl B%t%g ggﬁ%ﬂﬁ%‘% 8&%@@?@9&9%@%%&&%’%' on of

10, 000 separate anplicons, owed uper - pl'exing using 2

Uni veri$al giithersems pfefarapldficBlion poplatys a 2500nb| nation of only 2 tags to PCR
anplify nucleic acids; can add a single sense Universal probe library

bi ndi ng sil0®&%n pri FgurPlA-BorExample & 65 nudipiexed abproadiier déténtianpf Kitaldi ng

sites); geaqgup%ldg i) d’g%? nglep %%% qu‘lb]fi %c%gmg 1nt L ggéntf?a{?%%l Fm%ltﬂ)llé %gl dn( 1 and

P2, each bearing 0 any con uous nuclerc ) P1
bears a Ursingsr dmd>ma§!someqctémeda amswls (Fedy bﬂuesaiq@me sptcifit prirbers dordhre€ Byci &1

primer(s) b a sin U | rsal rob i br i nd Slt 30 or 1 of
D65 tn verrort b BT Py st ieg andirge: hiegliatom P S bt wpen o
pri rrEI‘ZOextdaﬁﬂﬁ)nttﬁ)g stiqs@cacidede tPkpepifielpeimend dndan@tioedmsplicond; ke tagsngl e

col um of array. contain a sin e seqguence in ly the
s Sequelde B Brbar B pgsDatind st B Rl BASo H WS PRI 1/ 000887
overhang Mg as® d@ﬁ@l@ﬂorﬁltﬂeﬁ—‘r stq@enll_@gir@th@@ﬂn@asl-iﬁé bagg %bl@b&eqpﬁ%@e (5)

Super - pl exi ng using only Uni versal priners; uni que canbi nati on of
100 di f f erlB#entay tﬁﬁl‘ﬁé‘ﬁ‘é’"ﬁ)‘?ﬂstﬁés aply pred h%ﬁheérs&ahwymuwté?% thegdPaky i mers on

the 3' priggBie iMEEFomdsckb HRQh6QHRIpDALISRNS thela ne&eriilmmdlé%t ROQsyragi fi c
RNAs or genes to be targeted. 5[ 0034]Figure 1 mE 14: Use of conmon

sequeride risegnRACY(RIASTR [N A samplst:ithg gragn ams @n@smtglaﬁep yamples fi¢fe enhanced

mul ti pl exi f e i f et al
aneupl oi dym%%oprggg{agng‘&%s%rrrrr%hget%dgh?(rﬁ&!t lﬁégs %‘ggﬁg{g%&f?%gg&nﬁh&xaml e 14

to detect carrgingamemesciiabhiedarsaepresentiriseropé8 samplesed t hat binds (a) to one of
the tags of a product and (b) to a common notif for all products that are
to be det d80¥d by t Kigum Esapipée 10: Nexgen sequencing detection of fetal aneuploidy

with amplicon tagging: A: by pre-PCR; B: by ligation.

30 [0031] Figure 9: Example 11: SNP detection via target-specific ligation followed
by stuffer-based Tm selection: Purpose: Enhanced SNP detection by PreAmp ligation,
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DETAI LED DESCRI PTI ON [ 0035] The present invention provides nethods for
detecting and quantifying target nucleic acids that have general
appl i cat iw0,20twi4283hat are particularly well-suited for @eraskémngodsar get

nucleic acids of a particular type (e.g., in fetal DNA) that are present in
| ow 15concentration, together with a nuch | arger amount of non-target
nucleic acids (e.g., in maternal DNA). Definitions [0036] Terns used in the

clainms an iof. |.C r l.ne. 1 h: : S
ot hervi oo OB by SR (IR ERpRA L oRBIO Wanifoan RIFEES
al | of then®@8uwerf(Thi ACENE0atodMeateNEG) tSRiRtis phgiteeredvwith & TM ofd3HF vérsesnl °Goul d

under st and S 0371 The term ~adj. ' 0
ot or " two SRRl LT ahidt PREAM S rBiEDhing RO AN CRUEIAA ®,
sequences pegardicatbnlyy(20TapF M batiMity 2anesdlapptevehtiag afd peosphate gfoupal |y, in a

range qf about .1 to .about nucl eot i des, .ot _sequences thatgirectly abut
one anct heie MBEIE)EsEPClE égﬁamﬁ:@ ‘éfyémﬁ‘?:tflﬁi)cﬁeaﬂbnﬁl lc?tbonaonn%ﬁ%g?' Fd i
pol yrmer, aguyCompe amplidodrTh dHferdndt batheer ME (GOeRh kinder) vaitas Bg$Gatpooat ur al

nucl eoti des g}?t can function in a simlar manner (e.g., hybridize) to
naturally GEE 1 | ng nucl eoti des. [0039] The term nucleic acid includes any

f orm of RNA, _including, for exanpl e, nom c .conpl enentary DNA
(CDNA) mﬁﬁﬁ]i s a B E‘b‘}'g’geﬁ’fam'w?gﬁe'amﬂgﬁ*’iﬂ‘fﬂ%@%ﬁ%ﬁgﬁ‘fﬂboosm

MRNA,  usuadaked slxbigeN§Rcily ligRIANELLERAIIE (ligatd dMaintind NigasearRaefioRNActoRRNA) or
by amplification; DNA nol ecul es produced synthetically or by anplification;
and mRVA. TPBees BrHRCR e Anligatiop of Bulipla3en Siip 28 ighBoring (inosecifve probes

tripl e- st rRAdRHNW tdngihGnRehAtfon, andhrididsl forfiess iphstiubrs Bt bAN Peshe RV IRRMIGS . | N
doubl e- or triple-stranded nucieic acids, the nucleic 5acid strands need

not be coeRtharemedragmens argligationcempstensirlons RO Bagmené dll niskkrnsdengoe doubl e-
stranded glom@t WhGe&thd dnd £H%HNBe B 10%RItheRts AN up to 10 shorter ligation

products; performing multiple temperature cycles with a temperature-resistant ligase

15  permits one strand of the target fragment(s) to be linearly amplified up to 500-fold via the
ligase-detection/ligase chain assays; B: it is possible to introduce tags for downstream
functionalities, such as PCR; tag/tail sequences can be appended at the 5° end of a ligation
probe (left); tags can be added in the middle of a ligation probe (right); in this fashion, both
ends of the probes are available for ligation, permitting to produce a ligated chain of probes;

20  C:in one embodiment, the 5° tag of every 2" probe can be used as priming site (tag has
same sequence as a PCR primer), and the inner tag of every other 2™ probe will serve as
binding site of a second primer (and have a linker molecule that halts downstream PCR);
this permits selective amplification of the two 5° most probes, as only the 5’ tag in the
ligation product is the one of the first ligation probe (by using 5’ tag and internal tag as

25  primers), regardless of whether the ligation product is long or short; D: in a second
embodiment, ligation chain reaction (LCR) using 3 or more consecutive probes per strand
(sense and antisense) can serve as a target-specific amplification step that retains target size
information; asymmetric LCR / LDR where either the sense or antisense strands are
differentially targeted for preferred ligation by use of oligonucleotides that differentially

30  hybridize in a temperature-dependent manner (e.g. enrich for 1 strand product for 100
cycles, prior to switching to a lower ligation temperature prior to LCR or LDR) on the

bottom of the figure are two simple embodiments, using chains of probes, etc., may be also
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[ 0041] The term nucl eic acid al so enconpasses any chem cal nodification

t hereof, such as by nethylation and/or by capping. Nucleic acid

nodi fi catwonsiicaesssbncl ude additi on of chem cal groups tirat/tsSacionpssat e
addi ti onal charge, polarizability, hydrogen bonding, 10el ectrostatic
interaction, and functionality to the individual nucleic acid bases or to
the nucleic acid as a whole. Such nodifications may include base

nodi fi cat ';S%Jgﬁaé%f])c% F Liga 95'%%@%@&‘@{%%%&?%9 n ﬁ"P%{é‘B? 9cat| ons at

pyri mi di ne” modificat i'ons, posi tion purine
cyt osi ne esxemplski &) Hmphoebatesinyeihang o op fnoke rbrctmndur(ﬁtap) whioh ékdbenved

nodi ficati u I i ch as the i,sobases

i socyti di ngpﬁgafn%%ﬁg%éeﬁgeﬁﬁ%(ﬁ “)blggl faggeﬁt} gﬁﬁkgqﬁgéﬁ% ngﬁtglr] g| cularly, in
certain en;bmsbhmmﬂs pnatmbelimerd of the metland entagls usieg pmwtﬂaoijadmnpmbsdbt des
(cont ai ribpse), I onucl eoti des ai ning D or

L-ri bose) nﬁ%ﬁﬁ&“ iﬂyxﬂ ﬁ'@b‘)(ﬁVﬁ%t’ %‘F 9?1 dg‘?rg REH8 gt(e ﬁ agpmrgg n&Yl yeosi de
of a puri repefic pig); llnpndbése:abaseporasln\mbdnalathsotohecrm;ﬂahyrnﬂyiio fRenirgetni ng

el do. ( PASTYEEsid BOTO T BROTRGEE Comur e A1 FE404 P Mrei fobmaligaing o ¢
Ant i - Vi 1 al srobdsdnd, PCROSMtlatibrb pro@li@ gRNvariolNaHGRAGY oA ILY BRJ-Aucl@lél ot her

synt hetic seguence specific_nucleic acid polynmers providing that the

pol ymers c6HeaRss: Mudirdsheese®ilitissa confi gurati on which aI | ows for base
pai ri ng and base stackin such as is found in DNA and RNA. The term

nucl ei © ac®®3| so eﬁé%‘ﬁepg's%gs Bxampiadady Ligationor PGRrhgsed tprgatsspecififiSEperar e
descri bed pigxikk §9mé3@Ei%'Fsal|\§é§uen@es7a%ﬂc&n%gmat@rlﬁﬁt %ﬂx%ers%l%@%ul{la(?@@usand

6, 770, 748, which are incorporated herein b erence in their entirety for
their di s&%u?@omummuclm@w}wnmc|Ae| Ra&llevgq by BRRswpereplexiegl from a

conpl et el yusg@%mérs YRk B)PEASIBSSa cotttfifhidn oii%n?lng't g%@@:ﬁ a{&gﬁqfét ed

d
chenmical synthesis, ?ﬁrom a b onl ogi cal source, such roug ation
from any sydareged hllwtlelm%@i(lﬁ‘éé shew)eganerd procedvre: {Hohypidire@stergst spheifici nvol ve

th L i : S, DNA
opl i ot o2 488 PP bt B Wmci H) REMN QonillBl ORKIGERE 2 PBIBaR
conbi nat i mUmiWersaHdssqp‘rrmcemwg 1 E@mdm:]ﬁhms Yend CBSBmaes tha 6! evethamgi ds" can

to refer t u 1 taken rom ubj ect,

(3 e B 0 LTt ) ot e DR ARLE SRR TEEEN AP ReRs' C5) s
a sanpl e, mVeaflngeSImWspHa&r@olﬁp, ptmnlngaxgaﬂﬁ&eaydabjtbmqﬂnghm 6)&”@@5&@“ such
as, e.g., ification . VWiere it is.necessar i. sti nguish anmong
hese” ean HageeRegrae FRUERG A1 BRgadeness 8 B ot prockh v aperit Sismpl 1 11 e
sanpl €0 orpléxmgeasivg drfly 2Unhivetsal @ilﬁera(JA did BRf(@yrthé Qn@uéS@iﬂﬂHllﬁit@ﬁ ofugy ei ¢ aci ds

t hat have en subj ect ed to_preanplification. [0045] The term "target
nucl ei ¢ ac‘fb %mmt%g é‘B‘HS R&het rP”t”H’rF‘%‘% %ferﬁ%trt?g Eru‘P%{ls ORita BiPEMEPaci ds to be

det ect ed idenéiRs MBOOPEL HHRIEH I RBGhnREESlefonting 10,000 specific primer sets; (7) using

1 tag combination/gene permits exponential amplification of 10,000 separate amplicons; B:
LDR followed by PCR Super-plexing using 2 Universal primers (A and B); employs a

25 combination of only 2 tags to PCR amplify nucleic acids; can add a single sense Universal
probe library binding site on primer P1 (or 1 of 165 Universal probe library binding sites);
general procedure: (1) Hybridize 2 target specific oligos, P1 and P2, each bearing a different
tag, to any contiguous nucleic acid; (2) P1 bears a Universal A sequence and Tag 1
sequence at its 5’ end; (3) P1 primer(s) bear(s) a single Universal probe library binding site

30  or 1 of 165 Universal probe library binding sites; probe hydrolysis occurs when P2 primer
extends to displace the UPL probe; all amplicons in the single column of a dynamic array

contain a single probe sequence in exactly the same sequence context; (4) P2 bears the 5°
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[ 0046] As used herein the term"target nucl eotide sequence" refers to a
nol ecul e that includes the nucl eotide sequence of a target nucleic acid,
such as, wonomxangsbke, the anplification product obtai ne#Ciyusanplopdsg? ng a
target nucleic acid or the cDNA produced upon reverse transcription of an
RNA target nucleic acid. 15[0047] As used herein, the term"conpl enentary"
refers to the capacity for precise pairing between two nucl eotides. |.e.,

i f a nucleqLl 1. gi it [ i 2 f
nydrogen Bagine PhafpR GhER O3 1o Bl IR e Rienth: (9 BB e 1o
nucl ei ¢ acusiteg a2 Poivsisdigrigers; §6)xbe vomwd combrinagioy of H0odifferznitag primerts onhat
posi tion. e Lhd . chet . i - ic.acid
nol ecul es t%gp é{nen%%é?tlé)(; l,f Q?ﬁnﬁﬁgﬁf'c%ooﬁltggé r@rl %%gﬁghl@ﬂﬁhgf)@&n%%ns& bi nd,
or it may ropressmripg &0,800ndpecifit RINAs ar@oqdsaorbaitaggetedy exi st s bet ween t he

si ngl e-stranded nol ecul es. The degree of conplenentarity between nucleic
aci d sty an@834jas si diduié tanExaafplett: sUsrofchmmeh fsequicaceoyotifp vish prengt h of
hybri di zat i on. bet ween nuc| el ci,d sirangds. 048] ".Speci i ¢ hybrj.di zati on"
refers to %%Pg'fl'l‘}?thod‘iaﬁ déﬁ’tagﬁqgl:ﬁ%éth@ e&%?“ﬁe‘f'gu%i[pgé'rnée f%@‘%ﬁ%ﬁr @lftq%%g{‘%'bquence

i n the absadg@anfficatidisdfdethi akuplbiddi probdsenaytbieempiuyed &nthe grtipds|daotes! ipr esent
in the hybtidi ion mxture under defined stringency .conditions,. Those of
SKi 11 i 1 CHETE 148G S a3 RseR Hgs PIRBe SrarRIgRg oiege of the

hybri di zat g ofaqaetivki 4HaSbPdola@omnTRAH@ITTEr 41 [FERIcEGNRR atdtolR derbied 8y aR.

[0049] I n particul ar enbodi nents, hybridizations are carried out under

stringbht S80KPHY%di zati on conditions. The phrase "stringent hybridization
conditions” generally refers WD 2011/ 142836PCT/ US2011/000887 to a

tenperature in a range froma or 25C bel ow than the
melting tenperature (Tm for m@%ﬁﬁ@gﬂkﬁgﬁat a defined ionic
strength gggzqH Asméﬁfésuﬂﬁg eftio tﬂ}&iges’m%hédstf&ede&%m%érﬂf agtif'i]r;ngv{@ggp a

popul ation of "doubl e-stra nucl'ei c aci d nol ecul es beco
hal f - di ssouiclsicagidsthas haverggherakapplieadion, buethabels paiculedy wellavitesfot desecting of

nucl ei ¢ 53¢ I I r. L Qe d Ki mrel
(1987) VET %%“?h?%ﬁéwu%}’%f 'bﬁ%%?@&”é&?f&%?& | NG
TECHNI QUES:onSantrafidine (pgethAcw e anuicPlagges ambmiet. of aoittaBationdeik aeitls @&l.g., i01989)
MOLECULAR %QALN%,A LABORATORY MANUAL, 2ND ED., VOLS. 1-3, Cold Spring

Har bor Laboratory)’, “both incorporated herein by reference). As indicated by
standard references, a sinple estimate of 10t he Tm val ue may be cal cul at ed
by the eq i on- - Tn, =81.5+0.41(% G+C), when a nucleic acid is in agueous
sol ution aﬁéjrlﬁ%am (see, e.g., Anderson and Young, Quantitative Filter
Hybri di zatpess]i N NUQekhCus&CIhEYB DInd Afd i atidP 8% )k fincling sefEbith B&ow

t enper at ur e of % hybrid ,égJ]d thus the copnditions for strj n%gnt

hybri di zat4¥sy oiheryserwesiter plhesatermaiae defitedspecificaty £ dasky-louhgfl #f hid nat ure
(DNA, 48NA, delfiarns 8RO stdn® With AbwlahRil RE aARAn RbullLABGs@RfhdRnahisr e of the
target nucleic acid (DNA, RNA, base conposition, present in solution or

i mobi 1§ zggo3And t haht tdiR ) adjadentyelvherdSsell RBrefaD &8 twdtdueRode stghdnSesiR@ Ot her
conponents (e.g., the presence or absence of formam de, dextran sulfate,
pol yet hyl el&leiiagidoran re%ﬁé) oot segpencaessparpigd by 4o abaut g PYCIEGiigah maid ar e
di scussed gpeciﬁ&@gdiaraqaﬁg%fo%sm §%0 hbbut M@ n@idotidbd, bP&?Gé{cbé’ﬁaﬁJifebﬂ?ﬂ%
conditions suitable for achieving specific hybrfidiZation of npst sequences
are: a 20t@§8Beth®'ure of at | east about 60C and a salt concentration of

about 0.2 nolar at pH7. [0050] Non-codi ng RNAs include those RNA species
that ae rl8838lecessdhs feym “nucleic acid” refers to a nucleotide polymer, and unless otherwise

limited, includes known analogs of natural nucleotides that can function in a similar manner

(e.g., hybridize) to naturally occurring nucleotides.

[0039] The term nucleic acid includes any form of DNA or RNA, including, for
example, genomic DNA; complementary DNA (¢cDNA), which is a DNA representation of
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translated into protein. These include, but are not |limted to, transfer
RNA (tRNA) and ribosonal RNA (rRNA), as well as RNAs such as snall
nucl eol arwBiAsl/142836RNA; e. g., those associ ated wi th mnet lrgiratSean/000887
pseudouridyl ation), mcroRNAs (m RNA; which 25regul ate gene expression),
smal |l interfering RNAs (si RNAs; which are involved in the RNA interference
(RNAi ) pathway, where they interfere with the expression of specific genes,
but have r &l g t he
chr omat  n RRAC AP SRl by ARtrcl Bl @t mB R R kRO BPRKAE. whi o
f or m RNA- pmutlificatiano PPlAexesctlby mradieed nyrghesicliyoordywintphifiPatiging pTdonENm t hese
pi RNA conpl exes have been linked to 30 transcriptional gene silencing of
retrotrangfédins andhetdmemugeivaridenesreprssesslontrie-gatripltisiended hidgic acids,
partlcularl t ne n n (Yy]
Perne, it St Shglsri ARSI TR CARACH Jooi Bpu RN ARG iGN s B2
about 300 avidcdtrmods rbed jot be\bﬂ:ﬂﬂﬁﬂy/ef(ﬂa%ﬁﬁ’@mstdsﬂad mmoaeaaa n[eﬂﬂﬁ)l})a' Heutleer m
"ol i gonucl nucleic acid that is relatively

short, grla%.(h%)? oélﬁcswet‘g&ret lﬁ%ﬁgggrth%@?“&){l des, nore partl cularly, shorter

t han 100 oti de rtic arI shorter t han .5 des.

Typi cal | y”l“@i oo nac s BBkl cotanPif el slerm rRd BT bG8 2) The

term " pri rech agigf @éthy orsdnd@r bg oappinge icttee hdidinoticaipabheinofudéyddidich zi ng
as an .initiation

(also terned "anneal in V\nthanclelc aci d and ser

Site for MIChUBEN o BEOBRRTE BfAReloha e R ABED: ApBPEBHCasEE
condi tjponseldctroStatic interdchign Fﬁh@ﬁﬁl@ﬁ@aﬂfy fo @kt indlividuelrfidleiduedd RQ& &leo the
tri phosphat es, and an agent_for yneri zation, such as.  DNA or

pol yner asesleiG A dev il ansch .nmdafeésloqsmeﬂn‘ébéﬁbﬁﬁ? mee"lcmnﬁévcheas& at a

suitable t&@ﬁeﬁ@&%f emdmzmsapFéﬂmnl@hﬁn&ﬁ@%&ﬂe&@smbmion%piﬁeds on the
i ntended use of t rimer primers are typically at |east

nucl eot i dégoqlﬁ??éloaﬁaWOdFﬁW@OftSWbF)GQSHP%ﬁXPQX@é amingg, substitefione offrbrasmr-pmgeid, or
even nore ﬂa}flpdo?l@Ho\ﬂltfcﬁﬁ’Jﬂs %ug&l §958$Hﬁing%hlﬂ §t’10:15 @uéhed}gﬁ@ls lgsgﬁqgoc?ﬂ gigers can

be sonewhat | onger, e. nucleot | ong. |s con

"prinmehd | @ﬂgtlwgualedlefr@nd thethlke portion of an oligonucl eot| de or nucleic acid
that hybridizes to a conplenentary "target" 15sequence and pri nmes
nucl eot i dd0842it hesi Morsharticulpnly, ipecriais @@hﬂd@sengeenedeic hegids, sgpuinclude ool er

t enper at ur;%?ydeQx AL S ,Eésc('c&ﬂﬂ. cfe ﬁd)‘w&b)gB&Ew&%ﬁﬁti%g&]ﬁ“&aﬁm}gf’%t e but

tenpl ate nee not he” exact ence o
must be sdba‘orcu emsbyambwwlcehmrtamrofnudelhyhdltmmnvw +tdn Gaglyeospdeatf@.pufine t erm
sipte" refers to of thetarget

ri ner t [ r ndi n men
nucl ot act U RTIREEE SEEPAR B G S 5B oBa e AR Bk Ba 95 1 5
S o ?bﬁe"’(’"éme’gem mpﬂ?f ﬁ"idrﬁ"{m e mlﬁ?ﬁ’t‘ﬁghﬁd e Lt at ement
o o 2 e mB S Sl R SRV Ihd, ol Suih, Rehieerd ot

i nt ended tplynips, )andi bmer dyRehefi¢ sooaeéncbyspedifit meselceacﬁmmlymaﬁphﬁ/ﬁcﬁhythaﬁhe
exclusively to that .nucleotide s (31 ence in certai

enbodi mentROYMGIHFqnaiR AYqlenhases i '@B@HO%&B Pﬁﬁa@%%am HaH‘“gé‘ﬁﬂB%e to a

25nu<r:]I eot |s$|§@kﬁ1§,gsuch s Fouh@ S DN hRNRIGAC TP &8H8%clRlcl ORI 3ol dddbmpasal  whol |y
to the nucl eot |
25  linked nucleic acids (LNAs), which are described in U.S. Patent Nos. 6,794,499, 6,670,461,
6,262,490, and 6,770,748, which are incorporated herein by reference in their entirety for

their disclosure of LNAs.

[0043] The nucleic acid(s) can be derived from a completely chemical synthesis
process, such as a solid phase-mediated chemical synthesis, from a biological source, such
30  as through isolation from any species that produces nucleic acid, or from processes that

involve the manipulation of nucleic acids by molecular biology tools, such as DNA
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tag, as well as priners that anneal partially to the nucleotide tag and
partially to an adjacent nucl eoti de sequence, e.g., a target nucl eotide
sequence.wB8uot/tage36i d priners can increase the specifi ciPCy/uskoriloaoss?
anplification reaction. [0054] The term "priner pair"” refers to a set of
primers including a 5 "upstream 30 priner" or "forward primer" that
hybri di zes with the conplenent of the 5° end of the DNA sequence to be

anpl i fied @p Ao PCRAMAIFCE AT NEIEBAnscAption, SMESRE BhbMBfion dftRgsehyPr i di zes
WD 2011/ 142@3§PCT/ S2011/ 000887 Wit h rtlsﬁeﬁéqn end of the sel(anuenceseto be
anplified.pregessisd | be recogni zed by those of skill in the art, the terns

“upstreant and "downstreant or "forward" and "reverse" are not intended to
be |imtin§044ut raflhekerpsample ni¢leiogeidgtdan éo widrénnusldioacids(!pira sagplear
enbodi nent gt'iilpb RIsAREt. §i bLELE ' i ngdi a
target nuc léeln(]:o(i) %m dro[i0 Schgrpcﬁ g?réﬁg%'oggqﬁgaﬁlﬁ eetE%@gﬁﬂgfrflrgmo?gﬁbw%?tégﬁlpes of
chem cdl W@hs sagwleeprfracyion thecaofthat bapbesnevitjentsd th aseaeint, isnah, asusgal | y

t hrough hy d t.] }. | ex st.ructur.e. The probe
bi mds or BT AsREtE oV BTt BesshitS s hilidtoted R E TR B OF 6
with a detlenguaid 8 ubalh &r ekanplerafipreatrptificd” detpied or Opreafiplified” pudéie acids

icular] h h i di zed [ | :
A ter nat § Vel BB PRE SR R e Sl bpBATPHIR ey Do detect abl o

by specifi inding.wmth a. ligand that ,j.s | abeled, either directly or

Tha Pect | y00Iobeo Tk nr e Bitek a8 | § uied Meredteo Bk Bariy  Bboiies are a
| east 10 t ;aclds tnbecde@etddda she meth&@lsglekeribed heeinpr obes are at | east 20, 30, or
40 nucl eotides long. Still other probes are sonewhat |onger, being at |east
50, 60, 70[0081), or 9B usethersih titasrn amget nteleotiddrequancOheteratpoa haeads still,
and are at_|east, 100, 150, 6 200 or re nucl eotides long. Probes 15can al so
be of any NRYeE FkinuFIROYGS RAMRGH G 7 BreGbmiS AT S 2nr 1T Bibove

val ues (e.dnplifitBticdGrodict eiiheEsy dnpllfping bdrget[n0O5R]adiacr id JDNA pFodéddoe can
be perfectly conplenentary to the target nucleic acid sequence or can be

| ess t han YPBRFLELE FARSApHAnfnLNA target dusleisetidenbodi ment's, the primer has
at least 65%jdentity to the conplepent of the target nuclejc acid sequence
over 10 %‘Eﬂuence/’éf“s%ﬁhqr‘é&s‘t‘gg”ﬁu&?%?m%%ﬁy FRiGTE ta hp FRpRFity fop PEseisg

sequence izpmrtdgaaef»aéa_gwmuclébﬁa@s.mer.s,liﬁ@ﬁ&cq&ﬁde@t i RRItBH BF a AucifiHaAGe of at
| east 14-25 nucl eotides, and nore often has at least 75% identity, at |east

85% i dent i hablaef hydeagen boinaduith 1 pyclecside af anothes pudgggcidghgn By oro dEdgic or 99%
i dentity. JoidsWid donaeere@ﬂ)eae%ﬁfafkn{eh%y &Ik 3hatnQas G é&itgmz Coffplehnenbiite Of @

primer) are generally desirably perfeectly conplenentary to correspondi ng
bases of thssvecatyesinglgsiranded »geleicdciderplequées mapheeartiakidinprhatheenly sqmecal | y
anneal,qt 0 Jele LA i idi i . i Lions.
(00571 e R Ak Ees R B fal B0 Eom Bl AR B BB B B I BT e
nucl eot i dethgsingientanded aroldcyleadbieadegeef tamplemnentarnity dbotvede nsdejoasid strandse

nucl eoti d ' ' Lon. ah h [ .
nucl eot i dghaé %gﬂ@g%é%ﬂgﬁgﬁn @Hé?h?"?eﬁ%'%‘g/a%ﬁ étﬂﬁgh%fagzragg% b%]tﬁvgfirg c?egéaacs'%quence
or the idethndsy of the sanple fromwhich the target nucl eotide sequence was

derived. In certain enbodinents, such information may be encoded in one or
[0048] “Specific hybridization” refers to the binding of a nucleic acid to a target

25 nucleotide sequence in the absence of substantial binding to other nucleotide sequences
present in the hybridization mixture under defined stringency conditions. Those of skill in
the art recognize that relaxing the stringency of the hybridization conditions allows

sequence mismatches to be tolerated.

[0049] In particular embodiments, hybridizations are carried out under stringent

30  hybridization conditions. The phrase “stringent hybridization conditions” generally refers
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nore nucl eotide tags, e.g., a conbination of two nucl eotide tags, one on
either end of a target nucl eotide sequence, can encode the identity of the
t arget nuwbDeottdesssequence. [0058] As used herein, the teCEUSeNcONSEY
reaction” refers to reaction in which at |east one nucleotide tag is added
to a target nucleotide sequence. Nucl eotide tags can be 5added, for
exanpl e, by an "encoding PCR' in which the at | east one priner conprises a

target - spegi fterﬁpe?aﬁrfehp@ra%@elfrem%ehteptltgebcmgodco&aéseé beRdw théh the nemgof the
target-specific portion, and a second priner that conprises only a

t ar get - spetemmr@tumdthn)&na@pecaﬁqseﬁ@eepe apedefinediopigrstrength anpl: Asusedderede t ag

| ocat ed on i ve
exarp! s o bk e Bfpefurt itk SFontRER oS RRkipfl nicic acd HSIERL

10Appl i catbwmtﬂ@&?cﬁ%@&eémtmhgleasartdssvletﬁads fomlcﬁllzﬁmg t%ﬂm oiNumleé;oti de tags
can al 50 ba%la%%gee\gelpyno%rr]\ in %Cat?td(lls I %%P epghd I&ﬁrﬁ&él 725@5’%—&?[% ‘fﬁ”p” S€ a

| i gati on reaction | n whi primer get-specific
portion arENmaM(Hmd}Yj,eVOhg 512d&ﬁtmﬁTOMOhECELAf}hdL@NINGéFE(amgHDUE@eSanf| C

porti on, d a se ond t co [ ion only
or a tar g??‘eg%&ﬁag‘?r%'c fl B‘ha %g 'Hbrﬂ té‘zez?%@) W@g;@&él&ﬁ Pﬁ(g “g end of
Ej he ta[) ggtL/?BeRemo‘mcmwADlebIHDJ,SVOBSJ Nle @Jl@Sﬂﬂ:@HbﬂbgﬁEab/@mdrgﬁtbbuhoc\; aL e
escri be or ‘ex Pat. e i cation . 2005/ 026Q640 iC
i s hereby ‘P?R{B‘?rﬁt(i& g?ré'é‘ bwe‘?el?%"r)eﬁ‘éé“‘r ?i‘t‘?dtwév Séarﬁ‘SPrrdéF’S‘irensﬁda SIAPISSHMAGIoLr f or
l'igatign rgec), vae mal 60 et AGedbEthekidion: aN =8¢53¢0d1 (9YGHERGIHAR nuBkeRDUCES a
"tagged target nucl eotide sgglgence whi ch includes_a nucl eoti de tag i nked

to a targetcihisd aePugso B oY Naky (t59608-AAndRss and YouRe(Qnentitativs Fillgh code”

refers to gy b?i%%h&dﬁxmétﬁﬁi Aeﬁ)mqmmz/\trhm(mspdememitmgmb&&uemut an
anpl i con produce urlng preanplification or anplification. To Introduce a
qz]c

bar code i rlybsid (andghisc ondﬁmn& Sustringerihybridizagion) i effactedby yrsiogafastoe
nucl eoti desug}?gs%g@% thaHd h&‘t RPN SNA, fbaédgco%{éﬂ%wycﬁ%@&uﬁ&%%}o%@ and 0T

exarrpl e, ren barco prinmer can to arrp ITy one or nore
t ar get! 5 ecnatire eSthe tangat RGHeic hcldKDblAn BMpe bassfconippsiaere ptesgimpsadgtionsuich -t hat

the barcodg %ﬁiz%&’t nQF\@@%’%}% 1 aé‘%‘ %&licl%ﬁtr&tl%ﬁ o??&l&'aﬁg 8{hielg%ﬂr?nspﬁ1let#]pﬁea%,o r

resul ti ng a i cons ure
sequence" theblesenc«t or absence sﬂﬁmmqueiﬂpd}:xtrﬁn axlfaang@yetuydaﬂml gyst). ditdedfects of

pol ynucl eqot i d hat re rs that di st i ngui,shabl by melting
emver at ur B Rt rsteheropa et RRst e T e e Rbeen R RG DB T er ent
melting t eswemtamnandnmitam fratacliic A rg|spebitie hybifization of most sequences are: a

2011/ 142836PCT/ USZOll 000 87 100621As used herein with reference to a

porti oY offCHPFRRUFRSS at G adgerelt coprsairgtiqnrot ahout 8¢ mefar Ydllence refers

to a sequence that can speC| f| cally anneal to a tar(%et nucl ei c aC| d or a

target nudP@Wi de sERNEREBS Ry Ingfide thpiedkMn seecigsibpt et peesserily
translated into protein. These include, but are not limited to, transfer RNA (tRNA) and

ribosomal RNA (rRNA), as well as RNAs such as small nucleolar RNAs (snoRNA; e.g.,
those associated with methylation or pseudouridylation), microRNAs (miRNA; which

25  regulate gene expression), small interfering RNAs (siRNAs; which are involved in the RNA
interference (RNAI) pathway, where they interfere with the expression of specific genes,
but have also been shown to act as antiviral agents and in shaping the chromatin structure of
a genome) and Piwi-interacting RNAs (piRNAs; which form RNA-protein complexes
through interactions with Piwi proteins; these piRNA complexes have been linked to

30 transcriptional gene silencing of retrotransposons and other genetic elements in germ line
cells, particularly those in spermatogenesis), and long non-coding RNAs (long ncRNAs;

which are non-coding transcripts that are typically longer than about 200 nucleotides).
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[ 0063] As used herein with reference to a portion of a priner, the term
"nucl eoti de 5tag-specific nucleotide sequence” refers to a sequence that
can speciwDcallp2ganeal to a nucl eotide tag under suit alpCe/tspoieabissy
conditions. 100641Anplification according to the present teachings
enconpasses any neans by which at |east a part of at |east one target
nucleic acid is reproduced, typically in a tenplate-dependent manner,

i ncl udi ng | out | e d;J & i ng
1omuc ef ¢ B e qude k2h' BqroBhRRC ic ROOE Rl LEAMALRR, bl isRTRICLY; 02
means for spemfgsnmldngsl@nelam 2(10ynwtposd@pmpnmaautelarliymsserdhm H0r eacti on
(LCR), ) t foII epl i case
anplifi catg1 ?gﬁog%éﬁ%gt ?&]E'ﬁ tsg%rtsel%hrgngtnP Qﬁ% dg? pé%aé Egoné{d%tﬂ‘dl 4ti on
(SDA) , hypzﬁrgﬂrrﬁmndatDNArraoichdhsspl acenment anplifi catl on, nultiple

di spl acenent anplification (MDA), nucleic acid strand- based anplification
(NASBA), t[0@52] 15st efphertermi“ptimzedetarspod af bt’tmhdm:tiderthﬁt lis cagatde bLhybridizing

| f t I udi ng. d
conbi nat ;R ERBrbern el Be AT AT S AT R s PR MieRRies
LDR/ PCR, RER/AP&EFDNDRpolﬂGRﬁiaBB; uthRéﬁ%neﬁ(RﬁHﬁBn( @dlesin e @W’Serﬁbﬁ o€ otk ned

chain reacdzt‘jl n-- %‘?d g (é Descrl ptlons of sucP ﬁg{ can be
found in Ay nyElf BpsBbucssid e peay fogpolymsgigatism; teh as

Manual , Digof 6 or remekse tr2fiCaptAsePR 4 Filebufferamd at 4 §8&ble tdh ﬁh@ctromc
Pr ot ocol ggo)ﬁm%ha;r Blsgtsrm enﬂéesfzogg?p%slw huet al : J CIet &I\r/l cro.

34: 501007 1 f@%}?l’“arﬁ@"&l&cqfém&m&& ePepdsstnghe Inéendgdh s b khe mlm%awteyme@d
Humana Pr%es iEalwoMae N”] 1 j noI
1095 ceb. 4(?'531 }0 as uc e(o%@@szl)mg ngﬁﬁllﬂange f:3th IO@BG‘n@Ié&lﬁ&h

Bar any et ‘ogfvén wtmllvé@m bfntoﬁ@ nuvb)tgipﬁami@ath \@hgr mmem can bPCT

Publ i cati le 2 “ 5 (1995),
Ehrlich e'? Brgm?at\ggggﬁc%z ?égm iﬁ%d%t(t)ld 1186% ﬁ%ﬁg%%’t ?r(e“elgéé éerf%{% g%o ls: A
Gui de to Nkg prstien efrea okig ptllucmw@mud&m&ﬂl@t leeélses(tgzggsol)lpleﬁmtaw ‘Bargell”.

Nat ur g BI 0 ; I

28: 07102 (35005 LEBY nAddo Rl S ARAR) S0P FRPRORE] ettty MARERRAN 1 o
Li gati on Iwnlematumntd%an&uﬁlnlemuAsthhyigldﬂcsmm}ﬁxesmh ItheltamplamatA pmaér rﬁydrpom um
on Human | Lficatiaon 1995 bl e

pr onega. célgfrﬁtgrelcettﬂllec?x ARSI n%%%?‘géafeg?uéﬂ}uﬁgb ﬁqC‘eﬁtLy CBEIQFCRICP afyn@t ruction
Manual , Cdiybridi2ZO®8R 0 teniReate. #%QGﬁZprlrﬁén’sate’agefp&meQBlﬂaingB&é’aﬂ&ﬁ:,rs torte. Nat | .
Acad. Sci. SAt8§ 1%65( 201, /14%%6PCT/ UE /000887 93 (1991); Bi and
Sanbr ook, SREIEt Ol fregspucieisaciddd whisha primeg % ZSyvi et al., Nucl. Acid

(R 2302) Bﬁ%ﬁ' :alnd équ%ﬁdssa é‘“‘i%gfola“&?'i‘e'('i‘gg"l‘) ac“\%@’d‘keg?ma‘%s@agp%fﬁ%t@zl‘gl 62CI d

Res. 20: 1GRstediphybi@Rey to aRnkRbiide Rucake witliMthd micleidhdd. Pheldaterhfd@dta Lage
etal., Genone ggg 2003 5Feb. ; 13&@2 94- 307,. and, Landegren et al., Science
241: 1077- HHMEL 88Hidizeping ppsticuldy nu rSPAYREGE WBPt ineade oimpl thehe

2(6):542- %rlmeﬂijﬂdﬁcﬁies@ithe,r cdm@k&[ﬂ&'e@hlu%@lpmm rﬁx@%tlﬁ@% Betlcé) Fc;r65 74,
Schwei t zer etal ., Cun- otechnol ., 2001 Feb.;12(1): 21 7, US Pat. No.

5, 830, 711 SXUNEe, IpSETAIRGN beslS 38} option PRETETS e hejetbgks Tl Pl t0 o
Publ i 03t i QficIbRide %%mtl@ﬁ‘gn&) aE0briRAS 1R aMRal WASBA3 83 teotide

10[ 0065] I n sone enbodi nents, anplification conprises at [east one cycle of
the sequents as Wpll avriimere thabnnealmpaeislly fyytha nulectide tagrandmertially tovin adjacent

conpl enen tnﬁEl)fotQ{e sécﬁ._@ﬁ&ea g %h Qledy et%gggé)t?t{g%gilﬁeﬁé[e S&AH ﬂg%?fpljnﬂel@tcaxl fadRhseONe

t ar get nucl ei ¢ aci synthnesi |ng at t one str
the specificity of the amplification reaction.

[0054] The term “primer pair” refers to a set of primers including a 5° “upstream
30  primer” or “forward primer” that hybridizes with the complement of the 5° end of the DNA

sequence to be amplified and a 3° “downstream primer” or “reverse primer” that hybridizes
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of nucleotides in a tenpl ate-dependent manner using a pol ynerase; and

denaturing the newly-fornmed nucleic acid duplex to separate the strands.

The cycl ewoaytlion283ay not be 15repeated. Anplificati on c&OTASLQEII08ESS7

t hernocycling or can be perforned isothermally. [0066] The term"gPCR" is

used herein to refer to quanti tati ve real -tinme poI ynmerase chain reaction

(PCR), which is also known as "real-tinme PCR" or "kinetic polynerase chain

reaction. ] " fier d

reacti on, "SHpRE S fh GrERERGhenct R o HERThY WhPLAR IR RRE o il o)

|1 | ustr at i theant,sbgems upsream”rand [‘dovenstreany’ Mmr&’@démvmdcarc oot i ncl ude,

but are nat |imited.to f al .l . rase ver

transcri ptgaRsp .%ﬁgm'ﬂ" ¢ s PP bR e BREER IS Bk B R gimentey o

nucl eases t he I Re ; incl r

exanpl e, s[u r at es ?%c?%%@ﬁﬁiﬁ%ﬁi?a%@étgg 15?%%%% é’f&? i Bu‘ilgggc'dé}gd

act i vatsor scorrﬁﬂie[nmﬂﬁﬁj §'dqeertcerthmﬂghrrine@r mke tdpd:selftchmqurhobés' gergrallyabrongli ei n to

refer to an §§ E identif IF F ? nﬁ}lflcatlon

pr oduct , \Bl‘é’ FieRLLY Bgse PREINBHSHR roblg %éogegr 88 9%’8 AL Vg dOrTUR Rnce

Er esent i rtiufp]!m sﬂnaaiuctrhe bﬂiBBBin]Iger H)ﬁnmz sJuOIa\f%p]t:cﬁ)alblr@E@%ItBJ’ dblas'prblsef caned
erein to refe n c robe t ent.ifi t presence o n

anpl i fi cat!Pie ‘?’ ‘ftg‘iﬁ%’:f? P?Bad?-’?ﬁm‘tl faC‘l?afg’feiCE?ﬂ %éretﬁ% @Gﬁﬁﬁﬁf@ ONgRidf eot i de

tags accorgbbithab qaytsrlitﬁzddny&m&m@merﬁaﬂaﬂymﬁgade\namaucélgmowéeersmlpﬂjlb@%atycz;emhl ch

a detection probe such as a uni versal gPCR probe ds.. Where a tag is

added Yo Undabsled s may bg detgstable bhERPF@Gt‘W“&Pé"%‘ék%%H&@d thatdhlapelgd, ciher |f
desired, idiebyfs: iAdiPRAVEPBed RRERI SRR i8I T dnCRIIPI RS att R least 7

conbi nati on of” such senguences can ‘encode i nformation about the |dent| ty or
sanpl e soupdé nugleqtisles indgrast PHegyrbensss ¥deastid). dBqudAdecieotidesiangr Still

embodi ment Gper 5rer§§r'ie1€wﬁe[{%d ki Béﬁhggﬂe&{ OTB0S7d; 20, dr%'nﬂﬁgatgdé%%%e%t de

sequence to 5whic tectlo pro such ‘as” a universal obe bi nds.
In this meatsprobspare lenger stidk arrdﬁreatdp@bé()%ilfn@ﬂﬁgosmpeesn@&ntld)@ longddtokes an

anpl i fyscatd QISB%QQJ;'&@Q%}H fhde &%‘th 'r£ %%tohr%éd%k%ﬁy 8f]th%*e’l§o\}%ﬂ|l%9f fo‘c the

i nvention. In the nrze t 0sSsi b

i nt roduci nig-2fuhucieptidespn tdngthlpi ndi ng Si tes durl ng preanpl i f| cation (if
carried out) and anplification facilitates nultiplex detection, wherein two
or nore difPflent arfpe bfiinclamripmbemplbodcr&cﬁy canplbmentetyetoltlmdaxignt nalcgpiiwen

ampl i f1 catl on MhybEalbe st B4R GG $ohuchORISL ThEct Sl M Sl Sl
detection pro g Oy it end8H T 07 &R Br?pass primers aB f a

det ect abl eprinxdddhbs {taeagt 65%11cfehmgm@ﬂeenmpleaheﬂ of, thdaiargmehdclaicsamd sequence over

doubi st raaRT DR (S CRI Ry S meThPRASVER: BALENE MGt PEAE P er m
"t ar get - spreiebiidesMdRfiph o 'a sequet St A RA&I18-25nut RbGdes] ehdandtPERen has at
least 75% identity, at least 85% identity, at least 90% identity, or at least 95%, 96%, 97%.
98%, or 99% identity. It will be understood that certain bases (e.g., the 3’ base of a primer)
are generally desirably perfectly complementary to corresponding bases of the target nucleic
25 acid sequence. Primer and probes typically anneal to the target sequence under stringent

hybridization conditions.

[0057] The term “nucleotide tag” is used herein to refer to a predetermined

nucleotide sequence that is added to a target nucleotide sequence. The nucleotide tag can

encode an item of information about the target nucleotide sequence, such the identity of the
30 target nucleotide sequence or the identity of the sample from which the target nucleotide

sequence was derived. In certain embodiments, such information may be encoded in one or
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probe that identifies the presence of an anplification product during gPCR
based on hybridi zation of the gPCR probe to a target nucl eotide sequence
present iwotha/essduct. [0072]"Hydrol ysis probes” are geagrasbkén/oosstri bed
in US. Patent No. 5,210,015, which is incorporated herein by reference in
its entirety for its description of hydrolysis 20probes. Hydrol ysis probes
take advantage of the 5' -nuclease activity present in the thernostable Taq
pol ymer as i Ya 4588ndiin & i Agiap r obe
t echnol ogﬁ?&%‘% |°et£§i¥%gg’2éy%taerrs, q@é@?é’?ﬁ”gﬁélg&%\?{&%gné%ro yé#iic?so%r obe is
| abel ed witérgetanutlentidecsqente, dat @cbdr the ydensiyei thegafgbunicleotidd sequeamel an
acceptor dye or quencher. In general, the fluorescent dye is covalently
attached t[0038)e 5' Anasafherdin tha totne “ancdding ecacgivanicélers to seagtion inadhdhtt o t he
3" end of th robe ..and when the probe is.j o t |.: e of the
detsctor dytPR eEnifaae B8 d R Red el udeTifbee TIAMPIERESS Prcr)
The pr ébe addak &rexaopnsiy adienaidingrRCRTin whichphé atdeasst diegiringkeicbmpssesae end of
the target nuclei.c acid in, a PCR reaction. i ng the_.pol rase.activity of
the Taq eriapheresiprtPeat pipitrEidhac e shd SRR PR ERFEE: ca by one
primer t hgdortich, bfisd seeaid Pfmdr fileat pérofrseaontly a usgaapekific poreon bihafargebi s
downstream of _t he probe but anneals tq the Qpposjite strand.of the t
nucl ei ¢ acPECiipROTiRRARGARYC H%ﬁasﬂpéﬁteﬁengw Rheat the HEESHREEH RARn LG
reaches t hgud@alOckawipes 8f POR prb&IL4pplid¥bield Jeiéoliﬁ-ﬁg&&ﬁl&@?é bEpdihbIW@00887 pr obe
brid as a substrate,

i s anneal ed, recogni zes the probe-tenplate hg/ ! and
hydr ol ¥z esRitiga BE78P8 povielsasds-St - Ne-6682-4ThNHRjentigr jAss san s on
i rrevocabl aEeheasencddify IBARBL TeRGioR ia86dn @nptis€a AHARAREL LOY f WHicH he
reporter dye, thus resulting in increasing detector fluorescence wth each
successi vdegsOmedyinnes comprigsa p tdrgeitspecifiiqyattion anslinuclspiidrctag losated pr dis158 erdyr use
in the inv i > . I - = 1 ty that are
cormon 1 n s AkeLaRRE pGHRR il o ek R B B e A el Bhec R ol e a
hi gh Tm ofonihens targeSpeeifib ipediohynd deuakentide fagllogakeddbnrihe §'ednd o diedargetNA)

anal ogs. [00Q7 e " ". as. YR . : or

o cccre thsvTenn gk TRk P Eieodp BT IIe bR By SLEHERE b AT AEN2

si gnal . | rPapant Putdich@on No.l2605/abl64¢,avhities homby achmpdratadi ygefekepcoin itsndi rect | vy,

to a nucl ein}:J ciad or thrc% eior}.]. Stilintra[aoltiené abel s that can be attached to
probes i nci"HE&> 2BAIM REFUCURSFOn iBRYGLGAES S r adi oi sot opes, f I uor ophor es,
chr onmophor mass |,abel el ect.ran.dense. particles,.. magneti rticles,
opi n 1 abel G050 ecur Sy i g RRR AR oleied ¥ R Blist afiiaief
active nolsequines’ walkthymahales 6 afidedtide sag lamked @nzigrget muchstidasegsencd 5[ 0074] The
term"dye," as used herein, generally refers to any organic or inorganic
nol eculle t[@eg0jabsor Bs usddietr¢inregeret Thardodeli raferon azpeafivamddotidg tdqueneeat er
H{l‘;‘\”bﬂl d?ﬁﬁ%@é@‘%g 0 o RSP o LS ROl T, Bl QM SRt B Nd BvaGreen
amplification. To introduce a barcode into an amplicon, “barcode primer” that includes the

r get
9

barcode nucleotide sequence can be employed in an amplification reaction. For example, a
different barcode primer can be employed to amplify one or more target sequences from
25  each of a number of different samples, such that the barcode nucleotide sequence indicates

the sample origin of the resulting amplicons.

[0061] The term “melting temperature discriminator sequence” refers to a
subsequence of a longer double-stranded polynucleotide that renders that polynucleotide
distinguishable, by melting temperature, from another polynucleotide, e.g. one containing a

30 different melting temperature discriminator sequence.

-22-



[0075] The term "fluorescent dye," as used herein, generally refers to any

{1 tor cscemD ammckiancsm Upon 201 11 adi ati on by a Sour ce. of PETADeNAGAEt | C

N 2?32% kmat : SFEQ(@Ee?gLﬁZPa ng‘lt g ‘J%.Ea ;"Lt ?h'eagfg | E[gﬁgilzl for Eiéﬁpl e,
cock et al. nt enporary Pol yrer emstry, 2n : escri bes

gl ass tr ang O s R TR S e oo R e BT 1

mat eri al s spxdifigi nucksbtide jequinco pfers tessdquere dut ednespedficdllympneat tred tacget eadi | y

under 9ot OfIshRla G bR BRI, HRE Bhdeh O:Ble shAGRACK ARG Chal ns i

response to a force, oneé chai ns rec aSsume the prior

shape 1 436el0SenoqAhed el QifiSereldlo OB A5kRon R3PS S plmen for e

is applie t thenréeturn err origina a orce Is
renoved. [t@93pecific mpoleytider ouenceiaefeertd acequtped thatwapbpecifenllyinnesl taal ocus at

whi ch 30nucl FOt(idte se uenlgag di ver. ence;, occurs. Il lustrative narkers have at
least two FicaYdsae Bt SWERlr AP RGO UM ency of greater than 1% and nore

typically g ?ﬁ‘ﬁlt er than 10% or 20?{0 of ﬁlevpsgrgjté{c%%ZSBg,n%PCT/SU§52011/ 000§87

sel ected p[ Q) ation. nﬂ)b(%fi %al'cﬁ pede epn';ay be “adESHEPIPAS e HELe Dai r .
Pol ynor phiwhicatdedssa parcd il deastenit targdtinocleik raeid ierprddecedt typieally imcr tpipare-
(RFLPs), variaple nunber of tandem.repeats,(VNIR s) . hypervariabl.e .regions,
i i sa el | SePERRnGHTer Sistiiing PEBATGTRISE A EPEG b 1EHRGHeS Tor amplitying
tetranucl efklefttaciceRginges, Sitheplifeadlo B eXpoRchtRNG AlIfustratbledhda for pafistnbagiserti on
el enents such as Alu. The first jdentified allelic formis arbjtrarily

desi gnat ec?"Aifng dFR s hide ligdse fhaih sraptimne-CaYy ligapedetesting regpiionEbRgnat ed as

al ter nat i igsa@é6n #Albedby 8-leBli@Se anl\EicAibL IPCR, hRMB Q&Gioh] MendBBplaédnpatient |y
in a sel ectedf_popul ation is sonetines referred to as the wildtype form
l§ n

Di pl oi d_or&mifisatonal A chmervrangbrsirirant dinlaeemsatagerlificatien. auitile ¢ forms. A
diallelic &%%éé:i&ﬁ@ﬂ%ﬁiﬁh@é%n%}@ﬁ)&)%ﬁ@cic Al @ﬁﬁJdL&kaﬁngﬁgégmmA%ﬁmm.hr ee

10forms. [O \ "single nucleotide polynorphisn occurs at” a

pol ynobphi sepsheltiplosed amidicajons, rollinglcaclagmiptibedtign (RGA).@nd the likgeingludiag of

vari ation . i i i | dsgr by and
fol |l oned b@ﬁm@ggpgﬁghﬁéﬂgf@e %éggﬁsgﬁ%rgas-@gofr %%%@plgﬁnle{]%gﬁkﬁ%&; 6(sl;%quen’ces t hat
vary in | é¥R/0Ohan LDRIBOR of CR/POBID REFMERI DR L CRARCRINIR/BLR(ASY knowiSNP
Lousual |y aies iR dBusHRSh) Hd B0 iRL B0EHANGL BPLLASd Rt anah Befual the
pol ynor phi T SIte. {Fansition i's e rep? SCRTERT o one ﬁurl ne "By anot her
purine or iojengmgrother souresspiusbaibdt laby PER/ Printed iAnkabofatdrydianal, Biffenbach, Ede

repl ac ga rine;b 'r'mEgi e or,vice versa. SNPs can b .arise
from bl e hrut HabRGeR o B R rtinlrpieds Bk Chmeiioeiae Baid: fve to
a ref erencdsuth kedlel). QMK MdiQ] FeS0sEN(1bes)eThe Nidieic plridBetocbiielandboakj Re copy
nunmbers of the target nuclei aci%i bst anti al | i ntained" and |ike
phrases i ntAPLRY 89 Hypa éeséo'g‘gﬁoﬁﬁ _é@o@?’ ’i‘t_H@mf‘?é‘reéég’ %B@I“@B@F}H@? _
rel ative t®9giFeb.amDEAeT, 185 PasNd. i602€958; YU BEPARL 6. [6e5h 5143 | PRdrifyt et kRFE@HUCT DI e
copy nunber determ natiaons for the tar %et nucl ei ¢ _aci ds usi n% t he net hods
descri bed l'ﬂ@lhgthp No. WO 97/31256; Wenz et al., PCT Publication No. WO 01/92579; Day et al.,
25  Genomics, 29(1): 152-162 (1995), Ehrlich et al., Science 252:1643-50 (1991); Innis et al.,
PCR Protocols: A Guide to Methods and Applications, Academic Press (1990); Favis et al.,
Nature Biotechnology 18:561-64 (2000); and Rabenau et al., Infection 28:97-102 (2000);
Belgrader, Barany, and Lubin, Development of a Multiplex Ligation Detection Reaction
DNA Typing Assay, Sixth International Symposium on Human Identification, 1995
30 (available on the world wide web at:

promega.com/geneticidproc/ussymp6proc/blegrad.html- ); LCR Kit Instruction Manual,
Cat. #200520, Rev. #050002, Stratagene, 2002; Barany, Proc. Natl. Acad. Sci. USA 88:188-
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25[ 0080] The term "chronosone-specific notif' is used herein to refer to a
nucl eoti de sequence that is used to identify the presence of a particular
chr onosorw0 20hig14e836i f can, but need not, be absol utely eorarsesameesspeci fic,
such that the notif can be used to unanbi guously identify the chronosone,
regardl ess of the presence of other chronbsone sequences in an assay

m xture. Alternatively, the notif can be one that sinply distinguishes 30

one chro I CH4RR f7:ak r nt in an
ey o B i Bl BB Pl or

Quant i f yi rridRey@f:cAficlie (998 Desn efabOBDE NafliAcsd Seil b Q9526 1-66 (902X he

i nvention g4 ' Nt fyi €50 D t ar get
ot 1 con S aB A BenE FOFFAL PRSI W kordl A0 sk W RPN
quanti fyi n@992; Rxdstraiegdl., BNMCdufi Ding2dRp(20002)c bagean abrGabmeRear2088mpl i fi cati on

5endpoi.nt ) on, reached. The t hod.ent gj 1. i ncl udi ng

pr epar i5ng %ﬁ%ﬁbﬁf@t zimgﬁ“aing%?r\”%ﬁhhﬁcﬁnﬁ? Zﬂl'n%ﬁtﬁ)l ‘ﬁgmg‘gﬁ%@ Vnlicl ei ¢

aci FS; at Hx@axstReom1m@ﬁzempe@j.;fz(®:spzis;moolpaﬂ dl,, ] Micropiol Bfetlodpr00k, bWher fei n
at | east e ' the .target-specifig 10pri ir e e,
present, i ax;g%éﬁ{f-fﬂt Isﬁh‘%e"fZFrLFgf‘gscz“E'ﬁ@p ?tegkﬁﬂ’ll'%{” P& o)l 2 Pﬁ]g)f’tescent
doubl e- st mad1desd 0 PINA-TDS NPt Ngo. BY027,880,E0 8. PdtUNs.&5636/2a8, FCDPubikRetislye i1s capabl e
of quenchi_ng fl uorescent sia&&%b$r0n1the | abel ed priner or probe, if

present. THe WRPPIPZ tadiephP @tipg NopWP%8(i#%8éled to anplification, and
the fluorescent signal is 15detected to detect and/aor quantify the target
anpl i ddn(d9065thi s bt sRsee snabodiacats, arpUficafign sOmRyises ehrleastenaserifeb e

uni cor por at&ntiARbRAuRs b RhnQMin® hABA SRpriMidr Wath @mphindatary BAdubbtantially
incorporated into an anplification product. Quenching of the | abel ed probe

or primer COBWIRBLFY sHaucnges nahlepstions targst Rutlels Aeid; Hniheviziag arlewst prsditahce
energy t,f%%Eaéot(déBﬁTa)teﬁhbla%‘e%&@p@&&enﬂrﬂ@nﬂfehhég%sa FAPRBALIAnd 8GR AE uRPEC! Ti C

application and reaction conditions, the ignal may 1 ncrease or decrease
(quench) aswanfiringd pedl¢io acig deplecigseparate thestrendst iTba cpdle may or may 8ot beet hod, at

| east jane Qfc,fdie Atn?ﬂ’lﬁg%%q%}%%ﬁ ic&héris%%%’bg%ﬂ%l%oxc@aﬂ ﬂe’b%ltﬂ%fdﬁsd?h&lnﬁﬂ.i de tag,

and the fl uorescent can attach a tag-specific priner. 100821A

4 et f thew | e ' : :
second ne g@‘ﬁ%? Ght F&Ynﬁ%l)@ﬁ |sSis@d RELi Qe e(??? %&ﬁ&?ub@%aﬁﬁm%#ﬁhﬁdg?HS:

sanmple. T hod entails preparing an anpli Ion mXxture
chain reaction (PCR), which is also known as “real-time PCR” or “kinetic polymerase chain

reaction.”

[0067] A “reagent” refers broadly to any agent used in a reaction, other than the

20  analyte (e.g., nucleic acid being analyzed). Illustrative reagents for a nucleic acid
amplification reaction include, but are not limited to, buffer, metal ions, polymerase, reverse
transcriptase, primers, template nucleic acid, nucleotides, labels, dyes, nucleases, and the
like. Reagents for enzyme reactions include, for example, substrates, cofactors, buffer,

metal ions, inhibitors, and activators.

25 [0068] The term “universal detection probe” is used herein to refer to any probe that
identifies the presence of an amplification product, regardless of the identity of the target

nucleotide sequence present in the product.

[0069] The term “universal qPCR probe” is used herein to refer to any such probe
that identifies the presence of an amplification product during qPCR. In particular
30 embodiments, nucleotide tags according to the invention can include a nucleotide sequence

to which a detection probe, such as a universal qPCR probe binds. Where a tag is added to
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25sanmpl e nucleic acids; two allele-specific priner pairs, wherein: at |east
one prinmer in each prinmer pair is specific for an allele and is tagged with
a di stincvonool/eesssde tag at the 5 end of the priner; aod/ush@ 1006387 pri mer
in each pair can be the same or different from 30one another; WD

2011/ 142836PCT/ US2011/ 000887 at least two differently
fluorescently | abeled primers or probes, each capable of annealing to one

of the nugl, ﬂféﬂlggﬁf nﬂ:'léo%ﬁ% Le\ﬁug{ e Vdagh & Q:an‘?rlf&ggfr@d RN A gcepr' Ters,

wher eby one ecorre inked to on€ nucleotide tag and a different
| abel can réxegoized by zn&@d:tlpo ptdbe. Ehhetvmlmu@iioe@tf serd sequgncTAReraede i fi cati on

m xture i gnal is
et eot od TH0ATBEBOR T e ft Bl ke B e WSl Msc AL FRE SAhue B e <.
the anpli fdﬂ(ﬁameGﬁllmBm ume oadtdret armﬁeﬂchtyon prohersiemn inclfidcuoneseide sequence to
doubl e-_str above orescence

rom t e ofeFEadetaR plSk et AT hPGR BRotd by BRI TPRER et FEEX 0
pri mers ormdgre phds bmliﬁn@enéwihrbg atixdrio hinempbﬂeanbm prodpqilduriag theamptificatieact i on

or oceeds. 90 o ReRE B ARl o co: of Tl PGP LGRS PAaM PREVUE

quenches fdfhkﬂfcﬂﬁ&ﬁ@hu&lpwl;ﬁrbbdc bigding bieesldakieg pdamplifitation af cpfiabas) aﬂaen t he
| abel ed prlners or probes are |ncor orated. into, or hy ridized tq, an

anpl i fi catdmp ‘ﬁ%%’&&“c“‘ta‘ﬁ&%‘ﬁmlw o, VhaTrishM st diffeeens prgplification

corr esﬂéonCyr&ﬁlcfs(%a@-b@@é’tédt&ﬁh%rgneklnlaﬁlpﬁﬁ\é\QWndmkﬁQé saligudahdiadr, this allele was
present in the sanple. [0084]1n particular enbodinents, two differently

| abel ed pripgmy)s ar e TRERAYESverddl defebGonRbEOGs aagtdinteneaadolexc&ﬁﬁaeg psmérgc! udi ng
in the reaction one or nore q(iuencher ol i gonucl eot i de(s) that include(s) a

sequence tlheled;witheadptestablelab yegr dfluprasrentgatal), pewel aﬁdmntseewenfﬁép%lftﬂ eoti de
tag(s) an%r@ue%, SUF}; ﬁsl?ﬁg%%&% REheludREH&GIbTe- BVaﬂH?cﬂDYJ%(‘dQﬂNk d a&%porat ed

20f | uor escent pri guenches the fluorescent el ('s)
vari ati ons‘WﬂRﬁa@h enbodi nent s, the fl uorescence quencher is at the 3 end
of the quencher oli g_onucl eotide or is attached to an internal nucleotide of

t he quéncHed71dl i gondibe teomi“thegetspecifjseafiGR probeihisusadetein torrater rdiGR cat i on

t fic f
T el SEVLIER B EaRt RSP IRGR R GO Sl cigRgapaer 11 Tor
ol i gonucl évbndﬁe:(ts))l of ¢he JPE Rogpreby tera tadgatrmutBondecdeqarnicel preseng inethe produ¢tan 12

nucl eoti des, greater than 15 nucl eoti des, greater than 17 nucl eoti des, or
greater tHA®7220 nuclBpdrolyeis prabed eangténeralyalgscribed in W.SePitenidgich 5310.0h%s

e

wi t hi r20abaquobe?, H5droll;@|,s pidbes Raie ad)\ran&'géiof)tﬂleﬁheuqmalsd: aqiyity present in the
thermostable Taq polymerase enzyme typically used in the PCR reaction (TagMan® probe
technology, Applied Biosystems, Foster City CA). The hydrolysis probe is labeled with a
fluorescent detector dye such as fluorescein, and an acceptor dye or quencher. In general,
the fluorescent dye is covalently attached to the 5’ end of the probe and the quencher is

25  attached to the 3’ end of the probe, and when the probe is intact, the fluorescence of the

detector dye is quenched by fluorescence resonance energy transfer (FRET). The probe
anneals downstream of one of the primers that defines one end of the target nucleic acid in a
PCR reaction. Using the polymerase activity of the Taq enzyme, amplification of the target
nucleic acid is directed by one primer that is upstream of the probe and a second primer that

30 is downstream of the probe but anneals to the opposite strand of the target nucleic acid. As

the upstream primer is extended, the Taq polymerase reaches the region where the labeled
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30tenperature of the fluorescently |abeled prinmer/quencher hybrid. In
various enbodi nents, the annealing tenperature can be at, above, or bel ow

t he mel tiwgQ 2bevpes3at ure of the WO 2011/142836PCT/ US201PCOOBS@1/000887
fluorescently | abel ed primer/quencher hybrid. Annealing can, for exanple,
be carried out, in a "touchdown" manner, by slowy |lowering tenperature. In
sone enbodi nents, the quencher oligonucleotide is included in the

ampl | £ catirgg £ SARGIANcAanfrel MUFFotEDRAREIILION 4 ABAAOSNPRIGFBE,G0 that the

reaction may proceed uninhi n particular enbodi ments,

anpl i fi catphosphodigstet knmde afthe pobedEhomsirgysisngaetioaddpdcatinreleasestb¢ s) , e. g.,

5 (upstre J d0. drive.the

ef fici ency&{)g}c}?{%eé%%)ﬁt#ﬂ?@%? ?%E%%%A(:@?géﬁ) %g(&ﬁ@gn@%%ﬂng%ﬁﬁr?%é i on product
has accumdestctd fluptes@noresiséach lsyccesimpdi@scyalet Hn phrticajae hpdrelysislprapesiucl eot i de
for annealj nd_extensi on) of the farwar riger, 086] A third nethod
of the S vttt e AR on B b Vs O 8T ool Fher gt P by el e
The met hodcoamiai ih shepituarand gthangenomks dridéatttaostripionias mad candlavel b high Baofpl e

nucl ei ¢ acids;, t al | el es specj fic, .0l i gonucl eoti des, wherein
each ol i gotP b Dot icaebled tﬂﬁ@?@"f‘k’?‘g‘&ckgg@b‘i @b@‘)saé'ﬁﬁgﬁce linked to a
distinct 3 cleotide tag. ¢ at ast t differently fluorescently

| abel ed pfﬂﬂﬂgﬂs or profdY alaé’gghasl%ﬁé%éﬁlp’ere S RRRACMHY ri{%ec eetlilﬁtfcaf1 ﬁ%

nucl eot i deust@gsprovibes attyctablealdddieuattiablResmar Thipakiedat, thednlse] Baichecot | de t ag
and a djfferent I,abﬁl can, becone |inked, to the o%h,er nuclsegltﬁi de tag. The

anpl i f1%at3v@ehedi difsgHy of wdireetly, @ apjueletcagid s potein Srikabls lghels thakean s

f 1 uor escendttasieda probss iHE1LEE bethré RotdRtiRGtio, ridoigbtbfdseliidtoHdgessanpl e. 1 n
certain enbodi ments, two differently | abel ed 20prinmers are enpl oyed, and

t he met hodthiRIEeRhPESANSSy labglsegleciron densg PrRiglesrmagnstic patelew AP fabelr * mor e

quencher  ahb@AnGhARHidRERIuhMRlcehfC LHARLRIMRBLAYSOFRIDRE, ehsynt@pabl e of
hybridi zing to at |east part of the nucleotide tag(s) and a fluorescence

quencher, sffRetass, anthgmymgisubstiash t o uni ncor porated fluorescently | abel ed
primer(s) quenches the fluorescent |abel(s). In variations of such
enmbodi Fentl8074lhe f| Jbe &swedre” eisad herein gengrally peferg to anjdorednie preingrigatie her

2501 | 00NUGh 10l Clbsinbs BLARRESed el SRORLIANR LRI figndf cdip quencher

ol i gonucl eotide. In specific e Iments, the anp Ication mXxture
i ncl udes ad50IngmskExamplesquadwdsietidiom lyomide! 2YBR dad Evaingers PRI Binding dyeseach
nucl eotide tag. [0087]A fourth nmethod of the invention is a nethod for
addi ng nucl08®Yli de  The term “fluorescent dye,” as used herein, generally refers to any dye that

emits electromagnetic radiation of longer wavelength by a fluorescent mechanism upon

20 irradiation by a source of electromagnetic radiation, such as a lamp, a photodiode, or a laser.

[0076] The term “elastomer” has the general meaning used in the art. Thus, for
example, Allcock et al. (Contemporary Polymer Chemistry, 2nd Ed.) describes elastomers
in general as polymers existing at a temperature between their glass transition temperature
and liquefaction temperature. Elastomeric materials exhibit elastic properties because the
25  polymer chains readily undergo torsional motion to permit uncoiling of the backbone chains
in response to a force, with the backbone chains recoiling to assume the prior shape in the
absence of the force. In general, elastomers deform when force is applied, but then return to

their original shape when the force is removed.

[0077] A “polymorphic marker” or “polymorphic site” is a locus at which
30 nucleotide sequence divergence occurs. I[llustrative markers have at least two alleles, each

occurring at frequency of greater than 1%, and more typically greater than 10% or 20% of a
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sequences to one or nore target nucleic acids by anplification. The nethod
entails 30preparing an anplification m xture for each target nucleic acid,
wher ei n twe 2ampil4p$36cat i on m xture i ncludes: sanpl e nuclpeiraSaail®eqss?

an inner forward primer including a target-specific sequence and a first
nucl eotide tag at the 5° end of the prinmer; an inner
reverse prinmer including a target-specific sequence and a 5second

| eot i d 5' : | BBLs |
nuct eot E‘Sehgtg? ?6ptﬁ£ﬁ>ﬂbﬁe;§{%&{>h&gﬁe Q%%H@&s snill a@‘éh@ﬁzésfﬁ%’é:‘f‘{apglyﬂl%kdﬁ?cr

including t r'st e e tag; . outer “reverse priner
i ncl udi ng markers gcbidd restrictien fraghaent dapgthpodyredrphiom¢REEPHovaniablgtnembprrafner s can,
optionally, jnc &@ﬁ~ Lt Nt i to be added
to the tar%ne eH’n'JS (%gsi C acl?(gj).’ H%E’ﬁ@%agh%?ﬁi %@?Sl% {oeﬁgérgl’ g?’ﬁgg&éﬁgqgﬁgﬁs’ect ed to
anpl i fi cattriowcl¢otidp rapdais aeteanpélentiak irépgatsSf simhple gejuesaepkpaacndeletiomb,uaidng t agged

target .nucl eoti de sequences,, each.includin i.rst _and,second nucl egtide
g | nikaDTi Serter iy GO Al dBP bl Hef Gt RN fehiFRER of ¢ ne
i nventi on th&referemek fiarch dndrotlieagliélicFonsreidaignaed af alteaniayiwt or variantdledisc aci ds
in a sanmple with gommon nucl eoti de tags. '|' d entails con acéing t he

A he neth
15sanpl e wi 1ot lelic form occurring mogh frghugnily yn g pe ?tedo?‘%PB@Hﬁ'blséB‘E‘FtﬂB?,’e A& br each
target nucdseheCwiddiysh forhe Dailoid @a@hishs nfalyibg BOmMeEpoLIS Sichetdredygd@sfonalfdlic st
nucl eotide tag that is linked, to and 5 of, . a E_ar et -specific sequence; a
pl ural ity f8fms3 A diaflglisRabyregsphiem das Bofofmy 4 biatlelicpumomtismias tyes d,
20whergi n @agd) 3' ol igonucl eotide includes a target-specific sequence that
is linked to, and 5 of, a second nucl eotide tag, wherein the

target-spgeofgic sequenaiiucRatde @lyrﬂ&r’ﬁﬂi@ﬂu@ﬁtﬁﬂtdcdﬁfrsBV@ﬁél%é%ictsﬁea target
nucleic acid inmedi ately adjacent to the target-specific sequence of the 3
ol i gonuc!| RseERied by single Rudeatide.ayhichuis the sitgof Bariatign befyieen glfelic sequsnces25npst

base(s) ofridife ¥ ysthlvGREUBLPRI ol A HiPLAREReS QLIS fE IRl nUc! ei ¢

acids, formng a flap; a fl endonucl eadse; and gase, The contacting

i's carri edegndetucesadiat vamin ks thatbl/£0G errl/ 1098 manafisrscafdbmprpnistioes)t & BiRave
the 301f ! apus@*cﬂg Jrﬂ@ﬁ &deg@ﬁfbsltitgti&ﬁ I nhagotﬁie f@l’%’loﬁner Qtlthegﬁm%&%ﬂfc' SQQ_SAt oget her
to produce a plurality o

transition is the replacement of one purine by another purine or one pyrimidine by another

pyrimidine. A transversion is the replacement of a purine by a pyrimidine or vice versa.

SNPs can also arise from a deletion of a nucleotide or an insertion of a nucleotide relative to

a reference allele.

20 [0079] As used herein, the phrase “the relative copy numbers of the target nucleic
acids is substantially maintained” and like phrases indicate that the copy numbers of the
target nucleic acids, relative to one another are sufficiently maintained to permit
reproducible copy number determinations for the target nucleic acids using the methods

described herein.

25  [0080] The term “chromosome-specific motif” is used herein to refer to a nucleotide
sequence that is used to identify the presence of a particular chromosome. The motif can,
but need not, be absolutely chromosome-specific, such that the motif can be used to
unambiguously identify the chromosome, regardless of the presence of other chromosome
sequences in an assay mixture. Alternatively, the motif can be one that simply distinguishes

30  one chromosome from another chromosome who sequences of are present in an assay

mixture.
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tagged target nucleic acids, each including the first and second tags.
After this reaction, the WD 2011/142836PCT/US2011/000887 unli gated

ol i gonuclwotzndes2gsan be renoved and the tagged target neclraiseoiandes?
anplified using prinmers specific for the first and second nucl eoti de tags.
[ 0089] A sixth nmethod of the invention is a nmethod for determ ning the

net hyl ati on state of cytosine in a target nucleic acid sequence in a

D of elEhUF &Rl Snddd Syl BR PR NIRIERLE fo conver! methyi ated
cyt osi ne( to produce a treated
sanpl e. f{ﬁmﬁr jeat ed ASARPMEthbS of B heMvARGRMS Wintdhoiqei dblRdihg A t €
(Fromrer Donal d et al. 1992). New data (Nature, Novenmber 2009, (L| ster,

Pel i zzol a @enGfyingzne9y Worqfaﬁge%&%ww{akpra@t%éhamp&ﬁ%?ﬁams”@%%f €cyt 0si ne’ s
are met hyl&ke%qn% gd/érhﬁoﬂxfyﬁg lsgézr{‘lé?ifou'fr@ﬁrm'gl a%&i@ac&daqw&em dfpftitesnext of

t he CO di nucl eo wever in human stemcells, 25% of nethylation
occurs Sat engpeitichas bewsreaqhedmF heapethod etpils theomethod Bnlugingnsepradas aet hyl at i on

di sappears, rr‘(Wﬁ'F %&?ﬂah%l%% ﬁr(l] L% are induced to differentiate (Lister,

Pelizzola et a Gven t nformation it is reasonable to assune
fetal nucleic acids and gyglieas9iescipear different epigenetic tags than
mat er nal derived nucl eoso#rﬁeés or nuc‘fleslec aci ds. 15[ 0090] The ability to
perform consequent all el etle@ﬂhdndtargehmehrﬁlc@tlmnpgpem fic anplification of

bi sul phite or restrictio % e l el e
specificity. For exanpl egn ?ﬂéaﬁ{q? é‘% ég}hggm e aig:)ta({rﬁ1Ig1 elﬁlggéftgg%a?%ttmﬁc ﬁé a first
5' ol i Yonucl eotprikeer ipaic butdie pepba, if presdnt, nukab@lcxl wik atﬂugre‘s¢mt dyesand nked

to, and 5 of, a first nmeltin e nce that is
linked to, and 205' of, & &P %Pb@%% Sirgf‘ d%@g yev\ﬁ'g glﬂﬁorteﬁcenge nost
base is a G a ftdni te d3e 1wapgﬂm|ﬁdueﬁnhu®ﬂudmbudsiggalafrcﬁ thendbetedipdingr St

target-specific eq ence, wherein the target-specific sequence
of the first 5Pe% §&RiTEiteoti de hybridizes to a target nucleic acid

i nredi at el Vheaaﬂn;ﬂi@@montnﬁlthelsttﬁdngab;eae@fd dnhgli iRBSRH BRNGE fIQbrebdast digrasls 3'
ol i gonucl eotide, with an overlgd such that at | east the G of the 3

ol i gonlicl edstsetrd tp éeta?tgmi/abwnfl At targst eapipen(shuthie methegigleased o #tigktla £ 1 ap;
a second Xjifflch@sedeR Ahicefotdisd 1H6HITrinNG of prBe bhd SimEsIpeeitt@ id ag that is

i nked to, and 5 of, a second nelting tenperature discrimnator sequence
that is ||1ﬁk<é“aor@@d ingp @n gmplificatign groducty Quenchpeaftheclakeded rralseor nifmer 68 t he

3' -most  baggus Wa &NeatPAvo mechanisms: fluorescence resonance energy transfer (FRET) or
contact quenching. Depending upon the specific application and reaction conditions, the
20  signal may increase or decrease (quench) as amplification proceeds. In a variation of this
first method, at least one of the target-specific primer pair can include a nucleotide tag, and
the fluorescent label can be attached to a tag-specific primer.
[0082] A second method of the invention is a method for detecting an allele in a

sample. The method entails preparing an amplification mixture including:

25 sample nucleic acids;
two allele-specific primer pairs, wherein:
at least one primer in each primer pair is specific for an allele
and is tagged with a distinct nucleotide tag at the 5° end of the primer; and
the other primer in each pair can be the same or different from

30 one another;
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WO 2011/ 142836PCT/ US2011/ 000887 a second 3' oligonucleotide
including an Alinked to the 3" target-specific sequence; wherein the

t ar get - spwoizbici4sssquence of the second 5 ol igonucl eoti @#eThisbotiiddeses to a
target nucleic acid inmediately adjacent to the target-specific 5sequence
of the second 3' oligonucleotide, with an overlap such that at |east the A
of the 3' oligonucleotide is displaced fromthe target nucleic acids,

forming a flap; a flap egﬁ@&v%@ I;enafﬁg@rﬁ&%sﬁ%%éfmf.ﬁa% b&Tedch

carried under conditions suit or Tlap-endonuclease to cfeave the
10f 1 ap and t he depapdsef anpedling &t enetdi¢heSiuckentidedtagso Hirgpoly e viaaink demoteoget her to

produce a | i gat.j I t f fil : .3 i.gonuel ] if the
target nucleic 'gtgﬂgﬁ)ﬁnggﬁﬁlgresd&gépﬁ%{]%fl lg@éancftc %?H%eg% P g%%l%?er?glgés{ea %ﬁ% 5'
and 3' ol i gonuc dfferieskdsbel tart teeomaligietd tothel ather nedédileitapc| uded an

e e A e T

forward prdefeetedspaetedtitie allkfe if te salplef | r st nucl eotide tag and a reverse
primer that is specific for a target nucl eoti de sequence in the ligation
product. Iposyjeci fi dn esrivirdémbyiiBentsyeietampdificationaniatiad ydiittonaly #idpideyed to

det erm ne ich ligation pr t was prodyced. 091 ev h net hod of
Che1 nvent i Grren sEargRe BEARTRg B PRGN 05 Stk A0 erereRence. i n
target nuch@h eheale dScapible ob@RtHng MAREREM stghel fdth fRUateidd HRIRE6r probes.

20rel ative cogéj nunber difference |less than 1.5, The nethod entails

subj ectd ngPgpeading reon e presHisPpigatian anlyeertion gonstitionsy he sigpalmay 1BF25818r i f yvi ng

a pluralitycRhsd@udRh) RuslphiicatRhipisectd®. I ARYERIVE cRibBdidlehisyihOtlubRi@Bte
anplicons, so that the relative copy nunbers of the target nucleic acids is

subst ant i affeny theedysaasnsaes fugreseent sighd feom thedabelgd geimersprIpeqhes aberithear e
resent o I : t -0et i |
p nlalgélédsﬁrlrﬁcgg gﬁ?ﬁéﬁ?%@&%d %to, d?%y&?&x% to,rﬁﬁcinﬁilﬁggtgilnﬁ%%ﬁ at

present on a SQCOH 2 'ChrOHDSOHEz n var[ous e Nt s,
| east 10 ofccardinglnghe q@nching githe signal getespprdimpiogrpartisular allele wonldgdndicate

anal yzgd. tﬁ‘gtttﬁ%g%lQWHe#n?fhtthQEhm;}lQe nunber of copies of target anplicons

derived fromt I rst chronosone ‘and the nunber of copies of target

anpl i cons jved fn . r r -] sui tabl e
method. i el g, | o pulibRarSRpRihall APRAERNAY RLOEh PRALISE BB 20
sequenci ngandFheomethbd sdditicalalle entailshiecl@ding inathe veactompynedr frfoes gueochek or t he first

and.=econc, Sk TBRATE P15 P SRR PSS AN S
nmoti f. Prithenscledtidb tdgs) asdaBu@escema quachbe whrgelmolyyddidization to unincorporated
20  fluorescently labeled primer(s) quenches the fluorescent label(s). In variations of such
embodiments, the fluorescence quencher is at the 3” end of the quencher oligonucleotide or
is attached to an internal nucleotide of the quencher oligonucleotide. In specific

embodiments, the amplification mixture includes at least two quencher oligonucleotides,

one specific for each nucleotide tag.

25  [0085] In various embodiments, the quencher oligonucleotide(s) can be greater than
10 nucleotides, greater than 12 nucleotides, greater than 15 nucleotides, greater than 17
nucleotides, or greater than 20 nucleotides in length; about half the length of the fluorescent
primer; or greater than half the length of the nucleotide tag. The annealing temperature for
the amplification reaction can be, e.g., within about 2, §, 10, 15, 20, or 25°C of the melting

30  temperature of the fluorescently labeled primer/quencher hybrid. In various embodiments,

the annealing temperature can be at, above, or below the melting temperature of the
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anplification. In particular enbodi ments, target nucleic acids are sel ected
to produce anplicons that contain | ess than 60% GC, preferably |ess than
55% GC, owormorigi4ps3ef er ably | ess than 50% GC. Havi ng an ppruszéimmoesky

uni form GC-content between different target nucleic acids sel ects agai nst
anplification of |long target sequences by lowering the 5 denaturation
tenperature below 95 C, below 90 C, or below 85 C. In various enbodi nents,
target nu a 1000
basepai rsct{ljlg)lre%gm >' q?oe&ﬁ\rkn gér%%(ﬁ) r%? Re&]n{}% I}:gl%gi %)%Q)Qamtfg%%g c%?gé %tl’ on of

i nterest. 1[1@Ggmplhdovmdmmnemmdslmkytlewemﬂwerpmrmres [oapme nmbazctimemts;cthceotl de
tags to al] anne al.ing .a i r raturelnfo Qw ng | es, thus
avor di ng. 18bsroiPRRIRudB R B Ble TR Rt B ey A PRt

[0094] An ehghtha pfmblhm)dhzﬂfthet n’reectionmytprmed snishihieddhdd pﬁmbuldleérﬁlﬁidiml@tsﬁ
relative c di fference between al re tar | oci
b 5 sl B SmEAT oy eaetcR <68 il pBE G s GBS brGERh Breory (D ;o

| east one thﬁﬂ@n&ésckn&%&belé/&}ﬁhﬁér(h) ttb ariveethb effictenty dethe aipRfidaBib@tdad®onC 0Py
nunber difference Iesilﬁt han 1. The nethod, entails fubj ecting a 1l5sanple

to preanpl P15 ERLYEIRMPITIRR 08P ‘?fjé‘F%haé apfaBlutatesh 1tsHeRessiyiRempstss pithdhe ang

second al Icﬁlkmei&lgah@aétﬁﬁe@or&huéaﬁhgtayldgitehﬁérg%tft@rmma@@f;ﬁmeﬁo that the
relative copy nunbers of the first and second alleles is substantially

mai nt ai neqoosgre t ar gethird MRtHod @ theahRnHbSisahSHéaRethet fr BetBdtih g%hlatlé’lema
anplification mxtures, and digital anplification (described below) is

carri éd ousemplend hamethed eBWa‘l&ﬁrﬁP?rfﬁg@&tWHﬁﬁﬁtb@E‘@?lé%‘r@clﬁall‘ld’@ént ain a target
anplicon derived fromthe 20first allele and the nunber of anplification
m xtures that contain a taRkeRUCkiDGi¢Hn derived fromthe second allele are

determ ned. The ratio of nﬂf‘&?ielef-épgéhbgﬂgdﬂu&%&'ia% WikAdin CQAt Al tifid T St
allele to those that contain the second allele can be determ ned to detect

the relative cdpyudgspfasgainpesificiequange finkedito adististdonerledtideragsand 0095] The
seventh and eighth net hggqeégftv\tonﬁfféﬂa?{tggﬁ%o?&cgﬁ 1a6e“ecﬁﬁ8.ie% {g,rﬁg'gégb&ghrrents

detect relative cog{;;) differenc eas particul ar
enbodil¥ent s of cepaberfppndabivgto queod theinutleotideitags, wherely oriedabedoan fegombet ween 2

and 25 cycl es. BReReL hidef iR RN e B SRIPL eCak! Bl s, GRGHPY ot For

bet ween 5 and cles s can I nhc HUC|ng one or
nore nucl eot i deuclag(cb)tag nto the target anplicons. For exarrpl e at | east one

primer of .gach r ir e Ioedfr30 |f| ion can.include a
nucl eoti de eampﬂﬁﬁaqq%ulnﬁﬁuc gfenaebjf%{%dooaﬁlc?%&%% tﬁe Qu?fﬁﬁcvlérséggla ltsag and a
chr onoso rreie&p'ed itd deteontheladieleiid thetlsagple. m&amma&%&cﬁma@&m@ ae88d

[ 0096],A ninth of the i nisa for de ectln fetal aneupl oi dy
oo A oersa g oy b At R moiodrhBon ot il i 182k edshiop MOF he

met hod cameteyegicha oﬂn@bxﬁicle‘éﬁdé(k)rtm{s)EQ&MelﬁEérmzﬂﬁs @p&ﬁlebﬁwdkzasgs t han
1.5 and, in certain at |east 1.02. The nethod entails

subj ecti nd® & lgaasﬁﬁqréoﬁgbﬁuﬁm g? H3() gestR YOrPICER WERRIFR Whereinhdridiatiern
thereof , @ uRihEPErhicl ifGalebRAtIY RbOIBA PrithBRY) qR&chSs hePaleschf 1aB¥IR).1 fhyi ng at
least a variations of such embodiments, the fluorescence quencher is at the 3’ end of the quencher
25  oligonucleotide or is attached to an internal nucleotide of the quencher oligonucleotide. In
specific embodiments, the amplification mixture includes at least two quencher

oligonucleotides, one specific for each nucleotide tag.

[0087] A fourth method of the invention is a method for adding nucleotide
sequences to one or more target nucleic acids by amplification. The method entails
30  preparing an amplification mixture for each target nucleic acid, wherein the amplification

mixture includes:
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plurality of target nucleic acids to produce a plurality of target
anplicons, so that the relative copy nunbers of the target nucleic acids is
subst ant inabI2g1mEesssai ned. Sonme of the target nucleic acipd3/ise@1po@seEnt on a
first chronbosonme and sonme of the target nucleic acids are present on a
second, different chronosone. In various enbodinents, at |east 10 or at

10l east 100 target on each chronosone of interest are anal yzed. Each pri ner
enpl oyed for preanplifi c%ﬁ&@ndcr&qéwl a nucl eotide tag, so that
preanplification produces target anplicons including first a first

nucl eotide tag at one enah ine farveed pricieminellding p tregetagecfie sequenchend @nd,
wherein all tarfﬁﬁ%u&@@de?%‘aﬁtl?eﬁf{’iexggf{hgﬁmn@r'gi ven chronosone include only a
few different, or preferabiy e sane, f1rst and second nucl eotide tags.

Al'l target anplicons 15darinuedefarsmpranginchnlingw ergssepeeif@sequieteeandabl e wi t h

a co n probe. The target anplicons,a i.stributed into a plurality of
anpl imfﬂi%cati on r?f%?f‘gpg‘g?&gﬁéag%lﬂ{ei plegioéﬁ%as?%fgr’arml ification is carried out

usi ng: a pri sesutprafbrwadedinti iaciiiding thedirfti nuslkeotidedtag@adnd

nucl eotide tags in target anplicons deri.v?d.frgmthe fi rsg. cPro sonme; 20a
conmon probe speci fic fof" PHE LA NENE 35PUL BUFONIT a8V PTTF

chr onosone; one or both outdr pHirhdfeEarp dptionaPE dndlude dnebr mbe: ddditdhalandlestdzond

nucl eotide tags in target anmpli %ons derived fromthe second chronosone; and
a conmon probe S%‘t}’é&?eﬁi“bb‘?%ﬂdgg% ¢ rgre puclsipPitons derived fromthe 25second

chr onmogPNEsacH AR pEEHESH nfttiuRTPSdtldcfedltd Rplificatibh RSprbfRk apRRhIRY Bf Ardedr get
anplicon derived fromthe first chronosone and the nunber of anplification

mi xt ures tamplicensinepging taggedatgeimslieotidoisauaices, earhripgdyding Brst adsserrdhr onosone

are deter rﬁu@EQtideﬁam&t@@%ﬁhé’@a‘rg&ﬁu&&ﬁidé@éc{ gnf anmplification mxtures that
contain the first ¢hronpbsone t©o those that contain the second 30can be

det er m neqjopgy)det ecty PrE@LALE HE iReMortls b LRURATE: Galing PBIFINSbr @A second
alleles. I'n certain enbodi mrents, each common probe detecis a

chr onps onewslsissicids én areannile with cpmmoen au¢letide igesdiThe method gptaily contpsting the

anpl i ff'zfcat&j &@Fqﬁg,.be carried out. In illustrative WO

2011/ 142838PCT/ US2011/ 000887 enbodi ments, the probes are |labeled with
different fluorescent |ahgl|saitd b Piibbfldledfidd bIERE $ar&dt nhh1ES §ciget hods,
preanplification is carr?gcﬁ%l& for %et vveerll 2’ an§%25 cyé?éqg._ I'n g‘p’eci fic
embodi ments, prdwngin edch Savlignmutlsotisigrindledss o dirst hoeledssleviagethatds Hnked2© angcl es.

1009711 n enbodich als . of the methods described herein (in
particul ar, 5t k?gggta?aerg%ttsﬁ)gédﬁ% ggqag{%’r m ni ng copy nunber differences, target

nucl ei ¢ acids in the DowapByalidy ofi¥ ofigonictatidesegiedir ¢lOBERYet macleibbacidnal yzed.
ng?ﬁ]ﬁ) tenth nﬁepe?rg eat 3t Qﬁgénﬂglg&wquchild%szaitarlrgettgggci i gqueentcg%ait WinRed %l, ative
and 5’ of, a second nucleotide tag,
wherein the target-specific sequence of each 5’ oligonucleotide
hybridizes to a target nucleic acid immediately adjacent to the target-specific
sequence of the 3’ oligonucleotide, with an overlap such that one or more of the 5°-
25 most base(s) of the 3’ oligonucleotide is/are displaced from the target nucleic acids,
forming a flap;
a flap endonuclease; and
a ligase,
The contacting is carried under conditions suitable for the flap endonuclease to cleave the

30 flap and the ligase to ligate the 5’ and 3’ oligonucleotides together to produce a plurality of

tagged target nucleic acids, each including the first and second tags. After this reaction, the
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nunber difference between at least two loci in genomic DNA or RNAin a
sanple. The nethod entails quantifying the anount, in the sanple, of a
first norwoadimg28blA expressed 10from a chronosonal regiPCm/USROIHBOOSBD a
first locus, and quantifying the anmount, in the sanple, of a second

non- codi ng RNA expressed froma chronmosomal region |linked to a second

| ocus. The ratio of the amunt of the first non-coding RNA to the anount of
t he secon - ' ‘ t ] ' : '
Si'ani 1 cant g PRGNS thr REOmDGR LR B RART CHIRALE B FHPES. et ween
the first wing psioeongpetitic f theJisist aud secand mucle@idgdagsg RNAs for anal ysis by
this nethod include single-stranded, non-codi ng RNAs, doubl e-stranded,

non- codi ng0##NAs, and siktRNEthodGOBonygntien éeenethodhier Hesdrmuhing ithe methelatioron i s
met hod for ' . ' j r | east two
Toci i ooibey ES iF Kb i GOR L QURR aton . THE RSk RGNS At 1o

sanpl e,5 a tfdatisg thEinsle (uemeem gethypddatyeosinkés) ta uradilig)es theFargetouleic amid20pr i mer
binding site for a forward equencing. primer. linked directly. or via
an inter vetﬂipﬁoéiugeeﬁﬁgqgecdes,a"?gpﬁp\@??egt[egts %nr’%gf&%]cﬁogtoaﬁegéw 'tzlesafdj'gﬁ'go Su&‘ép'ieved from
the first (Feswser, MeDohald st d1i ke Méw dath (yatuer Nuvenban200% drivten)Peligzeaguence,

furthor orAt) stk beedd SHE SRy RE SetH IR A e et

tenpl ate t9v8% BChetdPated T ock® i 'the dopexpsfi tRRCGRIiMZIAPdS | Hewder infHigadSf or war d

DNA sequenci ng prj nmer i nked directl é’q or_via an intervening s&gyence, to
r ; is

|
a secotd tRA} gem callk Pa%rof methylatioa Reary@hinep &l sifsniRemarkalydhis moyelds % i ch

l'inked di rmtdd meflylatio dRBppeRisOrneR RhbE chREUPNER) ark thddcdd'th ARTerdtia@i Ng site
for the reverse DNX sequenci ng primer. The forward and reverse

sequenci ngdLitarnRaliznlnefiaht089) &ivery Wisgpiormastion|itis reasonshiedo pysumsieralDNA
sequenci NG, LRI A 8Rd n@l1d oM beabhlistetedt é}ﬁ%en@@ééﬁ§§ﬁ51¥ mﬁf@h‘?‘al fifvel and

30second DNA sequenci ng tenplates are produce romthe sanple

subst ant i anlllcgﬁoi;qmqgloopm?qiiﬁmid%o the copy nunber of the first and second | oci
in the sanple. The nucl eoti de sequences of WO 2011/ 142836PCT/ US2011/ 000887
t he DNA sd§0¥lci ng {Teapbititvde parfermjeanseqveniediclgnend/pemethplatiensspstifichese

tenpl ates a%p?iﬁ‘lgmtciffbis‘ﬁg?qit?ﬂ{ RkiGi den%ﬂﬁe ?rQBéH‘bN%npetnhﬁs lefeidniNREQUENC ng

tenpl ate to 't he anount e secon sequenci ng tenplate can be

det er mi nedspeaficiet diomexenpde, cgpiyeatadrspmplediah be cantastedeitnween the first and
second |l ocus. In certain enbodinents, the first and second DNA 5sequenci ng
primers additionally inchfigeSaoligonudewidaindlwivng aibrsteuplestidetagsharesdinkedhe
primer  bi ndi ng (814 of 6F o T8 o AIMAL AP SRANERCH LRI I AY kG fdust and
second target nucleotide sequences, respectively. ernari vePy, or 1n

addi tizn, the fS pf Sardgg-epanfit Ohidensequierdn thg 3pmavebase saxrGaddi tional |y

i nclude a barcode nucl eoti.d

nucl eoti de sequences, T e%;S"ésgé ?@&uospgg?{@%%m&g?é ?ﬁ@rﬁnkﬁ%’l aﬂgq%rg%etgs%%]%pé ? Lgeao
reverse DNA seguqracsig prinmer.
wherein the target-specific sequence of the first 5° oligonucleotide
hybridizes to a target nucleic acid immediately adjacent to the target-specific
25 sequence of the first 3° oligonucleotide, with an overlap such that at least the G of
the 3’ oligonucleotide is displaced from the target nucleic acids, forming a flap;
a second 5° oligonucleotide including the same first nucleotide tag
that is linked to, and 5’ of, a second melting temperature discriminator sequence that
is linked to, and 5’ of, a 5’ target-specific sequence, wherein the 3’-most base is an
30 A;
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[0100] A twelfth nethod of the invention is nmethod for detecting and/or
quantifying one or nore fetal target nucleic acids in a maternal bodily
fluid sampbeofiraes3a pregnant subject. The nethod entai | Ctrrusatdiiiogsshe
sanple to enrich for anplifiable fetal nucleic acids and produce a treated
sanpl e, wherein the treated sanple includes a higher percentage of 15fetal
nucl eic acids that are capable of being anplified, as corrpared to the

per centage of maternal n i fied.
One or nore fetal tar gety%ﬁ%{“ﬁ? 2&?5 cfiéaﬁg? g’rl&gldgl I%ﬁl fle gll get ted and/ or
quanti fi ed. | nspifidseadeace;enbodi nents, the nater nal bod| I y fluid is treated

to enrich for anplifiabl 0
[l lustrative maternal ‘gh%rg%% % %‘%E{N ?‘ld%éee Jafrtll':'lsl éﬁn i F(ﬁ{bgleﬁ%%ene
i ncl ude 20whol dyllidzd to ptwtrauclem acid 1ma1ndﬁat;b'raduacent\lag1enagetsape¢1§t| ons. In

[ mbodi f h
! of © aci ds. RBPSETAR B ERD ol bk RS B h R Gt LI Riofont

based on size, tiee 1 .oligeucleotideng dispRcabfiigh eheftangetmucled awidclottaingadtapar e about
300 nucleotides or less i length s ab&;t 200 nucl eotides or less in
length. [0101]In sone enbb®h FASRPEIAHEdet hod entails using whol e bl ood (or
ot her un- 25frationated ppghsky f| UI d and generatl ng a sequencing library
(e.g. as described with p]lasma by t?.le(% bndependentlé in PNAS - 2008
by bl unt - e§iCAYAEHNE 1§ ?aé@%welawdmoamw@ L b% FIdgRucleass rfdgang the

adapt efps) ,fld Pﬁhb hedigadell8 1igAT el 9> AR §7V1igoRidMDLUSY tog&tRrito broaBt® igation f

pr oceedi ng sequenci ng, the sequencing method may further bias in favor
of shorterPqulﬁﬁbff%F}rﬁdirﬁtei anq3?Qlwgmf@dmﬁﬂtﬁrtangﬁ@%@mrﬁcm?ﬂgdqq rary can be
si ze- Separrﬁ%ﬁﬁate@&&’&%'ﬁbﬁ%% (#18 semRogliof J‘fgSﬂu%leoﬂél&hPﬂhG ta@gét%cl&"c%‘d@

mat er nal urd sanple are fractionatéed based on nucteic acid size,
and the frladudedm; uamethgked\estpsine. d&eethisireasctionithsunlig@ied oligonucleotides can

2011/ 142838P ) ci ds.

For exanpl 8 Raran g e ey ot AERLERLE ph BEACHICH R GRGE] MG BEORE her (o
t ar getlSnudbethe ﬁw&nublmdamgcasd atrhe:ctseaxr@enﬂlatalsmh@:nﬁcaﬁooaltarg@@ummlde| c acids
apart in the geno ethr onlnd|V|d ncel

(char acterl(%lfefq%e 1839ecle§aﬁo? Preogucf%a eival CISNRS)d'memS me?‘% Rd " of X es%ar ate nucleic
aci ds ( changtdyed tcddtamide wlath Hfatiee pbddattabaspucedlhi s det er m nation can be
made by hybridization or anplification. [0103]Alternatively a selective
protectiorf0eid/ or ta\gggi/m methbd df tanveetiaeis mettdtfor densctioga faativarppy f i abl e
fetal nucl e'gﬁ agtfd t estcrllbed el ow i nlt Q@ sect ion e t| t| eithnhanm ng
Target Sed8hEE™ SrSG‘Fe 'Pu%ﬁ% & 2S8E1 BSBIP ! ﬁ&eﬂ‘o 581 878 Aci ds.

[ 0104]2Dhe repgld dolpy e berdli ffarendedess &tani 163 THétmetBoddkentaiks Quisledtidg Aisadple th et al
genotype or 10 ermne the presence,_ of mutatiqn or fetal aneupl oi dy.

[ 0105] cxhé%’ear‘i’ég 8%&0'%‘1%% P&'&WP fBf grery! $HP[”F|§§)§ fjté‘%FP‘!féﬂcﬁ% ¥Pn are
found in GrEamREh BIUPMIRES tafget dﬂoﬁgsé\ﬂﬁ{theaém% MigdrSdi&hd Beet f i | ed

8/ 26/ ZOOQC&At t orﬁey Docke{g@NagﬁmFLUDPOOZ) 12/ 687(26%)%?3»“ (filed, 1/ ig?:/ 2010;

Att or ney myeleisracids 1s %EW@UM‘“"‘IW%W@TGOQ‘FPF@GWEQTWQ'GTG‘C‘ AREEIFREY Docket
0. FLUDPORMGret hiohfcRdmd B {oid G AoRleRkKic ARAHOiaSA ERS RbndirrdrbAlDPO0T)

and 12/ 752,974 (filed 4/1/2010; Attorney Docket
25  chromosome. In various embodiments, at least 10 or at least 100 target on each

chromosome of interest are analyzed. After preamplification, the number of copies of target
amplicons derived from the first chromosome and the number of copies of target amplicons
derived from the second chromosome are determined by any suitable method, including,
e.g., amplification, digital amplification, or DNA sequencing. From these values, the

30 relative copy difference for the first and second chromosomes can be determined.

[0092] In certain embodiments, target nucleic acids can be selected based on having

a common sequence motif. Primers with the same 3’ end can be employed for
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FLUDPOO8). General Approaches for Increasing the Accuracy and for Precision
of Relative Copy Nunber Determ nation by Anplification [0106] The

det ect i orwofofietdad3caneupl oidy in a maternal bodily fl ui #csarspdia/o(@ssy. ,

20pl asma) requires a significantly higher assay accuracy and precision than
has been achi eved previously. The nmethods described herein facilitate the
detection of copy nunber differences of |ess than 1.5-fold. In various

enbodi nent : . 1 ClLli . if ces of
et of g PRI R QAR bR B b R o RRY: UL HoplEREETES P
1. 1-f ol d, ampdigerfsghat contaipgess thad,60% GC; frofechblyllessahdrod e GC, 06mbrsl pigferhbly4- f ol d,
1.03-fold, or o f . or.|e e 1 r differ e |11 ng

Wi 0 e S G B1e0 B an 655 gt iR ARGy ol Alefend Btk

pr eci si on nusleiceas lsgle@s igatseampiHicagorosfdoy target qodncthigy loevangihe appr oaches

d i hed i i ndi vi dual. | L I i,on. 71 Eirst
o earmpi: 1y ertigrefon sBPehit By o3ic, bOaf . 37 bR s R pEpls Sygpodittentss”
anpl i fi cattarget nubleraifalsichn badelceteditit b@ADOS200NS00) dier 1000 bhpget upa Beld/or

internal control 30nuclei¢ acids, which renders subsequent relative copy
number det P”HftFFém‘gﬁ e‘i‘H?:leécaa"é RFAHEEC OLIFEIOBOLHIYESt | n parti cul ar

enbodi nent he target sequence and an internal. control sequepce are
preanpl i fi@?}”ﬁ n par df Y981° e‘?qi?gl“&%t%’ © pé‘f“ef%cémé‘éf%ﬁ’eﬁuﬁlﬁ?m{?ﬁ%sﬁola Y same
reaction canéhlihg eftsighed Rihperdire it JMo®algl cycles, thishQoidmFBediRaE éfifioRRndTes<duér €.
General ly, the preanplification is carried out for a relatively small
nunber!Oof @ pRplcon seepndanyistrigigres-e| at i ve Sanounts of the target and interna
control seguences is substantially unaltered b¥ the preanplification step.
More specilPPh 1y, OR&gHRRG0d pf %smvsﬁ“@ﬁéam hod fg&ffemcepéﬁmlvwe copy

propor ti on@hdet Nlatref@MDetENRBEIcHaddhe bEMGRSaREt 1b8SS alkhidfle Inchudi Argan be
detected in the subsequent anﬁllflcatlon reaction. In various enbodi nents,
&

preanpl i f iadlgleiaBha pecopdiffesent gllele pbat esst e e logig, Whpreiy theggethed ¢pn f or 5,
6, 7, 8, Yetellh rei]aiiivelz clgpy l{lclﬁlbelléliffeljcﬁee & thah'p.5.18Bne ﬂ-ngtzh]gggntaﬂsos%ﬂyject%%'a 23, 24,

or 25 cycles. In illustrative enbodi nents, preanplification s carried out

for bewesampls tepgamplifigatipe using prineP sepableei dmappringaibe firsy andhescenksalleten e

accuracy | Gl t . i : r r Ip isto
oty out Dbl RElef At beCaiff s AR ORAAILERE n RO 2, { O
react i ons sg¢ond alleleeiglsutestangal)y. main@inede Toé targep hinplidons ajertigwrilgaerpiniad cat i on
dot or m nat BT S g PEEUEREuRlrel, o URRERITR ISR BB RN W ERRLd

anpl i fi catduonTlguantbief oftatplidicati@mmixneesahsteonthia qxagei angivon HerivedSrom the

deternj natign nts,. eac fication and/ or

i 0 I n ecific odi . reanpl i [
ampl | ot g e ded PR b TR o s STOFD A aE TR BIENER o
sequence dfon the8Eal hllé16 ak@kterithe®UThd Matiabf dArgslFication Mixtres thek cohfdin the, 24,
32, 48, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 201500,
2000, 2506?“3"86’6}0 g‘@ﬁf‘o‘?a&f@%}“ th%éﬁ?f’n%g“& Caeg’eé,eteﬁm I toglstst the alefive7500,
8000, copy difference for the first and second alleles.

[0095] The seventh and eighth methods of the invention can, in certain

25  embodiments, detect relative copy number differences of at least 1.02. In particular
embodiments of these methods, preamplification is carried out for between 2 and 25 cycles.
In specific embodiments, preamplification is carried out for between 5 and 20 cycles. Both
of the methods can include introducing one or more nucleotide tag(s) into the target
amplicons. For example, at least one primer of each primer pair employed for

30  preamplification can include a nucleotide tag. Useful nucleotide tags include, e.g., a

universal tag and a chromosome-specific nucleotide tag.
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8500, 9000, 9500, or 10,000 or nore replicates. Furthernore, the nunber of
replicates can be within any range having any of these val ues as endpoints.
[ 0109] I n WDl20sltH2836ve enbodi ments, a sanple is divided iPorwsadil®usss and
preanplified, and then each preanplified aliquot is divided into further
al i quots and 25subjected to anplification. [0110] An approach to increasing
the accuracy and precision of aneuploidy determnations is to analyze a

plurality ar get
P st r an I[@J L o odi AWH%F&%%\%HU&P@ a%la&l%%%@%ec%%é?&l%&%dd} ona 50 60,

70, 80, 9Matergd bOd_lBSﬂUIQSQ)‘nPli f@m Qﬂ@gnaZQSlee@'é@"he@?fﬁthe 3®Chodgg|5detg5@ 375,

400, 425, réllthVe cﬂ?o?nosagngl’ co?}r? gmtnggrodl Galbe 129 408 1,5'8Q: in C%gam%ﬁ]%o%l%% ts, 220,

1000 or nore ta erna control sequente onbsone of
i nterest dagast hmalX/lfeedethcbdwermjmsubjemngalrsymplsvrdﬁermaﬁrneﬂd»qdu@nﬁmd sfraplejarg wi t hi n

ranges bo ded ues nsi tions for
earrpl5| f| SRS tﬁ%ﬁﬁgr ‘fre%%éﬁscﬁm'[ l&i’?ﬁr n?ergglr% %pabléﬂﬁ%ra?lﬁwggg%? ﬁe | engt h of

the t ar getphaaiity of tardet ﬁtlidlkﬁd: a«i@mbrp&bduf)seqhnmmesftagetrmlﬂtcbmlsqthahmt e.g.,

such t hat I ea lific and/ or HE | 1:1 catlla?n g]rloduces | i con

i ncl udi ng TFRRETCOPHARM 60 the kargef gpcleis gids i Gebstangs 356‘3‘“2?5“ omes! a‘Sr 30

nucl eot i degg@mudleRlacido e grésehth aaﬁﬂstedhgcsrhosmtetah@s@ﬁe/ofrta@gegebﬁumaedmby t hese

val ues. In specific enbodi nents, primer pairs wherein the prine s bind to

over | appi B Rrasegedn %%%éé@r%ﬁhﬁ@om dpéarlouﬁwgl 89'§"rq"§patd%4§t orak o 1,
2, or 13 nyglerioltagst onAasRYhrRBRINROSSn BB Ay AdaG z8d Bk dch iRl ek cAPRyal for usef ul

for applications ainmed at determ ning co %/ nunmber in sanpl es containing
f r agment edresmplifipationdncludes g gugleotidsdags s that pregynpliffegtiorcrpduces BEgetet al DNA i n

a mat ernal, gﬁag&dshé{lﬁ lllg,dﬁ&?a frst mmlé”b?la@)ag a?@Aé enli® ﬁ@a %n!i Huél&ﬁld@@e@ 4 thefluid

(e.qg., pla ]ECSWIt cancer, or fromformalin-fixXed
par af fin- @ﬁbedmbdvhmegsajbtarg[mamﬂ]qqm @strlvv@fryml agivenaahnengsony indlydesondingl/ or

| ower tha e y ar
embodi oty Sttt YRR AR, 16 SIFRCH AL R by Do RISy B PRI % e
pr esent atdeaverdel’rcan B\geley chmmosazmcantdmctahin with atdumnmrmb@. (Ehegargetas in the

case of cel]-free feta 0 I e, i \V;
enbodi rrentsphf%nésaée (gl(s)tﬂéutfcli glrtl%a ral%/ taanrrfﬂq fagtcpn)mlx ' %rLd; P{t/'%(# df%tfjllet her

duri ng pr eampificdtionds ¢capred dut usisg:r at i ve | onger -t han-usual annealing ti mss
i nclude nore than 30 seconds, and nore than 60 seconds, 20 nore than 120
seconds, nore than 240 smpmndspanmpeeﬁd: fo thelfrstrand w¢cesd nndewide e i tahgetir , or

more than 10 hour wi thin a range bounded by any of
t hese val ues. B% S ﬁrr‘l Iff%nﬁ’te fﬁgSCLE’%eOS?'{}%l cally enployed in highly

mul ti Poexed r eaCt i ons angl¢@fimon probe specific for the target amplicons derived from the
first chromosome;
a primer pair specific for the first and second nucleotide tags in target
amplicons derived from the second chromosome; and
a common probe specific for the target amplicons derived from the
25 second chromosome;
The number of amplification mixtures that contain a target amplicon derived from the first
chromosome and the number of amplification mixtures that contain a target amplicon
derived from the second chromosome are determined. From these values the ratio of
amplification mixtures that contain the first chromosome to those that contain the second
30  can be determined to detect the relative copy difference for the first and second alleles. In
certain embodiments, each common probe detects a chromosome-specific motif. In

particular embodiments, motif-specific amplification can be carried out. In illustrative
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reacti ons where prinmer concentrations are relatively low Illustrative

| ower -t han-usual annealing tenperatures include |ess than 65C, |ess than
60C, | esswohan/B283s | ess than 2550C, and | ess than any wrerpse@toowsstal ling
wi thin a range bounded by any of these values. [0113]In particular

enbodi nents, the preanplification step can be used to introduce a

nucl eotide tag. For exanple, at |east one priner of each prinmer pair

enpl oyed o EATPIHe oh AL bR il dRneNRHELERTIIE 1hadriophl.ch becorres

i ncorporated into the preanplified nucleic aci e nucleotide tag can
i ncl ude arpmbgdimantschfdleagemetheds, pragmplifieasios @t ¢amiedennt bt dstwenn 2 tandr? HEycles.

i nformati t . . Rt I d/ or one
that { ncl qaeeregtsn it BleaBBeBhioh AR ou REBERlerT SMERFRART,
illustrati enbodi . I i i 2S i ag
and/or a Jé%n tagI.l@%%d%ﬂ??ggggg%ﬁ%gﬁﬁ%rgtcl}aﬁgéeggr?oﬁg %e';émpﬁ\{rﬁé%ﬁh%r’ of
t ar get Sandhesetrdatirg) to cletetmioingsepyrmules diffepences tamgdt @pcleic @acidsrorthe Down

chronmosone; speci fic tag.ca introduced.into all sequences preanplified
froma par ani?f"e?rcr@ﬁ?ldg%%rba%s.t&?[cﬁi%ﬁfﬁa %t r oduce one or rmore nucl eoti de
tags duri eanpl ification e .or nore pri i,ncl ude .arget-specific
portion a gogﬁ nucl e&tle?fg ¥ .d q(%ﬁhetlﬂéenftlf)?éstab%?/tggéfo&detgﬁﬂ’lgiafr?](?é{ﬁ %)r?y only the
t ar get - spetunibecdifforehtcoerasenetleastitwo ldug irt gehgiaic DNAloe RINAH dsagpiuelnee (or

internal conirpol sequence). |If both.priners i ch primer ir are tagged,
e same iReRbG RO G AVEREY i sAeut I Poreale o i PP Bod B RN A PHE S

cycl esjo t hiond R BR@okEndl @ Riked & 4 ArP UL aleqitifaty e hiabudine i ng of the
target-specifjc portion(s) of the pri rreré)fsri)nhéSubsequent |y, however, the

anneal i ng PBR5elR Grandion-osding RV sERsesse cepEospmal regipp HBESILG 201 t he

anneal i Ng, segid 16448 TRYratia ¥PthelalRuAraTiie firsionQddRE RNaY aLtle hab@lorad/ or
tagged internal control sequences. [0115]If one or nore tagrsw.l s/are

i nt r oducedesaidaopsedingBNgean Hien be determiaed hegsn ragp siegiisgutbdifferent from

anpl i fi catd@m st obg AlhoR dffleRE bEekbd & P4 hnd'SdcBR BBE. WuitiRE Ron-
tag-specific primers. So, for exanple, if comon nucl eotide tags are

enpl oyldd, codmeiiNAslgr eppdisistiydhismetadgnelude siglesteagded npr-eedie@RAAS! i cons for
detecti On'do%ﬁgtr%deﬁqoa-&gglléq{ﬁl&§ r*‘%j“%ﬁls bi nding site for a universal
"t hat ’

detection probe suc tectr’on could be carried out using a single
probe for iple l r P atlaps in a
Sanpl e of W1oebd Lenge e Rany el ik et i RhoRHERI e 10HIA cpY
enhanci ng rumbacdifernechetvesarmpleastftep lacamgenom eddidAcesmple. Tt aretsid eatadls or

sel ecti vel i 0, e These enri t. cdi.ve, taggi ng
ot hods ot BaRE, e e e RE TR RS, < HUER e BRb TR RIS WF, her

faci | i20at eprinee bodingsite dor adhovapd Dijsasequéricomtpriorer,dinkbddigetly seqireaces i n
sanpl es ha

IR MR ENE N T N SO e O

which is linked directly, or via an intervening sequence, to a primer binding site for a
reverse DNA sequencing primer. The method further entails producing, from the sample, a
second DNA sequencing template that includes, 5° to 3°, the primer binding site for the

25  forward DNA sequencing primer, linked directly, or via an intervening sequence, to a
second target nucleotide sequence derived from the second locus, which is linked directly,
or via an intervening sequence, to a primer binding site for the reverse DNA sequencing
primer. The forward and reverse DNA sequencing primer binding sites are preferably the
same in both DNA sequencing templates, although this is not necessary. The first and

30 second DNA sequencing templates are produced from the sample substantially in proportion

to the copy number of the first and second loci in the sample. The nucleotide sequences of
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[0117] I n certain enbodi nents, nmethods are provided for protecting target
sequences from exonucl ease digestion thereby facilitating the elimnation
in a sanpve 20f1/14¥¥362011/ 142836PCT/ US2011/ 000887 undesi r @dTArspd1i1f0dasat i on
prinmers and/or a portion of certain background sequences (e.g., naternal
DNA) . [0118] Met hods are al so provided for selectively tagging short (e.g.,
fetal DNA) sequences in a sanple conprising |ong and short nucleic acids by

using inngfe bﬁﬁ}%ﬁﬁ%&@\%@ﬁ&@@&ﬂ%ﬁﬁﬁ@a Q{ditn@&ﬁ%&gmteésg?&ma& ged) in

conbi nati on Wt uter “prinmers in a nucleic acid anplification e.g., PCR)
mx. As expeeifiedd Avetiownf the hopurgof (l@_.fg_.St,DNétSaqtyenftlag setlateiol the amewrit dthar e
anpl i f I ed s%{i})%dtlﬁggggcg%@n!l etehlapatea&iﬂlb'e](cﬁlkt%ﬂltli'n%]toqetelrrﬂn'rgearcoéﬁn\ghber'a?ﬁ‘e%r[&@l .
nucl ei ¢ acl d sequences S suppressed by one or nore nmechani sns i ncluding
bl ocki ng dfetveseh étresfiirstrand fsedoné lacns eln certaimembodiments tbe fiesshmebdecogl RINA ext ensi on

of the outer priners, 1 .5'endonucl ea igestio f the inner

ot rror SancioPE b P OISR ok e e B Rt ST beBosh U S

and/ or di sphdieestrrfor thé forverd DNArsequeacieg pimedindtthafidt @xicacndeaga di gestion
after anplifjcation cycle 1 or 2. [0119] Sone. enhodi nent.s, ent ai | use of
one or rmr"é'cl?fi't‘ Sefyen r%eslleﬁpved%tpf\[]?'ﬂatb‘llﬂg'b& 'niagg'?‘oﬁgﬁ%lﬁﬁf and S@‘é\‘f"idc#ﬁ%eed be
carried oWwejudntink Eﬂm’éf@ can BRidnkllY irtude amakedemettotide diat et berwebet® first
sequences (e.g., biotin). Alternatively, . ope o({) nor.e i nner p,rifmer may be
li nked t o 2d&froRd sgcs pycleqtide seruRNqesiePRABE Yo ANGHE BFimepbindiag sitstoriicended

prior o SeRfA NRRequchciBYriMér. My not be separated fromtarget sequence.
Ext ensi on can be carried out to provide a stronger binding to the target

sequence. [sﬁiozcti ve ARGRIBChERY &f thd AWaiftion SERMLMDE &t dblconaghartifying
Degr adati on 0[012%]In certain _enbodi nents nmethods are provided for the

sel ecti ve PeOr Bt gl Breet Bycede adidecin ginaterpgl podiby fluidsaaple fiom e RtegraRt i ¢

degr adat i %bje@t‘? qak q{eﬂ‘g)ld)éntailptr@a@iﬁg %J‘saﬁ%qg e AEdH B arﬁﬁﬁidgfetfgﬁg%c%?miasse
denaturing sanple nucleic acids in a reaction m xture; contacting the

denat ur ed andppidecnyieasedesampled whorieinthetreatedssgmpleriactidas gdighsp pereenitagefi mer
pair undergap f ol é‘ci@s’}ﬁﬁgw (%?ab‘ié’%e‘idpgoa[@ufﬁ&%!é%w@d?otilé Béicerﬁa/ lg¢ of
ed 2 ecitfic

ext ensi‘on of any annea arget-s primef pairs by nucleotide
pol ymer i zanateomal rexigicaicids that hre chpabixt ofbgimigamplifiedt @msoronere dgaldenget miglede f i r st

cycle of Da%?ds?s%ﬁ"?algli Hﬁeisdtz{ng%eggteé Iar'? el Rtﬁﬁet d%i Hyr'tllgllﬂ?xj e?n&%ﬁin%n?s? fluences in
the reacti On mMXrars, (rHVarrous enpoti nents t Re nethods can Turt her
i nvol ve denatmalbogily Aeidrisictadé¢dcto @aaticisfor amplifgablecfatd DOIA withdéutnpgoraf t er t he

first cycl f nucl ease digestiqn; .copnt.actin he denatured nucl ei c acids

with at | disontiany BSGs HEkiredt Bo Rtk el P b perd bR E e T ng

condi taoonswhal@bldod; tpiadgapuriecanddte syt eagifal xiceinns. dn cataimaybatimest.ahe

tar gt - SPoCl e Bl TBL P Bhg oRkaliBR 0o RO ATRL ! RN 01 egdiet 1 no 2
can include physical enrichment based on size, e.g., enriching the sample for nucleic acids

that are about 300 nucleotides or less in length or about 200 nucleotides or less in length.

[0101] In some embodiments, the method entails using whole blood (or other un-

25  frationated bodily fluid and generating a sequencing library (e.g. as described with plasma
by Quake and Lo independently in PNAS ~2008 by blunt-ending DNA fragment and blunt-
end ligation of sequencing adapters), while at the same time enriching for short fragments.
If proceeding to sequencing, the sequencing method may further bias in favor of shorter

(including fetal) fragments and/or the sequencing library can be size-separated.

30  [0102] In specific embodiments, nucleic acids from a maternal bodily fluid sample

are fractionated based on nucleic acid size, and the fractions are assayed to determine which
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WO 2011/ 142836PCT/ US2011/ 000887 nucl ease di gestion of single-stranded

nucl ei ¢ acid sequences in the reaction mxture. The process can optionally
be repeatwo 2bari4283di t i onal cycles as required. In certaiPaTarsbadionsar s t he
sanme target-specific prinmer pair is used to prine each of the first and
second cycl es of extension, while in other enbodi ments, different
target-specific prinmer Spairs are used for the first and second cycle. Any
of a vari rabl iAol eic
aci ds. can TR HALERS Shot AAPRALE AR Llgri ARPLR oD BB LARN BE plliy

st rand- spec ldétmmﬁé whstheruwb éaget nuale®ianigl sequencesrtioht sppoudre itanahody 306 hedsie, a
singl e strand- shec X0, and t I r{.ajl di nents
t he nucl ease >8 “Pr“g‘r“ |t£ée§en§me 40 flﬁ“’&%ﬁ%@’é’é‘é‘é‘*‘t‘ u?‘ nh%@ff@g{&ﬁ&%ﬁ%@fgﬂﬂtﬁ:ﬂ s the
nucl ease aelffet sexteraal rDea@)emtaresﬁaoiﬂd aSSelﬁxmﬁAdacleﬂccuc‘E(sr@hardEm%ﬂc'Eﬂ}ﬂce| lizes

two hy roI Exonucl ease | Phosphat ase,

t oget h fgt BBE@SC?LEE?‘?C%'PW“&PE eﬂﬁﬁt&hﬁéldfzgﬁ%'t/%r tﬁ%ﬁﬁt & dNTPs  and
priners fr CR prqduct eas re s residual single: tranded
D or s allilhy et ATRBBOIER AP E Prlssliah TR et mEo) i FaBiedld Shy
Al kal i ne I%lﬂﬂgtpfbahﬂ@ﬁﬁilﬁegfﬁgﬂlﬁt_i_élﬁle aélﬂﬂgg ﬂd(:jsﬁgbdﬂll‘%l?ﬁv fnrtbm&:ﬁ@ﬂpaﬂﬂem >O<lt ure. :j n
certain e i e 0SAP- i s added dire ot ct an
hCubar eq KRRSHE FoRCTRStamt e tAns e Wt?@%{%@ﬁrﬁ ele A% | <

i nactivated sinply to.80C for nut e [0121

certain er{gtﬂf’]rrentsq%ﬁ ?éli‘ E;‘gihogﬁgbl?ef‘?a&“eﬂrquﬁﬁrgs tggﬁxﬁfrplggagq‘pl &eae ort han
dT, an@ dUERmimdtiesredehedofd niRatidnsor@ét@S@Blploidyt he reaction mxture. In

certain enbodi nents the nmethods additionally conprise contacting the

reaction nMOXISYre W Uthdemedids thiaf @i e cDmbR@Gwyte Asask AR riBdd iefeih BR fo@@ORd
cycle of nucl ease digestion, In one illustrative enbodi nent, the nethod is

carried Otftoml’}‘ﬂnlli/go‘t’  SrPEAGING Anpligattond¥nsc] 4748 Ii( 852(9/}0&9 ABEP® each

primer paimodkst rscpemjumtpnz@sﬂot mﬁﬂ&ﬂtni/@metmtm&ymtkalwoseguem@s) I'n
various enbodi nents, particul ar,

E) ere the t?ﬁ%et speci f

i nt r oduced 2961048 (filgd 122481 0;tAttornayt Drsdietim FLMRR006). 424763, 70 hedledA/2R81 Gy | e
of nuciseaseudth@easideiNo ISABIOTNGS 575101815201 /9610 Adbfy BobRAK, On

m xture; contacting the denaturéd nucleic aci east one target
(e.qg., tad)LEpRABY.ic primer pair under suitable annealing conditions; and
anplifying the correspondi ng (e g., tagged) target nucl eoti de sequence.
[0122]In certain enbodl ment s, pr| mers (or probes) that hybrl d| ze to
target need notGeseralAnpreaches fo ag theA oI Rresisto el

the primer wl 'C@E:%ﬁ&%&&%ﬁnh@ﬂo@ﬂx Pj‘qli’iﬁ&ﬁtﬁi strand at a certain
posi tion, which W Eecone 0 € remaining target strand,
while all [eEGpjences Th@éétee@moﬁfetilheedpan@eh a\miuitérnb)let)qﬂtlptttammdtple\/(/agt, her
(38[11?} 1 Qggr nde?ﬁégggfrla?%%%\%@?ﬂg El lgErra{sEary%cg}racy an 1snon thanahas%een acwoved

previously. The methods described herein facilitate the detection of copy number

differences of less than 1.5-fold. In various embodiments, the methods permit detection of
copy number differences of 1.45-fold, 1.4-fold, 1.35-fold, 1.3-fold, 1.25-fold, 1.2-fold, 1.15-
fold, 1.1-fold, 1.09-fold, 1.08-fold, 1.07-fold, 1.06-fold, 1.05-fold, 1.04-fold, 1.03-fold, or

25  1.02-fold or less, or a copy number difference falling within any range bounded by any two
oAf the above values. The required precision is readily achieved using one or more of the

several approaches described herein, individually or in combination.

[0107] First, one can preamplify the target nucleic acid sequence before analysis by
amplification. Preamplification increases the number of target and/or internal control

30 nucleic acids, which renders subsequent relative copy number determinations more accurate
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Sel ective Taggi ng of Short Target Sequences [0123]1n certain enbodi nents
nmet hods are provided for selectively tagging short target sequences (e.g.,
cell freewbebal14E¥44) in a m xed popul ati on of short andrpCong20mmb@sT aci ds
(e.g., cell free DNA obtained frommaternal plasma). In various enbodi nents
the Smethod typically involves performng a nucleic acid anplification
using a set of nested priners conprising inner prinmers and outer priners.
In variou nﬁg; RAbodtehis Gh q IP t I?t o t hereby
|ntroducesaa8?§:ggkn égth?gr ggt anp > a F%:qg{cfgggla ﬁm{r@%%ﬁ rIgﬂe out er
primers d@em@nceaarnewlamphﬁctdm pgmipl(; tyﬂ)rca@yx@hths SQree tme, Undeiathe BXAY readtimn carry
the (inner e Tk 'in the figure)
anneal to c)oﬁél?(i%s %F ré\}g%alﬁ"t hﬁthkgm%rﬁgétg)@ lgtrll&%a@?nefﬁga{hleon product that
carries a greampeuﬁdattdnes tainqbd)utsfequehneely érhhl«bnuxﬁbaryoéb;eﬁesasostharthe cttatilot e
stranded fra nerat e str

3' - exonuc| &Y Ets iggg?rﬁﬁtta)" SCTOP%?Q&‘?%‘FH%%é%sugftgrftﬁglgémgléﬁg% ttplf)ot h tags
(wher e botgiegptplifiestfon\wespe M(ﬁrlgpid)ﬁca[lﬂll%drédmﬁlhﬁaﬁ(&fmwlkiﬂ%,sutﬁagﬁtlﬁg of the

| ong fragnents. (e,q,, nater S S occ (S through a
conbi nat i &HOWIQ%@%B%CQWU%GF& ‘% ‘fséﬁ?f’gnst g’?d ?‘“‘2’ |dﬁF‘F8'ie gtifers can be
bl ocked bysubdegudak h@ph@d&ﬂ&awaagmanﬂ vﬂl@u@ a&b@mn@ﬁtstﬁi@ammmmﬁg ditied S@cond,

t he extension of the outer priner can cl eava he tag fromthe

al ready arfARRANEEEN; A2 5Y Flive .8 Fpie> OhT r8d9p’c5)sél Het 13y 1155 tlﬁdﬂ {$d% Hher

prinergy extendsosy Bf AUClesi ﬁhhﬁ@tl@@@ﬂb&iﬁleh@t}ﬁ&ﬁnph}:bﬂldﬁ§bﬁrl;led Sutlthat
after two cycles) tar(get sequences on the short nucleic 20acids (e.g., cell

free fetalberweay 1Aend 2Gexsdas, while the |onger nucleic acids (e.g., cell free
mat er nal DNA@ even those containing the target nucl eotjde sequence, are
not tagged r eover seeans ApRIGEHIOARGEEAsE theAcrBreynden presision ok thereladyror ¢

sequences &P?nﬂﬂb@?'d@teﬁﬁ%@tﬂﬁﬁgt@&?rgtdﬂ% P minibeX O WARIRASRarth c%h@ﬁ‘t

[0126] At this point, enrichnment r tagged target sequences g., fetal
DNA) can md/@aemplyfqgéom@@@rﬁpb (lﬁwefeplt@ytes)nﬂheﬂSGaofvavllcettey1rmremllrﬁsdtson For

exanpl g, U %Pé%%'ect{h c?c%ra@ 's{?&egl?eﬂt J%?{‘t‘gg E{I)g/r{ﬁ%ex( Eet?rmdna"%r%n deaGhd fed

above) to est a e strande nces 1 nc extensi on
product s cn‘rrdlllsqabadmmg|anmbﬁcq:§ronmsalmﬁcimmrscanemmassth'crpeecrsmrmftlhly of genom c

DNA back bl d st
ntact - mieernelt, of sbafh R ERIER) o afo Bt pRBIESEET 0157 o

certai n errbatibmare, §onaa‘at185arrt;i1<f3arfd/dr$tac}cmmleﬁx; acidhskqpeneé ef fmbalrgst)aﬁ bmlecl;actdmd

cycle it i 0SS c n i

cxonuc! eadh 1 BRdot oy B 5Bl 00 1P 08 AP o 08 bt odth 1 0!
from 6QC ti300,20D0, 25680,8000,3560,LD00.24500,5900,/8360, 4DI00,M8508, 200) 7580108000y onI y
3eAUeNCes JoR81003h sbBIT0 000 Bl Sciel PRt Qurdl e 2 85"

be within any range having any of these values as endpoints.

[0109] In illustrative embodiments, a sample is divided into aliquots and
preamplified, and then each preamplified aliquot is divided into further aliquots and

25  subjected to amplification.

[0110] An approach to increasing the accuracy and precision of aneuploidy

determinations is to analyze a plurality of target sequences on the chromosome of interest.

In illustrative embodiments, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 125,

150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 550, 600, 650,
30 700, 750, 800, 850, 900, 950, 1000 or more target and/or internal control sequences on a
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[0128] 1 n certain enbodi nents the denaturation tenperature is selected to
avoid 5 nelting of the long DNA anplification product(s). This can be

appl i ed rwghtiats283he first cycle or after a |limted anoeot/uskoiammiss? i cati on
rounds, when the short fragnents have fornmed a PCR product that will nelt
at low tenperatures (e.g., 70C-80C). [0129]In certain enbodi nents the
primers used for further anplification (e.g., after the first cycle and
pr ef er abl y, not to
DL oL er 201 Xt RERFGPAL HCHE) IRGRSHE SN of 5L, R Al
sequences raeges beundediby arocbfihesamgluesorrndniaeaiyzedet hods. Such net hods i ncl ude,
for exanpl e several nobdes of PCR (or other anplification nethods). Several
choi ces of how to encode taret se uences b. t aggi ng can be sel ected.

St r ai ght f or war &ansidgrations plificagion g| targets (e.qg. per

15chr onos ), these tar ets c coded. wi twotags For
each chroﬁ@cﬁm one LETRH eﬁ'goé)d%el gﬁge'}%ﬂ? ?f@g Bﬁﬁe?arf °F lﬂtgmlg nrghcti on.

[ 0|13 1] Accaeglicngdsys re]lcalflvﬁlg shéit, . g?mbﬂdﬂhamémplﬁﬁﬁtﬁtﬁ%dﬂ emﬁnﬁwndﬂgrd‘dﬁdses

sel ective ta S uc cids,.conpri g.a short target

nucl eot i dé“’é?gg‘ﬂﬂé pduding, P’Véf@‘a’éz%)”g\/]és %73115& é?é‘oaa @53%onpri sing the
same t ar gefuclkebtides of AfSlicoREIMAMLE lehgth\éxatlhhﬂ&h?y randie betRRE by RIS vAIn&. MRt hod

i nvol ves denaturing. sanple nucleic acids in a reaction mxture, where the
sanpl e nudPgific %I&W@n%wfm@éww@eﬁ%ﬂ@.pém&& kiad toryedprping @igst ei ¢ aci ds,
each conprseqieRgesichebSaRof & a8k o%{‘l?lp%ﬁ'bgee§egge&cﬁnucmﬁd&e@é§éy ed sanple
nucl ei c acids are contacted with one or preferab | east two

t ar getl0s paesthads epplaying sgalilraglpt}ﬁ@tsrar%tﬁefld@r@p@lm@m aged Yrigiermining copher e t he
pri mer paiqsbeoHRAhpRs @dttalﬂngtragsterﬁsdnmlg adi@D%s @theb&téte%%@rn{?wfttg a

nucl eotide tag, e.g ot de tag) that can anp e target

nucl eot i déetgblaﬁénce nmerhdrbgdlébnﬂwd Kl@gt plasrod)eed)-facsi YA imfhe h@dllbﬂtlkdr(e B i mer

bat ' not af)rtmﬁJ of EBichERbEREE PR B G ARENE PR SRR 2T or
any annealighopr i er poal( ke IHELARE S ARUOTRLLARL Rl o diih Lhe first

cycl e of xte3|on ic acl S|n e reaction mxture“are

denat ubed,terhpezatB@s ezadtq mplmeﬂtlmpmlcdammhhodMeelw tg. swhelteahﬁ tar@mmwm ng

Censt  one 0isaEePraRERMaRAR Befn REERRHIR ReTORERbT b PSS S0t e

tags, one abimtie eaself celhfee foral DAVA 1mmttbmhhﬂastm) ghtnllnslmhe@émhkﬁhmaqstemm

| ocat ed bet n t he, nucl eotj de,.t. . It will be reco ed t in certain

enbod: mentehams <agse BRpRerd Heutiag - sther poe PraSPlcapTL BNV, f or

one st r andonpef-thayabeal hnfehPdg3Zhdsin€ledd Mo tRAHBINe 881db,Sand tnftge tHah BOdecoads,

addi ti naII |nv?é¥e di esting si ngl e- st randed nucl ei ¢ aci d sequences in
ant

the r ct |“E) EeegRfSemofaflan 240seconds mere thae 19 arippas: @aes than L ok pf i n

enbodi mentysort Ban 40 BESE] RAng Bme AN RitHRHS @ﬁgmuﬁaeéwg%y%aﬁﬁse(m&s, single
strand-specific 3' exaonucl ease, single strand-specific endonucl ease, a

singl e st lonaerdpacaling Hmss arg fysatly smployed incyaily maltinieredreastionhaai@as e

al kal i ne 9@5&%9&6\&@&@% 1ﬁé&oh¢enﬁ"aﬁ’ons afSrebH085 GE(M bﬁ’ﬂs@ﬁﬂg%we}hﬁanﬁi&ﬁ!ﬂease
treatment digests substanti al al I non-doubl e strand
annealing temperatures mclude ess than 65°C, less than 60°C, less than 55°C, less than

25  50°C, and less than any temperature falling within a range bounded by any of these values.

[0113] In particular embodiments, the preamplification step can be used to introduce
a nucleotide tag. For example, at least one primer of each primer pair employed for
preamplification can include a nucleotide tag, which becomes incorporated into the
preamplified nucleic acids. The nucleotide tag can include any desired sequence, e.g., one
30  that encodes an item of information about the target and/or internal control sequence and/or

one that includes a primer binding site and/or a probe binding site. In illustrative
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sequences (including remaining priners, extension products of displaced
inner primers, etc.), renoves a substantial portion of gDNA background

whi |l e | eavongiiimesset t he doubl e stranded target sequencesT/Usedi3®pdss7 cert ain
enbodi nents, as a substitute for the digestion, or in addition to the

15di gestion, the method additionally conprises addi ng additional quantities
the sanme or different target-specific priner pairs to the reaction m xture
and per f OrfiiaginRAR, Bk nlDESdR ?n%l'ufc%td tﬁtnve%éptagﬁnt/er Qé&ﬁrﬁérﬁﬁ%' &l doyhngip! 1 Ty
the tagged target Sequences. In certain enbodi nents after the first
cycle of exgemdiedntrodsese intorsepabinytof target agd/idgroal genteonl seaneeeess Ferexempleat a
sufficient)] r

denat urat i oéré)nlgﬁm{ cth%];g(gsto gltﬁlé gmﬁgta 3&9?@“ mﬁ%gj gﬁ(t g?%&?rﬁgﬁre% lme?éﬂgrg] In
certain prafaetmu@dclenbmsbmeent s the nmet hod additionally conprises subjecting
the reaction mxture to one or nore cycles of anplification, wherein

anneal iSng [PE14¢ar r i edodnttodate enesuinfare nesdgdtigle taggHuringmyeanatlificatianhane ¢rhe i nner

| | | i b
BT e PRI b SRR LA RNBLER B MRS T, 5, ©°
cycles. | Qa]:ﬂﬁ}ibaiho@ﬁairtlﬁth& tegbepecifia pertivh enmeels In@dh(esz)rgadmlbncmnﬂl skquence/@F ve

contacti nq the at Fast t‘oc% ed tar et . nuc| eot.i de .se ce vm.tp a

Lag- speci Ml fapeP! st dbPOE B s Sach POIET RyT &5 HREr dhSsamiiarue

anpl i fyi ngot the sécag@etld e geilifiostidne Curidg tl&@ﬂmm,ethé)anmilmggtemF&@furmdes of
ein n certain

detection an ntificatjon scri h
enbodi Wentsg(’@égﬁéu‘ﬁgteﬁ%ﬂamﬁ?lt%é’tf t}}eﬁg"gFt\ﬁ%c‘g‘éP@@PP&bOfghﬁPWPer&ﬂant| fying the
anount of Qhsdqaadly, mveamwntﬁrngeémmhm&m BeinSRAANS hcRhagiueed by

anplification (e. via digital
2011/ 14283 P 9%@1161 e@esmdottesm fﬁv?!ét“t avmlf@ﬁ%wfﬁéaﬁeg targed andlppr ¢

nucl ei ¢ achghefi iAGRNbLAr&AEqlefss. t han about 500 nucl eotides, preferably |ess
t han about 0, nore preferably | ess than about 350 nucl eotides, and nopst
pref erabl yjpppgut 306 NGk BRYd AESisAFe iRHOdIE m(d?eagh targe'ign('ln)n i Al Bdntroft C. ) -

[ 0138] Whi | e the nethods described herein can be used with essentjally any
nucl ei l§ SaeAurnsanpplficasapapantifigationsgn anaersipdeyt usingoas er metedag-grsaidicei ¢ aci d
mol ecul es) iR Snudl IS, @fingsh & tfre fetal
nucl ei ¢ acrfrl é?s Cﬁ{?&e arﬁﬁp;f)i?le:éem b n?é%ldgwggremﬂﬁe@rﬁd pl asnaggégcurl ne),
whil e the nrmmﬁgs mcbleeusvzd tamr@thlcwnplnqosefmrd@teqatml Sndtpremersaemldsnt(Oéugfa cel |
free mate i nucl ei c
acid are er [ I\llgyﬁft{r"{)%me{%ﬁa ggt ﬁ‘g[ong]l%q}%hfhcg% &é?erc{lﬁrP§OU?m@é§r | ?c

sanpl e fr aingde probe for multiple sequences.

20 Enhancing Target Sequence Populations in a Sample of Mixed Length Nucleic
Acids

[0116] Methods are provided for enhancing a nucleic acid sample for target
sequences of interest and/or selectively tagging those sequences. These
enrichment/selective tagging methods can be combined with methods described above to
25  further facilitate the detection and or quantification of target sequences in samples having
mixed length nucleic acids (e.g. fetal DNA in maternal plasma or tumor DNA in plasma

from cancer patients.

[0117] In certain embodiments, methods are provided for protecting target

sequences from exonuclease digestion thereby facilitating the elimination in a sample of
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10pregnant manmal (e.g., human) conprising maternal plasma, maternal urine,
ammiotic fluid, etc.). In certain enbodi nents the nucleic acids are derived
from a biwbagicabsisanpl e froma nmammal (e.g., a hunan orCmars2éwamerssnanmal )
havi ng, suspected of having, or at risk for, a pathol ogy or congenital

di sorder characterized by a nucleic acid abnornmality (e.g., aneupl oidy,
fragnentation, anplification, deletion, single-nucleotide polynorphism
15transl o j . Ml (LN certain
e B e e S N G A
mammal ( e.rgaternal DNABN or nonhuman mammal ) havi ng, suspected of having, or
at risk for a cancer. In certain enbodinents, the short nucleic acid

fragnent s [@b8hri se Mathnds are alsotpaetidad for seddctivehnmegmgshene.4.oag! BdNei ¢ aci ds
conpri se . . i j an be used
o fet or msapsnfaserile Pnibisdk Gk bl hoRROBKAERL By blfe RRENMERRT ¢ Lor
exanpl &, ifbrveand ampbtev@snprihi?s s or bath taggadyph eombih@lonnwith ewern meneanit a he

suppressi on prinmer(s)..are Si t.o Rind, 1. S S ce
anpl i ficat u8ﬁ'°oa\""{a%'l‘gs!'ﬂa§?\$f5”ﬁ s lpp s”é'eg.g e)ﬁ?l}"ﬁ%‘%g%i‘%’gﬁ&ggzerig'A?e?aﬁﬂtgrgSFi Mer s
bi nd i nef friucietricidg afenainpdified and tapgedestsilel thelaraplificagon bifopgee eegicmatofnat he A form

sequence. 25[0140] 1 n vargous enbo&j'kments t he inl?er and o‘th el gl{.i Mers are
desi gned/ JBFEIEH B PR th LPRIFSET PY 86 URLF "SFHNTS PO TREPPaTger |
nucl eot i de:x&AgivR BEBe (FRASHET bapribhenbdliipand eftemishl fakid cles ppiaiergen the 5
ends and thereby incl U(iil ngd,t he | en%'tqh of hoth %rl r{ers r,angeﬁi‘f om about
50, 80,0 10raMepg; endepuclenspdiggytion ghthgneE BEINHANUSY 1ty PUERSAN PIPFHCERY t ai n
omocs 1T ony s oPUSOORER PRV B LR I Al ROULAUN C21' o about
ranges from about 50, . : ),. 120, : , or nucl eoti des to abou
400, 350, xouucleasgpdigestionafierpmplifigaion cele 198Rect i vel y tagging fetal versus
maternal cell free nucleic acids, the distance fromeach outer prinmer to
E he talr lgetlohl?dl eo%) i dems Sg@iﬁgg;rf"@;ghﬁ Eﬁeg?égdaﬁoh‘ﬂéﬁtgu?ﬁnﬁ‘ggﬁgﬁp?’é%z I ?ng
yprcally £&. nblafMiROA1S QrridCAQHL) 1f pucheRly Has W e
recogni zeJ{rt@%gt, y r?mglalrtai nnen_qui rrrents,). a large nugr%)er g? different target
sequenides TE@OYE these sequenensde.g3bigfinkphléernatively, easras morginger prpes maydeor nor e,
20 5 or , . . L

el at e( e e rBRAE LN S LB RE AT SRReBbrict O Gtparmion i

di ff_e{ te_nt raappdri hdyot bosappm&dd{t:_mbajgeeseqle?well iﬁxazsiclE igaf;lb;ﬁewdtm?togbwde
permttin . mul ti pl exed. n certain

enbodi nen?ds%tgﬁéﬁlg&g'gﬁitﬁtﬁl%o@%ﬁ é\?lga n}éf's can be determ ned using for

exanpl e tag-specific priners for pre-anplification (e.g. one prinmer pair

for preanp after 2 kQla@Q MiGedlich %Fi‘ar%q%ﬂéﬁ&s%&ﬂﬁ @né# Qﬂcligﬂ?n%ﬁtiépe‘?i fic

primers for real-ti Enbodi nents it

i's cormenppaz@d to apEryinknghddaherRGRethoRER) providadnirithd wiiciinnprardticRER or
fetal aneuploidy via,CIS to s;rge ta %121? 3hor(§ fra msnﬁa,s. In certain
i |1 ustrat | OECEMGIH ISR S ig degspdagigny Ageqrdinglys igcertain

det er m ni nghudainRmkd, i@ rdhcds 2bmpAiguRhauthe HiplahrRid AidsfifbadacgenMiximeng

(SNPs), mutation detection (including, ) . . .
contacting the denatured sample nucleic acids with at least one target-specific primer pair

under suitable annealing conditions; conducting a first cycle of extension of any annealed
25  target-specific primer pairs by nucleotide polymerization; and after the first cycle of
extension, conducting a first cycle of nuclease digestion of single-stranded nucleic acid
sequences in the reaction mixture. In various embodiments the methods can further involve
denaturing the nucleic acids in the reaction mixture after the first cycle of nuclease
digestion; contacting the denatured nucleic acids with at least one target-specific primer pair
30  under suitable annealing conditions; conducting a second cycle of extension of any annealed

target-specific primer pairs by nucleotide polymerization; and conducting a second cycle of
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sequenci ng), nethylation analysis, and the like. [0144]1n certain

enbodi nents, inner priner can also be nodified in another way, such that
after 1, \®Q2811/1@e83q0r e anplification cycles, products caoThs2eieloass? vel y
removed fromlong targets. For exanple, an inner prinmer can be 5 -protected
and | ong products 20di gested by exonucl eases. Alternatively, an inner prime
can be nodified (e.g., biotinylated) for capture. [0145] Quter priners can

be tagged n%l:‘l%gketd Et,&mm\g&é dtral@da dudleidRid s%a@énhéswnmdeactmﬁumecmen

condi tions. For anple, outer prinmers can be tagged with GC rich tags, so
t hat the memesmntoewlmbar@%%foruaédlabweyqlﬁeswqﬂé%tinroattalon) enpl oyed.

AL er nat | velobo ke SR ITES s8R B UP ARG Blink Al S6: FiRVRHSe

conpl ement” produ Itse ere el ng further extended
by pol ynersasmdapcles erevrtengora Wh)hgn ememmtlmltmems dtfferem tragatispedifer primett ¢l oses

agai n, thereb prev nn

anplifi catplagﬁxre[ué?4§f fhteq‘gSt a4 gegorb&;%' O?asel: tg% v'?thgas%sgé&t ‘?éeferlagllxg

sequences digesr sghy grdnieucleicididti cag bamedr Santzrulnfmneasa‘s im‘rqndei fbi mtripdrra cycl es.

Sanmpl e Nucl ebﬁc Aci ds Lf%]f} Pre ar ati.o ns of nucl I es"), can be
I

obt ai ned f¥§1R HiaBt-SfC SOUMESE ﬁ&‘"%?ég%f}deﬁ?eﬂ 08}5%\,33 ?StFﬁ? hods
known in tspecifid §°. exbudhaakd, iaﬁdlﬂh%'hke Di¥AearainRibodiaehtslthd mudldase mﬂmeksE.cteEcr i bed
herei n can. be ‘gxt ract ed and/ lified from ang 5sour ce, hncﬁgqt%gg
bacteria, prBYgFsal RGN ep P‘ﬂg’é ts thy s leate GOUPTISES afesgentiugh as Ai sms
such ag pliat %x@SAﬁflT@ﬁltﬁlzeWotHy@wlﬁfde)‘izﬂﬁé’ﬂ’@k&wcl@ﬁﬁéIfﬁﬁﬁ Ship@p AlkdHnar | y
humans. Suitabl e nucl eic acids can al so be obtain from enV| ronment al

sour ces ( &hgsphaigss dogreerina spesialhi PERvIAtse butierde CRE‘?%VC(“éwéme AY&8y and r om

forensi c spppke ﬁ@m@@q’( Isrta@ucltsl lﬁonwsés@t Fenﬁ)%éjn%sﬁ@d"l siigleEolah it Rthe® arp! i f i ed
fromcells, bodily fluid od, a blood fraction, urine, etc.), or

10ti ssue SampKiEancpys single- 8fanée<i%aN|Aem9dlt9ﬁd mtaﬁBQRd Sheimnr ligtling Phpshawse at i ve
sanpl es i I pal [

per |t oneal P ARl AR TR ! D orelndatbod MR EAOSAPHT, ¢ he
ski n; Sanph addefl dumtb/hetheé’sqji p@ﬂmtymd ingleated aa 37°Gyfonil b aninutema A RariPRRr y tracts;
sam es Oluhife ExphbPe O BAEId Ry B BEMFEL LS. 0oL WD S, exarp! e

sanpl es of can be o o or from nmaternal blood.
Sanpl es [0121] In certain embodiments the target-specific primers comprise dU, rather than

dT, and dUTP, rather than dTTP, is present in the reaction mixture. In certain embodiments
the methods additionally comprise contacting the reaction mixture with E. coli Uracil-N-

20  Glycosylase after the second cycle of nuclease digestion. In one illustrative embodiment,
the method is carried out using two or more target-specific primer pairs, where each primer
pair is specific for a different target nucleotide sequence. In various embodiments,
particular, where the target specific primers introduced nucleotide tags, the method can
involve after the second cycle of nuclease digestion, denaturing the nucleic acids in the

25  reaction mixture; contacting the denatured nucleic acids with at least one target (e.g., tag)
specific primer pair under suitable annealing conditions; and amplifying the corresponding

(e.g., tagged) target nucleotide sequence.

[0122] In certain embodiments, “primers” (or probes) that hybridize to target need
not be extended. If, for example, 3’-exonuclease is employed, the primer will block

30 digestion of the target strand at a certain position, which will become the 3’ end of the
remaining target strand, while all sequences upstream of the target will be protected,

whether double stranded (paired with primer/probe) or single stranded.
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15can be obtained fromlive or dead organisns or fromin vitro cul tures.
Illustrative sanples can include single cells, paraffin-enbedded tissue
sanpl es, woaonedes3e bi opsi es. Nucl eic acids useful in tReTIUsS2@NOIE@BR7 can
al so be derived fromone or nore nucleic acid libraries, including cDNA,
cosmd, YAC, BAC, PI, PAC libraries, and the like. [0148]1In specific
enbodi nents, the sanple includes a sanple of a maternal bodily 20 fl uid,

or a fraction there r t ai Lor exanple, sanples of
whol e bl ood, pl asm':lggmti‘reofg FAUGH Tar ?‘53% secretions can be
enpl oyed l[nm]ne et ipelstapemebodieshthaeobds aﬁ@ﬁ;ﬁ91]dl§&ltﬂr@é16ct%lyd§ggi’rfgh§hﬂher est

can be isolated usin metho& fiV\‘feb(I)\h he art, wth the choice of a
specific rf%rlgﬁﬁﬂqliféﬁ“é &18ngelbles fgke!l Md’éa"?’l‘\eél AoRYlAtien effshatandloas gusleic 25and
similar faa@tdeges JMeErr R aPA @ bidiel Fom ﬁ\%ﬂﬁl;ﬁl f)nmw%ug nbiRedOmy but are
typlcally suf |C|entl pure to allow the a i cation steps of the nethods
of the |nmlﬁqdotmpwlyuevcﬂéwmrfmngW?I@Ctawé aﬂmiltj@%tlonw@lnslaéetamnggechre RNA,
the RNA ¢ ] & Wwn i n
the RN agﬂgmg:gs LRI gdm{e; PRREK! argguﬂem;_ ,&PN% fioid @%ﬁmﬂemﬁ&{%ﬁﬁgﬁg ;!
Mol ecul ar ti@ nerregn batagasbiodhasely inaprns a tagsingd tsptargnj amalifeatioB Ptaalooly at or y
Press, NY, Vol. 1, 2, 3 (1989), for exanple. The cDNA can then be anal yzed
accor di ng [0B4 he mefl h@gwera?nmmw netanngaban the\smorp Gagrmamo@36 Heral DNA) 1t 000887
Target Nu Ak " din an
encodi ng ?gg t?“.e@ﬁ*“gﬁ u{rg L@g%et |%ng‘?$§egtﬁ§%§é@bﬁ§dr gl?\ Eﬁ%@%}agﬁe%]@gg&d usi ng
t he nmetOhodbonyfragrhents emd@nmcrew anlampﬂlt]lpatwalprmdatrmntes a te@tanﬂelarstarggorre
nucleotlde en |o r the 5nucl ei c
acids. For @eﬂé’e Affer 2%’?]ﬁe en 5{(1)%?%‘6 Sﬁrgre]ade’? ?%gﬂ%rﬁﬁe"eratas %&k‘e 4 (h%m ent
sequence |pnd'>ctm|cmwmh ares3’ g:amarc:bdaqureamantb abhestfaad ofexch oéﬂﬂsd)cfarla’?esgjoﬂﬁagst ar get

nucl eic aci d t ermt desi f suitable anplification prinmers. In an

al ternatl\; g?ﬁ%@@‘ RTINS Wfrﬁé%gﬁ&get speC| fic sequences in primers could be
repl aced ndom Qr de rate nuc tide sequ es 015 targets
can i ncl ugg}ﬁior exar‘r{heé mﬁﬁg’le agglﬁ%f)gtg L§§(§@$§'F Wt'ﬁ (ﬂ) dhs, such

as Vi rigsednhibisett qmisa;ccmmroaghaa contbiiatiog bf mEWARIsme. Birst, ﬂabeﬁensﬁ@foﬂmd ch over-
or under-exrgeresm on |f) t’l cahlve of disease, those t 6}1 are expressed in a
& ploglsd the

ti ssue- eVEI"6piTah yhePiRgARasaling prid qylrngiop pf the gpier pHEE ed by

parti cul arSegdrid)iheickteGEOOHH the BINEy privhérehn RadtdBeanRgd M&ﬁ@ltag %nﬁﬂaealréddg
pol yror phi sis (such as SNPs),.  alleles, or haploty enot ypi ng.

Of parti cUfalg d?r&régmear@egtb%ﬁ?%lbﬂw tbfﬁal@e ‘&F"é pannteésf éate&%%pr@ uct is

a”{ﬂh' r i ed,digeled S‘tﬂ11nt§d]dffﬁé rdduit RURALALMWILDALY, Car it SERRRSs Oh R ABH nucleic
at no O i eS; Ssequences
P g acids (e. g cell free fetal DNA) are tagged, while the longer nucleic acids (e.g., cell free

maternal DNA), even those containing the target nucleotide sequence, are not tagged.
Moreover, the tagged amplification products from the short sequences are double stranded

and thereby 3'-exonuclease resistant.

[0126] At this point, enrichment for tagged target sequences (e.g., fetal DNA) can
25  readily be accomplished by any of a variety of methods. For example, an exonuclease
digestion can be performed (e.g., as described above) to digest all non-double stranded
sequences including extension products of displaces inner primers. This removes the
majority of genomic DNA background, while the target sequence are double stranded and

stay intact. This also removes substantially all leftover primers.

30 [0127] In certain embodiments after the first cycle, and preferably after second cycle

it is possible to directly continue thermocycling (e.g., without exonuclease digestion), but
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that are associated with desirable or undesirable traits; and/or sequences

that uniquely identify an individual (e.g., in forensic or paternity

det er m navpDansl)142430152] I n speci fic enbodi nents, at | eastCIarseoiafodsie t ar get
anplicons, alleles, target nucleic acids, or |oci analyzed according to the
met hods herein are derived from or include 20fetal, DNA. For exanple, the

sanple to be analyzed can include a sanple of a maternal bodily fluid, such

as bl ood, t f .t ucleic
2ol ds can fereRirg AebirRinglEhBlonr 0%, Hom K7E15 T2 TP As acdischMRENE T
nucl ei c aannbraunpierwawamnpdlfy anlg sequ‘ériqesﬂemrbyagg@mngtemrimdrmnBﬁtthm ®ynt hesi s

of extensiQ in the presence of the agent for polynerization. The
exact Ieng%nﬁagggé)%%wegue “*vn of the primer will depend on nmany factors,

| ncl udi ngo[niig{] exami)n ge’rtame eo(rﬁi?r;[r}\%unrsethgﬁel%avu?%)t?orﬁqg%%era ?re Eg%clﬁ)or}b aSO rce and

conpositi the prier, &ec s oIt y of the
pr obe d@nneatliimgofzh¢ Bng @Nmempmﬁcrmbn amdea{sb nghis canebeeapﬂhec&ngm abthe firdt mer : pr obe

concentratio xa ndi on the c | exity of 30the target
el of ¢ ach§eosafiadin i ATe Bl Rt Re R el PERs R he. n ¢ he
range of Bhmddta ﬂ@%@d@&%ﬁtﬁ@nﬁﬁ%&Wﬂeﬂ'@@ratu@ést(blgugb"c -goomyy contain nore or
fewer nucl eoti des he prinmers should be sufficiently conplenentary to

sel ecti velgimneal Ycdriafi dmbRARRGES thY BrifbrsaBésforAfthE A ITicatd e e R ES .

One skilled in the art knows how to sel ect appropriate priner pairs to
anpl i fy t HBe fieg gelc amdoredprablyfigr e sqcppdexsdy) aresﬁ[peqﬁa}qib? faaw@ noptoR
primerg caRe Qg%g &3uaned by using any conmercially available software or
open source software, such as Prinmer3 (see, e.g., Rozen and Skal et sky

(2000) Metfp13dybL Bi ghe resdidigs ar%éﬁﬁe%igcg Farsafrlénwstca@gé"z{da & 8P4, and the

l'i ke) or by accessi ng the Roche UPL we I con ‘'sequences are
i nput i nt conymigng mgtheds. pyush methodp mﬁll{dh:efotp@ﬂwﬂ%iﬁéerngqm@éBCRNOImtb&ert s to

ensure h%&l@@at%n'rﬂ&ﬁé%spr%g% a%éek o AR &R d%gh%g{]st%g@aac %}g@@é}%ﬁ of the

bracket ed probe sequence I'h certaln enb udi ng
nucl eot i debetsa’gsteéaﬁrfb@htﬂbewargn@diged PORafTotmndyplexsaveral Blt@tsr(le goperstructure to

vl 4 11T ARSI AlRtianl BESANERIRInUSLRRE e §%ue) N SOT®

enbodi nent's, a nuc

ol i gonucl| extangsombate tnulrdssetotnly Qnedmllmengalt hﬂhaﬂﬁﬁabacngn step to prevent the
nucl eoti de tag from 15contri buting to non-specific hybridization and

m s-prim nig131] 01561chmmglymebeinpmpdim@dtsbmemngs Belptoabiee forsthctive

i ncl udi ng,, for n triction ,of te .se nces or
i eor onantdls STPRR hELrE -0 AlerRBihe Shk bt iR RENRR BldieR S hos® of
Nar ang et @kr loﬁgﬁﬁgélelklhbnhs cd:_:ﬁlli‘rwmgl.thﬁ&m&@g@&audd@ﬁd@fh@ﬁ@h@dlrﬁ@frﬁﬁs met hod of
Brown et al . 979 th, Enz I 68:, 109- th

G o A pesimshimients e i N Ve desdliiof Sk HirclSie Segd  ergction migres 2.
1859- 1862; whdieths i sle sukEI0 béidsBInR e WngWuSleichaide Bhd Nbrt rﬁcl@ﬁ&cﬁﬁ&:a@lﬁld t he

| i ke, or can be provided froma commercial_source.
comprising the same target nucleotide sequence. The denatured sample nucleic acids are

contacted with one or preferably at least two target-specific primer pairs under suitable
annealing conditions, where the primer pairs comprise an inner primer pair (one or both

25  carrying a nucleotide tag, e.g., a 5' nucleotide tag) that can amplify the target nucleotide
sequence on long and short nucleic acids; and an outer primer pair that amplifies the target
nucleotide sequence on long nucleic acids, but not on short nucleic acids. A first cycle of
extension is conducted for any annealed primer pairs by nucleotide polymerization. After
the first cycle of extension, the nucleic acids in the reaction mixture are denatured, the

30 reaction mixture is subjected to suitable annealing conditions; and a second cycle of

extension is conducted to produce at least one tagged target nucleotide sequence that
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[0157] Prinmers may be purified by using a Sephadex col um (Amrer sham

Bi osci ences, Inc., Piscataway, NJ) or other nmethods known to those skilled
in the arwo BBRA4es®er purification may inprove the sensi PCTIUSYO10GSRE

net hods of the invention. Quantitative Real -Time PCR and Ot her Detection
and Quantification Methods [0158] Any net hod of detection and/or
quantification of nucleic acids can be used in the invention to detect
anplificat] . Eor R ] B reaction)
o used ¢ GoaprRit ool R RTMALER Hner Hifiel BAHIEIARS /AR e

30enbodi nengencolobated batpkénfthe audlentids (ags.clisvilbbe thepgnitddghatdy sardits ar e used,

i ncl udi ng,_ 8.4, /. [ US I%0) t SGI.1 in U S
Pt No. T RERIE U R L INE BT e ot ek gy e e areh Tl
entirety foyrlei)ts description of anplification/detection systens) and

| nvader assays; PE BioSystens). In particular enbodi ments, real-tine

guant i fsi cdpld2} net hddseraimeemisdiments) theanatingl @n addjtiomdt iytisnalweadigestihg t | ne PCR'
met hods can li)e tusgdd t 0 det e(Lm' ne thJet uant i t%q.otf a q'St ar gett nldlf:| @4 c acid
present i # SHMABFE B NeHAUIHT THE EniSEAC SH*UHp TS MEat T SRYSF 8uct f or ned
duri ng t heeesmdlclyéleC bt depainmhodmtentstthedibestibf tabhythe asosfanicadsnucleagsegassay s
are one specific exanple  of a real-time quantification nethod that can be
sed suco RS A TSRt e RlAE i SLeF SRt Ev B FrCoRH e hed e Trnd:

nmoni t or i Ngpkdific 5 odxRldI@Re, afcomBiMatibi 6RxbAIIREDsIKA IneipRYPhitase, LY, £ONsi NUOUS
10nmeasur enent _of PCR g%r oduct accurul ati on usi ng a gual -l abel ed fl uorogenic
ol i gontfc! etsesrived prayse The puciense tseatpentdigesis spbsianfiaies! eep-dubdlestrapded)  t erat ur e
as the " TagMpntesTRichQAthg rem&BingprimeRaEtxted¥dn 8&@(70%%7&% placd An&tpridlers, 1996,
Real -time quantitative PCR Genonme Res. 6:986-94, each .incorporated herein
by ref er erfée) reinqvsep pubstantizgloortiog of gPNAnkackerguakvhils leayiag itact thgdeeRjeni ¢

nucl ease . 1 e appreciated that while "TagMane 15probes” are

t he nost asﬁagt?le?tﬁrgg&%dgbc%i?m, the invention is not limted to use of these

probes; ang;fyi t abl ¢, prOREHRAIREU IS subk@HRAbQnB@lgestion, or in addition to the
detection/'quantification nethods that can be enployed in the present

i nventison digastier éhermetirodatditicantly eareprisgs addyigadditiond tquantilies thglsamebar beacon
detection, . Lon det. j. . r i

det oot i on i IBFB R RELRE pHRP ph 3 PAELABMEELL B SRR ERRE | ey
| abel ed wianiplidiaation cycles to preferentially amplify the tagged target sequences.

[0134] In certain embodiments after the first cycle of extension, any subsequent
denaturation is carried out at a sufficiently low temperature (e.g. about 80°C to about §5°C)

20  to avoid denaturation of any extension product of the outer primer pair.

[0135] In certain preferred embodiments, the method additionally comprises
subjecting the reaction mixture to one or more cycles of amplification, wherein annealing is
carried out at a sufficiently high temperature that the inner primers will only anneal to
tagged target nucleotide sequences. This can be during the first to cycles and/or after the

25  first two amplification cycles. ‘

[0136] In certain embodiments the method(s) additionally involve contacting the at
least one tagged target nucleotide sequence with a tag-specific primer pair under suitable
annealing conditions; and amplifying the tagged target nucleotide sequence or using other
modes of detection and/or quantification, e.g. as described herein. In certain embodiments
30  the method further involves detecting and/or quantifying the amount of at least one tagged

target nucleotide sequence produced by amplification (e.g., via digital PCR (dPCR)).
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menber of a donor/acceptor pair and a nucleotide | abeled with the other
menber of the donor/acceptor pair. Prior to incorporation of the |abeled
nucl eot i dwoi2nt1014243e¢ pri mer during a tenpl at e-dependent @exXTAI2010/00088ACt | ON

t he donor and acceptor are spaced far enough apart that energy transfer
cannot occur. However, if the | abeled nucleotide is incorporated into 25the
primer and the spacing is sufficiently close, then energy transfer occurs
and can beg AeCt ed 1, JHeHPerdBRidiAdRs @E SsHBAT Bucgéié aLilt ¥ra @@tHLre &% %H%H{r}}[' ng
single base pai r extension reactions in the detectio S|ngfe nucl eoti de
pol ynor phi mﬂmuelndlc&s,@rcfesbmltﬂedhanrabblltS}OO,Ffa@remefmbly%ssﬂtan%@xtéﬁ@ PCT

Publ i cati O%cy\&lgey a%%?%osbg%?e%eﬁnﬂ alg)blﬂﬂgﬂl gf: 1%5 op ?[%Cr{%nﬁﬁ emam%%% nk '}tc)

conformation the Izes'to a ary regi‘on of

the anpl | fefpfyg]ggﬁducwh. Skl sdespr%ea%m b Ol LS AR Snphanal - The

probe its des mo sec I ONns: secti on
2011/ 14528%%%@32@111%@@@&3@ and kigort m&dﬁm m\dsa(huctlche a8d mehatuled)y ose@rtgimct | ons
e t.hat anne

flank the s t|ono obe i e and
L o ot SR e B it annan Bl b SR g el e R AT e E
g report erﬁrdyma&hﬁhl Eh@mﬁ)bhﬁﬁneﬁﬁﬂhlﬁ:&lﬁ‘d lbﬁglnmdeﬁusﬁdﬂdddjnpatsé aateech! E@clﬁcr:] quencher
ye. In so 1.on two e ctions can 1dlze wmt ac er to
e Lo e P e Fed atermal N ot RATTOHY, SHARL. IPaAgp Yol el e rer  dye
are in suffuckicaiid afe 2érde fRMOXmBletnal bidRYgichl ddﬁfp%s(@%n%%lcflbgwaltsﬁlﬁplémﬂfé er dye

is effectively quenched bzg t he quencher dye. Hybridi zed probe, .in contrast,
resul t9 i rPregmentiBarmnse ge H'P‘é?)rFQﬂP{J‘ﬁ'“E malinad plagka ey eapkurHE, ‘H’Efé%% ng is

decr eased. uffus, ). DY cEmM erqsémeﬁmh%%hgewfabﬂgl%%eﬁ%d iR abMlo ¥ Sampit 1S
possible to indirectly nmonitor the formation of anplification product.

Probes of f#P 3 magpeal 4q8, ABeRYLY npoduman glammpdlchaying, sseestqdfdayingtdier | f or

! S a rder lby a c n d
el . AT BBl o cold5al Moo BaNeERly eI Bion Tty a0

Bi ot ech noI (e.g1@nAPloidy, (fmalgsr)tathroaresl}ﬁméorsdehemro singlstraisteotide prdyerghise,
descri éJ:[l aﬁ%@%&no&%al IIQQIITX)%%JBT?JQ{ sonl'tl%go ¢.). I\M%lel%l gé%b&%%eﬁ%%ﬁear ch,

28: 375 I nas eta COor pi on rimers in SNP
anal ysi S awdlel%l?elé‘ﬂsammqrwad fromsy bld%llugubzdlsmnwlmﬁ@m msmarat(v 2% lﬁ(ﬁnanSmmom on

prlrrers are fluoro r eeerret attached at the
5'-end via aaﬁ&? Eﬁgi’avmg’%hs ytéagrsoe ﬁ§'3 Orr?t Esé(a FHE A nlce On- specific
det ect i on eniboRGknpy deshodrs nudlethm)@agmausccmqirlst: initor ontadtahé e¢lEDNAf, andrat s

ble, th t d the "dupl ex" f t. In both
e o AT 1 WSS S Sl
|1 : i o CR 1
0 COAES, L SRNBR h By e LBASeA R

(iv) a fl waqmeeuha@relfﬂla@biymng&ysﬁr@nmw}t@im n@naipsﬂr&ﬁiSSNBm@s ffd)mmpllaor e
and quencher PCR extension of the Scor prITer, t he resul tant

anpl i con caorﬁ"aﬂ“ﬁ O‘é deand R uBPRepRign f?rg’“’(f@hﬁ'leéiﬁﬁ E“S %@ Hiis $59B#C MeRi ch i s
render ed sdnmpificatfdnloT1idle INHUY dupPrebRe. RRAGBAIE ?stdnql(l the primers bind inefficiently

and don't suppress indicating the presence of the A form sequence.

25 [0140] In various embodiments the inner and outer primers are designed/selected so
the distance from outer primers to the target nucleotide sequence (measured as the number
of nucleotides between the 5' ends and thereby including the length of both primers) ranges
from about 50, 80, 100, 120, 130, 140, or 150 nucleotides or greater. In certain
embodiments, the distance from outer primers to the target nucleotide ranges from about 50,

30 80, 100, 120, 130, 140, or 150 nucleotides to about 400, 350, 300, 250, or 200 nuclides. For

selectively tagging fetal versus maternal cell free nucleic acids, the distance from each outer
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25stage of each PCR cycle. On cooling, the probe is free to bind to this
conpl enentary sequence, producing an increase in fluorescence, as the
guencher we 2no/i4e83ger in the vicinity of the fl uorophor @CT/ise0RGRS8T opper
prevents undesirabl e read-through of the probe by Tag DNA pol ynerase.

[0164] I nvader assays (Third Wave Technol ogi es, Mdi son, W) are used
30particularly for SNP genotyping and utilize an oI i gonucl eot i de,

desi gnate eic

aci d°( oA PG et B0 flent s GRAR: BIREBAE 30 kR RS G T

desi gnat edammﬁbm/@detrw@toghouta%mmlwngShe sane 5 nucl eoti de sequence,

but the 3" nucl eotide sequence contains a nucl eotide pol ynorphism The

| nvader Q[P]i nt er ftevildewpaognizédthhl indiertgingmbpdinesisgm irgeprugther ofb the target
nucleic a 0 | ap5n at the
nucl eot i ded %g%#%]’ﬁét@%l{ehpe% FS(; 1g Er&jmﬁte 5%?]?]%&'@@%&‘ nBF égﬁ IoI' %rfegg%)?‘or 8%’ %(i/ a

st ruct Ur e @ pexe, fS()cor emh)rh(h(o‘,bleasm peceﬂrbmdsmﬁee)r @mamt&emrrbe t@gaav ase

cl eaves t 5 nucl ot| Zj g hg i Q dly

third probe®B84 .uwﬁg l‘fﬁé‘i‘s a&ﬁ&gé PR bffe’?" PRPHY % ‘HBPhoé’r“ e&&fﬁ &g’ tructure

r ecogni zedifeyintidugedGhaaasematizy te meTHUdStdbdﬁEghlyhﬁll@le&ﬂase enzyne cl eaves a
fl uorophore away froma quencher and produces a fluorescent signal. For SNP
genot ypi nqolatzme si giaterfainadebodirhdntd) Eetal aséupivadly madw&mmibdidzermhédluﬁhg foer the

f d t | 1.el th t (nmut ant 10 | el PCR,
her e Te® b e SRl prifies B prb gl B e &1 & e PoF 5 STSPR S0F1 4 e

nucl ei© achghinguykleBpindiBtidasn Ssirg theEdpecitio pOinkBeo0mRe-tahe PCRI N i aski I I in
the art are provided by, for exanple, Neri, B.P., et al., Advances in

Nucl ei ¢ AGP-and Protein Analysis 3826: 117- 125, 2000) and U.S. Patent No.
6, 706, 471. 65] Padl ock. probes (PLPs) are about 100 bases)
| i near 1569* Ydnucl egl‘fe('ﬁég‘ empodi @&i}éﬁ&@gtegplafeﬂg gppléﬁtﬁ'@})%&?%)ofhe pr obe

are conpl esyKfiedtiontadd GQCRQ)E'f@tal%ﬂéll-b%’lé)eﬁa'C'TSttB@hettaé@@tsh&Uﬁlaﬁhéht:ﬁth In the
central, nonconplenmentary region of the PLP there 1s a sequence t hat

can be us&anRid il gﬁf%@fﬁ%@ﬁ@@b@émﬂwdpﬂm notrwéyvésjulsfeq@rém@mn&(dmﬁwged by
uni vergal b dHeRsloidy bESalsodt Fe*fm@u&yisl é\ﬁ’g?lrrluftdtfbﬂtd'efél?n&{ (idc\Rid29. Upon

hybridization to the target, the two end ol |gonucleot|de are
brought i Fegiergaglonethylaan Pr'ilatlbjﬁlsamii babhkde joined by enzymatic ligation. The
resulting product is a circular probe nolecule catenated to the target DNA
strand. Ar[Bl‘Ht}ll i gat Bucegiapiradbodimeants, lrppmasertcmals@b@lmndltﬁeﬁybanomezway,o a

target) ar gcmm\b@m stté}mﬁyngg oﬁtey @%Suc%@éa% be REGALZ RO anf'

ligation o réquires t {'s Tecogn 26 "t e tar
sequence. fram tong sargeisnféar ex@nips, aorioner dememamebnél’ Jpregepeai afnlddortga)“rgmcts

recog ti a ! ireul ari.zed he
npl i ?loed%%?a% g %%]ggsg%pﬁq}t%@%s\%z}éfl v rcPr"Eo?anebfén ocﬂheds(?% I%Otm fgltelagl -tinme

PCR can bdomaptred out to detect and quantify the anplicon. The presence

and anmount of anplicon can be correlated with the presence and quantity of

target seddkA3fe in Ober pampisean botaggheisnch thai theyswilf ndifiRshes emplnﬁx upder the
Landegren Padl ack and r oxi m Ff;) f situ.a g'
arr ay- baséd" cgﬁ'lé Pt é%on 3B BN E S WA ?Ptbééaf%g g'tgrﬁgf rl%%sa,s% hiagt ®and
Funct i onalmdlhrgmmperatzmré(z’ﬁ&)?.ﬂabd\de kiesSi{deraturation) empPldfed. ANiedryatively, gaaes usi ng
¢l osi b2 arg)(ljm{’etsa Qalml lg:eac}emgﬁedc sucﬁ tha% thl_rrgv%(rjs% cgrlng}egq(égtnporl)duc%ﬂ)ogg basck onto itself,

thereby being further extended by polymerase and forming a long stem that is not denatured

or that closes again, thereby preventing annealing of inner primer and further amplification.

[0146] It is also possible to selectively tag the long sequences to remove them ,

including after a number of amplification cycles.
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Ni | sson et al., 1994, Padl ock probes: circularizing oligonucleotides for

| ocal i zed DNA detection, Science 265:2085-8. [0167]In particular

enbodi mrerwe,20fl/i4e836phor es that can be used as det ect abl @Clraised13/06@87 pr obes
i nclude, but are not limted to, rhodam ne, cyanine 3 (Cy 3), cyanine 5 (Cy
5), 5 fluorescein, VicTM LizTm, TanraTm 5..FanifM 6FanmTM and Texas Red
(Mol ecular Probes). (VicTM LizTM TanraTm 5FamlM 6FanTM are all

avai |l abl e ¢, ;%gkmqe; E4illl osystens, Foster City, Calif.). [0168] Devi ces have

been devel erforma thermal cycling reaction with
conposi ti gqos4Tgont ai rp‘r@graaoiﬁd dfluesizaBids (‘Ramplad P tan B dbtaifed frémh bidkeddm of a

speci fied 1l0wavel engt read the in of the fluarescent d and
di spl ay t hQUiAt @Wsﬂr‘tg regrusing coRwEH E‘C&Of%‘moé”a{b‘ﬂt -dn peligpla Em%ri si ng
a thermal my&lSEful lhltmeth&ﬁsraeednbte& féreindAfl bae{&au&aaﬁ@/smmﬁima}ondﬁ{ﬁct or,
have been descr.i bed, e.g. in US. Pat. Nos. 5,928, 907; 015, 674; and

6, 174, 670.50P198.609 nding Birkersnprotzag fingl, virmess. ersanches as wshétgh@r@gwfm%e

per formed day Wﬁ{t@&e‘m%ﬁg@ﬂaﬁﬁﬁ}arllf HanfxABhEmold paPR&IFHHuAMAs. 35 ifita
replicase reaction for anplification, thé reaction nay not take p ace in a

t her mal cywklsic acisiscarc st be @bﬁ@mtﬁjféora envlweb@hmw (a2 dpad veaterpdiont i ¢
wavel engt t.lna 1%5 %b&[&tsﬁ% gtdqg(f o Ca?oﬁ‘gl?smsaﬁfgfé@adnd[tlger‘gﬁ:%u%‘é c!i(BQ:fu’?lBg

di splay of t t1on produ icu
enbodi rrent@ttra@@dm anBﬁllleﬂléDnHIells;Wﬂll)n@mdﬂ@ g.| blonde s blend éraQttiIdeunem, Eteg, alevi ces

can beus 0 e i |ds In sone
enbodi lr%en'?( gSJe s{amgl[eggggrﬁ{ I ‘%”e{ysoq?%ﬂg d?eﬁhlgg é[% %llu@?%tn? S%m z%slén ar i ng
and/ or af tsemplref pjasmms@umhmmmlﬂu(dymm ﬂwd)lpsrnpmtamutdl, pl@unabﬂmti,ocrralng of

anplificat E(Slﬁ uct ctl ons " l.n certain

anbodi ment Abh ek AP SRRt Bttt e e irk, ielTo et Aitbor " of
anplifi catUrmlryamtsesmt;ﬂbscbatlt@tH &dli@a hﬂwmm sefn deliis, dr aurgers. Hd}l(‘dx@llnﬁleiiCl d

25seguence wa ri or to a i ficagion. ord'ng to
sone errbocﬁaWBﬁ?f ng%@\@%{? r?% nynf'lﬂ'éoﬁ PR méﬂ%‘;q PERPIN

products afdagbe abtﬁfne@ﬁbﬂﬂme@ﬁ‘deddldﬁ'ﬁhﬁisnﬁfor‘ﬁ%ﬁi 1ﬁ$/1t&ikflflﬂuf=‘dsemusiréhvle%%ﬁ_@‘ée t he
presence of thg-ltar get nucleic acld sequence in the sa One skilled in

the art cdan&gydeyinglsicelisparaifingnbedded tssyesrmplgspind g'%‘ofﬁ?‘?ﬁéﬂu%"é&uence

and react i Qs asraliih iRNnvdROvh E@Wso%cdéﬁb&ﬁfr&ﬁ %n@&f hbeingBkicl@iddfhfiedl ne the
presence of a given target nucleic acid WO 2011/ 142836PCT/ US20117 000887

[0172] By deqjuding slONA} ersmad deMe.B Ay, B léhraries, andrthrolilet ures, it is possible

to follow the extent of hybridization. Mreover, the tenperature-dependence
of PCR prdald8 In specific embodiments, the sample includes a sample of a maternal bodily

20  fluid, or a fraction thereof, from a pregnant subject. For example, samples of whole blood,
plasma, urine, and/or cervico-vaginal secretions can be employed in the methods described

herein

[0149] Nucleic acids of interest can be isolated using methods well known in the art,
with the choice of a specific method depending on the source, the nature of nucleic acid,

25  and similar factors. The sample nucleic acids need not be in pure form, but are typically
sufficiently pure to allow the amplification steps of the methods of the invention to be
performed. Where the target nucleic acids are RNA, the RNA can be reversed transcribed
into cDNA by standard methods known in the art and as described in Sambrook, J., Fritsch,
E.F., and Maniatis, T., Molecular Cloning: A Laboratory Manual. Cold Spring Harbor

30  Laboratory Press, NY, Vol. 1, 2, 3 (1989), for example. The cDNA can then be analyzed

according to the methods of the invention.

-49-



hybridi zati on can be used for the identification and/or quantification of
PCR products. Accordingly, the nethods descri bed herein enconpass the use
of mel ti myocorvkgnal ysis in 5detecting and/ or quanti f yiPog/Useqliocasss.
Melting curve analysis is well known and is described, for exanple, in US.
Pat ent Nos. 6,174,670; 6472156; and 6, 569, 627, each of which is hereby

i ncorporated by reference in its entirety, and specifically for its

descri pti %#ﬁtﬁﬁ@eik‘%‘%id@f melting curve analysis to detect and/or quantify
anplificatl products. In illustrative enbodi nents, nelting curve anal ysis
is carried0opsf] usi nG\ng tdgetbiue}e&tarcairtﬁa&daniﬁe %ddyan efdddimgasachyBEY the een, Eva

e o T SE DB RIG o B S0 s fhet T B HBALA™ o€

[0173] ACCCHnd:JoGQnénGS geEdsaidmeaiRRdtidest Senc® NformAafio R Wl BY kW fof Bk Rabetcont r ol
to quant| fy t he arrpl i fi catl on roduct i ndi cated by the fluorescent signal.

See, e.g. huglets acidss Fongxampl e7§6 g0 lns[e@qtmwlwfimﬁe iRk asuence

enpl oyi ng 19fo%ﬁ£@nh§ E&GRENI9RvaildbR BHERR endbf PEiCARIde! hicflid /9 oWehfRR 1S
suffici ent to add one or nore nucleotide tags to the target nucleotide
sequences,design Pﬁﬁtltab'ﬁ emplifieatiop erigspsy Imampliaraatioe emh@dlmagfgg@ targgtepecific

nucl eot | d%e Uz%'mgﬁmké cd stte cﬁh 'b%’ refnﬂ %?ﬂ%ﬁgﬂafé&ugfeoﬁ&esefu%n@és[ ve copy

nunber s of target nuc elc exanpl e

preanplifi @f’gl' on Caﬁ'h@%rééﬂéa'n@ﬁ’cl&ﬁ@ oﬁ‘gﬁan%'lg%ugﬁﬁla@ﬁis EgoglgfeQWﬂduce the

sanpl e- speC|f|c or set-specif nucl eot | her enbodi nent s,
det ectlifon Aathogensy sush asmrrusas, b@ﬁerlee nwtma,@tpﬁmmm, emﬁhcpmf«zrat/hldnover-

during t heor Hh&t ?P}#éssn(ﬁh@%’lcaﬂ(/? 8@&1&9&{%0@’%& e & régsgodm%l{ ss L Brt hi s

i nstance, preanplification wlTl nornalize anplicon copy nu Jer' acr oss
targets ard!tvelcmmsﬁalssacmﬁ@mannm, arahqsodmt grlehiceteh)t myrtiquia atiphlifgeoamicon and/ or
anplificat e carr 25, 30, 2535,
or 40 cycl%lgﬂbvr%ﬁ'?hgan o5 un d%f Spec R’fméjlr?hlsms éﬁ%ﬁsnsl\élrﬁ% aﬁ ﬁgé’r bounded by
any of t hdmplonpks)e., umg@obqixngArQﬂpaﬁlomm inérest Eafé]g?:ﬁ&nﬁmrDIdAs thas e ahaedf

"digit PCR' se r, examml e, Vogel stein and Kinzl er Nat |

acad B SR~ 8P Berk SaisE GERIr tnutel i Eeheds AP Batean oMR Mg b eauendes

30Publ i catthaardNasoc2b0iRbakable s Miesirdbleytrdits fdialor séquems thadfinif iy e
ncorporated by reference.in their entirety, and in

publicatiaq re here

particul ar' Q‘f“é?y e Wl(glﬁgéigc’)éﬁ QEEnsigror ptgTity | detesRiBptinstat i on) . Di gi t al
anplificat nmet hods can nake use of certain h-t hr oyghput devi ces

sui tabl e f[hg}éﬁ gi taijn @@ﬁ?‘%lﬁ’é’ﬂd'%mﬁi 2138 Sﬁmloénﬁg%‘gﬁté’g‘ﬁ ligpnsealialss. rget udi ng
a | arge nuibeic a31dd/ @MNodi bily R8RSk dinDio thERethod PhIER aFLREVEP RS s8I I- .
nano- vol urre reactl on sites or reaction chanbers). In illustrative

embodiZPent&tal BNA-¢ Bar examplesthe samrito be apalyraskGas dncliderdgample of a maternal

bodily fluid, such as blood, or a fraction thereof, and at least some of the target nucleic acids
can include fetal DNA.

Primer Design

[0153] Primers suitable for nucleic acid amplification are sufficiently long to prime
25  the synthesis of extension products in the presence of the agent for polymerization. The

exact length and composition of the primer will depend on many factors, including, for

example, temperature of the annealing reaction, source and composition of the primer, and

where a probe is employed, proximity of the probe annealing site to the primer annealing

site and ratio of primer:probe concentration. For example, depending on the complexity of

30 the target nucleic acid sequence, an oligonucleotide primer typically contains in the range of
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5a mcrofluidic device, such as the Digital Arrayi' m mcrofluidic devices
descri bed below. Digital anplification can entail distributing or

partiti orwogoa/g283pl e anong hundreds to thousands of re&CTIUSROUTIONGSET €S .
These reaction m xtures can be disposed in a reaction/assay platform or

m crofluidic device or can exist as separate droplets, e.g, as in emulsion
PCR. Methods for creating droplets having reaction conponent(s) and/or
conductin t] ' ' I 7 4, 503,
ssued t o s o fBy A0plataR Ao B Ry ek mbken Al TR O
entirety aminepshouldeabificienty complemgetaryrtp peleasively ann®l tortheie raspdetibe i cat i on
No. 201000224 | i.Sh 1o ' [

Technol ogi Séén&ﬁdﬂ 8 %!)5{91( %\%lgﬁjpﬂ%ﬁg{)}e{%ﬁleﬁ (%: g r%%oargg@égg @ §\Q, rtgé ? eelkgg ﬁ@’ce;g]iﬂﬁa?? ts
entirety gmihespeics tbiaoplifyytht crgdt hideidasidoif ptérest) ; U. S. Pat ent Publ i cati on
No. 20100092973, published on 15April 15, 2010 (assigned to Stokes Bio
Ltd.) (whi[6hs4]ls her Ebyexampte; PORatriatbrbsanrbefdesigreddyiusingtasy emhmeretajlyand
specifically. for this description). Digital,anplificatign can 0, be

corr1 ed oA 5T ORE 3R Pl P e floh A e AR &rtPk R Pa SRS

Appl i ed Bi(@66® hems MdINBiBLCI32ePdserB6ramivabroad. mitredtiinode/ thdoydridahe tike)tohby sanpl e
i's made across. a Ig{?gﬁ ngber of .separate arrEI ification re chi.on such t hat
most of t HSCFERghe % ‘Y?Bs'feer?gﬁeélf“é’ IHY) FEUINEES BHURY! 'JIA/8e a'MEYat i ve

anmpl i fi catprégrafigsith the UPD pesienthur@cdshe brakdeeto eafur@dat the PEnRADbrofiamakilion
results, e, g, at the reaction endpoint, one is counting the individual

tenpl atle A5PIER BIimEsonELBssidepf thedbragkelsh REAbe SEAISNSS- one- by- one. A maj or
advantage of _digital anplification is that the qu?nt,i tation is, independent
of variatil8klin t hé eEH3Im 4w t‘T“H’ﬁS’BT‘F‘F'&‘%‘HE‘{}“:‘%"‘&f@&‘é%&ag&?a“at}ﬁﬂeﬁ'gl‘ tions
are count ed 1R t1R)ForPA &6MLIBep {RLRPERAVDII iRfredsEEmBACH ybAl Al BEcart oPr oduct .
25[0176] I n particul ar enbodi nents, the nmethods of the invention are

enpl oyed imicliatidstag ninpgme kabedigenisubmisleogife Bgsapbe bigskedibyagemplmentry aci ds
in a nucl eligorkidbiddhl Sindd ) iSRRHk tHeGnRIMRE SR SrevaRBiHAAHSIANA 5y RLAMTS
descri bed herein can be used to detect copy nunber variation of a target
nucl eild acdoatribptinghte ngariperifioiybaidizatigreand ryig-primang/ zi ng t he genoni ¢ DNA
present in a sanple derived fromthe subject. For exanple, digital

30anpl i fi dA1¥6dn canPpomersanay kegprenpred by apisuitablavacthpd indyding, Jor exambler  of

copi es of : / i el r i Ly | anpl e.
In certai n&%%%?#%%i,ogto gﬁgg%b%@%qg%%ggﬁuﬁnﬁgﬁh%%ﬁg &H‘%%?y lﬁﬁgh%?if erence
nucl ei ¢ aciuch ¢s thephoskirtrigster orettddeof Parang eudlatl 9iicMehicEnzamp bl 68:899% thender
anal ysi s) . nati re l gi c acig e.one that is
normal |y &hégspté’ﬁ{hgl&%ﬂ 'ﬁ%gdc%f;‘%‘smf gﬁé&?ﬁﬁ %t%yg’fz%mgﬁe%grr]%?gfs ?étggor deleted) in
a di pl29i d dyehygdplnsplaonainidite medyd ofl Bedoenagd a1 of. {81 Gbres. deacR2t 18499)IBE2; e ng

anal yzed is;assuned to b For, e , ef ul reference. | ei ¢ aci ds
"t he hurtRf SRR ARl a8 DayhEie L BRIand FE et bF BT fromLf

gl ycer al debymieerdalpbasphat e dehydr ogenase ( GAPDH) genes; however, it wll be
appreciated the invention is not limted to a particular reference nucleic

acid. [0170]13% cert &rimesmhodierprinifisd bdughg aSephapdx ddlaad (LOmeslam be carri ed

out after preanplification of | e nuclejc acids, Typically,

o eanpl & 1 1 MATTEReeor S ERuR AP ber s kadv b pesebp kR s artor
l'imtexd nurraesr pofifitdion Rl itplve the(sensitivityDf EHeGh&@Bods@f theOneneib@s) . I n certain
enbodi ments, the nunber of thermal cycles during preanplification can range
fromabout 4 to 15 thermal cycles, or about 4-10 thermal cycles. In

speci fi c ddiooditativet Real-Téma iRcandOtlidrdyetaition wal QuansificittondMethodS, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, or nore than 15. As those of skill in the art
will apprd@idfe, twanymethndeofdgisetion ag/or peantiGeatipgioh gudeippeifs eantiestsedret hods
descri bed jaBRvRvénBiotf detdet SRPIifAHH HEUGSs. L1RYAEEmbAiMBRL, PCR (polymerase

chain reaction) is used to amplify and/or quantify target nucleic acids. In other

30  embodiments, other amplification systems or detection systems are used, including, e.g.,
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nucl eoti de sequence(s). Wen performng digital anplification for copy
nunber determ nation, at |east one target nucl eotide sequence and at | east
one ref erwpeelindesseot i de sequence can be tagged. |n cerrarnSenoMissENt S,
this anplification can be continued for a suitable nunber of cycles for a
typical preanplification step, rendering a separate 20preanplification step
unnecessary. Alternatively, different pri nmers, such as, for exanple,

t ag- speci f%&erﬂE HéE%ﬁﬁecﬁHlU § me I\f(pac]"il@ VW‘ émlstl&%rﬁo"f’zg&%krélﬁgg%fer‘an% in
reference nucl eotide sequences an reanplification carried out

of di scussisentirethier ite depcriptianadpmpfifi @érpn/dprectm sysfenis)od dnyader adsysrRbe
anplificatg 0 ital h roduct s of
ths anpt 110 SuRh LERQ BhobrShd 8B GEh MEBIP e 1Se 0

enbodi nentaampleeampﬂmtam\@a“ealameth methedsrae be ustddll ty dmenmhdéleq;uamtty bbdive
arrpllflcatlonof .cacd nter .That is, t

rel ative ntsBdicEs afcngsrgsep s éawgéd’é’tmeﬁﬁlﬂn}ge e?m%unén}é%ﬁf £ %rﬂglﬂﬁ%d

refl ect tffermdellcmhhgmemmﬂblﬁbat(dhqﬁ'd)daﬁxs igklft arget and reference nucl ei c acids
in the nucleic acids being anplified. Methods for quantitative

arrpl i ficatfpos9)are kRouwrogenictnheledt hssafiesre ofe pecifibleyangit ofd real-2005, Basi

(2) - 200" 18eniheafEhmpinpd ol il il sty kR e dePOiea B 1 Thins can

be sel ect afleth& mﬁarlh@&fe fbﬂﬂﬁtn@ﬂbférﬁplﬁ&bt@ﬂpr@tﬂddtmv@%tﬁh&cbﬁﬁﬁ@ds target and
sequences are 5| m | ar aor, appr.oxi mately equal,

tagged reference nu

in orddr r‘%?fé‘gémﬁw%lgﬁgsprf) “f?’f‘é“@&l'ﬁ?c"i‘\ﬁ%ﬁ‘ dypddabeled fleraganic The

anpl i fi catdligoniidotigd @asa--@lfapawcmduemy RIS inGBO iR IhY “B8iMET® ned
usi ng routine techni&j rtado et a plication of

real -ti me Togibet S5¢ o ?}ﬂ%%’laﬁlﬁld;ﬁé pk, 18P0, d@%b“@iéﬁ@gﬂtwﬁ PCRDNA

anpl i fi catdQRme ReE!620¥6- J@quh&%&éte@namﬁmpIréfem@mhelﬁé%sm@gﬂmed\br folk,
UK: Horizon Bi oscience p 145 (2004)) he target and reference

nucl eot i deleswsiptiencafSlugragenia gyelersopisays: waébhﬁeappecg@tedahm@mlls (T2
condi t{s0 NSprobe@drs RRGhd: Giddiy g %?rfqg@Ram%'Mexums%{ AfE& (ftofuagphﬁés%r ence

nucl eot i sequences Wt hsi m roxi mately equa I'cation

ef fi ci encipssbes;Fuytshigable probd ¢anrbg usdue nunber of preanpl ification cycles
(typically to less than 15, usually 10 or |ess than 10, nore usually
10about 5)[0!ﬁﬂéat |y ﬁﬁtheirgetb@éonémyntﬁicaﬁmmabe@ that cef bé enploged inshmresehat t he

YRRy b aERae FRET S iR AN ledMBh Mol GAP beatld BibcrBR T "7

results. OW ng 'prea i CHL I ON rroutton of the
preanplif |Sedrpu<mrcgmct1amdmradétedemanm anqbbadtmkspmhetd&tee&@ar ate digital
anplification m xtures, a proportional nunber of anplicons corresponding to
each 28quddtd]wi | | BBEdiasd tdnmlatedxti:nsiqn redogions wilize @ prinkf tabeled ithgnt al

anplificat] rat 0 _of tar e lification oduct s
reflects t erBSFPPa %Oqor PATEPS" pal"h af%’lp 0{' %lggej%ﬁwﬁgﬂg ohen epmber ?11{)} er of
reaction rdondswercea)t@qxatraﬂ)nbng nmsnidrétlomaﬁ“u&nawcmdmeteodw intoate prien duniagt ar get
anpl i con an nunber . of Hr@%?’(:ti on m xtures co

t
anpl i ficat¥ S'Hp 6@0‘{?89{5%3%61"%\?@8” fREHR"Y BPANE AEE PR ATC BB fgr:?gt)&%@ppg“ o of

these nunhkedten@gPihbes chiidt 6Ny, NOWBRF, iPthe 14belcl AtQEdtidYCinebrBorddantoe. 9. ,
t he 2 tagqed tar?a nucl eotj de_se uence) relative tg the re erence nucl ei c
acid (%. g.the Rrjjger aé, cfpi‘%‘Fge‘lséH%"é‘eﬁﬂk‘:F Q35 thea cagrgy arséer octwr B @BREral Iy, in

digital ar@iebt@d Cahdse fettiod® BreipaAiculafly uSefinsh 8stdudidg/simd18bAsR bair extension
reactions in the detection of single nucleotide polymorphisms and are described in U.S.
Patent No. 5,945,283 and PCT Publication WO 97/22719.

[0162] With molecular beacons, a change in conformation of the probe as it
30  hybridizes to a complementary region of the amplified product results in the formation of a

detectable signal. The probe itself includes two sections: one section at the 5° end and the
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anplification reactions are run on a nucleic acid sanple, such as genomc
DNA. The nunber of individual reactions for a given nucleic acid sanple may
vary fromvekour1428350 25 over 1,000,000. Typically, thepPoumdsesiiobosszacti ons
performed on a sanple is about 100 or greater, nore typically about 200 or
greater, and even nore typically about 300 or greater. Larger scale digital
anplification can also be perforned in which the nunber of reactions

per f or med IS about
65 or gr oo SRRl fe 1 fE Hesc Dl dARER S 8Pl pf St Bl sBHERIE e "2 500
or great erprobdlwoding sik0Mddare Gmgﬁ@mrmry taeneabother. me&ﬁﬁecct@nmeucallyThe nunber

of reacti o] rforme e, SI i cant | such ,u bout
25, 000, up a%l%gg%ﬁ{epg%er% andﬁjto a u?ecé(gl lad)lf)ua“?jﬁh%&‘ed 500%%6"%78(1 up to
about 250, ¥0Mion, e tvo atdcsattncﬁ@GarﬂlQ(bndup wiith eadtoather £5 @orfhQOhairpin foop. altthhIiE

1, 000, Q00, even qreater n 1,000, 000. a enomcc a

[0182] I POl Hetautier e SerRE R HRin S i PR UTELD] oct ed to
di gi tal anploréscet fiom the r@@ﬂa‘rc@/b liyefheetiagy mnsmfbytth@quenm dyéli Bybridmeted
into discrete reaction 5mxtu ;%ChlnleIdual nplification reaction is

expect ed tRIOPHE spalagsresulis it ali erarla onfqrmgfien 'Hu@‘é]‘ée SHPYOT ausehigg iski || in

the art cagecrt@éear %ﬁ@b?%nﬁ@ﬂ%@ﬁéd Mangds fhrahgtio &8R! it BYBEsHIe By oduced as
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i ncluded in al I cation m Xt
of the ﬂuorophore The PCR stopper prevents undesnrable read-through of the probe by Taq

DNA polymerase.

[0164] Invader assays (Third Wave Technologies, Madison, WI) are used
30  particularly for SNP genotyping and utilize an oligonucleotide, designated the signal probe,
that is complementary to the target nucleic acid (DNA or RNA) or polymorphism site. A

second oligonucleotide, designated the Invader Oligo, contains the same 5’ nucleotide
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WD 2011/ 142836PCT/ US2011/ 000887 [0184] The concentrati on of any target or
reference anplicon (copies/AL) is correlated with the nunber of reaction

m Xt ures wbabitzmes3positive (i.e., anplification product PCorusadnionggy? f or

that particular anplicon. See copending U S. Application No. 12/170, 414,
entitled "Met hod and Apparatus for Determ ning Copy Number Variation Using
Digital 5PCR " which is incorporated by reference for all purposes, and, in

arti cuI ar i ,
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sequenci ng he same’ surface€ patch (in Sol exa DNA sequencing) is |ow,
but high dﬁéu@@oh@dtlhétpqtm%@r e/786.671.anpl i fi ed sequences is sufficient to
provide a high throughput. After suitable adaptor sequences are introduced,
di gi t al PC[:PZléJS:hn be Bﬁip@w@lbqsd%%ﬁ)@mlamge(etgw@bﬁw%erbas@ﬁ) liriept ary 25DNA

mol eculses gt brﬂfcle%ﬁd%e%ggédgg&e?){t Y S Has %nds[oqjclﬁeﬂrg&ear@?(?xﬁﬂgﬁer% B{%A

|nvent|oncn|nc e subjectin | east one target a | con
sequenci ngdiasém gequancea watht tdngeat nmblmc sequ &t ngltmamhmbmnlmm regidneof

£ oughpur T 2eh et S5t Ryt REI AR e glsm ot FRBREE IR Ry 10"
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cr opl et WK AR b e B B oLl R g8y i88uS k2 Riakon e ooss 7
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probe molecule catenated to the target DNA strand. Any unligated probes (i.e., probes that
did not hybridize to a target) are removed by the action of an exonuclease. Hybridization
and ligation of a PLP requires that both end segments recognize the target sequence. In this

manner, PLPs provide extremely specific target recognition.

25  [0166] The tag regions of circularized PLPs can then be amplified and resulting
amplicons detected. For example, TagMan® real-time PCR can be carried out to detect and
quantify the amplicon. The presence and amount of amplicon can be correlated with the
presence and quantity of target sequence in the sample. For descriptions of PLPs see, e.g.,
Landegren et al., 2003, Padlock and proximity probes for in situ and array-based analyses:

30  tools for the post-genomic era, Comparative and Functional Genomics 4:525-30; Nilsson et

al., 2006, Analyzing genes using closing and replicating circles Trends Biotechnol. 24:83-8;
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i mmobi lization for later sequencing. enPCR is used in the nethods by
Marguilis et al. (commercialized by 454 Life Sciences, Branford, CIT),
Shendur e wodoRoess6a et al . (al so known as "pol ony sequeagiusgdiii/oensd? SOLi D
sequenci ng, (Applied Biosystens Inc., Foster 5City, CA). See M Margulies,
et al. (2005) "Cenone sequencing in mcrofabricated high- density picolitre
reactors” Nature 437: 376-380; J. Shendure, et al. (2005) "Accurate
Mul ti pl ex e j ﬁ%‘h L " ihx¢pnce 309
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(commer ci dP1673d by HepirtodarBmbedimentseBuaopheres tax g baleped aditectdbde labets t s
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300f a si Megcdommay inpf take plene ipp theroel cyeley bricoubbinclyds alightbrampewitedeam be
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PR det ect o oua el SRR oFlne il fescohDoiplLdn P IR SR S0 &
uni ver sal agRGR yfraotpdiSicitionlppatictdoubl e- st randed DNA dyes, such as SYBR G een,
Pico Green (Ml ecular Probes, Inc., Eugene, OR), Eva Geen (Biotinum,
et hi di um UPbH] de, ahupartenldrickdodigwats Aamtanedghermall @@Hhng AniaflyorGaence
66: 1941- 4 SUJ Y r . al i ncl 1 -specific
pr obe<t naes i AAREE M HeRESRY pET B BRER o T B e PO B R SO
product s. eBibodinregtss fle@sscemrsignals kapbodmstaland dephged/dumingrintfor aftdrovedoced i nt o
t he tagged. t et nuclei.c acids. during.a ification. [ 0190 ternatively,
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m xtures to e L
product and number of amplification cycles to calculate how much of the target nucleic acid

25  sequence was in the sample prior to amplification.

[0171] According to some embodiments, one can simply monitor the amount of
amplification product after a predetermined number of cycles sufficient to indicate the
presence of the target nucleic acid sequence in the sample. One skilled in the art can easily
determine, for any given sample type, primer sequence, and reaction condition, how many

30  cycles are sufficient to determine the presence of a given target nucleic acid.
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10det ect anplification products. Target-specific probes could be useful,
e.g., when only a fewtarget nucleic acids are to be detected in a |arge
nunber ofweanplwssdcFor exanple, if only three targets wecea/useoih@owst ect ed,
a target-specific probe with a different fluorescent |abel for each target
coul d be enployed. By judicious choice of |abels, analyses can be conducted
in which the different |abels are excited and/or detected at different

(Pecce o G171 £l PYRBBRERE,SPhec T ¢ fefo Ry RSV g EE] o500y
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I ndi cators, ( Bi.sho 20 ..). Per.ganmon Press, Oxford, 19723; and. Haugl and,
Handbodk. SRRl SR 6 aDP LA PR e AR SS P S NGPRE AR Pr obes.
Eugene (19R&)ibed,¥dXkhiple; inndiSr Baént Noaksl 140670564721 $6))né€ 8136962 E dhoyred
wherein the anplicon to be de%ecti on inc¢ludes. a nucl eoﬁti de tag or when a
primer in %lﬁ}*@&ﬁtﬁw feerRerag Y reiSHRS 1 ISAPHSR: ARdinspidcalhclop Hedessiiiena t ag.
In this caFehe R oPMBltihE LGRE bRy t¥idefest Mmandr hikntindarpiFichahehoguto (8- 9.,
fluorescently | abel ed) nucl eotide tag-specific priner. [0192] O her |abeling
st rat egi ed!¥sativeapPodEnatis MsVtng quwetané'.‘/ﬂ@tsww@d@eswn@o“e%oqb@r%ﬁandqdnc| ude,

€. 9., 1ohalpid&GE, sBGasi SYBR SredRAE G1Grebl Picdh ?ﬂ:@n mﬁiaglﬁc%wggesmg.?gg n_?_,lo’ 2009

t o Robi nson (aSsigned to KBi osciences Ltd I scl oses a
det ect i on @Rsetbidivnpprogrideapd theilikalsco Ahp el e s294 Naal. Ehph Aps1 %41 -48past two

si ngl e-| abel ed ol i gonucl eoti de sequences 30of differing Tmthat hybridize
to one and®h&l in fAseordine e ¢estain antodimanss, PRGN egpéan angoiemaheantnohior | t hat
upon intr { : r ces
goner at s s 8. &g e ARA R Chgiol & BRLRIRR A OnE Nl sEPbd- PPHIRRST 1
bel ow t he Nl 5gB68kkd PCR process, the other not being below the Ta of the
PCR process. This patent is incorporated herein inits entirety and for
this didscllBEidl e. [ 0ImBFions embrstimenialemPldyirigqaeammifisiationbe n@8IBEI0F2044,

publ i shed L i rs And
Company) - ARaaPrmegion tyePLRRIERRELAE fud & dhork ot R s B R alTBAG

anpl i fi catnudrotideaequcoresingtthaidiesrehative papytnugibpatod thertagded targaauclestiden t hat it

opl | cat sdecaic Bl ARE R Rl TR RRRS: SR PGl s AR PRlEY at  on
Addi t i onalatids irt the sgmipdd eF @rrexaraplggireanaplifizhtich @h bk easied omefor 220t dles tbi gand to

perm t i muobilization or reporting af the 10probe/tayget hybrid. Such
R T B S e A A

Accor di ngldgtectidii is cqrtibd dwrat iheRnd &f éxpesdnpiar at@dichion, BE.LARREEhdIPIRédN”i N i LS
entirety Z)Sd for iits disclosure such | abeling systens.. [0194] Addi ti onal

| abel i ng POFGt YFndRoRy éf‘ﬁls camied out- 1Bt Histapess Brepmalficasipn will gpranalize

amplicon copy number across targets and across samples. In various embodiments,

preamplification and/or amplification can be carried out for about: 2, 4, 10, 15, 20, 25, 30,
25 35, or 40 cycles or for a number of cycles falling within any range bounded by any of these

values.

Digital Amplification

[0175] For discussions of “digital PCR” see, for example, Vogelstein and Kinzler,
1999, Proc Natl Acad Sci USA 96:9236-41; McBride et al., U.S Patent Application
30  Publication No. 20050252773, especially Example 5 (each of these publications are hereby

incorporated by reference in their entirety, and in particular for their disclosures of digital
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found in U S. Patent No. 5,928,862, issued July 27, 1999 to Morrison
(assigned to Anoco 15Corp.), which discloses a conpetitive honbgeneous
assay andwp=oiwmaes3por ated by reference herein in its enPCTAISg01ANMSBDr this
di scl osure. [0195]U.S. Patent No. 6,103,476, issued August 15, 2000 to
Tyagi et al. (assigned to The Public Health Research Institute of the Gty
of New York, Inc.) describes uninolecular and bi nol ecul ar hybri di zati on

probes that_ | . & et...coml ce, affini ir
ol di g AN, Bl S auR Bfls ARRRMY ARG ool Blobi Plob il
sequence, dniteesuitadle fa digitabPCRasuch bhmicrofhtidic detiseswisenllyheclypdiohalarge i n t he
cl osed conformation.or, far certain uninol.ecul ar, probes, .a non-iLnteractive
Cabel . RyBIPeD AR iedenplly ol syllivOLams o GES S hr BRSO NRE FERIDSTER 1 1 <
t he probe dreestiongambesNf BiriEitlatve enThudiddntd, digital aheplFRhiadd i€ pekficrmied usiaguced
interaction of the |abhel ir or_by detegkin .Signal froma

25n0on- it et BEF ?d}\é‘ﬁf deydge, sushpap Eherplﬁﬁi?l T aécuf"é&"@r“a"ﬁgjgv‘ﬁ e§Fred PR at e

bet ween t apgahl aiplifibdntcan ekhil sRGBEHSLS paltitioRingAGaRyleagdng htih@edIoone
nucl eoti de., Such | abeling systens can be enployed in the nethods described

herei n. AcBevsandtqfyeaction @ixgiese nkhepesrepgiion mydiers san B /disRased BricdBaRiop@sYin its

entirety angedr@lorintiSrofLiifd RIME Br SdhdRist RRbArAG dPOpHE ¥Ry, ad ALARISiSh FORE

enbodi nents, significant nodifications to the sugar |Tnkage of 30probes

(i ncl udi ngMetipdsfer creatingtdseplety havingyeagtion ggmpornent(e)-anrion eenduetingsgrdions ut i on of
t he phgsp i I L i : | (7 0, : hi oat e

B VB R TV Vv A

Scr eeni ng ingorberetad &y réferiencs inppewsaety and spegifighlly fos fusdiserptipad;d&8i Ratent o

mul tiple cltg[[)mg . PhOD inAsH it i oci provides
t he benefi tIl %’[OR&\&' ngog%i‘lgg’oﬂsb%r?%gr{{;hn‘}éﬂ?agfﬁggfeo @%ﬁj%{aegftcg%%gga?céi ther | arge

| oci or acFebsolegien Irchr(ehich dnteseby Tihedrparatediby offertiesn apprrtoeglands t o i ncrease

t he nunber_of..a s, to reduce hiological . ..variapili simul t.aneously
nor ease. tFEORRIREH bl Ak Dis? BAGHGoiHtoh RR. o oboo B, Al
vari atison. Agririge?0 1I9€¢assighed orStel@aBinL@ot(vhRh dchaddsy indurporasd bpteferegdedns

permtting uni.formy5' nuclease nmedi ated prohe sel ecti.on ha | r eady, been
ber for med. IHBHEPAISPe UL TPl dEslpiion EXRBLRERLCAPhITAA R e
appr eci at esht ukiag the @peh A #RER ReMOTiihe PERCOyERINeAvaiTatit BofsA siflied Bids9bemd.OBCi ds i n
whi ch a nunber of reactiyve st SI?S ar ? enpl oyed can result in a variety of

such embodiments, a limiting dilution of the sample is made across a large number of

separate amplification reactions such that most of the reactions have no template molecules

20  and give a negative amplification result. In counting the number of positive amplification

results, e.g, at the reaction endpoint, one is counting the individual template molecules

present in the original sample one-by-one. A major advantage of digital amplification is

that the quantitation is independent of variations in the amplification efficiency — successful

amplifications are counted as one molecule, independent of the actual amount of product.

25  [0176] In particular embodiments, the methods of the invention are employed in
determining the copy number of one or more target nucleic acids in a nucleic acid sample.
In specific embodiments, methods and systems described herein can be used to detect copy
number variation of a target nucleic acid in the genome of a subject by analyzing the
genomic DNA present in a sample derived from the subject. For example, digital

30  amplification can be carried out to determine the relative number of copies of a target
nucleic acid and a reference nucleic acid in a sample. In certain embodiments, the genomic

copy number is known for the reference nucleic acid (i.e., known for the particular nucleic
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uni ncor porated reaction conponents, and that renoval of such unincorporated
reacti on conponents, or reduction of their concentration, by any of a
vari ety ovochuzana28sp procedures can inprove the efficienegramsdoigpessticity
of subsequently occurring reactions. For exanple, it may be desirable, in
sonme enbodi nents, to renove, or reduce the concentration 15of
preanplification prinmers prior to carrying out the anplification steps
descri bed r ce

undesi 1 od ‘00 sainile toldithiviof 2l EROREITEDAS pub R £NGERL AL hHYs 0
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subsequenté% nom? i {i’&hg{élg gre er n [nBil n sohg%e%g%ﬁélgrsntésxssume eté)FbF ed
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i ncor por atiilevdtt i walh e ipréditedatho URreAtisOE hdtdinipditore particelaf @eirdrick ateic
purificati on of the tagged target nucleotides. 25[0200]In particular

enbodi rrenta§‘ cl ean-up includes selective imobilization of the desired
nucl ei ¢ aci For xa | e, desired nuclei clds can be pref rentlall

i mobi 17z a so U‘;fﬁ?ﬁ"s‘m‘?"ltf QW”F‘ Q"Efg‘tfaﬁtfqn\fé" gﬁﬁ%?‘ﬂ‘é AN af fi %I ty
noi ety, Sl«bi‘éhnﬁﬁlfbﬁtﬁinldfsﬁlﬁpllnucl&b@lsl@s idalty, predm@ificagdiestidr @ atgﬁalr ed nucleic
aci d, and t he resulting biotin-|abel ed nucleic acids |nnDb|I|zed on a solid

supporkd c RISl inperirmed far g limyied mymberRfaheraalgycles (e3g)s3 sxsirsadsi

| mrobi | zegdcRYC 18 b&taBfdhifodaAéhtd ehl@ibe ol théral %rcw@@ﬁrln@p;@am "ﬁéa}ﬂ% bam zed

and/or non-ligated probes rempved by washi ng (h lished P.C. T.

Appl i cat i CANSAGrBAUES 171 Hthermassrel oo prorpputB ko § emlévﬁa% il apepifiq mobi | i zed

nucl ef ¢ _aGhisqraRue: HEARREdr hennATRYE ahibes, £3TBONeNdS cand 15hen 4 elseased

fromthe support urt er”anal ysi s. 'Thi's approach can be used, for
exanpl e, iafmesetved$. n@st@sg@ﬁskslhplthfc@mwﬂfatrmmcmqaltw prmpiespclsndither es af t er

the additi i i %}%\f Lng. i cul ar
enbod:j%entts&ﬁ] ngél %’P&aqédégi f?drgﬁé 0%1 I otaaﬁ%g@ﬁh@% t?iét%é %géﬁ%% to an
anplifi catnuohotpxtq smrensct(s)h Wlmrtpeaﬁwphmg |d®tal mrpl{frc@tuhmibsccmy raifrfoeni t y

noi et y- | ab b ot i

102011 n- CEtERmREaRauar s GreLRfSits APHse R ! Srerleltrte PRHTEE  be
carried 1&9quencs¢amg>eaaggbd:rInfdeualdlembddmme thisrenipllifiestionatn becaninoed foeat s, t he
device is a. r@trlxwﬁp '[" rof |l ui di c device.is one that aIIov¥s t he

si mul t anecJURIGNBTRELPT OYFIcsHOR SPiGRlArFamplifirationsiep, SpAcriig A PBAE wit h reagent
sol utizens préansifiiadtiinetdpimhedesdry. e@l‘t‘dmﬂﬁel@h(ﬁﬁbﬁhﬁprldlérs WutH asb&rbﬁzﬁﬁhgal zed,
that a substratﬁ_ﬁsol ution can conﬁ one or, a plural | ty of ieub rates and

a reagent REPRECITIGRIEEE Oylhe contag ewcs the t3ggrddpreeiang refprebgsdiveleo

exanpl e, tdaguent&sraddl preafbhifidPigR Yareied 6@N Fal éQWoT discuSdibhl kcdB@euUs pair-w se
conbination of a plurality of different anplification primers and sanples.

In certain péﬁ%ﬂﬁ??é‘ﬁt‘ is “ts?fbbedfé\’/F%@S?rébemlfgﬁloéd’effér“&f@rﬁré’r t digitplf f er ent

conbi nat i omiicRidniRa %eaﬂ?gdu%%rmlﬂﬁ%lhﬁ'h&%%'n 2t «lrhigd dhhpiRoRe® chambers. In
vari ous enbodi ments, the nunber of separate reaction chanbers can be

gr eat exs t hgm§0, usmbdrﬁcmr%{b%am&éa NpreQlplifi@fién R:faét%sgfe?é‘ﬁtﬁ% pdvae 500,
even nore often greater than 20and soneti mes greater than 5000, or

greater t Haantitet oo plifigatippof ﬁwgalpleiwrdéﬁn eserstiprmirguret Fhatiathy relafiyee
m crof | ui q‘lu?hbgp(‘ﬂitﬁﬁ of &e@ar@{'}ﬁm&brence amplicons should reflect the relative number

(ratio) of target and reference nucleic acids in the nucleic acids being amplified. Methods
for quantitative amplification are known in the art. See, e.g., Arya et al., 2005, Basic

30  principles of real-time quantitative PCR, Expert Rev Mol Diagn. 5(2):209-19. In general,
primer pairs and preamplification conditions can be selected to ensure that the amplification

efficiencies tagged target and tagged reference nucleotide sequences are similar or
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ArrayTM m crofluidic device. A Dynamic ArrayTM mcrofluidic device is a
matri x-type mcrofluidic device designed to isolate pair-w se conbi nations
of sanpl esoand/messgents (e.g., anplification prinmers, deCeaiSzan/omssbes,
etc.) and suited for carrying out qualitative 25and quantitative PCR
reactions including real-tine quantitative PCR analysis. In sone

enbodi nents, the DA microfluidic device is fabricated, at least in part,

froman el mi- i ublication
o 30 83ty B B M5 e B AERGE OB MIECTRUDL | o2t
US Pat. Pulnplifisationreffusang o0 2h2pan3Aprintsot daniba canilpdewtreidedhesing routiye r ef er ence
in their [ ' r Ly J0dgserd devi ces. DA
m cr of | ui 3?(%\“[ %%'/Al @gesé'g'hF&rgﬁggtrﬁmg\ él %'Lgﬂgalq mgta&am“t%rl?{(i)g%m %ns t hat
utilize flanhlglslsofrganaieg;abssmn ’\/IDNA alnqihﬁezﬁmnl Gyeers Ted’:hnbhngnesamtApfalhaandmx devi ce

| ayer o myvaPRIaToNoTP 4 Hiticon WORirEr i APl B e dpbe ot

bl ock, hi ghfefbaasnac}eoneawqumecab Itaggéd angehmaitns 13 mnﬁmitﬁiwconﬁhﬁcﬁﬁ nati vely
DA mcrofluidic, deV| ces mX@E{ﬁ@deSI o t hat aIII of the reagﬁ
sanpl e chdffdesifiigPEMers @Ra ref?’?"éi%\‘c cafifle SEAUERTEE MR S neI s
in a differapsrokisaily edu@%lﬂchmt@h01EﬁlﬁesD$uﬁh§rr i [ tiAk dheCnuihdét 6€S deSC“ bed
above in WD 05/107938 are well suited for conducti ng t he net hods descri bed
herein, t HEeamplifaationsyrles urically e fesyther léwuadb(rltouqsuqsafhaaéo* peregsudi¥si gn.

Any del‘O' Ceabbxh%? gRANY hiiti RS afly 8AFRINGesARL(REendY, |sﬁmthhﬂﬂ@g%&gﬁcﬂ¥“feﬁﬁéers apd S€
conbi nati ons of reagents and sanple may be used at ent 10Publ i cation
No. 200801t8beshevarandrsignifierst efifset phisrpoltat ed by reference it its entirety)
includes a diagramillustrating the 48.48 Dynamc ArrayTM I FC (I ntegrated

Fl ui di c GlPERIt), aThenfRiloping proanaplification anddispiibusion o& fhepptagplifiediargeli di gm
Corp. (Souhh rcSP@r@nJ:eraﬂﬂﬁl'céﬁ\sCIntg%E d;;raté dighthl ﬁ\f‘ﬁadlllf‘ggﬂ)nq?&ﬁfrést ? gg)pBRi%Bal%tunﬁ)

configurations are possib conte such as exanpl e 8x96;
96x96; 30xfamplieans cormpmmg mwa@p@quefnuc@ wilhbodistibnied inte e mikirast IAfiedi ¢

devi cq scan; fal f"m@ntg%aflﬁl e Y Z[Né{?cﬁén frleféle‘ﬂb&arﬁ@ t}]cﬁﬁon g\dag&c@s fe cg%ﬁt ed to

perform di cation evi ces ca ave egr a channel s
and val veszorltgh)at rapar Therefore, nne<¢anrcb&-nomeﬁmmnlnéaeauﬁea@iagenktsrqs rbmainangol i tre

vol une re errbo nt s ra Tm

ni cr of | ui %?n@ I'd‘é%og%@aeuc degiy f’%gr he tﬁfgepae'gé{co" ﬁné)g%rmn t&)’ﬁf"’é st oner .
| |1 ustrat ireaetith gixttades a@mmagIMbhfmuoﬂ ptoddetcletiesd fe@n tl&rrefeebascamplm}mj n
copendi ng

at i ons owned, by Fl ui di such a
bt car © gt Ris b s SRbe AR eathecobt Ryibesoh Mesvar ottt G2 i i ng
Copy mmeﬁggvarar@tt hwembugquaugb tetdtive€Rhe réPaRndd ludkid Rid (¢g.,end@géddent has
12 i nput ts cor ond| n to 12 separate sanple inputs to the device.

The devi cée CEACHHFEC ﬁ&H and each of the 12 panels can contain 765 6
nL reacti anbers wt tqtal yolume of 4.59 jiL p
M crof | ui BFJCS%E hanne §"?§%EPP" Hb‘iiz'lﬁ’é‘gtamtph caJigp; ‘Sﬂg'c?]éﬁf:f‘ibétﬁm‘ ?ly SPm‘lar)

amplification reactions are run on a nucleic acid sample, such as genomic DNA. The

number of individual reactions for a given nucleic acid sample may vary from about 2 to
25 over 1,000,000. Typically, the number of reactions performed on a sample is about 100 or
greater, more typically about 200 or greater, and even more typically about 300 or greater.
Larger scale digital amplification can also be performed in which the number of reactions
performed on a sample is about 500 or greater, about 700 or greater, about 765 or greater,
about 1,000 or greater, about 2,500 or greater, about 5,000 or greater, about 7,500 or
30  greater, or about 10,0000r greater. The number of reactions performed may also be

significantly higher, such up to about 25,000, up to about 50,000, up to about 75,000, up to
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chanmbers on the panels to fluid sources. Pressure can be applied to an
accunul ator in order to open and cl ose val ves connecting the reaction
chanmber s wo 2biwi4e83sour ces. In illustrative enbodi ments, pC2/UsSeéie8088AN be
provi ded for | oading of the sanple reagent m xture. 48 inlets can be used
to provide a source for reagents, which are supplied to the biochip when

30 pressure is applied to accunul ator. Additionally, two or nore inlets can
be provi dedlof9 0BloBY, G0 B 350,600, LR 1d A pPsRAdHPy t75600¢ ein
fluid com*ru(r)lllscat’l orva%i th the devi’cg to faci Fdibt ’atl:)etla?él {élﬁcﬁgg,'tap%{h&,ﬁﬁ O%?n dity
associ at ed,0t090¢ ¢reveregreatethar h&A%Hedkassays poii genomigdample.

2011/ 142836PCT/ US2011/ 000887 be understood to one of skill in the art, some
el ast omer i[818kht er i almspartieidargapodimentszéd quantithel fuglsid asist subjecied ta digitalevi ce
are gas p . i V, ry.f reaction
chanbers te‘j1 %ggés‘%t“ﬁ?%é&g#”? %eelgéé\?dgg{cgt}r@gi‘%%ﬁg gﬁuéﬁdqﬁtﬁtdésc[ﬁ%@eéﬁﬁrn oundi ng

at nospher enixtunesaeqoh iirtdiddiah rmehfictiomesattionf ik exptcted nemclude ated faverper i pher al
portions of t.he device provide hield of hydrati.on liqguid, for exanple,
but fer QrriRE ERGRE B0 Ao SRR R 1 TP Lkboppltafio &ireflingl ng

t he panel saingplicorggqirodmedisadebaited abdvugsind esltdatagn apprpprveihoung fa\usir at i on of
liquids pregsent in.the reaction chanbers. . Thus,. humdity at peripheral
portions gl{aﬂ@nal 'aE%“‘clgﬂrebcgn?"H‘é dsbift Bveagloq“ﬂaf"& ({(}Iéli‘%tf"l’aebfm?llfﬂ{‘ ) for
exanpl e wakebe tebed NFeHexhinpi, thel121765 DiditaRAEREE! IFCqcanedialg Atailadleffidnst i nl et
is in flui ,cpmr(gni ga ion with the 10hydration fluid |ines surrounding the
panel sl_oon F “‘fiigF’; 0rg;) RS lzt‘ﬂfgefﬁ“b Fﬂt'ﬁ“%l‘i‘?d’ett??@dssé@b‘me?%lyetOI?t@“i‘lh‘/afil ui d
conmuni catsiRdb1dditdiioh Bsh by/eliéniRa b{)//\'ﬁéhéiatlidgrhelﬁe&_bﬁregx@m Mer, tHe Rapama; on the
ot her side_of the biochip. [0205]Wiile the Digital ArrayTm m crofluidic
devi ces arddutign. thedimersbepld be steaight pndhpass throughdheiorigin.aPubsepiently st i on net hods

descri bed BrdehtritiondFeheXrighlal saids 3k bk balbilatbd frofithe YoU! d 15r ecogni ze many

A € o ‘ )
variations and alternatives to these devi ces. Tﬁle ni‘\@r of l ui di ¢ devi ce which

is the 12, gD git ; e ' : ELui di gm Cor p.
(Sout h Sar! Fr %mci .ch%?e %&*ﬁg&fﬁgﬂﬁ Ogg%%%%ﬁ?érégg hﬁlﬁgﬁh@; c%%éjr eaction
chanbdfs wisttibusediptodissrass logatipins pereagtimaordllsnr ehranbisesrsuchHbwieaach reactiins geonet ry
is not regu i g j £ ' t ' herein. The
geonetry g&ll?f%g’i %‘g‘gn"a[’}?%r lgﬁa%’ek%eé)?%%ém&gé %)%ﬂhl |tc'%g€%n?@izc85\nhﬁe&cf epend on

t he parti ceferenceagmmplicompéromlunig dittei tangetl and esfenenqat angriicom(s adae de tcombimed ces

itable f i h d i bed h i.n i i d .n MoS P
Ao 1 oat | o Rertsar R RE DO EEb e el el iR Sy S ence.

for its dioseftasure of Digital ArrayTM m crofluidic devices. [0206]In
certain enbodi ments, the nethods described herein can be performed 25using
a m cr28f | U083 devi Edlawiag digtribuiicte shefreactive aixtercy afsubjeated tocamppifieatitat s. Such

devi ces are.dxges ribed in detail in copending U S. ﬁ% i cation .
61/ 166, 1050 Ptllfgcrih RBFPIY! m?%ﬁ@‘f ﬁ%ﬁ%ﬁ"\ %tahggP %'Bifsf’ria @F?Jbr‘é‘fyeﬂn@l&c?té‘?“er ence
in its enmetieidcanbdempleged, beedonyediatly] PR #ased,iep. i rodl-the PCR opEddpblit C
devi ces t?, rmt reaction product recovery and re| ated nmet hods, For
exanpl e, g:i{gﬁbﬁ ph lséﬁf?"r@f‘ﬁg'&’?%&“ye&me&%ﬁ/%of?ﬂwﬁ@ﬁﬁ|t darget agd/or o
sequenci ngefe@icdxnp3Rpii(ef. MigR4l aaiplisivaionday b& s, beRF ¥ bt wgerémquﬁngxt of
anplificati (?n gr oducts, which can then serve as tenplates for
se queﬁéi ng" reference amplicons are distributed into sets of reaction mixtures for detection of
amplification products derived from one type of amplicon, either target or reference
amplicons. In such embodiments, two sets of reaction mixtures, a target set and a reference
set, could have distinct primer pairs, one for amplifying target amplicons, and one for
amplifying reference amplicons could be used. Amplification product could be detected,

30  for example, using a universal probe, such as SYBR Green, or target- and reference-specific

probes, which could be included in all digital amplification mixtures.
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WO 2011/ 142836PCT/ US2011/ 000887 [ 0207] Enbodi nents using a mcrofluidic
device that provides for recovery of reaction products provide a system
sui t abl e WonoROR283anpl e preparation that features reducedTassal/00e88e, and
| abor in the preparation of anplicon libraries froman input DNA tenplate.
In a typical use case, the first anplification will be used to generate
libraries for Snext-generation sequencing. Utilizing enbodi rrent s of the
present |on

anpl i con- sr}})jgmf ic (i@?yé"ﬁﬁ"@gn{% ?S@ﬂ&%e%njr%Fe%gé"&ﬁplfc%H?&d}?e‘E/ tabl e for
desi red r eattlatdsvithBhe eadnber ofi neablidd raixtired thattans postive t(he, m;ﬂlﬁoatﬁqn moducdevi ce,

each of the each,.of  t A i . e.,
coenye) ¢ ConBiTR Batrr iR AR P PSR LY RrPifDoR N T IO 6
provi ded f@tltlﬁﬁ‘dﬁetﬁ&miﬂd@\mehtﬂ%ﬁs)a&malnrg Coﬁ&wmﬁehwaﬁaimlwiﬂgomnguﬁl t he
reacti the re Ct't[%rqﬁed ducts are recovered fromt system

t ypi cal | y éVhéF%R%\P\?‘é@Pra eé1 geh r Al BREOTF o PRRISU IR PR F'a.

devi ce. | ndigita3 PERI rkdults ABOAESBIbe et AE,2XV0B om/[dm@@hmammﬁwfmg Nidnfber each
sanpl e are recovered in a seﬁar ate reaction pool_, . enabl. i n% further

processi ng' &g it DY Sample Hsing Digiteh PR adNaofiidicsdamizes PLSANE3®)t h each
of the vardgws das sRY.1/dirthH 3R 0602876, Whidrb AtbARRk& W fhdiefhraarein, a

m crofluidic device is provided i n which i ndependent “sanpl e inputs are
conbi ned VRUPPSETandein marifsutas fpranglysiveRdigitplR-Retsatlisgur ati on. Thus, each
reaction |s a uni que conbination of a particular sanple and a parti cul ar

primer ggscri bed nore fully throughout the present specification,
sanpl e ar o sanple chanbers in the mcrofluidic device through

sanpl e | npgjgq)i nes zﬁa{ngqgﬁ&t%ﬁﬁé st nﬂlr)'c'ﬂgtebﬂ?l (ﬂ%gre' 1y Crosgﬁl?e%g’ng%gevp‘s pri mer s

or assays are’l oade to assa i ce through
assay i npuynthenig’s Tancsean@mcquasemmmmanymlng mdsave:lp Ipamﬁsl PORmnplaﬁqatnm

chanbers t he ass ers.ar tion
Aeerel e Nt mdES ks SRETRRLRAAL T b ditbh Suh R b Rion drmpRE , 0O
obstruct autleid azhdsitm@nmmdngsnb@tmmngailgaﬁombfaamk scqaatteasmayhecdndsbers is

opene able free int rfac f sion of 25th |r se C i nati ons of
sanpl cejls5 ang fs %\g%emsl:‘?"éicsiegg S‘?rﬂBerLy aﬁ@@&?sc}g&abl es

reactions ﬁraemnhmmmqumey@fﬂheuﬁdsmmevm@ymﬁw&akhm,an@mﬂw%ng a
reaction prod ct includjng a set of specific PCR reactions for which each

sanpl e ha<L EEEAMaEARDES Regrs- J éBO‘(&“{eﬁcrg’eﬁmeémés B taggie. nuslsatiqeeact i on

product s %@@Jdﬂ@é’s\éﬁﬁbﬁﬁlb@ﬂdt&%}l?ﬁﬁ& b@m%@&efaaépt&%le Bant sequencing
processes. The terns "assay" an sanpl e" as used 30herein are descriptive

of particybsse)uses of pdrficidMiveement, ﬁl@ﬂ'ﬁmﬁémﬂqjibfﬁ?)nbNA fHBIBIE! prodili@d uses of
the devices are not limted to the use of "sanple(s)" and "assay(s) in all

enbodi4Pent' theppassiuslyppradel HGR Femisrlow spsten i the, charcg b g gipteclsy refer to "a
first VO20kkt Aé%&ﬁ@P&I&Q@@&H{e@g%ﬁgsa&f‘cﬁlﬁﬁ@tm 494 prééqnaicﬁr;gy oPthe” f1 1St

reagents and "assay(s)" may refer to "a second reagent plurality of
"second r eape syrdace P?}qﬁi@(‘ﬂ/bsﬂleéﬁ%%eéﬁe'@f“gﬁ sdovelnit bieh eemﬁbl se thdighepyieldiofiat i on

of any set, llft:& §eﬁheﬁc@§g%ﬂff§1%9to%o&9é@hl ﬁ%rx\ﬁ ?utaWﬁe‘?@ itaBe

reagents. [ 209] According to one parti cu process | erren @8u5| ng an
enbodi rrentse@ifemeﬁslaee ipredrsed, digitabRER oan b<a¢rtlleipyﬂﬁocyld:lras thrfnuﬁmér of litwaryeact i on

pr OdUCZtSS fﬁl@ﬂ‘n&&@cu%}é lEjrlglat'o sg\&u%ﬁcmg by synthesis.

[0187] The methods of the invention can include subjecting at least one target
amplicon to DNA sequencing using any available DNA sequencing method. In particular
embodiments, a plurality of target amplicons is sequenced using a high throughput
sequencing method. Such methods typically use an in vitro cloning step to amplify

30  individual DNA molecules. Emulsion PCR (emPCR) isolates individual DNA molecules

along with primer-coated beads in aqueous droplets within an oil phase. PCR produces
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conmbi nations will be recovered fromthe mcrofluidic device in discrete
pools, one for each of the Msanples. Typically, the discrete pools are
cont ai nedwDroa/8283pl e i nput port provided on the carri ePCTIUS2610/080887
processes, the reaction products nay be harvested on a "per anplicon” basis
for pur poses of normalization. Uilizing enbodi nents of the present 10

i nventi on, is possible to achieve results (for replicate experinents
assenbl ed § D?@L(’F t s) for which

t he copy nuh%g]roﬂgg anp |?ﬁfegg’twgﬁhgyggﬂgrtl@%g??ﬁegs&%d%ﬁo rmrg than 25%

wi thin a siawpibdizatieh f@olarmrsequeheng ge%lbei%e‘énltbemptheés byrMagguilistegal.
anplificat be
representac?@gg{)?ﬁ?ﬁe i np SI?YC%& céi%gaéntf%gasufggér@w dalh((i %ae? 41%30n of
speci fic Kmown angémmsppmcme}’)efndrS@JlQ seqpenpog, (éapﬂmd@mmtcemﬂmcatﬁoetcrw Il be

greaterg t 0Q o Cl, LeARg.: L ecove ction
o oduct’s Wi G- ges PEMREARES o ELLOTRE Rrbbe he PR B Blofespien e
whi ch enbmmleolmfe réd@@rﬁrP%emt%VrﬂﬂénISmm Shamddne eusleaoom)ciAbderate

S0pr oduct i WiTples ks SSTERE of B Ly st PREGERPES srizpr o 7. 1728021

mul ti pl e- f mRalvifo clFasb] aarnﬂixfaaqudaﬁerso coodriedbiton “pﬁageqmns“maﬁ be
utilized. 02 The fh ds descri bed herein 3/ use rofI ui di ¢ devi ces
with unit maﬁ" [f17d vRp g Afipre FooPe%ohgﬂ Gas5 o PRSI 8 m crons,
for exmplcﬁ:velag LM 18 mddehle hIRIUSCOAmeTciapO& by BORP BioseidRcel Codn, M 550 X
550 gm 575 X d\% 600 x 600 pm_ 25 625 x 625 pm 650 x 650 pm 675 X
675, gm 7ermbridge, g}dhab@mﬁmlﬂqm@éﬁcw Séﬁpné'FFé’ﬂbﬁém&fDNhén@%ﬁﬁ'fﬂséo ghanber s

and the ass%?f‘.(cec haﬁﬁ&@lﬁ%@r& aP @284 ek h&cenmsndaeoaww ébtﬁﬁed'i%rﬁ"sfn ]es
sufficient for desired processes whi Ie reduci ng sanpl e and ass%%

exanpl es, @Hﬁpﬂ(ée%ll*ﬁénﬁé}cged@?ﬁﬁ off theeNationd! riadenay @frlsoﬂ@iléesdrfdbﬁr Upited): gm in

wi dth x 200,699 i th x 100-500 gmin height. For exanple, the wi dt h
can be 100 ram 1%?3%0_%8 gm 30 175 gm 200 gm 225 gm 250 gm 275 gm

300 3 350
I eng'? h caﬁlﬁlbe 200 gm 225 elétr%gm?hgggrg R}gy@m?ggl bl téblggrfaclz%%%%&%g%m m 375
gm 400 gmarddlRb ‘Geyquensidg Qmsymﬁ'slsg mkem@tmnaﬁ% elg¢tr0p$5@tlg mqua?cﬁn@ wpes@00 gm

200 gm 2304 ogERER Bk RENRE Al Rl Ah R0 BkGd S0 oy G2b

gm 450 grfpomlﬂﬁrc'garlﬁlzecﬂﬁOIllgnmnaSBﬁ @anD&i@@ @man5FEllgmB16@€bnngmp the Iike.

Assay charper C i gnal. range |y, providing
Sl ar "o atttigg MDA B e Bl Sors O ER R in b AR S RIne ok nifontisB o Lirmg.

I n sora® ertbmajlam@d&teqt ﬂhblesd’eﬂrtda)eﬁldh ;idQﬁloﬁﬂfmhletuﬁéJ&yWeaM@i‘mat@fthéle assay
chanber vaqlume is abou 2 # &g or 30:1. Smaller
chamber volOFfE FRGFHOR awwpw}sar%oa@ gn%{?e nREptiffe dPWOPMUAGETE ASDFES of t he

i nventi on pNA p@fy@nefr@adinl yddirbdrieaatiestidést B Gim¥i a6l Qétbéﬂr@aﬁdqeamifﬁné gleri cation
t echni ques JBO£ !‘?ﬁ her density mcrofluidic devices will @I cally
PR b8 f

utilize s csgdiedrie a given decgtien thepueh dhedight ﬁ@'tﬁeeévﬂ“ﬁrﬁ agsoft he

unit cell Sattad:}{%d%9@ph@@hét@d’@oﬁ19ferdf&llz§dﬂb*@f&’L@é@é iénceQMRhrForl, @@? %eEM
avai | abl e, reduced chanber volunmes will facilitate testing such snal |

sanpl &9. [Reegl)i i ak§K90k rBerlitiRmPYA seaurneing sipe defgetios ofirpérqpbewbep ed by
dilation puRMNeAAnallBE BXchORisRYIRY KA. 4y ovi des benefits not typically
avai |l abl e usi ng conventional techniques. For exanple, dilation punping
enabl es for a slow renoval of the reaction products fromthe mcrofluidic
devi ce. | rLARligXSitepley enbodi nent, the reaction products are recovered at
a

[0189] Any suitable labeling strategy can be employed in the methods of the
invention. Where the assay mixture is aliquoted, and each aliquot is analyzed for presence
30  ofasingle amplification product, a universal detection probe can be employed in the

amplification mixture. In particular embodiments, real-time PCR detection can be carried
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fluid flow rate of |ess than 100 gl per hour. In this exanple, for 48
reaction products distributed anong the reaction chanbers in each colum,
wi th a vowvoreliofs283ach reacti on 20product of about 1.5 jiPCI/usesmwedssdpf t he
reaction products in a period of about 30 minutes, will result ina fluid
flowrate of 72 gl/hour. (i.e., 48 * 1.5/ 0.5 hour). In other enbodi nents,
the renoval rate of the reaction products is perfornmed at a rate of | ess

t han 90 gléd?ﬁsmgg uﬁ’ilvér@zfl ’qP&ﬁ 19+ ehrSmt%g Jé/vg'%?l q?@lﬁgglrél;ys i c%egioﬁlpfz-’stré% gl /hr,

20 gl /hr, 10 gl/hr, Tess t ess than 7 ess
than 6 gl /IBNA dye%§uqhwér$Y53PgGrd¢n,,Plt<e§seet1 I(Mnlexlulgll Priabes, InesﬁugMnOB) Xygl / hr,

| ess than <§re91’1 ﬁEandnﬁsar e‘s]ﬁ'PP‘J"“%J Q.I'id th@likd &%?zh@gﬁtl A 9t5)l4g14{7$}r6hehm

[0214] Di I ation s 1n’clearing
per cent age66amlﬁk8b e$miahleluyuvatshl dRGER prehestalmn@n@h@qmwcmmd‘mprob@s tﬂae

mbodi h
or aducts iR Ror R PR TR P S E B flsrdoe e

m crof | ui cbrobedexm beconﬂm:anlyexmﬂmlcﬁi m&ﬂh&taggé}btdtg&ﬁﬂic&ldmmna@ m)r e than
80% 85% prf 9t2 % 95% 96% 97% 98% or 99% of the reaction products
present i ERRECPE et i on chanbers. WD 2011/ 142836PCT/ US2011/ 000887

[ 0215] Anot m cr of | ui di.c . device th t can b di.n the, hods

descri bed [ﬂgéoél n i s%eg@t%ﬁ%’d)“fi A Bese ﬁ%ﬁt SPRE' IM?EB‘G% é‘f&épe tlL:'Jmfolrghed

5/ 14/ 2009 thrdenarotidcsediicnpé i be, dev&ateahnsleﬁapldye@ (e &hﬁlﬂﬁd&ﬁb@hﬂdbﬁés tef erence
for it's des ption of mcrofluidic

t t t f |
Idgv: czlé)ent iﬁ%? Zf]aa?‘gd&am eﬁéucggﬁﬁéé SpeFrﬁcsprﬂl?eérce‘rﬁﬁFaﬁeéuld%ev RECHORX P iRs a

plurality tafgef RRiid RMsGRAGIEIStetEd [ dlafheGRMBENdGahipRE PéridRadplk! @V¥highannel
formed in an el astoneric substrate, a vapor barrier_ for preventin

evapor at i JReF (58§t Werepe bt dateatsd, afarges2peqianprebmwisk a giffess floreesent lﬁgf‘éus phase
fluid for fs0lRtdred c8fld 8aehpRled. r'!?y RRE R chdicbe lﬁ%ﬁhﬂ%e@%@er S.

[ 0216] Fabri cati on nethods usSing elastoneric materials and nethods for
desi gn of cpodusitdde avhighdhe diéfﬁfenbkahqimr@m@teﬁavébb@@wt@@érffeb@mwaneldrmtlm | in

the Scfﬁntlh%'s&gw%og%eﬁ% bt gr%}éééegcz Btrofofy (PSRl & I) nd:eg00) Science

288:113-116; U™S t erc acl I cation
utilizing DékenNewi York, (di%')(/ll)r:WQ)tc et&IBEgomnéeM\narlm‘labAlPC@tleai Agipestinner i ¢

val ve and e , l/ [ t el fluidic

devi ces an tl%}%&r ﬁg%,zf’gtﬁ’,(g%?z%r&rﬁ%f Flgl I c &hr 8%’5 Cc?mr’eapﬂ?mf , 408, 878

15( M cr of ddmoimatit M!bl@hhsthnmedj, Acac&hmerasu;lewnanky(Sf)Hms()}mfthﬁctﬁlo&B&d

(M crofl ui St ens, b e r edl I yed chanpe

net wor ks) ; yf guy%pa? rtgarﬂf)woq%(’g% ’o‘tr‘]n [ 655[5 gé’é'y (%g}ib‘%ﬁgﬁg}?”{‘(’p’

2005/ 019)7292&6} P&@%b@%ﬁ&)ﬂﬁfor&&@?&ﬂhﬂ& H36yg lar&Q@BhﬁHdebIFluo?e@M PrbbbSad;

2003/ 0138 01 /01 736 2002/ 0109114; PCT Publication

NoS. g%“é?%éh%e{“ %b%@?‘b’i%%z %ﬁ'&c ‘\)@%001/ 01025; Quake & Scherer,

2000, Fr cﬂﬁﬂ] crot 9\11 %?r];gib Iia'b%?r%é s(%rralltevgytcgn geo érﬁplg}?édev(/ﬁe%m the amplicon to be
detection includes a nucleotide tag or when a primer in a preamplification or amplification
mixture includes such a tag. In this case, an amplification mixture can included a labeled

25  (e.g., fluorescently labeled) nucleotide tag-specific primer.

[0192] Other labeling strategies that can be employed in the methods described
herein include, e.g., that described in U.S. Patent No. 7,615,620, issued November 10, 2009
to Robinson (assigned to KBiosciences Ltd.), which discloses a FRET detection system for
an amplification process that employs at least two single-labeled oligonucleotide sequences
30  of differing Tm that hybridize to one another in free solution to form a fluorescent quenched

pair, that upon introduction of a complementary sequence to one or both sequences
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Sci ence 290: 1536-40; Unger etal., 2000, "Mnolithic mcrofabricated val ves
and punps by multilayer soft |ithography" Science 288:113-116; Thorsen

etal ., 2080,2011d4e836f | ui di c | arge-scal e integration” Sci ectaS203/06E87 584;
Chou etal ., 2000, "Mcrofabricated Rotary Punp” Bi onedi cal M crodevices
3:323-330; Liu et al., 2003, "Solving the "world-to-chip" 25interface
problemwith a mcrofluidic matrix" Analytical Chem stry 75, 4718-23, Hong
et al, 2004nera@s AaRQbriE gigﬁﬁlﬁew%%@ea@es@em QELTROhatih biloWMeATd &
architecture” Nature Biotechnol ogy 22:435-39. [0217] According to certain
enbodi mentthe BEBaredsesd theether ot being betovetbe Toof e d/Chy praesshit This pateton of one or

mor e, Lar 9ohe kel hedfil5s LB NG (G TRLALSAIP! o5 may general ly S0be

carried ou a mcroflul evi ce tarning a sanple, optionally

pre-anpl i f[-‘di t he ?ﬁﬁﬂﬂgﬁonfa %1@&%&5&%&99@%@&};St%p?tle'dke@t’e P ,l ' fied
sanmple, or aliquots thereof, into reaction chanbers of a mcroflur’dic

devi ce Sconlt947 fassignadte EalpPrudiont At demahifs éynd, Companprdescribept deteetionpralisdlis) , and
enzyme(s),. ject| =Xt ur . | | f] i n erying the

ol ot o 118 PGS b Dol SoMirkdehiFiacky BRI A BhR IR e M B2 G

al i quot s mnrhyt ihiaviet extendédu rfEheqirobleamatains aequiengzi coolpldnemtady to theireplcdtalls

enbodi nents, . in the r e of about 1 picoliter.to ut 500 nanoliters, in
a range of EISKA ai%e{;%?ﬁpglfrg Ofg'eg%%ﬁt y%‘ékrb(i%a(s'lopt é‘%ggop?‘lf’yag‘grpé%ﬁé)rof about
5 pi gol i tetal’:gettdbn?bﬁlﬂ 1e2§ opt eeattiviedigand io][pet'dg'ﬁ irﬁﬁﬂ@ﬂz&)for@bﬁﬁpbrtﬂa@%é’ fHecol i ters
to about 20 nanoliters, .in the range o out 1 nanoliter to about 20
nanol i Yer sefofafztaraehhﬁﬁﬁ- ﬁa{}g'epfgwga 1S o b8 SBPIvEs e mepioes deperibednol i ¢ er s,
In many erfegdh "RedosdingARis SuBlidabbiRtsSncBsRated by Riferbite heRidhiits¥n@knytdh@ vol une
of the anplification mxtures. Thus, anplification m xtures can have a

vol ume of IPeiésdisdiogyrersugh fabelingsystems. i n vari ous enmbodi nents about 2, about 5
about 107, about 10, about 15, about 20, about 25, about 50, about 100,
about 250,08dut 506ddiicRaldahslipe stertesigsuseful isthe methodgssseribed hamsmare 2, about

5, about TouRaWw.S IendREUS, 9203622 RO 185272 Pt RibrrighQiidsighe@io ARcgbout

500 nanoliters. The anplification mxtures can also have a volunme wthin
any rakge GUDhddchdisdesgs a compriiine hemnogenequs agsay apdisuncoppgsptedby rederenaeo about

50 picol i tigfs) in_igsﬁlg,i?eg’ﬁg] drfopa;[sjt I.hsfigbodi ments, multiplex detection is

carried out 1n indiv al anplification mxture, e.g., in individual

reaction qphpgpers ol @ patent Qb 41 3 £698MeE Au M\A@ilﬁho@a@o@gaegf%@ﬁ. L Qidnd L her
i ncrease the nunber of sanples and/or targetgs t hat can analg/zeé‘ In a
si ngl e asgayhePublis Hepfth Resrarchdostivate af the Eitysf hswsY orkulmh.) descobespar at i ve

genomni ¢ hypeidi i i i 4, 5, 6,
Fena o B bR o8 ol sy bRl BB AR iRy b, o
react iZns saquencaen pfuity pair holdngahe prabk iniachliesed cadotmation hthaiebsencd €219] | n
specific i S l.y _has dynam.c .range of at |east 3
order s of MG ayd HEheDZ AR MRl HAS R HRRR SRS MIBE R ¢ ©30

| east 7, aonformbtégmstr, Br corder wmimbleodgrprobedea nadbinidedcavOlabglu tHyaridizAtiom ofSi S

E)Stz 20] I'n Ghe tta%:viep an%qgr%gg c%%q:)tlesn’lenwe%ﬂeﬁ[cgg shrllgst ttﬂggrsobgfto etmhc()apeinrc‘:\ér(la o¥ri1a(%ﬂ)nfi[l“%e carried
shift is detectable due to reduced interaction of the label pair or by detecting a signal from a
25  non-interactive label. Certain unimolecular probes can discriminate between target and
non-target sequences differing by as little as one nucleotide. Such labeling systems can be
employed in the methods described herein. Accordingly, this patent is incorporated by

reference herein in its entirety and for its disclosure such labeling systems.

[0196] In some embodiments, significant modifications to the sugar linkage of
30  probes (including but not limited to 2° O- methyl, 2’ O-Fluoro) or substitution of the

phosphodiester linkage ( including but not limited to phosphorothioate or amino moieties)
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on a matrix-type mcrofluidic device, the data can be output as a heat
matrix (also ternmed "heat map"). In the heat matrix, each square,

repr esentwogon/messét i on chanber on the DA matrix, has beemusgssilgnesd’ a col or
val ue which can be shown in gray scale, but is nore 30typically shown in
color. In gray scale, black squares indicate that no anplification product
was detected, whereas white squares indicate the highest |evel of

Al Gt DB gL Oreen R DR AR S ' f gray
i ndi cating r? eve g of geen\ﬁg‘ll cati onl %?%ldl %&@%@gﬁ’% dr,lgt%ch?ﬁgﬂﬂ@?pgspect
a softwar ecomfwrmﬁbermydlb@&@s d¢nithe destandpefeeench b videethe berteGitithandetdsgomeat
matri x int I o] he net hods
of the i nv@%?f%ﬁ{l# éa%%qeéf)regé %ﬁ&g eYthérqgljg? ()Ax‘pa%uogg g\l}en cﬁ?orqo%érg% ]r%h;gng t he
presence aonteana s app‘roamhes mrmmnse tltearugtbbr mﬁmiaes ® raducd diclogical verddbdlitg aci d
sanple ese et nt.i fying the
presence oafné uﬁtanfﬂugl ?%?ﬁnrﬁﬁl@ﬁ%o s%'ﬂg 0?%%§)%wglrf’%1 85335 i'cal

hapl ot ypesyariatiorc maogms@ml foadmmasrainbnfse&osmdsmmmmgiom pEinitding,

del eti ons, id e ed in genotyping,

whi ch can ‘B‘éfr U‘é? i" #eq‘ﬁtegp% ?“'8? %%Zﬁfeéi Eenp‘lpﬁ Medng di agnosi's of
genetic di seases or disorders, pharnmacogenom cs (personalized nedicine),
quality c i ric e (e.q.. for seeds or livestock), the study
and mana %ewerﬁoio'?—pvpu-’—ai-wwﬁ#—pﬁgﬂ%wém al o Uiidesire Iﬁe%t'o Comlponenty r animals (e.g., in aquaculture or
fisheries | genenft il belpprdSiaide HRE FBabtitnk fvoRfin 14 thRRurel H&huslefcy) » Of
paternity or forensic |denP|f|cat|ons The nmet hods 15o0f the invention can

be appld ecreids in which @anmper efaeactve Bepseryereplexad cepaselain aearisty ¢far ti cul ar
condi ti ons,pHeofofkRd 2iRioh @on}ﬂb&{eﬂg' &R th@rerREVAY 5%@?0& ?tl:o @l‘aﬁg k&3tiod OT

exanpl e, the methods can be Used In assays to ent | gens, such as
viruses, reowendnss, ouliedudtion gf theirThrceniativodby @m/rpfalvgoetbe)f alsartup prosedveises

ared 2t SARSARE L HE LRGN LIPOERLS, B PLEARDAE AP Bt B 1
met hods camxampleoit gy bcrp¢smyeld mrsometlebndlmants,dmem arredidA ooy conmatien .

Det er m nat If?)PE%m% ﬂ&l?%r grlmers rP(ﬁ log 1o <Pa¥r6/1n ou?{he gglpgg %aglﬂ éteas ?eégrtslbelég'lﬁf W, for

exanpl e I agno gnosI s C?Ihl sSeases,

.SUCh as Ca[Por ex Det ?I‘I. gnl'tg%t Iﬂ% d%en‘t:zN'tAhe“ %Ocpe\étrarl}lon o?uirll?esngcgfdmpongrrltg%gnlnt())en level

i s useful pression noni 1t 0 g i genes of er
di f f erent redided bysialpt, dilutiss uBs exmhplegbrbamplffdté sardpled eanebetdildfed abelit i, GRS

, di ff t | ease states) and/ at. di fferent
deve bpmertaistey 8Fae0{ BoaTplPr s in iR SRR TaPheaL 2l Bodisfbyed to
pr epar e nuobeieenaanplifatiph @sp.f or further anal ysis, such as, e.g., DNA

sequenci ng. [0224] Finally, nucleic acid sanples can be tagged as a first
step, 20ri do1¥ybsequéniome embodiments, undesired components can be removed by a variety of

enzymatic means. Alternatively, or in addition to the above-described methods, undesired
components can be removed by purification. For example, a purification tag can be
incorporated into any of the above-described primers to facilitate purification of the tagged

target nucleotides.

25  [0200] In particular embodiments, clean-up includes selective immobilization of the
desired nucleic acids. For example, desired nucleic acids can be preferentially immobilized
on a solid support. In an illustrative embodiment, an affinity moiety, such as biotin (e.g.,
photo-biotin), is attached to desired nucleic acid, and the resulting biotin-labeled nucleic
acids immobilized on a solid support comprising an affinity moiety-binder such as

30  streptavidin. Immobilized nucleic acids can be queried with probes, and non-hybridized
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30anal ysis, to reduce the risk that m slabeling or cross-contam nation of
sanples will WD 2011/142836PCT/ US2011/ 000887 conprom se the results. For
exanpl e, woeophpessei an' s of fice, |aboratory, or hospitalPCtaista 1veggssanpl es
imedi ately after collection, and the tags could be confirnmed at the tine
of analysis. Simlarly, sanples containing nucleic acids collected at a
crime scene could be tagged as soon as practicable, to ensure that the

samples oot Aol hgaﬁ(;?cf@@t@s%t]&fedqtyr tﬂﬂggﬁ& pﬂttmlsp&fﬁ 1 Abpfifadoivad

upon each 1rans e sa to anot e used to
est abl i sh @BAI6A7 DinddUSIN 89/9BF, 2831)eA$tampll\§:ly,mmmb{l@QQEi]d€u¢ mcasamolbdwagweﬂo t he

nvent] on RSk IR0S, Ao ISt BRRRILRHASH e LA BEARILAARL0PEOL Tor @
assay net HY 4D efn ion enera dégry pac 5e ‘10w t h

one or nDr’Hus:appt@cm exrsbdmbdilfmgextaimpler eergmvb( 159 ta(gt gnphcpns frem aimphifitaion

b te tignal |
Dot xt o & RGPS TRE AR B F1rey cu ey s T Supiine AP Beenl i ¢ can

al so i ncI Lﬂiﬂ)oﬂtdf@ts Bi&ﬁﬁﬁhltﬁh(o&)y,tshc&iaslﬂit)tmbéandﬁSittﬁde@o A OPlEicHS& primer
st andpoi nt ch a buffer(s

uent ( st ndard and/ or any
ot hor " mat SRR ERTRateT B ERAATDES S Y- Rhlehicy Do EOAR ATl Ny
ot her step of the assay. 15[0226] Kits according to the i nvention generally
i ncl ude 'Qﬁ ru ng eJcn carrying out one or nore of the nethods of the
i nvention. included in kits of the invention can be affixed to

packagi ng [Bdgri al  @f c&ath Gfbddithditd 8RY SShEmBABHSSENE M$ETton M1bd SarlilP

instructions are typically witten or” printed materials they are not
limited t oousuung 2 msrofiidicdayieapiabillestrativesenaadingenss dhe demise isrcmptoingypend

communt oath g SN0 Rl 4Tk R SFAGARERTBLAL RNl et | on. Such

nedi a inclu t are not Timted t ectronic stor
magnet i ¢ diubstrate sohydions wubretagcrdgelgtlortshn pm))lratecp&tlatc@.k‘eanm czlua(neerg Itv@[bbRCM RF

tags, and rul) n!zleé(%hat A%ul%?r?% s?ﬁnﬂ?r\ Ban co gmtsee Jt;rﬁ:]eor.a Klyrall HCtok gu%sstrat%%%nﬂ uld:‘ the

addr ess of ernet sl provi <O Ong
under st oodeag&att sofutien emac’qmmse amelormmmdlnymﬂreagdﬁsclfortmainhle;the miabfuitior

25i I lustrati gs.on and t.hat varjious or changes in
T aht “Bhersebe ot IBERE s 5hbe 0 i Bloe S3b PR R vt el APerng are to. be
i ncl uded vumﬂmﬂnattdn@rmmrsrartd samglepUlnetiin@mbbdiien@pipt devtd @aoraﬂgﬂuranepe of the
appended cl aj ns. addlt on, all ot h cb and
patent apd® Peuq ‘Bhoreﬁ'i% Qﬁ’ rﬁ’é‘P%P Prypers aRd sapip eis‘r\’g @??he &Hﬁmr"gf‘@ Hhce in
t hei r entiln@hyods@mbalimeRts HOBEHber &W&&l@actton chambers can be greater than 50,

usually greater than 100, more often greater than 500, even more often greater than 1000,

20  and sometimes greater than 5000, or greater than 10,000.

[0202] In particular embodiments, the matrix-type microfluidic device is a Dynamic
Array™ microfluidic device. A Dynamic Array™ microfluidic device is a matrix-type
microfluidic device designed to isolate pair-wise combinations of samples and reagents
(e.g., amplification primers, detection probes, etc.) and suited for carrying out qualitative

25  and quantitative PCR reactions including real-time quantitative PCR analysis. In some
embodiments, the DA microfluidic device is fabricated, at least in part, from an elastomer.
DA microfluidic devices are described in PCT publication WO05107938A2 (Thermal
Reaction Device and Method For Using The Same) and US Pat. Publication
US20050252773A1, both incorporated herein by reference in their entireties for their

30  descriptions of DA microfluidic devices. DA microfluidic devices may incorporate high-

density matrix designs that utilize fluid communication vias between layers of the
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Exanple 1 Use of fluorescent priners and intercal ating dye to generate
fluorescent PCR signals (real-tine, end-point, nmultiplex) 5 Problem

St at enentwo 2p02@2{3¢here are many net hods for the generatrcorusediifobassT escent
signal during PCR (and sim|ar nethods) or as end-point signal. Mst
systens require at |east 2 non-standard nodifications on probe or priners
and consequently are relatively expensive. Usually every assay needs its

own Probe flerd iRl BAEMD WREYd Ehiro B0 b A ined Rrodl dHalusyiBY Al RI.&AN Pe

sol ved by generating anplitication signal by the uSe of a fluorescent

| abel ed priayess. Byneirtae of thuid fiped intmuligpleliagers of @ lestomerisstdackabighastsityur r entI
hoi t r |fl i ! LWn. £l uorescent signal.

popect & of R ed) Srfghntid EERH YRRk eI IRE ol AU RETbe T 17

uni ver sal d¢sigeat wrthdtall ofithe reepsatyand [sARFR2 FMnintls ptean ithegsathy ethstofrerie tlyeidyes on

different priners 0233] En oint and real-time analysis. [0234] Melting
anal ysiess o) 'thp?otslgfﬁ{:‘f}L‘?Te?i%'@eﬁffgrﬁ’&tq%‘/ref'ner | abel ). [0235] Conbi nation with

(quenched) | ementary .ol i to i .oye.signal. /., noise ' d
bassl by SOEBTY; CTe Mbtadh BB TR GG B4 U] Gy LRt
conbi nat i cane bl swited dorf doadetihg tremahials deerib§ OR3aih, the invamtnds astdimited te oncept
may al so be used for fl| uorescen obes. E.qg.. neration of SsSDNA
product  ( REXPRRRURNevies SRHETET CAnldea it Birlions: DL g s afeibe)
25f | uor esGaMipepdeabgairt-Risk b@nﬁ?ﬁlﬁiﬁ@f | bf reagén@mdRAAYle HeY Hg@!’sed. rU.ShlﬁatGd_ﬂr re gt
: [ ' orescent prinmers and intercalatin e.

gtehgg 10 [lpu%ﬁggti%g rILJJ%I. 5]&}8|O%]80c6)3 (whilélh is here%y inc%rporated by reference it its entirety)g y

includes a diagram illustrating the 48.48 Dynamic Array™ IFC (Integrated Fluidic Circuit),

a commercially available device available from Fluidigm Corp. (South San Francisco

Calif.). It will be understood that other configurations are possible and contemplated such
as, for example, 48x96; 96x96; 30x120; efc.

15 [0204] In specific embodiments, the microfluidic device can be a Digital Array™
microfluidic device, which is adapted to perform digital amplification. Such devices can
have integrated channels and valves that partition mixtures of sample and reagents into
nanolitre volume reaction chambers. In some embodiments, the DigitalVArrayTM
microfluidic device is fabricated, at least in part, from an elastomer. Illustrative Digital

20  Array™ microfluidic devices are described in copending U.S. Applications owned by
Fluidigm, Inc., such as U.S. Application No. 12/170,414, entitled “Method and Apparatus
for Determining Copy Number Variation Using Digital PCR.” One illustrative embodiment
has 12 input ports corresponding to 12 separate sample inputs to the device. The device can
have 12 panels, and each of the 12 panels can contain 765 6 nL reaction chambers with a

25  total volume of 4.59 pL per panel. Microfluidic channels can connect the various reaction
chambers on the panels to fluid sources. Pressure can be applied to an accumulator in order
to open and close valves connecting the reaction chambers to fluid sources. In illustrative
embodiments, 12 inlets can be provided for loading of the sample reagent mixture. 48 inlets
can be used to provide a source for reagents, which are supplied to the biochip when

30  pressure is applied to accumulator. Additionally, two or more inlets can be provided to
provide hydration to the biochip. Hydration inlets are in fluid communication with the

device to facilitate the control of humidity associated with the reaction chambers. As will
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intercal ating dye to quench the signal of the fluorescent dye on the
primer. The quenching (and thus the fluorescent signal) will be different
dependi ngwonotihig2¢36i mer bei ng si ngl e 5stranded or part @CTAISRGRopssTuUCt .
The signal intensity is also tenperature dependent: At |ow tenperatures
(bel ow approxi mately 55 - 70 C), the single stranded priners Fluorescence
is effi ci ently quenched, such that the si gnal is much weaker than froma

priner in B dg,rsg)gg% orfeq,%fqh ,Q{ﬁlesahgﬁ)%e J]%)S'Eo xﬁz{t%ga“l'sctt}'&tcaﬁ‘tag V\ﬁedlngﬁ]let 0I ZS C

t he smgles rs si
quenched i ﬁabmmoPGthld@dcmetre g&permd:abﬂdwellqmogi avaporasedcgamloetvewqr fishentae ur ed

roduct ne IIV siagnal faor P r oduct d 9N & licon operties
P ot ox Teskdion KRy bR paldhroeh R it ot HARPEN (e SfhrdlBing GiFksBHIE.

i nt er cal atlinagaeticalar embodigkst, Amd lidevlbtaedit parighetl DMnoamdfthé dellidd poedé a

di stances for e T <-> cont uenchi.n Readi of
ool o it SHRARHON fiabior erammis B Bt or Mehf b Al s irl o ao e

Exanpl e b midumng ugrpahelg@mmrbh @ﬁanﬁtieaegtlﬁ@e@duting of pteoEmgent prinmers):
i FRET: [0241]Si.g %/e i nt roduced tﬁ@ tb r IS generated by
exci tati orf"ap W @B‘d\ﬁ,ﬁ I TR rEREerC g bPRe b'ﬁ'detpfétserwéﬁral of the PCR

product. Thetiomslodgkldedice caiean®edsed by fddilg Si@nat ng@iaefroaéxamle(@a&@ﬂ t@tl on at
LC G een wavel ength and readi ng at em ssion wavel u,:gg of primer- éﬁ) did
¥

not wor k. hmr%@émlet@hma%Pﬁ@ﬁ%@b@d)@smsa Ershinlgtds ind] ngpenigasion Wighe
i tsel fio DifyluplieReRR AR WaRInBihk 'ﬂ%rp%nwg bia @kt GRE %%e'b?olaﬁitpsanm datdHamal -

[0242] USI ng the same reactions as above, but reading w excitation and
em ssi on 2Blsf isph ﬂﬁ@@h@b@!caémmldﬂ@wb’énﬁtlgﬁ Agiddineongrosndinathepengdeomthe 60 C.
Si gnal was,gy% th End Point reading at 20 C. The background
signal incr eagggggte}%e\%(gﬁd%o Cand 70 Cin a way that the signal of PCR

ool 1 arerSllonn | A ERGG? DA AR i e e BN Y Bd R T

[ 0243] FI ucregeatigitapampiificapibruse@udsdsiéritgd beiego onafandihhnyckidlsic dretartpmbu’@r is

'( 28%?@'&2;?&%&%%&2 P]’E %oﬂ%ﬁ%ﬁema&vé\ﬁ%@ tsh%g Ae%nc%er"ﬁhe ml%lrj(g?fnmi1 g%wéle Wl%leh S

ef fici ent ipthenti2igs Digicaiplray 2! canSiiRcialty hﬂgﬁgblagro&nldumlngnvéibmtsdutm{SHnescent

primers Francisco, CA), includes 12 panels, each having 765 reaction chambers with a volume of

6 nL per reaction chamber. However, this geometry is not required for the digital

amplification methods described herein. The geometry of a given Digital Array™

20 microfluidic device will depend on the particular application. Additional description related
to devices suitable for use in the methods described herein is provided in U.S. Patent
Application Publication No. 2005/0252773, incorporated herein by reference for its

disclosure of Digital Array™ microfluidic devices.

[0206] In certain embodiments, the methods described herein can be performed
25  using a microfluidic device that provides for recovery of reaction products. Such devices
are described in detail in copending U.S. Application No. 61/166,105, filed April 2, 2009,
which is hereby incorporated by reference in its entirety and specifically for its description
of microfluidic devices that permit reaction product recovery and related methods. For
example, the digital PCR method for calibrating DNA samples prior to sequencing can be
30  preformed on such devices, permitting recovery of amplification products, which can then

serve as templates for DNA sequencing.
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Problem [0244]Find a cost effective nethod for detection of SNPs in mcro
fluidic chips. Solution: [0245]Performallele specific PCRwith a tag on

t he al | elwospaci4t36 Forward 10prinmers. The two vari ant s PCarnusgoidiosdssnct
tags. [0246] Mat ching each distinct "allele-specific" tag, a tag-specific
fluorescent priner (sanme sequence as tag) is in the reaction (for exanple:
allele A FAM allele B: Cy5) .Wen this priner gets incorporated, it is

i ncor por at ynto d 3 |
hybri di zat[??n'ﬂ.] 15[ Ogﬁ%b%ﬁeg{sq%%gq "@%‘%@grg}i"n‘?&%a | Rg"%@@&%@?ﬁgé’f( usual |y
at room t gpgséipaprededts pravidg aemstéra suitdbiegfonBER sampld grepajatipn Brat Gatwresher t hat

h ' ' . | . . wi |l
ybr i di zo et e aen bl 1abghih theheraiiSh oPAbbicBh 1hifel AlaR MITTERIA
f | uor escerttmplagnaih a (ypival Begaentkdirst anipbfiedtion alill e biedad gertelate hbragessfof r om

serving as. PCR pri.ners). Elu scent ,priners . .ncorpor.ated i nto PCR product
o) o 2Rl B encina A R Bl R s R RR B Eeh HaPeles B o
[0249] 2 Aldnedded prieeisfare cdnabsitgiritiparh plicos-specativd A) pkigiels taicicatean mixtirethant 20 -
30 bp tag"&&5%}?,@#%%%&3@6%%%8%Féa%%grggqe P]SaECZhl rull'erg%rtl?é mBrc];qu? ig évi&:s,says

may use tH

2011/ 1428331 thiSROhpRE (B MUifbdSliiHFehck 6NMAt BNES bamprsqUEEE8)5) @l foes.
Usual ly 2, but the tags coul d_be designed to have enough sequence honol ogy
that the <Y¥E PAUEISERYRDIBRIGS WeRths OrGIcagiionite quovided fonedch samplE @9%42] The

f 1 uor egcentssaypan AfeFRB cahpRtiBEofiRE feh@bnQbll., RERNItBRACtioRFREIuR{s WFES .
dependi ng on the Iength and Tm of the quencher oligo. Wth | onger quencher

ol i gos, rdgfoverchiropcie shstesh tyrisl invainge ibeivay reasantyhdt dloshraeehdbesi bl e.
(Real - ti Mg, RERuAR &GO DGR ALY inRAE Realfb HOIRM dMsddirdd W ith S&huP for
digital PCR b?/ the inventor, but not in-allele specific fashion).

10[ 0253] Templegrerepagyedin g s¢nardie teaetipntpookl erAbijng futhacpresessing gosiudyl efitlg h,

m smat ¢ hespool containing a given sample reacted with each of the various assays.

15 [0208] Thus, in embodiments described herein, a microfluidic device is provided in
which independent sample inputs are combined with primer inputs in an MxN array
configuration. Thus, each reaction is a unique combination of a particular sample and a
particular primer. As described more fully throughout the present specification, samples are
loaded into sample chambers in the microfluidic device through sample input lines arranged

20  ascolumns in one implementation. AS primers or assays are loaded into assay chambers in
the microfluidic device through assay input lines arranged as rows crossing the columns.
The sample chambers and the assay chambers are in fluidic isolation during loading. After
the loading process is completed, an interface valve operable to obstruct a fluid line passing
between pairs of sample and assay chambers is opened to enable free interface diffusion of

25  the pairwise combinations of samples and assays. Precise mixture of the samples and
assays enables reactions to occur between the various pairwise combinations, producing a
reaction product including a set of specific PCR reactions for which each sample has been
effectively coded with a unique barcode. The reaction products are harvested and can then
be used for subsequent sequencing processes. The terms “assay” and “sample” as used

30  herein are descriptive of particular uses of the devices in some embodiments. However, the
uses of the devices are not limited to the use of “sample(s)” and “assay(s)” in all

embodiments. For example, in other embodiments, “sample(s)” may refer to “a first
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to tag, nodified bases etc. [0254] Reverse prinmer also carries a tag (or is
| onger, has higher Tmthan target specific part of F prinmers) such that
anneal i ngvoenmperassdre of PCR can be raised after 2 or mpce/usgahmsosgafter 1
if Ris just longer) to prevent new annealing of F primers to the target
15sequence. F primers will only anneal to product synthesized in earlier
cycles that includes the tag sequence. [0255]Both F and R prinmers are

al | el e- SPaeldh® of RRRIAIRP oPrirdré E;aﬁ&”amagag(sy fay R%r 1 %@%&'r&%@ WPact ¢

F primer at Tow co centratl on. tric feacti'on setup t agged
pri mer carplealityyft'$ecorfd ngegeatsebe Myél hiaragiet ¢fithe dgvicsly eh@h}@thepombmmmfses

cost Tor, Il Sl aaun: o RASRLELHAIAIGE0 BLITRG wilghpet 1 on system can be

repl aced b uni targ sp eC| dua "&d probes that are
conpl errent to th r i ke)

[ 0259] The gieorb#or mn%@g&g?’g?ﬁgne uaa 'cq’faglggq%g% 'Qé%ﬁgﬁégr ogégﬁgﬁgé&e{@%q

end 25p0i rthe presept ineerdivhaafteeds by,cla oq“lli’é}Bc Herreautibngprod[lﬂiﬁex]n'rhql?dml namvﬁes rray
be repl aced aj .« at ast enent ar i go re one
carries a E’Y g%'gsev?'fg' By rec(o ered ?rogm eml dgfﬁ%ém@% ?mﬁscfﬁee% Ner Oﬁ%ﬁ))r.ea e or
both ol gafftrrml\,i sh@plek. eﬁymchllyhhadgbre& poebsmmmhaafeel if Eﬁzgrﬁplairﬁﬂi et % 5' FLQP
endonucl eas dur i lification ecific PCR with tagge

o mer s, IREBAREPr S e A Fenpp Efish . s o FoTBRE PR BB d g dye
Quenchi ng Tp@rQaﬁ'ﬂdle@n diés 8 Ebr ;iuhlﬁ)sad dfeloemdlatién. Madlizinpénodimeisottth@pretent pr esent

inas t.he .sa nucl ei ¢ aci ds_were subjected to allel e-specific PCR
usi ng 1trrp IRYSOgaR-dt 1P %ﬁ’ée O 3ekipys results (forEsp Ecz{tﬁé’fpepﬁ@f‘ﬁ&éﬁmﬁ g’ﬁtl de tags

havi ng di fsh@e aiput S@IoRObT henpkBAHE BEEYS) BHAVHCHAETTRY AudRF §ﬁarwuﬂ$@tﬁon See
Figure 2A. The anplification reaction included two tag-specific prinmers,

each wit h PROBCHaFiesRY 79 mefiedlandngS% aibin asampleeand nognere eg 2 5%0basveenst r anded
DNA- bi ndi %Qm?bé? Tﬁlsn@kamﬁhﬁ@daeﬁgro%&tgr?ercév&éd/ﬁorﬂ tﬁé MRF&ﬁH&E‘Be\ﬁéeg\Wllbe Eva

Green bi nds product and quenches signal. Exper 1 ment
representatwe of the 1nput samples as measured by the dlstrlbutlon of specific known

15  genotypes. Preferably, output sample concentration will be greater than 2,000
copies/amplicon/microliter and recovery of reaction products will be performed in less than

two hours.

[0210] Applications in which embodiments of the present invention can be used
include sequencer-ready amplicon preparation and long-range PCR amplicon library
20  production. For the sequencer-ready amplicon preparation, multiple-forward primer and 3-

primer combination protocols can be utilized.

[0211] The methods described herein may use microfluidic devices with unit cells
with dimensions on the order of several hundred microns, for example unit cells with
dimension of 500 x 500 pum, 525 x 525 pm, 550 x 550 um, 575 x 575 um, 600 x 600 pum,

25 625x 625 um, 650 x 650 pm, 675 x 675, um, 700 x 700 pum, or the like. The dimensions of
the sample chambers and the assay chambers are selected to provide amounts of materials
sufficient for desired processes while reducing sample and assay usage. As examples,
sample chambers can have dimensions on the order of 100-400 um in width x 200-600 pm
in length x 100-500 pm in height. For example, the width can be 100 pm, 125 pm, 150 pm,

30 175 pm, 200 pm, 225 um, 250 pm, 275 um, 300 pm, 325 um, 350 um, 375 pm, 400 um, or
the like. For example, the length can be 200 um, 225 um, 250 pm, 275 pm, 300 pm, 325
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[ 0262] 12 SNPs of expanded genotype performance test. [0263] 11 DNAs of
expanded genotype performance test, pre-anplified. [0264] Desi gns accordi ng
to Tm shiwo 200viaes3ed Devel opnent Protocol (see al so PCIUS201PA0@AT
Publ i cati on No. 20060172324, published August 3, 2006, which is

I ncorporated 15by reference herein in its entirety and specifically for
this disclosure). [0265]Protocol simlar to Tmshift Advanced Devel opnent

Pr ot ocol . Fh €hAr ). 6} 7ER" f C
[0267] 1 v Tog e honeHSo LR PP SRRRDYFn, S0 S5l SO M a1y
negati ve Aim, 698Iums ondhiedike.oFereesamplei e heigiopn hahQbimc S 180, 150269113 pwanpl es

25[0270] 4 ' ] 3 éﬁ r rked as
well with 2:9;61&%14 é(rig%? %Rb%g%%’e%%r@?ggﬁmﬂg 552 ’ ﬁ%‘%ﬁ%ﬁ’f‘f gg{) P@Ihg?so’\rﬁg 14 cycles
(10 ng DNAYSO WRCR7S pmiVB@) (Gih; 522 i, 156D eurs p&T juhj @00pm,nertise lildet A sRaywhambersal t ags
(i.e. me,_2 s for.each P): 10 TA.< 54C | common Reverse primer:
S50 ° i 1087 R Ra e abecs 10Re prf eeimioe S RE A Gy PEPLEE poci £ c
t 0 uni ver gahgeb #ga tijdrnadléde chadber volumes. In some embodiments, the ratio of the sample

chamber volume to the assay chamber volume is about 5:1, 10:1, 15:1, 20:1, 25:1, or 30:1.

Smaller chamber volumes than the listed ranges are included within the scope of the

invention and are readily fabricated using microfluidic device fabrication techniques.

10 [0212] Higher density microfluidic devices will typically utilize smaller chamber
volumes in order to reduce the footprint of the unit cells. In applications for which very
small sample sizes are available, reduced chamber volumes will facilitate testing of such

small samples.

[0213] In some embodiments, reaction products are recovered by dilation pumping.

15 Dilation pumping provides benefits not typically available using conventional techniques.
For example, dilation pumping enables for a slow removal of the reaction products from the
microfluidic device. In an exemplary embodiment, the reaction products are recovered at a
fluid flow rate of less than 100 pl per hour. In this example, for 48 reaction products
distributed among the reaction chambers in each column, with a volume of each reaction

20 product of about 1.5 pl, removal of the reaction products in a period of about 30 minutes,
will result in a fluid flow rate of 72 pl/hour. (i.e., 48 * 1.5/ 0.5 hour). In other
embodiments, the removal rate of the reaction products is performed at a rate of less than 90
pl/hr, 80 pl/hr, 70 pl/hr, 60 pl/hr, 50 pl/hr, 40 pi/hr, 30 pl/hr, 20 pl/hr, 10 pl/hr, 9 pl/hr, less
than 8 ul/hr, less than 7 pl/hr, less than 6 pl/hr, less than 5 pl/hr, less than 4 pl/hr, less than 3

25 pl/hr, less than 2 pl/hr, less than 1 pl/hr, or less than 0.5 pl/hr.

[0214] Dilation pumping results in clearing of substantially a high percentage and
potentially all the reaction products present in the microfluidic device. Some embodiments
remove more than 75% of the reaction products present in the reaction chambers (e.g.,
sample chambers) of the microfluidic device. As an example, some embodiments remove
30 more than 80%, 85%, 90%, 92 %, 95%, 96%, 97%, 98%, or 99% of the reaction products

present in the reaction chambers.
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Fl uor Orange; FtagB: CAL Fluor Red): 100 nM each. TA = 55C. Fl uorescent

dye: Eva Geen I x. GIXpress PCR mix (AB). Sanple |oading reagent SG

Ref er encewdunimg28B&€R. Eva Green to detect anplificati onpPPodtS2¢1u/00088Berti on
of other reference (Vic at cycle 1). PCR (Figure 2E) 1st cycle: 6 m nutes

t ouchdown anneal i ng between 62 and 55C. Pronote annealing of correct SNPs
primer Introduce tag (for correct SNP this increases Tm > 65C) 30 cycles:

mnute t Oqg%%? wn an%&gﬂh%w%u\m? He i eatggl(%aﬁge ghgl'(:)gxm dfﬁ%hé l’ﬁ%tﬁf)&r}fégc)nbgg a Geen

signal as

[ 0280] Usewereémiﬁidisgloattd o PEITPSND OV 0RAAY) §9B0 b ished 4HGR90P €Hersemars! pi Ct ur .

r ol can on a referenc

Exohange R ahS Ao RIRSEREYP GLERY SLARAL 0B GRRGR"LERBIR) Lot on

and i s not
r ef erence.

as re rom
defddip831 bleicdsftuidit devicey] theiapledRu'bonpefndaycl €hig Bucroﬂ’\ﬁ)dlc dev1ce

2011/ 142836PCT/ US

011/ 0008 d E G
e &S ks Bphras e Pt RPN SorRRpEad FAREL A Rl s bt

can be calfbestd(ibui elbﬂf&)lerldaﬁlbstmwa vapbrabarrieh f& P86l iNRse vapdratid2frqrritigur e 20) .
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15

20

25

30

plurality of reaction chambers, and a continuous phase fluid for isolation of each of the

plurality of reaction chambers.

[0216] Fabrication methods using elastomeric materials and methods for design of
devices and their components have been described in detail in the scientific and patent
literature. See, e.g., Unger et al. (2000) Science 288:113-116; U.S. Pat. Nos. US 6,960,437
(Nucleic acid amplification utilizing microfluidic devices); 6,899,137 (Microfabricated
elastomeric valve and pump systems); 6,767,706 (Integrated active flux microfluidic
devices and methods); 6,752,922 (Microfluidic chromatography); 6,408,878
(Microfabricated elastomeric valve and pump systems); 6,645,432 (Microfluidic systems
including three-dimensionally arrayed channel networks); U.S. Patent Application
Publication Nos. 2004/0115838; 2005/0072946; 2005/0000900; 2002/0127736;
2002/0109114;2004/0115838; 2003/0138829; 2002/0164816; 2002/0127736; and
2002/0109114; PCT Publication Nos. WO 2005/084191; WO 05/030822A2; and WO
01/01025; Quake & Scherer, 2000, “From micro to nanofabrication with soft materials”
Science 290: 1536-40; Unger et al., 2000, “Monolithic microfabricated valves and pumps
by multilayer soft lithography” Science 288:113-116; Thorsen et al., 2002, “Microfluidic
large-scale integration” Science 298:580-584; Chou et al., 2000, “Microfabricated Rotary
Pump” Biomedical Microdevices 3:323-330; Liu et al., 2003, “Solving the “world-to-chip”
interface problem with a microfluidic matrix™ Analytical Chemistry 75, 4718-23, Hong et
al, 2004, “A nanoliter-scale nucleic acid processor with parallel architecture” Nature
Biotechnology 22:435-39.

[0217] According to certain embodiments described herein, the detection and/or
quantification of one or more target nucleic acids from one or more samples may generally
be carried out on a microfluidic device by obtaining a sample, optionally pre-amplifying the
sample, and distributing the optionally pre-amplified sample, or aliquots thereof, into

reaction chambers of a microfluidic device containing the appropriate buffers, primers,
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Concl usion [0287]12 of 12 SNPs wor ked. [0288] Cheap chem stry using

uni versal fluorescent priners. [0289] Denaturation renoves quenching effect.
10[ 0290] Guorent4y83enpl oys preAnp. [0291] Manual cal |l i ng. PLOAS2)1E0pBsUr €
settings suboptimal (Tcalibration, negative PCR signal). SNP-Mthods

[ 0293] EP (endpoint) at RT (roomtenperature) 15[0294] Melt anal ysis

[ 0295] Eva -> LCG -> Fam as second col or [0296] Ot her DNA bi ndi ng dyes (&

SSDNA bi ndd Addal L%@@ge%fzggggﬁ%@i@@%ggh&eml;&h cs To SRR n&pran@ &ifie B

[ 0298] Ref efence at ncher ol I go to l'uorescent” prinmers
(wor ked behoalgjuofsGa0b¢ prléﬁﬁfe 0 anaplified Brget-nucleie adidGCaRhd Jagpiealgeots elay

| 050LTCoC 5, B5E RS 280 LRI B, ALY 30 LRPRFTP o)
possi bl e [1030sljté&Ro flsnu p@ﬂ m))meeam anenge cftabowt@ seajitat to abooi PepicdlBB€5) At 95C:
posi ti Ve argrggeno?ggoutg plco ecr:st tloca)l outr}%l plco?%rs in tlhg IPaar'llgé 0# z%rolumo plcoqltersq?)

about 20 nanoliters, in the range of about 1 nanoliter to about 20 nanoliters, and in the range

of about 5 nanoliters to about 15 nanoliters. In many embodiments, sample aliquots account

for the majority of the volume of the amplification mixtures. Thus, amplification mixtures

can have a volume of less than 1 picoliter or, in various embodiments about 2, about 5 about

10 7, about 10, about 15, about 20, about 25, about 50, about 100, about 250, about 500, and

about 750 picoliters; or about 1, about 2, about 5, about 7, about 15, about 20, about 25,

about 50, about 250, and about 500 nanoliters. The amplification mixtures can also have a

volume within any range bounded by any of these values (e.g., about 2 picoliters to about 50

picoliters).

15 [0218] In certain embodiments, multiplex detection is carried out in individual
amplification mixture, e.g., in individual reaction chambers of a microfluidic device, which
can be used to further increase the number of samples and/or targets that can be analyzed in
a single assay or to carry out comparative methods, such as comparative genomic
hybridization (CGH). In various embodiments, up to 2, 3,4, 5, 6, 7, 8, 9, 10, 50, 100, 500,

20 1000, 5000, 10000 or more amplification reactions are carried out in each individual

reaction chamber.

[0219] In specific embodiments, the assay usually has a dynamic range of at least 3
orders of magnitude, more often at least 4, at least 5, at least 6, at least 7, or at least 8 orders

of magnitude.

25 Data Output and Analysis

[0220] In certain embodiments, when the methods of the invention are carried out
on a matrix-type microfluidic device, the data can be output as a heat matrix (also termed
“heat map”). In the heat matrix, each square, representing a reaction chamber on the DA
matrix, has been assigned a color value which can be shown in gray scale, but is more

30 typically shown in color. In gray scale, black squares indicate that no amplification product

was detected, whereas white squares indicate the highest level of amplification produce,
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5product are single stranded) Exanple 3 Use of target-conplenentary oligo
and a tag-specific priner to generate target-specific tagged priners

Probl em woQo{10808Probl em 1. I n the access array protoealr/usesiijpoasduci ng
PCR products with Sequencing tags and sanpl e barcode, we currently use a
four primer protocol: 2 inner priners are target specific and have a 5
tag. The outer priners are specific to the tags of the inner priners, may

carry a bg@&%ﬁdégggggg@cgagﬁg l@els%\f*’ﬁm%)ﬁﬁ&rtiég 'Bfoga&%batveémnmme? in 15

sanpl e m xtures, sequencing a r sequence on their 5'-end.

Thi s pr ot cepdct, amyfteae peognareway be newitp sompilothe dita gheerated)inghe heag matix bet ween

PCR assays,, This pragblt?{pn&? f&pn%[ eased when one tries to nmultiplex the PCR
in I'n )

reactions ' t8rar{'(ér§ge 8' he access array). [0307]Problem 2: Find a cheap

genotyping chem stry Sol ution: 20[0308]Solution 1: The inner tagged priner

is replaced Bx.iits conplenent. In a first phase, some of the outer priner
w il di mer%@‘élv{llt% this conpl enent and be extended by polynerase into a

t arget sspgo2i1|c pri mMhé michhals 6&xhé inesntidhard agplicab®d todhy tedBiniqid sime@ti on. These
primers wi]l bhe able to prine of .the target seﬂgence and fo maidLuII | engt h

product . 58128 WF BEFSEICC REAMPYKE Of 919 or My fAgst NYHGF AYfSIAUSIs RSt si de, it
wi LT furt hgmpRIMhig, ygﬁ/&xaﬂﬂpreme@uﬁ@ﬁod%émf@ﬁéame tb ORAARSY Wk pRRerte off WO
or

(1 abel ed) tag-specific priners are used t he detection of individual
al | el es. THakulappelymaephusmsi(sych s ANPYe tlifdite ihapotypss. & chrieBwptedent ary ol i gos

(one per aph&hflitidd LRkhds 3mplifchti6ATREIEHRR! Hafelfloi@NeTIf mEthSdsandy Beor escent
primers oligo is used to generate functional fluorescent alléle specific

pri merld, iempigyed ireganetyping, which cen bhcagtiedqut &1 anwpkes of ¢antgxipingbidingan be

per f or med - A= AT t i DR I guencher

oligo that&?%%nﬁﬁggftc%hfi(g&f%%gﬁgglstg lgggi @&F Itlgélbé not eﬁergﬁﬂiﬁ%&éﬁ%@%?&t. O use
of tag- spephliycontadlin hgrfvelted (pg ol scedTheliwatrek)dthestidy end smsagementard be used

for any pair of tar 5 C S X T i bi ]ty of

gener at i haeptfliols i fhisah SHARIER: HHRRG S PR IS MRSEMALY B s ped

above nmay detevieinatibrt ofifopulap@l diearsityyner. paternityi drifolorsici gleftifications. i3k aretlesls wher e

tag sequences, are appended or & 08k AREE! dGefichlR RuicdRRF bl "
conditions or organisms in biological or environmental samples. For example, the methods
can be used in assays to identify pathogens, such as viruses, bacteria, and fungi). The
methods can also be used in studies aimed at characterizing environments or

microenvironments, e.g., characterizing the microbial species in the human gut.

20 [0222] These methods can also be employed in determinations DNA or RNA copy
number. Determinations of aberrant DNA copy number in genomic DNA is useful, for
example, in the diagnosis and/or prognosis of genetic defects and diseases, such as cancer.
Determination of RNA “copy number,” i.e., expression level is useful for expression
monitoring of genes of interest, e.g., in different individuals, tissues, or cells under different

25  conditions (e.g., different external stimuli or disease states) and/or at different

developmental stages.

[0223] In addition, the methods can be employed to prepare nucleic acid samples for

further analysis, such as, e.g., DNA sequencing.

[0224] Finally, nucleic acid samples can be tagged as a first step, prior subsequent

30 analysis, to reduce the risk that mislabeling or cross-contamination of samples will
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10one target is anplifies to carry nultiple different tags, e.g. one tag
per sanple. [0311] For the SNP nethod, the sane detection system can be used
for any paoOroofi4esssrget sequences. One optim zed det ecti eaTagztiamvoss? | fit

all. Possible variations: [0312]The general protocol for generating
primers is relatively sinple. 15[0313]1n general, the concentration of the
outer tag prinmer will be greater than the concentration of the inner

conpl ementapy, cf?xll fﬂa r%gfti bt ekrfpie talﬂ?%h%m&‘ps bﬁ‘c@ NI Ch %@@ al #ﬁ.ﬂ&’ pri mer

present, not ybridi zi ng he corrp enentary’ ol g
conpl ementtag sanpllésgmmedipteticattar gelkestion. rapdthetagsieonldibe sonfiramed betheximerded usi ng

the outer a’iq?igy‘?ssm{ g?t%m‘fm:' %Eﬁ%@[n& n%cllaﬁ:tarc@rs c(glpercﬁhg?%grrnggg GRL vould pe

20[ 0314] Var i'ons o escri be are shown in

Fi gure 3. taggemagwoe a@macnmwcmrqmlswm meyarobllegcnulxthcﬁmbmdsiabaedadrocked only
t he outer forwa ne xtend | engt h mer. In Figure
3B, the cot?rnﬁPer?éant Petgfuoé]ofﬁ% b eeaflig%o?erlg?g‘&?% p]e?c?ﬂ/\g’}ecpaﬁtw?rer and
conpl i mantaabmenoddugmumbdatmtdsdeliﬁ:r@atmdfensiedj/ ofntiesafpld. - | engt h pri mer and
conplenment. In Figure 3C, allele-specific long forward priners are
25generated fromextending fluorescent tag prinmers hybridized to their
respectiveKigd | el e's conplinentary oligonucleotides. In this illustration,
the sanple is honmozygous for allele A The fluorescent priners of allele A

get incor g8 ed i nKds pERIPPSWUIRE InyFRIIogdRdydetae of ereseEsABdIseithiore al | el e
B's primergadiigioft €mbR adsafl WIS bf MeliRAtGH. €0kit Gene?dIf ﬂ@lﬂ&&%&ﬁcn&‘ge

fluorescent, signal. Exanplé 4 Ligation Assays for Detecting
Aneup!1§i dywitly mmprp%ccmlmqr% boldigg theareageni(D 4¢- gAPI'rﬂa?fFlquP(Bron(S)deﬁtS@e@ of et al

aneupl oi dy,&aGefafid & (ﬁo‘?ﬂom’ort G5 RIRE AL afthixfufd RherPR oﬁfb 1ﬁ§f Jflym mat er nal

plasma. One way to address this Sproblemis to use rru ssays for each
chronmoso mieétgéhtﬁ ovilk allgw.ethe lgocaDRILSOaB@atjﬁsotlﬁQE rma(tdﬂad:(ﬁbbain'eaﬂl& desigabBOfreiRla assays

for chro 8 II e 019 and
the ohr 21 BaamnamoifPhEndeERIRERS NGRS ARARLS, Moo PedEmBERYC C0a 10
chr 21 assaysfuliesemplelpecstessihg, Whﬂmg,ar eonductingsing otigt $tcmd>fake sway.here is a

m xture of 40 different priners and 2 probes in the test. Eventually, it

m ght ldesilf226le t o Kin a@@@fﬁiagmsbawerp@n gemardiyoscinds instruoei\szorrmreying' outor der

to inprov sti Cries

mut 151 exong SEpls o thelme Bas e HHARE s Fyond WO Pl PEPETetiomar ar)
assays fr can bhefisah®e pau{agmgsmrmalsecatnm: isdudedpah lpaﬂcfagPGEérerﬂmé the This
schenme is.illustrated

attribut esn tr'ggm)ns gre tp/%nﬁé]g e[ﬁqriﬁg@[i?%%@aﬂq esy asrg Qgt lmite%sto g‘ucrﬁu rkbnej\lr of
medium capable of storing such instructions and communicating them to an end user is
20  contemplated by this invention. Such media include, but are not limited to, electronic
storage media (e.g., magnetic discs, tapes, cartridges, chips), optical media (e.g., CD ROM),
RF tags, and the like. As used herein, the term “instructions” can include the address of an

internet site that provides the instructions.

[0227] It is understood that the examples and embodiments described herein are for
25 illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of

this application and scope of the appended claims.

[0228] In addition, all other publications, patents, and patent applications cited

herein are hereby incorporated by reference in their entirety for all purposes.
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15cl eaves nost readily when the displaced nucleotide is conplenentary to
the nucleotide in the tenplate (genomc DNA). If the displaced nucleotide
i s not cowmplenemressy, the rate of FEN cl eavage is typi caCiryusi@Q/ovisses
sl ower. Thus, FEN cl eavage essentially occurs only when the 5 oligo and 3
oligo are hybridized next to each other and properly aligned so that the
conpl enentary nucleotide in the 3 oligo is displaced. 20[0318] FEN cl eavage
generates a 5' phosphate on the 3' gkiggprk§gase requires a 5 phosphate in
order to seal DNA nicks. In the absence of FEN cl eavage (which requires
proper hybridization and alignnent), there are no oligos present with a 5
phosphate and thus no oligos can be Exapafled together. This drastically

d ligation conpared to other |igase assays.
25[ 0319] Li g&& e8¢pnt prs andhimteralating dye o genenate fluenesegnt BERisignaly  of  go
is conplenentary to the terrplglaetagﬁmécé,ﬁppj,iq?ml;[m#n | igation essentially
occurs only when the 5 and hybri di zed and al i gned
such that the 3 nucleotide of the 5 oligo is base-paired to the tenplate
st r and Sannoblein $@tement: phosphate on the 3' oligo. [0320]1f ligation
occurs, then a ligation product is forned that can be PCR 30anplified using
prinmers Td8?29nd Tadherearagany mpethedsdor e gensratiop of BparescepipignehduiingdiCR he
Tag2 sequ s Tag! : K A I
| gase. semye i RBRTor@and B0t 164, BESRRRS it SR MRt g
DNA pol ynenedicatignsgorAEnbe artpgineroand apasequently are gglatizelsespanbive ddsually evwery s t o
use Taq L) ot . dNTPs. Wth no 5dNTPs present, Taq
DNA po|yE2$§§gk%§§&ﬁ§% SP?&E?E?@gﬁﬁfﬁV?%y. [ 0322] After ligation, the
ligation oligos need to be renoved because they will interfere with
subsequentsRfeRnst eps. There are a nunber of methods for renmoving the
unligated Trgation oligos: [0323](1)Chronmatography or ultrafiltration.
Unl i gat ed [62300s caffhberchdpacat esobh@H by gehdrgmigiaamplificaibucighaly thassd 6ty over
a Sephadex colum or using ultrafiltration devices such as the Sartorus
Vi vagpn So0otens be S Rfferedineisn e dveri CORRp IS b e Euhanced i 1
t he |i gat ichoicp)rto@ettdrate amiplificatiby becdiczhshgdedirt or@eaRRighalDNA.  Thus, this
nmet hod for oligo clean-up works best using only a single round of |igation.
[ 0324] (2) Bl ocked oligos. The 5 end of the 5 oligo and the 3' end of the
3" 150l i go can Asgedss ofthedolutiolexonucl ease di gesti on by addi ng one or two
phosphar ot hi cate or 2'- 0-Methyl nucleotjdes. After ligation, the reaction
is trdateddldh exoRliereseabprimerg ate tagspsedigucinéversal detesrrorantasyocked and
t hus are not_ digested by the exonucl ease. Unligated oligos have one free
end and t H0&32hr e di Ybdtirdexing pyzdiffpreny dyes endiferent gemesn product. The 5' ol i go

and 3' oligo can be_joined 20usi ng a connector segnent so there is only one

ligation dP3¥b per Eadngiat andgealitimg analyais,
[0234] Melting analysis of product (LCGreen and primer label).
[0235] Combination with (quenched) complementary oligo to improve signal / noise

20  ratio and possibly specificity.

[0236] Reading of baseline with same filter combination but at different
temperature.
[0237] The same quenching concept may also be used for fluorescent probes. E.g.

generation of ssDNA product (RCA, NASBA, asymmetric PCR) and binding of single label

25  fluorescent probe to the product.
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[ 0326] Upon ligation, a circular ligation product is fornmed which is

resi stant to exonucl ease digestion. So, again the ligation reaction can be
treat ed wohoaxaessel ease to di gest any unligated ol i gosPCrA®2vijiBerssei t her
met hod usi ng exonucl ease digestion, nmultiple rounds of |igation 25can be
performed if one is using a thernostable ligase. This results in |inear
anplification of the ligation products. [0328] Starting with UPL assays,

ligation agg VEle8 fSlERitHOEErE R mdithod:0CI  ON chronosone 18 and 12 | oc
on chronDsUﬁg%%&‘—ﬁ§§§V§‘vﬁT§‘&g§Pgﬁ€U so that ligation occurs within the
UPL probe [se.mence CAhtbinatibimef Morésdeht Primets amSntﬁeeglle?.@gefyegU@al@bﬂ 0 havF a
302-nt overla QAN e efault salt and.oligo
concent r at '5H@latiag dé‘%ﬁ %encgteleg%%m\i@fé gégﬁeﬁcﬁ%‘}yteé’“ﬁ%%@‘%erT ¢ HRS rgnge
58C to 60 ancsmhaﬂfé fﬁl@fre@é‘dnt gghaﬂ)qw1tﬂa%|1@éremspemmgrmdﬁe miméri ey siig® di ng
oligos wit mre Gs in a row, by selecting the strand that has

the hi gﬁnerstr@mie@ oe;p?rapf »PCR proyptrihe BB%@“%HH%?@P%‘@H%NG&“B@@@"G Atthi s

desi gn - ar eo@iMAperhilred ARl Gy doprOdables; ss FRLASRERNAA phihelPLO19 ct ccagee
UPLO19 gggtggagbrTzrel e A T S D A CAGCACT AT AAA

Tz 18R TTHiinaacraeiaTicembeneorhedhsush thas tesignghis poch peakes eadroom20ct gget gg

TO20TCCAAGEAGT TASE BRI DO i VA AHSPPORMGIIATABIVERA to 75 °C the single

stranded primers signal is not quenched anymore, while it is quenched in the PCR product
10 until the product is completely denatured product (negative signal for PCR product)
(depending on amplicon properties at approx. 75 to 90 °C)

[0239] Makes use of different affinities of intercalating dye to single and double
stranded DNA and of different distances for quenching (FRET <-> contact quenching).

[0240] Reading of baseline with same filter combination but at different

15  temperature.

Example:

Alternative signal generation (tag specific fluorescent primers):

iFRET:
[0241] Signal of dye introduced by the primer is generated by excitation of SYBR,
20  which then FRETs to the dye on the 5’-end of the PCR product. The “classical” scheme for
iFRET signal generation (excitation at LC Green wavelength and reading at emission
wavelength of primer-dye) did not work. It seems that the observed signal is mainly due to

LCGreen itself. Differences between primers with different labels was minimal.

[0242] Using the same reactions as above, but reading with excitation and emission

25  of primer-label showed surprising strong signal/noise at 60 °C. Signal was even better with
End Point reading at 20 °C. The background signal increases between 60 °C and 70 °C in a
way that the signal of PCR negative reactions is stronger than the signal of positive

reactions. The results are shown in Figures 1A-G.
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T021' TTCAATTGCGAGITGTGCTGT [ 0330] For chronosone 18 assays, the Tz_18F
sequence was added to the 5 end of the 5 oligo and the Tz_18R sequence
was addeawocaotiig286 end of the 3' oligo. For 10chronosomeTAB2@3500887 t he
T020 sequence was added to the 5 end of the 5 oligo and the T021'
sequence was added to the 3' end of the 3' oligo. [0331] For each loci, two
PCR prinmers were al so designed. This was done by noving away fromthe UPL
probe seq unt i pi cki ng a
primer w t‘ﬁﬂg | DT 'ﬂr@%ﬁéﬁnﬁgﬁr ange %%?IEQS% wi-&g‘g%”?’rr‘%eﬁgfs‘&‘ﬁg@e sone

15t ag seq uemeoratted itedsPCR prpdaetdt dapagdongseld mue@clzﬁéq»yéhm@Qe(eommgnmarend
These pri ”F?ﬁ?e Iy I on product for
each Iocurszﬁlsgce\(% q‘gssgrgqulskgggw e ol’?‘g%é%t eqﬁagntglnggi%'gned for the
twel ve chr18 assays and twel ve chr2l1 assays are given in Table 2. Table 2
48e; 11' ' Hem : Sequence A0118_0002. . 7.d.8hmel

" TCAATTCCAGGT GT GCGAAAGCAGATCCCCCT 18 _0002_131T. 18R
CASCCTATTTTTCAGI TGCCATSSPUY thddiAéa il fivEfsall liioresddnt primers

A0318_0002PF1! c AGGTOTGCGAAAGCAGA ; CACTATAAACACCATGCCAACTGAA A05I
e_0003_Tol8F L511TGRATTCCAGGTGTGCCL000CTCGCCATCTCCGECTG

16 60. 03_1froblem: g1

A07 18 OOC?:EIE%@IT%&M%&% TﬁIﬁ%%I%EWm mlcé\%ﬂuidic chips.

60818_0003_pH1l ' | ACTATAAAGTTAAGTGGGAGATGGGATTAA A09180009 1'. 18FLL51
, TCAATTCCAGG I CCGAAACACAAT CCACCCCAGATTTTTATCTCCA

[0245] Perform allele specific PCR with a tag on the allele-specific Forward

10  primers. The two variants carry distinct tags.

[0246] Matching each distinct "allele-specific” tag, a tag-specific fluorescent primer
(same sequence as tag) is in the reaction (for example: allele A: FAM, allele B: Cy5) .When
this primer gets incorporated, it is incorporated into double stranded product and not

accessible to hybridization.

15 [0247] After PCR, end-point reading is performed (usually at room temperature). A
“quencher oligonucleotide” with 3' quencher that has sequence complementarity to at least
part of the tag sequence will hybridize to unincorporated fluorescent primers and quench
their fluorescent signal (The 3'quencher automatically blocks the oligos from serving as

PCR primers). Fluorescent primers incorporated into PCR product will emit a signal.

20  Required oligos per assay:

[0248] Reverse primer.

[0249] 2 Allele-specific forward primers A and B, both with a different 20 - 30 bp
tag.

[0250] Tag-specific Fluorescent “F2” primers. Different assays may use the same

25  tags and thus F2 primers.
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Al [ 18_0009_131_18R-1 CAGCCTCTGITCTCTTTAGAGCTTCTGTAGT TTATAGTGCTGI TGCTCGT CCA
Al'l 16_0009_PFL; GAAACACAATCCACCCCAGA

01218_00080RPRIT@e#& ATAAACTACALAACCTGTAAAGAGAA 130118 0@T@/UK2w8/060885*

] TCAATTCCAGGT GTGCGAAAGCAAGATCGCTGCECTTACCTCCA B0218 0010 L31 Tzl 8R

: CAGCCTTATCAGCCTTGATCCTAGCTTTATAGIGCTGT TGCTCGT CCA

80318- 0010- PF1-i c GAAAGCAAGATGCTGCGCTTA

130418: 00 1CA A F 151

oA T T AT oA R EPE R R lee Ol iy Bt por e 25
i CACCCTTTGRSIgn€lC harGEPINEAGIEEhGTdIoET @@TBEAame quencher oligo works for both
80718 0017 _PF1] GAAAGTCTCTCTGACAGICTCACTA

BCD18_0017@%§R1 GCACTATAAACCTI 000CAGC7CAA 80918 0018, 7116F_151

i TCAATTCCAOGT GTGCGAAACCFCI TTCGTGGGCTCTCCA 01018 0016 131

Tr i 8RI CAGGRFAAAATCCATCAACAGT TTATAGTGCTGTTGCTCGTCCA

B1118 0010— G/ GCCGAAACCTCTTTCGT

81218_G0100F5%i c AACAREAGTAIAMACIHT 6 BRG: Cakik8 o002 ighe! Bmpdradures,
k' CAATTCCAGGT GT GCGAAAGCCAAGTCCTGCATATTTATCCTCCA CO218_0020_131_7, 18R

. CAGCCCACTRSRSMereconcihy iength@rdErenf togqusaghisealigo. With longerquencher oligos, real-

CO316_002 R GAOPA TN A STAGk GGGTACCA
COb18_ 0033115‘!.:%618F 151 T%ﬁ'ﬁg% ﬁsm&%ﬁ%ACCCgﬁéEl C%E@ﬁﬁ%?bl8 0038

L31 7; 18R ﬂrmmmmhAm@rﬂmt not in allele

COr18 0030sp GAATCGGCGA
COB18_0038_ PRllCACT TA4AAGDCATOATGAATCACCA
10 [0253] There are many possibilities to design quencher oligos: length, mismatches

to tag, modified bases etc.

[0254] Reverse primer also carries a tag (or is longer, has higher Tm than target

specific part of F primers) such that annealing temperature of PCR can be raised after 2 or

more cycles (after 1 if R is just longer) to prevent new annealing of F primers to the target
15 sequence. F primers will only anneal to product synthesized in earlier cycles that includes

the tag sequence.

[0255] Both F and R primers are allele-specific (overlap of 1-3 nt) and carry a tag.
[0256] Allele-specific F primer at low concentration. Asymmetric reaction setup.
[0257] Each tagged primer can carry the fluorescent dye directly, which however

20  increases cost for multiple assays.

[0258] Fluorescent primer detection system can be replaced by using universal
target specific dual labeled probes that are complementary to the tags and are degraded by

5’exonuclease (TaqMan like).

[0259] The performances of the dual labeled TagMan probes, especially for end

25  point, may be enhanced by a quencher oligo.

[0260] TaqMan probes may be replaced by a pair of (at least in part) complementary
oligos where one carries a fluorescent dye (e.g. 5°) and the other a quencher (3°). One or
both oligos may be cleaved through 5’ exonuclease (more precisely 5° FLAP endonuclease)

during PCR amplification.
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CO0O18_0039_Tzl 8F_151 TCAATTCCARITO7GCOAAAGCATGGAACAOCCTCCA.
01018_0039_131_1118R . CAGCCTCAGGGACCAGOTTTATAGTGCTGI TGCTCGICCA
C1118_00390RpNE3CCGAAAGCATGEGAACA C12. 18_0039_PR11GCACPATAARAGTN@ESTCCTGA
DA 18_0640_Tz1. 8F_151, 1 TCAATTCCAGGTGT0CG7 A9 CAO9AGGoCk ACC7 CCA
662-18_0040_131_1116H | CAOOOI CCAOAGAOO900TTTA7AGTOC . GTTGCTCATCCA
00318_0040_ PFll Cc GAAACAGGAGGGCACA 00418_0040_PRIi AACAGCACTATAAACCTGCTCTGT

b tifaf § e CONMBIMAGRCIA SICiane 00818 0043 PRlGCACTATV\GI'GGCJ:CJ:GTAI COA:
-- D0918 0047 TrlBF 151 7CAATTCCAGGTGTGCGAAACAATTTTGCAGTCCTTGACATCTCTCCA

01018 004702 ||| @W@G&zﬂ&'&ﬁr ER@;W?A*?WWW‘? the

1311113_004hnRiuECIeRAEAVETTST cific PCR usi & two forward allele-specific
01216_0047_P AGCACTATAAACCT GGCCT EO 1 0001_702
TGCAACCAGIPTaGTE AR &9@@@@@@2@1 smerlceisrld 7121

CCCAGACCCH, FEHAQ il $de lificati ti luded two tag-
ED] 21_0001 PFL1: %A %TTCAA BAS OB S ipRincluded two tag

wqmq@mmmm@@q@m@@@ﬁier@@mommt label at the 5° end and a double-stranded

l: %ﬁ%{,@w at %@%g}mgge%?ﬁéﬁ%a}.—ﬁggéreen binds to

E072 1_OOOBHMRWMWIW[

10 Experimental
[0262] 12 SNPs of expanded genotype performance test.

[0263] 11 DNAs of expanded genotype performance test, pre-amplified.

[0264] Designs according to Tm shift Advanced Development Protocol (see also
U.S. Patent Publication No. 20060172324, published August 3, 2006, which is incorporated

15 by reference herein in its entirety and specifically for this disclosure).

[0265] Protocol similar to Tm shift Advanced Development Protocol.

SNPs 1 tol2 (Figure 2B):

[0266] “EP” read after 25 cycles
[0267] Inverted graphs

20 SNPs 1 tol2 (Figure 2C):
[0268] Signal is actually negative

All calls were correct (Figure 2D)

Manual calls

[0269] 11 samples
25  [0270] 4 replicates
[0271] 12 assays
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E0821_0005_PR1; ; CAATTGAACCTGCCTGATATGGAA E0921_0008_1' 020 L51
i Ti vOOOOOOTTALT6000CAGAATCCACCATC7CTTCCACTCTOGC El O21_0008_131 T021

: GCTGCECT MOCHIAFISETI 7CTGT 7CAATTGCGAGITCTCCTaT El | 21 PCT/US2011/000887
0008_PF1- AACAGAATCCACCATCTCTTCCA El 221: 0008_PR1: CAATTGAACAGAAAGGAAGAAGGGAA
FO 21_6013_TO20_151 i TGCAACGAGT TAGI GGAACAGAAT GGCCGGACTCCCAGC
F0221_0013_131_T021 ; GCCAGAGCCAATAACCAGCACTTCAATTGCGAGITGTGCTGT
F0321_001§ ;1%@%‘5@%}%@ FO421_0013_PR1CPATTGP. OGTGC100TTPTOO00T
F0521_001 020_151 TGCAACGAGI TAGTGGAACAGAATCTTTCTGI TATCATCTCAGCCTI CCAGC

0621_001 02} 164 GO AANGESL GITGIGCTGT
EO?Z ]1-:00 130#%1 , TCSC:%ACAGAA%?%%TTCT GI TATCA'IE;%EAJgﬁvb&lﬂéﬁcc;|A

F0821_0015_PR1: CAATTGAAATGGACGCTTCCTTCTT F0921_ 0019 7020 151
i TGCAACGAGT TAGK CAGAATCTGCCI TCTGCTCCCAGC FI G21_0019 131 TO21.,,
i GCCAGAGT GAGA! GI TCAATTGCGAGT 7GTGC7GT
FI 1 21 06190FH] - GAACR(SfTTIFleanTior GETy didsZ PAn®DNA) PR1: GCAATTGAACTOCGCTCTCA
60121 _0021_7020_151 | TGCAACGAGI TAGTOO0AACAGAATGC7 COGAACACCTAGAOCTOGC
G221 _060210275], 7' 02 PCRGTMABELCACGT CCCTTCAATTGCGAGT TGTOCTGT
00321_0021pF1. . GGAACAGAATGCTCALAACACCTA 00421 _0021_PR1COCRAATTOPOOACOT
00521_0032_7. 020 152 AllEESRACGAGTTAGPGRANGAGANT AET TIGCAGKTIGAGHT EBBAGC
00621_0032_131_1' 021 WMT?A@%%GCTTTCAATTGCGAGTTG LC GT
1 common Reverse primer: 250 nM (100 nM equal). TA > 60°C.
Two fluorescent, Forward primers specific to universal tags (FtagA: CAL
10 Fluor Orange; FtagB: CAL Fluor Red): 100 nM each. TA = 55°C.
Fluorescent dye: Eva Green 1X.
GTXpress PCR mix (AB).
Sample loading reagent SG.
Reference during PCR: Eva Green to detect amplification

15 [0276] Post run insertion of other reference (Vic at cycle 1).

PCR (Figure 2E)
[0277] Ist cycle: 6 minutes touchdown annealing between 62 and 55°C.

Promote annealing of correct SNPs primer
Introduce tag (for correct SNP this increases Tm > 65°C)

20 [0278] 30 cycles: 1 minute touchdown annealing between 70 and 60 °C.

[0279] Fam as reference: Eva Green signal as control (M48 GT can only read 2

probes and a reference)

[0280] Used reading at cycle 25 for analysis and exchange reference picture.

Exchange Reference

25  [0281] Eva Green signal increases with amplification and is not ideal as reference.
[0282] Use data from Vic cycle 1 as reference.
[0283] Use data from Vic and Rox of cycle 25.
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00721_0032_PF1TGGAACAGAATACTTGCAGATCCA

00821_0032_PR1, GCAATTGAAAGCAGAACTGATTCCA 00921_0036_7020_151

: TGCAACGAED PAGTI@HACAGAATCTCCTGCTTGICTTTCAGAACCAGC G O22C00B3601180083021
, GCCAGGT GTAGACCTGGGACT TCAATTGCGAGI TGTGCTGT

61121_0036- PF1i AGAATCFCCI GC7/TGICl TTCAGAA

61221_0036: PR1* AATTGAAGICCCAGGTCTACA 00121_0041_1' 020_151

| TGCAACGA GGAA A CCAGC 00221 0041 131 7' 021
. CCAOCAT TR ACA AT AR I ERe 7

00321_0041_PF17ACAGAATTCACOCCATAOCCA 00421 0041 _PR1CAATTGAACTGCTGIGCTGAA
00521_0046_702GvhTdreed SrdEehéel TAGT GGAACAGAATCACAAGGTCTGGTGCTGEC

00621 0046 131" CTTCCTTTGCACTTCAATTGCGAGT TGTGCTGT
00721_004q0%835]! GGAASNBAATEACAAGEPET.HBEs instead of clusters, but can be called (but
00821_004%%@'&& GTGCAAAGGAAGTGAA 00921 _0050_7020 L51

: 7TGCAACGA RR CTC11. .. AGACAAGTCCTTTATOACCAGC HI 21 0050 _131: 1021

07121 00500PRI) oAATCREEAM MHREFC 1 100

01221 _0050_PRI'! CAATTGAACTGCAGCACATAGCA WD 2011/ 142836PCT/ US2011/ 000887
[ 0333] An experiﬁgfus@ﬁs run using the chrl18 assays. FEN-ligase reactions
contained a m all 5" oligos and 3' oligos at a concentration of 25

nM each. Rezefji ons absp1LINPaWBAEd0. 1 unit/ gL Anpligase (Epicentre A30201),
0.04 unithiL Tag DNA pol ynerase (Epicientre @B201K), 2 ng/gL denatured

human genqu288)DNA,  @Réhp chemistry using universal fluorescent primers.

[0289] Denaturation removes quenching effect.
10 [0290] Currently employs preAmp.
[0291] Manual calling.
[0292] Exposure settings suboptimal (Tcalibration, negative PCR signal).

SNP-Methods

[0293] EP (endpoint) at RT (room temperature)
15 [0294] Melt analysis
[0295] Eva -> LCG -> Fam as second color
[0296] Other DNA binding dyes (& ssDNA binding)
[0297] Rox as reference (in mix) -> Quasar for allele B
[0298] Reference at 95°C
20  [0299] Anti-Quencher oligo to fluorescent primers (worked before)
[0300] iFRET (excite Eva -> read CaR fluorescence)
[0301] Optimize PCR protocol
[0302] Chc;aper preAmp (now $0.20 per sample)
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5Ampl i gase buffer (Epicentre). A 10-11L reaction was incubated at 95C for
15 sec followed by 10 mn at 65C. After addition of 110 'IL TE, the

reacti on waotwvaessherred to a M crocon YM50 filter uni PCTNSkét1fp0rss7 42409)
and centrifuged at 14,000xg for 4 min. An additional 100 !lL TE was added
to the filter unit and it was centrifuged again at 14,000xg for 4 mn. The
concentrate was transferred to a sanple tube. The filter unit was rinsed by

addi ng 100 10ptTe£ﬁe%q,;&@%$hﬁ'é;g9oﬁhgﬁal@i«‘@f"eiﬁih the concentrate in the
sanple tube. T S preanplified in a 5-4
reaction qoxexi ni ngRealxinl@RCRANGO°L Jossiep Master M x (Applied Bi osystens
4391128), 50 nM Tz_18F, and 50 nM Tz_18R.  Thermal cycling was 10 mn at 95C
fol l owed by3dg cycl € (efdp8he rkr vekpstrmg sighflCnbie. 4 m n. The reaction was
stopped by adding 50 gL TE. This material was eval uated using
I(ocuis-sgequ(isq assawns 95‘583@Biiﬁi'e;’ﬁrﬂglegativfa@k/ﬁm(sﬂ))avewhﬁe sifgmr,wgharanmﬂ M x
Appl i ed Bi osystens 43690 , I x Gene Expression Sanpl e Loadi ng Reagent

( Fl ui diSQMRrO%barﬁM“\g{‘irs%'?dégi)ri mer, 200 nMreverse prinmer, and 100 nM UPL
Probe 019. Thermal cycling was 50C for 2 mn, 70 for 30 mn, 95C for 10 mn
foll owed by 35 cycles of 96C for 1 xc‘ 710% for 5 sec, 60C for 1 min. The
average CT values for each of the t ri 8 assays are shown in Figure

4C. 20[ 03%&%@3@5{5@1&9%& ago(al.%- aoag%be&ﬁc BAmer kd %énle?at@ _@Fapﬁhﬁc

| i gation product. € ot ner ssays, 10ugh,” Show tha g products
were formed at fairly simlar anputigged primersienonstrates that |igation
assays can be perforned as a nultiplex on human genom c DNA to generate

| ocus-specifigc ligation products in a fairly uniform manner. Furthernore,

t hese Iig;[i-rlgé-%mproducts can be PCR anplified with a comon pair of Tag
25prinmgrs. Exanple 5 Method to Detect Differentially Methylated DNA (i.e.,
“Methyl SNPs") Using Tm Enhancing Prinmers and Fl uidgi m|FCs )

[ 0335] Met H3M ed cyPediame I'dashanscess agpyresgodipnaielecing PER Ipeodyeis Médt i de
30pol ynor pfa « Qf | t j gl | . : at ed

ver sus un%ﬁﬁ{/}?g‘g&#@?g@?ﬁ%g%@%@f ﬁ'ggglz%ﬁlg;& {]ﬁgdu\?\ng H@Fﬁ/ﬂ‘g@g?lﬁgﬁ}%chem cal,
sodi um bi ghinsing are targatspiSUR and haveeal5 'ttag. dihe antes piimresis ate spewifie jo. thakigs obthepl e

pre-anal yt.j cal . a i ri in Fi g e

For 1 ow ng. i pebleREb B Rm) FhRERE Ry BataE fengeliby bIE KAGT: 1S

deam nat edampld neistwesy dralchavothaseqlienang dfapteT besmencaron theda® -eud. Thisrprotbeol PCR and
sequenci ng_reactions. 5[ 03371 (2 thyl ated .cyt osin re resj.stant to

b1 ahul phi {ERAAT B Ten B P M e R R kSR £ et

conpar i soris bicréasesduhehiohe tries eamelliples nisUBCRI Pdat B@iseol tagging (in the access array).

[0307] Problem 2: Find a cheap genotyping chemistry
Solution:
20 [0308] Solution 1: The inner tagged primer is replaced by its complement. In a first

phase, some of the outer primer will dimerize with this complement and be extended by
polymerase into a target specific primer that carries the full set of tag information. These
primers will be able to prime of the target sequence and form a full length product. Once a
product has the full tagging incorporated on both side, it will further amplify with the outer

25  primers.

[0309] Solution 2: Two (labeled) tag-specific primers are used for the detection of
individual alleles. These will have different sequences. 2 target complementary oligos (one

per allele) with a 3°-tag complementary to one of the 2 fluorescent primers oligo is used to
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DNA wi Il reveal which cytosines were converted. Invention nethodol ogy:

10[ 0339] Use of bisulphite treated DNA, Tm enhancing tag priners and

ol i gonuclwot2odel4bs3gat i on t o detect met hyl at ed DNA usi ngPETAiISAd1g00dSBTCs
Generic bisulphite protocol: [0340](1)Treat DNA fromeither single cells
or selected population of cells using commercially avail abl e bisul phite
conversion kits (lnvitrogen, Qagen etc.). 15[0341](2)Enploy the highly
sel ective d agéefu.&%%t)gﬁm%s&%ﬁ@mé eaprhﬂ%emma Qh&%' mt@ardn%@anele
ollgonucleotl es to nmet hyl a (remain as and unnet hyl at e
(conver t edspeaficprod®e sarFogparform i by wvara's@g-apmféc deéf‘&@@m owtheds Segl usiogia

[0342] (1) vel.y Tt ag
2075t uf F erhenl DA (PIHERbeloa ke 10 ot BBl FORBIILY OPL b

[ 0343] (2) Tslpecnﬁb theal tpbtlied grabes. r’Fba soondadation sb'swnocatnd:e,usécbfmeanil' pait afgargetquence
(the ollgo 3' ends may be nucl ease resistant). [0344](3)A reverse priner
bearin anegﬁbgﬁanglng nucl eotide "flap" that targets either the Cor U
site. 25[0345](4)Add a non-hotstart, hear-tolerant polynerase i.e. native
Thernus aqgygti.cus DNA pol ymerase. Do not add dNTPs. [0346] (5)Add a heat
stable Ii (Anpl i gase, Epicentre). Incubate at 65C - 2 m nutes.

[ 0347] (6) Tos1aol ynemras Qos)Mblillt?r 3 @@'h‘éfhtnﬁg fipictiédaelony PFilRRYy@mbiraRy fhc| eot i de
(flap of endonuc| ease) revea phosphate gro

oligos as descrlbed above may have multlple applications. It will b% useful in instances
where tag sequences are appended to target specific primers. Especially in instance where

10 one target is amplifies to carry multiple different tags, e.g. one tag per sample.

[0311] For the SNP method, the same detection system can be used for any pair of

target sequences. One optimized detection system will fit all.

Possible variations:

[0312] The general protocol for generating primers is relatively simple.

15 [0313] In general, the concentration of the outer tag primer will be greater than the
concentration of the inner complementary oligo. This assures that there is free functional
long primer present, not blocked by hybridizing to the complementary oligo. The
complementary oligo may be blocked from extension or can be extended using the outer tag

as target, whichever is better for the protocol.

20 [0314] Variations of the methods described in this Example are shown in Figure 3.
In Figure 3A, the complementary oligonucleotide is blocked; only the outer forward primer
is extended into the full-length primer. In Figure 3B, the complementary oligonucleotide is
not blocked; forward primer and complimentary oligonucleotide are extended into full-
length primer and complement. In Figure 3C, allele-specific long forward primers are

25  generated from extending fluorescent tag primers hybridized to their respective allele’s
complimentary oligonucleotides. In this illustration, the sample is homozygous for allele A.
The fluorescent primers of allele A get incorporated into PCR product and generate
fluorescence, while allele B’s primers hybridize to a quencher oligonucleotide and generate

no fluorescent signal.
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5[ 0348] (7) The |igase creates a new phosphodi ester bond between 3" OH of the
tag-bearing oligo and the initially C or U targeting oligo.

[ 0349] (8)Werrtatwm4es3695C, 1 m nute. Cycle between 65C andP@3@saq 10008800
times. [0350](9) Renove unligated primers (treat with EXoSAP-i T, m crocon
10filtration, magnetic bead cleanup etc.) or proceed straight to preanp.
Aigos will not anplify DNAin the PCR well if they target the sane strand.
In any case, ExoSap treat after Pre m!%lQ;iSl](lO)D | ute sanple - 1:10.
Using a Fluidigmchip: 15[0352](1) mpl i cons and perform anplicon

nmelt using Eva or LC grg t.uﬁlmgay@fwnetwkn%i%mne@m_ﬁ#g array.

[ 0353] (2) Look at the melt date. [ 0354 e the Tmdifferential PCR
product s t[03}:ﬁét ect The ebihityttamse Brgltnmmw%ﬂﬁ@s ONatenuietad atcugdieidy can be

20[ 0355] (4) I ndi yence, cont al

net hyl at e y‘lt'{‘;rg |né§ﬁ}ﬁc }e)?fA §°fa Fg'g) %Qeﬁm%mﬁn%ﬁ"&%. Teo‘fé%VGf’(agéirfW‘frrs

I ndi catse tmeblem nglomad: mm\iﬁlmspyefmeadoﬂtranmdmea)emgrcﬂmtedl $t UPhaessays for I
ollgonucle tide I| j.upction 0357 unt a I|c each pane
or ' bet veertrpuiigpee TR Sy Pk eSS SaRekimeet ek d? 2 hids G55

met hyl ati o L(se UPS:)@Pobeam biannd fhe cnmgae@ys al ug I$IHB§110]E)¢ 02({ afrrgmttgé:!;el 1@Cihe18 |

[ 0358] (7) Not e: tiple loci can be target-specific ligated at a single
time. PreAffY Eu%'?rgr-:bf) drelorssays WesgSelscl eﬁe?r h&ys@reyrua |aﬁ©Fé‘ltfpé?"gsétth%rﬁéscﬂ PPXUTBr § ner .

of 40 different primers and 2 probes in the test. Eventually, it might desirable to run 100

10 assays per chromosome, or even more, in order to improve sensitivity for a diagnostic test.

[0316] An alternative multiplexing scheme is to use ligation to create DNA
templates so that all assays from the same chromosome use the same pair of PCR primers.

This scheme is illustrated in Figure 4A.

[0317] This scheme has a number of attributes: FEN is flap endonuclease. FEN

15 cleaves most readily when the displaced nucleotide is complementary to the nucleotide in
the template (genomic DNA). If the displaced nucleotide is not complementary, the rate of
FEN cleavage is typically 100 times slower. Thus, FEN cleavage essentially occurs only
when the 5°oligo and 3’ oligo are hybridized next to each other and properly aligned so that

the complementary nucleotide in the 3’ oligo is displaced.

20 [0318] FEN cleavage generates a 5° phosphate on the 3° oligo. Ligase requires a 5’
phosphate in order to seal DNA nicks. In the absence of FEN cleavage (which requires
proper hybridization and alignment), there are no oligos present with a 5’ phosphate and
thus no oligos can be ligated together. This drastically reduces non-specific background

ligation compared to other ligase assays.

25 [0319] Ligation occurs most readily when the 3’ nucleotide of the 5’ oligo is
complementary to the template nucleotide. Thus, ligation essentially occurs only when the
5’ and 3’ oligos are properly hybridized and aligned such that the 3* nucleotide of the 5°

oligo is base-paired to the template strand and next to a 5° phosphate on the 3’ oligo.

[0320] If ligation occurs, then a ligation product is formed that can be PCR

30  amplified using primers Tagl and Tag2. (Tag2’ refers to the revererse complement of the
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[ 0359] (8) Anplicons may al so be directly sequences if appropriate tag
sequences are appended to priners. [0360] Gt her variations, such as the use
of padl ocwopnob@283¢pe priners, are described in the netiraa/useaii®css?
"Preanplification and anplification nethods based on 5target-specific
ligation via LCR/LDR (ligase chain and |igase detection reaction) followed
by PCR " Results using Tm enhanci ng oligos to detect rare SNPs (or

met hyl at i [ 0 tiel r h, the
GNP eaponitB e e e TR AT PRk A e B kS RBY P

(medi at i nggw@yhsqm@et 0 anti-cancer nedication) was exam ned using Tm
enhancing tag priners and a ligase detection assay in a DD chip. See

Fi gure 5B.[08%la der iThed’ nyctassa ¢rangin oCEHLPNAGI0bMRErdsA i4 BENTIBB, qms vedyden i n
Figures 5G ﬁQate[F%@@nL 1536 96 TAORATR dne( 4k e ablenbOSANIRS Ao Al L er

bi sul phite treatnen ove angin ap nucl eotide would

t ar get iSng dNVEPsrpoeseet] T4 DNNMm@aseﬂmadefamlmmm@sb activdy.U) t he over hangi ng flap
nucl eotide would an A. [0363] Anplify using a comon tag priner (Tag 1 in

i mge) and0322dommuon Afev bgaienpthe tigation Dges recd & bns‘ctmyvmbeoauseltheSNﬁllarrpl i con
di fference X ffere Ref n 4 Backd L., M
Her bert h, {nger% @%bﬁuenm&gk Stet?(gd]ilﬁerefl ﬁ:ﬁ EE)o?]go %F %&%ﬁr r?giowllg g| ni ne

di et hyl amnﬂlgatbnytigamloasbgc& (Ddah2) gene is an epigenetic bionmarker for

neural stemcell differentiation.” Epigenetics 4(4): 248-254. [0365] Broske,
A M, L. J03%4nst antl) et Chﬁoma(c%@eﬁﬂ)/ or ibAltrEiomyUsligatd qbigod emtte separated

hemato 0|e | C stemcdf ot ency.from | oerythroid restriction.” Nat
Genet 2)1 ( 1 m li ig&ipy prodpsts gy passpng overd Sephadexr%?umn oryusmg ulltrafJitratlon devices
such as the Sartorus Vivaspin 500 ultrafiltration spin columns. This separation is enhanced
if the ligation product remains hybridized to the genomic DNA. Thus, this method for oligo

clean-up works best using only a single round of ligation.

[0324] 2) Blocked oligos. The 5’ end of the 5° oligo and the 3’ end of the 3’

15 oligo can be blocked to exonuclease digestion by adding one or two phosphorothioate or 2’-
O-Methyl nucleotides. After ligation, the reaction is treated with exonuclease. Ligation
products have both ends blocked and thus are not digested by the exonuclease. Unligated

oligos have one free end and thus are digested.

[0325] 3) Circular ligation product. The 5” oligo and 3’ oligo can be joined

20  using a connector segment so there is only one ligation oligo per assays. See Figure 4B.

[0326] Upon ligation, a circular ligation product is formed which is resistant to
exonuclease digestion. So, again the ligation reaction can be treated with exonuclease to

digest any unligated oligos.

[0327] For either method using exonuclease digestion, multiple rounds of ligation
25 can be performed if one is using a thermostable ligase. This results in linear amplification

of the ligation products.

[0328] Starting with UPL assays, ligation assays were designed for 12 loci on
chromosome 18 and 12 loci on chromosome 21. Assays were designed so that ligation
occurs within the UPL probe sequence. Also, the 5’ and 3’ oligos were designed to have a

30 2-ntoverlap. Using IDT OligoAnalyzer 3.1 with default salt and oligo concentrations, 5’
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[0366] Calladine, CR, HR Drew, et al. (2004). Understanding DNA: the

nol ecul e & how it works. San D ego, Academ c Press. [0367] Eckhardt, F., J.
Lewi n, etwal2011(2036). "DNA net hyl ation profiling of humeoTalsecamossse 6, 20,
and 22." Nat Genet 38(12): 1378-1385. WD 2011/142836PCT/ US2011/ 000887
[0368] Fanelli, M, S. Caprodossi, et al. (2008). "Loss of pericentroneric
DNA net hyl ation pattern in human glioblastoma is associated with altered
DNA net hyl NSk 3 i ne. ° e tnment."
oncogene. 271 3) S EE SREUSHBEERals DR Foih v 35 C REECOSLER] 1o <RGERE)

"d obal nappoligys vfas Disde efitsydvnidingmoliges volseorprasabt eing rowy g by sglégieaet i ¢

reprogramy i : e " PLOS GENET 4(6):e1000116.
[0270]gFr :)nn"{bré;%agﬁ/lt@kE%Stﬁeﬁlgg%)eﬁgﬂ'g?&eof al . (1992). '('A) genoni ¢ sequenci ng

protocol t yield Lt j f. D= I OS] idues in

i ndi vi duallbg\lg,& 10st ?2%8@33%%% s%é‘?'ﬁ)ée;\%:{ffg "écu“r%%@‘&wéég%wa‘&@?- 1831.
[0371] Goossens. E.. M De Rycke. ghb l;. (2009). "DNA nethyl ation patterns
of spernmatozoa ang-two generattons-of—-offspring oftained after nmurine

sper mat ogoni al stg"l}g“[gggce}'zgggggc‘aﬂs—pl"’*anra‘t*i o ~Hum Reprod—24(9) : 2255- 2263.
[0372] Li, C., Z b, q&kqak-(2009)Correration of "expressi on and

met hyl ation of 15 AT fda@ercgRitesrddtAR pl Uri pot ency oOfsqpenhenogeneti c
enmbryoni ¢ st em cebhs. " rddacaabdncadoatietrazh8( 12) 1 2177- 2467. [0373] Lister, R,
M Pelizzol a, et mahs (20@8crcCrhitmearccdMA et hyl ones at base resol uti on show
wi despread epigenom c differences.” Nature 462(7271 ):315-322. [0374] Shen,
X, Y. Liu, et alchon®g@81 'EZH1 nedi ates nethylation gn histone H3

20l ysi ne 27 and cB8Rpl etrestrd EZH2 in._nmmi.ntaining stemcell identity and
executing pluri pdfBAcySI9fIE._Cell. . 32(4)..-491-502.. [0375] Tate, C M, J. H
Lee. et al. (2009f% " CEREMITHTEFIBREEAN 1 cont ains 60

:ACAGCACAACTCGCAATTGAA 556
‘To21' TTCAATTGCGAGTTGTGCTGT

[0330] For chromosome 18 assays, the Tz_18F sequence was added to the 5’ end of
the 5° oligo and the Tz_18R’ sequence was added to the 3’ end of the 3° oligo. For
10 chromosome 21 assays, the T020 sequence was added to the 5° end of the 5’ oligo and the

T021’ sequence was added to the 3" end of the 3’ oligo.

[0331] For each loci, two PCR primers were also designed. This was done by

moving away from the UPL probe sequence until an A (or sometimes T) was encountered,

then picking a primer with an IDT Ty, in the range 55°C to 57°C. These primers have some
15 tag sequence at the 5° end and locus-specific sequence at the 3’ end. These primers will be

used to evaluate the yield of ligation product for each locus-specific assay.

[0332] The oligos that were designed for the twelve chr18 assays and twelve chr21

assays are given in Table 2.
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redundant functional domains that support enbryonic stemcell cytosine

nmet hyl ati on, histone nethylation, and differentiation.” Ml Cell Biol
29(14): 38020BBE183625[ 0376] Vaid, M and J. Floros (2009pCcT/USaoifimacisant
protein DNA nethylation: a new entrant in the fieldof |ung cancer

di agnosti cs?(Review)." Oncol Rep 21(1): 3-11. [0377] Wi senberger, D. J., B.
N. Trinh, et al. (2008). "DNA nethylation analysis by digital bisulfite
genom ¢ sequencing and digital gﬁ#&g " Nucleic Acids Res 36(14):
4689-4698. WO.20Ll/ 142836RCT/US2 00887 [0378] K &0 T. M Gei man, et
al . (2009). "Lsh p’%"ﬁitii?"??ié%“ -esodfbiAet-hyhat i on and i | enC| ng of stem cell
genes." Stem Cel 5235 L1 peni68iear0n  Exarple 6 stse of

pre-anplificat ixon Bt ¢

S peauTrereareTSanicrrg it ai:ll.ozs of highly

precise Smeasur: @nﬁmw SSUe gfwmﬁyu@mgﬁm detecti.on gf =aneupl oi dv, CNV and

nmut at i on dosagg ---------------- P-g‘;za;;}t mﬁ;- s i g379 et -al.-aneypl,9i dy detection from
Vw4 avs) ,-@,n,t rat’-rrronV of - ta};i’gé'é nucl ei ¢ aci ds

anal yze mul ti pl"é tar"gm& [ saﬁp_j'é. Di vi di ng the
sanple will redice: 3&&%“‘%%@&“ ?e"%"’?“ﬁ’é?mﬁer assay andzs.'i”s’ger ease sanpling
error. Miltiplexi ng;em“ds %?mwz:mmw cmcamu ch-is~tradiéional |y viewed as
bei ng in direct=capti®c G.ggwcﬁr;;;ct%e equirenment. for_highl y:preci se

gquantitative arggl AT AT ge_relative chronosone

nunber (RCN) by 15m°é§rof Imﬁ;ﬁ;@“gﬁ@ an addltlonal absgryation has been mae:
for the nost prechSE HEESHEE LSt necessary freasure tens of

t housands of t &fgetarbl e¢ule: ﬁ“mgrsone t he sanpli ngz,et..-,léors which w ||

ot herwi se mask & he: Gt t8rencstiabolate. t o be det ect [ 0381] Nor nal

sanpl es to not Dha vieothe HRWchaurber of - DNA- rml ecul --“ffnor

18, _0040 TzlSF L51 TQRATTCCAGGTGTGCGWCNSGAGGGCAC)\CCTCCA

ETET

Srdatien

bo2 18_0040_L31_Tz18R [CAGCCCCACAGAGCAGGTT TATAGTGCTGTTGETCETCCA |
003 18_0040_PF1 {CGARACAGGAGGGCACA

Bl 18_0040_PRi RACAGERCTATRARCETEETCTET

DoS 18_0043_Tz18F_L51 {TCAATTCCAGGTGTGCGAAAGCAGGCTACTGTCCATTCTCCA

D06 18_0043_L31_Tz18R [CAGCCCTGGATACAGAGCCACTTTATAGTGCTGTTGCTEGTCCA

007 18_0043_PF1 CGAARGCAGGCTACTGTCCA

D08 18_0043_PRY {GCACTATAAAGTGGCTCTGTATCCA ™ -
D09 16_0047_Tz18F L5 - TCARTTCCAGETGTGECAAACAATTT TGCAGTECT TEACATETCTEEA

010 18_0047_L31_Tz1BR CAGCCCAGGCCTCAGITTTATAGTGCTGTTGCTCOTCCA :

D11 18_0047_PF1 CGRAACAATTTTGCAGTCCTTGAA

D12 18_0047_PR1 AGCACTATAAACCTGAGGCCT

EGT" 3176001 7020 151 I TGCAACGAGTTAGTGEAACAGAATCACCARCCACATTCARAGECAGE

EQZ $170001_L31_ 1021 GCCAGAGBCEATTGTCCARGATTCART TGEGRETTGTEETGT

£03 ~  21_0001_pF1 {GAACAGAATCACCAACCACATTCAA ~ T
£04 21_0001_PR1 ~ CAACTCGCAATTGAATCTTGGACAA

£0s 1_0005_T020_L51

E0& 170008 131 7021 IGECAGTT TCCATATCAGCCAGETTCARTTGE

E67 1.0005_PFL TGGAACAGAATCCACCEGT

E08 21_0005_PR1 CAATTGARCCTGGCTGATATGGAA

E09 21_0008_T020_L51 |TGCAACGAGT TAGTGGAACAGAATCCACCATCTCTTCCACTCTGGC

El0 21_0008_L31_T021 GCTGGCTTOCCTTCTTCET TTCTGITCARTTGCGAGTTETGCTGT ™ -

S _PF1 ARCAGAATCCACCATCTCTTCCA

E13 _PRI CARTTGAACAGAAAGGAAGAAGGGAA

F01 2170615_T020_L51 " ITGCAACGAGT TAGTGGAACAGAATGECEGEACTCCCAGE

£02°" 21 0013 131 To2l ~IGCCAGAGCCARTAACCAGCACTTCAATTGCGAGTTGTGLTGT | Lo e
w57 ° “3iTootaped . e e e
54 21760137 FRi CRATTERAGT ST CETTRTTGEET

FO5 21_0015_T020 151 [TGCAACGAGTTAGTGGAACAGAATCTTTCTGTTATCATCTCAGCCTTCCAGE

Fos 2170015 L31_TOZ1 GCCAGARAGAAGEARGCGTCCATTTCAATTGCGAGTTGTOCTGT B
P07 " 21 0015_PF1 TGGAACAGARTCT TTCTGT TATCATCTCA

F08 21_0015_PR1 CAATTGAAATGGACGCTTCCTTCTT o

68 21_0019_T020_L51  |TGCAACGRGT TAGTGGARCAGRATCTGCCTTCTGOTEECAGE

Fio 21_0019_L31_T021  iGOCAGAGTGAGAGCGGAGT TCAATTGCGAGTTGTGCTGT

Fi1 21_0019_PF1 """ fopacAsaaTcTeCCTICTGET ”

F12 21_0019_PR1 {GCAATTGAACTCCGCTCTCA T

Got 21_0021_T020_L51 {TGCARCGAGTTAGTGGAACAGARTGCTCAGAACACCTAGAGETGGC

602777 5170021 _L31_ 1871 T BCTOeaCCACETECCT TCARTTGCRAGTTGTGCTGT T m———

603 21_0021_pF1 JGGAACAGAATGCTCAGAACACCTA

G04 21_0021_PR1 (CTCGEAATTGARGGGACGT T T T

605 21_0032_T020_L51 TGCAACGAGTTAGTGGAACAGAATACTTGCAGATCCAGTTCCCAGE : :
G06 21_0032_L31_T021 ;GCCAGCI‘GGAATCAGTTCTGCTTTCN\TTGCGAGTTGTGCTGT i n i :
Gor" '31 0032 PRI " T GEAACAGAATAC TTGCAGATCCA A T
Go8 21_0032_PR1 (GCAATTGAARGCAGAACTGATTCCA

Go9 21_0036_T020_L51 | TGCAACGAGTTAGTGGAACAGAATCTCCTGCTTGTCTTTCAGAACCAGE

G10 21_0036_L31 T021 ‘GCCAGGTGTAGACCTGGGACTTCAATTGCGAGTTGTGCTGT

Gi1 " 71 6036 FFi T R GRRTCTECT ST TG TCT T TCAGAR T

61377 "1 0036_PR1T IGEARTTGARGTCCEAGGTETACA 7 » "

Ho1 21_0041_T020_L51 |{TGCAACGAGTTAGTGGAACAGAATTCACCCCATAGCCACCAGS

o2 21_0041_L31_T021 ‘GOCAGCATTCAGCACAGCAGTTCAATTGCGAGTTGTGCTGT

03 21_0041_PF1 ACAGAAT TCACOCCATAGCCA

uod " 21 0011 PRI T GCARTIGAACTGCTGTGCTGAR T T T

Ho8™T T 31_0046_T020_ L1 i TGCANCGAGT TAGTGGAACAGARTCACAAGETCTGATGETEeE

HO6 21_0046_L31_T021 [GCTGGCTTCACTTCCTTTGCACTTCAATTGCGAGTTGTGETGT

HO? 21_0046_PF1 {GGAACAGAATCACAAGGTCTGGT

Mo8 21_0046_PR1 {GCAATTGAAGTGCARAGGAAGTGAA

09 " 21 0050_T020 151 TGCARCEAGT TAG TGO ARG RGARTCTCECET RGACARGTCETTTATAACCAGE

H10 77 21_6050_131  T031 GOCAGTGLTATGTGCTGCAGTTCARTTOCGAGTTGTGETAT T

W11 21_0050_PF1 {GARTCTCCCCTAGACAAGTCCTTTA

H12 21_0050_PR1 {CAATTGAACTGCAGCACATAGCA
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the requisite concentration necessary for optiml quantitation using any of
a variety of 20 techniques including digital PCR, BEAM NG or next

gener at i omOenuesssng, to nanme a few. Hence, the direct Psirmskeianesss
detection of nultiples targets (chronosone, multiple | oci per chronosone,
mul tiplexing,etc..) is technically very challenging. Solution: To overcone
the sanpling hurdle, we have devel oped a pre-anplification 25protocol which

anpl i fi esa[ﬁ 31t argehg, e‘iher rﬁ'érﬁ’(&% Funl WidghRe @lﬁ‘[@és‘gaysﬂf“aﬁ lt?%%gakﬁ ddas copy

nunber and concentrati o or al targets SO as nal ysis of al
targets - dontaped alnisture afralltSd gbigdsaand (3e0|gg08|am cangersiatign obXv eaclys i n t he

Pre AP DIGERSH 2ish SIRERES 51 MR (A SBHLQ0TRANEL A0 PR Fhg o Per

tar get as a ana
2011/ 142835@@'56%%&(%&8&% pr,m eg/ahpbnaruredahum genodisd@NAyardyl hi gh

co nynbers per .an i y con entrated

Caryet s oyl hATSTEnas) A T RRIRR WS W thd RS feiT S ot ol B e

chr onos onepyf Irmideae§ACe ,Awe:me?diiadm o£Hl Ot ;H_eTB,aH@feadStg)n&f/dsQfanifBrfred ﬂ@% Mtk @RS ?) me
dosage. 5[038 re- i fyl t he input, o s into t Ita

anal ysi s \21 %Jeﬁgf*ﬂﬁ @ZHP ﬁﬁfﬂﬁ&nffwgtrﬁﬁ%fﬁ s‘f é@dx%cﬁ%r idn. n'%&? '%bssr bl e
preci si on.10pQ380F Has sgPtd e EiRbr [t AdPONEs cohtrifigld agah b 1400k forangdinact ual I'y
al so be used as a stand-al gne procedure to_conbine multiple targets. Scope:

10[ 0387] Si THeIcarceafalF Men garstesqdde asgppIRiibat i8R Tlie wilirasringsd tiaddined®0dosage
in pr ergmarmymlaﬂld &ﬁﬁlﬁ@ihg 11RO And NAIEhO EShchittate ARRY ©B8 Peo H3&dIileR drhese

contexts. Exanple Use ofCPre anplification and digital PCR for the

enhanced dbrtsg@{lpléﬁvaaﬁ@amphﬁe in a 5-pL reaction containing 1x TagMan™ PreAmp Master
Mix (Applied Biosystems 4391128), 50 nM Tz_18F, and 50 nM Tz_18R. Thermal cycling
was 10 min at 95°C followed by 18 cycles of 95°C for 15 sec, 60°C for 4 min. The reaction
was stopped by adding 50 uL. TE. This material was evaluated using locus-specific assays

15  containing 1x TagMan® Gene Expression Master Mix (Applied Biosystems 4369016), 1x

Gene Expression Sample Loading Reagent (Fluidigm), 200 nM forward primer, 200 nM
reverse primer, and 100 nM UPL Probe 019. Thermal cycling was 50°C for 2 min, 70° for
30 min, 95°C for 10 min followed by 35 cycles of 96°C for 1 sec, 70°C for 5 sec, 60°C for 1

min. The average Cr values for each of the twelve chr18 assays are shown in Figure 4C.

20 [0334] Two assays showed no (18.0047) or very little (18.0040) ligation product.
The other 10 assays, though, show that ligation products were formed at fairly similar
amounts. This demonstrates that ligation assays can be performed as a multiplex on human
genomic DNA to generate locus-specific ligation products in a fairly uniform manner.
Furthermore, these ligation products can be PCR amplified with a common pair of Tag

25  primers.

Example 5
Method to Detect Differentially Methylated DNA (i.e., “Methyl SNPs”) Using Tm

Enhancing Primers and Fluidgim IFCs

[0335] Methylated cytosine can be considered dynamic, single nucleotide
30  polymorphisms of cytosine. Key to discriminating between methylated versus

unmethylated cytosines is the use of the widely available chemical, sodium bishuphite
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Quantification of (fetal) aneuploidy, point nutations and SNPs 15 Problem
Statenment [0388] Detection of point nutations (SNP) is a major challenge in
sanpl es wWNenelftaes3sequence variant is a mnority in compaTitsen1esshe ot her
allele. Currently, optimzed nethods may achi eve sensitivities bel ow 1%
However, quantification of nutations at these levels is rarely achi eved

wi th high precision and accuracy, also due to the |Iow total nunber 20of

nmut ated s to plasma
o cancer aroER R B AGRE Ikl R e U R ) LS E e o

mut at ed vsdesaivednin Bigens Sde duimaludes thesplowing stepsi f one ains to determine if
the nmutation has been passed on fromthe nother (and/or the father) to the
fetus. [03d883Gtor fe(Bl abompthylathd cytosimes (Orat bigh pbl angdeingnated andCRnyarted| udi ng
m cr of | ui %%naég%iggl G S0 10 IPHDPCR Ind RqdfiShb 3lcfods amplify the

nunber of target es Wt out as In o o) ac l'eve precise

Car get o ., ol MR AT R g Pty Sl ELR

actual |y lread asdpr oduci bl e enough to nmeet this requi rerrent not just for
alleles (which Is relatively easy, as the sanme priners anplify both

all el es) HO338I so f6F) di Cbmeemltly,cmdomp@d!sqmdfcbisulph[te)Beﬂw%mmsrumreaterdjnber
pre-anplifi ﬁﬁtv!/ﬂ@ev%?!ﬁ#/l% %PC%F;’GSW% §9rt%f her net hods 5possi ble) of the
whol e sanp 0 a et o copres per target sequence (in

gener al thIS arrpllflcatlon is not allele specific, but ains to retain the
proporti Orlnbé{tme_rﬁethg@l%}: eles and different target loci). If nore than one
sequence (TO erest, this pre-anplification can be perforned.in
mul ti ploex (03399 tar geJSSOflﬁiyLﬂﬁhlngQateOm%oﬂﬁknhaﬁﬁfhgltagﬁfrﬁnmdi }‘i cation
priners ar r enoye z ¢ .cl ean-up. by exonucl ease I,

dil ut ed 10’3‘&’% E‘S‘? G%atllog\fé €§60é§!‘@ﬂy}/ag%d5}1ﬁélsglgﬁélgﬁ&gwalﬁpén of a sanple is
adj usted to the desired copy nunber for neasurement by digital PCR

[ 0391] For (get er rglsu?t '18:” i the fetus carries the mutation for which the

mot her is Eartr Eof normal vs mutated allele in the pl asma of

the mot herfosgy) det er pi)nediyehf DRATrohn Ofher bgle c@ltl§J§r s@ieét@d g@;ﬁﬁdt%ﬁ offaismut ati on.
If the ratio gnutatlon /wld type allele) is snal an 1.00, the fetus
does not ckinggommergidltyavpibable hisulphite coavdngen lw@s(lra/lltmgea, Qiageni &¢.).of the same
mutation and the fetus has two copies or the nmutation, the ratio will be
great € t H&311. 00. [@392?‘119@»’&1@5‘(:*!]%1&&?619@1\’?Hveasq@amiildn assavi tohyfiieaiBs on

certain p%&ﬁﬁﬁ&%n oli QAL TR B bt MG B Cemiaed ) Qhd bllfethisiba More DNA

reduces sanpl i ng
(converted to U). See Figure 5B.

In a separate reaction vessel add:

[0342] (N The C-m targeting oligo bearing a long relatively high Tm tag

20  “stuffer” sequence (the oligo 5’ ends may be nuclease resistant).

[0343] 2) The U targeting primer contains a shorter, lower Tm tag sequence

(the oligo 3’ ends may be nuclease resistant).

[0344] 3) A reverse primer bearing an overhanging nucleotide “flap” that

targets either the C or U site.

25  [0345) G} Add a non-hotstart, hear-tolerant polymerase i.e. native Thermus
aquaticus DNA polymerase. Do not add dNTPs.
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error of pre-anplification. 20 [0394] Perecentage fetal DNA in plasma DNA
hi gher fetal DNA percentage neans that the difference to detect is greater.
[ 0395] Nurwerzoafi4pssnel s used for the quantification. ThePgrasten/ 006387 nunber
of reactions used to quantify both alleles, the greater the precision of
the determned ratio. [0396] There are many net hods possible to distinguish
the two (or nore) alleles in 25digital PCR TagMan PCR (dual | abel ed

hydr ol ysi bes), (410l e&Hh Fhel§AERMBaseTAnfIiSaseSPHE] .I.E’cqgglt S, High

Resol ut ol KNt i ng Shal yald Eheat sble Haasel il osst BCesl 1B RLG00%. 2 Tt 80
Possi bl e vuinitgs.i ons and nodifications: [0397]LCR, with many possible probe
designs (tagged, circularized by ligation, FLAP, etc). [0398]LDR, w th many

possi bl e dP¥7E desi (s (Thaprmrmeraserwillicipave &doflihe ovehanging flap Fuglentidet ) .
0399] Usi i ) Lversal or conmon tags (comon =
[ ] Usi r{ﬂaryg'i} e‘gﬁﬂ&ﬁ%lea#eﬁl?ﬁg}eé@{gsg gﬁgg.f)h%tg:éwélg gs (

same tag foor a group o ch chronosone).

[ 0400] Al | peci fig pr .l £ | ﬂﬁydt - ifl i on
10[ 0402] Pﬁg@gﬁrpl i fi yéti oﬁﬁ%g%& IS% ‘E’)ﬂ\?v&?lsfjén]géé% p}E)Og cyc%gegg%gj-t%%tg%e%%;d]{ l())Ietlﬂncr ease
t he anopunttagbeasiogubgrcandahe initfadly €5¢r Wiargeting ohgd.ecting the rati o between two
alleles of the sanme | ocus with such precision, that differences bel ow 10%
in copy nUbd bet wén aDemiltes ~85°0, daninge.cCyadst betwvéop 636€ end 9551Caup t0A03] Use
or a referlenpe%e val ue obtained fromnultiple sanples to nornmalize the
15neasured rati o between different |oci.

[0350] 9 Remove unligated primers (treat with ExoSAP-iT, microcon

10 filtration, magnetic bead cleanup etc.) or proceed straight to preamp. Oligos will not
amplify DNA in the PCR well if they target the same strand. In any case, ExoSap treat after
PreAmp.

[0351] (10) Dilute sample ~ 1:10.

Using a Fluidigm chip:
15 [0352] ey Detect amplicons and perform amplicon melt using Eva or LC green

using a digital PCR or dynamic array.
[0353] 2) Look at the DNA melt date.

[0354] 3) Use the Tm differential PCR products to detect rare mutant or
methylated DNA nucleotides.

20  [0355] Q) High Tms indicate the original DNA sequence contained a

methylated C at the oligonucleotide ligation junction.

[0356] (5) Low Tms indicate the original DNA sequence contained a normal C

at the oligonucleotide ligation junction.

[0357] (6) Count amplicons in each panel or between panels. This permits an
25  excellent estimate of the % methylation (or SNP variants) present at a specific targeted

locus.

[0358] @) Note: multiple loci can be target-specific ligated at a single time.

PreAmp using a common tag primer and a single target specific primer.
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[ 0404] The results of an initial study of this approach to neasure the

rel ati ve copy nunber (RCN) between chronpbsones 21 and 18 is shown in Figure
6A. Non- iwoasivk2et ecti on of Fetal Aneuploidy by Digit&CTRGSR11/000887

[ 0405] Background: Measuring differences in chronosone dosage by using

20mol ecul ar counti ng has been suggested for the non-invasive prenatal
detection of fetal aneuploidy. Measuring the relative copy nunber (RCN)

o mvasi U8 het ect (G of Tratar at it & GRS CRER FABORI P0G he' |

met hod denwasncesasanperdaddopiimetssi ve prenatal detection of fetal
25aneupl oi di es using dPCR and cell-free DNA obtained fromthe plasma of
wonen ear | [¥36d) t hei Otiwregnativossuch atthe mtdﬁoaﬂlmﬁ-[brbb@@papﬂimglh atensity 48.770

Di gi tal A(rjc(la? rlbeMn E%%Eh fi?%&ﬁ 1I"lrglm 11? tioy! a¥1d gm H‘é‘?l C ng {)aseé gr%t he highly

accurate erm na ron o |on| ng 0 as nany
as 36, 360 tagacipeoifis ligattbnafid ECRIIH}R (higasecghalni ang hcgmenieten@orcﬂeadrbﬁ) Bllpesd ti ve
for the tar ,Of interest. On the right of the IFC are 48 sanple WO
2011/ 1428 "'US2011/ 000887 wells into which the sanple/PCR m x is added.
On the left are two hydration inlets for addition of water (to prevent
dehydrat i ORlesd tsﬁ) § tanging Hi &gtotd}a?erc re SXPs ! ?oglsqgs omeric core
is in the and reaction

chambers into which the reaction mx is partitioned by appl yi ng and

rel easi ng sure, i I,
104071 The efod | s esrndc BPAE U S Rod) RESRF RpOURIAR i ng

non- pdl yradyieelly-relevane REER, T198Mambtatiory (madéstipe resistaace to anbragacer swdicatéiori gh
t hr oughput ésee%n.l%a ﬂangm &n&cﬁg bt FrifeR A sﬁgas@%eﬁﬁa@eﬂa@q%am cRigng! e

day. [040 rtal counting a es have recent & main Ff ocus of
non- 10i nv%elemfpﬁbdéﬁttaﬁermeé@nosﬂhc prqcecbeaﬂtolwntlmﬁ@ucksSBarsesprmlrdy det ecti on
[4]. The glf]gdjrgss é)f Quake and Lo used next generation sequencing to

di scri m nat ? aneupl oi dies fromunaffected pregnancies by counting

sequence r per gent s a are
targeted f@%ﬁl br ar 3“8‘%%@$§¥F‘Sn§ra g@elri]%e% athﬁousan lp'Bch, %e%mgpﬁb)ggne are
sequenided ca/nrllangmglﬂqﬂnuchmﬂddnwgh\ldrbalﬁ)éﬁtamgétmmgebmaabl (oovenah Criedaattieneaht

15with ver errar. an it 0SS bl e, by the sheer nunber of counted
nol ecul es tgoig%ee%vterhragglgg mé%?ﬁsfld kir di fferences of only a few

percent, 33@3 t he ql .mat er nal F g‘? t he fst ui has an

aneupl! oi da. i ver s4™ p’bﬁ EHFTTYO" 198 P&mer agarfar\'g'f‘%@ AhYCURBOBFAESE  on to
det ect trimsionmy. mmmanmhaﬁymmmoraswmmﬁlwoaIdifferrm;eibpaxamikmgct'r@atf&}ene@unti ng
by sequencing a viable alternative to invasive nethods. 20[04091Such a DNA
counting based approach carries great conceptual benefit for the

non- i nvasiRefer¢acesct i on of fetal aneuploidies, since one can sel ect target

sequenges ss the
a r&% [85&4? Backdahl. L., M. Herberth, et al. (2009). “Gene body methylation of the
dimethylarginine dimethylamino-hydrolase 2 (Ddah2) gene is an epigenetic biomarker for

neural stem cell differentiation.” Epigenetics 4(4): 248-254.

[0365] Broske, A.M,, L. Vockenstanz, et al. (2009). “DNA methylation protects
hematopoietic stem cell multipotency from myeloerythroid restriction.” Nat Genet 41(11):
25 1207-1215.

[0366] Calladine, C.R., H.R. Drew, et al. (2004). Understanding DNA: the molecule

& how it works. San Diego, Academic Press.

[0367] Eckhardt, F., J. Lewin, et al. (2006). “DNA methylation profiling of human
chromosome 6,20, and 22.” Nat Genet 38(12): 1378-1385.
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entire chronosone of interest, wthout being restricted to specific genes.
This kind of approach can be universally applied to any patient, as opposed
t o ot her WNA011zMEB3RNA- based approaches such as those whipch/usasigovosspeci fic
SNPs. The advantage of dPCR in a 25nanofluidic fornmat over sequencing is
the very sinple workflow where results can be obtained in a single working
day. DNA is extracted from plasma, conbined with fluorescent PCR assays for
each chro of t [ te for
Chormal YRty and" Spbany SitMAatRfrasl (qudR) Lo Bthcatl i DA

sanpl e- r eauethation pattennan hemai @l@@dtmtléaismarséwdb abpéred B@ﬁA/l dual reactions
near the | dreasur t error
is a funCtAI“%}] l ?&Beq%sﬁ%){pﬁemﬁﬂn%&]ﬁwg?% 3%&%151'3 Cgﬁaﬁf ent Ur%%%@g? ‘?@ 'amber s
[7], an i mcB8&Sed counting of the nunmber of reactions in the dPCR
nanofluidic format is desirable to obtain the sane precision as

sequendi nd03@t wit ﬁanehisg' m?glké} deop, etat. K200c8w.“G[lc6MILm]a;bpmg ofBNAph&bylsticnninhas
been realized thro% g gt th reseng ]mat I}ods whi q&ﬂ(@é !Ey use
the digital *toPIREt° ?“’Vﬁ ‘EPéeP? rg"gf RP QD TR EHY BB OENEL  al
PCR f or mat4g6).eA00@lascri bed herein, the entire 36,960 parallel real-tinme PCR
reactions of a single chip was used for the analysis of chronosone 21 and
chr onosonﬂﬂl’ﬂ)]t ar geanfrﬁdfr 1., di. g MeDoasip) & al. $1990).1g. dehérhicweduensihgr of | ui di ¢

dPCR it is 0 quant neces for he .np [ve prenat al
det ection p(5 itﬂ}ﬂt ylghi'sa BH‘ﬁIdYSBP?N%Sd?qed °>[t?)s4'l°ff 1S ‘%t"@&’ﬁ‘ﬁgi) ber f or med
in a retr cupad!"iptec NRNACSId Sts UG ANBI(6): 182 7- pgﬁsma 10sanpl es collected with

i nfornmed consent under approval by the Institutional Review Board of the
Pol i sh Mot[b&T1]s mebb@énwsmtmi RY%6 &26L (R009E 'DNWL @ethPafibipiierds of eNOUS

bl ood was col | ected from each Ié“?{n by veni puncture of an ant ecubl t al

vei n int o SBeTERfzPRARd WRCEIRLAS S|q§ SHingspLainsd qlienplrine msHBYeEqal AL ai ns

suf fici entcep%mnmﬁbEDTﬁuﬁlm £l |ye:.assopgentration of 1.2 - 2 ng EDTA/ i
bl ood after collection). The %I ood sanpl es were 15obtained prior to

ammi ocent g632] Whi chi,\eas. heh, % BER00eY auselffontofexproGIRanE thettystioRbf f et al
aneupl 0| dy based on bi ochemi stry ul trasound, or because of maternal age or

fam | y1ohi dmprpted genes Hitbpiuipgtepasolsnhsnaeenchy cmbiyopicsient seyst BampMebd at 1600
g for 10 @&%@%1%@7$ep@r6@tl ng the supernatant fromthe cell pellet and
then frozen at [0413] Cel | -free DNA was extracted from5 m plasna

and el ut eqgiz| o 150Lilste;uR 20ebul0. QT (iooSHi08ad PRGN Ak Al €1

acids kit (Q agen, Germany) accor Geig e manufacturef's 1 nstructions.
The DNA saml%@n\ﬁw\éwmme@rqunqn ffvawaﬁh@mé@(wci)) HAd2di ssol ved in

50 gl water. [0414]Small aliquots of the % asma DNA sanples were anplified
in one pal{grw f Shen, X., Y. Liu, et al. (2008). 'EZH1 mediates methylation on histone H3

20 lysine 27 and complements EZH2 in maintaining stem cell identity and executing
pluripotency." Mol Cell 32(4): 491-502.

[0375] Tate, C. M., J. H. Lee. et al. (2009). "CXXC linger protein 1 contains
redundant functional domains that support embryonic stem cell cytosine methylation,

histone methylation, and differentiation.” Mol Cell Biol 29(14): 3817-3831.

25  [0376] Vaid, M. and J. Floros (2009). “Surfactant protein DNA methylation: a new
entrant in the field  of lung cancer diagnostics?(Review)." Oncol Rep 21(1): 3-11.

[0377] Weisenberger, D. J., B. N. Trinh, et al. (2008). “DNA methylation analysis
by digital bisulfite genomic sequencing and digital MethyLight.” Nucleic Acids Res 36(14):
4689-4698.
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the 12.765 Digital Array TMchip to determ ne concentrations of total and
fetal DNA using 25 45 base pair |ong PCR assays for a chronosone 18
sequence woaoDYig1886on the Y chronosone. The forward pri merasediiiobesse short
assays were tagged with universal tenplate sequences to permt two-col or
detection with dual |abelled hydrolysis probes [13, 14]. The proportion of
detected |l ong fragnent DNA was assessed by targeting 188 bp and 194 bp | ong

sequences seco calibe for firj : i; ar get
305equencem§g8?h t heeghgg??mé[‘sggegn’ %%@ﬁlh%%ﬁ%éggﬁﬁ%ggg@% 0415] The
DNA from pndgiensing qflseaneclbgamps. e8temdsells 2d(1d mA6PF28eR.wi t h t agged primers for
chronosone 18 and 21 sequences. The pre-anplification was necessary as the
concentration and total copy number of DNA extracted fromplasma is
sonetimes too |l ow to be quantified dE¥amBle® on the microfluidic chip.

er lsar cI.ee wer e
s i on

subj ected t O e ato CRCYyCTBs—ofr—pre—a

usi ng tsaggedneaduremedBistich S4em-inivasivedetédioh as andimpldid §.80N A6 SnWtation
chronosones 21 and 18. Starting with 10" 000 nol ecul es per target 32 MIlion
single strands of pre-anplification p twere expected. After
pre-anplification prinmers were renoved with ExoSAP-1T (USB) and further

di | uted preQyfehssidnfenti Ored at -20 C. 10[ 0416] A high-density Digital Array
| FC that Wwas programable to formthree different input configurations was
used i n t H0379%et hod Fetahariehglofdy rdstecti@ntrorg plaaha:diasndh&ohmnadhsvildhhiedd sanpl es
coul d be neasured over 770 react] hanhe each, i cond, .a single
sanpl e couﬁ°8°°8£fa%‘a%f3?f§8‘ "(5’\9%}0 af’}?'é?@h’?\ Plgngé{ Fﬁ%B“ (“?%rsx g?fgg:[{égeé“éoh &hanber s)
and i not healdohietebsar9 i argtyzabivixipld @rdetsdh viidlimlte@anming 8 adiple Diaidimgalsdir ed over
3080 reaction 15.ﬁha ers gg}z?o X41>1r' Each confi,gér ation is made possi bl e by
the sel ectPPaledpArdHge disduaber fitprgetdier esvay Py ireasgissmplingemer Mrispleting

resul ts preisiainestsiiey,evig i€ 1d@iNehaly8Gkwidl 8 BeihB & SitROEM KRNI he _
configuration, i.e,, a single sanple was be partitioned over the entire

36, 960 r edEYiGACRWRRDIGRY Rs¢ciseqmanttiatiye anplesiny e- anpl i fi ed sanpl es were

anal yzed using one &i n exceptions half) 48.770 Digital Arrangm | FC per

sanpl e. SR | npufn A ePRgREItestEas e )iYE shiomesorae pumbarRCHDOY t 0 700

posi tipe RERrJMBRKE PORSanPRIbItRAN®bs@atibh Bad GRA aeNfor (R Host prkBRO targets).

Dupl ex real -time PCR detection of pre- an;pl i fication products for chronosone
21 and 18 BEGUERERS IUHRCCHBRTY(P Measwih ey olstheysardsdf POget sietiute to R¥erswnag

pri mer's SREELhipfink 8rbRSyHiA0TI1 M drRRY R 1) dlfEerRt AP MRIc'd b flibQly and dual

| abel | ed hydrol'ysi's probes stretching over the junction o

pre-anpl i fipgg@fi on p'f\joﬂﬁﬁl%a:%?fepflojxﬁi R tfte @Mﬂ?ﬁhﬁ%uﬁlbrete@# HRAL ol%w(laesd{f&

pre-anplifications were perfornmed, eac one quarter o
obt ai ned fthoreagsitd copreniation aBesarfonormpil qeantitatiopusingamyt off4 aaietyaf) . One

hi - _ _ N ) ifleati q 1
A R S L e B e S A T L e
product offew! Bewe, thdirdct simuitanconsddtection pf mulliple3 Garpete (rheommsomaplicpleas

d with dif t t h 21 spjk i c DNA
Propar o0 WAL, ATy NIRRT B Rl Engonom o O
Sanmpl e and

Solution:

To overcome the sampling hurdle, we have developed a pre-amplification
25  protocol which amplifies all targets of interest in the sample. This boosts the copy number
and concentration for all targets, so as to allow analysis of all targeté — in parallel, or
together (e.g. introducing common tags in the pre-amp process).
[0382] Pre-amplification reduces the sampling error per target, as all copies of this

sample can be analyzed.
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spi ke material were each quantified using dPCR on the 48.770 Digital
ArrayTm I FC. Fromthis neasurenent, the effective fetal concentration of
t he m xedweanpla28sas det erm ned. [0419] Total counts for Pcruscexsomssi8 and
21 of a sanple were converted into estimted target nol ecul es and an
estimated rati o between chronosones 21 and 18 as 5described earlier [8].
The nmeasurenent error in the chip was conbined with the sanpling error

based on t unber ,0f ) /'n) by
addi ng the[ 3Eare 01P Petzﬁg& Cgt?d{a‘n &c’ftgg?%rgh% Hgyrlhsdjﬁégrlbé?g?(%égn?ﬂ@@quare
root of trnenwntrate@\a@m;addi tional variability was negl ected. [0420] The nedi an
"raw' ratio of chronosone 21 vs. chronpbsone 18 fromthe 10eupl oi.d pregnancy
pl asma sarip38&4 and Méﬁblétarm @nrbe preadrplifteid ampdraldel dBy assaying meltiplefloei t he

d bi . |
Gt Seu Dy BoREiat By bibsle! ot BARES Bie JHBAPARE (5L BlbReSindlRaP! © 105

of chraqno 21 vs Chro t LQr trlsorry
18 fro% jr%n%] The 1B c{lietih f(})'mlgi %8%‘%"59%2?%8{5 l%ﬂ%(ﬁglga%w%r%ac%ound t he

nor mal i zecddReNd doghsthatake qu’anhﬁnieodhmnamrhel pbSsielapracesivmnt i s i ndicative of a
suspected fetal aneuploidy. [0421] A normal pregnancy plasma sanple

pre-anpl i f[D286]f or cﬁrmggsgmbelz&oeatmf p2etampisficasedarfdorctually nlad bonsedxper i nent s

i nto which dlf er ent 8 nts .of a nmpsone 21 spike were titrated. There
is an |nhe§|taé‘ﬂ’ta‘{}1§|pir%?6 ‘frF?‘S/cqn?P %'a%ﬁP%gr%'ﬁ “due to sanpling, so the purpose
of the titration was to deternmne the mininumfetal concentration required
to 20 di stg géush between normal and trisony 21. Different anounts of spike
mat eri al added to the normal sanple, creating an expected increase in

chr onogong gy copy Simidar2Malledes 4k foandlta%%es@étma@qmam dan%'%%\ 6% 8% and
16% fetal DNA concentration for a triso npl e). . The un-spi ked sanpl e was

anal yzed iRiegnapqyi 394 caRach aﬂﬁ@e%th‘hiﬁwo%%@b‘?ﬁ‘ﬂsﬁ@ iotheseFRBieXtadi vi dual chi ps
counts were sunmed and the 21/18 ratio (n = 240 panel s) 25determ ned. The
raw rati o cal cul ated by summ ng the gounts of five chips (184" 800
reactions) is 0.959 with 95% confid erval boundaries of 0.952 and

0. 967. By NOr Ml Bk BRBRAGRIEING difilal SCR B RAOLAnEE] Fiitfoianin® 95%
confidence int asured RCN-snoura no Vertap with

t hese boundari es t guinrdifivhtion pf (fetal) aneuploidy qrpint mfakionhakSNPs t he nor mal
sanple fell within the normal range, one of three tests of a 30 2.5% spi ke

sanpl e ang aH EE ked §arrpl es with 3% or nore additional chronpbsone 21

coul d trisomes (Figure 6B). This corresponds to a fetal
proportio 6% or of each
pr egnancng?ésgrra DNE%E%B&[ %M\%é@%alﬁ% i @ﬁﬁﬁﬁkggﬁk@%ﬁ %Aﬁgﬁgﬁgﬂgar d

12. 765 Di ¢he saquence agriut lswmgrmreneommmosmwpc etheoal lpban Craenthyn optitaized

Squal ity Cé?élﬁ&a%'maJ A R0OE R@NGitied &*foﬁg}i BRRAVS, YRFERNROS of Muffod i thesd N MRl €

pregnanci es
levels is rarely achieved with high precision and accuracy, also due to the low total number

20  of mutated sequences in a sample. In pregnancy plasma e.g. (similar to plasma of cancer
patients), it would be advantageous to quantify the number of mutated vs non-mutated
sequences, especially if one aims to determine if the mutation has been passed on from the

mother (and/or the father) to the fetus.

[0389] For fetal aneuploidy detection by using digital PCR (including microfluidic
25  dPCR and emulsion PCR), it is desirable to amplify the number of target molecules without
bias in order to achieve precise quantification. This includes the amplification of multiple

different targets. We were the first to show that PCR based multiplex PCR can actually be
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estimate was nmade of percentage and of absol ute copy number of fetal DNA
The additional neasurenent of 190 bp assays in a second panel was used to
assess t hwopoagaesse of | ong fragnent DNA. [ 0423] A stron@Chitsg01i1/00dSRe
determ ned RCN for genomi ¢ DNA and pregnancy 1l0sanpl es containing a |arge
proportion of |ong DNA (Figure 6D) was observed. In the original study
cohort this affected one euploid plasnma DNA sanple (RCN = 0.86) and one

trisomy 1§ep§ 1le6 415%4 to npefe?&! s r%fﬂ&n%p{gg{ rﬁ:ltg for Qﬁ’e’{% tvhgc%tlgpﬁtlﬁg/ely]? total

DNA. After entifyl pr op ort on o msnt
DNA, the am&bym@pmﬁers haplifyrbotl alfsiespmanatsy fcsradﬂiﬁtrentamﬂ of anot her sarrpl e wWth
hi gh percentage of |ong DNA was repeated. 15In both these sanples the RCN
bi as was confirmed (RCN = 0.86 and 0.87). Consequently sanples were

excl uded 2plutiompre than 50% of |ong fragnent total DNA retrospectively.

i L0 an SHEORT or oy Heskr souiPechrs-anp bR P i RR) Blale Theemelinds he

medi ans r apbsibh) of the WidldBampeABRhPHEVAS n@fber DB coplés pep tpg Sfuendeqin t he
systematic bi as bet ween the twgo target. sequences, .the neasured rati o was

nor mal i zed8ens{! this amplification isapt allelegcai fo. byt #ims I Eetgin e ProporiambenKiendas
chr onpsongy4ds ﬁaqlf@em%wwcw mﬂe@%an%ngéeque&et(%eus«; &SESnteRe: 895‘?

included 1.00 (i.e. sanple not determ ned to be abnornal).

det er ni nedmplifissson canckecnsrormrgl in Grultiplex (?dput%tmtwvsn HI0 to{8, OBP)eAéﬁerppﬁef i cat i on.
As such, %&ﬁhﬁ&naa% B{Iﬁe.%e% mﬁm@%@&é@@%ﬁﬁ& Eigsh- M@%%@h??%&@ﬁ'&ﬁtéd” t hat

the variabifity o epre- Ification I's 'ows t he very
preci $& nbelswraetverieveds ete. éhmmveomwwtmuﬂﬁeﬁammﬂ)adﬂ@ﬁﬂw badesigdicopd sanpl e

with a vewmtiér%'fngqtsgllem%e,c&%gq@bﬁat| on was clearly outside of this range
on

(24% analysis including pre-anplification this
sanple te nor R&;PE 0. £l he RCN
was cl ear I?(; ﬁl]ndi cg?ﬂl:({/rgj %n%?%o&theﬁ%ﬁgg%ﬁ%lr\szg&%@ 6’5?}@%‘%‘]‘&% t he tested
trisony 1Barsnanmeeratlmﬁr@rmhleamhtyatamdiednamltb%pl@s‘ma ¢fithemmped 8 deRENNOd:80) . Two
trisony 21 ted.w.thi | he fact
t hat they re@gﬂﬁﬁtuﬁﬁa%faérl?s the mghal" gg&gg% o(: ag%g%mg)ﬁ/g\g/‘vgﬁeel%clgn%a”e]:

f et al 1DNAthaaqvedy e fethh@epﬁb@:ﬁﬂ’g’al@enmbudneﬂﬁhe Mrmsalma cdenbeasfrthm;ﬂxw nce

t hese fetuses. wer rrale | nt er.est se Lwo e hi ghest
pr o;s)ortl olﬁﬂs@wpaﬂﬁﬂ? ﬁﬁléar?ttwgﬁﬂﬂe%?rltg%n&gﬂ%%ée faPMf'?@?e"Efsa‘%@ &@Q i nI tg heS
anal ysi s. ul d. have contributed to

|1 bi
t hebr Iesul tlogggflh ndeg??%acf‘:érgfsy 3 tH?)ﬂ‘@"gﬁfﬁtﬁoPl%g‘?f"g%%?eé?m P26 o asfseszI t he
t t t {
:a?rp: els, yt[{ﬁ{éniangl ;nss E‘%‘%@@ aﬁ‘?‘@ M efilsf %B%L{’Irsrtpmgre\@ggrﬁg 8%&53%;81'# aebl i nded

error of pre-amplification.

20 [0394] Perecentage fetal DNA in plasma DNA: higher fetal DNA percentage means

that the difference to detect is greater.

[0395] Number of panels used for the quantification. The greater the number of

reactions used to quantify both alleles, the greater the precision of the determined ratio.

[0396] There are many methods possible to distinguish the two (or more) alleles in
25  digital PCR: TagMan PCR (dual labeled hydrolysis probes), molecular beacons, allele-
specific PCR methods, High Resolution Melting analysis (HRM) et al.
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10experiment. The three sanples that had al ready been anal ysed as 4
replicate pre- anplifications on 4 chips were not re-anal yzed. Sanple

i dentiti esoweriel4bdssnded prior to testing. Conpared to tireTiuseaiiabosanal yses,
the 99% Cls in all but one sanple overlap and the RCN of the 2nd chips are
within 5%of the first (Figure 6E-6F). For one pre-anplified sanple a
decrease of nore than 10% of the RCN was observed, and this discrepancy 15

per si st edpaf il viSadsS bh hoalfiatioRS st ency between first analysis and
bl i nded reﬁ%'ey{—oi—rghe—mmm fication products confirns the initial

results (fo3eur e 6C)LCRh&itismam pdsbipleqirobichisighetapapd, icirt@arizéd oguightisikes it
possible to retest the pre-anplified material if necessary or add

addi t i onaFLAR; ‘ﬁ%) for counting nore reactions of borderline sanples.
[0427] OF the normal_ sanp] es that ,X}Tre t est ed ﬁtW| st one of the two
resul ts 2013881 uded DRVt map:Pershiedrob P t%egﬁém}“ﬁ'i'% A ligaion epeat
nmeasur emepf apr&syl ts i nproves the test performance, the average RCN of the
normal sanples I'ie between 0.974 and 1.038 (excluding the sanple with

di screpanfozogpul ts Uﬂn%ﬁ&ﬁvé%%@ f&rSpvéamp, LR 831008 L&A bR Tagd (comioh A sdmRer

di fferences below 5 % Dby counting positive reacti ons can be perforned.
In titrat fagrfobXPerp AEAKES!S) ¢-8RE5 cHBSEIBIBOTY- consi stent |y detect a 3 25%
copy nunber difference of one target agai nst another, a difference that
corr espond®0Pb a t r fleerseecticaneramlilicatiatne sanple with 6 % fetal DNA
[0429] The neasurenents of the RCN for normal sanples were in nobst cases

cl ose to 1040db" Bl Taeged pgrrmn)idicatiodt the pre-anplified sanpl es confirmed

t he st abi Iltgrbof measurenments and pre-anplified materjal, In tEe i ncl uded

13 norfal [49%h] es oﬁﬁ?“mhgcgﬁafﬁ'blpéf q”ggbebofcqy@g% (2 10 WA tyfpsrepsete  The
sanpl e had,gumejf Xe({ﬂblgﬁ of i@k st GRIMSBINUealiAOMe (22D b¥Bween Wib higeldsiifshemmehave

af fected the resul his was not the case in a repeat experinent. One

pr egnancy legus With sieharecision, A didfeecngps belaw 1% iy capy '\Hé‘rbér batwegn ajleles or

di stingui fr ng id eupl oi d) pregnancy outcone while two trisony 21
cases werz&(r?lgrte%@g}ly tig@c? tected trisonmy 21 pregnancy sanple a fetal DNA

cont ent Of %3? % Vg JTEASUF ?IE? l';ﬂu% g!ﬁalhw&bm%lﬁ;% ?fﬂnﬁ_{ég toh8falZd teanpl es

fetal vvas not quantifie e fetuses) and both had a relatively

hi gh gfopareaswed wfio bamger diffgreshlocONA (>40%) . This enphasi ses the inportance
of precise quantification of fetal DNA - when the fetal proportion is very
| ow a hi gtie404hunber Tl resutsof ab ntiakistully hbithés appropeh ©cuseswd the rolatvg aapy

devel opment %grl (}}@Q%@&&eeh @ﬁr“rrg Righ s%%ﬁhﬁ&%@ﬁ“ﬁ%%kfe @h' p makes the 10N PD

of fetal asin er nar pl asma techni ca easible. In
conbi natlon W|th the ability to detect higher fetal DNA | evel s by using

short PCR P@(ﬁlsi?n¥§51{felﬁltectwﬁ%fme% Aq{%ﬂ ol Bigital PERR chi ps inprove the
sensi ti vi Tcatiton waS used to increase the nunber
and concernb4esi on OBaélergeﬁd Méaecmﬂga@ffémnctelsé) clecesareyddsaaedlyismg wel | as
20  molecular counting has been suggested for the non-invasive prenatal detection of fetal
aneuploidy. Measuring the relative copy number (RCN) between chromosomes 21 and 18
by digital PCR (dPCR) can be utilized for the non-invasive detection of fetal aneuploidy

was investigated.

[0406] The method demonstrates the non-invasive prenatal detection of fetal

25  aneuploidies using dPCR and cell-free DNA obtained from the plasma of women early in
their pregnancies. The method utilized a high density 48.770 Digital Array ™ integrated
Fluidic Circuit (IFC), which permits the highly accurate determination of RCN by
partitioning a single sample into as many as 36,960 reactions and after thermal cycling

counting chambers positive for the targets of interest. On the right of the IFC are 48 sample
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to append tags to target sequences, which enabled the use of a target
specific hydrolysis 15probe for detection of 50 bp target sequences. The
mul ti pl exwpretizlrpdssfi cation for a |limted nunber of PCRpcyaiSesiijoamssi n t he
past years facilitated the (quantitative) analysis of a nunber of
applications [20-22], and it can be a useful tool even for the detection of
copy nunber differences bel ow 5% [0431] Several targeted approaches for the

NI PD of fgleﬁé inf\GHHEh ﬁieqarﬁg %1>P§|ahdefdr%tg9féﬁ%lr@fw% @mﬁ@lomas Rﬁen

identifie e past year has t hus far been
successfu hddzﬂlwnnforadter\(m prefeent dﬁhyéltauen efsPEh ahambsrseﬂmng thermoal cyFing)- n"ﬁhfp hi c

markers g omen%cor&{sf* ﬂ&%gﬁg&%@f#@nnﬁgg%' RBAhY; ﬁ'hﬁesoefnd% ggve the

advant ageeltalsﬁat t rial 1s distinct romt mat er ckground
- even i f chaasberssintohehictathe réaonorﬁihll?ss pamitigndiybycipplymgaing atleading[p2Ss @6 .

h ba I bi ol nb f 2 i bl
g S M e RGN e ﬁgtyeréQSgoE{t;’ cateand
i nformati SNP er s are
X Wg‘?{ ﬁﬁ% Frs\é\f~I n%orpilal{:;befe %6%51 19\% %ﬂg %ﬂné Xgr{

i nherent| xt ensiv 1 on “sequenci S fecently been
used succegsiymatghyc stayuetnw S Aivply ihexpetisive 1debmpansomtodhg}n thraghpes 18 and 21

w t hout false resul ts By counti nol ecul t he sequenci ng approach
i s cl osel yequencgndithe ‘%"r’i‘ée %ﬁ@’ %‘i"cbﬁ C@Wp@%ﬂé?? mé‘ﬁ?ﬁy '30whi ch det er mi nes
target co nbers_py counti n oS ti eact i,ons nal. nunbers of
sequenci ng‘}/“é'ﬁ dPCFxDﬁytél GoHNInEsd HF aﬁqespﬁhegrgce"ﬁér?e%{htaeaﬁ ffgmés Goehced about
66, 00Qg ChvaQDs preRatA UidpRasie rBRhrch &WRires an&hﬁbﬂgﬁetﬁamf[hpﬂue groadfCht at an

opti mal sanple concentration yjelds .mat e 0.to 8 sitive
chanber s, QNHkQ:Wdé&‘fsééB%&%“etr%‘oﬂée‘itt?ngg Scl’i‘ﬁll%%%?é"é a“‘[”(?i%‘gf 98 appr oach

can be 'mh%%gﬂeg'n%@esody'c@h&ﬁlg séﬁlené@reafslﬂeS&hroﬁl@mﬁide[SmoAll@NA on and
processi ng should be optimal: a argre vol une of bl ood | east 10 nml,

shoul d be Tagmeris inc gie sargesscyter Hbmpresengrption ppdtenspl t@%‘t‘f?’é Po assure

opti mal f nYATRE R %&ﬂn@&, figtS AN Médstirememd to be
centri fugegR| nﬁgg?gﬂtetg?%/lég%ggﬁa %uood Tr%w% 3 ;@ysgest shousl d bg (rEerfor med
erewm &

to medSur avithoteat Slﬂ‘ﬂﬁerm aedit s passiblg bale she upiad BWlsgpleto detect
" cont am n6r‘<1;;llat(i)v COE¥ f{)'é?g&ﬁ dﬂfé%n\égfoﬂ o?ni}gae%(irc-m@ ad B caRNA ReEaaNt age

10shoul d bé neas rmne copy nunber difference |n
case of a plasinaovign awd"ettus)hamramﬂdglmdarﬁirhwsal\ﬁmmwabl ferrtg all prggpancics andie o

;SE?LaEEA cp&ﬂls&)rﬁtg%fft%%t tﬁ?{%l?e%n% gm%?%ﬁqq w &N tfa%kngrgﬁglgé &g | conftin az,§ed

I'e"a Targe nu rof s woul'd” have to
be test ed,sequeaciidPviasraysrmatve tbénviapiet uréehd»ds n the pre-anplificati on
reaction. The pre-anplification can be perforned with the nmajori of a
15sanmoe go4b9) he opSidhed DNANEAtingkmsed appraach baeriel gﬁ&t&bnqamablwaﬁ sthgan be

et S PotBBE T P S A AR e
positive tefife dhesimdsbme BOFitdréstovitipat Baingrreaginmd ai mcnﬁogbxmbsb'ﬂlm kipdoéd as
[ 0434] Aot RBIO=dLRFE 4G BRI HEVFDRASEIAR g5 AR [H BT SRR ¢ he
based approaches such as those which target specific SNPs. The advantage of dPCRina
25  nanofluidic format over sequencing is the very simple workflow where results can be
obtained in a single working day. DNA is extracted from plasma, combined with fluorescent
PCR assays for each chromosome of interest, and loaded into the nanofluidic chip for
thermal cycling and subsequent counting. In the chip, the bulk _sample-reaction-mixture is
divided into thousands of individual reactions near the limiting dilution of the sample [12].
30  As the measurement error is a function of both, the number of molecules and the number of

chambers [7], an increased counting of the number of reactions in the dPCR nanofluidic
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20phenot ype- based screening is the fact that the latter has a relatively
narrow ti ne-frane, outside of which the discrimnatory power of the
screeni ngwbest1/i4g83rar kedl y reduced. This is a very pracPCTaiS201390887 Si nce
the optimal time for ultrasound screening is only 3 weeks w de at nost
(11-14 wks). Even within this period the performance of the screening
changes significantly. Organizational probl em; and the inprecision

assoct at el 468688 Lteif HCIERE A, Se AL Ry A GARGSAEIaR oause ¢ hat

many pregnan ype f screeni hi ch woul d
not be anwbgdlow.wi th the nol ecul ar approach The ti rre-frarre of t he

DNA- based approach is limted only in early pregnancy, when the placenta
produces f0dd0]l it t | dmipreed pmls'eaindlaabttedsrealbe(éthm% ddvedepmant thatpresent | n case of

an equl Voca crisevslecﬁ éth al[rD ﬁ]mda%ltatl ?oéé‘ngaseﬁé?i} 4l'R) IBQEQMn eIMcc(?1e;{~%rbo(?}lietrer at

retestlng, op ose 0 p Y&not Screening
[ 0435] £hi dngxtﬂ POR fori@ats. R\ s deacrited he@in thé.enbite 36¢9.60 phmﬂeh rnaAasma/ECIp reanadns|

di agnosi s si.n e . countin echnol ogi es Tr ends net. .25.7
(2000) - st iTEI° i o psiq o€ Bl St eheaiEn? Bl B o BT S0E ot
g neup |N2I ?y thlg%hlﬁplg bﬁhg@i@iﬂé&g Nﬁt;ﬂﬁlc?ﬂﬁlcﬁcf %ﬂ:l{rgtne%saﬂblebb qoghtify DNA

roc. Nat ca ;.
al . "Noni Fﬁﬂagrf%?% theron: avvaasvagwaé%g%%c“%Pﬁfzta& ARG J’%‘nklﬁﬂ oi dy by

massi vel y 1 el eno Cc se in _materna

oo ot | DEIE sci BTSSR s Tt Botesh -« Topdrbe s meRt OR BT PR, | et
al . " Mpt eshdleRlonsd®l WNAind6taed Sbisseid tndeNppedviEdyythPafstiutiohal Redi¢@Bdary by
Ligation for Noninvasive Prenatal Di agnosis of Trjiso 1." i n, Chem

(2009) . [ oktoPelithdvioer’s Nemeyial Hosatal Resgrashelrptitainkssipherghyenasllpedivasinal ysi s

of copy  collecfaH TR ea\fﬁ‘Eht%{ &nvénrbtﬁcm%ﬁﬂme@uwﬁl Vi Bith SakteRGRcRiM a
nanof | ui di ¢ devi ce. One. 153.8 (2008): e2876. [0440] Lun, F. M, et

al . "M cr efllegtion mystea Greh$ Moorvetis\cents sufficignerotassigm BYpA K #disveact i on of
fet a' SNA @{& lg%&'ag p'za}ﬁ D"TA%i 15\?631% cotfectbh)( ZR08dod s 4ere [ 0441] Fan,

ection of aneuploidy with digital polynerase
c hal n 15 eaobtaiad brlmgllam@l@emtesm wheh(vee pgifernied pecapse of the increased risk of fetal

aneuploidy based on biochemistry, ultrasound, or because of maternal age or family history.

[0412] Plasma was obtained by centrifuging the blood at 1600 g for 10 minutes and

separating the supernatant from the cell pellet and then frozen at -20 °C.

[0413] Cell-free DNA was extracted from 5 ml plasma and eluted into 150 pl
20 elution buffer using the circulating nucleic acids kit (Qiagen, Germany) according to the
manufacturer’s instructions. The DNA samples were then dried under vacuum (speedVac)

and dissolved in 50 pl water.

[0414] Small aliquots of the plasma DNA samples were amplified in one panel of
the 12.765 Digital Array ™ chip to determine concentrations of total and fetal DNA using

25 45 base pair long PCR assays for a chromosome 18 sequence and DYS14 on the Y
chromosome. The forward primers of these short assays were tagged with universal
template sequences to permit two-color detection with dual labelled hydrolysis probes [13,
14]. The proportion of detected long fragment DNA was assessed by targeting 188 bp and
194 bp long sequences in a second panel, the forward primers sharing the same target

30  sequence with the short assay.
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20[ 0442]Fan, H. C., et al. "Mcrofluidic digital PCR enables rapid prenatal
di agnosi s of fetal aneuploidy.” AmJ. Qobstet. Gynecol. 200.5 (2009): 543-47.

[ 0443] Sykwe,20R/143836 et al. "Quantitation of targets for PECRSbY1108688Df
limting dilution." Biotechniques 13.3 (1992): 444-49. [0444]Si kora, A., et
al. "Detection of Increased Amounts of Cell -Free Fetal DNA 25with Short PCR
Amplicons.” din.Chem (2009). [0445]Wite, 11, et al. "Digital PCR

provi des tive calibratio r

sequenci ngﬁ%fBl\/C Geﬁ%ﬁn)lggﬁgd&y ﬁ 3% yplﬂ asaﬁﬂ%ﬁ%ﬁ’g{]a%@ t%ag?lﬂg gge‘dsl ngl e
nol ecul e gdemestforathrammosneadBland 21 @eqdelg;lei dlhe are-ayplditatidvresasecessary @s the
measur enment_ of [ nunber Che 394, 2 200 457 67.
VO 2011/ 1&%%‘%3@%6%8%1/”‘%&@‘}’ @ﬂ‘i‘%’]“/ﬁﬁé’%&?‘l fron pigsma ‘%SO“T" C%

c feIt | -fr eleltdaie?@aﬁnfm%h;éeum@nﬂx]? &?d:r@ﬂﬁldlcl’bhlﬁh@bmimebély()d’%() Smglcabhl&iea4 hour s
after co ect | IS O irst- and third-tgi nester es.”

O i . Chenfonies of tgtaldoga Pew@r’é%werféabxsqteﬁtaﬁ Cygles pf tagigipe gpd PR SR o
preanal yt peadmgdlmeh@insusig thdped Igmn@fc iBlsp&ei ficefoP 50 Ea‘selpbnfsé@endauem n bl ood."

Clin.Chem 51.4 (2005): 781-84. 9]Chiu, R W "Ef fects of
bl ood- pr oé’é’§§1p?f§“e;§r26taﬁéé§ Styfing wauo&he malgey|es Emar@afa}%a\/lf'll%fmég .Sno

mat er nal  pk-RATBF pre! Qﬂpnﬁg?%mpréhnct%efe’z%&)ted %Qﬁ?rr%\?am;{lﬁ'é&mnl-ﬂnme\(s wet al .

"Size separatlon of circul ator I N mat erna asma perm.ts ready

det ect.onrmovpéwezh WBdNHﬁBgmdsﬁwherd@meﬁp@%ﬁﬁs WER %Oreée'a?f? °C1002- 11.
10[ 0451] Hu, Z., et al. "Exon-|evel expression profili a corrprehen5| ve
transdPi pI{Qj‘dfé] anal yA highgdengifyaDigitah gy, fFCGhi“r’YV?’@Wé(Pﬂra'B‘ZPa‘g ¢ o hreg24- 32,

[ 0452] Q Nyitbrent Rpulconti BRa8onsa LEed IRATRKIIRAN Bthe Tirdt UshtiducatioRWg NuUMber

individual samples could be measured over 770 reaction chambers each, in the second, a
single sample could be measured over the entire chip (770 x 48 = 36,960 chambers) and in
the third configuration 12 individual samples could be measured over 3080 reaction

15  chambers (770 x4). Each configuration is made possible by the selective opening and
shutting of the valves within the chip. The results presented here were generated using the
single sample configuration, i.e., a single sample was be partitioned over the entire 36,960
reaction chambers of the chip. The pre-amplified samples were analyzed using one (in
exceptions half) 48.770 Digital Array ™ IFC per sample. Sample input was adjusted to

20  obtain an estimated 200 to 700 positive PCR reactions per panel of 770 reactions (230 -
1800 targets). Duplex real-time PCR detection of pre-amplification products for
chromosome 21 and 18 sequences was performed under standard PCR conditions using
primers specific to the tags introduced in the pre-amplification and dual labelled hydrolysis

probes stretching over the junction of the pre-amplification primers

25 [0417] For 3 samples 4 replicate pre-amplifications were performed, each with one
quarter of the DNA obtained from 5 ml plasma (4500-6000 copies per pre-amplification).
One chip was used for the analysis of each pre-amplification and the average ratio of four

chips used to determine the RCN.

[0418] Pre-amplification product of plasma DNA from a normal (euploid)
30 pregnancy sample was prepared with different amounts of chromosome 21 spike (genomic

DNA (Coriell PN NA13783) pre-amplified with chromosome 21 primers only). Sample and
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variations using a nanofluidic platform"” Nucleic Acids Res. 36.18 (2008):
el 16. [0453] Spurgeon, S. L., R C. Jones, and R Ramakrishnan. "Hi gh

t hr oughpuwogen¢i4i8expr essi on nmeasurenent with real ti me PPCRS2011400887
mcrofluidic dynam c array."” PL0oS.One. 3.2 (2008): el662. [0454]Lo, Y. M,
et al. "Di gital PCR for the nol ecul ar detection of fetal chronosonal

aneupl oidy." Proc.Natl.Acad. Sci.U. S. A 104.32 (2007): 13116-21. [0455] Lo, Y.

, et al .. t j fr [
20pr enat a” S ARARoRe CEeflan TR Ak BECR diithe AR Tl ABTEETn 516, 25,
[ 0456] Tsuithis iNeasBremeat, theel effeéﬂ\kerfeiahmwmmlpm eftht alixadetmpleivers doferrhinbdl tri sony

18 by RNA-SNP allelic ratio analysis using maternal plasma SERPINB2 nRNA: a
f easi bi I i {64191 udy. "Tdtalewants Birayrom@omd 1§ 2603 of al@tpie3vere E:&Mﬁt]:djmitm R W,

et al. "Maternal, Plas h I\/ass vel Paral Se uencin
by L1 gati ST wsl RiReT AR P ediabl pRBRE isorci ol e PR ey
(2009) 5 Sdpglibedesatitsr y8]| Theomemteatent @rﬁ?rtht: @bxplwa‘s@bmbmsdi wiitg tipd sagipiingd)NA
preparations using ZCCHC2 46/ DYS 45 and -107-. ZCCHC2 4/ DYS 188.

[ 0458] Thi srrpi Esseste thmsmb@éxﬁ cories itedhe preialifieationi SEat v /npkaaddipg theDNA and

the det er m 1 et cl)fcme c#alllgleﬁ%%ﬁ&{ndftﬁéne%klh% h%%%ar?nsoo }tﬂe QUmnaA@ Ja% tH)?lal Al so

the distribution of target no Wo Size'r
assessed. v&iabiligmak esglewtede anal yzed per 5 chip. The ZCCHC2 assays t ar get
the ZCCHC2 gene | ocated on chronosone 18. The DYS14 assays target nultiple
copi es on[420] Y chr Bimosedien Gad” sttiowlf dhxomloyonyﬁi Rlbvsac}pombsdnwel&'émttlileon wi th
pregn n the exper | t
Pr aomal: ealhiaR Srso Y HmevataeS etlised %  Ppmrlatond e SR FRrER e I copi s
per Y chr delecivitbias Hetvecen thidxeso tirgats.bihe pbsesed ratio efasaeiple thednwded)w thef
Eglrmggtss Ofnor%Ya 1]z'§tloln agtorlt(c)) glvrg:ethg }Elz?;%ve cggy ntu%b%le {fCIﬁ))f of%ﬁ;o%:otsgrgle gl S hr onosone
Chromosome 18. To discriminate trisomy 21 or trisomy 18 from normal The following
criteria were used: If the CI around the normalized RCN does not include 1.00, the

15 measurement is indicative of a suspected fetal aneuploidy.

[0421] A normal pregnancy plasma sample pre-amplified for chromosomes 18 and
21 was used for titration experiments into which different amounts of a chromosome 21
spike were titrated. There is an inherent variability in measurement due to sampling, so the
purpose of the titration was to determine the minimum fetal concentration required to

20  distinguish between normal and trisomy 21. Different amounts of spike material were added
to the normal sample, creating an expected increase in chromosome 21 copy of 2.5%, 3%,
4%, and 8% (corresponding to 5%, 6%, 8% and 16% fetal DNA concentration for a trisomy
sample). The un-spiked sample was analyzed in 5 chips with the same input concentration.
The individual chips counts were summed and the 21/18 ratio (n = 240 panels)

25  determined. The raw ratio calculated by summing the counts of five chips (184’800
reactions) is 0.959 with 95% confidence interval boundaries of 0.952 and 0.967. By
normalizing measurements using the pooled reference, the 95% confidence intervals of a
sample’s measured RCN should not overlap with these boundaries to be classified as a
trisomy. All chips of the normal sample fell within the normal range, one of three tests of a

30  2.5% spike sample and all spiked samples with 3% or more additional chromosome 21
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A i gonuel eotides [0459] Universal Target tag sequences of forward priners
are underli ned. ZCCHC2 TQL F

TACCT GCCOWOLEE0E293¢ CGAATAAAACACACAGTACCGCGCAGAG 15ZCCHCRC#AISR11/000887
CAGCACTGATGTAAGAGGTGCTG TQ  Probe5 CAL Fluor Orange 560

- ATTCGATTGGCCACAGCGCAGGTA- 3" BHQ DYS14 TQ2 F

AAGCTCAGTCATTTCCAGGT GTGCGAAAAGGGCCAATGTITGTATCCTTCTC 20DYS14_45 R

e P A TR o o AT, &
5' CAL Fl bigheOnaragrend lrs@AGCACCTCTTACATCAGTGCTGTIGG- 3" BHQ

DYS_FGGGCCAATGTTGTATCCTTCTC DYS 188 RCGCATGCAGGACAATAGTACCC DYS14 PBS'
FAM TGTTT{ORREISGCCT| A GTALTBONGAGE preprancy Ry INAsamplerwvasfanalpseddu pyex

Sozctce Belst s BRI 2 8 R A AR B e i et My ik (B 2
5  quality control. In one panel the PCR assays used were 45 bp long. In male pregnancies an
estimate was made of percentage and of absolute copy number of fetal DNA. The additional
measurement of 190 bp assays in a second panel was used to assess the presence of long
fragment DNA.

[0423] A strong bias in the determined RCN for genomic DNA and pregnancy
10  samples containing a large proportion of long DNA (Figure 6D) was observed. In the
original study cohort this affected one euploid plasma DNA sample (RCN = 0.86) and one
trisomy 18 sample (RCN = 0.80) with more than 50% of detected long total DNA. After
identifying the effect of a high proportion of long fragment DNA, the analysis of the normal
pregnancy sample and of another sample with high percentage of long DNA was repeated.
15 In both these samples the RCN bias was confirmed (RCN = 0.86 and 0.87). Consequently

samples were excluded with more than 50% of long fragment total DNA retrospectively.

Pregnancy Plasma

[0424] In total, 13 normal pregnancy samples and 4 samples with an aneuploidy
fetus (trisomy 21 or trisomy 18) were included. The median ratio of the normal samples was

20  0.93. To compensate for the systematic bias between the two target sequences, the measured
ratio was normalized by this value. For 11 of 13 normal samples the RCN between
chromosome 21 and 18 was within 1.00 £ 0.05, in ten cases the 99% CI included 1.00 (i.e.
sample not determined to be abnormal). The CI was determined without accounting for the
variability of the pre-amplification. As such, the consistency of the determined ratios was

25  reassuring in that the variability of the pre-amplification is so low, that it allows the very
precise measurement of relative copy number (RCN). Only one euploid sample with a very
high fetal DNA concentration was clearly outside of this range (24%, RCN =1.11).In a

second analysis including pre-amplification this sample tested normal (RCN= 1.00).

[0425] For one trisomy 21 sample the RCN was clearly indicative of trisomy 21
30 (RCN=1.19) and the RCN of the tested trisomy 18 samples were clearly indicative of
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WO 2011/ 142836PCT/ US2011/ 000887 Tween 200. 25% "190 bp assay": Z194/ D188
Conponent Cone in 10x (iiM ZCCHC2 F9 5ZCCHC2_194 R9 ZCCHC2 PB Cal 2 DYS14 F9
DYS14_188wB20D¥81886PB FAM2 10Tween 200. 25% Pr ot ocol f or pa3am®go11{00e$60] (1) To
2.0111 of sanple was added 6.31.t1 of DNA Suspension Buffer (Teknova P/ N
T0221). 15[ 0461](2) Sanpl e was heated at 95C for 1 min to denature the DNA.
[0462] (3) The master m x/ DA Sanpl e | oadi ng solution m xture was prepared.

Per react| G r ' r i i AB) 5. 0
[11 20DA E%ﬁ%?ﬁgﬁégﬁ%%%ﬁf‘%ﬁ‘% gﬁ@."‘%&% %%‘“WQ Hieo'ﬁ’g%?(r %ﬁgi’gg}éﬂd 8. 3111
sanpl e wa8.96)idbd fatBthgt they remasted mnddtoctddoadidrig explained oy a [§w0AGnt&EESf1. 11 of
this mx \f\&e{l%ﬁg; o'wne(\azgr, Wetptc]rc%ntgée &f fetgrﬁNﬁSWQF&oga’e%r%ﬁne%sﬁ&g these fetuses

were female. Interestingly, these two samples had the highest proportion of long fragment

5  DNA of all samples that were included in the analysis. Thus a small bias caused by long

DNA could have contributed to the result.

Blinded re-test of pre-amplified samples

[0426] To assess the stability of the measurements and the stability of the pre-
amplified samples, the analysis of 16 pre-amplified samples was repeated in a blinded

10  experiment. The three samples that had already been analysed as 4 replicate pre-
amplifications on 4 chips were not re-analyzed. Sample identities were blinded prior to
testing. Compared to the initial analyses, the 99% Cls in all but one sample overlap and the
RCN of the 2™ chips are within + 5% of the first (Figure 6E-6F). For one pre-amplified
sample a decrease of more than 10% of the RCN was observed, and this discrepancy

15  persisted after re-testing. The consistency between first analysis and blinded re-test of the
same pre-amplification products confirms the initial results (Figure 6C). The stability of the
pre-amplified product makes it possible to retest the pre-amplified material if necessary or

add additional chips for counting more reactions of borderline samples.

[0427] Of the normal samples that were tested twice, at least one of the two results
20  included 1.00 in the 99% CI. Combining the initial and repeat measurements results
improves the test performance, the average RCN of the normal samples lie between 0.974

and 1.038 (excluding the sample with discrepant results in the second test).

[0428] Detection of copy number differences below 5 % by counting positive
reactions can be performed. In titration experiments it was possible to consistently detect a 3
25 % copy number difference of one target against another, a difference that corresponds to a

trisomic pregnancy plasma sample with 6 % fetal DNA.

[0429] The measurements of the RCN for normal samples were in most cases close
to “1.00”. Blind reanalysis of the pre-amplified samples confirmed the stability of
measurements and pre-amplified material. In the included 13 normal samples only one

30 sample was a clear “false positive”. The sample had a very high fetal concentration (25 %).
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25m x (10X) and 9 ill with the 190 bp assay. TubelOX assay

1ZCCHC2_46/ DYS14_45 2ZCCHC2 194/ DYS14 188 30 [0465](6)9.5g1 of each of the
prepar ed weae1i1/@es83a xes were pipetted into one sanpl e wWeCr/usko1a/o0Bs8765
Digital ArrayTM chip (Fluidigm. [0466](7)The reaction reaction m xtures
were | oaded into the panels of the chip in the IFC Controller (Fluidigm.
[0467] (8) PCR on the Bi oMark System (Fluidigm was perfornmed using a cycling

program w m ) . 1 ]
el i g e Sy Ry lred L Bk, e Wit ot Bdtadn GHGcPBller, G
denat ur at pegnaicy 95th@;isomyt H ahdtome adtyuiisinty Dnwere cléariCdistiegujsheq bm. nofraal

nodi fied the, P r ot oc | t 50,,5C 10 mn at .95 .45 cycl es
wih 1o PR ERstanfie VR yRony 21 Sses ot B e Rftpingl o
acqui si t i 0hpagndiby carlgls a &taldONA&enntasted 7)4 Rrves asasuned. O thehwp udddtarted

[0468] (1) W us a thr range of 1- cycles. The i hr eshol d
has T otier irors 3 sBmpipt RERIBNA TR Pt {5hE Glics] i S badd sl e

thr els hol d hi@ﬂﬁr@ﬁﬁmmﬂ@@tﬂagnbm bRa (sl‘”‘b%wa?‘% dniphadites b iffpertaite oaﬁ&alys and
sanples on the chip_an [ nua i f necessary. re i n chqosing

t hr eshol dQ“arﬁfngatlﬁ’é o@geé% @\g/&éé”thﬁ’gg‘e# a qurH@HStVSB’qP%\ﬁ}H rgumberobnsequence
pi ck up CalofcuRs tWnehdveho sdeduneld. or Fam signal in the Cal 0 channel.

[0470] (3) Once all of the panels had been checked the data was exported for

15anal ysi 8043 | cul atheadevelbphert dF tHe@Ri®Bedhigh dassim nandluidiptiap raked & in t he
sanpl e 471]) The data derived fromthis test was be used to determ ne the
% nal &0f eNdPDjof fetal aneuploidy using maternal plasma technically feasible. In combination with

the ability to detect higher fetal DNA levels by using short PCR assays [13], the high-

density digital PCR chips improve the sensitivity to measure. Pre-amplification was used to

increase the number and concentration of target molecules to the necessary levels as well as

to append tags to target sequences, which enabled the use of a target specific hydrolysis

15  probe for detection of 50 bp target sequences. The multiplex pre-amplification for a limited
number of PCR cycles has in the past years facilitated the (quantitative) analysis of a
number of applications [20-22], and it can be a useful tool even for the detection of copy

number differences below 5%.

[0431] Several targeted approaches for the NIPD of fetal aneuploidies using cell free
20 nucleic acid have been identified in the past years. None has thus far been followed up by
successful clinical validation studies and implementation. Polymorphic markers in DNA
and RNA and methylation specific analysis of DNA have the advantage that the fetal
material is distinct from the maternal background — even if, as is the case for SNPs, only by
one nucleotide [23-25]. However, such approaches have to “battle biology” (number of
25  possible targets, sample concentration and stability, heterozygosity rate and informative of

SNPs per sample), while the workflow and analysis are inherently extensive.

[0432] Next generation sequencing has recently been used successfully by two
groups for the detection of trisomies 18 and 21 without false results [5-7]. By counting
molecules, the sequencing approach is closely related to the use of high density dPCR

30  which determines target copy numbers by counting positive reactions. The final numbers of

sequencing and dPCR are in a similar range, Fan and Quake sequenced about 66,000
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a sanple, the total DNA based on the 46 bp ZCCHC2 assay, as well as the
distribution of the DNA in two size categories. 20[0472] To determ ne the
per cent ageOoab1ideesset ed fetal DNA, the nunber of detect edCDYS2e10608§ELS i S
di vided by 15 and by the nunber of targets for ZCCHC2. [0473] To cal cul ate
t he nunber of detectable copies for each assay, the nunber of targets in a
panel determ ned by the software is divided by 0.459 to determ ne the
number  of chafihiic b Dralindt Gufbic RO B hakdrisd BECK ot i oAy ctions in a
panel is 4. 111_? Aé g.%4gal+F’ 2% éaiple_fcontafﬁ?% &ag&Bkﬁgfron10.0845
m pl asma)congeatratroneyiglds SpERximatelyt8Rite 85 & pasitivh ehanhers, ddiithiwpriespo8dstotcd

det er m ne er of targets per m plasma. For the DYS14 assay,

t he nunbeﬁ$2€o%@@§ic@§$gets is divided by 30 to obtain the nunber of

det ect ed ONDSOKE; I R ol ™ i.gital PCR on
48. 770 Ej;?%gj Arra?@ﬁ%&%ﬁﬁﬁéggpfg%wgﬁgh&[%%%%T%ﬁﬁ%kﬁﬁg?%gg?QPg be used for
det er nnatcpldevtiof aliGMocdssiof slemixstenapsin@l: adange volumg 8f bibhé, at Rastdd3mly stoaldget s a
48 nt sequence located on chronpsqone 21.. the #18 assay a 49 nt bsequence
focated ofcararBeBi « BrheaiaRi o RS Te 3 SPmi et 9RE50 | mor
sequences ahd étdl DN A peppenioa, the sanmsle Mill nexd.to béicdniréfugedtimngdintd g gfiartesl capit al

letters indic t he. port.i,ons tching the pri s, the hold sequence is
Leet T or i Bt RO BE R e et e HERA apt pigtion and 16 EXEINGS
FTCAA" TTCeaMapi ST G AabnASRIuk 683t Aed long DNA. The fetal DNA percentage

TGGA CA CTATAAACEGAAGGT TGAGAG #18RAGACG , ,
CCTGT %‘ﬂmfe&% 5‘8@@@% EaPYpT b JHEsreneeigsase of a trisomy

TGCAACGAGEAAfaTi ; AT LR T
ACAGCACA%FWGFGFGG%%W Gtﬁl Ig etd] DA TNGCEASPa female

TGACCT GAAGTSY TARBTErAC R S Asesamproachapiid b ntematedeAdsemy lejgsr at i on of
pre- anpl i o, 8Ly SN Al e kDB RN @ d16p BXBYs' chh BEtcRIISd WAhE pRET FOr med in

25 1.1,1 reactions using e
amplification reaction. The pre-amplification can be performed with the majority of a

15  sample and the optimal sample input into the digital PCR analysis can be calculated from
the QC data. In the case of a suspected aneuploidy, the pre-amplified sample would be
retested with another chip to confirm the positive test result. Positive tested pregnancies

could be treated as screening positive and referred to invasive diagnostic testing.

[0434] Another advantage of the molecular approach in comparison to the

20  phenotype-based screening is the fact that the latter has a relatively narrow time-frame,
outside of which the discriminatory power of the screening test is markedly reduced. This is
a very practical issue, since the optimal time for ultrasound screening is only 3 weeks wide
at most (11-14 wks). Even within this period the performance of the screening changes
significantly. Organizational problems and the imprecision associated with correctly

25  identifying the date of conception cause that many pregnant women come too late for this
type of screening, which would not be an issue with the molecular approach. The time-
frame of the DNA-based approach is limited only in early pregnancy, when the placenta
produces too little free nucleic acids to enable discrimination. In case of an equivocal result
the molecular test should in theory perform better at retesting, as opposed to phenotype-

30 based screening.
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TagMane PreAnp Master Mx (AB). If the volunme was not sufficient for the
DNA input, 15multiple reactions were perfornmed and pool ed after

pr e- anpl iwocati/@es36f i nal concentrati on TagMane PreAnp MreTars20uia0sx7
Primers300 nMtRNA2.4 pg/1.11 DNA WO 2011/ 142836PCT/ US2011/ 000887

[0477] The PCR pre-anplification was perforned using the follow ng cycling
conditions: Two cycles with 10 mn at 95 C, 1 mn at 68 C, 1 mn at 65 C, 4
mn at 60 C an . at 72 C followed by 15 cycles with 20 sec at 95 C and
4 mn at 72 C,gg'%'é'énn—ctg?sool ed to 4 C. 5Dilution and cl ean-up of

pre-anpli {0438} i on pCRIJURIW., (OR7Bhntbe apd WOMC LS. "Wheindislvd pethaidt di@gitbsisn ExO
buffer and prinmers digested with EXoSAP-1T gUSSBQ aézp37 C for 15 m nutes and
60 C enzyBRb&nglsaralecylecoynting taghnelogiss " 1eends (GRed<ZS AR08 ¢¥bBl-ng to 4 C the
products were diluted 12.5-fold in water and frgzen. Qi gonucl eotides of

di gi t al Ptﬁféi"?b Tabl EngHECT egatCAemresre st takaneuploidy by shotgun

T18TGHN i A ToMYAteal BibdEEAATMATA A RABALAGHAL2 12008): 16266-
T21ACAGCACAACT TTGAA #18 Probe 5 FAM CTGCAGGTAGIGAGT CTCTC- 3" BHQ
5 CAL Fldbr Orange 560 -

[0437] Chiu, R. W, et al. "Noninvasive prenatal diagnosis of fetal chromosomal
aneuploidy by massively parallel genomic sequencing of DNA in maternal plasma.”
Proc.Natl.Acad.Sci.U.S.A 105.51 (2008): 20458-63.

10 [0438] Chiu, R. W, et al. "Maternal Plasma DNA Analysis with Massively Parallel
Sequencing by Ligation for Noninvasive Prenatal Diagnosis of Trisomy 21." Clin.Chem.
(2009).

[0439] Dube, S., J. Qin, and R. Ramakrishnan. "Mathematical analysis of copy

number variation in a DNA sample using digital PCR on a nanofluidic device." PLoS.One.
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#21 Probe AAGTAGCAT' TTAGITACCAAGCCACAGCCCA-3' BHQ Preparation of dPCR
reactions [0479]Digital PCR was performed in the 48.770 Digital ArrayTM I FC
(Fl ui di gmvO2B11UIR83g t he TagMane CGene Expressi on Master BCI/US2B)/00088EN usi ng
the 1 sanple configuration chip (R& version), 50 jil of reaction mx was
prepared and pipetted into 2 sanple |oading wells. Wen using the
comercially avail able version of the chip, 5 [11 of reaction m x was

| oaded in sanphg | &1 " WAS,Ad) ust ed
to yield ttg wgen 20J8 éoi\{e%{()o %Eftf?/g%%lég%??%ﬁnﬁmﬁfdéén%glrt% 4el‘(r;\lrrl)cy(rﬁ\l ng and
20pr ocess |bh:g>d@fe stabilg24bguss Wéﬁr eoljsstions analisinef firets emd lﬂi@d tfimesterremples.765

Digital 6;1%%2%21 é%(gﬁhqgg inal concentration GE Master m x1 X

Pri mer s90 bes 2011/ 142836PCT/ US2011/ 000887 Sanpl e Loadi ng
Reagent 1 |l e 8 fetal
aneupl oi d| es n rrafgﬁ%g ;():[ aetsé fﬂif%{j%? rﬁl;ggt%%ﬁs&@%% J("&) ﬁ‘% G%E‘Ta} ?eoﬁfe) 18
( Edwar ds sylfico PNA artdodti3’ CliraCham.54yi@0¢Ne)81a84e t he nost commn f et al
chronmosomal aneupl oi di es of clinical inportance. Amiocentesis and

chori oni c [@449] us sa@piuj RgWareealc:(‘Efﬁ@mtdfd)mmpyoqgs@cg protesls ve fatd @hditagales f or
e ear ! SiFASEL Qe iNRHBLILALRS: RATCRURCH, LARGH gPys | o7 Ted, are both

very accurate €y carry a ri etal” | oss and ot her
conplicati The ing & I esent
ot o ndf 0 asma Kad rshde éﬁ%‘%?eﬁé’séé”viftcﬁ% el PR LR SR G e
possi bl e. r&GidpdeteatidnrdfSaanDIRA pobimesphisrhd.” Chh.€aas. 5006 @004 d)@ﬁisblrre 21
sequences than any ot her chronosone to the maternal plasma, theoretically
by conpar ijdf1] he coHognt etal.i"Bren- Melwhpmmimmmﬁm:aeqmerwemsi\@nd t hose of

anot her Ceragsnc;?lptome ana |y51s oForaPhulds 'OCF m. 5%”5 {2'68§):69f£3i.n chromsone 21
dosage.
[0452] Qin, J., R. C. Jones, and R. Ramakrishnan. "Studying copy number

variations using a nanofluidic platform." Nucleic Acids Res. 36.18 (2008): e116.
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Supplementary Information

QC Protocol for testing plasma DNA preparations using ZCCHC2 46/DYS 4S5 and
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[ 0481] Detection of fetal aneuploidies is in fact a copy nunber measurenent
15probl em We have shown before that Fluidigms digital array provides a
new appr osiohotinEessean neasure copy nunber nuch nore accecatuskyritobssr any
ot her technologies. Its value is nore promnent in fetal aneuploidy study.
For exanple at 10% fetal DNA concentration, the amount of chronosone 21
sequences conpared to those of a normal chronosone in the plasma froma
trisony 2¥d@Eioz-®amys nggwoman is only 5% nore than that of a woman with
20a normal” Tetus. This small copy nunber difference cannot be detected by
any convefo4sshal meTHiopmtochDwEA)sEd fmeIuireﬁ‘mhtndBM%tdtalagmnmateimAiaﬁd thee resul t
of an apoptosi.s-lik is un eptides are
andonty. AFETH RGO EaRGen: el [aaEt A APt HORONH Bach
chr onDSOMBNA tardes motkyled inketwo difeatindeb®agddsdBed. il Qmpildslweré Afalyrad gerf rom
the reliabl e detectlon of the 5%difference

25
i ms)ggg % gl téﬁpgﬂ}rgp ﬁ%"@?ﬁﬁf’ tprgetthe G HEzagsne located on grgapsomg Wi hpased

experi menpy 9 amaﬁﬁpgﬁmmtmvc%pfe@bh aft ¥ enrdRbions andQRSHE bRIHgiv sitive Ve
al so experi nent aj own that different loci are represented differently

in the saﬁeécm\éﬁ}haqegrmnagﬁlasm@NAmhM¢ Ebipds tmales %ﬁmwew@emm@ed to
anal yze mﬂld% théHt& .In%lm@@ tﬁ@@lvsq%g me&eté Rdxithigl f3|o %féégem of

i ndi vi dual 30l oci be evened o /14283 S2011/ 000887

[ 0483] W RiErp@mogunge ﬂbﬁé@n@emsbp@ st @@F@rb@as @dmémnfdmeﬁs pOD¥8d4 s this
chal | gpge city, we detected anplicons
usi ngqﬁocf(l{gd{u%ﬁgle%flzé)g%?%etim§pro eg"”g‘t k}égsed either from Roche Applied
Sci ence (Universal Probe Library, Roche Applied Science) or fromlntegrated
DNA Technol ogi &ficéddelebtidbisi Ng SFl uidigm's More Assays software, we are able
to design priners pairs tor nultiple loci on a chronosone for which only a
singl e 8- pESH] LNA (Unieksad Tatget g ceqendty opfopbardpeiedss dro ubderliviedd. The use of
the LNA probes allows the quantitation of nolecules fromnultiple loci on
one chronosone with a single probe A sinple PCR step of |imted nunber of
cycles_using t _TQduTACEEG ‘ RATCCAAANA AACAA USHACLGOBTCAGAG Si ngl e
pair o priner qzkﬁ6ﬂ‘h§4_QQACI@ﬁ?%Tb@th$qTﬁ6T@|qc&ﬁ:t al_ar rgkl%é:[ruantl tation so

that the hi gh BAKYFound® pfbhreiiaass’se iAdt e T AITChRAcHS AIPHRpl e
primers and prgp@sthprt he nultiplex TagMan can be avoided. Assay Design

[ 0484] The pri nm@cmro@cdemcme;@mmmAmﬁcoeﬁaayoﬁ@ﬁrr@&wcrcs of twar e
devel oped at Pbwsidiggm CovqracahhoacCGuaAnssaTFr anci sco, CA). Probe 19
( CTCCAGCC) wasT@&Reabef or 5' FAM-TCGCACACCTGGAAATGACTGAGCTT-3' BHQ-1

ZCCHC2 F ACACACAGTACCGCGCAGAG
ZCCHC2-194 R GGTCCAGGCATTGGATTAGGAT
25 ZCCHC2 PB 5" CAL Fluor Orange 560- CAGCACCTCTTACATCAGTGCTGTGG 3'BHQ

DYS_F GGGCCAATGTTGTATCCTTCTC
DYS_188 R CGCATGCAGGACAATAGTACCC
DYS14 PB 5'FAM-TGTTTCTTCGGCCTTTCTAGTGGAGAGG-3' BHQ-1

30

Preparation of 10x duplex assay mixes

“45 bp assay”: Z46/D45

Component Conc in 10x (uM)
ZCCHC2 TQI1 F
35 ZCCHC2_46R
TQT1 Probe (CalO)
DYS14 TQ2 F
DYS14 45R
TQ2 Probe (FAM)

N O —=NO —
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15 chronosone 18 | oci and probe 20 (CCAGCCAG for chronosone 21 |loci. Gven
the highly fragnmented status of the fetal DNA in maternal plasnma, only the
anpl i conswbess/t4bssa 80 bp were sel ected and exam ned usiPOg/uSk@ 10BBE7 Genomne
Browser (http://genorne.ucsc.edid) to ensure that they did not contain
known SNPs in the primer or probe sequences and were not in the known
repetitive sequence regions. FAM I abel ed 20probe 19 was obtai ned from Roche
Di agnosti cs Cor por agjQy -p! ndi anapol i s,gbd),. Cy5-1abel ed probe 20 and all
prinmers were synthesi ze& by Integrat ed DNA Technol ogies (Coralville, 1A).
Assay validation [Q48pbRsiayer zPRIHEsgrere tested on Fluidignms M8 dynanic
array chi ps. Each -Nn reaction contained | x TagMan GIXpress Master M X
(Appl i ed Bi osyst ensCommmestr City, COA)in 12RQuMM pri ners, 100 nM probes,

50- 200 copi es of huwmoHgeRonm ¢ DNA. The chi ps were thernocycled on the

Bi ovark system (ht tzc¢H@awosIRIi di gm co9rf pr oduct s/ bi omar kmai n. ht M) and the
condi ti ons were 95FcdlepprBwWLOhot starxt and 40 cycles of 95C for 15
seconds and 60C forp¢sm pute. WO 2011¢ 142836PCT/ US2011/ 000887 [ 0486] A
smal | nunber of anpbvspngggRross-hybridgzed with the probe froma different
chronosone and werepvhesregondsel i mnated. Prinmer diner tests were run on
MB6 dygmam c array chigs.20The conditiongay®re simlar except that no probe
or DNA was included in the reaction and 1 nMprinmers and | x Eva Green dye
were used. Prinmers which 5 generated priner-dinmers were renoved. In the
end, 8 loci foprdbdoPrirseé® 18 and 8 loci from chronosonme 21 were chosen.
Their sequences were shown in Table 5. A total of 4 different tagged
primers widéOlused ale alBR.@Hofimample vasaddab bl afldNArfbispehsionBaiffen si ngl e

comon 5' ronosone 18 forward priners; (b) a single 5 tag
for all Efe%ﬁ%sorr/e\?ﬁzzqgver se priners; 10(c)a single common 5 tag for all

chr ombeomtV 311 1 oy erh BHam v a‘g’tg‘f? et Sl L TN 5 ol ex
PCR i A 16
ol asma DMPEERD! e Gh"2 ek % "fpté%‘%?ﬁp%P&mW%E@ir‘éﬁélfe%é‘ios?&

Cty, CA. Each 50 ni1 reactl on cont al ned | x Taql\/an PreAnp master

(Applied Bi osystems Foster Cty, CA, 100 nM eafp r%tl 1 rl ners, 2. 4 ng/nl
tRNA(SIgrra ne & %r %Epgadgl\(l)ps‘ LA ma.
Ther gycling 2 "[p ?ag}ng oy o™ ar t 6§dl 12 cycles of 95C

for seconds t@s1 gI‘We products were Hut ed prior to
Lgﬁcgﬁf¥amﬁggﬁr a'na(l43/5I sTo eacktl E‘%uﬁ ampllegwgsaélddec{ {3aE(l o Saeé\%jer %1x/120a51f1]1§| rinitial
solution.

[0464] &) 9 ul of this mix were combined with 1 pl of the 45 bp duplex assay
25  mix (10X) and 9 pl with the 190 bp assay.

Tube 10X assay
1 ZCCHC2_46/DYS14 45

2 ZCCHC2_194/DYS14_188
30
[0465] (6) 9.5ul of each of the prepared reaction mixes were pipetted into one

sample well of a 12.765 Digital Array™ chip (Fluidigm).

[0466] @) The reaction reaction mixtures were loaded into the panels of the chip

in the IFC Controller (Fluidigm).
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Determining the 21/18 ratio using the HD-digital array (48.770 digital
array) [0488]HD-digital arrays were used to quantitate chronosone 18 and
21 nol ecuWo=0Ht14283¢ 8 | oci on each chronpbsone usi ng twoPpAIUSS010/00GSAT
prinmers and two UPL probes. One chip was routinely used for each sanple.
The products fromthe nultiplex PCR reaction 25were m xed with other
reagents so that the final reaction mx contained | x TagMan GIXpress naster
m x, 250 i mer sugy 10 X IR { (Fl.ui di gm
Sout h San ngf Zrnci sco(,g) m&%ﬁ{hg%§¥g%8%%éw§éﬁgggW?%?Jrgg%ﬁ@gﬂéégﬁosorre. The
reaction Ryolingamgeam with@inyingh$Q T¢.i 10maia at AR o anAS7Gles @abtliim chanber s of

each pane I Edo the | k system
Therm)cyc%rlI ngﬁln /n |n%%{sgd Fﬁkzpﬁ%gg&g\@% ,751&%ﬁﬁ%g&ﬁ%§%&e§%}§raﬁgf%@&d by 50
cycl es of °GrwitledatPERuiskonsietbHdsveay B (4 mpdified theRGRgrotdsolstechmiisata0 70C
and 1 gi nyte at. 6 for ealin nd. e i r SONE and, 21

nol ec anes {:Ab]rogmgr?g% f‘?g'é‘?%é;c)@% vﬁg\}ca)l %gll gr%g%?'g{%gtgensﬁ)% %ergrase a?%%[g%eg??d\?el y.

Fl uor escent 95i(yndathslawaxquisidcoatdsd Catas tlse beamcised.) each PCR cycl e. FAM si gnal
5coul d be detected in any chanber containing one or nore chronosone 18

nol ecul es while Cy5 signal indicated the presence of at |east one
chronosone 21 Brdcessiigeof chipdatat he reacti on was conpleted, Digital PCR

Anal ysis software (Fluidigm South n Frapci sco, was used to process
the data %&%bount 6% nViFiesd f%ﬁﬁfﬁﬂ&%@'ﬂb&? FY%%W@W@@H‘Z{PM was
Cy5- posi t i@red8IBel fedefsaBach panel . The ratio of the nunmber of chronpsone
21 10nol ecules to the nunber of chronosone 18 nol ecul es was cal cul ated as
descrijpedjo4s9) Wel | @ t hge 3a¥nsiaed WHGRGEhd tEcSI@vas R SoHrdcBly by [lIR4891To
detect two trisomes (18 and 210 sinultaneously, we quantitated 8 | oci on
each of cRYbHEBirdl ditfergpicpssays apthsamplos andieeehin i set it rapvrlly Af pegasprbel ed
probe was cYRaH clfs thidhofisnAft bORked 86 SRR Rt 48maABY |dw aid Akel ed probe for
the 8 loci on chronbsone 21. In a blind test, we analyzed a total of 14
T Ggnancy CISAHIFRCPIpNRSaIoNn S Eamyphaanel ar Fary sientls teGalQichame). . e
correctly identified 2 trisonmy 18 and 2 trisony 21 sanples. Two fal se
posi tives &Pk al sd3) ourfncenll vhthermsnelnhadshesp hosked3he data aap penostad faroci  ar e
fragmggt eqn%ﬁﬁf_erently, for a given set of limted nunber of loci, the
21/18 ratio Wil fluctuate and 20soneti mes the anplitude of the variation
can be greater than the difference between the ratio of trisony plasnma and
a normal pl asngalc@4tigh bR EhtA16 pieS/hl Ghisth CCAHIUTPRO/ME DN 1 the shfpRDI € to snmooth
out the fluctuatron and 1 nprove our results.

[0471] The data derived from this test was be used to determine the % male fetal in

a sample, the total DNA based on the 46 bp ZCCHC?2 assay, as well as the distribution of
the DNA in two size categories.

20 [0472] To determine the percentage of detected fetal DNA, the number of detected
DYS14 targets is divided by 15 and by the number of targets for ZCCHC2.

[0473] To calculate the number of detectable copies for each assay, the number of
targets in a panel determined by the software is divided by 0.459 to determine the number of
targets in the 10 pl PCR mix (the total volume of reactions in a panel is 4.59ul). As 0.845 pl
25  sample (containing the DNA from 0.0845 ml plasma) are in each PCR mix, this is further
divided by 0.0845 to determine the total number of targets per ml plasma. For the DYS14
assay, the number of DYS14 targets is divided by 30 to obtain the number of detected Y-

chromosome copies per ml.
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WO 2011/ 142836PCT/ US2011/ 000887 Tabl e 5 Chronpsone 18 priners

| For war dRever se t caat t ccaggt gt gcgaaaAAGAGAAGATGATAGCGAMEC

t ggacgagowacageretat aaaCCCACCATGCCAACTGAAAA PCT/US2011/000887

t caat t ccagegt gcgaaaCCCACAATCCACCCCAGATT

t ggacgagcaacagcact at aaaGGAATGCEGECT CTACAGAAGCT

t caat t ccaggt gt gcgaaaCTGGCAAGATGCTGGECTTAC t ggacgagcaacagc

cl at aaal GITCCTREA CrifHy i &£ 8819 Ob 5 PRPATCHRE CGTCTCTCTGACA
t ggacga caacagTCactdl daalGlC
t caat t ccaggt gt gcgaaaGCGCCAAGTCCTGCATATTT

t ggacgagcaacagbDagdriitiean AACAACCCTCCAGGGTACC. A

t ggacgagcaacagcact at aaaCCTGECVAGECATGATGAA |

tcaatt Cca(‘[@UQ gcg aaBemstechicbeoxddandatggmination of RCN of chromosomes 21 and

t caatt ccaggt CAEARS

X ggacgagcgg'cgge%%g ?gs?g‘gfé@e&%ﬁ%@ﬁw_rm henice tealed on chromosome 21, the #18 assay a 49 nt
t caat t &cagesugnasdoceted COTEONGEOTACEGTCC. ATT

Pre-amplification primers

[0475] In the primer sequences the tag sequence is underlined. In the amplicon
sequences capital letters indicate the portions matching the primers, the bold sequence is

used for the probe in the subsequent digital PCR.

10

#18 F TCAATTCCAGGTGTGCGAAAGCTGTCAGGGCTGCAGGTA
TGGACGAGCAACAGCACTATAAACCGAAGGTGTTGAGAG

#18 R AGACG
GCTGTCAGGGCTGCAGGTAgtgagtgcCGTCTCTCTCAACA

Amplicon CCTTCGG
TGCAACGAGTTAGTGGAACAGAATTGACCTGAAGTAGCA

#21F TTTAGTTACCAAG
ACAGCACAACTCGCAATTGAACCTGTGTGGAGTGGGCTG

#21 R T
TGACCTGAAGTAGCATTTAGTTACCAAGeccACAGCCCA

Amplicon CTCCACACAGG

Preparation of pre-amplification reactions

[0476] The pre-amplifications were performed in 25 pul reactions using the
TagMan® PreAmp Master Mix (AB). If the volume was not sufficient for the DNA input,

15  multiple reactions were performed and pooled after pre-amplification.

final concentration

TaqMan® PreAmp Master Mix 1 X
Primers 300 nM
tRNA 2.4 png/ul

DNA
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t ggacgagcaacagcact at aaaGACAGGEE GECTCTGTATCC Chr onosone 21 priners Forward
Rever se tgcaacgagtt agt ggaacagaat GGIT TGAACCACC. AACCACAT a
cagcacaacwogonatsegyaai GGCAATGGAATTCTCTI GGA PCT/US2011/000887

t gcaacgagt t agt ggaacagaat CCGGACACATGCCTTCTGG

acagc: acaact cgcaat t gaaCCA CTGIGCTGGI TATTGG

t gcaacgagtt agt ggaacagaat TCAGAGAACATCCGCTTCCT

acagcacaa aat t gpge

Cgeancgagty {6:173 ggaacagaat K W@r&;—rzrformed using the following cycling
acagcacaa@@%@f&ﬁtf‘gaaﬂcmmml min at 68 °C, 1 min at 65 °C, 4 min at 60 °C

t ecangagt ?t W&é@ﬁéﬁ S’Ab%' 95 °C and 4 min at 72 °C, then
acagcacaac cgcaa t gaaAl

t ga3acgagtodep gpgedtagaat GCTGCTCCTGCTTGICTTTC
acagcacaact cgcaat t gaaGIGTGCAGICCC. AGA CTAC

t et ACLCTCTe
e fﬁ@éi%ﬁ??é LS %?Z’é@f%bgﬁrﬁm B diRsSSRY s For var d

ExoSAP-IT (USB) at 37 °C for 15 minutes and 60 °C enzymes inactivated at 80 °C for 15

minutes. After cooling to 4 °C, the products were diluted 12.5-fold in water and frozen.

Oligonucleotides of digital PCR

10
Table 3
FTI8 TCAATTCCAGGTGTGCGAAA
RTI18 TGGACGAGCAACAGCACTATAAA
F T21 TGCAACGAGTTAGTGGAACAGAAT
RT21 ACAGCACAACTCGCAATTGAA

#18 Probe  5' FAM-CTGCAGGTAGTGAGTGCCGTCTCTC-3' BHQ
5' CAL Fluor Orange 560 -
#21 Probe = AAGTAGCATTTAGTTACCAAGCCACAGCCCA-3' BHQ

Preparation of dPCR reactions

[0479] Digital PCR was performed in the 48.770 Digital Array™™ IFC (Fluidigm)
15  using the TagMan® Gene Expression Master Mix (AB). When using the 1 sample
configuration chip (R&D version), 50 pl of reaction mix was prepared and pipetted into 2
sample loading wells. When using the commercially available version of the chip, 5 ul of
reaction mix was loaded into 48 sample wells. The input of pre-amplified sample was
adjusted to yield between 200 to 700 positive reactions per panel. Thermocycling and
20  processing of chip data were performed as described for the 12.765 Digital Array ™ IFC.

Table 4
final
concentration
GE Master mix 1X
Primers 900 nM
Probes 200 nM
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Rever se TCAATTCCAGE GTGCGAAA TGGACGAGCAACAGCACTATAAA Chronosone 21 Forward
1Rever se TGCAACGAGITAGTGGAACAGAAT ACAGCACAACTCGCCAATTGAA  Sunmary 5[ 0490] W
have devewoped/ma28sul ti pl exed approach to detect possi bl eCarisSapiioi@s8es in
mat er nal DNA sanpl es. The approach can tag as nany |oci as needed with the
sanme sequences that will be used for prinmer-annealing in the next step, so
all the anplicons for a specific chronosone can be detected with a single
pair of priners.an es ific probe. Although in this study, we
used LNA p$ad%né%L3%dd?gn ea&%’?‘ect ofg(cf or the anplicons from 10 different

chr onosone®™ ¢ er nul t | pl exed PCR, this approach can be expanded to any

ot her detection or anplification schene, including, not restricted to the
use of fluorescently |abel ed probes gsucﬂ gs TagMan), intercal ati ng dyes
(such as SYBR Green), as well as Ii ased approaches to

anpl i ficati OE& mhﬂlé?éké\ﬁgﬁgggﬁ; ifmfb'tecﬁBH%F Fe%l%lntnylzl})ﬂpeg ih ﬂ&ftemﬁﬁagﬁﬁa of the
mul tiplexin tations

associ at eqiowo} h t heTdidomiésctl @uwury sydfiroma))d 8l(Bdwar@of@@RInied bh®@ NS (Fafau DNA
extracted from plasma, which has been previously reported to be as | ow as

1, 000 éené}ﬁ@r%‘i}l%‘lhéﬁ”toét Goermen fetd chipmespnal prsyn éige%afﬁbmcﬂgm@wwy A

further | DGhR&RAtekis aﬁ@&ﬂo‘n@hi@éilﬁh@ shifpIfigtaye d¥nhvéntPRALY 88 ¥R adife febiidifiRs T educe
t he sanpling noi se. Exanp 9 b5Non-invasive nmethod to neasure the

abundance f@sftheearkyfistestien @@P%@ﬁi@amﬁ mien piepeiiaRaTERrmed. @k Rty ¢re agcairale

gt”ﬁgm 8' g ~1009 S S Sth BPLRRh SR F 7t 183 B OMEY do¥EfichE AT PARThg RGM UM OF

circulating cell-free fetal DNA is present in maternal plasma has made noninvasive

10  detection of fetal aneuploidies possible. Since a trisomy 21 fetus will release more
chromosome 21 sequences than any other chromosome to the maternal plasma, theoretically
by comparing the concentrations of chromosome 21 sequences and those of another

chromosome, we are able to detect an increase in chromosome 21 dosage.

[0481] Detection of fetal aneuploidies is in fact a copy number measurement
15  problem. We have shown before that Fluidigm’s digital array provides a new approach that
can measure copy number much more accurately than any other technologies. Its value is
more prominent in fetal aneuploidy study. For example at 10% fetal DNA concentration, the
amount of chromosome 21 sequences compared to those of a normal chromosome in the
plasma from a trisomy 21 fetus-carrying woman is only 5% more than that of a woman with
20  anormal fetus. This small copy number difference cannot be detected by any conventional

methods.

[0482] Since fetal DNA fragmentation is the result of an apoptosis-like event, it is
unavoidable that some nucleotides are randomly missing. Therefore if we just focus on a
single locus on each chromosome, it is very likely that the 21/18 ratio will fluctuate from
25 sample to sample, making the reliable detection of the 5% difference impossible. Our own
single locus (or even 2 to 3-locus) TagMan-based experiments on plasma DNA have failed
to deliver consistent results. We also experimentally shown that different loci are
represented differently in the same maternal plasma DNA. To overcome this problem, we
decided to analyze multiple loci on each chromosome so that the fluctuation of individual

30 loci will be evened out.

-113-



fluids as a neans to infer fetal aneuploidy. The nmethod utilizes the
properties that (1) chronosone 21 |ocated m RNA are elevated in the plasm
of not herwoherridegpet ri sonmy 21 10f etuses and (ii) the comcentseatioonssdpf m RNA
anal ytes are robust biomarkers of trisony or other aneuploid states.

| mportant aspects of this nethod are that the connection between fetal
aneupl oi dy and m RNA abundance in plasm has not been nmade, m RNAs are
surprisin t abl ! i € £l | ui ds

el udh ng 3 fim and" ol e pacve Rt ALplE ORI b TPt bl o i R
anal yt es hkadlenge (Fegiretvia horthe sake BT sipplicith avedstecisfl amliconPlusisgrb.odedi ved

Pl ot i g D ge AR RO b p &t R e s 20 Bty 0

met hodol ogjitearyf Rochd@tppi¢d Sxgerfcel @l fromm buggraedlPNar Bectindlbgies{IDT). dsprey f or m

Reasons far .t.his Jj,nclude: (i) only r iyely | ow amounts (-.5%), of total
Soa ool of iR MPE Ak sbikardi Mk SbRd Neyah Ares AR Tb mbiRichoS o o1

pr esumabl yhraimosumtd f20shivh cacessdldB-dasi 1A (loulcdd nublaic aally prbe nkdlkito BONSI St s

of a popul at,i of different |ength sequences d (iii). naked. circul ating
oA DOP bR TR o e d Nl b B e R E R o s it Pinfe ofiea

| engt h, abuelaoaesoatedvittediihgle probssaleimplSPCR sk afiimaePhaster opbyrndasizg of

m cr oRNAs | ocat ed on ,ﬁgrom)some 21. 25 4?4;'[he instant nmethod utilizes the
abundance 488 RFEMPETHe PBMEs SE3Rie the nha ngle pair gprmers tMihdhe bNGet er mi ne

fetal jpri ?le irtthe d@4ORR ASTRatRAUD dRN R hidh BickRNoudsab1ed b iiaamsone 21
as indicators of fetal trisonmy 21 has not Dbeen 1nvestigated. Overexpression
of the chth§iseehmubiple nsimereandmirehes inhe priltivigslaoéanrer e peided. a number of
inportant protein targets, including the mnaster regulating transcription
factor met hg/l - %G— bi nding protein (MeCP2). Mreover, decreased MeCP2

contri but Down Syndrone phenotype in humans and m ce.

[ 0496] M c are ] ' . € ) dant
cntit) es TR aro. oo gy el e B o o) 3ok A

det ect s ehekladenn Cenpetasion FoudhSanrfyamwizeo, XA ). Budedd (GTENAGCGC)tves ustdafora  of

not hers bearing trisaomy. 21 an i S versus rymal ~di pl.oid fetuses
nas. st Frentfd | £8%arf bR GEAPQGROTRT BBt Al B ol

di gi t al - Paighlyl frggatented samdiofithedettlIRNArin hiagaiid] prasmhainty theasplicoms less ciaant i fy
m cr oRNAs rived fro asma, serum r bo fluids as a nmeans to
screen foﬁgggf’vﬁre EUL g%‘g(s Wm'wswéﬁlgg{’%g&%“g%%m may di spl ay

i ncr eased (Ht®ST@h@NE Best 0di/Ntowinvide HHANMEY 8ASOS caitdin REYwENPs Pahépimef®r r ed

target for these assays. [0497] T cy\/an-t pe reagents have been u§ed to
det ect ni e§WF1&c§aa¥cf% not in“the known repetitive sequence regions. FAM-labeled

20  probe 19 was obtained from Roche Diagnostics Corporation (Indianapolis, IN). Cy5-labeled

probe 20 and all primers were synthesized by Integrated DNA Technologies (Coralville,
[A).

Assay validation

[0485] Primer pairs were tested on Fluidigm’s M48 dynamic array chips. Each 10-nl
25  reaction contained 1x TagMan GTXpress Master Mix (Applied Biosystems, Foster City,
CA), 200 nM primers, 100 nM probes, 50-200 copies of human genomic DNA. The chips

were thermocycled on the BioMark system (http://www.fluidigm.com/products/biomark-

main.html) and the conditions were 95°C, 10-minute hot start and 40 cycles of 95°C for 15

seconds and 60°C for 1 minute.
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femal e (pregnancy) and nmale (prostate cancer) serum Data fromthose
experinments strongly confirmthat those m RNA are present as hi gh copy
nunber, dwecnai@2®B8- ner | ength products. 15[ 0498] The chiPromusena/oadssDr mal ity
in Down syndrone (DS) is a consequence of a triplication (extra copy) of an
entire copy or a portion of human chronmosone 21 (Hsa2l). However, it is
uncl ear how this aneuploidy / copy nunber variation causes the DS
phe“.‘)typelr%isgf%] VB WhGn HLIRDE #afh ri&%s%‘éé-ﬁf&rld@z%gm&gw PBERbRAS found in
varying anmounts 20in tissue- epengent manner. m echease gene

expr essi odiffeyent ¢hroimakrinid aridrwere rthareddraelimmated dPromer(dimgr tpstoweteirngomdOéenger
RNA ( mRNA), de 1,0 -~pairing to nt ar es wthin
pr ot ei - U g A otage- She BRPFGRE]Eledini sF BB EER e yrISRTARY o

[ 0500] M Ridalalee i theredakiadnl anddtrid peimess atld 3 & Eeb Grécanigt vere 32d.Reinsers whichiman

body 25fluids and.tissues. This fact s antj-intuitive and co uently,
ot i fcl SRR RBE TRt Tn b et R et RR s SRR R i
si tu hybr ifidzehréraesofi e wenetHoSert HEIR sdquearices Wadtshab irf Tabte Sivaiial de4i ved

m RNAs are. gver-expressed in brain and heart. speci nens from i ndividual s
with DS, GHETH HERULETHITRAE 16 WA S%%Wr}ﬁ"m@ﬁ@a afHRH YA RNA- 155 i s

upreguated it binds to the ster regul ati transcription factor

30methy| - CpG bi ndi n@) pr Gt SHEE tbERRS o firall Saromegene L {oNaKHIEE Ut at i ons
in MeCP2 contri but@ to the D?,ntghgnoiyge. MeCP2 i s under-expressed in human
fetal and adult DS % ai rf SBEP nBeLr afliSHORASBHIS BV CSHBIDESve |ines of

evi deq e, placenta {92 t he .{Ei n source o% C'Ergul at i n? L t al Idy-deri.ve

nucl ei'® acids. A re&nt SYRES UGN &t tagfor 3 GBYMOsTRF 4 b iPryprdmiResydeyi on 81,
711-729) that screeped for. all, small Speci in first trimester

Spi acent a whole vi {1 dindteri SF Bl ShRERRRE & YRSt PERESOver mi RNALSS i n
the bl ood of wonen bearing non-trisony 21 fetuses. This indicates the
backgrouncl,al elvel of telgi MRNA is very lowin nornal patients. As a

S.
consequence{g&flﬁ-%e%éct ed to aid interpretation of quantitative data.

Exanpl e 1804831?N6X96R n%ﬂﬂ;&l@ﬁptﬁgeéiﬁéﬁgﬂtémpgﬁllfl@PﬁFs AR phif¥rsWash ampl i con
taggi ng [ 0502] The net hod of fetal aneuploidy detection by next generation

sequencer $eAFMSdIon;18 pgmB PNy samriEsE? Epfte AP RIER sysiem {(Aeplicd Bigrypigms,
sequengi NgoREAPiHTeA)Ohchsh3IPBRBIRH doRflinell 19804 0En PleARYPREGESMARA pEIRY S On or
bridge PCR). Alt'hough this gives broad coverage of each chronosone, it uses
t he sequefdossigiempdiveteneity G/et 40 w¥leaeh of 32 5imeps, 2 dowe/nl ARy Mri§iama; Bt bar codi ng
woul d be 'ﬂdﬁi}g, mgn@&gérﬁz{ BRtA ﬁ)&ﬁ Yritor p[agrﬁg.gihe('r{llgcycling conditions were 95°C,

10-minute hot start and 12 cycles of 95°C for 15 seconds and 60°C for 6 minutes. The

products were diluted prior to the copy number analysis on the HD-digital array based on

20  their initial concentrations,

Determining the 21/18 ratio using the HD-digital array (48.770 digital arrav)

[0488] HD-digital arrays were used to quantitate chromosome 18 and 21 molecules
at the 8 loci on each chromosome using two pairs of tag primers and two UPL probes. One
chip was routinely used for each sample. The products from the multiplex PCR reaction

25  were mixed with other reagents so that the final reaction mix contained 1x TagMan
GTXpress master mix, 250 nM primers, 100 nM probes, 2x sample loading reagent
(Fluidigm, South San Francisco, CA), and 400 to 800 molecules for each chromosome. The
reaction mix was uniformly partitioned into the 770 reaction chambers of each panel and the

HD-digital array was thermocycled on the BioMark system. Thermocycling conditions
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Barcodi ng all ows sanple nultiplexing. [0504] (2) Anplicon tagging skips
the fragnentation and ligation steps. [0505] (3) The need for GC bias
correcti omoizstiamessded. [ 0506] (4) Depth issues associ atred/useaih/omssgual
sequence coverage are avoided 20with well designed |oci. [0507](5)The
preparative steps can be done in the Access ArrayTM system very nuch
sinplifying the workflow [0508] Two of the possible nethods to do this are

by pre- PCRN{,%%@ alls S e BNe rﬁ‘)%garp%llb\k&ﬁw ﬂgcfcfe?%f kg rl’%lﬁq’[)s sec%%&t%*@u pl ex

primers tai Wi ththe barcodes conmmo se uenC|
reaction ifer @eathongréde@mds atVORC pch | onnuthrat 698G di@raneealmglamyeﬂmsbncr eate

reacti ons froducts t] unt ed o neke the
foror m noCHSRasig 1484 26 RlbieRfes HERLlpjfea B hefeo Bhor e ffis
t ar get - SpeeSpé(ttB/elyl @labnesmnf s)griadmede acosiked hf the emhﬁedcmseydetﬁm sighalobl em

Taanans. miQUMSE ARE S AR SR RBBCTRG PR BraHBage (PO SBIG  Bm has

devel oped Chagidaal ng&.aaecymb rpgesém obytredst GneAthFdiydslynie 121 exgﬂaiu&d Afffetiihgi C

circuits. However, ass afe expensive. requifing prietary
reagents &fR§UaR wa ?Or'ﬁpc Hﬁg'f"ﬁéﬁﬁ 1ysissQ Y"BredF wiqigfg S $‘<‘f§\/\f PRE¥ency rare

mut at i ons oM )tdsiiséd toPr@8ssRE A amicbulf thd MitiBdr o SR PG ositive chambers
and CyS-positive chambers in each panel. The ratio of the number of chromosome 21
10 molecules to the number of chromosome 18 molecules was calculated as described, as well

as the 95% confidence interval.

Results:

[0489] To detect two trisomies (18 and 210 simultaneously, we quantitated 8 loci on
each of chromosomes 18 and 21 and calculated their ratio. A FAM-labeled probe was used

15 for the 8 loci on chromosome 18 and Cy5-labeled probe for the 8 loci on chromosome 21.
In a blind test, we analyzed a total of 14 pregnancy plasma samples on HD digital array
chips (Figure 7B). We correctly identified 2 trisomy 18 and 2 trisomy 21 samples. Two
false positives were also found in the normal samples. Since different loci are fragmented
differently, for a given set of limited number of loci, the 21/18 ratio will fluctuate and

20  sometimes the amplitude of the variation can be greater than the difference between the
ratio of trisomy plasma and a normal plasma. By using loci on each chromosome we will be

able to smooth out the fluctuation and improve our results.
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[ 0510] There is significant demand to not only decrease genotyping costs
using Tm 10but al so detect rare SNP nmutations within a | arge popul ati on of
wi | d-typewgensati4es3rat eri al (i.e. needl e-in -a-haystack Pgpasappodasati ons).
[0511] OF the assays described above, Tmis the cheapest and arguably given
sufficient Tmdifference between anplicons, the sinplest and nost direct
nmeasure. However, Fluidigms (and other conpanies) ability to nmeasure snall
Tm di ff erences are 15constrai ned by Pe he bi ochem cal assays and

equi pnent technical resolution. The ability to increase the Tmdifferences
bet ween SfPs whiTst retaining NI gbroadlom&lis Sdnlels M NAt i ON abi 11Ty woul d provide
significant techni cal enadrdbi ol ogli cal vdlue. [0512] Thewesdr rent net hod
enpl oys tr_ﬂg;hgmh@e&ﬂemﬂmgmme EedcdaB i BB Gahigacta@cdardacAadiEa@a Tm

di scrim ng btecepen ‘ : J&mmismmmmcwcer red 20

enbodi rrent G EY tepacgareaarapndtaty ssive
G Crich st : 2 ] ow Tm
per m ssi ve tegatt aaﬁmcwmccrﬁrw A—Oyd kaccgncmsgqmc% fo | owed

D

. . tcaa'ttcca gt 323AGTACCCACCCCRAGAATEG tagac 2aCCTG G t
by 1igati Cgﬁgﬁgﬁkﬁa A EAThca SN S et mz?;famg! PRSIty
| T gated SiNkc,ballHitlcgssdctrBéREdCT C U Rl et dathatadasadrbaererbtarct & 9pt 1 NG
si ngl e nugTeoti de ap : prnosprare group usi 10
25t he FLAP Endonucl eaSgpald a nonTlotstcrt neat-tol gra potymerase such as
nati ve ( NQ&caacktgagtbeAdciz)atcENEAATTAISAASALIAT | C USacl AR YT EsadrTcTENGoR3] FO| | owi ng
target speatabchagabibdbcitidcaEnremsecTicydal cal :gggaaca&gmamcmaeﬂssm pez’ T Or med.
Conpari ng tghsga’ftrmehaa‘céfg@ﬂmmcaesvm oveEn_t hesdoicaarqaastsrcianseahorseatfrer dohai ns
i s t her npqigeeerens ;  ProsecnrmtabtteSNECCETeratrdrésaer ence of 1C by
an order ( : : 1 hpopecaciapceeastisapfGORGFTABANEACCHEMAL | Vo
ability ofti=RgE¥ SIS CTERICEISHIGIEIATC o {f peomsastastagceate@SIEAGCAGTACCASSIETAR | on Df t he
Tm enhanciHi§ ) 3cPEaCIACt g eaatiedaTCAMMGLTSCYGIGCRGAAT)
exanpl e of 2FHEIaACIGTCIGEAGCAGNTAGER . o
EGFR 5T79( ' =

medi cati o 1’5 SNOWN.  TRR.@enerat proé"é‘ ore entarts: Bt 5T ) trogatTon
PreAnp W t Feadimaciicdrtds@Al SNi NG ST UT T €7 S | (GeKeGAGCRALAGCASTATNARIAT O

a
evant

preanplification); Chromosome 21
Forward Reverse
TGCAACGAGTTAGTGGAACAGAAT ACAGCACAACTCGCAATIGAR
Summary
5  [0490] We have developed a multiplexed approach to detect possible aneuploidies

in maternal DNA samples. The approach can tag as many loci as needed with the same
sequences that will be used for primer-annealing in the next step, so all the amplicons for a
specific chromosome can be detected with a single pair of primers and a single specific
probe. Although in this study, we used LNA probes as the detectors for the amplicons from
10  different chromosomes after multiplexed PCR, this approach can be expanded to any other
detection or amplification scheme, including, not restricted to the use of fluorescently
labeled probes (such as TagMan), intercalating dyes (such as SYBR Green), as well as

ligation-based approaches to amplification.

[0491] An additional, but equally important, aspect of the multiplexing approach is

15  that it enables us to overcome the limitations associated with the limited amount of, and low
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[0516] (2) Taqg FN activity cleaves flap, revealing a 5 phosphate group,
10permtting ligation; cycle 50 tinmes; [0517](3)Asymmetric PCR

anpl i fi cavpantior286Dl D-t ype chi p; and [0518] (4) Conpar e a&eplusecan/oduss7

di fference between M (GC-rich stuffer) versus W (GC- poor stuffer).
Exanple 12 15Pre-anplification and anplification nmethods based on
target-specific ligation via LCRILDR (ligase chain and |igase detection
reaction) c&r@eh%ﬁs Bty DRQReit%t%%]fFoﬁ{ ﬁhsnﬁﬁ Shith h%e'n%ré\f?(glﬁw rﬁﬁd%dst&géﬁ:se and
typi cal ly nucl eosome-| engt h onpared to maternal DNA. "However,

abi ity tdwips akganpae éqlbéqlvmenermég@lm(@%@s samplinggrant Aifurther The
ability t r N Osi gni fi cant
di agnost i 2“ S%Fé ﬁ’.rﬁ'{%EZO ne?ﬁgg”g’@?%gré?gg’;”mﬁ&%% ectli hﬁn%fét gectl ng | ow
abundance, low MNfetal DNAs in a | arge background of nmaternal DNA is a

| i gati on-based sel ection of specifi gxa DNA sequences to both increase
the copy nunber and enrich for these Timted target nol ecules. The nethod
perm t$§ miNén-pivasiselmetimgue moasuneghe hburgiance of dheomosmyc2l -loeatgd niliBN2bms say s
for chronosonme 21). These suentc%s can bte llocat d,either far apart or in
close proximty including tHESE—arfrect ty—abt kg-each other. PCR

[0521] By q6lfiDg t agphit fhelaa d@{eb@%ﬁmgaewe&fr% pRIRALGh i bRotfler ol onpsome 21
target sequences) can then be detected by a cormon priner palr di gi tal
PCR, and tivilsps & gearnsdo diferlisial arcuploidy. die orethod mgilizes t fnargn@h@sth@iér) reaction
IS assess resul t
in a Ioss%mf0 n@)&?{%ﬁaﬁ? i&g(# l?ﬁ%%ﬁ%b Irtﬁe: %ora?gf]?% f(t)}}]ep %‘?we &n e?‘aalx and
mat er A&l Dises hud (@8 tmwswdntretutroofmmartaﬂwcss agd fobust biymakatpof eixgny pucl ease
cl eavage i er [e anot her
pri mer. T%Tgﬂﬁa uplb)édk sge)r% S, Im rt%g'% aéfPeE %¥glﬁsﬁnn§P§dq %gt a?g]e nne%%l(irbge{%gei%
favored s cﬁétaltananﬂmdyl arideERNAn abmmian@fm plakina pasmon been| madeed iRMAsave c h

surprisingly stable nucleic acid analytes present in many body fluids including serum and

plasma, and a non-invasive method to quantitate miRNA analytes has marked advantages
15 over the use of DNA. Plasma derived miRNA-155 is the recommended target for
quantitative PCR analysis using Fluidigm Digital Array™ IFCs

Problem:

[0493] Non-invasive DNA-based methodologies for detecting fetal aneuploidy are
difficult to perform. Reasons for this include: (i) only relatively low amounts (~5%) of total
20  circulating DNA is fetal in origin, (ii) fetal DNA is randomly cleaved, presumably at
nucleosome accessible sites such that any one loci consists of a population of different
length sequences and (iii) naked circulating DNA is rapidly degraded and consequently
unstable. A solution to DNA length, abundance and lability issues is to examine plasma

abundance of microRNAs located on chromosome 21.

25  [0494] The instant method utilizes the abundance of chromosome 2 1-located

miRNA in plasma as a method to determine fetal trisomy 21.

[0495] Plasma abundance of miRNA located on chromosome 21 as indicators of

fetal trisomy 21 has not been investigated. Qverexpression of the chromosome 21 located

microRNA (mirl55) downregulates a number of important protein targets, including the
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anplicons (each testing coincidence of outer priners) or nultiple
nei ghboring anpl icons. Ligation: [0524]PCR target-specific anplification
of pl asmewDNANImEYs3sesult in a | oss of 15different fragmeot/useongiobsst or
fetal and naternal DNA. However, ligation of nultiple (3 or nore)
nei ghboring / consecutive probes retains DNA | ength information, and
enriches for these products as only probes hybridizing to the sane fragnment
are Iigat n r oduct
ahor eas. t AENeERTRELR hansin AR TR Merh AR binkhek profhfCE5, NARPY o
| i gati on pewehsed MeCPkccanbntesgomd Dovyeh 8yrideorpe plixtnatype Uylmjnesns and imcm
20tenperature-resistant |igase permts one strand of the target fragnment(s)
to be |in§BIb)y anpl MidreRINAp@rd Inchﬁ)Omgfrectqgnizbdias demaﬂdaglasabtbeind(abin@kaﬁﬂ i gase
chain assa Fi_gur e 0525 uce.tags for
downst r eaﬁe{tftlfﬁgla?%rﬁg%u{yidgée lﬁ&'ﬁ SAY ﬁ& h aSFay té%fd%%éféﬁé’%fﬁ‘* Efgggppended
at thess' oéﬂdomi)somelﬁlgactait@lnnmmm the platha oNaw:herTsEbgalrrgaﬂscb@ aﬂd&dplbnl t he
m ddl e of _a |i atlon S fas i on, bot robes are
D5ava | abfEUESPerm R R g e Py BOT DS thardbecel BAGMERER pr obes.
After |igeaimbRps QPERMMitalPCRL l@anonlmaﬁdtednpclplbodgmoa chalf ré%@tndﬂb%ﬁ&nﬂﬁy e.g. in
the Digital, ArrayTNI|ntegrated fluidic circuit PCR. See Figure 10B.
[0526] I'n BHEORNHSAPTEtiTom Hassa, seryp Qsrothey 8pgy félﬁeus Fragpeans %Scb“éntﬁ%refﬁtahs
primng shidploidy. DNAaargeeea bsfas%um@msﬁd@@aﬁlﬁé&d‘e\n&ﬁﬁme t@Rdifohe i nner
tag of every other 2nd probe will 30serve as binding site of a second
pri ned0( aneclepssscang mayalserbepgirefeiedtatashior Higse a5s@6wnst ream PCR). This
pernmts selective anplification of the two 5' nost probes, as only the 5'
tag i n thé47hat i onTpaMaubireireageniahayedeet used & dqtecs miRNGaropised fPbe (by
using 5' G &fednes) B mbi@Gprdfailichits 3%):ru5¢9?a&9hsmhasfe ckBifinkdnfial | on
product is long or short. See Figure 1 second enbodi nent,
| i gation etmngnlv ¢andion M@mtI(OE@R)RMé|arrgprsseotasmlecwmn@é@udusveteﬁﬂdb@,réemh
strand (sg {@nd antisense) can serve as a target-specific anplification
step that retalns target size information. It may al so be used as single
step gi e.Jg. S

Toot LPLe Jonf rormdsotS aBorrA S HoliSndiRe TSP Bl HEAITERY
t ar get - ndmjeatdmr(txtmpy) efanicotire copyint a partion o@mwwhrmoameﬂbﬂdiaﬂéhse
over hangs Q ation on one
pr obe pai rH(O g%ggra"rt] slugglegghogp &Q@é@&ggm{g}y n%%bg %t'?_rcb;% Sé&%abgl ther the
sense or ahdnogpnse strands are differentially targeted for preferred
| i gati on by use of oligonucleotides that differentially hybridize in a
t enper at ur{téwa]spendeMaturmmﬂWA (@ee. €22 rmnledide [Bmgth yzties fouad dh parpidgatmotiats 100
cycle prlor 0. ower ligation te r.e.prior. to LCR or
TR - 2 bR BBNA Rt B bR @ SR e R or
pr obes et Gndfa:y(zzb)ﬁro&ioaﬁg pesdehger BNASQBRRNA) degradation by base-pairing to

complementary sequences within protein-coding and /or 3° untranslated regions of mRNA

transcripts.

[0500] miRNA are remarkably stable as discrete-length, ~22-mers in human body

25  fluids and tissues. This fact is anti-intuitive and consequently, not widely known.

[0501] There are 5 known miRNAs located on Hsa21. miRNA in situ hybridization

experiments demonstrate that all five Hsa21-derived miRNAs are over-expressed in brain

and heart specimens from individuals with DS. One of these miRNAs is known as miRNA-

155. When miRNA-155 is upreguated it binds to the master regulating transcription factor
30  methyl-CpG-binding protein (MeCP2). This is important because mutations in MeCP2

-119-



Figure 10C. Beneficial aspects of the present nethod include:

[ 0529] Preanplification of nmultiple targets of one "target group” wth the
sanme tagswo 2011/14e83det ect t he presence of one or nore of PCiiASsubdessENCces in
a downstream assay, e.g. 20digital PCR on chip. [0530]Preanplification with
tagged priners to increase the annealing tenperature after | ow nunber of
cycles (2-5 - 10). [0531] Application of tagged prinmers in PCR (especially
preanpl i fh&ﬁﬁWQm RUDSsPhSdtype. MECPRTRARRRRY 288 AR feaPANIGAMT Dge /

nei ghbori ng /1l anki ng equences to enhance 25degradation of "inner"

product s beémspetioiens. Ip@%m}e@h af the apove dinseefipvidgacs, plgegnitais thermdain source of

flap- endon i gase

det ecti on ﬁ@éagfiﬁ?Ttg@pg%L\ﬁgﬁ ?Egc.ﬁ lﬂ%%%%q&(&,b&@@ﬁ ﬁ)@@ %@b&%{mst ream
functiona egmd@@msm H3-B8) xhlamg(raaeqofor at smii RNlAr@escsStm ﬁrst\!\!i)nester
2011/ 1 283 U 11/.0 S
functi naP %7“[ §'1993 V'(l' anﬁ%ﬁ\?/tee ipﬁac}:nta 5% nté? lsgoﬁeémwé 5—m§he 6@% primer
site. [053bmSpdewinginonitisant2it fags¢so Tthlisandhcétesrthabacrkgrauhd lewalgpflﬂﬁRnﬂRNAuct S.

[ 0536] See. exenpl ary PCR %P roaches described.in FI éqg tﬁ at

[0537] 2 i Y OHORBS PRIILY i/OTh PEcgiss: TR 't RS R LG e BRRAPES (and
pref er r ed gganbiediveaimhs) of invention: a) 5'-phosphate, b) overhang of one or
nor e nucleotldes (Fllap) which is cleaved by a flap-endonucl ease (e.g. Taq

Pol ymerase) resulting in a ligation conpetent 5 -phosphate. See exenplary
| i gati on approaches described i n 10Example 100F.

10 Nexgen sequencing detection of fetal aneuploidy with amplicon tagging

[0502] The method of fetal aneuploidy detection by next generation sequencers as
published by both Quake and Lo utilize the standard sequencing prep method
(fragmentation, ligation of adapters and emulsion or bridge PCR). Although this gives
broad coverage of each chromosome, it uses the sequencing space very inefficiently.

15  Amplicon tagging with barcoding would be much more efficient because:

[0503] (1) Barcoding allows sample multiplexing.

[0504] 2) Amplicon tagging skips the fragmentation and ligation steps.

[0505] 3) The need for GC bias correction is avoided.

[0506] “4) Depth issues associated with unequal sequence coverage are avoided

20  with well designed loci.

[0507] (5) The preparative steps can be done in the Access ArrayTM system,

very much simplifying the workflow.

[0508] Two of the possible methods to do this are by pre-PCR (see Figure 8A) and
by Ligation (see Figure 8B), both using primers tailed with the barcodes common

25  sequencing tails. This multiplex reaction is performed and then run on the sequencer. They
both create reactions products that can be identified and counted to make the determination

of aneuploidy.
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One formof the invention is using nore than 2 adjacent probes for ligation
(see Figure 10G: [0538]In a first solution all Forward probes are tagged
(e.g. w tWwoaotomwessn set- specific tag). See Fi gure 10H. PCH[UB2@IJRI®DES can
al so contain internal tags not conplenentary to the target sequence. See
Figure 101. [0540]5 tag and internal tag in alternating probes, PCR of

| i gati on product. See Figure 10J. Variations / Modifications

20[ 0541] Furt her vari ations/ nodi fi caﬂmﬁleqﬁe shown in Figure 10K-10M An
approach usi ng exo-nucl ease resista S shown in Figure 10L. See Livak et
al ., USPN 6,$NH d&t&ionWia €di-gbSspeeific ligaticiCIpOedbe stuldf¢r-based  BriGeleétivh it S
description of FLAP ligation. Exanple 13 Ligation or PCR-based
target-specific Super-Pl exing using Universal Sequences and conbi natori al
tag pri medsoblem statementaneous detection of multiple nucleic acid sequences
51 ncl udes f ol | oy Enbodi ment s: 0542] Di r.ect detection of RNA w thout
reverse t r[éaé@l:rl pti %P %6'?&%‘1‘%%“ pﬁrfg‘i[rﬁgluélqﬁr"ld%re?a'("a'rsef%%%]l’ %assor Uni ver sal
Probe Bki brpgcyto§copyt didEDNAdhelgnpditencds (Tm). Ruidigmhes davaloped TqeManper mi tti ng
DNA sequenci ng .usipng. a harvestgble m crofl ui.dic ip. 1 45] Mul ti pl ex PCR
or 1 ot 1oy GRS PR B AT "R e et VAR

anpl i fy/ dekgebiveltbduiihEpropiidtar) dgentrvEM e limitddInl theik e%iliffCRdisingiigi lbed in the
nunber of priners that can be conbi ned, for treasons i ncl udi ng the

proopensi t JTeAYENRY Fe ByiRtiant Vihin 8fargs backgroundofnormel epYPSSr i ner conpl exes and
i dentifying anplification conditions that permt robust product,

speci fi ci t[(?S.lOEssentT%ﬁre SRR ISR dsatend 19 Rql ol eersass BgnaAERINE EARETUSESI N exi ty.

I n-hoyge, phhAKFdddRt FhOSNP nRfiRi3h & WiihiA 28238 pGRUI ARG WIRRY SOftRbELEMAEGal

(i.e. needle-in —a-haystack type applications).

[0511] Of the assays described above, Tm is the cheapest and arguably given
sufficient Tm difference between amplicons, the simplest and most direct measure.
However, Fluidigm’s (and other companies) ability to measure small Tm differences are

15  constrained by both the biochemical assays and equipment technical resolution. The ability
to increase the Tm differences between SNPs whilst retaining high SNP discrimination

ability would provide significant technical and biological value.

[0512] The current method employs the highly selective ligase detection assay to
hybridize Tm discriminating oligonucleotides to a SNP of interest. In the preferred

20  embodiment, one of the SNP-targeting primers contains a high Tm permissive G:C rich
stuffer domain. The second SNP-targeting primer contains a low Tm permissive A:T rich
stuffer domain. Cycles of target denaturation followed by ligation, in the absence of
dNTPs, are repeated, enriching for the ligated SNP target. Highly selective ligation occurs
if the SNP-targeting single nucleotide flap is cleaved to reveal a 5° phosphate group using

25  the FLAP endonuclease of a non-hotstart, heat-tolerant polymerase such as native (non-

hotstart) Thermus aquaticus DNA polymerase 1.

[0513] Following target specific SNP enrichment, typical Tm asymmetric PCR is
performed. Comparing the Tm differences between the G:C and A:T rich stuffer domains

is thermodynamically calculated to widen a small SNP Tm difference of 1°C by an order of
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usi ng the Roche Universal Probe Library (UPL) where thousands of priners
are conbi ned yet only a maxi num of 165 hydrol ysis probes are used to

separ at elwodnsii4espai sh speci fic anplicons. These i ssuesPCOASRIIAIMNNSST

devel opment of applications that are particul arly advantageous using the
Fl uidigm Dynam ¢ ArrayTM | FC. 20[ 0546] The Li gase Detection Reaction (LDR)
or PCRin conbination with target- specific oligos bearing 2 Universal
Preanp ta i Sl - 20 Ihi-arate priner
interacti gﬁg‘?%@h ?ggg‘gpﬁf Iﬁe%ﬁ%{f?ép?%c;ﬁ%%%ﬁ@%\g%%m&g/ﬁ ﬁ%ﬁﬁv@?sal Pr eanp
prim ng srapeblepestryinentst he use of only two common priners to sinultaneously
mul tiplex-preanp all |igation products. i.e. "Super-Plexing". Superplex
primers altSddbear 24 desstiptigoofdhd Terashancingstyifdr higatongotedaress giaeni 3'

target-spegifli '“r‘g_r Thi ] omptnat ori gl - vald@ant s
r epr esent ?%Hl%/g% sSég}ef(?éﬁeﬁﬁﬁ{styn%étﬁ%é%@g&)e?%c%ggggﬁglcﬁ?lfégl 'IS%??{S%;G I screte
set of 51 i A79@&d nprtatives ssponfiblkiprinediatingdesisartce of artbRncgenadidatiomy sdowect
ol i gonucl ¢ tide hybridizat i.Pn and subsequent ligation using an RNA
ﬁ% % néral ure entails:

tenpl ate, A5 ré)c? e requirement for a cDNA 30synthesis step is

descri bed IS IS sent.i al | . & or . | at e.

2011/ 1428%1%/ uszo(ﬁ/ 086%"3‘?“%{)6%%? %ﬁ‘ﬂg“ﬁ?‘t"ﬁé‘%s Q%E“gfz’ﬁse(ﬁ{“? t%?%’\g%dard

( pr ef er abpseamphifigioa)t f i ni ty single sequence or possibly UPL) binding
sequences are added to the sequence of an anplifying prinmer. Extension by

t he rever 51p) i ner @ydr dlagF@Eadnieitydiepvesifiep, rdleaBngppr phasphasl grpbp,f | es assay
desi gnOand nor.ma#.i aées. UP’:ﬁstbrobe.sequence context ensuring all assays in a
si ngl &9 coPTMaR18aloR Y&fR ¥ tHP¥Say TM integrated fluidic circuit are capabl e

of bindin same,,probge. Sol ution: .0549] (1) loy the LDR to

speci fi caquiﬁfi gat e(3g Urh Y BYPLesic fé‘ggéwpbﬁ%%?"é%aa@@é@? G ad ar get s of

i nterest. 0] (2) S mul t aneous| y.. appen onbi.nat ori.al ermtting, for
exanpl e, i(gggﬁ prinmefs t on?pélber%g‘éﬁf) ?B’ %ggre%esbseﬁmeg @h‘ﬁ‘{cﬁaéhgt?l{f%%l] An
enbodi nenversds WheG@pbdratuffeges t he Li gase Detection Reaction (LDR) in

conmbi nation wth target-specific oligonucleotides bearing: (i)Two Universal

sequences permtting Super-plexed anplification, preferably in a generic
non-speci al i zed "preanp” buffer, anExample12

15 Pre-amplification and amplification methods based on target-specific ligation via

LCR/LDR (ligase chain and ligase detection reaction) followed by PCR

[0519] Fetal plasma DNA is relatively scarce and typically nucleosome-length
compared to maternal DNA. However, the ability to differentiate between these DNA
species is non-trivial. The ability to differentiate between fetal and maternal DNA is of

20  significant diagnostic value.

[0520] A method for selectively detecting detecting low abundance, low MW fetal
DNAs in a large background of maternal DNA is a ligation-based selection of specific
plasma DNA sequences to both increase the copy number and enrich for these limited target
molecules. The method permits multiple sub-sequences per target to be assayed (e.g. 10

25  assays for chromosome 21). These sequences can be located either far apart or in close

proximity including those directly abutting each other.
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15(1i) Two separate tag sequences. [0552] The Universal Preanp sequences
permt simultaneously nultiplex-preanp "Super-plexing” of all ligation
products weiznpg/aed3g 2 priners. This overcones tradition&CTrskaiipbwsr?
prinmer:primer interactions limtations to PCR Target-specific oligos also
bear one of 100 different tag prinmers on the 5 priner and 1-of-100
different tag priners on the 203" priner. Different paired tags permt
coherent generation of 10,000 conbinatorial variants, where each variant
representS I-of-10,000 specific RNAs or genes anplicons. See Figure 11A.

[ 0553] An ¢os20fi ment Bphddihgd ﬁg@ﬂ@ﬂﬁ@ﬁ@her@,@’rﬁﬂﬁs&fpﬂoﬂgﬂﬂ@c@ elohmdeorhé¢ Pati on vi a
di rect hybrldlzatlo to a et w thout. the . need f synt hesi s
step. 25[ &8 FW”S’EFS&”BI“@)?@G Eﬁﬁﬁe YHGBIBP‘(S’BV'BS%%‘E%\"H@@ F‘ﬁécﬁe ‘Penment for

a CDNA sypidieft Sf Sl nidre GRSMOLIRN 1 frAYndhe! (RE tdabiibndis 8a¥Sedl NDSt i nvari ably
require converting an RNA tenplate to either single or ds cDNA

i nter medi gos;2pr i or Réguww@ahpﬂMtiomoeptammmwy sey.mt hﬁﬁlb§s df. €.
reversetranscrl tion" he crucial first ste r CR and mcroarray

sanpl e pr éffretia %‘ie@b@“%tEb'éfPW‘%@“rbé‘a@Fi‘ Beﬁ@)an%ﬁ’atemém% o‘r‘ rwswlem\
sequenci ngecﬁl@édth?s] QRN HRb OGS nucldiss clesvag O igNRAA e H¥EprFRSS thiSHRke and

reagent variabl e consideration when exam ni ng RNA expression. Al though cDNA
synt hesi s anrgalgd dpvpstecam of meqsherprintess Ehigwtay hg nhanged igsingsprngseih ve,
requires specialized enzynes, carefully prepared reagents, attention to
primer/enzyme read-through of structured RNA and avoi dance of 5RNase’'s and
met al jpon-nmedi ated degradation. A solution to this issue is to directly
hybri di ze jpiysyer sal , BYBRURbRNoksAACINId B LS rtnlififle RYIAIARA shadiabie. Repetitive
t her mal cycl ing is not necessary. This approach conbines high target

speci fi ci tagpkieans dach teadrgicamcideneneoarter OBMST R RT Myltiplyrneighbering aaplicpns.
anplifying small RNA species such as microRNAs. See Figure 11A. 10 [0555]In
a preferred enbodi nent, a single optinmal probe or plausibly 8-ner UPL

bi ndi ng sdd€aiBes are directly added to the sequence of a single priner:

The UPL s per e lysi$ probes
of & or oM Fo ropudled hodhs ARRIRESEE, DB DEATE et I W E T
Howevds, mlsf&raft fmgmsntswmrfmcﬁempamstemamlﬁmvm agatm)n O(ﬂasliltgﬂle Gewause

the limted nunbers.of, avail a e st Xi St desired
PCR pr odué‘forgﬁl’f‘g‘@é‘&r&ﬁﬁW“?eﬁ%twﬁrpé% 55%%%8? ﬁ&aslle?%t{l fjg'){naggn’ "rllcyheg(f:cesm bl e
to that SQl‘iﬂdeBtbﬁuctg_hmﬁy probes Hybrigiaing tv eesade fragmentatd ligaﬁenbyerapsméntcm basi s.
Addi ng a one of the 1 robe bindin uences

i rectly teramuAbenrg BhiatondlmgPrasar A fesbu huendh T ABETEe 1 n

the singl Qa{e;?ieum 1610 8hdPep Agaton DréRYTEMPERSIARNCANKiPlteMpErhtled /cles Ol a
sequence in exactly the sane sequence context. A single optimal Hprobe or

UPL pr@beée%P%at%déﬂSt%'éﬁé?SStPéT"?‘t%%‘eéerOfm?a@Gh%%ﬁ‘f§ ) to 6‘88‘” ydrol ysi s

occurs whempiiRed @to SHOTSR v ihBhibasR deRRASH/ fighsélb ] ASH/st Bee PigdRa0AThI s
ar r angenent 5| nplifies assay design, sanple tracking and software

f1 uor escenggsfeconvalighdsoBle tSidildbde 1@ BIdWstr8Rh functibitaliBé) Bechray IPORD| exi ng
schenmes enhance both assay perfornmance and 25reprodu0|b|I|t whi |l e

hi ghl i ght iTag/taiheequengesren de gprsndedyat the iegd ghe ta%@mp&obm(leﬁymw Hags can be

added in the middle of a ligation probe. In this fashion, both ends of the probes are

25  available for ligation, permitting to produce a ligated chain of probes. After ligation
preamplification, ligation products can be detected, e.g. in the Digital Array™ integrated
fluidic circuit by PCR. See Figure 10B.

[0526] In one embodiment, the 5° tag of every 2™ probe can be used as priming site
(tag has same sequence as a PCR primer), and the inner tag of every other 2n probe will

30 serve as binding site of a second primer (and have a linker molecule that halts downstream
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platform See Figure 11B. [0556] A further enbodi nent of this approach for

i ncreasi ng the nunber of assays that can be conducted on a Dynam c
ArrayTM IWQ 2bari4gssquenci ng appl i cations foll ows: A 30cr ipCiraskoicioensge i s
that after harvesting fromthe chip, additional, downstreamreactions can
be carried out using other nethods (e.g. sequencing). [0557] The net hod

i nvol ves four steps: [0558](1)Design prinmers for the anplicons of interest

Lo, contal BRIPEAEBHRSCLNE SRANEARAD AdbIInBEMERCSR ol IRES] )

mul tiplex pr I cation or "encoding step i I"cons
anplified tlszp@atubn protlect isthe deesafgimefirspligaten ps)éq(tamsmg 5 Qmeor}té@)ilﬂtagex:ond
anplificati.on

sequences plr'rrrlleg?ﬁelgégzrlrdoeﬁ ui cf'clh adgr\g?mgugr%lggéﬁ(}fi %g%)\#f Sti (régu?t 28 ;[Eem;l?gh a
portion o anmpl | fied pr en harvest rI i ¢ device.
o | SRR RS IRILER) My 0 g

[ 0562] St e (a) de5| gn orwar 0" contai n an
10anpl 6 coromsspacive pobeepgr emaransenae 5ﬁd dntigernse) cao b@de hy Dtarget- sm:mfmf M 5" tags.

Thi il x t f f. St 1) (b
dos gn r e #BPEEAERN NeP o stinsorafian PlanBRiado 1PBREERN LSt SROENEP 27" 1 S
sel Iect ed fd[g;iltﬁ] @. gsteﬁ ckip) dssay'to H&gﬁnlnNtlﬁfnuRAmgSogfhog?lbdtsb& mOSglzs s?tmhlalg) e?c)h
a Icon W contain niL.que palr o a e C
drergl gn M BriaTRE SeAYeAcH- g@gf’%{gﬁnﬁﬁ? Qr%‘?{\étaé%eéﬁ" ‘ﬁgﬁwg‘j ag%%gﬂkg@.{ Desi gn
N pri nmers jightn: FRAPaEdnidée BVEhARS tag), dnBer dbth @ganﬁlez;uﬁﬂ@ﬁasrs GAPOS] Pri mer s

desi gned in Steps (a), (b) and (c) should be designe ave simlar
ligation on one probe pair are anticipated.

[0528] Asymmetric LCR / LDR where either the sense or antisense strands are
differentially targeted for preferred ligation by use of oligonucleotides that differentially
hybridize in a temperature-dependent manner (e.g. enrich for 1* strand product for 100
cycles, prior to switching to a lower ligation temperature prior to LCR or LDR). On bottom

15  of figure are two simple embodiments, using chains of probes etc may be also positive. See
Figure 10C.

Beneficial aspects of the present method include:

[0529] Preamplification of multiple targets of one “target group” With the same tags
to detect the presence of one or more of the subsequences in a downstream assay, €.g.
20  digital PCR on chip.

[0530] Preamplification with tagged primers to increase the annealing temperature

after low number of cycles (2-5 - 10).

[0531] Application of tagged primers in PCR (especially preamplification, but also
as homogeneous assay) of consecutive / neighboring /flanking sequences to enhance

25  degradation of “inner” products (sandwich).

[0532] Chain of consecutive ligation and flap-endonuclease capable probes for use

in a ligase chain or ligase detection assay.

[0533] Nucleotide tag (inserts) in probe for downstream functionalities such as

serving as primer binding site.
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Tm val ues at | ow concentrations (they will be present at | ow nM
concentrations in the final m xtures). 20[0566] Step (2)(a) Prepare a

m xt ure cwotaimi4egpeal | prinmers designed in step 1. Add mCxiuse@ioeossanpl e
and anplify for a small nunber of cycles within which anplification should
be linear rather than exponential. [0567]Step (2)(b) Partition the sanple
into Mpartitions. Add one of the M5 tag primers (1)(c) to each

partition.,, each { e, B | e
25inl ets (gn ﬂe m c?gpluw eg?lcg éidag oﬁogﬁg[té If}" fﬂga‘}ﬁﬁw %saangrl nmer s
(1)(c) toDdsqrévagiyem as Pﬂ:%tpsmgnSltehe m crof | ui dic device. [0568]1n approach
val uabl e for all enbodi nents, oligonucl eotide generation can be nassively
si npli fied0%§] | ent Swcémiolinsgitdag todldcgdonretiendf deg PCBrpaoduc8ynt hesi s f or
paral |l el synthesis of oligonucleotides (up to 55,000 unique
ol i gonucl ¢&B36Hes wi B4z dxemplaty RER 2p@oadtrey Jescritfetl ém FigheeniOEal renoval from
m croarray surface, oligos are |yophilized. The |yophilized nmateri al
contains the pool of target specific oligos bearing common universal
sequenées . [OBBRYiPW: an enbodi nent, the linear anplification Iigase
detection y rather.than 5e ential ligase c nreac n,s utilized.
In a furt ﬁ@s’?ﬁﬁnbodl ?r@ﬁ't" Scﬁ%esr?g?ﬁ%ﬂ)n@ﬁ%?%gé'gilssmﬁg quxa'Bp%%&“fjng pri mer
rather thaprefdrddleaibobigfentsnorf pvéntdhS a) $>Fphasihate] @rtatertﬁn@@ﬂoﬂmﬂtr&)rum ver sal
|nat r|aI ta g with or without LDR to

Super - pl exi guence nd co

achi eve si? Hir]g‘? %&?ﬁf‘éﬁ?‘ﬂg iy elggye Rﬁ& apiradoyy ef‘giec(ﬁ 8ot 2P LYMEPE) FSBIBE bi ndi ng
sequence (P4 E%e@ﬂbﬂlébﬂﬂbet@{t saphephdtat SeddRemplandiiidiod BFPENRRESILidwRataY tO
prlners t o, enhanced 10mul ti pl exing capability is provided for. Exanple 14
Use oflOcokit quence notifs (with pre-anplification and digital PCR) for
t he enhanced nmul tiplexing of targets for the detection and qgquantification
of fetal aneul oi.dv Probl em St at errent [ neul oi dy

det ection by u¥ ' i than 2 adjacent propesdor Ugafiqn (sees |
PCR) it is desFigabé m(t;g pre arrpllfy the nurrber of target rml ecul es w t hout
bias in order to achieve precise quantification. This includes the

anpl i fi caf088] of nulntd frktesotiitibh el Entward prpbesar¢ mgged EFCRIith Boamn®prsdr one

Critical 18, 20etc) and nultiple loci per target. It is
demonst r at %‘fﬁr@ﬁ) gg%?%gieg@% l'ti plex PCR can

15 [0539] Probes can also contain internal tags not complementary to the target

sequence. See Figure 101.

[0540] 5’ tag and internal tag in alternating probes, PCR of ligation product. See
Figure 10J.

Variations / Modifications

20 [0541] Further variations/modifications are shown in Figure 10K-10M. An
approach using exo-nuclease resistance is shown in Figure 10L. See Livak et al., USPN

6,511,810, which is hereby incorporated by reference for its description of FLAP ligation.
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actual ly be reproduci ble enough to neet this requirenent for different

| oci. [0571] For the detection of different |oci per chronosone assays with
a comon 8O0 2011M4es36o0t i de sequence between the prinmers, Wwirais2013/00m8T as
target for a dual -1abel ed LNA hydrol ysis probe have been used. In essence,
this is the use of detecting nmultiple targets 25with a shared notif by a
detecti on probe that enables detecting said notif. Universal notif

[ 0572] The selection of a notif for é?qnggtlgctl on of multiple sequences

after pre- anplification for the a n of NIPD of fetal aneupl oidy

can be i nf LipafieRdr P RAbAVH REEOpetifio SufleF-Rlek g Sising LBTIGERal SehBéncdd ke not i f
shoul d be suff|C|entIy Iong to make sPeC|f|c detection poss|b|e (>4

m neousyfletection of multiple pueleicacidnort t o
al low the desi gn of a suffi ci ently =T e T-P8 &un‘oer of assays (>10, or >19 or >
50) (e.g. when targeting the Down 5 Syndronme Critical Region (DSCR) on
chronosone 21, Wmch has (- 1. 5 to) 5 mllion base pairs) a random 5-ner

e tip Aot o )byl , a 6-nmer 2500 tines, a 7-ner 600
times, r150t| - 40 tinmes, a 10-nmer 10 times etc.). In
| onger ta ‘%ége P n&ﬁﬁ‘ﬁ@aﬁgﬁi‘]@‘ \ng%gevaﬁwﬁnwaptﬂﬁq lion base pairs)
woul d hav ti rres m)re tar for ven n-ner_ than the DSCR
108equencgﬂ ﬁgk 0574][’H’fé’ s"’eﬁ’ﬂﬁ’é% Eéﬂﬁefﬁ@bgﬂ8§EH‘VEE§?:'Wr?tP’FaIf‘bTafY has a hi gher

nunber of si bl e ets avajlable in the ran of target sequences (e.qg.
DSCR) . Th{(gg%]r obabl °8 Be P@socpg%oﬁﬁg"ﬁt‘%fr@’?f’%f’a‘?p 88 Ll?lﬂgéF‘}Peg'”éa%ences

(Roche/Exugﬁ)gﬁahar{,&&%ﬂrmc}&ruﬁm@bmg the sequence may offer a certain
benefit for detection, such as 15for exanpl e GC content, symetry (which

can beo pr isuspat i c M@ln lex PO prith@eSbeGadlegiet frem cdhvenichl ap;ﬁ‘éaféh td 0576] Anot her
bi oi nformati ¢ way ose the notif is to_count the nunber of each

c
possi bl e 6‘?‘““@?‘?6@}’%}' émél‘@{/de@"h‘@l“l“i’lﬁ ampliconsy gtaweyelg ek ipdexdifeR isHbwitsd i ot f

t hat B?S ﬂié{nh#n%bﬁffiph)hemﬂ% caRBE Esinbifled, & rEAbREhcI(&ing thelPrSRhsity?dnl@pl € 6 - A
suitable notifs notif
concentration primers to form inter-primer complexes and identifying amplification

conditions that permit robust product specificity. Essential cDNA synthesis procedures add
15 further complexity. In-house, these intrinsic problems are heightened when considering
using the Roche Universal Probe Library (UPL) where thousands of primers are combined
yet only a maximum of 165 hydrolysis probes are used to separately distinguish specific
amplicons. These issues constrain development of applications that are particularly

advantageous using the Fluidigm Dynamic Array™ IFC.

20 [0546] The Ligase Detection Reaction (LDR) or PCR in combination with target-
specific oligos bearing 2 Universal Preamp target sites and target-specific tag sequences to
ameliorate primer interaction issues observed in multiplex PCR. Addition of Universal
Preamp priming sites permits the use of only two common primers to simultaneously
multiplex-preamp all ligation products. i.e.”Super-Plexing”. Superplex primers also bear

25 1-of-100 different tag primers on the 5° and 3’ target-specific primers. This permits 10,000
combinatorial tag variants representing 10,000 specific RNAs or genes to be amplified

using a discrete set of limited primers.

[0547] An embodiment of LDR, permitting direct oligonucleotide hybridization and
subsequent ligation using an RNA template, bypassing the requirement for a cDNA
30  synthesis step is described. This is essentially the same as for DNA template.
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3'-end priners CAGCTGIG -CA  CAACCTTG - CAA  GCAATTGG - CAA  CAACCGIG - CAA
and - CAC  TAGACCAT NNGTCANN - GTCA
WO 2011/142836 PCT/US2011/000887

[0548] In a further embodiment, probe (preferably a high affinity single sequence or
possibly UPL) binding sequences are added to the sequence of an amplifying primer.
Extension by the reverse primer hydrolyses bound probe. This approach simplifies assay
design and normalizes UPL probe sequence context ensuring all assays in a single column

5  of a Dynamic Array ™ integrated fluidic circuit are capable of binding the same probe.

Solution:

[0549] 1) Employ the LDR to specifically ligate 2 Universal Super plex

sequences to all targets of interest.

[0550] 2) Simultaneously append combinatorial tags permitting, for example,

10 100 primers to represent 10,000 possible amplicons.

[0551] An embodiment of the method uses the Ligase Detection Reaction (LDR) in

combination with target-specific oligonucleotides bearing:

(i) Two Universal sequences permitting Super-plexed

amplification, preferably in a generic non-specialized “preamp” buffer, and
15 (ii) Two separate tag sequences.

[0552] The Universal Preamp sequences permit simultaneously multiplex-preamp
“Super-plexing” of all ligation products using only 2 primers. This overcomes traditional
multiplex primer:primer interactions limitations to PCR. Target-specific oligos also bear
one of 100 different tag primers on the 5’ primer and 1-0f-100 different tag primers on the
20 3’ primer. Different paired tags permit coherent generation of 10,000 combinatorial
variants, where each variant represents 1-0f-10,000 specific RNAs or genes amplicons. See

Figure 11A.

[0553] An embodiment of this approach permits oligonucleotide ligation via direct

hybridization to an RNA target without the need for a cDNA synthesis step.

25 [0554] A Super-plexed LDR methodology bypassing the requirement for a cDNA
synthesis step is described: RNA detection assays almost invariably require converting an
RNA template to either single or ds cDNA. intermediate prior to subsequent amplification.
cDNA synthesis i.e. “reverse transcription” is the crucial first step for RT-PCR and

microarray sample preparation steps (Eberwine reactions) and the majority of RNA
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GCCAGCAG - CANCA  GCCACCAG - CANCA Table 7 1 4 2500000 2 16 625000 3 64
156250
WO 2011/142836 PCT/US2011/000887

sequencing and cloning methods. This is considered the most user and reagent variable
consideration when examining RNA expression. Although cDNA synthesis is a critical step
in these methods, it remains expensive, requires specialized enzymes, carefully prepared
reagents, attention to primer/enzyme read-through of structured RNA and avoidance of

5 RNase’s and metal ion-mediated degradation. A solution to this issue is to directly
hybridize Universal Superplex tag primers to the RNA and ligate. Repetitive thermal
cycling is not necessary. This approach combines high target specificity and decreased
biochemical complexity for specifically amplifying small RNA species such as microRNAs.
See Figure 11A.

10
[0555] In a preferred embodiment, a single optimal probe or plausibly 8-mer UPL
binding sequences are directly added to the sequence of a single primer: The UPL system
permits a set of 165 locked nucleic acid hydrolysis probes of 8 or 9-mers to robustly
hybridize to a large variety of sequences. However, use of this system compromises PCR

15  application design because the limited numbers of available probes must firstly exist in the
desired PCR product and secondly the probe binding site must be readily accessible to that
sequence. These requirements vary on an amplicon-by-amplicon basis. Adding a single
optimal probe, or one of the 165 probe binding sequences directly to the forward extension
primer guarantees that all amplicons in the single column of a Dynamic Array™ IFC

20  contain a single probe sequence in exactly the same sequence context. A single optimal
probe or UPL probes are added separately to other PCR components. Probe hydrolysis
occurs when the antisense primer extends to displace the probe. This arrangement simplifies
assay design, sample tracking and software fluorescence deconvolution. Simplified PCR
primer / UPL probe multiplexing schemes enhance both assay performance and

25  reproducibility while highlighting the advantages of the Fluidigm Dynamic Array™ IFC
platform. See Figure 11B.

[0556] A further embodiment of this approach for increasing the number of assays
that can be conducted on a Dynamic ArrayTM IFC for sequencing applications follows: A
30 critical change is that after harvesting from the chip, additional, downstream reactions can

be carried out using other methods (e.g. sequencing).

[0557] The method involves four steps:
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4 256 39063 5 1024 9766 6 4096 2441 7 16384 610, 8 65536 153 9 262144 38 10
1048576 10 11 4194304
WO 2011/142836 PCT/US2011/000887

[0558] (N Design primers for the amplicons of interest to contain amplicon

specific sequences and tag sequences.

[0559] ) A multiplex pre-amplification or encoding step in which amplicons

are amplified specific to the designed primer sequences.

5 [0560] 3) A second amplification step in which tagged primers are amplified

using the tag sequences in a microfluidic device.

[0561] @) A harvesting step in which a portion of the amplified product is

harvested from the microfluidic device.

[0562] Step (1)(a) design forward primers for (M*N) amplicons to contain an
10  amplicon specific region and a 5' tag selected from a set of M 5' tags. This will produce N

sets of oligos for each tag sequence.

[0563) Step (1)(b) design reverse primers to contain an amplicon specific region and
a 3' tag selected from a set of N 3' tags. N 3' tags should be chosen so that each amplicon

will contain a unique pair of M and N tags.

15 [0564] Step (1) (c) design M primers that contain only one each of the M tag

sequences. Design N primers that contain only one each of the N tag sequences.

[0565] Primers designed in Steps (a), (b) and (¢) should be designed to have similar
Tm values at low concentrations (they will be present at low nM concentrations in the final
mixtures).

20  [0566] Step (2)(a) Prepare a mixture containing all primers designed in step 1. Add

mixture to sample and amplify for a small number of cycles within which amplification

should be linear rather than exponential.

[0567] Step (2)(b) Partition the sample into M partitions. Add one of the M 5' tag
primers (1)(c) to each partition. Add each of the M sample/5' primer partitions to M sample
25  inlets on the microfluidic device. Add one each of the N 3' tag primers (1)(c) to N reagent

inlets on the microfluidic device.

[0568] In approach valuable for all embodiments, oligonucleotide generation can be
massively simplified Agilent Technologies’ Oligonucleotide Library Synthesis for parallel

synthesis of oligonucleotides (up to 55,000 unique oligonucleotides with length of 200-
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2 12 16777216 1 13 67108864 0O Alternative detection nethods: 5[0577] The
previously used detection nethod for nultiple assays with the sane probe
have beerweizbher283ag- speci fic (probes detecting the preemasS2afi/ooise’tag in
a PCR product) or notif-specific LNA nodified probes. OQher nodification
may be enpl oyed to detect the shared sequence notif. In this nmethod, a
probe is used that binds a) to one of the tags of a product and b) to a
comon Ml TaGter Bhdmildi QWGP frbMHhicRAhfra) SurfEe, $f @&ér@?og%m&%ﬁ @sare probe.
In this way, the prgbe can be quite long to pronote probe binding to the
PCR pr odudtopliisiees raatewal iconthiph theiogleofitargetispedi g yligon dearingsomemneamiverset eased
speci fici %é/uglpcgpared to tag only detection (by |linking detection with
hybri di za ibn 1o the target-notif). See Figure 12. Target selection and
Desi gn wo w Pri I ' Leag [0 . ' ' wil |
profit if Tdc()sfr‘?g]odesi glﬁls%iﬁﬁ1 %§ %‘g@g{éa{%lménéﬁdgmﬁ?ﬁhtﬂgﬁgaéead}gégwégﬁép E%é%g]grr'\ce
(reducgd expuptmial tigasothfn reactits is ntilpred- dnpfurthercanbodment, The methad efoplogxact | y
t he sane sequ e.qr..a nunber of. 3';end. The l.engt f.this 3' -end can be
1 of BB ER A PR Hin o 3 PR hsalE pr SR Pl GbgiiFs:
necessar i byivémalSupergiding s qaengesaidibmbiiatoeiabitagging with bewitholanprorse) .

[ 0579] Al so,,.cert ai s. are nore stringent towards a perfect match (C, A)
and 10 sASHTG 55@1&58%? SB?F%I fad.ghe %‘ﬁ&'o Or}taﬁglg rﬁr?quéer‘?'n‘%ﬂ%?q“‘fqﬁ’é use of
e.g. - CAA(méferiblydbfla Separadd UPI| BindiiRstqueRsds AREQLY to pAmidk th efaddedt | | | ead to a
reduced formati on of unspecifjc, products, 1) because of the reduced

conpl é%i tW“prl%"“lge"ﬁaéb,““é(hﬂprﬂ'dﬁ%g)&use of the high stringency of the 3'-end.
[ 0580] Furt hernore, for nultiplexed pre-anplification it may be of benefit
to pre- 15define the target sequenc]?xaa}lc]i'!lg(ignt to the 3'-end of the priners.

Use of common sequence motifs (with pre-amplification and digital PCR) for the

enhanced multiplexing of targets for the detection and quantification of fetal

aneuploidy
15 Problem Statement;
[0570] For fetal aneuploidy detection by using digital PCR (including microfluidic

dPCR and emulsion PCR) it is desirable to pre-amplify the number of target molecules

without bias in order to achieve precise quantification. This includes the amplification of

multiple different targets (e.g. DSCR (Down Syndrome Critical Region), chromosome 18,
20  etc) and multiple loci per target. It is demonstrated that PCR based multiplex PCR can

actually be reproducible enough to meet this requirement for different loci.

[0571] For the detection of different loci per chromosome assays with a common 8
nucleotide sequence between the primers, which is used as target for a dual-labeled LNA
hydrolysis probe have been used. In essence, this is the use of detecting multiple targets

25  with a shared motif by a detection probe that enables detecting said motif.

Universal motif

[0572] The selection of a motif for the detection of multiple sequences after pre-
amplification for the application of NIPD of fetal aneuploidy can be influenced by a number

of considerations.
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Wor kf |l ow [ 0581] Sanpl e: whol e bl ood, serumor plasnma froma pregnant wonan:
When perforned with suppression or other enrichnent strategies for short
DNA fragmeote11(bsssi cal or as part of enzymatic reacti omr€TAIS2ai190G887yui shi ng
reaction products fromshort vs. 20long), it is in principle possible to
use maternal whole blood as a sanple for DNA extraction. Aspects of the

met hod: [ 0582] New probe design for notif [0583]Broader definition of notif
25[0584] I T fory} tification of target sequences, priners with 3'-ends
etc. [0585] Use fined conmon 3'-ends in nultiplex PCR (e.g. -CAAin >
50% or i n[@90BP6 of aThe MotifROSd bebifibontWidhg kemakesspeEfic etection possible (> 1.

A nethod for detectin d/ or vanti fyi ng, one re target | i cons
produced Byvelspides et an i Fut ¥ahqyld e lﬂnge"éled ?}?%ﬂkszmtﬁ%% is
carried 5ggj sml&'efm l@FﬁE'nhf‘n'b%f‘a% 9619 418190 >FPle. 4. Whdh tRFeRBARADAn has

been reached, the neth onprising: preparing an anplification reaction

m xt ur & C(S[m(irp@ﬁ ﬁ-‘gltlca}izﬂﬁﬁlo@ (R§ERe e chromgsomes? 1, Mhiipdithap fre t5é9)g5efﬂﬂ%<mebﬁ5?| c
primer paifi.q %Qmom% 3Pl RO %m@fagiﬂl@b?d 6Rsd a%nﬁer%ng@ gf Jt
e praobe, | e Wwth a

target- specl rimer pair or present
f 1 uor esced0 ties, aatﬂdner 150 times a 9-mer 40 times, a 10 -mar 10 Goesgednin ldegebtasgess, r anded

DNA- bi ndi n% gt}lranﬂgsfon} 13 séaﬁgrl? F(r:nglh%ﬁ nge )%%wor?av%%?%& n%fr? &l-g%'&c hi ng

f1 uor escef pri er
for a given n-mer than the DSCR.

10 Sequence:
[0574]) The sequence can be chosen such that it has a higher number of possible
targets available in the range of target sequences (e.g. DSCR). This probably applies to

most Universal Probe Library sequences (Roche/Exiqon).

[0575] Alternatively, the sequence may offer a certain benefit for detection, such as
15  for example GC content, symmetry (which can be problematic, e.g., LNA probes could

form dimers), etc.

[0576] Another bioinformatic way to chose the motif is to count the number of each
possible or eligible e.g. 8-mer in the target sequence and choose a motif that has sufficiently

many copies in the target (e.g. DSCR).
20

Table 6 - A suitable motifs

, 3'-end
motif
primers
CAGCTGETIG | -CA
CAACCTITG |-CAA
GCAATTGG | -CAA
-CAA and -

CAC

CAACCGTIG

TAGACCAT
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15subjecting the anplification mxture to anplification;
to detect and/or quantify the one or

fl uoresce

nt signal

anpl i conswo 2011/142836

nore target anplicons produced by anplification,

and detecting
nmor e target

2. A nethod for detecting and/ oPCuumsrdailfoyissy one or

wherein the detecting

and/or quantifying is carried 20out during anplification or after an
anplification endpoint has been reached, the method conprising: preparing

an anplif
at | east

the targe
the prine
prinmer or

directly or via one or
becone |inked to the nucl eotide tag;
fl uorescent doubl e-stranded DNgghlerydi Nng dye,
dye is capabl e of quenching fluorescent signal

pr obe;

pne~taraoet -

| GREREANRASH

> m Xt
specific

c

 GepacidAG

PCANEA pai

GFGACCAG:

£oNCHabl

subjecting the anplification nmgxture to amgghopgati on;

5detecting fluorescent signal

target anplicons.
the dye quenches fl uprescent signal
the | abel ed priner or probe is incorporated into,

3.2The net hod of cl dP

nore 1 ntervening priners,

ure conprising: sanple nucleic acids;

rimer pair, wherein at |east one 25priner in

r conprises a nucleotide tag at the 5 end of

at | east one fluorescently |abel ed

e of annealing to the nucl eotide tag,

wher eby the | abel can
a

where fluorescence fromthe

fromthe | abel ed prinmer or

and

to detect and/or quantify the one or nore

m 2, wher ei n®398%f | uor escence from

fepom t he | abel pgophi mer or probe when

or hybridized to, an

and

anmplification product. 104. A nethod $6r detecting a8l ele in a sanple,
the method conprising: preparing ang@gplification mggggre conprising:

sanpl e nucl ei ¢ aci ds;

10

1
1
1
1

6
7
8
9
0
1
2
3

two allele-specific prinmer pairs, wherein:

4096 2441
16384 610.

65536 153

262144 38

1048576 10

4194304 2

16777216 1

67108864 0

Alternative detection methods:

[0577)

The previously used detection method for multiple assays with the same

probe have been either tag-specific (probes detecting the presence of the tag in a PCR

product) or motif-specific LNA modified probes. Other modification may be employed to

detect the shared sequence motif. In this method, a probe is used that binds a) to one of the

tags of a product and b) to a common motif for all products that are to be detected by the

same probe. In this way, the probe can be quite long to promote probe binding to the PCR

product (sequence to hybridize to the tag) and also confer increased specificity compared to

tag only detection (by linking detection with hybridization to the target-motif). See

Figure 12.
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at |east one prinmer in each primer pair is specific for 15an allele and is
tagged with a distinct nucleotide tag at the 5 end of the priner; and the
ot her priwenoim4ess6h pair can be the sane or different PrComserna/ 0ensst her;
at least two differently fluorescently |abeled prinmers or probes, each
capabl e of annealing to one of the nucleotide tags, directly or via one or
nore 20intervening prinmers, whereby one | abel can becone |inked to one
nucl eot i dg, a9 s@8Riof b S5 Work! can becone |linked to the other
nucleotidFr%gT‘mﬁm'g?‘lmrification m xture to anplification; and
detecting fluorescent signal to detect the allele in the sanple.
5. The net hod Bfimek desizgnlforwindtiplesinghe anplificati on m xture 25additionally
conprises a fluorescent doubl e-stranded DNA-bi nding dye, where fl uorescence
fromthe d(}/e i s capabl e of quenching fluorescent signal fromthe |abeled
priners of038bbes. Multiplexing will pregit lf%m@ degignfofitogise primersvgth thp agned H-ande
fl uoresce i :Si\g bel ed

§ g&geﬁc@?{&ia aceaﬁgleeqteggggegdi 4L %5%&8?@ Ak Jaﬁ%%&a{%ﬂ%'ﬂ%

prinmers o robes en t primers’ or bes are I ncorporated into,
or ‘hybri dsanesdsetegncanr anyphber o€ 3té¢non The dengt of thingj-end can be 1, 2, 3 or more

vo di 11 oh BTG 0 B PR ayinemypied bt vy Beee BN N €afbfiede "o !

i ncl udi ng3i-end With Ndeoigiaop basee or nore quencher ol i gonucl eoti de(s) that
conprise(s) a sequence that is capable of hybridizing to at |east part of
t he nucl ettS78k t ag(Also,ardaia bhdes areasare nTdgen érveindy 3 pasfeet reatoh (Y, bX)iaddzat i on to

5uni ncerporated fluorescently. |l abel ed priner(s enc the, fl uprescent

| abel ?@) ) Nt He ffavoreé on g’.e r3T'ﬁ>e{d ?rfgtg EBHmSIfP tﬁugfitéﬁ zls,e & —2¢1§Ataﬁ§ -]erp(t'&r &Scence
guencher (@ nadst)tphineds inamsuloplex héll Bud ncdreducel ifgonatien edinspific products, 1) 9.
The net hod of claim erein the flyore nce quencher |s attached to an
Tnternal _Reepe b edice REMERRCoIE: <ol BEhArEts HED RBROt PR AT AT of
claim7, sheiein the anplification m xture conprises at |east two quencher
ol i gonucl eoti des, one specific for each nucleotide tag. 11. A nmethod for

det :ac]Ei ng [E580R! | el eFurtheBn&a ol multibltﬁemiﬁ*efaﬁﬁliiﬁmhiiﬁﬁlgbgbe PRpextith Prean
anplification mxture conprising; sapple nuclejc acids; 15two
al | el égspg%ﬁ?'feitgé @raeb%?ﬁamcsaw?%?@gfo taﬁér‘@dri’qé%?cﬂﬁ'mm-

Workflow

[0581] Sample: whole blood, serum or plasma from a pregnant woman: When

performed with suppression or other enrichment strategies for short DNA fragments

(physical or as part of enzymatic reactions or distinguishing reaction products from short vs.
20  long), it is in principle possible to use maternal whole blood as a sample for DNA

extraction.

Aspects of the method:

[0582] New probe design for motif
[0583] Broader definition of motif
25 [0584] IT for identification of target sequences, primers with 3’-ends etc.
[0585] Use of defined common 3°-ends in multiplex PCR (e.g. -CAA in > 50% or

in 100% of all primers
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ol i gonucl eoti de conprises a target-specific sequence linked to a distinct

3" nucleotide tag; and at least two differently fluorescently | abel ed
primers owvopoubgsdeeach capabl e of annealing to one of wrhe/usacihmoisstde t ags,
wher eby one | abel can 20becone |inked to one nucleotide tag and a different
| abel can becone linked to the other nucleotide tag; subjecting the
anplification mxture to anplification; and detecting fluorescent signal to
detect the allele in the sanple. 12. The nethod of claim 11, wherein two
differently | abeled priners are 25engpiaysd, additionally conprising
including in the reaction one or nore quencher oligonucl eotide(s) that
conprise(s) a sequence that is capable of hybridizing to at |east part of

t he nucl eQ¥haids ¢laipied)is:and a fl uorescence quencher, wherein hybridization to
uni ncorporated fluorescently | abeled priner(s) quenches the fluorescent

| abel (s). WD 2011/14283 P met hod of
claim12, wherein tfie flﬁcﬁﬂoggﬁg%&%ﬁg%%ﬁ@r ugntglngﬁge %r' l%grﬁéyg?t t he
quencher empljems ptodotdddey.amplification, whereinlde def¢vsingrediardjuahtifyingiineatted wher ei n
the fl goresc her | . i nternal nucleotide of the
quencher St g aPBERSh of fassh 2R Borfh ik sn AR B

anpl i fi catomoprisimgct ure conpri ses at | east two quencher oligonucl eotides, one
specific for each nucl eoti de net hod for addi ng

t ag. . . . 16, A
nucl eoti de sequences to‘5ﬁ@“8?%ﬁﬁwgh?%w8%Fmﬂﬁ@ﬂgvg"%8rﬂgmﬂ¥‘anplification

t he nmet hod conpri si ng: sample nucleic acids; preparing an anplification
m xture for each target nucIei& acidt sai d %Qa lification m xture
conprising: sanple nuclei c ad (fast one target-specilic primer pair; an inner forward

primengconprising a target-spacbfibial pRGseNeiRMdeat bid fimdreERAkkee tag at
the 5 end of_ the priner; . . . an i nner reverse
pri mer cofpFcifis Rbnes Pris pHBE PP present.dylsbpled with g flyoresesat dvfe ailic eot i de t ag

at the 5' end of the primer; saopdit&l dbMINRFAIRT DRALLIGHAPGLS Wigrd he first
nucl eoti de tag; and an outer reverse priner

conpri si ndluprseceaesciom theutye dotapatde phgpencitieg Buaressare signalifisarn thedakeledyr i mer s
can, optigpglel ¥ prbfiCifidQemne or nore additional nucleotide 20sequences to

be added to the target nucfeic acid; and
15 subjecting the amplification mixture to amplification; and

detecting fluorescent signal to detect and/or quantify the one or more

target amplicons.

2. A method for detecting and/or quantifying one or more target
amplicons produced by amplification, wherein the detecting and/or quantifying is carried
20  out during amplification or after an amplification endpoint has been reached, the method
comprising:
preparing an amplification reaction mixture comprising:
sample nucleic acids;
at least one target-specific primer pair, wherein at least one
25 primer in the target-specific primer pair comprises a nucleotide tag at the 5’ end of the
primer;
at least one fluorescently labeled primer or probe that is
capable of annealing to the nucleotide tag, directly or via one or more intervening primers,

whereby the label can become linked to the nucleotide tag; and
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subj ecting each anplification mxture to anplification to produce a
plurality of target anplicons conprising tagged target nucl eotide
sequenceswoeath4essapri sing first and second nucl eoti de tragasskémnjoextst o t he
target nucl eoti de sequence. 17. A nethod for tagging a
plurality of target nucleic acids in a sanple 25w th comon nucl eoti de
tags, the nethod conprising: contacting the sanple with:

a plurality of 5 oligonucl eoidﬂl%(?éscerf?'aguﬁl@&re@ﬁ%mw &F&Bmgldgé SiteréCi d,
wherein each 5 oligonucleotide conprises a first nuc e tag that is

| i nked, t dluaresceBte dm the dygrigjeapablp of fidanehigg fuerassent signal from the labeled

a pluralit i gonucl eoti des, one for each target nucleic acid,
wherein eg}éﬂl%gpﬁprf)?égonucl eotide conprises a target-specific sequence that
is linked to, and 5' of suhjesemhdamphﬁmbndnxtuago ambkeﬁcmnnntahé

target specific sequence, f .eagh 5 u h izes to t ar get
nucl ei é acid i medi atel y gd‘“&%gﬁ?refcemﬁﬁengfardée?t ang 8?%9 g‘gﬁﬂ%ﬂc@m& t he
3' ol i gonuark&atrptieconswi t h an overlap such that one or nore of the 5'- nost
base(s) of the 3" oli gonucl eotide is/are displaced fromthe target nucleic
acids, formng a fl fla ucl 10al i

to produce a pluralt (a).,f-het'g ta%éd1 calm ?i‘glz? natlﬂgﬂg%ries eict fe odr¥8r| sing the
first and qﬂﬁ&hé@ﬂdoﬁi@ﬁem signal from the labeled pll&er Khﬁoh@tvhﬂdheiabelleapﬂm}ﬁor
additionally conprising.renmo i gat ed nuc i des and anplifying
t he tagget?r‘%{’ﬁl‘b OTREfEtS |"3:t°’a‘tr\ﬁ¥g'qq} TG %W“?‘Pé&%at é’é?#‘ic for 15t he first and
second nucl eoti de tags. 19. A nethod for determning the

nmet hyliati on state of. cytAsmeteod for detécting et aliwke ine samhei, theswueimoen prising:

sanpl e, the nethod conpri reating the sanple to
convert methylated cyt os‘?rﬁ%a(rg)gaﬁ?m@ Hifigqtiop yixtugg “‘[oﬁﬁ)”ts'ggget nucl eic acids to
produce a treated sanpl e; ZOCgaﬂxlplm{ulcl&g;dcme treated sanple with:

a first 5 oligonucleotide conprising a.first nucleotide tag that is |inked
to, and 5 of, a first neltirh ot%ﬁl;ﬁég%t'{fr@“ﬂ?@@wm’ H'Sr sequence that is

| i nked to, and 5' of a 5 target- %pﬁagtfoh@pﬁ@qua@g@,prmrpalrnsg €ifid'forn0St
base is a G first 3 ollgonucleotlde conprising a Glinked to a 3'

t ar getl? 2@§ﬁ8elpﬁv<%lsg@§a<éw¢té digtiastaiugleptide tagptdhs 'hd of thePrigsiia®ce of t he

first 5 oligonucleotide hybridizgge (t,tgerq)rmg}péacﬂgglygé,pbea@é chmdgredi atel y
adj acent to the target-specific sequence of the first 3' oligonucleotide,

wi th an ovéfarery frogeonerangtherit | east the G of the 3' oligonucleotide is
di spl aced from the target nucelt(f'éagt t%'d%ereﬁt@rﬂuo%c&tlgll%led primers or

probes, each capable of annealing to one of the nucleotide tags, directly or via one or more
20  intervening primers, whereby one label can become linked to one nucleotide tag and a
different label can become linked to the other nucleotide tag;
subjecting the amplification mixture to amplification; and

detecting fluorescent signal to detect the allele in the sample.

5. The method of claim 4, wherein the amplification mixture
25  additionally comprises a fluorescent double-stranded DNA-binding dye, where fluorescence

from the dye is capable of quenching fluorescent signal from the labeled primers or probes.

6. The method of claim 5, wherein the fluorescence from the dye
quenches fluorescent signal from the labeled primers or probes when the labeled primers or

probes are incorporated into, or hybridized to, an amplification product.
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30a second 5' oligonucleotide conprising the sane first nucleotide tag that
is linked to, and 5 of, a second nelting tenperature discrim nator
sequence whaniys283snked to, and 5' of, a 5 target-speciPCraSseEanersse,
wherein the 3' -npst base is an A; a second 3' oligonucl eotide conprising an
A linked to the 3' target-specific sequence; 5wherein the target-specific
sequence of the second 5 oligonucleotide hybridizes to a target nucleic

acid i nmedi atel y adjacentyd . dfeoddiiael whBRR (oQREOHRNGRN prfiss groond 3

ol igonucl eotide, with an overlap such that at least t
ol i gonucl emploged,iadditipeably zomgdrifing imctudimgtinthgetaction bed ¢r maeds¢ncher ning a fl ap;

a flap endpnucl : Qa.ljgase to C ! i roduc omthe
first s S oerBRRRe panfisgl 2 sfbRs bRy aPole ot SR RO RS Pl
met hyl at edf g naslestalevag($)raadm flnereseacnghebcheavehe®in bybrigiwatioh &ot i des i f t he

target _nucl ei c_acij conpri.s an unnet.hyl ated cyt osi ne 20.
The re? hodn BPTERaITESERaly FPERAPIRD e e LRBHRAL LR gat ed

150l i gonucl eotides and anplifying the tagged target nucleic acids using a
forward primer spec8.fic Tiherméthel dficish 7whbeot the Busrageacedjuanchevglasthe Bt i mer

that is specific for. a target nucleotide sequence in the ligation product.
21. The nﬁ?‘ﬁi’){f&‘%ﬂue@fjgﬁrﬁ%%@%cgaﬁ%ti onal |y conprising deternining which
| i gation product was produced by nelting curve anal ysis. 2022. A net hod for

detecting a rel ati ve copbhenuethat ofdildifnel, aherin the flasrgeenceupkadher aaitahed n a
sanpl e, the nethod conpr,isipg: . . subj ecting a sanple to
preanpl i f et ﬁnkﬁnﬁg\lﬁ‘g}?\g?Ph@"?§U%H§B%qul'§°%lf°lezgﬁ'8‘f‘i fying a plurality of target
nucleic acids to produce a plurality of target anplicons, so that the

rel atilVe copy nunbet® ofThehaethedt ofetaimic Wbercinatbe emplificasiom stixtnreicamipyises

mai nt ai ned, , where 25sone..of the.target pucl el Ci a resent on first
chrom)soméilt 15?15(5?ws%ﬂ%en?)lfeqﬁ{%ontug%atéées’nUSISB?C(I: lcafc%;’lr scgélP glgcﬁf}({aeg%gt on a second,
di fferent chronosone; determ ni ng the nunber of

copi es of target anpl.i cohsettedifordttdctingran hléeld inrassampler thewstiros camgrising: nunber
of copies of target anpljcons, deth¥RActbMitile 3RFARIgChr omosone;
sample nucleic acids;

15 two allele-specific oligonucleotides, wherein each
oligonucleotide comprises a target-specific sequence linked to a distinct 3’ nucleotide tag;
and

at least two differently fluorescently labeled primers or
probes, each capable of annealing to one of the nucleotide tags, whereby one label can

20  become linked to one nucleotide tag and a different label can become linked to the other
nucleotide tag;

subjecting the amplification mixture to amplification; and

detecting fluorescent signal to detect the allele in the sample.

12. The method of claim 11, wherein two differently labeled primers are
25 employed, additionally comprising including in the reaction one or more quencher
oligonucleotide(s) that comprise(s) a sequence that is capable of hybridizing to at least part
of the nucleotide tag(s) and a fluorescence quencher, wherein hybridization to

unincorporated fluorescently labeled primer(s) quenches the fluorescent label(s).

-136-



and determning the relative copy difference for the first and second
chronosones, wherein said nethod can detect a relative copy nunber

di f f er enc®Ol2esIg14283aN 1. 5. 23. The net hod ofCeluszem22088Wher ei n
the plurality of target nucleic acids 5conprises at |east about 10 target
sequences on each chronosone. 24. The nethod of claim 23,

wherein the plurality of target nucleic acids conprises at |east about 100
target sequences on,gac K ai . T cl ai s
22-24, wherein the ln%rrbgl%g?&ﬁ%gl es lr(I)]flzt vé'}rl%:]rg‘tn t%en%lfolgggg%clagggﬁbgﬁg?ﬁgem t he
first chrirasbofehaqentheeolignmbeeotak. copi es of target anplicons 10 derived
fromthe second chronbsone are determ ned by a nethod conpri sing
anplification. . h i &l 8Lnst he
anplification corrprll%es H}egﬂn%g?d %@??tg ?rglh.tﬁé ﬁﬁ&é&éﬂce% Cg °The net hod
of cl ai ns a@®h2dlto anhistemiahnuchetideiofithe quhclompiigsuofeotide. get 15anpl i cons deri ved
fromthe first chronpsone and the nunber of copies of target anplicons

DA seduencing. T FRAERRERIR 2 RhaE R R DT e cony
nunber di tbmprses et loast eequeathee bkgonatleatites,ame spacéia far epsh nudedtidetaga sanpl e
conprising a first allele and a second, different 20allele at at |east one
target |ocus, the hod i8] hQy . Shbh&etd a sanple
Lo preanpl 111 cat i onriss ng o Ser oaine upicoide ssqusness o ene W InGERAR £ 3
second al Inetleis atids py aniplifecationpltheratthod/,camiprisingget anpli cons, so that the

rel ati ve copy nunbers of 1 . I i ntially

mai nt ai ned; distributi ngp r%%gmkgﬁ g‘ré‘{’ ﬁ@%{)‘??%@’ﬁgrﬁ%{ %cg%ﬁééurn gﬁ?‘? ;;;f?lgféa?d

anpl i fl0catamphifiedioh xiixtuescoarpdisiogsr r yi ng out digital anplification;

determ ning the nunber of anpli ff' catli or;mm' Xxtures that contain a target
anplicon derived fromthe fi PEPPHNEFE, EgFl’d determ ning the nunber of
anplification mxtures that canimr foraatdarihedr camptisinga taigatispeathid sequmntcéie
second all el e; etermning the ratio of anplification

, . , det,
m xtures ©AGE fEBALCIFQlide fag &t fest ead PidhePHBet hose that contain the second

allele to detect the relativenGay réiefst prRBESM R Isidgheafget-secifib dequetand
alleles, wherein said nethod can detect a relative copy nunber difference
| ess tlRan and gsecopdnugleotige tagslthsd” endelfithopimg: wherein the rel ative copy

nunber difference is at |eastayybufd? forward primer comFriﬁQ%th-ghﬁstmﬁ&lg&ﬂie% .cl ai ns
22-29, wherein preanplification is carried out tor between 2 and 25 cycl es.

31. The mstthod of claim 31, wherein preanplification is carried out for

10between 5 and 20 cycles.  a guter reverse primer comprising the second nucleotide tag,

wherein one or both outer primers can, optionally, include one or more additional nucleotide
20  sequences to be added to the target nucleic acid; and
subjecting each amplification mixture to amplification to produce a
plurality of target amplicons comprising tagged target nucleotide sequences, each

comprising first and second nucleotide tags linked to the target nucleotide sequence.

17. A method for tagging a plurality of target nucleic acids in a sample
25  with common nucleotide tags, the method comprising:
contacting the sample with:
a plurality of 5° oligonucleotides, one for each target nucleic
acid, wherein each 5’ oligonucleotide comprises a first nucleotide tag that is linked, to and

5’ of, a target-specific sequence;
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32. The nethod of clainms 22-31, wherein at | east one priner of each priner
pair enployed for preanplification conprises a nucleotide tag.

33. The mwOhlod/w@£s36l ai m 32, wherein the nucl eotide tag ®ORAIS2GI@H0EBS7

uni versal tag. 1534. The met hod of claim 32, wherein the nucleotide tag
conprises a chronosone-specific nucleotide tag. 35. A nethod for detecting
fetal aneuploidy in a maternal bodily fluid sanple froma pregnant subject,

the method conprising: subj e%ga'glngn o?gfmlg%nwle@adggbﬁéfb@ka&qﬂg&ynuuew.d
eof, t Ing p

sanpl e, or a fraction 20ther ' preanmplification us "I Mer pairs
capabl e ofcidmmerdip eany) 33 oligawsieotiderompaiséstatangtt-spagiffe seqyandedhas islirikgd ta, o

produce a ral | f [ nplicons, so that the relative copy nunbers
of the tarz'“gde%l o?{’udc%e}eg?@ nal%%agc?ﬁttggsubstanti al Iy mai ntai ned, where sone of the

target nucl eic acids are presdrteiothesarfétrspeciihseqnosonteaghd’ sone of the

target .nucl.ei ¢ _aci I resent on a. second. different chronmosone,

wher ei ?1: 2 %Oé‘(‘:'ﬁle%tﬂ%ks“@ﬁ%l t8)7$?5g?t&"ldﬁﬁpea§@ﬂpﬂ‘efi@getbf %(lf%acggtr}ﬁﬁes%@eté nucl eot i de
tag, so tbgkifiersequentd ¢fithad’i digomuichudtide svitheangeerlgquch dansnecmore 61 thg 5f-i r st a
first nucl eotide t t, one end.and a second_nuc|eotide tag a.the other
end.  wher 8o Sptraiyat oMEmpeR ek SRR FOM L BIYLRE B SR DD | se
the same fiflapt and second nucl eotide tags; and al |
target anplicons derived froma given chronosone are detectable with a
common probe; 5distributing eHBPEAIQYEeleaspdcons into a plurality of
anplifpcation mxtures and canjgydeng out multiplex digital anplification

usi ng: a prinmer pair specific for the first and
second nucl eoti de tags it Ptodiefed lurahty ofdegged irgey ucleie apids, igachs gomyyrising

chr onDsong,e RGATIRBnPgHe specific for the target anplicons derived 10from
the first chronosone; ' a primer pair specific for

the first and second nucl eotide tags in target anplicons derived fromthe
second chrompsone; Hhd The method of claim 17, additionally;cqiyiising refperiae ypigdtedi ¢ f or

the tar geBliQdm!;ﬂe&Q%a%&&m&?inéﬁm%ééﬁ HEG AR RERTBSAE BrimdrdFdcHidMoPi Ng the
nunber of ar}pllfl cation mxtures that contain a target anplicon derived

from the thefyst anehsesand oradeotidthglet er mi ni ng t he nunber of anplification
m xtures that contain a target anplicon derived fromthe second chronosone;

19. A method for determining the methylation state of cytosine in a target
nucleic acid sequence in a sample, the method comprising:
treating the sample to convert methylated cytosine(s) to uracil(s) in
the target nucleic acids to produce a treated sample;
20 contacting the treated sample with:
a first 5° oligonucleotide comprising a first nucleotide tag that
is linked to, and 5’ of, a first melting temperature discriminator sequence that is linked to,
and 5’ of, a 5’ target-specific sequence, wherein the 3’-most base is a G;
a first 3’ oligonucleotide comprising a G linked to a 3’ target-
25  specific sequence,
wherein the target-specific sequence of the first 5°
oligonucleotide hybridizes to a target nucleic acid immediately adjacent to the target-
specific sequence of the first 3’ oligonucleotide, with an overlap such that at least the G of
the 3’ oligonucleotide is displaced from the target nucleic acids, forming a flap;
30 a second 5’ oligonucleotide comprising the same first

nucleotide tag that is linked to, and 5° of, a second melting temperature discriminator
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determning the ratio of anplification mxtures that contain the first
chronosone to those that contain the second to detect the relative copy

di ff er encwof2or/t4bs3620fi r st and second al |l el es. PCT/US3@.1/004387 met hod
of claim 35, where each common probe detects a chronpbsone-specific notif.
37. The nethod of claim 35, wherein the probes are | abeled with different
fluorescent |abels. 2538. The nmethod of clains 35 or 37, wherein the
plurality rget. i i I_SES; t t ;

Cequences Sieh iy AHEL T, inds' (% p el SEG Eped AR AN B BRe
pluralityisdn Aarget nucleic acids conprises at |east about 100 target
sequences on each chronosone. Q ! ,

40. The net hod of clains 35- f@?%ér éﬁéﬁﬂﬁgéﬁde%%ﬁgﬁégé%‘b;’}qﬁﬁ%%teortha|3fference
i s at | easdrgé-spific sequence; 41. The nethod of clains 35-40, wherein

pr earrp%i fication is carried qut f.th Eet veen 6 and 25 ?ﬁ",%l es. .242. The net hod
of clairm 41, wherein preanpl iY1OCAY IS 2TRE SR YT EF1BLE © & %&en 5 and 20
cycles.  oligonucleotide hybddizés tomttérget uokicdeidamimadihtely adihaht toehe@mpet-nunber

?r:aI Lg(rjeg ggﬁer%ileéqmsﬁgl?engé ofl tﬁg ?etcorgcy\?’ olli%ghucller(])ti ee, %&hﬂﬂ%&}%@ﬁﬁ@&%{gﬁﬁ%{ t?lgirXﬁl te 1h et he
sanpl e, offthel3r bREoNNOIBotERAS BigpIRNYA fRehp kR e& adcibicbids feimiagwsapal regi on

linked to a first |ocus; guantifying the amount, in the
sanpl e, of a second non-codi fflaRgadesieass@M from a chronpsonal region

| i nkedgto a second | ocus; a licase determning a ratio of the
anount of the first non-coding to the anount of the second

non- codi ngRNA, wher ei n aomsrduee &ligatiopipragiyet forg therfipten and 3 pHeopecletidedi cat es
a copy nuppgl did hENGRG&d REMMERE a hitehyidil Pyttt FERAN e sQHE 5° and 3°
44. The rrét‘ﬁoéqjéoe? .c‘{ alm 43, i5\/\\,}‘§S§r_(§i}ir] t}fhe f.iyrstl and second nc_)n-?:nodi ng RNAs
conpri se foliggnucknddesaltbetirgst nedleic a¢idgedudischamuneatiyigjedppigsine.
45. The nethod of claim43, wherein the first and second non-codi ng

20.  The method of claim 19, additionally comprising removing unligated

15  oligonucleotides and amplifying the tagged target nucleic acids using a forward primer
specific for the first nucleotide tag and a reverse primer that is specific for a target

nucleotide sequence in the ligation product.

21.  The method of claim 20, additionally comprising determining which

ligation product was produced by melting curve analysis.

20 22. A method for detecting a relative copy number difference in target
nucleic acids in a sample, the method comprising:
subjecting a sample to preamplification using primers capable of
amplifying a plurality of target nucleic acids to produce a plurality of target amplicons, so
that the relative copy numbers of the target nucleic acids is substantially maintained, where
25  some of the target nucleic acids are present on first chromosome and some of the target
nucleic acids are present on a second, different chromosome;
determining the number of copies of target amplicons derived from
the first chromosome and the number of copies of target amplicons derived from the second

chromosome;
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RNAs conprise first and second doubl e-stranded, non-codi ng RNAs. 2046. The
nmet hod of claim43, wherein the first and second non-codi ng RNAs conpri se
first andweecond283sRNAs. 47. A net hod for detecting a relpatrivseoiaopssnumnber
di fference between at |l east two loci in genomic DNA a sanple, the method
conprising: producing, fromthe sanple, a first DNA sequencing tenpl ate
that 25conprises, 5 to 3", a priner binding site for a forward DNA
sequenci ng priner, |inke e to a
first target nucleotide %gg]gtf{eeﬁ@ed P?\F/eeléclilv? g‘?}{?ﬁ%ﬁ/@r@ ocﬁg%mﬁ%gn IS

| i nked di rebomogomes, wheinasaid metbod, eami detgcs@glative eopyt imbepdiiffemncdiessthay si te
for a reverse DNA sequencing priner; W 2011/ 142836PCT/ US2011/ 000887
producing, “Tromthe sanple, a second DNA sequenci ng tenpl ate that
conprises, 5 to 3", the prinmer binding site for the forward DNA sequenci ng
primer, |inked di r e2d. Y, Tlmfrmemad afclaim 22, whmicmghs plytatitcef, tatget raickecaitd t ar get

nuc eotj de, seauence, Jeri ey f S B8 BTN, iR omall o 1S 11 nked
directly, orpla anln erv Fﬁ% enc prlme;"r 5binding site for the
reverse DNA sequencing primer, wher el n: the forward and

reverse DNA sequencikhg pThfmacthbd otélaign 23, whereprthe pliwligaomaxignt rowotelc LoMA
sequenC| ng:oﬁ'ngﬂpls%t feRat agyuq 100 target ences each cnl% s&%t and second DNA
pl o YR th

sequenci ng €s are € sanp & 3Ubst anti al | y in
proportion to the copy nurrber of thQ f| rst and 10second loci in the sanple;
det er mi ni ng t he nucP®ot i Hee wethodotdaimeR2t24ewbMainsbaumniesr n@ccrpéﬂmlfmr&'

quanti fyi { ISt

15determ rnﬁg] glga Sra y&j fr(ﬁ'ﬁ ﬁeﬁrgtr%ﬁ(ﬁjosgﬁgg ﬁdejth%ﬁ gr%ﬁigééggfet% "ﬂ%ll%gnﬁ ate to
t he arﬂlﬂuntdeof'edfﬁmnﬁm«:mhdlbh%mqueamdngnhianqbbahmetlmdatempnsmgne a copy nunber
difference h elueen the first and second | ocus. 48. The net hod
of claim qupp WREI8I n the first and second DNA sequenci ng priners

additionally conprise a barcode nucl eoti de sequence between the
26.  The method of claim 25, wherein the amplification comprises digital

amplification.

27. The method of claims 22-24, wherein the number of copies of target
15  amplicons derived from the first chromosome and the number of copies of target amplicons
derived from the second chromosome are determined by a method comprising DNA

sequencing.

28. A method for detecting a relative copy number difference between
alleles at one or more target loci in a sample comprising a first allele and a second, different
20  allele at at least one target locus, the method comprising:
subjecting a sample to preamplification using primers capable of
amplifying the first and second alleles to produce a plurality of target amplicons, so that the
relative copy numbers of the first and second alleles is substantially maintained;
distributing the target amplicons into a plurality of amplification
25  mixtures and carrying out digital amplification;
determining the number of amplification mixtures that contain a
target amplicon derived from the first allele, and determining the number of amplification

mixtures that contain a target amplicon derived from the second allele;
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20 prinmer binding site for the forward DNA sequencing primer and the first
and second target nucl eotide sequences, respectively. 49. The
met hod ofwol2aim4288s wherein the first and second DNA se@UErus2eug/opos8TEr S
additionally conprise a barcode nucl eotide sequence between the first

and second target nucl eotide sequences, respectively, and the priner

bi nding site for the 25 forward DNA sequenci ng pri ner. 50. The

method of any of the pregedhihe et or ABliRLoh Mbxi@HIBal Loiikih L AILXL ur €

are formed in, or distribute separate conpartnen a mcrofluidic
devi ce pr alele taghesephat bomainitionsecond allele to detect tigirelatinecapytdiffictera® fod the m 50,

wherein t ] i.di ¢ devi.ce .i f i | east in rt., from an
el ast oner it[}l%t ﬁn%a(f%(r&{ng a.ug'le\?@' (5?'1? %ﬂ%ﬁ%ﬁ% Eé%?%lﬁ%{fé@?y number dﬁ)ﬁereﬂce 52. The
net hod of les$ wiams.51, 4, 11, 16, 17, 19, 22, 28, 43, or 47, wherein the
sanpl e conprises a sanple of a maternal bodily fluid, or a fraction

t hereot, froma pr ant J£C . ) . The nethod.of clains 1,
4, 11,§16, 17, 19,8%, ﬂé%}?"%"rfcﬁ?z%hzegrvevf‘%re‘ggﬁe‘ieleag‘g CANTFT ¢ he t ar get
anpl i consdiffekdnet st lebstrilg®t nucl ei ¢ acids, or loci are derived from or

conprise fetal, DNA 54. The nethod of claim53, wherein the
sanpl e comprises a APl fheGhedfiB SHcibhs 2.9 dunedlin BrebhfifilanBn |1GERG T aNd a1

| east sonme of the target nuclelc acids comprise fe nmet hod
f or det ecfargtvaennl2@nd gueyridsf yi ng one or nore fetal target nucleic acids in
a maternal bodily fluid sanple froma pregnant subject, the nmethod

conpri si ng: J: t . . I : lifiable
fetal nucleic aci ds31é1nd TS‘F&“ lﬁ%éear(g%zdr"gg’tlé‘gﬁgéﬁgpégﬁpmgaﬁfgﬁﬁg nfé&{oruga ed
sanpl é0 cobprieses ad Hl ghks. percent age of fetal 15nucleic acids that are

capabl e of being anplified, as conpared to the percentage of maternal

nuci el o acids that o7 o cARYRlr koS TRIEH)ATRI SinBOLIR one or

nore fetal target nucleic aci detecting an antifying the one
or nore f etiekr pairapeloyed ddraireanzpdifggtionn@Brisése nustehtide tog. cl ai m 55, wherein a
maternal bodily fluid is treated to

33.  The method of claim 32, wherein the nucleotide tag comprises a

universal tag.

15 34.  The method of claim 32, wherein the nucleotide tag comprises a

chromosome-specific nucleotide tag.

35. A method for detecting fetal aneuploidy in a maternal bodily fluid
sample from a pregnant subject, the method comprising:
subjecting a sample of a maternal bodily fluid sample, or a fraction
20  thereof, to preamplification using primer pairs capable of amplifying at least a plurality of
target nucleic acids to produce a plurality of target amplicons, so that the relative copy
numbers of the target nucleic acids is substantially maintained, where some of the target
nucleic acids are present on a first chromosome and some of the target nucleic acids are
present on a second, different chromosome, wherein:
25 each primer employed for preamplification comprises a
nucleotide tag, so that preamplification produces target amplicons comprising first a first

nucleotide tag at one end and a second nucleotide tag a the other end, wherein all target
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enrich for anplifiable fetal DNA wi thout prior fractionation. 57. The nethod
of clainms 35, 52, 55, and 56, wherein the maternal bodily fluid is selected
from t he woaop/w@esssi sti ng of whol e bl ood, plasma, urinepCan$2@envissdvagi nal
secretions. 2558. The nmethod of any of clainms 55-57, wherein said treating
conprises enriching the sanple for short nucleic acids. 59. The nethod of
clains 56 or 58, wherein said treating conprises physical enrichnment based

on size. Weg&%%ﬁvﬂé%% %CI i g5141/<>909r9e8c§) pélS% glle eﬁrst anﬁ)sec d‘hﬁ d of

cl ai m 59, rern nucleic roma nater eare
fracti onalt@d,dmased on nucl ei c acid si ze and t he fractl ons are assayed to

det er m ne \/\hlchfractlon(s) r|se

sh C
61. The nmethod of claim 60, err FHTEO TR HV &L% Ve%(gh'gmioé?"ﬁ? %rieng

5whet her ideecthlsle géth avogineingretet d sequences t hat are nore than about 300

nucl ei ¢ acids apart in the.geno are found to i.vi dual nucleic
aci ds gr are found on s¢€ gp&t@g%@@e&a EL’:J]?C(?ES. 83 pGfanBo ampé'}é e met hod

of cl ai m hfixtares @hd cama{gedumnﬁn&i;ﬂieﬁdlgh@dllamghﬁwﬁmﬁ usiag enri ching the sanpl e for
nucl ei ¢ aci ds that are about 300 nuc] ei cfa % ess in le 1063. The
met hod of claims 58 or 62, wRdWBIS, PaIRSRECHiCdR ﬁgirséﬁﬂ%ﬁcg‘&“% Eﬁ"tﬁa%

anpl i ficati argebaﬂactoﬁ@dalvé@from the first chromosdafe; The met hod of claims 55-63,
wherein the method conprises determning a f et al genoty 65.

The method of clainms 55-63, WO rreke %@lﬂ%@r&ﬁfﬁsﬁ%@eplwe%%wa@ 15t he
presenge @fonPihBtRthBMomd;et al aneupl oi dy.

a primer pair specific for the first and second nucleotide tags
in target amplicons derived from the second chromosome; and

a common probe specific for the target amplicons derived
from the second chromosome;

15 determining the number of amplification mixtures that contain a
target amplicon derived from the first chromosome, and determining the number of
amplification mixtures that contain a target amplicon derived from the second chromosome;

determining the ratio of amplification mixtures that contain the first
chromosome to those that contain the second to detect the relative copy difference for the

20  first and second alleles.

36.  The method of claim 35, where each common probe detects a

chromosome-specific motif.

37.  The method of claim 35, wherein the probes are labeled with

different fluorescent labels.

25 38.  The method of claims 35 or 37, wherein the plurality of target nucleic

acids comprises at least about 10 target sequences on each chromosome.

39.  The method of claim 38, wherein the plurality of target nucleic acids

comprises at least about 100 target sequences on each chromosome.
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40.  The method of claims 35-39, wherein the relative copy number

difference is at least 1.02.

41.  The method of claims 35-40, wherein preamplification is carried out

for between 2 and 25 cycles.

5 42.  The method of claim 41, wherein preamplification is carried out for

between 5 and 20 cycles.

43. A method for detecting a relative copy number difference between at

least two loci in genomic DNA or RNA in a sample, the method comprising:

quantifying the amount, in the sample, of a first non-coding RNA

10  expressed from a chromosomal region linked to a first locus;

quantifying the amount, in the sample, of a second non-coding RNA
expressed from a chromosomal region linked to a second locus;

determining a ratio of the amount of the first non-coding RNA to the
amount of the second non-codingRNA, wherein a ratio significantly different from one

15 indicates a copy number difference between the first and second locus.

44, The method of claim 43, wherein the first and second non-coding

RNAs comprise first and second single-stranded, non-coding RNAs.

45. The method of claim 43, wherein the first and second non-coding

RNAs comprise first and second double-stranded, non-coding RNAs.

20 46. The method of claim 43, wherein the first and second non-coding

RNAs comprise first and second miRNAs.

47. A method for detecting a relative copy number difference between at
least two loci in genomic DNA a sample, the method comprising:
producing, from the sample, a first DNA sequencing template that
25  comprises, 5’ to 3°, a primer binding site for a forward DNA sequencing primer, linked
directly, or via an intervening sequence, to a first target nucleotide sequence derived from
the first locus, which is linked directly, or via an intervening sequence, to a primer binding

site for a reverse DNA sequencing primer;
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producing, from the sample, a second DNA sequencing template that
comprises, 5’ to 3°, the primer binding site for the forward DNA sequencing primer, linked
directly, or via an intervening sequence, to a second target nucleotide sequence derived
from the second locus, which is linked directly, or via an intervening sequence, to a primer
binding site for the reverse DNA sequencing primer, wherein:
the forward and reverse DNA sequencing primer binding sites
are the same in both DNA sequencing templates; and
the first and second DNA sequencing templates are produced
from the sample substantially in proportion to the copy number of the first and
second loci in the sample;
determining the nucleotide sequences of the DNA sequencing
templates;
quantifying the amount of first and second DNA sequencing
templates;
determining a ratio of the amount of the first DNA sequencing
template to the amount of the second DNA sequencing template to determine a copy

number difference between the first and second locus.

48. The method of claim 47, wherein the first and second DNA
sequencing primers additionally comprise a barcode nucleotide sequence between the
primer binding site for the forward DNA sequencing primer and the first and second target

nucleotide sequences, respectively.

49, The method of claim 47, wherein the first and second DNA
sequencing primers additionally comprise a barcode nucleotide sequence between the first
and second target nucleotide sequences, respectively, and the primer binding site for the

forward DNA sequencing primer.

50.  The method of any of the preceding claims, wherein the amplification
mixtures are formed in, or distributed into, separate compartments of a microfluidic device

prior to amplification.

51. The method of claim 50, wherein the microfluidic device is

fabricated, at least in part, from an elastomeric material.
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52. The method of claims 1, 4, 11, 16, 17, 19, 22, 28, 43, or 47, wherein
the sample comprises a sample of a maternal bodily fluid, or a fraction thereof, from a

pregnant subject.

53. The method of claims 1, 4, 11, 16, 17, 19, 22, 28, 43, or 47, wherein
at least some of the target amplicons, alleles, target nucleic acids, or loci are derived from,

or comprise fetal, DNA.

54.  The method of claim 53, wherein the sample comprises a sample of
maternal blood, or a fraction thereof, and at least some of the target nucleic acids comprise

fetal DNA.

55. A method for detecting and/or quantifying one or more fetal target
nucleic acids in a maternal bodily fluid sample from a pregnant subject, the method
comprising:

treating the sample to enrich for amplifiable fetal nucleic acids and
produce a treated sample, wherein the treated sample comprises a higher percentage of fetal
nucleic acids that are capable of being amplified, as compared to the percentage of maternal
nucleic acids that are capable of being amplified;

amplifying the one or more fetal target nucleic acids; and

detecting and/or quantifying the one or more fetal target nucleic

acids.

56.  The method of claim 55, wherein a maternal bodily fluid is treated to

enrich for amplifiable fetal DNA without prior fractionation.

57. The method of claims 35, 52, 55, and 56, wherein the maternal bodily
fluid is selected from the group consisting of whole blood, plasma, urine, and cervico-

vaginal secretions.

58.  The method of any of claims 55-57, wherein said treating comprises

enriching the sample for short nucleic acids.

59.  The method of claims 56 or 58, wherein said treating comprises

physical enrichment based on size.
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60.  The method of claim 59, wherein nucleic acids from a maternal
bodily fluid sample are fractionated based on nucleic acid size, and the fractions are assayed

to determine which fraction(s) comprise(s) short nucleic acids.

61.  The method of claim 60, wherein the method comprised determining
5  whether two target nucleic acid sequences that are more than about 300 nucleic acids apart
in the genome are found together on individual nucleic acids or are found on separate

nucleic acids.

62. The method of claim 58 or 60, wherein said treating comprises

enriching the sample for nucleic acids that are about 300 nucleic acids or less in length.

10 63.  The method of claims 58 or 62, wherein said treating comprises

selective amplification based on size.

64. The method of claims 55-63, wherein the method comprises

determining a fetal genotype.

65.  The method of claims 55-63, wherein the method comprises detecting

15  the presence of a mutation or fetal aneuploidy.
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