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CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit oWoWof/14B550vi si onal Application No. 61/ 345, @63,Uuskeihmsbeon May
14, 2010, the entire disclosure of which is hereby incorporated 5herein by
reference for all purposes. FIELD OF THE | NVENTI ON [ 0002] The present

i nvention rel ates to]generally to the area of selectlvelﬁ nrlchlng a

bi ol ogi cal sanpl e f Q{JEI((:EAQIDI EOLARIGN as opposed
to long nucleic acids. 10BACKGROUND OF THE | NVENTI ON [0003]Ce||-free fetal
DNA is present in maternal bodily fluids froma pregnant woman, such bl ood,
cervi co-vagi nal sedtROSSAREFERENCES{IO RBt £TEDNYPBEHCAYPONSe. g.

mut ati ons) and/or aneuploidy in such fetal DNA in a naternal sanple is
di fficul t[08Q@Md to t Hlélnmm%@m@ daimseghe b¢ne§1@ofr€t8erl’mls1w1*@mhaatmd‘ﬁp hi gher

Pecerof e rhea gt My Blan e Pub e SRRy e RS ool T

respeat t}@rélﬂey(ﬂﬁb@ﬁedmanfpuqﬁlgés-f ree tunor DNA in bodily fluids from
cancer patients. SUMVARY OF THE | NVENTI ON [ 0004] I n one aspect, the

i nvention provides nethods of enriching a sanple for short 20 nucleic acids
of less than 300 nucl eoti des pIRIFEOF THE INGERgFIONOO0dI nents, the net hods
conpri se: a) contacting the sanple with pol yethylene glycol in the
presence [0003 nnnovﬂieqﬂéseﬁaihltzemimleelatb@ sl péreadlly to tid @bl ef feboctiseibshracingl | y

precipitati.ng nucl ei ci ds reater nucleotides in |ength,
wi t hout subelogieel sm gwrémrbfet&t fepyt ﬂ%go%ﬂ%#?ot#ﬁ@b%ﬁqpp&é?dd@ O%H%lfdc
b) recovelifag the short nucleic acids.

10 BACKGROUND OF THE INVENTION

[0003] Cell-free fetal DNA is present in maternal bodily fluids from a pregnant
woman, such blood, cervico-vaginal secretions, urine, etc. Detecting genotype (e.g.,
mutations) and/or ancuploidy in such fetal 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
15  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

[0004] In one aspect, the invention provides methods of enriching a sample for short
20  nucleic acids of less than 300 nucleotides in length. In some embodiments, the methods
comprise:
a) contacting the sample with polyethylene glycol in the presence of a
monovalent salt under conditions suitable for substantially precipitating nucleic acids of 300
or greater nucleotides in length, without substantially precipitating the short nucleic acids;
25 and

b) recovering the short nucleic acids.



WO 2011/ 143659PCT/ US2011/ 036670 [0005] I n a further aspect, the invention
provi des net hods of producing one or nore target anplicons conprising one
or nore mwolenti4skesot ags froma sanple. In sonme enbodi memrCT/USLéa/0B@rhods
conpri se: a) preanplifying the one or nore target nucleic acids in

t he sanp th a first, Souter prjner. pair to duce.one or nore first
A eing g PRBody
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carried dstwdy thoptimet bindingRResERE SutotiSliBbICpaAC bts vvnth a circligase.
[0007] I'n another aspect, the invention provides nethods for tagging |ong

nucl ei c ad%’léf‘éelaﬁélleﬁ%tr%? oA el fEpgoRGEPaNer Red Asl/thgyesardpripEpRiD 00
nuclqgth% geggﬁgﬁgnmh@§ met hod 20conpri sing: a) contacting nucleic
acids in t W t transposase in a reaction m xture under

conditio itabl e faor tin d t i,n cl, ei acjds of e ter
t han ZOOWQQC eotldggareb%ﬁag(ﬁ?th?ﬁ“?éﬁﬁ? %ggﬁggn§0d505é ndnngas% %%% ecting

and r enowhog nhél@i&sdam@ﬁ-ldsﬁggtﬁ@mlﬁﬁbl@b‘@de@@ﬁ tagfhr amséie embadibicans, &2 m xture
by afflnlty selection. In sonme enbodi nents, the conditions are suitable for
fragnentﬂﬁ@ %#dmpﬁﬁﬁPng nucl eic acids of greater than 300 nucl eotides in

length with trgnspﬁgglaﬁgﬁgtt Q@ﬁ; h&laeqadsﬁpﬁe@'caﬁ&aéns tﬂgwfafér hde

above-descri be rise nucl ei ¢ aci ds
anplHﬁlcammohnandmaﬁsDNﬁnaeqmanmanMIo detect and/or quantify 30target
nucl eic acids within the short n cI%l ¢ids or. the t%%%ﬁd t ar get

anpl i cons. recovering the circularized nucleic acids. In some ¢ 1ments,

circularizing is carried out by contacting the sample nucleic acids with a circligase.

[0007] In another aspect, the invention provides methods for tagging long nucleic
acids and removing long nucleic acids of greater than 200 nucleotides in length, the method
20  comprising:
a) contacting nucleic acids in the sample with a transposase in a reaction
mixture under conditions suitable for fragmenting and tagging nucleic acids of greater than
200 nucleotides in length with transposon ends; and
b) selecting and removing transposon-tagged nucleic acids from the reaction
25  mixture by affinity selection. In some embodiments, the conditions are suitable for
fragmenting and tagging nucleic acids of greater than 300 nucleotides in length with

transposon ends.

[0008] In some embodiments, any of the above-described methods further comprise
the step of nucleic acids amplification and/or DNA sequencing to detect and/or quantify

30 target nucleic acids within the short nucleic acids or the tagged target amplicons.



WO 2011/ 143659PCT/ US2011/ 036670 [ 0009] I n sone enbodi nents of these nethods,
the sanple is unfractionated prior to enrichnent. In sonme enbodi nents, the
sanpl e conproses3@sanpl e of a bodily fluid, or a fractipom/ush@nmsdesofrom a
cancer patient. In sone errbodi nments, the sanple conprises a sanple of a

mat er nal i.ly fluid, fraction thereof, froma pregnant subject. In
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conpri se flatiah th:emf ﬁrmrnmceembwtnﬁnmne trheodmatitedbe sonpe nempldmsar mning a
fetal geno empaodi.nent .he et hods ri the

br esence BT Ghit e RO BRUBAIUF. Of SarmsliBr B 7 e HEa e P

DRAW NGS dnfdlih&itd Wk Ematetdal bedilali@a id Mctém?&nftﬁee%oﬁ]% BHRRARL B VMER ar e used
in a reaction, the target DNA i's fragnented and the ransferred strand of

the trandpesbnlasm, witicgarliedreioevaginglssceristiatsent | y attached to the 5° end of
the fragnent. 15[ 0012]Figure 2 illustrates that high nol ecul ar wei ght DNA
i s sel ectl00Hy prednppmatcedodsiants, PHGBOGDC aﬁﬂhel‘slh@lt nuéloiclaoidis ngmprise fetal

centrifu tio smal | clecaC| pot ot.i c-| are ent in the
super nat HRPE B BEGRIPH e RoB Eojrries i ERghbeigeh v BT a0 piras

net hods fe%boaﬁh&ﬁ& itYEm¥the s Esiipritd d@te'@tn@é %Ip@@bne%cbfsaafﬁ%ﬁoﬁ &f fefliort nucl eic
acids, such as fetal DNAin a maternal sanple or apoptic DNAin a

bi ol dQl caﬂnemdmdb’e froma cancer patient and for subsequently analyzing the
short nucleic acids for genotype, nutation, and/or aneuploidy. Definitions
[ 0014] Terns used in the clains and specifi cation are defined as set forth
bel ow 25unl ess ot her wi SBREPEDHESERIPTIOEN &K EHFDRAWINGSned specifically

for claritx but all of the ) )
[0 11] Figure 1 illustrates that when free transposon ends are used in a reaction, the

target DNA is fragmented and the transferred strand of the transposon end oligonucleotide

is covalently attached to the 5’end of the fragment.

15 [0012] Figure 2 illustrates that high molecular weight DNA is selectively
precipitated using PEG 8000 and NaCl; following centrifugation, small nucleic acid—

apopototic-length DNAs are present in the supernatant.

DETAILED DESCRIPTION

[0013] The present invention provides methods for selectively enriching a biological
20  sample for short nucleic acids, such as fetal DNA in a maternal sample or apoptic DNA in a
biological sample from a cancer patient and for subsequently analyzing the short nucleic

acids for genotype, mutation, and/or ancuploidy.

Definitions

[0014] Terms used in the claims and specification are defined as set forth below
25  unless otherwise specified. These terms are defined specifically for clarity, but all of the

definitions are consistent with how a skilled artisan would understand these terms.

[0015] The term “adjacent,” when used herein to refer two nucleotide sequences in a

nucleic acid, can refer to nucleotide sequences separated by 0 to about 20 nucleotides, more
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definitions are consistent with how a skilled artisan woul d under st and
these terns. [0015] The term "adj acent,"” when used herein to refer two

nucl eot i cwoenqukeseses i n a nucleic acid, can refer to nueCeatScaa/os@quences
separated by 0 to about 20 nucleotides, nore WO

2011/ 143659P /USZOll/ 036670 s ecifica a ran e of bout t 0 about
10 nucl ecPFdledllo seggeAtEOY b abpuf é{% S}G%Bl?ﬁ B AEIEAERH tdlr[eeémﬁurhe term

"nucl eic d’,ﬁglaqothglef ers to a nucleotide polyner, and unl ess otherw se
limted, includes known anal ogs of natural nucleotides that can function in

a simn | 2T oY 5(fheGerm ! C}Rﬁélg%l&gzaretf&s #Hﬁ&édt%a %NW& %ﬂh‘t‘é‘sk ‘8?1%&\91%‘@

[0017] Th m nucl et c acid 1 ncludes any formo I ncluding, for
exanpl e, lgmmmlmknmmm?Q@MfmwrMcKecm%)thatwhm 6inctisn @ DNvilar manner

representati on of nRNA, us aIIy obt ai ed by reverse transcription of
rresseéger(eﬁNg}Yk’ to Gatugs) Yaﬁﬁﬁ}“ir\‘nlgé]é‘tc{;% ®SDNA nol ecul es produced
synthetically or by anpli f| cation; and nRNA. 10[0018] The term nucI eic acid
enconpasd@dl 'éoubl e-Thsrterm pygleic aeidAndades oy feameolRNdsor RNAwsc|udgg, for

I t th
Pucrer o SORPEL e dREE KhOR: cnbIARRLE IO (RO ACh EBRARI SRl o e
nucl ei c aﬁRNIAn«aafhlhy@ﬂotam&ddjyubbasestrﬁmlﬂp@bmdfon@;séﬂgerRNA(rﬁRNe\o@t by of bot h
strands). [QQ 9 The termgﬁdﬁelel c.acid al] so ﬁY) ggassefs any chem. cal

modi fi catangitic sguodredayisticp Bf1ER10B o iMENNucl ei ¢

acid nodifi catl ons can include addition of chem cal gr oups that incorporate

addi ti0ond00tHar ge, Hsiterm peddeic |at:1~91 enprapassRsloybled Phigip feqstéa@ﬂ%g@%{@lp @cids,
i nteractign,.jand;f ‘t'é‘g&%ag@lé{oﬁéé g h{‘%upg!i‘ed' }“trgﬁ@lstr%h%h 1eRG gdbt%%ﬁcl% to

t he nucl eic aci ica S may I nc

nodi f i catdcahsraadcicedoRbe cc]i)a&ﬁein"siv@t(h S ugﬁnblmdnﬁaledatmmamdbnmot bodouble-

pyrim di ne nodi fications, . tion purine 20nodifications, nodifications

at cytosﬁﬁ@n@¥ﬁﬂ?ﬁ1@€egﬁﬁﬁﬁ§¥hgﬁ%§b§¥ﬂ¥$bns of 5-bromp-uracil, backbone
nodi ficati ons, unusual base pairing conbinations such as the |sobases

i socyti dilABI%nd i s Hhedmimanvcic apid wenpomRpass¢paohMpicel padificetiomiheseot,i n

cert 81'5 ﬂ@l?gki W&%ﬁl’yl&@l‘dﬁ laﬁ!i/%r 8}9 Eeﬂﬁ)’m %udl&g a&g?nodlﬁcatlons can include addition

of chemical groups that incorporate additional charge, polarizability, hydrogen bonding,
electrostatic interaction, and functionality to the individual nucleic acid bases or to the
nucleic acid as a whole. Such modifications may include base modifications such as 2’-
position sugar modifications, 5-position pyrimidine modifications, 8-position purine

20  modifications, modifications at cytosine exocyclic amines, substitutions of 5-bromo-uracil,
backbone modifications, unusual base pairing combinations such as the isobases isocytidine

and isoguanidine, and the like.

[0020] More particularly, in certain embodiments, nucleic acids, can include
polydeoxyribonucleotides (containing 2-deoxy-D-ribose), polyribonucleotides (containing
25  D-ribose), and any other type of nucleic acid that is an N- or C-glycoside of a purine or
pyrimidine base, as well as other polymers containing nonnucleotidic backbones, for
example, polyamide (e.g., peptide nucleic acids (PNAs)) and polymorpholino
(commercially available from the Anti-Virals, Inc., Corvallis, Oregon, as Neugene)
polymers, and other synthetic sequence-specific nucleic acid polymers providing that the
30  polymers contain nucleobases in a configuration which allows for base pairing and base

stacking, such as is found in DNA and RNA. The term nucleic acid also encompasses
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pol ydeoxyri bonucl eoti des (containing 2-deoxy-D-ribose), polyribonucleotides
(containing 25D-ri bose), and any other type of nucleic acid that is an N
or C- gl yowei2da/aBésa purine or pyrimdine base, as wel | a&sTaishe@n/op@hymer s
cont ai ni ng nonnucl eoti di c backbones, for exanple, polyamnm de (e.g., peptide
nucl ei c |d nd pol holln co rciall vai |l able fr t he
AnE1 Vi ¢ AT PRSI sl SN DS VST AC> AL Igon BF O gimBr &b Bad S HE

synt heti C6 SEIMRDGRS 5P9,7H SIENE Ilﬂcoﬁsdrgte@ﬁ&ﬂém>sre@ér%eqh ﬂelﬁéaﬁ}et%m 30

pol ymers c¢ontai n nucl ecbases 1 n a conf i guration wh | ows ase
pai ri ng dhelr BasleswstatkNdg, such as is found in DNA and RNA. The term
nucl ei ¢ acid al so enconpasses WO 2011/ 143659PCT/ US2011/ 036670 | i nked

nucl ei ¢ 40024 ( LNASDhe nalolcidhacid(e) aaderdechieet fromld SmiPatlgrihemNial symthels, 499,
6,670, 461, 6, 262, 490, ? d 6,770,748, mh|cC are jq%orp%mgted her ei n bﬁ

r ef er 8nc PPESE BN asghtqlidgbgsepedipigdichericabiypiissis semaRlogicalgourcehaichycl ei ¢
aci d(s) L, ~ Sy S, such
e o a0l [ e P PG SR R B e TocRIRERE™. o
such as thﬁugﬁwusmnmﬂmﬁmxﬁmmmwEnwKEﬂeene@mﬂhdnobgpdu@asuduwuﬁﬂé acid, or

L oM P OS8RSRl i BT E R BT LA Bl oo o

transcrlqﬁbgﬁgmor froma conbi nati on of those processes. 10[0022] The term

"sanpl e nucleic acids" can to refer to nucleic acids (1) in a sanple taken
direqgpl y [pos] @ SUbl‘ R%Erm (s%}nﬂlé‘n@cl&? aGhEO%hn Qb r@felst%%kﬁlct a%lﬂﬁrtljjfnraes%HpYe from
a subject, and (3) 1n a sanple raction thereof, that has” been

subj ect edaltem drectle AbmensubjetdP) msy, frastign of plsaanlpltatﬁendatect@nfrOerﬂubj act, ang

necessary o di sti ngqui.sh.anpn meani n Iar i ng | anguage i s used;
for oxanp bt erao S sRridgotel 15 Ba BERpHEuaS I et o BE 08 o
15refer tlﬂeeﬁnﬁﬁmah@n OfVhBKCk R Ifec@oﬁiu?sto URahgN Y SmOELMeSURAL SR RIcIbSfying
preanplification. [0023] The term" et nucl ei ¢ aC|ds is used herein to
refer to lp@vtagwuaﬁd rfgt¢>enmle@|“@e%anmh ed’dssmnde’ eat “ipreantpdifiegt pedeic deld&rl bed
her ei ed here| rn1"tar an%PC|EOtIq uence" refers

2
to alﬁnlég Fg ?%mﬁ’ ‘%ﬁ %aFﬁ% nuépggle REE-OP get nucleic

acid, s UC[HO?:ﬁ For "ﬁ{(%% arget nuclelc acids” is used herein to refer to particular nucleic

3‘10&&1?

acids to be detected in the methods described herein.

[0024] As used herein the term “target nucleotide sequence” refers to a molecule
that includes the nucleotide sequence of a target nucleic acid, such as, for example, the
20  amplification product obtained by amplifying a target nucleic acid or the cDNA produced

upon reverse transcription of an RNA target nucleic acid.

[0025] As used herein, the term “complementary” refers to the capacity for precise
pairing between two nucleotides. IL.e., if a nucleotide at a given position of a nucleic acid is
capable of hydrogen bonding with a nucleotide of another nucleic acid, then the two nucleic
25  acids are considered to be complementary to one another at that position. Complementarity
between two single-stranded nucleic acid molecules may be “partial,” in which only some
of the nucleotides bind, or it may be complete when total complementarity exists between
the single-stranded molecules. The degree of complementarity between nucleic acid strands
has significant effects on the efficiency and strength of hybridization between nucleic acid

30  strands.



20 anplification product obtained by anplifying a target nucleic acid or

t he cDNA produced upon reverse transcription of an RNA target nucleic acid.
[ 0025] As weedilngs@dn, the term "conpl enentary” refers tecrlis2capasiaey for
precise pairing between two nucleotides. I.e., if a nucleotide at a given

posi tion nucl ejc a s..capahl e of r.ogen bonding with a nucleotide
of anot he[%?fﬁm eic §@F<‘dﬁcgﬁ‘€ ifH n?meﬁd%%qa %@%BF ABuClPE 2R A dER Lo be
conpl e”EQ{u%feﬁtla@séaﬂénc%rimﬂ%%sé}{cefo?é‘ﬁbs&%hltﬂlﬁdﬁng (oML TR MR Eéﬁu@ﬁée‘é’een two

si ngl e-stranded nucleic acid nolecules may be “partial,” in which only sonme
of the nuyvtsotindbshydirniization mlxtunmvndaedcfhrmwal@emnewmdatomls Efbm@loefrsklrhltlarl ty

exists b nthe s strand degre lementarity
bet ween Lt RS aEoRRa Haf PR T tegut o d sty ik aepE SRt %W Reiency and
strength @ u@%@hhgh&ang@bggﬂM@@a,nuclelc acid 30strands.

2011/ 143659PCT/ US2011/ 036670 [ 0026] "Speci fic hybridi zati on” refers to the

bi ndi ng gpggynuc! eifg gt enBoliRtdRt nWHi SRbh IS LEANANEL ubd: i g@RSence of

substantia blndlng o ot her nucl eoti de sequences present In the
hybri di z dtybodizationt conditiomde hel pliiasge’ &Mgenhl@émrdyzauolm donditoors.” g¥inwslly wferski | |

n the art recogni ze. that r e bridi zation
condi 11 ortd 4P BR RSB ahes TR ehRRCh oA B et PLP SRl Y OBEIT REBE T cul ar
enbodi mentspedihE ﬁd DZ&t 4 QREIRIBqEALE hadItikd WHeErSL HAPH. Ry bgdddiez@iﬁl on
condi tions. The phrase "stringent hybridization conditions" generally

referld t dhaTméqubert%mmﬂr@turemta‘fhidn%geomﬂamnalfdgublwtrﬂ@eébwkewz@@l mple%l@ﬁ bel ow
than the b%‘ca'lo%n'%s 1% 81 i c{J o Sin sgré)ﬂ’ds%ﬁf ﬁ I” talefi ? ﬁf ”lat ofth eflcI ned
n e

ionic stre and use erelrn mis eﬁbera ure at

whi ch a mamglaaé weln k@cﬁw@l ﬁuﬁhb artqgerea@ge@efg& h@d E:uaﬁlleri(me’vmwmﬂ)]b@ anes
hal f-di ssociated into sin e strands. ds for calculatugﬁ t he Tn1of

nucl ei ¢ FENEEMEPEOG), VQdn GWQEﬂEOdWPI(EQéLA% ONB¥p J&iC

(1987) |

(1987) RO ENPAGL A oo Gy o L BT R O &M@%w

MOL ECBL AR.ABORIANG R A M ANLASORATDRY . ,NW&IIJALl 3ZGlﬁldEEﬁ)ri,ng\I‘ﬂrﬁ)r Lab8ratdzg), doBpr i ng
Har bor Laboratory ncor por.ated herein efere ce lndlcated by
st andar d IP%%%Wéé@rel%{%rer#ﬁ%ceﬁsﬁsﬁ%ff igat %bx ﬁéﬂ (ﬁé?rﬁ%ceﬁa%m AP by
the equathor;, ik iid: &t%uﬁia&e@@*@mgw% T, MUALPIE 6] G+ LR HnAGHERHS

solution at 1 see ) erson and Young, Quant’itative Filter
Hybri di zatcidois i quNU&H_EIhﬂlmt D MI\PWIID&GZAEI' gmnd&@%m)d YEFm felanfitagve Filter

nybr i zeh Ry i KDy RO PR ZETON QB 2 Bhs R rERGPhae ot ur e

( DNA,2ORNA, h;%mqamwetdoﬁa&mﬁj foir R@InREMtHE bri@izatii) bﬁaf@éwladrta,x WrRu9factdre
target nucleic acid (DNA, RNA base conposition, present in solution or

i nmobi | | zeeh asihd lengeh mdk@}ure 48 Nfe RN A apheors pathcaningr o afabs aadd ot her
Corrponentnsau&g oPthe téIE gtr%h c?fc? g?lg Rﬁ%%ﬁseogo fpoors% gr%Sen Weﬁt [rh?tnonsol%l fate,

pol yet hyl'ene g yco ese orsPare nown and are
di scussedmninfobslizddaidthe ﬁf(@)[ W ElS ad thelcblcentrhtion bff Jat i@t dtér components (e.g.,
the presence or absence of formamide, dextran sulfate, polyethylene glycol). The effects of
25  these factors are well known and are discussed in standard references in the art. Illustrative

stringent conditions suitable for achieving specific hybridization of most sequences are: a

temperature of at least about 60°C and a salt concentration of about 0.2 molar at pH7.

[0028] Non-coding RNAs include those RNA species that are not necessarily
translated into protein. These include, but are not limited to, transfer RNA (tRNA) and

30  ribosomal RNA (rRNA), as well as RNAs such as small nucleolar RNAs (snoRNA; e.g.,
those associated with methylation or pseudouridylation), microRNAs (miRNA; which
regulate gene expression), small interfering RNAs (siRNAs; which are involved in the RNA
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stringent conditions suitable for achieving specific hybridization of nost
sequences are: a tenperature of at |east about 60C and a salt concentration
of about Wo20mmi4a¢59at pH7. [0028] Non-codi ng RNAs i ncl udecrhiss@ 1/8b#76peci es
that are not necessarily translated into protein. These include, but are

not limt.ed ransfer and 30 rjbosomal RNA , as well as
RNAS sucHnT%fte’éeﬁﬁ?( Iﬂgt)lpéﬁt%y rxéhnts % re %ltgthe %ﬁtﬁé@oagém &G t h
met hyl at iR nfe aqsi%&ﬁ%t\féﬂt@tdt gmnumarza%ﬁmfﬁd(l g er/et%n{aaalttrattﬁr&ﬁﬂg A

expression), small interfering R are involved 1n the

WO 2011/ lwgaﬁ@emﬂmMmt/c@Bﬁﬁg?ENuAmt(mﬁMs n’dacl( MI}Naatrhmayqomﬁi@ree t hey
interfer the ex on of .s i fi nes, . but, have a een shown
Lo ot - ndnER SRR SR R B n R R e SIS SRR 8 or
genons) apghsdipMonhlNicak 88drchg d%h@sﬁotmlsﬁ%ﬁs anthitRdr deREHD Rl at &irm 16RNPI exes
through interactions with Piw proteins; these pi conpl exes have been

| i nked t@eﬁs,tp@awsl@rliyrthmnaBpfg‘én@ggtl@smndgomgnqttetqd@tgﬁﬂépdmaglcah@sm her
enetic el sS.in e I i r t
2o ns oS HBEPL oSS P BE pBRAC v

non- codi anscr S that are cgally .l onger than abou

nuct eot | d0391° oozléﬁq‘ﬁﬁémt erlrﬁmgrlréﬁdﬁua et RS o RBl R B R ettty
nucl ei ¢ agbf, tdAatally Shé@drakdnvBIoynue Retilies, gﬁn@ﬁahwarwgh&%r thdhe1p0200

nucl eotides, nore particularly, shorter than 100 10nucl eotides, nost

partiléul amhkeotlémwetrparmrharbn shrter dwni S@Gmclew@tx éﬂ}tp;callm,l qlg@nurdt:@uteﬁ gigs are

si ngl e- stranded [0030] The term"prinmer" refers to an
ollgonucleé¥e§: %%@Fﬁ?sng§%6§§e of hybridizing (also ternmed ' annealing )

th d t t te. f tid
or oy 0§ 2 at TBHewn el gt g 4p SRR BT R g i 8Pt Rl EEH Rt ence
Of f ou r kalsdidrhRl eﬁﬁneﬁ@%ﬁ&ﬁ!h@?nﬂc[é@ﬁ@é RAPLSSingRG aR [‘hlﬁ-ﬁﬁﬁ%lt@ @br nucleotide

pol yneri zati on, such pol ynmerase Or reverse transcriptase) in
an appr oriRM er DY) o lyamatizatiomurgder taambprlate apedigensr(ge., Mhbe apsensprof &avs | engt h

? ;p? Cl {}‘JE ff?rep nuc?eo#ﬁn tri %8;[)19516 nd %nl’alt%gnt or Qﬁq eré%a%rrl,aﬁuicftjtat§ BNA 0 rl%N%r €

eas I'C ange from 10 to

30 nucl eqidl;dﬁaas&rr eVt tRANSEiftyIR) ﬁaetﬂ apptdsptma&ff@ aﬁ@ atrwﬁjlﬁbleltélﬁpera!ui‘e
| ength. Ot her prinmers can _be 20 somewhat | onger, ,, 30, to 50 nucl eoti des

| ong. | n Hhsiappeeprieiedensth pf o peimer depgnps on @ﬁér@ndeé vtSﬁ ef reings, Wyt pamers
ol i gonucl ?%lpt’c%n ot UG HALG a%gh& Mﬁe élélxgo'ré @’ ?ytr g%éfo?ﬁ'?ng{) gdc‘gq‘ﬁt?cﬁé/oud%é“ get”

sequence an s nucleo e syn es general
require m@ivar mbemy@rcalﬂyufrem 150t0f3®rn’mc1€euf1ﬁ¢s§:1rdlﬁgtkl Sitlado Ipeinteydeancbeconpl exes

with the tenplate. need not flect the exact sequence t he
t enplt e HECWRASOE: 2. Sir i TN E A G e e g A R

tenpl at e.thdB&ibE ofn BlikdMRbIctidor RicleiPididRlat RIRIHING t8h t8mpleRicttady t@rdehe

sequence and primes nucleotide synthesis. Short primer molecules generally require cooler
temperatures to form sufficiently stable hybrid complexes with the template. A primer need
not reflect the exact sequence of the template but must be sufficiently complementary to

25  hybridize with a template. The term “primer site” or “primer binding site” refers to the

segment of the target nucleic acid to which a primer hybridizes.

[0031] A primer is said to anneal to another nucleic acid if the primer, or a portion
thereof, hybridizes to a nucleotide sequence within the nucleic acid. The statement that a
primer hybridizes to a particular nucleotide sequence is not intended to imply that the

30  primer hybridizes either completely or exclusively to that nucleotide sequence. For

example, in certain embodiments, amplification primers used herein are said to “anneal to a



segnent of the target nucleic acid to which a primer hybridizes. [0031] A
primer is said to anneal to another nucleic acid if the prinmer, or a
portion twenenfi43dsybri di zes to a nucl eoti de sequence w PhiTnuSkéle/0ascé ei c
acid. The statenent that a prinmer hybridizes to a particul ar nucl eoti de
sequence is nat intended to. i.nply that the 30prinmer hybridizes either
conpl et e|rg}wl&mlé&@gus?glé|d§§%@tlgﬁa¥0q%m§%ﬁ>rla@r f@akféﬂﬁejg.wfrﬁéla REnpIceoliff
certain %%,%Qm%grin?emw drindd! ﬂia@l&'tgﬁ{éndéfe%ﬁdgﬁaﬁgeahﬂ PQ&%M?% Q{l&d}aéeﬁpneal
to a WO 2011/ 143659PCT/ US2011/ 036670 nucl eotide tag." This description
enconpas geslepfidareaqsendeat. ganmargét nuhisbtige sequerve. Such kdiriddeimerg cammewebd  as
primers that anneal .parti al .to the nucleotide tag and partially to an
adj acent tﬁﬁmegg?oﬂtﬁé)f q@é‘ﬂglg’,%tl%t}be?,cmél'target nucl eoti de sequence. Such
hybrid prinpers can jncrease.the sp,ecfificity of the anplification reaction.
5{ 0032] TH4&r m " prififefrop apimern e Fafepsdo 4 sstedt REFmass | § el WG 5

" upst r eargRRAABE “foRbard PIVEF GhaPhytRfizes WAL thO¥Ohhdhr&SoMhe B Lo raRBAENt
of the S'qﬁenér of the DNA sequgnc% to be aoni?i&]gg and a 3 "rﬂlgomstream
primer" oxqianey arsearpplifieerdhdtabidtdowybstred mzrsmen” oh “teers@primad’ thét ybadgeguence

to be amplifij.ed., il be recqgniz t ha of skill.,in the.art, the
Lo - bt B cadal st G AT dacdn ogeotizod phosipeHifin

10i nt endafe 6@, the tdrmSHtipsi@ambP dhd r@NRIrcAh oY dBrlditgld abloge aké gott ation in
particul ar enbodi nents. [0033] A "probe” is a nucleic acid capabl e of

bi ndilAg tiatcadedato detlintiting.diug rasedr provide bpiraivemrigniptige quesdevlarmnehogimens or
nore types of chem cal bonds, generally through conpl enentary base pairing,
usual |y t[@03igh hydk Sgebe’bordutckinatd capableld bifdorgriorgametimpll@x asitiofict ur e.
The probe binds or h%bri dizes to a "probe bi ngi n .sihhe." The %rot e can be
151 abel ectoMAgMEEBeaEt Brugant op Mosy Rpe Pecemicibeids, eerdll Touepy ope,
parti cul ablipl @RGRary basdB 2R, hedalRRough Bedoksh bl BRARIATRAL #hih@h g6t .

Al ternatively, however, the probé nmay be unlabel ed, but nay be detectable

by speci fdupldistrattoge- wiherprabd biganer hythaidizes to atplealhinginglsie.” direerobg/cagrbe

i ndi r,ect l,v.. .Prohes can r ignificantly in Si . nerally, .probes are at
| oast S5 sl Ed RIRR dE MR M Rt R dotloR o Bre RS Rt ar P88 ™ 5,
40 nucl egirbsteisaslhgBadiz& td its cdthpdéh@ttagrtaiges AkenabRBYRGHcV@NBE prob@hdytheat

| east 50, 60, 70, 80, or 90 nucleotides |ong. Yet other probes are |onger

still, arihlabeledgbutinayshe daestablely sprpodicdringipg withiadigand thwe & Ipbalefl. cph@bes can
| so be of IS, Wit hi - f b
vai ves (st gL FbudsGat bl Sl a0 G SRR B B AU P 200

be perf eablly noclkplidrenteapth. t@hthgobaragett Inast L@ 30, 3b4C huklseglvevng. Stillcan be
| ess than perfectly conplenentary. In certai nbodi ts, the prinmer has
at | @lst WEGETEREN Al P HERENES ?lg%ﬁhlﬁa%é&cﬁﬁpa%egsﬂwlmdeé&n@ uence
over a Secﬁhk‘%’f)?@oe@far Bnéé%%ﬁfl, AndWEhaeLd 46615005 R 6r>ﬂ%r€%£l¥ot‘?d’e‘§rlor?g. Jeghsnce
in the range of 10-30 nucl eotides, and often over a sequence of at |east
14- 25 nudaeetsodesf aaninpthrtbatos vithinhary rangd masded/Bparnydefithé ahoveanluer bsg., 85%

. . . . o o o
|dent|ty,lsqﬁollu?c?esotﬁdgs()h/{)llegg%ﬁ|ty, or at least 95% 96% 97%

[0034] The primer or probe can be perfectly complementary to the target nucleic
25  acid sequence or can be less than perfectly complementary. In certain embodiments, the
primer has at least 65% identity to the complement of the target nucleic acid sequence over
a sequence of at least 7 nucleotides, more typically over a sequence in the range of 10-30
nucleotides, and often over a sequence of at least 14-25 nucleotides, and more often has at
least 75% identity, at least 85% identity, at least 90% identity, or at least 95%, 96%, 97%.
30 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



3098% or 99% identity. It will be understood that certain bases (e.g., the
3' base of a priner) are generally desirably perfectly conplenentary to
correspomaipngiibaseas of the target nucleic WD 2011/ 1436PePTBLAISAB6LTI¢ 036670
acid sequence. Primer and probes typically anneal to the target sequence
under stringent hybrLdiz%%ion condj tjons. {0035 The term "nucl eoti de tag"
i's used HERRICHUENSCr Erigier prfl BroBrsyBicalyinical )RiRT BEIS! SIVSRIFUBIIERS RGN
added t o 1Rphial964n MaltRRALI de sequence. The nucl eotide tag can 5encode an
itemof information about the target nucl eoti de sequence, such the identity
of the t nucl i s . dent j t | e .from which
the tar g(aa[tbgﬁg cl eot ieﬁfaetglglau@%gegﬁ\agga%gé%Erﬂs\%gg.gl%%{ocréﬁe?féol %Blgegg%g?ﬁnlg%t S, such

i nf or mat imklcoaye aguencabads adicdnea argermuelcotidd eqtiénde. Tagaucleotile tagican

conbi nati on of two nucleotide tags, one on either end of a target

nucl edt i créw%%qﬁs@ms# ETSHeB RO fie fAERShRTAISPIIGE Seeneca Syt th ienrfdae
sequence., 19| 136 BRIV RL Rienfit) R HRY FmpRNEOividcH 8RGLOMuclB]gES tO
reaction ?# ﬁﬁg%ﬁhats%ghst one naglgotﬂﬁé t&b IS add%d to té?gef

nucl eot i deqemgeenas derivdc e otritaie einbgdineats, Hehaddedatidnonaebaepioded imyongmr
"encodi ng PCR' in.which the at l.east aone priner conprises g targef-specific
por t1 on SR A HEETSORRIE & g OPUUSATRA A L B dSEOPRS HECifisf GETSkbobt 1 ¢
portion, et kAP debhd® tart HRbIEMIRASIBPoORE YardetnEBE6GdSRGGéHcLC portion
or a target- 15specific portion and a nucl'eotide tag |ocated on the 5 end
of the { 3pasd)- SPeCiAd Gl HEkiiR e €RA -bdotiSlyraldiv RXATR facqin BB gt 0cO! s
appl i cabl'e to encodi ng PCR, see pending Application US03/37808 as wel |
as U. S. Past oiNong @08 48lis allecll te attarget muaipstidascqabse. Daickuitidd tdgy cambe
"encodi ng l.igation" reactiqn that , conprise | igation reacti.on in which
at | east JGHEEER i i e SEuod Medit: FRBER T e it e SROENSOA de. t ag
llocat ed QfrgbhgeeificqdeiPMld 4 R1doANS Bl 18RRE] & the BOEAd ONthe Agetasps@goONd pri mer
that conprises a target-specific portion only or a target-specific portion
and a nudlogidar, ded & agrond paimsd thehcarhpriss oshyd: tefget-hirectizrppetionspiexiatget- portion.

|1 [ di i ' ] , d i bed., for. | e,
0. 5. TBaf RYOREBPTocnd A REco ST 85D AR SRl B Nei R L 24y

r ef er encélliigiratitvs cembplELSHRCRPELtOIdI Paplicablt & cricdink IPR, is@pdndapt Wons.
25[ 0037] As used herein an "encodi ng reaction” Lf)r oduces a "tagged target
nucl eot | dtPRiEARMES03/3y#{18as walkasddesPe. Naér@5t45d e Nuglporifia lags catpalso bar get

nucl eoti da%déc?g)'?l 5y G&1’coding ligation” reaction that can comprise a ligation reaction in which at

least one primer comprises a target-specific portion and nucleotide tag located on the 5’ end
20  of the target-specific portion, and a second primer that comprises a target-specific portion
only or a target-specific portion and a nucleotide tag located on the 5 end of the target
specific portion. Illustrative encoding ligation reactions are described, for example, in U.S.
Patent Publication No. 2005/0260640, which is hereby incorporated by reference in its

entirety, and in particular for ligation reactions.

25 10037] As used herein an “encoding reaction” produces a “tagged target nucleotide

sequence,” which includes a nucleotide tag linked to a target nucleotide sequence.

[0038] As used herein the term “barcode” refers to a specific nucleotide sequence

that encodes information about an amplicon produce during preamplification or

amplification. To introduce a barcode into an amplicon, “barcode primer” that includes the
30  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

9.



[ 0038] As used herein the term "barcode" refers to a specific nucleotide
sequence that encodes information about an anplicon produce during
preanpl i fwoabiion3ese anplification. To introduce a barco#eTiust@iasseanpl i con
"barcode priner" that includes the 30 barcode nucleotide sequence can be

enpl oyed in i fi c on reaction, For anmpl e, dj fferent . barcode
priner aeﬁClE)gp %H%B%m 9 rs@fﬁﬁmio&weh g1 fieraod a&%le UEALSC oo
2011/143qggggmﬁyggg&;EQ§g@;gnﬁg%g,g&n@ nunber of different sanples, such

t hat the barcode nucl eoti de seguence 1 ndicates the sanple origin of the

resul tingogdg! i CO”SThe[tQQIg%m‘Eﬁce affTR! &1&&911&1 gelfqgléﬁtre ré’fgﬁsg%m nator

sequence" refers to a subseque a Ionger str
pol ynucl enbscdecriceat alendedsuttidratrarpod pnlynhﬁemtldéehaﬁdem;ermtgam ®ihahickotity

mel ting tenperature, from anot her pol ynucl eoti one containi.ng a
di ffeéentdlmgmshévl? Be P FERFFAWC; TIPS e&%@ﬁ%ﬁ@%dm&oanw HeBiN s ei n

Wi th T ef SfgBeR bl AR A isRindhkBPLogubie. term " target - speci fic”

nucl eot i guence refers to a sequence that can specifically anneal to a

target n c acid t.
annealingﬁgﬁﬂditioﬁég&fgﬁggﬁgﬁkg?%§%ﬁ8%er en mn?ﬂgﬁnﬁgggﬁgéH% Al gortlon of
a prinmer,sptdific’t mudiotidd st@ehide fdrag- spgatifdechngeh gmicifiballg emeahwed'targef ers to
a sequence that can specifical]y anneal o a nucl eotj de t q under suitable
anneal i ng'¥¢ M %%tar$%92@f¢i |SFARaE H fd"i”ﬁ’@a I%g‘i%‘g efesent

t eachi ngs enconpasses anérneans by whi ch at | east a part of at |east one

targdl nU@Plc aci ddywsed slfeeuwéb@efeltep@@ ©a poytipmhoba piamel. sheeterm Sangirotident
manner, g§ n;ge% ff@mi’&'letoﬁgé‘&ed&eﬁa 3hfQNo a%e&t[eﬁ@éjtha? es lint e aﬂmgaﬂq f or

anpllfyln el c acl uences, elthe I hear or exp nentla
I I | ust r atdu¢kotigang uhoer sp&aljlelamaagn@aorﬁnmﬂnsf yi ng st ep include I|i gase chain
reaction (LCR), ligase detection reaction (LDR), ligation followed by

Q replicgagagnpli figm llﬁ’éh,tloﬁ’%or@lﬁlg R& the§¥ &Rt Mhings teh 8nHp B SINFGRABO by
anplification (SDA), per branched strand di spl acenent anplification,

mul tipl e vlochy atslpqtséé @ﬁeﬁf atlapsitione tasgdt srcleivpald is renspdiiced Axpigallst inriempleieed

| f |
o 1171 P ARk b O e B Rus b3t P bl ©
conbi nat imikid dved egfuendes, reltﬁxlalﬁmlaﬁly u bxp’imbnﬁalm tIHdstltaﬁye teMPACRpeREZRlifAE A,

LDR/ PCR, PCR/ PCR/ LDR, .PCR/ LDR, (al so known as conbi ned
chain reaaetml vipgiep inglede [Fgase Pb@éﬂ r%ewﬁlﬁﬂ)ohgaseﬂe@aw eaeimi §dd9- can be

T\/glljll 3 gl 12 5ij ID Q)v&%ﬁ %‘grQ %%ffcgé%samplﬂ‘fﬁgﬁén 2025 Iprlme?gﬁegglbﬁ{rancfdlgﬂgwrﬁé@ ry

arnphﬁcatlon (SDA) hyperbranched strand displacement amplification, multiple

20  displacement amplification (MDA), nucleic acid strand-based amplification (NASBA), two-
step multiplexed amplifications, rolling circle amplification (RCA), and the like, including
multiplex versions and combinations thereof, for example but not limited to, OLA/PCR,
PCR/OLA, LDR/PCR, PCR/PCR/LDR, PCR/LDR, LCR/PCR, PCR/LCR (also known as
combined chain reaction--CCR), and the like. Descriptions of such techniques can be found

25  in, among other sources, Ausbel et al.; PCR Primer: A Laboratory Manual, Diffenbach, Ed.,
Cold Spring Harbor Press (1995); The Electronic Protocol Book, Chang Bioscience (2002);
Msuih et al., J. Clin. Micro. 34:501-07 (1996); The Nucleic Acid Protocols Handbook, R.
Rapley, ed., Humana Press, Totowa, N.J. (2002); Abramson et al., Curr Opin Biotechnol.
1993 Feb.;4(1):41-7, U.S. Pat. No. 6,027,998; U.S. Pat. No. 6,605,451, Barany et al., PCT

30  Publication No. WO 97/31256; Wenz ¢t al., PCT Publication No. WO 01/92579; Day et al.,
Genomics, 29(1): 152-162 (1995), Ehrlich et al., Science 252:1643-50 (1991); Innis et al.,

-10-



Col d Spring Harbor Press (1995); The El ectronic Protocol Book, Chang

Bi osci ence (2002); Msuih et al., J. din. Mcro. 34:501-07 (1996); The

Nucl ei ¢ Aw0doRAraseseol s Handbook, R Rapley, ed., HumanaPPramssgoii/sdeoma, N.J.
(2002); Abranson et al., Curr Opin Biotechnol. 1993 Feb.;4(1):41-7, U.S.

Pat. No. 6,027, . U.S, Pat, 605,451, Barany.et al CI 30
Publ i cat i'§rK Repto Q}%‘g’vﬁgﬁﬁéwwagﬂwhcweﬁw@?@&érﬁ 1R%(E ; Vﬁlw/aézm;

Day et aly %8{&1%10%9181361 é@@zob@%\oﬁ&%%ﬁénau%mﬂ I16fcfin 88.97- 208
252: 1643- 50" ( 1091) is et al 011/ 143659PCT/ US2011/ 036 70 PCR

Pr ot ocol SBelgrader Beranp, dudtlhbds Demdlopmpht afat Moltip] exAIc:tgdmn RethetemR (at9@0) ;

[t oot | oD BIAb SO0 RGPk ARyt AR AT B P hrent of a

Ml ti Bl exaldiBdld AhO/beatWigdwRsact i on DNA Typi ng Assay, Sixth International
Synposi um on Human ldentification, 1995 5(avail able on the world w de web

at: pr owﬂg@n@gﬁﬂqg@g@tqtléldemwms@pm@bkeé@ﬁw@br)ablCRtIﬁut InsjructiqorMighyal,

Proc. Nt I S HosaReanEiuseig 2op TRy R gt NIYSIERF sok USLATTORGY us

Res. 25: 2}32(49QQ531 éﬂ(ﬂ%bro&'t MNiicl eAcidd Res. BBCD24-205 0(1893); 7241 4], Nkl |
(1999); Dean et al Proc Natl Acad Sci USA 99: 5261- 66 52002) 10Bar any and
Gel fand, Asef&esdY-i0iy(ind89Y): Daat ket - Brocdvatl Asgebet U 89:Re61-6662008%1- 96

(1993, Sl bty GBYEIPL11 Bl Bl G200R1c1. KA GL a1 GrorTe
(1988) | DemTIoRolst ot ExPAIC éﬁe@;\/sg/bilggtzg)ga) 1302 MOGENBHER:GLBO3. . Cook et
Do B otebrniR)2Yh 60 e Lanerergn &l s cbics 2077 RIS Blmbr eV U o Pt

No. 6, 0275888 ReV-Mol Bﬁgn Pl 0 I\%v@@%@ 48, 'iQ)—BkPét'Qﬂ J CRttdroRoNOethhBO 096927 A3,
and PCT Publication No. 980367 0043] 1 n sone enbodi nent s,

anplifi cd‘ﬂaﬁm(@mdﬁi-%,e%:havtenlz@a&al dEmT@pm Biotfchndle 2@ gltrbrit 2E): 2[1)Jr7oUe%lLBaes of :

comph Brortary Teae Hos £ A W28 TR PEaRGer OHar bk BRI Gh hesi zi ng

at | east qaeveDOsEYE7A8, #fd POTIPEBlidadies Nod WO OSUB 34 e- dependent manner usi ng
a pol ynerase; and denat ur i ng the newl y-fornmed nucleic acid duplex to

separ at @ [ffgy|St r ands o Rn b RnmdlifiEROn UBhnpRSey £ R Gl oy AERIrgtd cati on

can corrprl se ther nocycling or can be perforned |sot ermal ly” [0044] The term
"gPCR" i §eqwdal‘mpeadmretscof r efigaling atduam pi¢ ptimgewrtk abmplenenfoy ymmbatsetlally

h t PCR k ' Ki t.i
go?;/nn'e: S P o 1oy 38s KDy dRie b e et o MU, e

used Jon &fm@aIebii@R in QtdiBplatchRPeitdebt AR Y USing @ pBlymdrake! BlCdRahdinpehdd
anal yzed). Illustrative re(b%?nts for a nucleic acid anplification reaction

i ncl ude, tsutly-Sorecd auclejcrcid@miex totsaparate thawsraaps. Bhﬁscycmmymrr mepnotleyer se
transcri ptq?ea? red. %mﬂi?fﬁcsanoﬁ CIPLAh S AMEL GGy Ao AVEL SR AT s diRRELEy. dYes.

nucl eases,
[0044] The term “qPCR” is used herein to refer to quantitative real-time polymerase
chain reaction (PCR), which is also known as “real-time PCR” or “kinetic polymerase chain

25  reaction.”

[0045] A “reagent” refers broadly to any agent used in a reaction, other than the
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

30 like. Reagents for enzyme reactions include, for example, substrates, cofactors, buffer,

metal ions, inhibitors, and activators.
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30l'i ke. Reagents for enzyne reactions include, for exanple, substrates,
cofactors, buffer, netal ions, inhibitors, and activators. WO

2011/ 143650R0T/1452911/ 036670 [ 0046] The term "uni ver sal eeTastilon3@robe” is
used herein to refer to any probe that identifies the presence of an

anplifica product , regardles of .the jdentity of the target cl eoti de
sequence [bb‘g@em 'rflreﬁe%r%rﬁéfa F@etaor]nfﬁb Ctig g hesripde g%rrta@eﬁprpﬁsﬁléﬁ i's

used her gjhRs ’ﬂ‘f‘efc}ﬁéseh.?e@f‘%a%%iﬁoﬁﬁ&?ﬁroﬁﬁ&%ghﬂ%& bfih‘é%dé‘n*ﬁ%z &Ftﬁé%@@& of an
anplification product during qPCR In particular enbodi ment’s, nucl@otide

t ags accondlenyde sequbrecipnesentt indine gradudtncl ude a nucl eoti de sequence to which
a detection probe, such as a universal gPCR probe binds. Were a tag is
added to [0647 ends Tife tarnt amrgestrsailqECMrbble’ is aspdeean tesddr to agy swh,protic
desired, ¢l ude, a sequence ecog ed by det ecti gn probe The

conbi éat.la iggntidigs fequgisatc lisee srmbrogustophaabt Bn 1B BRe i dent ty

or sanpl & sRuiR&tOhubREtdAd n%f&c%ﬁﬁl%tro tﬂé'ﬁ!v@ﬁ’t‘idtfj&nﬁﬁﬂﬂ@é"&ﬁucledﬁdgts%{) nee,

embodi ments, one or nore a fication priners can include a nucleotid
sequence tb ovhidti T fetectwdotpectic, surhps ebm]vesiat hPEB mobﬁﬁmm@r SWhemgRERE pradded toi n d S.
In this ner n t wo, . or. nore probe |nd|n be added to an
anpl 111 c APTOR 50 A IR MaOalis) Tt 1o SEUls oG THERIDRS of ¢ he
i nvent i Orlreco-gﬂ%ﬁ b9fa deldclibn probthehatdémbReRENbZRch Befuchf8 cRPssdok! i ty 150f

i ntroduci n% mul tiple probe binding sites during preanplification (if

carriléd dotoymaimen zhept iheiidentitoer fasmild sauaecesd thaitagpesl tesectienadeatidosequenes. eion t wo

or nore dlffer%o'ame Ilflcatlonn%%lc%dcagts can_ be de ven

anpl i fi cat T oRRoSTre 8P 81 gliot ™k Risr 8 pr“alsrréfvrrnc eerarrrupheﬁ.“@ee?e%rme 0

det ect i onwitipbdctettforaprabe, lsﬂ&remae@inb@sea RPORYABBe pmtimrn&hls rhanet, efe, Wivbhora
detectabl e | abel (e.g., a fluorescent |abel), as well

non- s equéﬁ@re%%cblrcileg sitesysieh Be addag fe fan 481pBREA NP Fgt éye%g thie ﬁerpéréicr\tgm
doubl e- sty %ng (;ir;.?% ]
"target-specif QN@&&Q %ﬁy% ‘Q.}‘E&hsi Eeo?glrﬂﬁntﬁgﬁer n[é%%al%gspro t hat
i dentlisf i ed 1mth&iuprng3mrit1pleqirot&rbmdmg siftdsctring preaungpdific atiahui i cagrigRER) arhias ed on
hybri di zat i ?r} of. tgg gPCR p quéfo a tar et. nucleotid uence resent in
the prodf@tP1Is8gH 11‘“11!9%111“8 tip ebGFBB‘ésW A8 TR AEFRIY @1 %Eﬁ‘g%r“% ANy, S,
Pat ent  NoyrodchlGn®LFotdtbliGha lgfich ﬁgﬂl@i@é@&ﬁﬂlx@ﬁ%%!r it BiRk&yrence in its

entrretyfor its descrrptrono rolysis probes. drol ysis probes take
advant ag git he 5° i r |Eg
pol yrrerage zyrre tTH%U[ %aﬁﬁﬁé’gg&é d}éfeE %Igﬁ]ﬁggmrsggsgtlﬁ%ﬁde ge ﬁ)lé)&%&a?égro e
t echnol ogybeldpplth edleﬁbtabl)eslalmlrse g. Fmﬁherresc@nt MbEA)as V\?theashmdlfsedmmbs-slpﬁ’cﬁhe is
I I th
abe %d probesasuch as DNA binding dyes, including double-stranded DNA (dsDNA) dyes, such as
SYBR Green.

[0049] The term “target-specific gPCR probe” is used herein to refer to a qPCR
probe that identifies the presence of an amplification product during qPCR, based on

hybridization of the qPCR probe to a target nucleotide sequence present in the product.

25 [0050] “Hydrolysis probes” are generally described in U.S. Patent No. 5,210,015,
which is incorporated herein by reference in its entirety for its description of hydrolysis
probes. Hydrolysis probes take advantage of the 5’-nuclease activity present in the
thermostable Taq polymerase enzyme typically used in the PCR reaction (TaqMan® probe
technology, Applied Biosystems, Foster City CA). The hydrolysis probe is labeled with a

30  fluorescent detector dye such as fluorescin, 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 attached
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30f | uorescent detector dye such as fluorescin, and an acceptor dye or
quencher. In general, the fluorescent dye is covalently attached to the 5
end of thwopoobe3@nd t he quencher is attached WO PCT/US2011/036670

2011/ 143659PCT/ US2011/ 036670 to the 3" end of the probe, and when the probe

is intact, the fluarescence t det ect or dy uenched by fl uorescence
r esonance® &ifet Gdef degtrabe. @ﬁ%ﬁy %ﬂpéolgﬁléb@a%{nﬁ@éhugr BRIAS O A SFIoB S of

the primggguddaftd Q@ﬁh&%&eﬁs@remn.@é crlc& &a%{sg&t(mﬁfp} ek ﬁ%bé‘aﬁﬂ%a@ PCR
reaction. Using the polynerase activity of the Taq enzyme, anplification of

t he t ar getowsistrernh ef encaafitbe plsmdrsrtb@ttdeﬂntwommad pf thegargetiatcldis acigp st « B&ER of t he

robe and a ,second i r that i,s.downstream o ohe nneals to
Do opoodriiats Tafnghe PRluofRt gl SRR TG A et Ricihsn o Bt o 1
ext ended, nychee dadisRRIKRB b3 DR hEARP BRI [sNPsir@Gh OMhWRHESR 4B sbahRl REnditRhe 1S
anneal ed, recognizes the Brobe tenplate hybrid as a substrate, and

hydr ol yz€s d@W@%@h@mféhQ pliobp bricanned!s tchidic pppsete strped Wm trges ingcleisasidi ok
irr evocab[hé/ eés%{ %%S Gndch xthﬁJdéﬁ“t%h ‘I‘&& &f fn%?és %ach? th9 NGN&hodXe: Bﬂel%.%
reporter resu % rnrnc g orescence w each

successi \moll;éﬁa afiyellel, rdco gm@éstth@ pfo@&terhp’ldfediy%ﬁld asp rs@thmat@ whd alrelyb@r use in
the invention can be capable of detecting 8-ner or 9-ner notifs that are

common i rPhoprRhodifsieh barls Oétthf‘enmbféanﬁ‘elsvda%%rea@whWPfﬁb@ﬁ@éeaa% g¢an have a
hi gh [§ ILNA
ahglogs qﬁ?ﬁ%ﬁ@%?ﬁ%%bfggEﬁsﬁj%y?§éﬁégﬁE%R%mhggginF repglsn?%h%ﬁ§ atén1or

nol ecul e deleator daordsecnas edthtcackp sureedered (e tyud¢. all per taruddroliy dyelgsis ipfababl e
signal. In icular, the l.abel can b tached,_ direc or indirectly,
Lo a nucl Bt Qrgpsgin the &V&nﬁon@meﬁmﬁﬁgﬁeﬂ e eb e dertesfrodhin! 6
probes 'Q%hﬁﬁﬁerHéh@ﬁﬁlQRLﬁh&Q?h@Q@&Quﬂ&ﬁﬁm@&ﬁﬂ&ﬂgﬁéui&&qﬁG@Qhﬁﬁﬁﬁﬂof

chronophores, nmass | abels, electron dense particles, nmagnetic particles,

spi n | abelbsyt ZAGCronhleled by shet usatof Enked mivkmd daadi 4 ¢ emdegs. el ect rochenical |y
active nol ecul es, enzynes, cofactors, and enzyne substrates. [0052] The term
"dye,l> aqd008Hd her €fle,tegeniebal ag used kersing mfam;o arygach ©r arol¢cnter thatrdaa be

nol ecul e t hat absorbs electro netic I at at el th greater

t han or éﬁﬁ%ﬁ)@ﬁﬁlﬁﬁleﬁ@?@%ﬁ@?&%@“ﬁé Q$$E# gﬂ%ﬁ?“@@é¥l %?9 herein,
general | Yo Sl digd iy A ndicen . N3 h reBlblccR] GGhbRIMANALLIE 1A Abi 4R pef | onger
wavel ength by a 3fescent mechani sm upon ‘i rradiation by a source of

el ect rormagnaehaddo pmheamcmde lsujcahe mt lnitedrtp, raduomhum@dlfbldmphoresa | aser.

[ 0054] The term.' elasto ener.a nean use in.t Thus,
For ) axaiacBhariscReR Tabelsertepbs) AeEiar s POy e o tiiosm Sip Jocbra eq. )
descrzn)besm@lbaﬁém&n@@mdﬂmgﬁﬁﬁmkn@s el@@tkdﬁl’f@ﬁ]&aﬁ?ﬁ la8fivetdoi@Eulds, LRARGI At Ur e

between their glass transition tenperature and liquefaction tenperature.
El ast onerdoéactas.canil ghayressibiiretes| asti c properti es because the

[0052] The term “dye,” as used herein, generally refers to any organic or inorganic
molecule that absorbs electromagnetic radiation at a wavelength greater than or equal

340 nm.

25  [0053] The term “fluorescent dye,” as used herein, generally refers to any dye that
emits electromagnetic radiation of longer wavelength by a fluorescent mechanism upon

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

[0054] The term “elastomer” has the general meaning used in the art. Thus, for
example, Allcock et al. (Contemporary Polymer Chemistry, 2nd Ed.) describes elastomers
30  in general as polymers existing at a temperature between their glass transition temperature

and liquefaction temperature. Elastomeric materials exhibit elastic properties because the
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WO 2011/ 143659PCT/ US2011/ 036670 pol yner chains readily undergo torsional
notion to permt uncoiling of the backbone chains in response to a force,
wi t h t he wackhionassehai ns recoiling to assunme the prior ®haps201/0846e0 absence
of the force. In general el astonmers deform when force is applied, but then

returnto heir ori shape when the force is renpved
" pol ynor I eHREIRIES 9663% uB%?fﬁ?rBFﬁHP% nqtiognto permjt ppcoylinggr't Miq%gﬂfl&?hé&s. de

sequence 1H'ré’s‘§6&%%% FOCE UK Rh thelJabiSion@lch¥iRs PROHRE o Ek%ﬁﬁe%e ﬂtr‘f‘o’f%%haﬁe% td | el es,
each occurring at frequency of greater than 1% and nore typically greater

t han 10%abscrRO%f dfc farcs ellegeredal pdptidracts daformy vpicdn;fnme phanplisd tt theep rblera®
smal | as6ﬁne bas c markers include restriction fragnent

air.. Po r
| engt h pof'§hBYPhR aWﬁﬁEﬁb#%qgﬁgﬁgﬁFQVﬁ mber of 10tandem repeats (VNTR's),
hyper var i e region tellites nucleot;de r peats trinucleotide
r epeat55 [sgﬁ]anucl e(%fp%l@mf)g%é%%fk%.%ﬂ)@ REKC 18 Beagus at wBIBt i ons, and
i nserti Orhu%iegﬂ&péeﬁu ml@c‘{'%ﬁ\lcb' occth€ Ifll'uEt‘?étlde‘iIﬁa{}kérg h é’clléeﬁ{ tvfo JIRIAY dRh

arbitrarily de5|gna reference formand other allelic forns are
desi gnat edcasinglat ﬁfcqlaitlcy ef gneatvathlaaﬂ% ahd eioecstypiﬁaﬁy gtdatslr illenf 100 e Laof & ng

nost fre ntI ed | at on 1S so s referred to,15as the
W dtype FEritPepBeBrh % gl RER S e B g B ou e sh Bt BSYBBLLT or
allelic frﬁzﬁrﬁ@rs 1&1@(!63116&tﬁhﬂl@n ﬁ)QérMéH?'l 1§156191%§r§h‘1@n (RO I0s), Aribbledub®bt 6

pol ynor phi sm has three fornmns. 56]A "single nucleotide pol ynor phi snf

( SNP)10oc d&m@naltepaat@6Wﬂf8rqam>wemarléblocl:vngmSeanmyatdhmsn@n@clmj@eémqa@e whi ch

is the sit.e riatjon,het i ¢_sequences. 20 The site i.s usually
or eceded By el R s RebeRaRARTRe el S BT ERTEE el oo Reb sy 0 (2. o

sequencesnidiadn sadynth Budh&&%lh hahe ﬁ/rsl Odenaificd 41RO R A bBragily dddnated as
popul ations). A SNP usually arises due to substitution of one nucleotide

for anot Hb¢ reé@reltlcr?efomayqirﬁ?h@haléeh§|f9@w ae deagrsated asrmltceativeor wslagedipdest of one
purine byn?erh%ﬂgt? I{Mrdec i m%%e§¥5n§W195@8e8 dﬁgﬁhﬁt?dn @é&h@nﬂéﬂ%ferf%d to

transversion 1Is enent urine I né or vice versa.
25SNRS caus tid wddigpe ﬁc&nf rioipicad dejagisim mayfbealammbrg@tslaiélemozagomsrfse afidlen of a

nucl eot i e rel e to a reference al]ele. As used herei t he phrase
"the rel fg&b%f He RRIPOTRIFISTE s o iGEmsn él.‘r’f‘éil PRI LIS S At | o | y

mai nt ai nefgrmgnd | i ke phrases indicate that the copy nunbers of the target
nucl ei ¢ acids, rel ati ve to one another are sufficiently maintained to

I U RE e
[ 0058] Theoctepicd bﬁh&ﬂgﬁ&ﬁﬂ&oﬁn@,cﬂfﬁlcmlsm sifc ofivariats@obdrecan alletio s¢@icacest 0 a
nucl %%t | d"lehe site is usually preceded by and followed by highly conserved sequences of the allele
(e.g., sequences that vary in less than 1/100 or 1/1000 members of the populations). A SNP
usually arises due to substitution of one nucleotide for another at the polymorphic site. A
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.
25  SNPs can also arise from a deletion of a nucleotide or an insertion of a nucleotide relative to

a reference allele.

[0057] 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

30  reproducible copy number determinations for the target nucleic acids using the methods

described herein.
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sequence that is used to identify the presence of a particul ar chronosone.
The notif can, but need not, be absolutely chronbsone-specific, such that
t he noti fwoaniibasassed t o unanbi guously identify the chrecodaseel/s@gar dl ess
of the presence of other chronpbsonme 5sequences in an assay m xture.

Al ternatiyvely, the yotif can be one that sinmply distinguishes one .
chromsor{éﬁﬁom an W%é?%h%%gw-w&&%éw n&%‘éseéi‘e@%toﬂf?gé%i‘ nygleaicassay
M xtur e, SRngkatnPhRteR) iBsydigindialaies b8 pEAEAS: dRbRBlorbICHRl ol | n 2

Sanpl e fb 9] I'n certain enbodi nents, nethods of the invention can include
one or nonénedd odtheeabbalutetymehrgmesarat-spsicEs, funh thatahymiohfcandarwsed tar get

nucleic acids.in S e.in conbination wth step that selectivel
enr i chos Papoisgefly SRIEE" bh 2SR REcieane i) r BiskBrcs B highiossmy
sel ectsi V_ese@ﬁbrn'c@"iﬂ%ﬂtas@?@ﬂixﬁﬁ& Rﬁeﬁ_ﬁﬁf@élf,@he Roti€ &dh ®$Rl thatavphy AMidhinhishes
suppression of the ability to anplify 1ong nucleic acids. In some
enbodi mering chrpmasens froim prpshirphegmosomecep sequerices aiare prscfin ppessenr i chment
nmet hods g§§%ﬁgbed herein, alone or in conbination w th another 15enrichnent
nmet hod. her“det ecti on and guantification nethods that can be conbi ned
with the enrichnment nethods described herein are found in comonly owned,
co- pendi ng Augi'catiog Nog. 12/548 13 tléﬁd ${%§4 009 (ALt Or ney Docket

’ ’ A torhey-boeket —wo. FLUDP005),

Jardd eaies foroANalvaing Sp i 1
12/ 695, 0 Hled 3/ 27/2010; : 0

(1 Ted 4350107 AT oetay HEialil sy Auiag S Fibedfomr LR RS ke D 5ot
4/ 1/ 2010;th&fdl lomingy stBocdiet foNanal FAiddDRANE targBemetcdd acihpinassahgse haombihctieasi ng
the Accuracy and /or Precjsion of_ Relatjve Co Nupber Det er.m nati gn. by
Anpl i fi catitlbhstep Hisbeqiqtiy chetechesdhr grors q_Sélﬂ}aar%Z)ﬁauekeagﬁqshn Teigehal NBodi | y
fluid samploeidafichnRhATPln RO S B cih Gl LERRIhYOrALBRELi ARSI AGRHT acy
and precision than has been achi éved 25previously. The t hods descri bed
her ei n f doiatiptift ong hecldetaetlsi dmsaiic copydimantyemncttipds efrtbanowsntodn dapsatailhan

1.5-fold. In vari,ous .embodi nents,, th t hods, permt det.ection of ¢co

Sumper diey pERE IR GrE ARG R dp e Ry SucBE b eSS o Pan SRR o) o
1. 2- figl d,endicAmentiidtRod. 10det dtebtioh-88 oL@l tHicatePBritOUd thal edhisdd @ntbinck Wh f ol d,
1.05-fold, 1.04-fold, 1.03-fold, or 1.02-fold or less, or a copy number

di f f er endbe eridhimegt mictheids desaribedlpgein beutedad irbsoramgnlywovnggd co-pending

2011/ 143659PCT/. US2011/ ve. val ues. . T r I precision is
readily é%%ﬁé%@%§ﬁ§%#é%%gggg#H%S%Zﬁ%ﬁﬁgh§ﬂ8§§ ?%Fkggg%oagﬁ%@ﬁg%Scribed

herein, indisrcsakiled 1013/200 ¢ drdrigtDeuket NOGEIJBPOGY), 1206%5, ¢ fiddkkeanpl i fy the
target nucleic acid sequence before analysis 2¥ anplification.

Preanpl i fi/€4E0 W Atieerey, ctNe HdABBPO®f 13/ 43413 Giet B2/ 20h0:etitinexBreksl 5
nucl einc | 4§, i |\ f rm nations
Tor e e ot & T R 20 TR A (RS T Lence
and an internal control sequence are preanplified in parallel, typically,

at the same t‘ggergﬁﬂﬁérmﬁes%ggn&%gﬁ% %gﬁl 9&9&&% Qnggg?ﬁ}‘égistBro? Ratfthed! |V,
in the sane r r—i ed

out for a rel a@émeNunﬂmiUetdiﬁﬁhﬁiombvm@lﬁmatisﬁ that the relative

[0060] The detection of fetal aneuploidy in a maternal bodily fluid sample (e.g.,
plasma) requires a significantly higher assay accuracy and precision than has been achieved
25  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

1.02-fold or less, or a copy number difference falling within any range bounded by any two
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10armounts of the target and internal control sequences is substantially
unaltered by the preanplification step. Mre specifically, the

pr eanpl i fwoabiionseshoul d be sufficiently proportionate tirat/useqy/osasnber
differences of less than 1.5-fold can be detected in the subsequent
anplification reaction._Iln various enbodi nents, .preanplification is carried
out for BUHIHCEIRYS Valg. SECipBNER Prgeigon iy 5pdiby achicvod Ughe gne aworf_quj tho, 13,
14, 15, ]sﬁvergcﬁarp 1Bichdses@ihed hefehn, ikdividady édin cBMmbfmti6yCl €S. In illustrative
enbodi nents, p ganpllflcatlon is carriedout for between 10 and 20 cycl es.
[ 0062] A d appr I (AT he
el at1 ve 10060)% ST OARE ok Sad AERARAS: hOfrBa THERRech Holin L ERE b of

par al | el apipedirplion. i Rradmplificunidh drcreas the naabeoof tagacdndansntéinabcgntrol
replicates), The use of replicates in preanplification 20 can increase the
accur acy wleﬂ%@%wgﬁd cry Y0AFUIRE TEBHYC ARINDRIMRFE detCHMINAHPRMOEACHRE use
or replicay [ iR Gar @Rt £ 6&i R SR bt sERlcnODa fcfibh infEH G SRINE

preci si on o?ﬁ?%#s dg%ernfnat?oﬁ. Ig’speg?ffcﬁinbo%inenks, eachr

pr eanpl i fseqatnicoaregmelnapylifedph phiatelt fypreatleaat theovantei tiree, unflorthe saphe acpine

and/ or eacthucIei% aciq seqpenQ%rof inte{est}tis %?rriﬁdégut in at |east
4, 6, 8, PHIPD 2 Mg YIFIYAH NEGIMI B0, X" $60,7 A8, Y506, 600, 700,
800, 900, ré&%&iﬁc&é&@ﬁ%rr?&%{ 4 20@1ati309 AmaB 30t A cled 230hat3RORatR=00,
6000, 6536, 000, 7500, 8000, 8500, 9000, 9500, or 10,000 or nore

r epl il0at esnouRtrafites wiges and inécrmal epetrolokquansey i anlestangialy bealigrediinthany range
havi ng any _of ;these valu as e ints. [00Q Ln i]] rative enbodi nents,
nsanpt o MRS Y3 o Ry S ILREdhe preb MR R sholF b° S FRBY e

pr eanpl i firegbrébmaeitiat ¢pydiumibdediffoiinecd off ledyaharal St endodcRosdlh et ed to
anplification. WO 2011/ 143659PCT/ US2011/ 036670 [ 0064] An_approach to
i ncreasi rigbsaqacy caplifiegtionygagiioae il VepusfehRd et dycaaliBe gt comisd oyt t o

anal yze i et .S C n r fiq esgy. In
T ust D RS ingRs ERIGEL S P R0R. 001009, ERGERRITEI 607 SR 6o
70, 86, 99,2103, 24230 ,25k50es. 1ifG]lugtbive 2@bodidits, RgrtdmpBOtatiod26cardbdoutIéb,

400, 425, 450, é;5,6$00, 550, 600, 650, 5700, 750, 800, 850, 900, 950, 1000
or nore toSFHe WdAS0 RlCer nal control sequences on a chronosome of

interest are analyzed. In addition, any nunber of sequences falling within
ranges bd0#@dd by ahycwend ppereach/iglinwsase e drsumay Y/ apregsingof gieaeladng f or

Preanpl i fdoﬁ?hhﬁl%ﬁ@%rhﬁﬁaﬁi%hllﬂa carry out a large number of parallel preamplification

and/or amplification reactions (i.c., replicates). The use of replicates in preamplification

20  can increase the accuracy of the subsequent relative copy number determination, and the use
or replicates during amplification/quantification can increase the precision of this
determination. In specific embodiments, each preamplification and/or amplification
reaction (i.c., for each sample and/or each nucleic acid sequence of interest) is carried out in
at least 4, 6, 8, 10, 12, 16, 24, 32, 48, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000,

25 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000,
8500, 9000, 9500, or 10,000 or more replicates. Furthermore, the number of replicates can

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

[0063] In illustrative embodiments, a sample is divided into aliquots and
preamplified, and then each preamplified aliquot is divided into further aliquots and

30  subjected to amplification.
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[0065] I n certain enbodi nents, the length of the target and/or internal
control 10sequences is relatively short, e.g., such that preanplification
and/ or ampbi2bicaséson produces anplicons incl udi ng fewer PChas2@003661¥5, 150,
125, 100, 75, 50, 45, 40, 35, or 30 nucleotides or anplicons having a

l ength within any range bounded by. these values. |n. specjfic enbodi nents,
pri mer pa[w@ﬂmmreifﬁlgmo i tAdRgeasingdns &ccyiAsY PR Brasl AN @e?u@@agences can

be enpl oygermifgoRYE b lalpaéﬁ%lra DEraliy 8F targkt ?ealuelgres 8n HehERhd DER- of{%ﬁt%@k)ét. 15

met hods enpl oyi ng snal Icons "are usefu or applications ained at

det er m nilnglhestpiiverembahmients sadph e 6c 3nd. &1 h.r1k9. BO.aAPneotadd 70k, 80.cl0Aci s, as

isth : l,Lzf ' I i | yj d
o o b a0kl S0 3 L BB R ot 100 3 dRPEr B S0P R0ngY. 670
subj est s ot 11505 306,450, 950, Db, f000 B kB ahd semdaabhira-segRaddash 4 i ssue.
[ 0066] Rel atively I ong annealing tines and/or |ower than usual annealing 20

t enper at wheemesemetnd ietayssioyedndlyizadade pdditian. agsboaibaeeftssquances fallingerichinhe
t ar get ar}?{l%rs b (feﬁ%%lanc%?ttﬂegéVaﬁgsuceagco%sanar}{%e(present at arelatively | ow
ion Tn the’sanple (é.g., as 1

concentra n € case of cell-free fetal DNA in
maternal plasma). In illustrative enbodi nents, these conditions can be
enpl oyed, indiynidually or tthefil during preamplification. Illustrative

| onger -t han- uses G AEY an 30 seconds, and nore

] O) A 1]l ]) 0ol [\ [)11]
t han 60 ds, 2 : r nore than
10 m nut ggﬁégr]mr e tﬁgn @ﬁﬁtgﬁ&?d%%%ﬁ%r e ?ﬁ%o%eﬁ%%?@déﬁqggﬁg?&%e%% all'ing

W t hild a scaungecdio usiaect]ypyhoan y.gafsuthhaepreahplécatibo ngdor anpléfadating ptdduwess ar e

o ot cOMGURPRSFUHE EPRcr aEe a5 |Gl S5 10DGTS 301 o ‘Dotept than usual
anneal i ”%u%f’eﬁﬁ&és%%ﬁgﬂcbﬂbq{ak’/ﬁ%nd lgﬁ h e %an%@?i;ldd_@@ﬂy B vAIGSS Thhan S55C,

| ess than 30 50C, and less t ny tenperdtur l'tng"wthin a range
bounded byedfiy cobodinests, pramaesairsWhe2€i tHelpr8659 PO/ tus2oddpOBa67Ret [ 0067] I n
particul ar enbodi nents, .th thea hific%tion itﬁg’ an ge. sed to introduce
a nucl eot FHEIEEFanEsenloxsd) d he 8y Crlap.an B8 n i moF SSECBUIFSp ASHE:  pai r
enpl gqged rfl&hoc.[&ré\ﬂ:ﬂﬁ*lihﬁ kaf 'aﬁ’l?_lié@fﬁ ar E16dc el FoPappUCARAL hfifed AUcteRingk); &pFONES
incorporated into the preanplified nucleic acids. The nucl eotide tag can

i ncl ude amwynbgedi vewlesagumteg fragentcdnec e Reids.an doide sasenc igt, éon astl-free
i nf or matiQn ut th ar get. d/,or i nternal n equen n r one
. lfgtéll B&‘% In a mgtes'rba,lﬁ ﬁ%clilwgﬁ'%lld?ee. gaR%l%%llgﬁ cel?—?re% %A 3 Hleg)oglff}( guf% (%.g.,

that inc es a priner a pro indirn

i |1 ust r atglagna3 obogbjeotnivh chdier, od ONeD tiodeforaglin-figbd fasffm-embaddes aksukag
and/ or a conmon tag. A conmon tag can be introduced into a plurality of

target angféq)t er nalReq&me[y)ﬂon%@ﬁmﬁﬁgﬁmeE@ﬁd/@mmk fhan As¢Q AARAling o
chronosone-specific tag can be introduced into all sequences preanplified

from200 depaereivees can belkmphysd ieparfiodesdmepdimentsdug ewbere thy tapast endderc| eot i de
tags dur iiIrllt%rrRﬁ géanqpoll isé({u%géeis%{r]e pr%gle%t A a relatively low concentration in the sample (e.g.,

as in the case of cell-free fetal DNA in maternal plasma). In illustrative embodiments, these

conditions can be employed, individually or together, during preamplification. Illustrative

longer-than-usual annealing times include more than 30 seconds, and more than 60 seconds,

25  more than 120 seconds, more than 240 seconds, more than 10 minutes, more than 1 hour, or

more than 10 hours, or any time falling within a range bounded by any of these values.

Longer annealing times are typically employed in highly multiplexed reactions and/or

reactions where primer concentrations are relatively low. Illustrative lower-than-usual

annealing temperatures include less than 65°C, less than 60°C, less than 55°C, less than

30  50°C, and less than any temperature falling within a range bounded by any of these values.
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nore primers include a target-specific portion and a nucleotide tag. In the
first cycle of anplification, only the target-specific portion anneals to

t he targewonuol@sesaci d sequence (or internal control seqguarse&)/o3déo bot h
priners in each prinmer pair are tagged, the sanme is true 15for the second

cycl e of |ification. During these cycles, the annealing tenperatuyre
shoul d bdO88H1t abl o Ifl@ﬁﬂ%?%am%ﬂéwt% i DY LI R AT USRI 957O89% he
pri mer (8)g nutBegaUENHoY cxINE ViR Toast IR AMNER LAG FrENRHaf ok ToPe

i ncreased to i ncrease the stringency of the annealing, and t'hereby favor

t he anpl ifrcaalifoatiof cindgglede b angestidertag, ovhithabgpeches meernvadted oo thel
sequences. 20 9] 1f.one,or,nore tags, i s/are, introquced i nto each target
and/ or i rﬂf%%é{_} RS gHE Fis e disg TR euSe i R NGR HORATER SaileBr Ean P
carrigd QHit cHSddRG aR MBmAT AT Bati ROaLOREGE fdrEctRind /R iftern®sontrBl sc@¥&HBR lafd/of f
comon nucl eoti de tags are enpl oyed, commodn tag-specific priners can be

used to pmediaténcegssiaqoimerpardinteticcniona pebstbipdingreites loolivsdrative r oduce a
bi nd! ng sl b%d{rﬁéntg tl&lglg.\\/c%o%ﬁle ta%ﬁ%@%&#soanu Y (%?eﬁtSl"ag:nrz'i/otlrQlahtomql?otnet]%%.I %nco(f\r?rh% be
carried oU VST ARG a 2581 hgl e Probe for it pre sequences. hanci ng Tar get

Sequence thppai B in@b&udet iltto St ktyQf tdvbuea dliewghhcdiol edqedl dBor example,
[ 0070] Met hods are provided for enhancing a nucleic acid sanple for target
sequences® @MINR gramosepetsRicifiche st beifrodugrding almsgecnsesqpreprlificdrifege 30

enri giyment [sel g8gtdn i ng met hods can be conbined with nmethods descri bed
aboveBtonértlgr%%£@+$?%te the detection and or quantification of target

sequencegoiy sampl e, hayiing M0 2OLE! 143030PCT USR03 1 036670, g xed Lengt b
nucl ei ¢ acl (e.g. Teta in“maternal plasm o unor rn prasna

f r om canafsrepainiceinsludf Q@A gt spceificpattibnaiid adiudRBtiSe tagBImOdSirar§cRrodvi ded
for protecting target sequences from exonucl ease di gestion_ thereby

faci | it atdnHyificadons Pplyi thatareni-sperific pariven anpfalsgieterges Bugers iapidi segitang (or
prinmers It f i nal
oy ool S e iRl N R 1R BRRE ERIMMARIFDRER G MndameBLEF 02

f et all 5SDNApr the goamdesclic of amphfipdt@nc @pinigshasg cly dog tlenahnsdlorgt tempedagire aci ds by
using inner t ed forward and reverse priners (o r. both tagged) in
conbi nat | ﬂu%%%%u’éihl%@fﬁfl{l‘?@?g of ﬁ*eéarﬁeﬁx%épgﬁ@ogiw@s&ﬁﬁrq erre%r@on_ (e.g.,

PCR) m X.q M3 RRHl ,'h'a%vﬁ?%é}@(flgéa[ﬁﬁgttgﬁn%efrﬁu_ oanfb%tiﬁ’ér%aslk@fcgﬁkreﬁéeécthg ic acids

are anplified and tagge Ification of longer (e.g., materna

nucl ei ¢ atiingeseqolethe esicalisg,snp phassedvintho ampbficatpnef tegghd mrgatend/nc| udi ng
bl ocki ng of

tagged internal control sequences.

20  [0069] If one or more tags is/are introduced into each target and/or internal control
sequence, amplification/quantification can be carried out using one or more tag-specific
primers. So, for example, if common nucleotide tags are employed, common tag-specific
primers can be used to produce amplicons for detection. Such primers could introduce a
binding site for a universal detection probe such that detection could be carried out using a

25  single probe for multiple sequences.

Enhancing Target Sequence Populations in a Sample of Mixed Length Nucleic

Acids

[0070] Methods are provided for enhancing a nucleic acid sample for target
sequences of interest and/or selectively tagging those sequences. These
30  enrichment/selective tagging methods can be combined with methods described above to

further facilitate the detection and or quantification of target sequences in samples having
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extension of the inner prinmers by prior annealing and extension of the
outer priners, TagMan 5' endonucl ease di gestion of the inner prinmer and/or
its extemsoaniipisedact by 15ext ension of the outer prinePCTASAd10036670

di spl acenent of the inner tagged product and exonucl ease digestion after
anplificatjon cycle 1. or 2. [0Q73] Sone enbodinments, entail the use of one
or nore JBFES leagﬁ%wimf( 6915%:@;& g%l %ﬁéﬂg matergal pigsmaay HmPE RN ol ewR be
carried %ﬁcgﬂdgiﬁgieql%‘a moi ety that can be used to renobve these sequences
(e.g., biotin). ternatively, one or nore inner prinmer may be 20 linked to
such a nuj . f - ' LIL ior to
separ at i Qu ;i THEEAUBRREontt nUCRE brtirb iRk Kb oL ARENER ' 2. csi on
can be caequedesfudmteromroboasddigastirtkrgley fabilindinggh¢ climmatidaingetangegoence.

Sel ective Prqtection of Target Sequences from Enzymatic Degradati on

[0074P1 n WdpsiEds A e pastign of SedR Bakgrowd e disPEst(k e

prot ecti qp.ief,.2BNanget nucleic acid sequences fromenzymatic degradation.
Accordingly, 1In cet)t ai n enbodi nents, the nethods conprise denaturing sanple

nucl ei ¢ | in ay i ] oy i e

nucl ei ¢ ggp W th l\éli? ﬁ?%ga%tg a%@%&%%@%%%&&? {}%a%él ?%e%%’qgtﬁggm}ui tabl e
anneal | ngegumded in@amptosvayetsingdong and siortayelcie afidsxt wigd dnerahggdy anneal ed
target-specific priner pairs by nucleotide pol %merj zation; and after the
first cydPEvdf ABOBYEBRATHNTS ©8R QLB Agesd) infcopibiation With qitier| EHAES Bl Yest i on
of siigal G lgARAPHmBHELELG (A1 SOOI M LIGARARETIUSINA P360RA, prgences
in the reaction mxture. In Vvarious enbodihents the nethods” can Turther

i nvol ve dexkicadidsgpre hmphfied sidctaggdddshiiatht heplibeationed loriget (e, mbtesnl t he

i U ot G SRR GRS AR RED BY PR DO RGPS 119 Wt DR O g

condi ti ongicngPAGYEd iﬁﬂer%rﬁ@&@ﬂ% pE¥CdeinenRRENSBN oF tRMut@ PRgRed .
Starget-specific prinmer pairs by nucl eotide pol ynerization; and conducti ng
a second aMan DEndnerleasaligisges of br inrfer primgh endeor igneiéensiongiredust b d
sequences._in the.reaction. mxture. .The proc can optionally be repeated
For - adar rrissibn 2y IRAGh Iy g aisP iR B R T AR SRRRS 08 el b8 e

t ar get - spaehiidl€asp digestionpdict anplificidnicgclpriiore. each of the first and second
cycles of extension, while in other enbodi ments, different target-specific
priner 1Qpgy3|s are gRberh®dihBRs dni3tthansk SR nfot€ bter AMeRf(oPcapalrb ety of
nucl eases that preferably digest single stranded nucleic acids can be used.
Sui t abl e miolkd, aswsamplificatien ficad texcamiddeowd) Isiked tea staiety thas pechd ussd 30

exonucl ease = a Si n&l e sLr nd-s,lg,g@i I{Llf eﬂdo ucIIleafse ) gi rI]ngj € mav b

strand- spECPYY HC8F SCNEITTR [Sekis Ot o R CIe SN BRI AR PSS fia¥eTt s t he
nucl ease 1GePEd SRE almoie@! iIf fxANUCInAase duter) Pri@ier i kfen@LOSLrE BéfRrdtha, it

nucl ease conprises a reagent such as ExoSAP- 15 | TC). EXOSAP-1T(r) utilizes
two hydr dngit PIcnenssgths SePERiSH fioneigaget seapreesHixiension qeabe garied out to provide

a stronger binding to the target sequence.

Selective Protection of Target Sequences from Enzvmatic Degradation

[0074] In certain embodiments methods are provided for the selective protection of
25  target nucleic acid sequences from enzymatic degradation. Accordingly, in certain
embodiments, the methods comprise denaturing sample nucleic acids in a reaction mixture;
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
target-specific primer pairs by nucleotide polymerization; and after the first cycle of

30  extension, conducting a first cycle of nuclease digestion of single-stranded nucleic acid
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Phosphat ase, together in a specially fornulated buffer to renove unwant ed
dNTPs and priners from PCR products. Exonucl ease | renoves residual

si ngl e- stwandadi4pisbner s and any extraneous si ngl e-stranaed/udShA1ps@duced in
the PCR Shrinp Al kaline Phosphatase renoves the remai ni ng dNTPs from t he

PCR m xture. In certain.enbodi nents EXoSAP-I T s a ded directly to the
PCR pr oduieUeRfes mﬁﬁwaft&al ixtuge cliy griops embﬁémeets h 0@&:@@1’{ @eiﬁﬁ%lﬁ?lve

Ex0SAP- | Tehitulifg m%%uevcaéc@dﬂs ﬁltﬁ@)ﬂexctmﬁ M&&IE Bfler Be Grst cfQe 8PfudlQe 15 m nutes.
[0075] I n certaih enbodi nents the target-specific priners conprise du,

rather t hhgﬁstiiﬁ;, @nticang e destthied nublare adidsPyith & lgaseemntargehspdedio mauntr pamr

m Xt ure. cert s the hods ad ition Iy co i se

Cont act i HEr S o e R B e S RocS O st F SRExt sty Fausetsk ¢ or
t he sacongroey§letifRipritG!paas By didestdeGdlyhdtiZaN6n;iahl ¥shdwRtihy & sesshadiyeent. the
method is carried out using two or nore target-specific prinmer pairs, where

each pri rmaelepsd dlg¢séloepé@mgliecstrﬁ@<ﬂedawieﬁ¢ diéprquergegét theuededon irrdetu%qﬂence I n

vartode SHRSCL TR myu ML AL IRBSOD AL B ba PR ol

i nt roduc can’invo e second cycle

of nucl e%@odirg@ﬁﬁ theramd esrétispeeigc phimenpgil Bideaw sisme eadhhfftﬁé)ﬁleamd on
m xture; contacting the denatured nuclejc _acids with at | east_one target

(e.g., tagyonsisaeies péeﬁﬁmsm whaliein gihgeembedimgp «liEeicabiargee SeqsH RIBHS; and

anpl iy

ooy B RS SFIRCIEL I (oo A98R0c L AUARS (TWRGEL 8 PORMBIPE.
probes) tdigist ﬁy@leisﬁhmcbdtrmdteﬁrz@&ts caréd usat Smétabzbetxmnkdmﬂ:s ildlydeffor exexaiph e,
3'-exonuc|e se | hry3 rinmer, will bIo g Célon of. the target
strand atEgFdRCHHS tF’iﬂ’iluC 2 Rl TR e g o1 Rl S ar ng
target Sts'béélﬁc sWhldnBcibde M@M@ﬁd&?ﬂaﬁﬁ&ﬂ%dﬂﬁm&ﬁl@tﬁﬁ&%ﬁs&wﬁh tREs E, coli

prot ect ed, 5whet her doubie stranded (paired with primer/ probe) or single
st r anded.Ex®ehecasele Im agtiimgmbédiSientsttheTaradgase eeqprmws escagbOOTT hnExeiAR n

enbodi.nme t e .provided for. selectl hort target
cequarced e, oo Arel 70 Fe b B onRie T Eern Rl RE1 AR Sfp ARERE and
| ong nuclreiogptaedse Stoééih& in aGBedialfyr ﬁﬁnﬂé‘féd%‘ﬁ@f edmbl & thwiited a”irpphasma) . I'n
various errbodl ments the
primers from PCR products. Exonuclease I removes residual single-stranded primers and
any extrancous single-stranded DNA produced in the PCR. Shrimp Alkaline Phosphatase
removes the remaining dNTPs from the PCR mixture. In certain embodiments ExoSAP-IT

20  is added directly to the PCR product and incubated at 37°C for 15 minutes. After PCR
treatment, ExoSAP-IT® is inactivated simply by heating, e.g., to 80°C for 15 minutes.

[0075] 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-

25  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

30  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.
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10 nethod typically involves performng a nucleic acid anplification using
a set of nested prinmers conprising inner priners and outer priners. In
vari ous ewbadimesdss one or both of the inner can be tag@geu/useoitloaseady
introduce a tag onto the target anplification product. [0078] The outer

prinmers dg not ann on th hort fragnmepts (e.g., fetal DNA) that carry
the (i nne[BW({ciarget eleéaﬁeﬂéfgl O%ﬁ%emt%an%rﬂmsﬁ% rpéolzq%)a%léi Rypridize tp farggiaiced gur e)
anneal tqKﬁB@eﬁéﬁﬁﬁfﬁfﬁ&@&ﬁﬁ@kﬁ389Qnﬁ£E§&ﬁ&%m%Rg@HRhéEhﬁ@fh@ﬁb@&@dUCt that
carries a tag and the target sequence. After ycl es” a short double

st randed digagment thg eargetastresd ttwocatioubpasiten; whibdvipricderne she(3itend hf tce

3' -exonucl ease resi rand of each e rries bpth tags
Cuher o barRepIEaRsT yEme! Ao aased-peiss Spufain el S B PIIEHFE or ¢
long fr agimittey do8blg stradtRHEpAR ritn8r/@Bbé)YHishiglEdrandéd. S Occurs through a

conbi nati on of nechani snms. First he exten5|on of the inner prinmers can be
bl ocked by the prior annealing and extension of the outer priner. Second,

t he extension of t @]&ﬁkgq‘agyingﬁf SRR T%@@t g&ucéhe@svage of the tag fromthe
already anneal ed i Aner priner € pOSSI y is that the inner

primers' [@aTENSI on IArcOAaE enibsdihHRd ReBEddAtE ﬁtdlﬁc%dtfor Jdm@nrvelwhgfmgsﬁohtat
after two cycles, target sequences on the short nucleic 25aci . cel |

free fet dRTEONSIIURICES teatygesl, reprtab DAY in grigeed prrulaion of shers andloge | nueleiCi free

mat er nal e , are
ot 1 aggea e L aEEPAG Gahay Motk ) M3aARY AMIGAIOEE, |
sequdnceSnahedd@uhﬂeu&bb&n@eﬂbamdghheﬂeﬁywﬁimﬁmﬂhmnbmasegae&uﬂmamtd

[ 008B0] At this point, enrichnment for tagged target seq gces (e.q., fe

DNA) can pzm%a%rflpw%meewmﬂrs@H@aufﬁyp%ﬁ%fln ARSI Bt lf%? BReiefRydot
exanpl e, tﬁ@in%PéHﬁgdseec d IPRAAFAIRES %r&ké%%%{g%%ﬁl@ﬁ&haﬁﬁda%t can be

perforned e g escri bed above gest al I” non-doubl e st randed

sequence udln f ¢S
rermoves tHS fhaj or | Ly ?&}%%%f%&%ﬂéﬁ%ﬁe S BoRGRRnRRTE LIAEDRA I
are doubl oer@tt]ﬁeami&d) ﬁtgét sdqaynden t’IéhehnneTbhﬁle&i @abctedrtdVashs tipsicpminical toythal |

| ef t over 81]In certalgrenbodlnents after the first c¥cle, and
pr ef ehﬁabw@méf megfé@a (gew%tp @nppplidcymadiraduct thet earriett fag ape s tAies

ther mocyg ?ﬁ&cé €AGer 2 E‘ﬂlél&%@hO?t’%ﬂﬁinél sﬁ%ﬁ@ed%%?ﬁetné&)erat%o' c{b%f)}neas%r'aﬂﬁedt he
anneal ing tenperature (e.g., fromo60Cto a consequence, i nner
primers vprbdlucwmthldlyareﬁf-yxcsmqlmemessﬁahat Oar strambefexich Fhibepr danmesdotagot
bind to % éﬁggeﬂ% et se uen es. 10[0082]In certain enbodi nents the
denat ur at\"ofT™t® GrETy ggg ected to avoid

[0079] At the same time, tagging of the long fragments (e.g., maternal DNA) is

20  inhibited. This occurs through a combination of mechanisms. First, the extension of the
inner primers can be blocked by the prior annealing and extension of the outer primer.
Second, the extension of the outer primer can lead to cleavage of the tag from the already
anncaled inner primer. The third possibility is that the inner primers’ extension product is
displaced but intact. The result is that after two cycles, target sequences on the short nucleic

25 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.

[0080] At this point, enrichment for tagged target sequences (e.g., fetal DNA) can

30 readily be accomplished by any of a variety of methods. For example, an exonuclease
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melting of the I ong DNA anplification product(s). This can be applied right
at the first cycle or after a limted anount of anplification rounds, when
t he shortwbragmasdss have forned a PCR product that w || polus2a@t/0Beano

tenperatures (e.g., 70C-80C). [0083]In certain enbodi nents the priners used

for further anplifjcation .g., after 15the first cle, an referably

af ter thed?%%egﬁaarbweﬁor@r«‘éf%%eﬁ &.Sfeﬂl?%l ﬂé&%laeafgaily%dd%@fe FOnisHt tar get
sequence%emkggéﬁhaham %%%h&bﬂ?n%ﬁE&kﬁU% bké&ﬁﬁgqﬁﬁﬁaﬁtT§§9Hﬁ8&£$h&an be
anal yzed by any conveni ent nethods. Such nethods include, for exanple

sever al rmogestyaff ge@RnicdPNAthekgrampd, iwhilcdbd @regatretduoniss)are Sewtde strandhdpadks of
how t o encode tgr et S uences]g¥gk%@?H? gan 20 be sel ect ed.

St rai ght FEPWARES i SUYREP FAROVESER! ! ?'Bﬁ@%m§%98?§| targets (e.g. per
chromgso 21), these targets can be encoded with the_s wo tags. [or
each chr gﬁ%]dme ondNEBA CHRedERin Bt ﬂﬁrgrﬁ‘e‘ry%??& PIRIHAY P&P( (R

[ 0085] Ac QP{ngo&Qﬂ)Dé 10 ﬁ‘ecﬁfgrcfoﬂﬁﬁheetﬂ Pt%c?@ﬁﬁgs(’e. ?r'ml’ E&r Qs e%n%cl%ﬁ&vdigegﬁoﬁﬁ but

sel ective tagging of short nuclelic acids ¢ ising a short r get

nucl eot i decrsssingethe eanfqaliog &ngpedating)(e.25 dnoan 60 Whiyer2°GuchAen comegasice,ahpri si ng
the sane target nucleotide sequence. In various enbodi nents the t hod

i nvol ves la%%ﬂmqrwﬂg%mﬁh@ %ﬁweépencaéﬁagaqeﬁa%gefieé{é? PHACH SepetdndiRer e t he
sanpl e nygkeleq ach 43 GRARK! se | ong nucleic acids and short nucleic acids,
each conprising the sanme target nucleotide sequence. The denatured sanple

nucl q'OC 3ﬁbl  are Clﬁr&ﬁ&h%glb% e ﬁén #rggi%ﬁgﬁ%raﬁ]ﬁm lisﬁ?e%cte avoid

target-specitic priner pairs under suita eal''ng condi ti ons, where
t he pri manelpag bfthe dony DNA @nplifivadon prodoe(s)pahis canme appliddaidht awthe Yirsig a

nucl eotide tag, .e.g.,.a 5 nucleotide tag) that can anplify the target

nucl eot | &é{cle\maﬁerﬂm&%S@W/Qﬁsmil%%m%n@ewa@h@@ seort figRgenis dahor t

nucl ei c 1.As; | MR, i | f4 RS t ar get
nucIeoti3§hg§h%g§gé§§%ﬁrgﬁéwﬂacggfgﬁgt%gﬁgﬂ%ﬂggﬁ%%’%ﬁééﬁgﬁ? nucl ei ¢ aci ds.
A first of extensi.on is.conducted for an al ed primer, pairs by
nucl eot | QOB yrrer 1DEETHR SRpPERRES PR Yo TORRE APt e e B o
aci dgsi n thherst €pa¢ hDprdteribly @ the G@BAY by @e) aré R cHTadehd @b tabXddd ot k& .
subj ected to suitable annealing conditions; and a second cycle of extension

i s condudhetrged sprugdifse at | east one tagged target nucleotide sequence that
conprises two nucl eotide tags, one fromeach inner primer, with the target
nucl eot i d808Hquencellcocatien: depvemtagded tangel sequindes ¢andw. anklyzed by age

recogni zed that .in certain enpodi nentss,.one use priners, fo | y ope strand
8 maPE Bt ot Sugh BRI RN ot ey s e dasie A ERicks RS
enbodi mennsplifichorRbtneds)C ZavaadinoiRE of how tdWRloWe tadlb @ 88duchgks by tagging can
20 be selected. Straightforward is digital PCR. To multiplex several targets (e.g. per
chromosome 21), these targets can be encoded with the same two tags. For each

chromosome one could use only one primer pair in the PCR reaction.

[0085] Accordingly, in certain embodiments, methods are provided for selective
tagging of short nucleic acids comprising a short target nucleotide sequence (nucleic acid)

25  over longer nucleic acids comprising the same target nucleotide sequence. In various
embodiments the method involves denaturing sample nucleic acids in a reaction mixture,
where the sample nucleic acids comprise long nucleic acids and short nucleic acids, each
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

30  annealing conditions, where the primer pairs comprise an inner primer pair (one or both

carrying a nucleotide tag, e.g., a 5' nucleotide tag) that can amplify the target nucleotide
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si ngl e-stranded nucleic acid sequences in the reaction m xture after the
first and/or the second cycle. In certain enbodi nents the digestion can by
t he use oWvoanignsaucl ease (e.g., single strand-specifi ®@C3/USexansmhease,
singl e strand-specific endonucl ease, a single strand- 15specific 5

exonucl ease, a conbi nation of exonucl ease al kaline phosphat ase, etc.),
6.0, as NGLEFT BBIPTEHAISIOT RECIRE CPUSSE AP SHATBRMeAPHB LTS B0 r e Fa;;g%ty al |

non- dOUb|1ﬁ1cI%Toﬁé‘@§E%ﬁlel§c%%%§§§ucﬁéiE' GéiHE IROnbtITBInBH R IR AXRIsS A 24} SN &N
products of displaced inner priners, etc.), renoves a substantial portion
of gDNA batdugioouncbndhitce foremy iangealett onertags dp mbtleotsder rdtectizaipge A fter

sequences 0[ 0087] kn certai,n enpodi nent as a substitute for the

i gost 1 one Bt PAIS BEREFBIPT BerReteh tsoth e SEsBmiRRRn re Rty

conpr isseseadidhhaxagdistsupRakd @V atablel :8fcd1 MG cOAMEORN: afld b E&JoBALycle of
target-specific primer pairs to the reaction mxture and per¥orm ng one or
nor e anplaxtangigniinepndyetcd o prodpcett dgasharicahgged dargrt ruglaokide seagerad thafr get
sequences, 8] n rt.ql j ts.after. the first c . .ext ension,
any SubseauERE ohanEREHaL RaR AT MR (RGPl PRS0

t enper at wegudnee theal Outw B30 thd ucidoeidé ta3sC)t will bavredognited diat ibédram of any
extensi on product of the outer prinmer pair. [0089]In certain preferred
enbodi nerfizbodipentyong ger RdMesiforenly gneHHpdiR a sinplp mode; ¢idox one stidag Prion

m xt ype tcg,d%ge or nore cycles of anplification, wherein annealing is
carried out at a sufficiently high tenperature that the inner priners wll
only ann o 30t ed .target. nucl eot | equences. (Thi s, cap be during the
F1r 2t o 008les androraih RSt B, AR fo® SRR BhBe5 dPegne Vo

2011/ 143 6oHRCIHAd320 hilé16i3 66140 Q6] ihnhErat@inmibireditsetht Sirdthad/oethzod( s)
additionally involve contacting the at |east one tagged target nucleotide
sequence SEFAN cleadu sprEdn pmpodipenisithg digestipadan by the w108 ap ﬁwgmlpmse (e.g.

diti _ e I . .

ot her - moaa RFEBIBLL it A" eIk AAR o A PlnoR b S ol S 1
| n cdist aispe@fibéUexvmntisass, & benbimbii@doff axohtdease nikalinephadphaade] evg. ).ang/ o
uanti fyi th nou of at | t t dt tid

o oduced By EPRTG atogcRaes e ipp g BRI GLORF) O DY cert ai n

enbodi mentgudnles (ifdi@fihg rddihifk prifchd A ERAGPHOALAS B §i8SI8cddARerPP s,

etc.), removes a substantial portion of gDNA background while leaving intact the double

stranded target sequences.

20  [0087] In certain embodiments, as a substitute for the digestion, or in addition to the
digestion, the method additionally comprises adding additional quantities the same or
different target-specific primer pairs to the reaction mixture and performing one or more

amplification cycles to preferentially amplify the tagged target sequences.

[0088] In certain embodiments after the first cycle of extension, any subsequent
25  denaturation is carried out at a sufficiently low temperature (e.g. about 80°C to about 85°C)

to avoid denaturation of any extension product of the outer primer pair.

[0089] 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

30 tagged target nucleotide sequences. This can be during the first to cycles and/or after the

first two amplification cycles.
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500 nucl eotides, preferably |ess than about 400, nore preferably |ess than
about 350 nucl eoti des, and nost preferably about 300 nucl eotides or shorter
(e.qg., 2580m11/ABGINnt, etc.). 10[0092] Wil e the met hods pdearseoitbascsher ei n
can be used with essentially any nucleic acid sanple conprising |ong and

short nucleic acids (nuclei cid I ec I n, ce tain enbodi nen t he
short nudPB aci adngsrgee Cubofex s he g}%i%%@fi%oi@ Ygnvol¥g FonipGig thettal DNA
from mat %J&%n@ﬂa@é&ﬂa&et REd1OfMe s&’,piehé‘e Whe a'té)g‘%aeeﬂfc u@n?er? 1r%d&%ﬁ%l§e

maternal nucleic acids (e.g., cell free mater m plasma or urine).
In vari ownaﬁmgctpn@nbss tahé athphiyuigthe taagicd taage ndelcotvdadsefinome ar nsing pthat

punany AR AL e B S RRbS T S AnBr-er pr AR g SR ?ﬁﬁ@éﬁwg{s
I'n cent aithe ﬁﬁh@dlfﬁﬁmrsnxtdwesméfécﬁhg akBbifuadfifyiiehk m@uﬁtr(qmt fealti R Qe

sanple froma manmmal (e.g., a human or non-human manma avi suspect ed
of havi ndargetnuglcotids kequgnce mo@&eﬁ(’@b’@g@hﬁﬁam@é’n|thfa411gliillsﬁﬁlﬁlé¢1’(g?q)m acteri zed
by a nucleic acid abnormality 20(e.g., aneuploidy, fragmentation,

anmpl i ficdf0®H, del dnicominsm’mgtii@aamltscﬂlle6$hodé npdkicrordofniagmynts ara ek (dmatalbom

chr onoso ange etc o G tain enb nts the
e or o a0 ue B LARERER R ook Rt ChbtLisrlsf Ty b BRSO o, o, a
human or RERBHARNaNERTR! prefbABly MboubIRPARHIS o BYHE e, g0r25§tnt Bkt fedd.). a

cancer. In certain enbodinents, the short nucleic acid f ragnents conprise

t unor; oor ﬂ'ﬁﬁSt ati Gygif {he%hocﬁ%sgrﬁ)ewﬁ%relup% Mleg'\xﬁthaegééﬁﬁalgf% hRfigor mal

DNA. [00 n certain enbodl nents the nethod can be use m ne

| i nkage aifcid sspdecpreproseng loag asd silorrehlafdawedlglrs @mclgfcbmrd mglecﬂes) mxcampine, if an
upstream P has or .exanp 'G' _nuc tide and r.es

o e o) TR S or OB i ToRTLs Sl il iR FERTHEPYA ¢ hi s
SNP i s sURph @R8@fal Jldsnlat? VPRASE Whlc @t Bng hil@ciRrabiiB tSm hébdmht@ﬁfai hediget 'y 30
and don't suppress indicating the presence of the A form sequence.

2011/ 143688RCTLUsAbfirt¢ 0B86TD N b plasmp pbmsneérrbbmrrﬁelﬁ teslbpﬁa@lqntmbﬁt and

out er prlrresar /sel ect ed t he dlsta ce | rlrrersto
he 27 gdl et RS GRHERE R e S FHEaL BRI G LB RER L PR irallFirFELE

bet ween tgregrhnt maﬁlﬁlaa(wgtMﬁzﬁbwom@ﬁkmgInwerhiﬂq)lésmghﬁt@ﬁalmhla A iSRS S )
ranges from about 50, 80, 100, 120, 130, 140, or 150 nucl eotides or

great er. fnd.sr} dingeBaiarmbhord Fasitsthe myelelsiastds peedarpisthiion & biokneigabpamplg t he
target n t 0
nucl eotl Asn(?t(:‘)l gﬁ%@ggla(g%(]%,ﬁ@%g],&ggﬁ ,hugg&“%g*}m%lgga“ % %p%%%dﬁéﬁgglgg eog'ga? vel y
t aggi ng friskebr, uqxa&miaoglyairemmlmtaledlkorﬂe;re;aanuteheécbbﬁmndaelctahﬁl abheitnahice from
each quter prlrrer to he target n eqt i de. sequence i s @ r than about
130 rillcl d68i-dBsup ol f3ERQEOY, %faﬁglgéﬂw &ﬁe&satﬁlngis@u%lsof&fmﬂ%@@ﬁlsm
l“g?'gg()tn:J‘rirb‘f%azlrsloéé}[d%o&ﬁbh&s%&l're%ng@ﬁ@&rﬂr%é‘s@ﬂ@%w )i T 6&EARLALSARRAISTRNT S, a

nucleic acids are derived from a biological sample from a mammal (e.g., a human or non-
human mammal) having, suspected of having, or at risk for a cancer. In certain
embodiments, the short nucleic acid fragments comprise tumor or metastatic cell DNA, and

25  the long nucleic acids comprise normal DNA.

[0093] In certain embodiments the method can be used to determine linkage of two
sequence that are relatively neighboring. For example, if an upstream SNP has, for example
a "G" nucleotide and the suppression primer(s) are designed to bind to this sequence then
amplification of this SNP is suppressed. If the base is an A, the primers bind inefficiently

30  and don't suppress indicating the presence of the A form sequence.
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different target sequences (e.g., 2 or nore, 3 or nore, 5 or nore, 10 or
nore, 15 or nore, 20 or nore, 50 or nore, 100 or nore per chronobsone or
ot her tempbava(E}§ss can be tagged. Moreover using vari ORSTIESQI1086670
strategies, different anplification produces are readily discrimnated

t hereby p j.tting the nethods.to be highly nultiplexed. 15[0Q96]In certain
ermbodi mer[ﬁ@iﬂlf etal lAnatigpoineRedimentethe 1pag aBd oyist BRI G%@il%{@g%zef}ecfeiaw e

tag- specié gisRhtdBES dufdr iR &iRhé far GALLAR KR QquaRe RELSTRI R nfrferPr €aNP
after 2 tagging cycles), and then again using target specific priners for

real - t i nefP@Reorday betwaenadhaHicpds §ra0bdtkby inchiding the danigddoftmtiht priintrs) sanges
contenplated to p. hoit.a (dP or 2Q anplification.and dPCR or
Fetar andirardy B sl Fa e Unbleoteihrie® ThirSufl ai o

i Il ustr atdnnRdanbiag ithedttahferdm iR pritieds 8ahe AR n@&Stie rh®fes from about 50,
determ ni ng/ det ecting fetal aneuploidy but also for fetal 8enotyp|ng

(SNPs), it 400.d30dEX0ed40.on 160 netlentides tasehpuet), 389, 3002 ¥, oatdGnuciidas. yBors
and the |jke. [[0098] ] rtai ' S, | Aner. ' be
modi 11 e EGroY REE s P at R RORTo P s e PR, o
cycl es, pirivakiGd sheaarebioucsaltide béquehae ik graawe thanraboud BOchucROGEEsS andgpicakanpl e,
an inner priner can be 5 -protected and | ong products digested by

exonuc| eddeges figm ghayad $Q &1 3poub20) micdsotides. me can be nodified (e.g.,
biotinylated) for capture. [0099] Quter prinmers can be tagged such that they
wi || 1ot [P09%her arkpili he tasderizadiba3m ¢estait drobppdiweith.ta leres number ek anpl e,
outer pri s.can be tagged with GC ri,ch ta sQ th t he tin

Cenper at (RO RHR L Lo RS T 3 Pudint aRleldfhs ey Bhot MbietTht M 90

outer \WQr2fbkd/IAIGHSRANNE 20 E HRBEHdRoIhdBSoth@ tciplati€s), 3oL e Sdpgbd.t hat t he
reverse conpl enent product |oops back onto itself, thereby being further

ext ended MorepseryRa@EoBhBSEIHL HIrgLiss dbiiereataspnlification produ¢es denigadibed or

t hat cl os i g i j | i d furth
anpl i §1 carag B STED T B B e AR B BER AR, BlipIREE BT TEL Fong
co =N Ee vt TP Rl BT IPED O TRl AR or
Preci pi t aixa@ple @3kl fdngrintets fodprefaniificekinn@. of efic ?ﬁ@éﬂpmk preampaifids2i s to

subj ect a bi ol ogical sanple to polyethylene glycol (PEG precipitation, as
descri bedagmngycyclesy and s agam yseigoreet Specific primers for real-time PCR, e.g., in a

chip.

[0097] In certain embodiments it is contemplated to apply digital PCR (dPCR) or
20  amplification and dPCR or fetal aneuploidy via CTS to the tagged short fragments. In

certain illustrative embodiment the methods are not only useful for determining/detecting

fetal aneuploidy but also for fetal genotyping (SNPs), mutation detection (including

sequencing), methylation analysis, and the like.

[0098] In certain embodiments, inner primer can also be modified in another way,
25  such that after 1, 2, 3, or more amplification cycles, products can be selectively removed

from long targets. For example, an inner primer can be 5’-protected and long products

digested by exonucleases. Alternatively, an inner prime can be modified (e.g., biotinylated)

for capture.

[0099] Outer primers can be tagged such that they will not further amplify under the
30  reaction conditions. For example, outer primers can be tagged with GC rich tags, so that the

melting temperature (Tm) is above the T(denaturation) employed. Alternatively, outer

25-



10The method entails contacting a biological sanple, fractionated or not,
with approximately PEG in the presence of one or nore nonoval ent salts
under comsiotzoomdesaf ficient to substantially precipitat eCrarsgainsahiei c
acids without substantially precipitating small (less than 300 nucl eoti des)
nucleic acids. In various emodi nents, PEG 8000 7000 - 9000). c be
enpl oyed PAIMSs 638 Pg dRtigRsd w%ngxah@efr?%ﬁ%ewamle@e%t@geﬁ%hlpon%) P35, roemseﬁn
15about : RereBy béng Rurttr extenddd bglrpo?yrﬁ’&ﬁ&eﬁtd folhingh l@nﬁoﬁ&ﬁ%t %ﬁbtfd@halthl%g

wi thin any range %ounded by thése values (e.g., 1-5% 1-8% etc.). A

sui t abl e wdhat choecagatn, dtardry prsyenking smmahﬁg of manmﬁm@’rmé,fmaltmumpliﬁmtion.
nonoval ent salt (e.g., NaCl). [0102]In certain enbodinents, after addition
of PEG t[B&00ti xt ur dt tseurllsot;msj;ibteubaéledively tag die 1dngsdquoces cerchatvetikn C) f or
about 1 hour ,or | onger .q., ?ﬁout 2 7, 10, 12 hours or 20 overnight
or forP arf§° H@Pg@ﬁefnamawqrﬁgawp Par?loérfydteénge bounded by these val ues).

[ 0103] For greater separation of Iong and short nucleic acid fragnents, the
m xture can be centrlfuged. at aprox 1500 g (or higher) for 1-60

m nut es. @ther Miethodsel kEny for-Short Nugleig Smay vary depending on the
particul ar appli cation and can readlly be determ ned by one of skill in the
art. Short nu;[j%t_(i, ac.i d[s are in the supernatant. Larger 25nol ecul ar wei ght
species are | f e pellet. The Iength cutof f depends on the
conditio anely i I

enpiri calp[ﬁy,ﬂdepenﬁ%gngtﬁggﬁ%&& p{grt%f g@a i'cat 1|8§cj)1{{r% tg%hbg&tstglbg;}lﬁ tg%tlnt can
be renovednipie tb@)@b}é&fyldﬂh%lﬁb@(RECEI).{ﬁbﬁpﬁ:atﬁﬂll, ﬁ&desbrﬁbddles.gr, adExa&hpietl belsy.ei ¢

acids are furt racted and/ or . rlfled by. standard net hods prior to
furtH8r rgél’rﬁfﬁ?fp‘é‘i PIH Sa‘%?&‘)ta&f‘m%ﬁ I %8%5(5%111@ ¢, raféw@e&eagﬁn%m [pproximately

30quant i fpggaty ﬂ’iﬁ p?%s(% 10cdf%'n€ oPfloBSmonNR1c2? H{s%%ﬁﬁﬁg{g{oggﬁgﬁyeg%67o Nest ed

Preanplificatio second enrichnent net S carrying out a
first rowlutjstar[tla;ﬂy@a@qultaﬁa laegel row]eieaayds, walsoud eslestanbieldy pieoipetatingsmod] ess

e T R oSS S SRl G T o

preanpl i f90©@} e en]ﬂl@yeﬁ%@%rc"eﬂﬂd?@ra@ iR RARBbdt 168 kbAN lbﬁ)erdeﬁt ggrtain
enbodi ments,” sem -nested (at | east one primer in the second

preanpl i fabeutt i 08, .55, ongitder rpercpnm aegtst mmlntﬁge@alhl@g within gnjyrrengedroandest
nested ( qa tﬁes% valugés %e g., M tSI%:: lsgog, Q[ Pl suﬁ‘gblle fsalllggotl{cglr{'tratlon is, in specific

embodiments, about 1 M monovalent salt (e.g., NaCl).

2009

[0102] In certain embodiments, after addition of PEG, the mixture can be incubated
at 4 °C / on ice (at -20 °C) for about 1 hour or longer (e.g., about 2, 5, 7, 10, 12 hours or

20  overnight or for any duration falling within any range bounded by these values).

[0103] For greater separation of long and short nucleic acid fragments, the mixture
can be centrifuged, e.g., at approx 1500 g (or higher) for 1-60 minutes. Suitable settings for
centrifugation may vary depending on the particular application and can readily be
determined by one of skill in the art. Short nucleic acids are in the supernatant. Larger

25  molecular weight species are localized to the pellet. The length cutoff depends on the
conditions, namely PEG 8000 concentration, which can be determined empirically,
depending on the particular application. The supernatant can be removed to recover the
short nucleic acids. If desired, short nucleic acids are further extracted and/or purified by
standard methods prior to further manipulation and/or analysis (e.g., detection and/or

30  quantification of nucleic acids.
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inside the prinmers enployed for the first one) relative to the first round.
The prinmers enployed for these two rounds of preanplification contain one
or nore mwoleati4ses9t ags, 10such that the two rounds of aopluskéiaasicon
produce tagged target anplicons. Thus, for exanple, a plurality of target
nucl ei ¢ aci ds an prea I|f|ed e.g., fromthe Down Syndrone critical
regi on ( DSCR) /or fromchronosone 18, such that tags
identify resultant t et anp 0 s, i ncludin SCR or, chronbsone 18
sequencad? 4] 0305 Eoreob S alefi Ty EE PP RRERY R Eegience. a

first royrehrfliffagaiield fdscRbdrdad aBsy v hikgr Jadrin@edavnti Ripledd cRR of he forwar d
primer (or optionally on the reverse priner, if it is desirable to increase
anneal i ngreanpiiication)efoliovicd bytageomdapendef prgmplifiagamlweick sen dlpo sckidecan be
per f or.ne of

b odut . Ty BB SREL bR PR Irhe SO AESFRRbARRRLIRn it BRT G o
in 20 vmlahlrboannd:ms}eéml-ﬁeﬁécb(ra’c leﬁﬁ\(ﬁé @ﬁm@r e s¢ind @t cantphiicabulie Moséddrae ween
(or the overlap of) the fir imers. This gives a third | evel of

speci fi ci nrynersrﬁ@pm% Fogéhepﬁisme) &ayest%ip&bpmmmers g escepndayeampldicagen is
[0106] Th Gnsi@he Pt Q%ﬁbg&pﬁ)r ttﬁ‘kaﬁrs?@fég ¥el¥1t(?veato G ErduBdn 3h9 grlrn 1S

preanplication, "as disc ed above o apply to a secon
pr eanpl i fangdoyedrfor %Qd)tjzx@)ﬁpmndsatf\pamlqgé‘lcaﬁoﬁ tomtEe ohe neabmdumbptldatalgm s that

very , hort t t se ces ca n extre |rrers of
Ve Dt svur e A SR DR oR rardusp Fgred g b it hGe Rk An
advant agex PIe“@ pfdt'ilﬁt%f oﬂﬁﬁée@(ﬁu@l@ﬁra@ﬁ@ Raf b¥Bre@pRlicdld M&n@@DBwﬁ i nner
primers) is our prinmers used are target specific. In order to

obtain t H%'ndmmeemthatﬁgmnd&SQR)mcthmeommamdmétons@i@@mbmn@jb& soeh hat

?gtgods Qa%gapygu%ﬁgogﬂ e la tSBFﬁﬁgégﬁPuﬁﬁ% @gﬁgﬁFcﬂrdowgﬁkﬁ%an1analysis

2011/1436@@&5&&U82011/036670 Use of DNA-Binding Dye to Increase Melting
Tenperature of Amplification Target or Non-Target Nucl eic Acid Sequences

[ 0108KDNA#)di N0 cySchiipi; usid ¥ S6.0LIB ARG deRNuSHuEN: fSe Rl Green are

known to increase the nelting tenperature of double-stranded DNA. This
effect i sormmdlfmab@mmlape&fomemlmlt@g]omélqdelrw:e@é pﬂfﬁﬁemmhenallbfwnuhe ng Eva
G een or other such. ification

o o St G Y e B R n S R B s arfiRr SR8 DRI eleh B &

bi ol ogi calptisAsTRIRn G ktdpecadibeGetfaihddds Bysclib&PbdIOR (c.8., BxonudRhitigdstich, gase.
Shor t nuclelc acid fragments will be circularized W th hi gher e f|C|ency

t han | onglifvfigg RERtOUctNgR ¢ 1rsceons iopedoSrguankibention sabthen bs spaicd OBHINf r om
crr C?‘oar '\x;l%gh 3 ﬁwlﬁgtln“szn?eiter’ %gerggﬁm%gtr fa?é%?sdthg Qé)cfu%née%eg\%enn(‘d? Jth%'o%etefgﬂ g’rﬁ S ed

for further ana
first two primers. This gives a third level of specificity. The reverse primer may,

optionally, have a tag attached.

[0106] The same considerations that apply to a single round of preamplication, as

discussed above, also apply to a second round of preamplification.

25 [0107] An advantage of the semi-nested approach is that very short target sequences
can be amplified. In extremis, the primers of the first round of preamp may even overlap by
1, 2 or 3 nucleotides. An advantage of the fully nested approach (two outer primers and two
inner primers) is that all four primers used are target specific. In order to obtain the correct
PCR product and use non-target-specific detection methods (e.g., nucleotide tag-specific

30  detection) in downstream analysis (e.g., in digital PCR), this is a useful improvement.
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[0110] I n certain enbodi nents, ligation can be enployed to add adapters to
both ends of a nucleic acid fragnment. Using these adapters, short fragnents
are actuavbyoanuseshed. Adaptors and |igation can be enplroyas2em/oscenay t hat
pronotes circul arization of 15nucleic acid fragments. Alternatively the

ar doubte str.qoed.%NA that st' ,ontalns one

end- product can be _a circu 3
or nore nicks inding I L

circle using d&}gw&aﬁbgﬁﬁg@mel@kﬁs eonal enzyrratl step.

[0111] Circul arTzZ & Tore efTIclent Than | igating adaptors to both
ends. Al 90108]i r cul apNAaSih@iRng ugtésr(ecguqﬁterdamngu%g) RGéh HEQUETHEES alcknBAhho ends
of the nucleic acid 20 fragnent n the sinplest enbodi nent they are
perfect dosprseitenmsltinghempptued eﬁﬂ%lht@o%r@nflgp Ny ot effent srmeretwenounced

Al ternati t t I oti des.

Tr ansposdt & GgL HBHAE: e CAe B3Nk R ORPL G AU R BLS S e
a Large quﬁﬁihﬁéﬁagmnﬂCﬂindﬁﬁhﬁﬂ&ﬁhén particul ar enmbodi nents, the invention
provi des a nethod for enriching shorter fragnments of nucleic acid (e.qg.,
DNA) by qelentive trRogirid fef shbﬁrsggieneésch@élaca@id@ if/FregnEbherAfsasis eguent | y
removing them fromsolution by affinity purification netho§s dlrected to
nucl ei ¢ dwiddrchledgeeehit lignies, ¢-asesingdirgigase. t$1m%rpt9é%@cld fiagments will be

2011/ 14363, / $€ [ to

t he ends d%ﬁgq %%ﬁgﬁé'Qépg%gwhg%&ﬁkiﬁgﬁfﬁgénn gﬁél ﬂ?%HE?%%ﬁéggggﬁgto
anot her papiraet ﬁtolﬁemg:&lrtmrmd bquané asuztndahd cfaice hmmln@ﬂm&abmracats ue@l foeat i ve
transposi ti on nechanism [0114] The word "transposase” was first coined by

t he i ndi vieaa@aligis cl oned the 5 enzyme required for tranposition of the
Tn3 transposon. Transposones are forned when a transposase conbines with a

t ransposdfA1i0lhi ch deseriinsmbpdimeniss lipponsagbe sawioyed taadpatspiereiedth
required fﬁme&? Lt 18%% Yacheubihd Qeoéc% Gors, A6kt ﬁf“gl%ent?%l% %R{XB' ned wth
t he target 3 NSPOS&SES have een e gi rieere 'REery ansposon

ends r ancknntblyed makpttbh encsngaaimdedn BblAmplDyes ﬁl 4 vvap o pasascatiRulviahti@bdfe
conmerci al | Epi centre EZ- 10Tn5). [0115]During in vitro

trandp os.&méw %ﬂ? Fraapﬁttﬁ abttepatiydly Heped ict §t%t—‘n41@lf0rué4t§péblec§tfeme§ vi a
ra“dom %ﬁﬁ%ﬁ%ﬁﬂ eI f}égé éf gﬁgeeﬁf r&%ﬁﬁﬁsy'tﬁb &d&ﬁﬁf gﬁ.?)et‘ha% 1R3Rded to

coval ent attachnent o e transterre transposon strand
to the 5 opemdleodlrctmtesm@nl@etur@m.mehoframaeldtttoaaisqmmmncestats are used in the
reaction, the target DNA is fragnented 15 and the transferred strand of the
transposqoiend ol i goRtiddratibteill be fovadfEdichythal tigathechdaprotse botesids of the
fragment (Figure 1). The size distribution of the fragnents can be

controll etﬂlswlr@w&ﬁattm infiedugapiivr digfinat peispess dorbathghds plethe npgpicgid er

condi ONPagment. In the simplest embodiment they are perfect complements. One can also choose

to introduce mismatches. Alternatively, the adaptor can consist of more than two

oligonucleotides.

Transposase-Based Reduction of Longer DNA from Nucleic Acid Mixtures

with a Large Size Distribution

25 [0112] In particular embodiments, the invention provides a method for enriching
shorter fragments of nucleic acid (e.g., DNA) by selective tagging of longer nucleic acid
fragments and subsequently removing them from solution by affinity purification methods

directed to nucleic acid fragment ends inserted by a transposase.

D8-



[0116] Genom ¢ DNA can be fragnmented to <1 kb in 5 mnutes with enhanced
reaction conditions. After the transposase reaction is finished, DNA

f ragnent sweneitr@agged 20 with the transposon ends. ThesePCrars@osdsss7e€nds can
be used as affinity tags to renove transposon-tagged DNA fromthe nucleic

acid mxture. The transposon ends could be nodified with tags known to

t hose skil_ﬁlﬁﬂ_ it HEARYPOSasE Mt AiHEe Uthds fo e el %%n%%onéﬂegnm e,

bi otin, Cﬂa&%eg%!rﬂove%%%f th€ u‘aﬂgo%&to%b%e%ﬂ’t@f‘&@%eﬁ&ﬁe B&’Q%ﬂ'aﬁét I on.
Transposase Teaction conditions can be devel oped i n"which only | onger dsDNA
f r agment 9286 eicghams@ 0bpyeplingdergmnspaigmoseahaing. i nsertion. This can be

achi eved by either engineering the transposase to work with fragnents of a
particul g0114ngt h cFhebyordt'dufisppsasg” waeafitst osinedbyiteiindisidualy mbderclafed the

t ransposases, concentration of &%%nesiunlions). [0117] Sel ecti ve capture of

| ongeP nURPENE rRiTad fardERBRT 4o el NE d N4 SHPIPPERL: bl ansPOseRETAIp SAKE VHididat ed
taggi ng qlfané%dgfé& SRS it 4 @ to;ﬁ% v OV @ngaHs s{péaﬁé PSRN 1RAGKM

30fragnments by affinity-based specific to the transposon-ends. WO

2011/ 14366@R©FLUS2N] 1090866 T rSagpltenNycheiransposads, anfl i@ ®e epabiaei enth of
nucl ei ¢ a%ﬁi Fs (tp}ﬂgﬁ' s") can be g)bt ai ned from.bi ol ogi cal SO(#II’ ce& alnd
prepar ed ‘USIHY nt FOREP et hGdS “k RO PHBSCE, FANSPEOR SRS RATYUPY TBNA or
RNA usef WoubR stfdEYNAASTIRESG4sPORsdah€hvhieBR BfnfttinRe ted, BRdéfie EZ-
anplified fromany 5source, including bacteria, protozoa, fungi, viruses,

organé@l | eB15)as wel | hi gher organisns such as plants or aninals,
particularly mammal s, and nore particularly humans. Suitable nucleic acids
can al so [B&ldbt ai ndduringomvény iramspoenomvithdyperestivedragpsposporsl sran@trinsfér om
man- made products (e.g., foad romf.o jC S | es, an e like

Ncl o ¢ AEPGS e cittsas et 91 SAaed DREA Preafy Beft Lrfd DA gng Foiitaat

(e. 9., blg@chméntBF aR®B didafthORanstitdd]iop tiingdposdl stthfll 1S §dS’ SRIDH RS thyetany of
a variety of standard techniques. Illustrative sanples include sanples of

pl asma, dANAMWhei fied transppsdn dngspie upediinghe practior teatrglet NG isgragmeateds | ui d,
oral fluid nd exter,nal ections of the skin: ;s l.es fromthe
o itnt iy DGR AR SEEhE 0Pl AR SoRCISATRYS Soal il Wl fohed s the

saliva, W ee@bferd frﬁgm@n& ePgGR! 1)S Thekizk diMilsutioT@f Xl its Ganelcestrélfeditt al
DNA can be obtai ned froman enbryo or from mat ernal bl ood, cervico-

15vagi nalchgegipgthegmiounpef trgrspesongs png reagtiensufics eprdiforsan, in certain
enbodi nents, be anal yzed
[0116] Genomic DNA can be fragmented to <1 kb in 5 minutes with enhanced
reaction conditions. After the transposase reaction is finished, DNA fragments are tagged
20  with the transposon ends. These transposon ends can be used as affinity tags to remove
transposon-tagged DNA from the nucleic acid mixture. The transposon ends could be
modified with tags known to those skilled in the art, including, but not limited to, for
example, biotin, digoxigenin, specific nucleic acid sequences for hybridization.
Transposase reaction conditions can be developed in which only longer dSDNA fragments
25  (e.g. >200bp) undergo transposon end insertion. This can be achieved by either engineering

the transposase to work with fragments of a particular length or by modifiying reaction

conditions (number of transposases, concentration of magnesium ions).

[0117] Selective capture of longer nucleic acid fragments can be achieved by
transposase-mediated tagging of a DNA sample followed by removal of transposon-tagged

30  fragments by affinity-based methods specific to the transposon-ends.
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or treated to enrich for short nucleic acids wi thout prior fractionation.
[0119] I n specific enbodi nents, the sanple includes a sanple of a maternal
bodily Wbubd/i48659a fracti on thereof, froma pregnant eabjuseati/ob@ro
exanpl e, sanpl es of whol e bl ood, plasm, urine, and/or cervico-vagi nal

secretions can _be enpl oyed in the nethods described 20 herein [0120] Nucl ei c
aci ds Ofsaﬂﬂgﬁggﬁh%gzﬁﬁé i sol ated using nmethods well known in the art, with
t he choi a spegific.nethod depending on the source, .the nature, of

et o1 o JBHE 3naP IkEiCTE ol AR EERERE' SBlts e e ok Fied T BRICHSY e 1 n

pure for moukldé adl SrepatB Gahg Yorsehfidil eRtHods RHGW®n idthadlattoh baeicalaRIDNA @at i on
steps of the nmethods of the invention to be 25 perfornmed. \Were the target

nucl ei ¢ dNAgsefubinpiamethods drpgribeghheyeinrcay be sedagted#siéon apadificd font ONA by
t andar d in.t f ' ' ;
e toon, Bt gt flo J16: 264 GBI At BRERARS, 0 oTRRh S st

Col d Sprisngh Haplho ot adiatadt paryicilagg saniiYals,\dd moke p2rticBlafly B8Mhns. f Qritabkeanpl e.

The cDNA can.then be anal yzed according to the nethods of the invention.
WO 2011/ 1Wsksiogsedy @satpe Deedtetas frofp §aY TR SoWEsS§ 8- [Nong Yakst) fHomt get

nucl ei c g—gérﬁn{aﬁé‘%oﬁﬁ&s 'E’eg%t, g%tgﬁ‘?rd'n'i‘ fStEh TG g&%@f@gg&@.ﬂmfslew‘&id&‘éﬁ B! oln

(describ erel can ected using t of the invention. In
typi cal entededrensmplifadd freastlls dbodilynticide 6. ¢.deloséqudoadk ractfonr ned, ot )wod | be

k f .the t t 5 | ei ids. .F | if th di ti
el 0fled GoSUEERPIC i any oAb el PEAERds AR Pon T4 BRSHEPIY MR abl e f or
each end sﬁfnp%s%ifﬁﬁl@mh?srelﬁﬁrﬁ, s'ﬁﬁﬁtll ﬁ'hfa, %ﬂl ﬂlﬁd,%rri_'f@ﬂea?ﬁlﬁ%i%ge&fﬂ ﬁfl!ﬁﬂ,t &hl e

anplification priners. In an alternative enbodi nent, e target-specific
sequencedluig godientermal sentiods diethe slinassetp ¢pyirom thtowsprateiz gatestingl @onited) andt i de

sequences. . [0122] The targets can include, for ex I nucl.ei ¢ _acjds

Secoct at dTARL ks prRas R sl 80 Fsudim BXRY B fipoR T FsS82P s ¢ ungi
RNAs, e. Gampldd@$ EctAlOINMYat be @BREmed Fronk BEl BfbBX I EEoh BatdrSal bluddCadri¢e- of

di sease, those that are expressed in a tissue- or devel opnental -specific

manndp; deginabsseratingg, caHENS-ndnE etithsse A escanan csitpimembodigeangimbe amNgeduhi ch
ﬁa” be anglyzed &Eric%%f:kr{o'rtcmf&?éiéf @&s"@ltﬁé{ﬁ Fi%f’ﬁrgctfo%a '(Nfs)’ alleles, or

apl otypes, e.g., In genotyplng. particalar 1nterest are genom c DNAs
t hat d 15(e. g. | i.fied,  del eted d/ t gt ed), | ti
i seaces B! he: JhtndifiePEBodiblsRubE SuRbR et R Sl il AGRE! | Soi
or undesimad|® atffRtibs theaddd/ Bom 28MLRAGEIMbIRAL Fdttk Gpley sdniB e dffwhad@blood,

i ndi vidual (e.g., in forensic or paternity determ nations). )
plasma, urine, and/or cervico-vaginal secretions can be employed in the methods described
20 herein
[0120] 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,
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

25  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
Laboratory Press, NY, Vol. 1, 2, 3 (1989), for example. The cDNA can then be analyzed

according to the methods of the invention.
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[0123] I n specific enbodi nents, at |east sone of the target anplicons,
alleles, target nucleic acids, or |oci analyzed according to the nethods
her ei n arwodert/messof rom or include 20 fetal, DNA For exargsk@,/08dse0 sanpl e
to be analyzed can include a sanple of a maternal bodily fluid, such as

bl ood, or_a fraction thereof, and at | east sone of the target nucleic acids
can i ncl le 199 i mer Design [0124]Prinmers suitable for nucleic

acid amplifigation are suffici.ently |ong,t rine 25t he synt hesi s, of

ext enor ol b duct s A efst prauE e e PRet BsBi Fur bRy RERDETERS The
exact | engidntisnddGenpesicidif)calbetddcRidi iRy thé mkthdePentle dverBsY. magpiesls,

i ncluding, for exanple, tenperature of the annealing reaction, source and

conposi t i Brbogfmers apleastspme amelegida squcnse dfermafi Iedenowprfexibgitargetof t he

pr obe <an L ng..sit PO NEer | ] t j . pr obe
oncent r ArCish S 1y ERubile, i TG ARLEALIALeAbLEARPCIE shichint RQERS |

nucl ei ¢ aafoims@eilic Ressraliynawlilaplerfoicdebichd of ppiver kargstmucialcl acidcopcanins i n t he

range of WO 2011/ 143659PCT/ .US2Q11/ 036670 about 15 to about 30 nucl eoti des,
al t hough desighay setbleamplifisatonprimgiie In A eltesti Henbofaey thesirgetshetifia be

sufficie nl i Lt @gﬁ Lve
strands g%@%?ggﬁpgﬁg%%%agu% gg%%kgﬁkg¥§t¥Fﬁggﬁgﬁk%ﬂ%h%??“ﬁ%o% hg§?to
select a riate i.ner Ik i t t. ic.acid of
htor est 153 ol kR WU R MRIGEUAR o UGB ST g any
comECci Fakthoganablichldse iinedst Bauteia) proda, GaungieRBe st war, ehoss Gatwldsh &vdrirer 3

(see, e.g., Rozen and Skal et sky (2000) Meth. Mot. Biol., 132: 365-386;
www, br oadPr MECTERIGSIaB AsLndivativief disrasq. thasy thef agyexpresieddn adistuse ORoche UPL

websi t e. ' ' . ' : ith the
Upt " pr obe Ll EQRCAETHEREE br BlRo AR ihala bl Bl A tomBAABh B |
10desi gn PNApwhghaan &t thayzesli fdespetifichpelhmapkisime dsyoch ab8NPeyabeleg or[ 0126] I n
certain enbpdi ments,. priners ingcluding nucleotide ta n_be desi gned so
Chat t hey sPBIYRcR ¥ el aeBeyPREr (Haris s EHeAT Eeruae BVAT LahyBANERSat | on

becauyge qt oNual Bkl dRid@dand/Br ﬁﬁfﬁ%(? POGHE RlsSasc@oPUBEE LSS E 8 YcfiRAcRE

bl ocked by a conpl enentary ol igonucleotide that binds to it during the
anneal i ngh&taspassocipicd wathtdesingbloacinslosirabde traitp; bndion sc§oenves thotreniagely o

o e MR PR P hGRRIBRLer s ey b preperea
[0123] In specific embodiments, at least some of the target amplicons, alleles, target
nucleic acids, or loci analyzed according to the methods herein are derived from, or include

20  fetal, DNA. For example, the sample to be analyzed can include a sample 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

[0124] 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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cloning and restriction of appropriate sequences or direct chem cal
synthesis by nethods such as the phosphotriester nmethod of Narang et al.
(1979) Mawb.20BMagemel . 68: 90-99; the phosphodi est er net lrot/uskoiBrossem et al .
(1979) Meth. Enzynol. 68: 109-151; the 20 diethyl phosphoram dite nethod of
Beaucage et aJ. (198 Tetra. Lett., 22: 1859-1862; the solid suppQyt

met hod of? R .Cie@}lﬂ%%?’é‘%lgarﬁ‘tfni‘ﬁh‘éo_l}tmé‘}“%f)f : FBRCIGRBERORe f r om a
comer ci ?mﬁ&ymﬁﬂd bOLARE BRI ESp I BR¥n S, BUEIEHRE, BihcHBbBkiresfRAGEex col um
(Anmersha Bi osci ences, 1nc., Piscataway, NJ) or other nethods known to

t hose skistraeds dnd fohme stabke. dupBRes. nidne ghullédf ingla ard knovayhawrpr splest apreosetsi ti vity
of the nethods of  the li \ﬂi?nti on. ant i B)%ti ve Real -Time PCR and O her
Det ect i o 4R PATA M $FRILE I RGRTAE PRGHS acid fgff&ﬁy net hod of detection and/ or

gquantification of nucleic acids can be ysed in e i.nvention to, detect
anpl i Pi cdbid pr odUE¥ §Xample ‘gR_é’ﬁ*H}:?aﬁ ??éﬁ%e,d%ﬁiéﬂe_gw%%?%}é@f@ﬂ%ﬁcﬁ ¥eact i on)
Is used tQ,MBN Lty A08f GhentidBRisbiwhR! dkh aQ%h%?t?g%&!ed%; RO Al Rkaletsky

30enbodi nents, other anplification systens or ctioh systens are used,
i ncl udi ng20@0)gd/eth. M. BN /132366 9RCT VSR bibad 08 6&H0nalgsiléfmndebc hkdhed byn U. S.

Pat. No. 7,118,910 i i S, 1.nc orated herein by reference. i.n its

ont oty PhE RGBT BRouR” SRR e o At hE TG IEERERet o

| nvader gss@im witEHBI O8Y pioBEBIquchEbsRAbECRS & crRURAHATBOP SmeFERtbatahRill
guantification nethods are used. For exanple, "quantitative real-tine PCR

met hdfs clenigherimsesion otheside of He brarkegd petictspqetce 5 target nucl ei ¢ acid
present in a sanple by neasuring the anmount of anplification product forned
during tH@1261pl i fi datcEwainpmbodmsenity, pehersy10d180hEhuclcoigdntags candicasignabsay s

are one s ific exanple of a real-tinme. guantification nethqd that .can be
sed sucoBegit sy oA i RS oS BRHC R o T R RS GHEE Of

noni t or i ngclBBdd REM t@Re hbédTRkhis] £/4dIQINHdR QUG LI UIYREY 8 alcBmpSkdinkdHious
10 nmeasurenment of "PCR product accurul ati on using a dual -1abel ed fl uorogenic

ol i gonuclddigohedeqiidg hleat bindls 4p Bidutiog teraagesmg| sieprte begvicridthe ou¢leotidedag froer at ur e
as t "Ta n t hod. " .S Pat. No. 5 723 ,591; Heid et al., 1996,
Real qﬁ necogﬁhﬁlgflng ?%nésqse%%%é'ﬁgﬁga%nsa}nd@]@%i@ﬂ?‘ each incorporated herein
by refer inthejr entireties for their.descriptions of fluorogenic

ol ease LRy 1" rgdi sk i s rats ettt o FEiso TS prabes ar e
the nost Wb Ags ¥ndie8eiclion o tdfpFoprialesch BURBE bOdirdce ciicdlisPhth8Fs bPnidaR I these
probes; any suitable probe can be used. [0131] O her

det ect i orsuguanthi bhesphotiesisemietod of Parangaen ab &1 B Myl drizymae/h 68 0¥k the
i nvention,ingl ude, FRE n enpl at i,on. reacgtig | ecul ar beacon
detecti orﬁhoﬁgﬁbqs%ﬁnﬁg}ogcogi%ﬁw Fﬁ?/gggﬁbg&tseg’c ?%Vﬁ’,l 09'a¢1839§9a.d gg’ct “probe
det eQDi ordiethylphosphoramidite method of Beaucage et al. (1981) Tetra. Lett., 22: 1859-1862; the
solid support method of U.S. Patent No. 4,458,066 and the like, or can be provided from a

commercial source.

[0128] Primers may be purified by using a Sephadex column (Amersham
Biosciences, Inc., Piscataway, NJ) or other methods known to those skilled in the art.

25  Primer purification may improve the sensitivity of the methods of the invention.

Quantitative Real-Time PCR and Other Detection and Quantification Methods

[0129] Any method of detection and/or quantification of nucleic acids can be used
in the invention to detect amplification products. In one embodiment, 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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20[ 0132] FRET and tenpl ate extension reactions utilize a primer |abeled with
one nenber of a donor/acceptor pair and a nucleotide | abeled with the ot her
menber ofwohelidasssp/ acceptor pair. Prior to incorporati eoTafS2aih@3deabel ed
nucl eotide into the prinmer during a tenpl at e-dependent extension reaction,

t he donor and acceptor are spaced far enough. apart that energy transfer
cannot oc¥HFMS gf In EJfS-P%Ia\ioagéllgal?e]&‘@m bis1georparaf é’SF%L}é{eécﬁfeP?ﬁIB 25t he

primer angd &fcts RAGsWsdr i bf b Bl ¥ncREfon {JIRMF 2RI BXa8LARSH S PECCUr'S
and can be detected. These nethods are particularly useful 1 n conducting

si ngl e bdsieSysé¢ms)extn parsicolar erebediinonts, ical-tihe quattéchii@nmethods mgluscchuddreot i de

pol ynor phi sns, and ar.e..descri.bed, in, U. S.  Pat ent . 945, 283 and. P

bl | cat ISHMIIS: o795 RES TR RA hPREPe frar tedle i A AR of

conf osmatth et Afcldigci@pRREntas alshmpR bIEdsthiZEhe athodn COMPARITRBEG Yroti®di on of
the anplified géoduct results in the formation of a detectable signal. The

probe it sefmed duringdbe amplofiepsioniporesss . section at the 5 end and the WD
2011/ 143659PCT/ US2011/ 036670 ot her section at the 3' end. These sections
flank t hd08¥dti on dflugrheempe obdedshassaphnare @hs spavifidexappbbef dicaldiimg site and

are conpl enentary to one, another. e end section js,typically attached to
2 Fepor t diayiCkin B RlaR dR e eeuEr SIS TRl aRs o iR ™ Biancher
dye. In spbHbd 8MmokifideWRe BitthaB6E bf Qﬁﬁiﬁ@ﬂoﬂ?ﬁfdh@ﬂ i&GolVEd the Bagthugthyier to

forma hairpin loop. In this 5conformati on, the reporter and quencher dye

are il sunéasgicasnt §f RCR producoaccninplption asing b dorlelsbdpd Budrogenie he reporter dye

is effectivel enched by the guencher dye. bridi.zed probe. .-.n.contrast,
resul to 1Yo REPEIE-t abdPad FERLFLy (stPrsd BRI FERPER By crBuTRgS! S

decr easednethbdi3,ScoyU.SDPt L 106 1 )T 3E50 1S Slcahct@h anmpes REgIrtirh gudnt@ati Y ®ER 1t 1S
possible to indirectly nonitor the formation of anplification product.
Probes ofGenems Reppe98ord4neach deporameied hersiny byjrstereics iy dhwarangecdios fartth@dy | f or

exanpl e, i . . L QF 16" B2« L.mand

o amer - (8P REESF EhorBicric Aitiline sy, It GUERCNBrocid AP B TP,
Bi ot déhngirobckB arkdhd BhobtlORIB)y. uskd IB4PTRe tikciar@iton isedtdahitaintonst bbtheses

descri bed, for exanp|.e, Th%lmel et al. 2000, Nucleic Acids Research,
28: 3752- PFRASaY wyprblrgLotisicanbe useshn " pupl ex Scorpion 15 primers in SNP
anal ysis and FRET applications” Nucleic Acids Research 29:20. Scorpion
prinmers dPEH| uor ogfgtﬁ%dwowuﬁ@rfscaupm methodp B can kanapploygd indhepresant t he

5'-end vi; . i |- 1] I : ific
detectioﬁﬂgﬁu{%§§%ﬁoﬁuc?gm%£§ﬁl%%ggﬁggggi%%Pﬁﬁ?ﬁﬁbgﬁﬁgm%%?ﬁgggﬁﬁﬁﬁbrnats
ar e possiStboeiot decltRhemvhdaplttcctonrand padlotlhprobddpkeaion. f ormat . I n both cases
t he probing nmechanismis intranol ecul ar. The basic 20el enents of Scorpions

in alo fqorsg)s are:FRED a@d REABI4E bxtBiisior tchdtiohs BERS4 PRMEF labele® et
member of a donor/acceptor pair and a nucleotide labeled with the other member of the
donor/acceptor pair. Prior to incorporation of the labeled nucleotide into the primer during
a template-dependent extension reaction, the donor and acceptor are spaced far enough apart
that energy transfer cannot occur. However, if the labeled nucleotide is incorporated into

25  the primer and the spacing is sufficiently close, then energy transfer occurs and can be

detected. These methods are particularly useful in conducting single base pair 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.

[0133] 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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PCR read-through of the probe elenent; (iii) a specific probe sequence; and
(iv) a fluorescence detection systemcontaining at | east one fluorophore
and quencweno11M4B@P PCR ext ensi on of the Scorpion pri mePCTiuseomm3ashe ant
anplicon contains a sequence that is conplenentary to the probe, which is

rendered sjngle-str ng the d at| 0 5 tage aof each PCR cycle.
o cool | rﬁgfl tSﬁ%th&r%afe sengrérhe%e&eﬁma?lﬁgk %JJ‘;? surie e

i 1 and'are’c to € SecHo t
produci ng, ght hiRGHE]RE ﬁc{‘ £lyR Fezrfe% &%Jnﬁﬁl HUGH%'&{ defofR &z @Qﬁf in the

vicinity ‘of the fluorophore. st opper prevents undesira
read-t hr amtgthedfto tahtaoqmteo Hee tl}d t‘ﬁathBchbsﬂcymersaseall}{ Qtehdd tn\ﬂamenclas gnysin
(Third Wav

Genot ypi GG TERYS Sa Sistoh Gmuerdst vk oL Shgratamm e e Sgen “rBbe,

that iss %Hﬂirﬁiﬁﬁéﬁ , W YrehOrtéRd @b idbr MRCre s @ tidnt{yNOsOfrodMNy Rht
pol ymor phi smsite. A second ol igonucleotide, designated the I'nvader digo,

cont ai ns ﬂu@eesgemaé fem thearratar dec IS\MfGQ‘(D‘leiY quaehaboThegrencheodss Adyistiesnce.
but the 3 ougl g ntn’a e uﬁnfﬂ%%e%f) 3?01‘%219?&[ Ohicf ‘?heo té{{"&ggh n%ﬂ‘%lﬁﬂ‘e

| nvader Clirl go 1 n eres "he Si' g e target

nucl ei c &iebﬁa%d(? IThTuEI,&iy ﬁlblﬁtcﬁmg%ﬂdssixfn éﬂaﬁgesl fonehlk t@b@pes ﬁtqs pessivle fd ap” at the
nucl eoti de_containing the polynorphism This conplex is recognized b‘isea
str uct ur andigeetl V@@l@ﬁ&@rfeew@@ef agplifiggfionaodycbalredes Siehinie and mefha

cl ea ﬁgqef t h I Wth a

t hi r pr o%?h%ea%elaggdﬁkﬁ Eﬂﬁé?& EE B glragﬁ%lne%gﬁgbgfﬁe?& %Ilcﬁex structure

r ecogni zeld:31pP-6hHd yakie avbhKeanemz | Hi¥0, Nlélnifsiotelchmlogyhbfl @b&@&a&déﬂyzg/met atl eaves a
fl uorophor from encher d produces a fluorescent signal. For SNP
genot ypi n]g? %ygioé?ﬁpa]p%gg {}/i(ll?%e designed to hybridize with either the
ref erence gvm |d type) allele or the variant (nutant) 10allele. Unlike PCR

there is [8134Inear " athsiSormian depction maetheis dapariberoorrpIne.dat Thehvelt ctiahe
| e Il
nucl ei ¢ agyof. NEH&EIAS:H%SCE& LR, 2%“3‘%5?03‘7%%}1@0%%%@{&%3? 119&@&5‘@6&5%185' In

the art are provi or ‘exa vanc
Nucl disc AwintkraindS¥oP ahﬁyms MthF&ETapﬁl&%ﬁoﬂsI’NuclasAcmG&)seamld 29:29. SEatpeastt No.

6, 706, 471. . [ 0136] Padl ock obes PLPs) are 0 S)
| i near 1%14%6?\@6{1’@6?868@ FrREMgERikh & 8E0bse et"P‘F‘g“t g‘tacglﬁ@ a‘s“la gnﬂ% probe

are conplgy %O@@E aTEIe e BHIAR 8O- tl%%&%l&%ﬁ sh&ifib§ett AART P@I@fn%kiﬁct?ﬁi d I'n the
central, conpl émentary regi on of

homogencous solution. Two different formats are possible, the “stem—loop” format and the
“duplex” format. In both cases the probing mechanism is intramolecular. The basic

20  clements of Scorpions in all formats are: (i) a PCR primer; (ii) a PCR stopper to prevent
PCR read-through of the probe element; (iii) a specific probe sequence; and (iv) a
fluorescence detection system containing at least one fluorophore and quencher. After PCR
extension of the Scorpion primer, the resultant amplicon contains a sequence that is
complementary to the probe, which is rendered single-stranded during the denaturation

25  stage of each PCR cycle. On cooling, the probe is free to bind to this complementary
sequence, producing an increase in fluorescence, as the quencher is no longer in the vicinity
of the fluorophore. The PCR stopper prevents undesirable read-through of the probe by Taq
DNA polymerase.

[0135] 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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the PLP there is a "tag" sequence that can be used to identify the specific
PLP. The tag sequence is flanked by universal primng sites, which allow
PCR anpl iwocatiiasssef the tag. Upon hybridi zati on to thePCanus$etl1/08dse0 t wWo
ends of the PLP oligonucl eotide are brought into 20cl ose proximty and can

be joined by enzymati ¢ ligation. The resultin roduct is a cifcul ar, probe
mol ecul e Séa‘ﬂeé‘ﬁ%rtzbé‘gﬁ’t"é @H@l%%éeg%ﬂuwcgmwaﬁa.nuglﬁgﬂ%rﬂq%ga?@alsm obiesinypdes

probes t hgfioflintbrfapds WiviPihic @inz&naé & the §idhA§kdbAbehE ARRY RELIDY oL R&uAEIHaPMO an
exonucl ease. Hybridization and ligation of a PLP requires that both end

segnent s ¥ eodghileeignakpiobe frmssedlaphetehe hucledtids comtameng thRlpPlynprplvisme

extrenel y.specific.target recognition. 25/ 0137] The tag,regi ons of

o ol ar DR ERES iRl S b s el S £ 8%t ect ea
For eﬁaﬁréln@ym&a@l@{)&)serc&%kzeé the8g’ R&Fo£me nBEleSRIL] Tde @éléas_é@ﬂ@'ﬁ'bi%@& wal g
gquantify the anplicon. The presence and anount of anplicon can be

cor r el at ebirdrdpetbhering BRER dabckntherpbardeinipg erotherrdyplexséyu@rciscognizidysanpl e.
For de_scrthg 3 Qgseoelilzﬁ%‘[gSTﬁi %meeH%'Clei‘V%Q &P ﬁ\% & Vg.i a ﬂugrggfl;?re E{a% 1%‘1%1 ? nd
proximty probes for’1n situ and array- a%ed “anal yses: ool's’for the

post - genqjikacteF and fiodpasatiluoeesatid sfieubCtHoRISAP £R0OMIS the: shetfat pdbe Mill sson et
al ., 2006, Analyzing genes using closing and replicating circles Trends

Bi ot echnaiesigpad BAydridizggyithrrthen thgatfomess (Ipbtype pEbEer the Vaiims (Bytaa) | 1994,

Padl qgk CEEMIcAN; i.Zk -0 | ] i de: . i . tection,

ot ende UBRETinielit B s il BOPHECERh of Sl inl RS BnbREGURNOTER) PO O

be used amichbat @id.aBlréhek dbrellssfbcieprtolgasicione lofidelindoyskidirie theatrt dre prdvédbdt o,

r hodam ne, ani ne, 3 , cyanjne 5. ,. 5 fluarescejn, Vi

Li zTm , -?%f%ﬁﬁ?mgk@a Q/Bg‘)sgﬁﬂ%fﬁ’aﬁ@ew@d%&cew%gmfaﬁ Jﬁe%@é%%mm

Li zTM Ta1r§r5gj'(mol)gg@m‘_@\/lpa@ﬁgﬂ!\/&%@A@jJ avail abl e from Applied Bi osystens,
Calif.). [0139] i

Foster Gty, if.) 9] Devi ces have been devel oped that can perform a

t her mal fthg re i i P it C i (G l.or escent
i ndi cat oﬁ?‘%edrlit a ﬁ%tgLot%E \é%agr%g(()lfg a ggéeltg%lg Pi%l ’ %&23@ 2%8 hlfne%gad t he
i nt ensi t ylgbntdieotidesi OT BsgnEncdy e thaAdardi Spindy of the praticens ednyplofefitayobescence

after each.cycl e. Devi.ceﬁ conpri si.ng tlh rmal cycl er, IIi ht beamemtter,
and a f| FOFESRUSRIVLCEAI YR &E Put ,ew%a@e %%ﬁ%@%‘c?‘?%‘@ﬂ? ﬁ‘é‘?f‘@l.t%f? W % pat .
Nos. 5, 928, BPP thde %]&?tg%géegerfe%a%gﬁl @J&ed&&gﬁgﬁ%hé%@im'm , each

of these functions can | ormed by separate devi ces. I_:dr exanple, if
one enpl cgguacQisdiniicd bphnivasel previogisves, birchaatioi PCR atipbficatidnenfitea@Ei on may

not take place.in.a.therml cycler. bu | d. ineclude a.light beamemtted
ot a sped o diaRu e raflotr oo Sradiahs P PledtifieBup oo GRS
cal culpat | ekepRskimhity Rhaxawbe foledaFRMBymafic Rgdiohf MRakdsaningReMet is o @Al | N
particul ar enbodi nents, conbined thermal cycling and fl uorescence

probe molecule catenated to the target DNA strand. Any unligated probes (i.c., 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 [0137] 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, ¢.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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20det ecting devices can be used for precise quantification of target

nucl eic acids. In sone enbodi nents, fluorescent signals can be detected and
di spl ayedwownimg3@nd/ or after one or nore thermal cycl epCTiuse@i1pasomd tti ng
noni toring of anplification products as the reactions occur in "real-time."

I n certai.n. enbodi ne, can use the arm nt o f cati on_product and
nunber ofN WF%%@?%%’&@W BObey; cagylatirigg ol E%VCIﬁQEHE localized A ucl ef o

acid ZSngggﬂgﬁ‘%@§0é9655@%§@nple prior to anplification. [0142] According
to sone enbodi ments, one can sinply nonitor the amount of anplification

pr oduct a[bpas*] a pr qﬂz}aﬁ{cm#%&b{}&imﬁ séeﬁor%ﬁﬁér%‘?thﬁy Al e &8 ast feté d?ﬁiliﬁa]%t‘?let hie

presence 0 he target nucl el c acl quenhce 1 n the sanp
the art danpeasd inyludettert atene; lifndted &0 yh@lavene, spanine3 (@jaé) cpaimmeﬁ (Gefyence,
and reactjon condjtion, how many 30cycles are sufficient to q rmne the

presence fHroracgny ¥l ¥ driget- e -Ean g 6-4g b #19 TRsBRsEN 11/ 036670
[ 01431 By GAM)." (gl i a6e6ERAR, Sxhrd! d Fanenk LARENALISR AbflidsS Possi bl €

to followt extent’ of hybridiZzation.” Moreover, the tenperature-dependence
of PCR prRidsistentsy Bostei Gigit.i(mhf.gan be used for the identification and/ or
qgquantification of PCR products. Accordingly, the nethods described herein
enconpasq013g use dbeviedsthhngbaurdeeclapal tyist c&nipﬁrfﬁﬂﬁhehﬁrhﬂagcﬁhdg egaction
quantifying anmplicons. Melting curve analysis i.s kno and

descri bed"! %1 eRMRRsHATS sontaing aflugsgscept Infjgator, @@W%}Aghf&ea@ 2 pBescifl

6, 5690627y RO LM drSisDBF BEYIORSANPAL ALAS ARKIaY FhERRACH b 11 :

entirety, pecifically for 1ts description o e use of” nelting curve
anal ysi s ﬂwr@etmtaftanch’cbrcyciaaﬂtewfcys Wnsﬁngaﬂleunalwoldudnght bdam ¢rhittestandt | ve

enbodi nent s, nel t| n apal ysis s r| ed. e-stranded
70" Da aye etk bl G SRR RR destaRl o U el T REREY T br obes.
I nc., Eug@@g 67/ Rhnd 611 i gygim br oni de, and the |ike (see Zhu et al ., 1994,
Anal . Chem 66:1941-48)". [0144] According to certain enbodi ments, one can

enpl oy aryg Lﬂger nal Iﬁ%GﬁlE%hl ggm?éﬁ?@&échyofttﬁléase %Eﬂélnbﬁé %tﬂe rthﬂgd-' é[ padicat ed
by the flu scent signal. u. S 36, 33 0145] I'n
vari dos elehmeds. nﬁmnesamplrvpif@me reglpﬂnyea@ﬂbatrawcpitqameadzttw fnnmbplnﬁ@hon the
reaction may not take place in a thermal cycler, but could include a light beam emitted at a
specific wavelength, detection of the fluorescent signal, and calculation and display of the

amount of amplification product.

[0141] In particular embodiments, combined thermal cycling and fluorescence

20 detecting devices can be used for precise quantification of target nucleic acids. In some
embodiments, fluorescent signals can be detected and displayed during and/or after one or
more thermal cycles, thus permitting monitoring of amplification products as the reactions
occur in “real-time.” In certain embodiments, one can use the amount of amplification
product and number of amplification cycles to calculate how much of the target nucleic acid

25  sequence was in the sample prior to amplification.

[0142] 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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preanmplification cycles is sufficient to add one or nore nucleotide tags to
the target nucl eotide sequences, so that the relative copy nunbers of the

t agged t avgaebvimudsdseot i de sequences is substantially represarstatioss’of the
rel ative copy nunbers of the target nucleic acids in the sanple. For

exanpl e, preanplification.c be carried qut for 2-20 cycles to 20jntroduce
t he sarrpl[gl%‘dem f i CHFCYEMEHETCPRCCYET dFeTgbicmpgeatures 5k Rers BB gt 5,

det ectionpd éxt@I"i’th'h?eré]l%tld%t M&%o%}dthefterﬁpé%ﬁ@aég%hd&«ﬁpbf f’CR%trbcﬁi%t i ..,
during the "plateald” phase, or endpoi nt arried out. In th

i nst ance hyforléaa@dm ¢andzetuisoth foxithd idaottinkior endiopiuans ficgmpyof mﬂamoda@s oss

targets ss,sa s., I n.various enbodi nents i f| cation and/ or
brbi 1 TR S PETs de-BuET PP by s M@ gysve SBlysGgn D5 e
or 405cycdcRetifg alfld?()r GuanHi arﬁlshccoylgl Reeltid du'rﬂgaﬂMglsﬁ' 1§1w%[l)kn6ﬁzﬁgﬁd l;sounded by
any of these values. Digital Anplification 0146] For di scussi ons of

"di gi tal desmribedeler cxamplexanhd ataps doisse.&7ho Hh G2 vt anrd 6,.5696027, padtoiNat |
Acad S 6-4 t
30Rubi 1 catTon s oeped 75y e fhePly iy b ORBU T P gption

publ i cat igFnise @gee)fhﬁlt@{g\/cur%ﬁfaMKﬁb@dtebyaﬂd&fr%@m@ anfplifidgfion gotlidtet, and in

particul ar for their disclosures of di g@t al
2011/ 1436Huetivespbadingsergltagsuive wakysis iy car@?(bwtalsmamﬁhub Cestan e net hods

can ngke Y] | Uﬁ%ﬁ%ﬁg’hﬁi &Fbehhﬁmﬁ%ﬂt g@@r%‘ﬁs(l\/fdfé lf’?o‘tteg ng' @'u%%; o hi gh

such as mcro evices typica ncluding a large nu

densi ty dDR} rtlidiumdirommed et matﬂhedmkessebéﬁu(eealg.199m,aAnmlv©1hamm*e’)6rle9&¢t48().n sites or
reaction chanbers). In illustrative enbodinents, digital anplification is
per for meqousd|ng 5a Awbrdixg toyqeetati epilfdirbets, ondeyn e@ployuahnemal bentidl g t al
ArrayTM m crof | ui di c_devi ces descrjbed below. D gital n‘gl ification can

entai | di®epifythe aypblicasian pradushindigated 3k Bueiptsapt hensdr eefs c2o U-Aolands of

reaction g Xxt4esy These reaction mxtures can be disposed in a
reacti on/ assay platformor mcrofluidic device or can exist as separate

dropl as |n emul si on PCR.. Met hods for cr.eating,,droplets. having
reantfon W5 moner b EPLEERB S Tty s pEerPl AR iR o cr | bed

in US. I%a&a@mhﬂ‘d@noﬂcm,@@&ﬁcieﬁsmeﬂdto@e &Jﬁi@ee Riclatide (aRite theitsrgher eby
incorporated by reference in its entirety and specifically for this

descri pt inygeotide squengearsp tiphg whitive ﬁomonurxzbﬁr@e tho sepged tﬁﬁgﬁt ingplegtidranuar y
.Zﬁcof%?a%@éﬁﬁ%g?ﬁé?%ﬁ%‘é? R B PPLP SRRy oBE bW o o R R
descri pt iagits;in theSampad vl eE’Mblblbplﬁ’earﬁ]ﬂhﬂi@tlon can be carried out for 2- 20 cycles to
20  introduce the sample-specific or set-specific nucleotide tags. In other embodiments,

detection is carried out at the end of exponential amplification, i.e., during the “plateau”

phase, or endpoint PCR is carried out. In this instance, preamplification will normalize

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
[0146] 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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1520100092973, published on April 15, 2010 (assigned to Stokes Bio Ltd.)
(which is hereby incorporated by reference in its entirety and specifically
for this we=erivp@sésen). I n such enbodi nents, a |imting eciratsezan/osds7a he
sanple is nmade across a |l arge nunber of separate anplification reactions

such t hat st of .the reacti.qns. have. no tenpl ate | ecul es, and gjve a
negative aar@ﬁ%ﬁlqsat Pdaltaﬁégwﬂlﬁ.catm re%}b%fs %a%f@ s, %qrtaa’f-hlﬁeéﬁw ut

ampl i fi cafdpps LAYl Br d%ﬁ@l-}@cR,ashcﬁ Q@m‘i&@ﬁﬁihf&rheefwé’ﬁrg%lly MfudiSe oML I NG the
i ndi vi dual tenplate nol ecul es present in the original sanple onhe-by-one. A

maj or advembtegendsér ldiglydermity afrpinkfl-ivo huncorgad¢tentshtas (et henagoavoiirhatcacion stes

i nd dent of. iati i h lificati ffici - f ul
anpi 111 catrenioR e on' et s PRl pmnBRTRS pRETERRTAMe
anounts of, RaEELUGHe mi@3AHICTHRREL dueh |a§fhe®fgﬁﬂiAﬁ%¥T&1mﬂ:Hﬁluﬁfﬁ& hedsesof the
invention are enployed in 25determ ning the copy nunber of one or nore

target nutsbaiteddelons Pigital splifationedndendaihiibieibuling eppasiifioningarvaaplaent s,

met .hOd.S aﬂrg n@h%%&%ﬁs Eoetﬁgﬁ%agggoﬂggcgfoﬂ RS "ll‘ilsegedreta?tioqletgne 1:[1re§: ?aq%benunber .
vari ation of a arget nuclercacid in the genone of a sd(bj €C y anal yzi ng
t he genondigobNANRY rRs&@Ivh/dsshydp & éorpl & ralierdiuedc et bih@insuby eciepaaey exanpl e,
digital anplification can be carried out to determ ne the relative nunber
of copi edreplets, ¢ gragdn cmolsipch @R ¢ Methadls dererreatingrdeoniefs Bavipg reictiomcid in a

sanplg. 'd&nﬁy@ﬁ&ﬁ@? aEJYQdP%nHE&E re&éﬁf%n?%? 'greg&%E’éhﬂ%HrfP%fs.iP%féﬁPW for the

reference n el ¢’ acl ., kKnown for t articular nucleric acid sanple
under anédl,3%1,5)3, isthddad iataky el al, (vithieh 1sdbmbe moerpurateé by refetedccmntsioaticatg t hat

i kel y 78 BETRHPPY B4 GrouRieatdes PHCH HbpRbca e b i BT
nunber i ahiigy BYCIADaRfndd RARPIhGREMRBhRNGHINE B | G/AGSYTBLLY hcBroked  For

exanpl e, useful reference nucleic acids in the human genone 1 nclude
sequencedyotfar¢nesc RNas eRirct-aad spevificuby fot thsalcadrgeionyd). 8- Rdtoy Pbtieation No.

dehydr.og .genes; , 5 it owill appreciated.t.he invention
e e PR DE P LRARH ARIer £l s et sBReSPR BB Bareburn
enbodi nprlh@orp&ia&htb?lre@m@bé frl gaddtRery Al shRiffAlY fedhRWes@fptiBh). In such .
preanplification of sanple nucleic acids. Typically, preanplification prior
to di gi t @mbedpnetts, @dimigng dduiyer ¢foheeample is madq garessd lpigaivember oftseparatg
cycles (e, 0. .cycl r I o | dj unber
of °t hor e sy i Yo oR G R AR s Bk EN R FPBRC LR Sy oy
thermal cy@dgesve anplaivatbn sl thesumEihg dalvdsher bpsiteel dniptifeatiadicsslnt s t he
nunber of thermal cycles can be 3, 4, 5, 6,.7, 8 9, 10, 11, 12, 13, 14,
15, o nove o Harcaction sadnairisencas cewrting thendiadusl ferylate mglprulssipaesent iwo or
more. CYCl s o0binb MG RATHIN - BIP! A bufHddOm A STASiAGREI BRRnFOMUL S
sufficient to produce tagged targe

quantitation is independent of variations in the amplification efficiency — successful

amplifications are counted as one molecule, independent of the actual amount of product.

[0147] In particular embodiments, the methods of the invention are employed in

25  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
amplification can be carried out to determine the relative number of copies of a target

30  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

acid sample under analysis). Alternatively, the reference nucleic acid can be one that is
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15 nucl eoti de sequence(s). Wien performng digital anplification for copy
nunber determ nation, at |east one target nucl eotide sequence and at | east
one ref erwpeelmdsdseot i de sequence can be tagged. |n cer rarnseonhosdéonent s,

this anplification can be continued for a suitable nunber of cycles for a

et B R G R
20t ag- SPEfehbing, AdithBESH r BBhE 3{1&1@%@@1 Widpe b3k hR00RM id ALGREd Rk

reference nucl eoti de séquences and preanplification carried out. For ease
of di scugsicoror txmnplerusefupreenmdd rfuckat dads'inithe ngeeh pawoow indudiesgnétves
anplificatd.o erformed prior to.digital anpljfjcation an roducts of
ThPs anpi FRCRRRES gt BPirelycciditichpnoRute Asf o gEheer (M BB B e s,
preanmsl i fiogakbon wilasetdppReiaRidahe mBhtorPk Qut HeitdPuaprtiédhd réréfep hiélbiat i on
of the nucleic acids in the reaction mxture. That is, the relative nunber
(ratio) ofidkhe target and reference anplicons should reflect the relative

nunber (ratio) of target and reference nucleic acids in the nucleic acids
bei ng andPi48led. Mnlvodsnfeorbodurzamts, tietitalenplnfpdaiibn cat hoearackokrdten in t he

art. See, e.d..,.Arya gt al. Q05,. Basi c i nci pl f real -ti.

quant | ¢ TSNS pErarie pudlnE Seitag sl PEeBDEaeor B0 i 4 el0pr | mer
pai rs andnpyIBRAVG fsipeAbhRd ©0 A dintilcaRtnbanohiBemel] e¢tief cld, LORWsEot fiat the
anplification efficiencies tagged target and tagged reference nucl eotide

sequdfcesyales). dngeitain coodippnex theetuaiber egibarmalicsicles dening preangplifagajiobicas i n

the copy number dghsrmnatd.on.., The.. ¥0.2014/1 14050 PCTNSA0LY G36670
ampl i fi cation erfrel ency “of - any “part Cot’primers can be easily et er mi ned
usi ng rouwnbdirh@thHihcGuabef SRR cEndl cyclElanad®, af 5,8, 7, 8,"9np) i1gaL) ) 10§15,
real -time quantitative PCRin the anal ysis of gene expression." DNA

anpl i fi caringe thagrldedts trer{okdlgndbe sihwilhppnreeatei Bieor mgrasHelpaed thior f ol k,
UK: Hori -Bi i: : - . ): erence
el cot | dobk ARG A0S ottt ek SO ol ALARE ARt B
condilti onsiclebtide sjacnde(sy. Whcmpesfonaing aligital fyiplifitatioh dogepy anchbeef er ence

nucl eoti de sequences with sim]ar_ or. approximately equal anplificatjon

ef fici enciodr TGP 78 1544 QLR oI A NG5 ang e Lt PP AT PG e 01
(typi cal IXqtdicl 8bd ﬂag«@adlﬁn cEEHA hbodPheRs, HES SmblERAidR cal BE SoripHad fo¥ a@bout
5) greatly mtigates any differences in efficienhcy, such that the typical
di f f er encegalde euhbén Kelyyles forhatypicapreansplgmiafiore stop, reddegiog acaparite resul ts.

0150] Th f gl i | ifi ion.apd distributi f t lified
e B R e o
M Xt gpes, ta@ spicoOprirh &9 @buld belehtadbd 37l the RBSc L AFdLaRORM B lRIcRBAMe SEquence
wi Il be distributed into the mxtures. After digital anplification, the

rati o of scawajees aMdreanmHwgten earpbd pite dior erpei dibgetsons Belterdt s t he

150ri gi nal rera%éjll%bat}-or}le’rig L&ﬁ%’elo%‘?o c?e%cnribdeea{[n?prl{ﬂcgﬁoﬁ ]Qeerfo%%g%?iop ][(o &i&@a‘it on
m Xt ures contal ni hg
amplification and the products of this amplification are termed “amplicons.”

[0149] In particular embodiments, preamplification reactions preferably provide

25  quantitative amplification of the nucleic acids in the reaction mixture. That is, the relative
number (ratio) of the target and reference 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
principles of real-time quantitative PCR, Expert Rev Mol Diagn. 5(2):209-19. In general,

30 primer pairs and preamplification conditions can be selected to ensure that the amplification
efficiencies tagged target and tagged reference nucleotide sequences are similar or

approximately equal, in order reduce any bias in the copy number determination. The
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anplification product derived fromthe target anplicon and determ ne the
nunber of reaction m xtures containing anplification product derived from
t he ref erwocetizmmpdspcon; and the ratio of these nunbers promisd@s/ osdseo copy
nunber of the target nucleic acid (e.g., the tagged target nucl eotide

sequence) ti.ve o t he eference nuclelc aci he tagged
20r ef er eﬁ@@?ﬁﬁéﬁl%? qenee Jwyr. of pgimery @r@re&ﬁlﬁj&é@t?‘%‘lﬁf \mar:! fottine

anpl i fi cabiiyuch ARBEILC A urtds etséleAﬁﬁ'ﬁdaﬁbﬁKfl%'aml}n%rq%%a {{Ptll\lefP@[@M@i@ reactions
are run on a nhucleicacid sanple, such as genomc he nunber of

i ndi vi dueﬂnalryela@tf gcmseﬁpmssmn@jlméh an@ﬂfleat@mﬁudeeaﬂqﬁheolnghﬁsaedyxppln@nmafbout 2
to over 000 Y., t.he nunmber of i p forrre a sanpl e
o about Yagonin NRREUR HekER BNaF s Tt T bERIP I bR Bl o even
nor e typirgRrdnte kAt BARqRNCE SatRbed WHhIRS sadtcdth s, dh8risaltaAOBddditigiat i on can
al so be performed in which the number of reactions performed on a sarrple i's
about 500agppagHecaprencrs g ymprydodh ta@%aﬂereferamuclﬁesdwquﬁw sith sypdut
1,000 or gr e bout r about
7,500 or Ogr gélox{matgl g%alzdpl p%glcgtb%% fﬁé‘lre gé : afbu e %&g{q)%r ‘o m&%%@fl on

per f or mechremyplElcatobeycdéd (Sipddailll ite 1§ {hm hsgdrseal,ly $0ohleptht 1 axaoie uzt'palgoo up
to about 50,000, up to about 75,000, up_to about 100, 000, up to about

250, 000, ABRUED) gﬁ%mmee@te@w diffsransesipsificiosy, @@bth%ﬁhqfap%ldi}ffe@nwm@oo

861iﬁ?43%&%Bé§ﬁf§§8?%%6%@%?89%8%2§? 1% B eul ar enbodi ment s, t he quant 1y

of nucl ei id su ct to di lif eneraII t ed
such that[ﬁlaﬁen di s hru’ls’ot‘l??é1 gmgrﬁrg ahsﬁccra e Ieal}de&algtt |b8ﬁ01}n°§< reamph)ﬁe%? rgeC[

i ndi vi duaindasfetdnté e@aplicuns @8 etpadiic di:‘gitakﬁﬁﬁlﬁmubﬁ)niljimfdsldzEpl@@@rtfbhaIfrﬁmﬂfer
anplifi abl e nucl eic acids, One of skill in the art can determ ne the

concent r &fiagwpligpns; Cé?rr@&onémﬁp icedhieayense oall e distsbwiedsingg the aniztyssse Al
cal cul at EH[ @551 aRRiAPH gt ﬁle@ﬁ?cr&fdtfi{%%{ SR fer c‘é' p'hﬁkat?dﬁpdrb&l}c?ﬁfeh?& tHLOY e

conveni en a set of’'seria tions o he“target ‘anplicon can
test dd. Fovigimetaatjol elhetdiercdend @a dsteomvimeithie Eurgbere)f 2cdctiommextarealcbytamviey | abI e

from Fl ui di t he 765 Digital raT IFC) alows 12 dlfferent
diluti onsanﬂﬂrpwéthrggfpgactéiﬁﬁmf%ﬂea@%iaﬁg ﬁ letemang; the Bpabeliqfyt i on can
be deter %%%nbaﬁxal?&eao%hﬁgg 8m hﬁ@d:i%n %%duega&aea %np{hetrefefe%e Brlﬂﬁhéb‘?it i mal

dilution, the I'itne should bé straight and pass through the origi

Subseque mnldyhet o ©b Heenturabére pravides iee @ply giurmdker sfathp teegetmanlei@etcuhdecg,l,l tht ed
fromthe ot. [0153 nt| of t r ren

b | con( B Edanabhfs BRREGR) Rl Rebltorst ab T Ree et Foi e 1 s or

chantper s rsfiedhct Ratle@arhci@@et). on 15 incl udes for exarrpl e, an average of no
nore than about one target anplicon and one reference anpl i con per vol une.

or quanty i ve or Rar e e o B e R ot o or
after. [ Cibilificotidromictepndiast munlouta row|ci¢ dned saglt. such s ginomes Dave Ebj ected to
anplifi Cat ! Qber of individual reactions for a given nucleic acid sample may vary from about 2 to
over 1,000,000. Typically, the number of reactions performed on a sample is about 100 or
25  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
greater, or about 10,0000r greater. The number of reactions performed may also be
30  significantly higher, such up to about 25,000, up to about 50,000, up to about 75,000, up to
about 100,000, up to about 250,000, up to about 500,000, up to about 750,000, up to about

1,000,000, or even greater than 1,000,000 assays per genomic sample.
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20 to identify those reaction m xtures that contain a target and/or
anplicon. Any anplification nmethod can be enpl oyed, but conveniently, PCR
is used, wogoi/mae@Eb-ti me PCR or endpoint PCR This anpl pCrastéioniaan enpl oy
any priners capable of amplifying the target and/or reference anplicon(s).

Digital anplification can be an be carried.ou er ei etarg .and
refer ence[ng#pll i condNRREICY]aE £y B@ap@atsp ﬁl@&u%%tftg 0 Pw@a@feﬁoﬁ» ierted &g &g tf?]or
det ect i on0fi f2a@6HP1s fgfehéi@FHI %Teo%d)ﬁféﬁttﬁat erﬁénvcﬁgnt)ﬁ@mrﬁaalsaé&ere%nﬁnp' i con,
ei t her target or reference anplicons. 1n such enbodi nents, two sets of

reacti on mixuires, e@c;h ladltvahlgbamlslaicaanm ractief sreepweds@tmclummm: drdvecdi st i nct

I d f i fyi
Pt or encariniPRansRis Gt e Al P o FRLIfORT s B et Bunft Sateet Lot od.
for examinglicesd spﬁroauwal A FeSAbcPEBRR andUaRuRK AV %g (?’rﬁ&”am&fnt fangetr and
reference-specific 30probes, which could be incl inall digital

anpl i fi caligitah amphfigatog, Mq@cgmememls%s@gfﬁmidliqtﬂca@@émtpms@]lmrr@n(s)
conpent L Al (Qled Mo LALARL L aLALLIRNES HIRLE S0 GRESS Fhitde 8L ©1 2 £
a |ve

with the RUMBer of reac B T XEUFres ot ification

product - qmﬂdi:gnm Cog. af tie IR Iigfthll Ay IE@phM@»@mlz SeRran® pitiibind go bk Bsted
Application . 12/ 170,414, entitled "Mthod and Apparatus for Determ ning
Copy Nu nﬂ@ﬁu%&epwly ofptiRiaky. Phyjiable dikomcan b\mii%tﬁmlged hestsertiagadingg

ref ergnce, , tal PCR
resul ? S. &%@%Slégle o eq}z:\eteoc‘pat Iﬁﬂ%%ggn Qﬁﬁf\}aﬁﬁierorg{dl bcea a}_@??ﬁ’? 3 ﬂ]%@ tgb Nunber
Var i at i ororigin. aSubNéquSatip ke ddacergrabog bf the oﬂ@aabsarmlmfﬂemahhutate[&fmmehe PL0S
ONE 3(8): .e2876. doi:10.1371/journal.pone. 0002876, which is incorporated by
ref erenc®$or al | purposes and, in particular, for analysis of digital PCR
results. 10 DNA Sequenci ng [0156] Many current DNA sequenci ng techni ques
rely on "B&jlenci ngn}?yﬁpﬁ’mlﬁ'@sql@nmyﬂﬁé%éetta@é refegnesaaplieon(s) Cambpar y

creati 0“@1&3@&%&( &ty dR&LA heltid ?8; ?equldﬂc G dr ¥ abers SQ‘.;haﬁlXt &{Pfl peuligs, and

sequenci ng rary creation s ts Wlt conversion of sanple nucleic acids
t o afdpr opn¢ladsl forskaeplef snazg/rmb@f nb ingat than abdutacha pirget asgdicemardomnt o t he

ends 15o0f the fra nts, and s ction for nol ecul roperly appended with
adapt or s reﬁ?ﬁeéwﬁﬁ@ggeﬁ%p%fvo U 5 &ﬂf@F aWlysbstss ARG B L SPTPIEY | | br ar y
mol ecul es, @nall&gs mltédf fo? @it RE of @ fGHVENM 1ﬁ65§1%ﬁt1§10rT$1§15tr1but10n
above-descri bed nethods fo taggi ng nucl eoti de sequences can be substituted

for |igatdrefter.t o i ntroduce adaptor sequences. [0157]1n particul ar

enbodi ments, the nunber of |ibrary DNA nol ecul es produced 20 in the

massi vel yjopadal | el HORwitedsiribuliow teneugiontthixturthare shigoaed of amplficatbecul es
assocjatin i h t he same substr

Wi the s bead (ip 454
sequetici rig ?d%lfl ResSAd P RrAEes %a& RN B (5B SR OPRAPLeRfY I%UP%W
but hi gh ,2a05@ESR by dd)BuddoBlchi®itly, PCR is used, e.g., real-time PCR or endpomt

PCR. This amplification can employ any primers capable of amplifying the target and/or
reference amplicon(s). Digital amplification can be can be carried out wherein the target
and reference amplicons are distributed into sets of reaction mixtures for detection of
25  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,
for example, using a universal probe, such as SYBR Green, or target- and reference-specific

30  probes, which could be included in all digital amplification mixtures.
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anplified sequences is sufficient to provide a high throughput. After

sui tabl e adapt or sequences are introduced, digital PCR can be enployed to
cal i br at evoOhe1wdadser of |ibrary 25 DNA nol ecul es prior tProTASquansdeng by
synt hesis. [0158] The nmet hods of the invention can include subjecting at

| east one target anplicon to DNA sequencing_using any avail abl e DNA
sequenci 181383t hod. The seasentigtipmef anyamchencterense smpligen toppiss i iget

anpl i cons. i i | [ : |

et hods. €D ELR YR BEhuHRCF ot Al in bl OURLPHL pRSRYETE. Ao TEEIRE ol Do
nmol ecul esconfamihg) fonthRGhr(ientRCGiR)plicenl Stesopendiing iLdS.aA pidAtioNeclld/&€%0,4149ng
with priner.- c(ggt ecE1 gea s in aq%eous droplets withjn an oil phase, .PCR
produces PAEFS0YIEiod 888 GwedtalysIon Reigarie g i ambir YHtip ks Bigittle, whi ch
bi nd %0 PEHENehi@is i@rRRALd b? e gl Eﬂ%@ésl, hf@lih PRHiEQRr, K hlysis of
sequencing. enPCR Is used in the nmethods by Marguilis et al.

(commer cidgitat T RosesulB4 Albd sceIibernt ek, 2088 a1Vl athdmatirh) Anglysis ol CoprMNiintber r eca

et al. (al.so known “pol .sequencing” d i.D_sequenci l'ied
Bi oayst eriaten 1 BETA SRS e S RERE R gh SRFuE SR SPEo} 295 i cenone
sequenci nagy® dai:¢0 98 AhfoubRl fend0@RS 76l RNSER ¥ iRdoFPdrhicl By rEREIOE for alfat ure 437:
376-380; J. Shendure, et al. (2005) "Accurate | ti pl ex Pol ony Sequencing

of an Evdiwraseseit &y paticutain frenalgss ohdgit@ORCR 5@ty 1728- 1732, In vitro
clonal anplification can also be carried out by "bridge PCR " where
fragments are anplified upon prinmers attached to a solid surface.

Br asl|1flvs KINAiSeguendifgievel oped a si ngl e- nol ecul e nmet hod (commerci al i zed by
Hel i cos Bi osci ences Corp., Canbridge, l\/Az that omits this anplification
step, dirl@t36ly fi xiManspraranh PSR pescr@ngtcshmifersaclylon Bpausneipg Ry, et al .
(2003) " e s i ' j - s"
broceed: ngRtSRot hIREIFENAR AR RO b BT CREL IR TR BT,
Areri ca 1@0ibra9 66, arlicGid@IngNA ibraheauitas sdratwigh eonpbigsinadlshyplzound t o
a surface can be, sequenced ié,n_p%ral l el , " Seguenci nq by synthesis," 1ike
dye- t er niHAIT O R EPPOPHBIF B S EcIdBgments: Herliogd adaptegapdicynenta dhe ¢nds

det erjai n : I ] 0 rcialized
131 eofttﬁheﬁr%ggﬁ%@ %Héﬂ@él@&ron'?@%’ﬁg%gﬁ’ﬂeﬁn}o?gﬂg} %ﬂﬁeﬂﬂed@itﬂgg%&@. e

by I'l'lum na, San D ego, CA He oscl ences rp., Canbridge,

MA) use revensd ofl the védapsoroaguentesdyetht ends ofdbolisraryamdicng e ereblasahpbificateonat  a
20time, and detect fluarescence at each.pgsitjopn in real tine, by repeated
Cemoval Gt TEHETH IR TSR i 8ONGRSy MO APT B uET i

nucl eot i dgquenByy @RaRUEREINEd foH 15atisS 88 ifalyiu RO dPRY: k&ﬁ&h@ag, addi ng one

nucl eotide at a tinme and detecting and quantifying the nunber of

nucl eoti dggsgdded tig %thﬁ?@mh@&iﬂ{ein%[‘tﬂewuﬁ%gp?flli‘ézrallyi IOUN rﬁaﬂe&lpgsd%&uuéeae

rel ease of attached pyrophosphates (commercialized by 454 Li Cl ences,
Br anf20r d,in @) maSeel\par@dReaRgien iséow ahoughli@@he clidReabf twamolbblllesequenci ng
using deta%scgciia?{?lg%];it %2 ge?nqg glﬁ)g rgt%, ¢.g. the same bead (in 454 DNA sequencing) or the

same surface patch (in Solexa DNA sequencing) is low, but high enough so that the yield of

amplified sequences is sufficient to provide a high throughput. After suitable adaptor

sequences are introduced, digital PCR can be employed to calibrate the number of library

25  DNA molecules prior to sequencing by synthesis.

[0158] 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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rel ease" Anal ytical Biochem stry 242: 84-89. Labeling Strategies [0160] Any
suitable | abeling strategy can be enployed in the nethods of the

i nventi orwoWHrg3déshe assay m xture is aliquoted, and eaehTalS2QuoB6676

anal yzed for presence 30of a single anplification product, a universal

detection probe can _be enployed ip the anplification_nj xtyre. In particular
enbodi merfeBLes PEE{HGRN%@“@&%&@&‘% Fl&ﬁ t%aﬂms@_%tﬁ? L%adi fapgwed by |
2011/ 14363306 liiAd580 1/ 193684 Rille. UShPER & &é@hg@%ﬁgﬁetﬁ’fﬁy% ilisSht abl e

uni versal gPCR probes i ncl ude doubl e-strande dyes, "such as SYBR G een,
Pi co G edporhvstadizcdby Pdébes Sciences, BEundendeCTDRhendtra st Bemed@aBit alt {adsom) |

et hidiumbromde, and the l.ik u et al., 1994, Anal.. em

6 1041- 48P palBLsitevaibe 31hd Sk T oilrafapy dTPHEY BB Nema ticdosiibei £ ¢
probeg t h@ﬁg et MQ\/IE&%GH&QE! £e29eUeNG8mRIs8SRMInk in AlitrofbAELAtEd Rkl on
products. Binding sites for such probes can be conveniently introduced into
t he tagget$nsitirpjeelitrushepis” eture 48 (ir37ag3 &hpl Standuarci ¢ril. (R0ABIPArPweienat i vel y,
one or re.tar -specific q r obe I © bEi.c for ROEtye

il cot | drubRbEReRRE ! Gt UEP B e B G5 RRE, Mebugeplopfr LD ERs

m xt ur es 1792 10delecioraminpfifiaioh @an plkeducirsicd dar igetbriige PR, cwhérebes coul d
be useful, e.g., when only a fewtarget nucleic acids are to be detected in

a large Hiagmsntore amphifiedupangrinasiaaisicded (g 2 glidsuriee Birakydoctabre to be
det egtyed, = spnecif i i - (i - £ bel for
eac hclpar gdee? el%%(%gglgglggﬁn%%@eeg{eﬁﬁg (%rh{ﬁgf%%%&?:ﬁ%?%iew%sfﬁl]l{agﬁ%ﬁgtg al yses can
be condudfadbridgeymiAghhdtloeidithik anphtichtadmedt®, directBxiGiihe DN diobsculbeteeat ed at

di fferent vel engt hs 15in a single reaction. See, e. . Fl . uorescence
Spect r oSCBHFY Fleg%épagﬁkyaﬂ al- 203y S%QP%F ipgRRIon g Phncd iy PElw (o et
al ., Fl U%ﬁﬁ%&%&l&ﬁ@@!@éeéﬁfg%ﬂh@tNa!ti%ﬁél ARREAPSIVRES O MR, StNevbfror k,

(1970); Berlman, Handbook of Fl uorescence Spettra of Aromatic Ml ecul es,
2nd ed., Xoadeni®d: PPEESI6New York, (1971); Giffiths, Colour and
Constitution of Organic Ml ecules, Academ c Press, New York, (1976);

| ndi dat or[#1§Bi shop,DRA rholeduleFhnigacphydrratly doufdk foor dirfat® caBhe sdertdadigl and,
Handbook of @ u‘F%escent Probes .ar,l,qi Research Chem cal s, Ml ecul ar Probes,

Eugene ( 1§% ABY\CH} by syadheaist ik dyertstHyndion £l LY PRARIG I UFRNIRE, Boes 2

wher ei n QAN h&AR b AcREmincdRl %%iseqheh&c!ma%ﬁiae RURRRS HGh6RY O when a
primer in a preanplification or anplification mxture 1 ncludes such a tag.

In this dessmesmlapby flilwainaome Sy iegoc@A dnddiiaidesiBeostabadsddrp5( e. g. ,
1 vorescnt Ly a0 S0k El o9t e Specl L L TBh A OASILSEST T ebe! o
20  time, and detect fluorescence at each position in real time, by repeated removal of the
blocking group to allow polymerization of another nucleotide. “Pyrosequencing” also uses
DNA polymerization, adding one nucleotide at a time and detecting and quantifying the
number of nucleotides added to a given location through the light emitted by the release of
attached pyrophosphates (commercialized by 454 Life Sciences, Branford, CT). See M.
25  Ronaghi, et al. (1996). “Real-time DNA sequencing using detection of pyrophosphate
release” Analytical Biochemistry 242: 84-89.

Labeling Strategies

[0160] 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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herein include, e.g., that described in U S. Patent No. 7,615,620, issued
Novenber 10, 2009 to Robi nson (assigned to KBi osciences Ltd.), which

di scl oseswe 2pBAN3@et ecti on system for an anplification pCoas3e k@ enpl oys
at | east two single-Ilabeled oligonucl eotide sequences 30 of differing Tm

t hat hybri di t h f | uti f fl t
quenched arne £ REBLA G RPIYELSHIER: SRESECIRSICOREB Ty SE dOEREa T ne. or
D0t SequsuASH o \G2RIY BAIGIIPGTLHEROA HARREEP PARREIAL o5, fniRORYIh] €

signal, one t'he sequences being of a Tmthat Is bel ow the Ta of the PCR
process, (iren CBIhEnumbtetlb@umdarbmhdwmd\@e Tike GfcctZhe cPUR 1@96,0@3& Criami.s pat ent

is i d in,in.it df this di
{0164 | nttQr T4 a P ot PR Sife 06 nElasdt SeioirEmechba ey ttber 4.
51997 5( agsh@RentPeoRdb seddend0pt Ese@?m’\'ﬁﬂ@h@lﬁicﬁﬂ@n FRIIRARY Bir#BSLIiich &St sdch

detection probe the is present throughout an anplification reaction but
does not [rabasicen parencalonte ntegloeddointo the tagged fargdt queleic agidsaditeg. The probe
contalns£?§q¥%n§e conplenmentary to the replicated nucleic acid target for
capture o e arget by hybridi zati on. Addltlonally, the probe or target

cont ai ns east o reac ive |i and to atlo reporting
of "the  100hFHber  arugenfipei e of AR aise R Rbin (e SRRGFEA  h t he
net hods qgr%@fﬂ&%tlh@'é&ju@ncepe@fb@rd@ie@ﬂh)’ts eh{yl&yeaqmﬁeca@tplﬁmaﬁ&l miGepey ated by

reference herein in its entirety and for 'it's disclosure such |abeling

syst dffs. Jeresnplid¢ation mmdumbéﬂarg@gsmcrﬂm mgb@sscoukbbqnseﬁﬁ qgmeWh@t oy g few

descri be ar e u S.. Pat ent ly 27,
1696 1 o° NAmke! Blofkif s ak 80Belgbiletet i o BRIRIIR o S F0F el SRR oANLY e

honobgeneahtcaggey w%mitoltfe defﬁbfbrdp@faag@dp&yﬁé piobe em@ dﬁﬂ’é@nﬂﬂu(ﬁte@,deﬁt lebdli rety
and for this disclosure. [0166]U. S. Patent No. 6 103,476, issued August 15,
2000 to Toaefchdarealcouldessrpplavcd: Bymivdicmusicheicriehlabpls puabaecsinbiest i t ut e of

the Gty Qf e Pﬁ%ﬁﬁch’h %@fex@ﬁﬁgﬁe&g&% MBI QR 'd@{ect%?‘él%{sﬁl)én‘?%bélé%hs

hybrldlzatlon probes t I nc target conplenmen equence,
af fi St y ipaisinghotedéting. tSee, pg.oBkotrascance Bpmsmf(ﬁesrmtet an Hds.) Mrce@bsence of

target s nc d ei ' | abel r that er act en the probe is
in the olldaudr E\Emag%{f%ﬁ ;o it gal egﬁlpéﬁSﬁeq&ﬁ .Ar?afYéléu |Aafraﬁ?% 2pprogeh,

non-i nt engglei MSei@P &lew WB{ (7B MAS HahgoJR @{lud'i‘&%ﬁc%r%%hr&@ﬂ‘rp' ement
sequences shifts the probe to an open conformation. The shift Is detectable
due to retworticiMdlerdest 2uhedf AtdiemiabBehks, Neiw Y ork, b\ 7d & t(@fifitheg Calosi gmhl  f r om
a Constitution of Organic Molecules, Academic Press, New York, (1976); Indicators (Bishop,
20  Ed.). Pergamon Press, Oxford, 19723; and Haugland, Handbook of Fluorescent Probes and

Research Chemicals, Molecular Probes, Eugene (1992).

[0162] An “indirect” labeling strategy can be employed wherein 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.

[0163] 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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25non-interactive |abel. Certain uninolecular probes can discrimnate
bet ween target and non-target sequences differing by as little as one
nucl eot i dwo 28ucihki3dsabel i ng systens can be enpl oyed in thecrashado3descri bed
herein. Accordingly, this patent is incorporated by reference herein inits

entirety and for its djsclosure such |abeling.systens.
2011/ 143659PetEs AU RpS 6ol RBAHS filri S%que&?ﬁﬁi&mg&f aé@aélw\é\%?be&w&n%?fs

[0167] 1t i PtRHﬁoﬁ%QQrtlﬁ‘&&tﬁ&ﬁ%ﬁ“g@ﬁ%fb’é%?ﬂﬂe%%fitﬁbvl%}‘(gﬁ%e%”ﬁli@ﬁat@ﬂtﬁ ures of

nucleic acids in ich a nu r reactive steps are enployed can result

i n a var iietorpahtedmicrecompioy @itiedty pedbtritis doolwpaneent s, and t hat renoval of
such uni ncor porated reaction 5conponents, or reduction of their
concentr g016t], by dnieroftioaalaibliedtiondfo. GV OAINIUH3POLL edbiished Sapteinbprve t he

efficiency and specificity of subsequently occurring reactions. For
exanpPe, PP/ Rﬁ%ﬁlgﬁég telsd L Pent NS Sese eAY: 96%08{’?%%%0,t108@“?@db?:e t he

Crati ay N . : ‘ : ‘
concentr 51% Pfé”s‘erﬁ ﬁh@ﬁ@ﬁigg %1‘; Ifiﬂélggﬁ £i3n Eédcffﬁ% ?%nggideg’ hot Rur&@pat¥ il e Qttctibi

anplification steps erein. I'n certaln enbodi nents, the
concent r ghatonis mbt entcteleidr dte porbpenetins scarnbecdipledaney thyhsicppdatedi | ut i on.

For exanple, .pre lif.ied sa s.can.b i.luted apout 2- -, 10-, 50-,
100- - 500t GReaT Ry BRI B Bt b duPEIA T Ve e s oy of
t he subseaguendon®ii dtfléce6d0RagtveRigah PHORIMI iSeBiISARSbIRPbSing WRERSI I ed
conponents can be renoved by a variety of enzymatic neans. Algernatlvely,
or i nladdirebaiargebhylved. ahiwhdabgting systenas eastleueployndde sha methededaspdbrdnt s can
be renoved bX RyrificPt'on. For..exanpl e %rinﬁcati n tag.can.b§

. erein.. Accordingly #hl% Plubhc%tlon 54 cor]?or%e reference ferein 1 i e{ltlre 3 and

i ncor porated i nto any-o e above-described prinmers to facititat

puri fi catfopis dkclbfige bapdetlihasgaémaucl eotides. [0170] I n particul ar
enbodi nents, clean-up includes selective imobilization of the desired

nuclei c g9igky. For fxAIRE 1abeﬁ§%' §tRAIILG BT Pk AtIERR degrpeghekandrtb al |y
i mmobi li zed 20on a solid support. In an illustrative enbodi nent, an
af finity freadmt] .SSB@thntdgo.tﬁi,Sngi,%% wsugd July 27, 1999 to Morrison (assigned to Amoco

15  Corp.), which discloses a competitive homogeneous assay and is incorporated by reference

herein in its entirety and for this disclosure.

[0166] U.S. Patent No. 6,103,476, issued August 15, 2000 to Tyagi et al. (assigned
to The Public Health Research Institute of the City of New York, Inc.) describes
unimolecular and bimolecular hybridization probes that include a target complement

20 sequence, an affinity pair holding the probe in a closed conformation in the absence of
target sequence, and either a label pair that interacts when the probe is in the closed
conformation or, for certain unimolecular probes, a non-interactive label. Hybridization of
the target and target complement sequences shifts the probe to an open conformation. The
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.
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photo-biotin), is attached to desired nucleic acid, and the resulting

bi oti n-1abel ed nucleic acids imobilized on a solid support conprising an
af fi ni ty woizetiyMbisnder such as streptavidin. | mobilize#cmusb@ilo3@es ds can
be queried with probes, and non-hybridi zed and/ or non-1ligated probes
renoved by washi ng ee, e.g., Published P.C.T. Application WO 2503/ 006677
and USSN unevad obpndesived Regetion (omponents,ni | j zed nucl ei ¢ acids can be
washed t ve other, conmponents .and then.released from.the sqlid support
for " ur ¢ AQIETnAry ol S IR AT oAl k58 U GRERE o B PsBober ng
target anpldsG®Ridh DR lof fda@dd QEpsir&EMpRFedédntiesitiNig saghdiety g of pri mer
bi nding sites for DNA sequencing. In particular enbodinents, an affinity
noi ety, SUEFOEPIHPGEdagtiotegmpsBCchlst %ﬁdﬁg@t regoed) of fpdhi ynircerpasped Fgagen 30such

t hat | i fi ‘ . i 0i ' - )
bi ot | sbalrEfe G b PSS EEE A% B tor BB R SRS GSat S i prorrdist
Devi ces daf Imijolve tigestTiaichicyearagtcieibits of subyequbntljheccminpodsctivhst Rer i nvent i on
can be carried out using a mcrofluidic device. In illustrative .
enbodi merff8MPohE RNACESITEdle IfgePP KIPYHEHSe TEMEN e ¢ TeBIGE & Go8cari@tiohat
allows thg t?éa%lffﬁ&t‘?&f‘ﬁriirﬁé’g@hﬂﬂd é%?tyﬂ{(% Gt B{cfua{nghlﬁo}éti&{ st LiidgheRh Ut i ons

wth reage ut1ons parate i'sol ate action chanbers. It wll be

_ > ‘ . \ | . ;
recogni Zj@@ﬂ at a Iﬁggﬁ%lhgg%g@?%e‘éﬁécg{% céégﬁ%l?&m?ﬁ bﬁ‘i’ndé?ﬁ%d)%q@ogﬂ‘ﬂt% 3&% @é’ °

!

substrat d a reagen n i Sé onhe
r eagdnt s.refhaied dxaimpple diltidien. i oe feRirhplic fpreart phfi@bsad@piesadah e dilbed aboutl 2t asrgous
pair-wi se conbination of a plurality of different anplification i mers and

C r
sanpl es. 1% Yer {0908 98P Feldtnsior inampifiqatian fosingBaYs e sRee i@ty d thont ai n a
differ entsu};%rag&ﬂ%;ﬂ g@igg[oélggl}%%rﬁrs and sanples in each of the different

chanbers. ario ts, the nunber of separate reaction chanbers

b h ] f
500, everlOie of  an sarednepyintent. Bl o4 RaRacle REE (AU RA F R Bhotic™ o

great er tdaaymas @04hs. [AfrZitivBlypar ihiadditiah t€ theadbrEdésribéh@ctials, iuidésype
mcrofluidic device is a Dynam c 15 ArrayTM mi crofl ui di ¢ device, an exanple
of wHPch GoEPeRG IR Cambaichrovad bnpusiiication. Kpr expmmlsriadupficeion g edvice is a

mat ri x-ty i .1 i di V| ) I . i .o F= M Lhations
o sanpl anCerpbysleg ol ARG R BERHERERh G ekt B MR R R

et c.) andapui metbotides.carrying out qualitative and quantitative PCR
reactions including real-tine quantitative PCR analysis. In sone

enbodi mer0$70]t he DAnagicafar ymBodintd@w, clean-gp trardcs adledive 2@aioblleatén bfthpart ,
froman el astomer. DA mcrofluidic devices are described in PCT publication
W0510793Bared musdsigragi dRR e ampvedssiad andlcivpeids garbs piokrenyiaity emmohidizednd US

Pat . 5Rubl j.cat ] #%&p j . i .reference in
t hei rzlae ntdlnr e Ogh{gs% Pt g%?ﬁ%g%@%? gl??%&r}gfeﬁ‘? gﬁ)%ﬁ{nrﬁ% ﬁg?l%’if %Ilc@ agé\llalt@e £-pa
m cr of | uiphiom-bietin); as att@ped rcdaspod atdeibiagikl; deinhe rgsuhimpbiotindiebelgh auditiat

U1 7o, {LUld comun, ool oh Vi e PeLueer, 2ol et o o, ol vidic
streptavidin. Immobilized nucleic acids can be queried with probes, and non-hybridized
and/or non-ligated probes removed by washing (See, e.g., Published P.C.T. Application WO

25  03/006677 and USSN 09/931,285.) Alternatively, immobilized nucleic acids can be washed
to remove other components and then released from the solid support for further analysis.
This approach can be used, for example, in recovering target amplicons from amplification
mixtures after the addition of primer binding sites for DNA sequencing. In particular
embodiments, an affinity moiety, such as biotin, can be attached to an amplification primer

30 such that amplification produces an affinity moiety-labeled (e.g., biotin-labeled) amplicon.

-46-



and between layers. By virtue of fluid lines in nultiple layers of an

el astoneric bl ock, high density reaction cell arrangenents are possible.

Al t er nat iwel2g11DA36és cr of | ui di ¢ devi ces may be desi gned sectrhmstolaloBead t he
reagent and sanple channels are in the sanme el astoneric |ayer, with control

channel s in a defErent | ayer. 30[0173]U.S. Patent Publication No.

2008/ 022 lication No. WD 05/107938A2 describe illustrative
matri x-ty V|ce t. can ed to rac

D01t 145 BB LS5t R E oG et SeRE RS of R imeRtign e bs cagied e

latter i suteafhed %ﬁ%ﬂ@ﬁhfﬂ&ncel Iﬁnﬁhs&*aﬁ%erﬁﬂodlhlbﬂtstth&ib%@e Rthinixdesd gn
having a first elastoneric |layer 2110 (1st |layer) and a second el astoneric

| ayer 2120ictafludigyeyiye xR thidgllenys fhewimultmaprretosntivytivnd! e myrality of For

| t
A v S S R
t he secondcdgayed, tRA20subktsae balstisaoml @nghdabet or 4 plaraityof dubstraengiden c han nel s

and the reagent channels termnating in sanple and reagent chanbers, 2180,
respect i VEHFN! SHEIQG7ICEMRASS PRsarfeit U BAIGPASCR g ORFEATIC e ruerouidic

conmuni Caft, QR W Elhovg ﬂferklrﬂ{lfﬂzﬁ{eowﬁ elglgke ibiMa8bh 3F & Bﬁp?Fg %k ditfrQit hat has an

A
interface valve 2140 assocl ate mﬁt to contr comuni cati on
bet ween emmﬂﬁhhnmhmnﬁa@hadbmnﬂegl&ﬂmdmn&nﬂ@dunmnmth@d&n@mﬁeonﬂmmukb t he
t.hen.reagent ,i s i,ntroduc t he, r eagent

nt erface fir cl ose
Channln fonfin iR feeshy SRebinaliot Cerimasnd el heaeh fhns Wbt R o
channel tiRraHes én%‘od%ﬁ@ﬁ%k Qhé ﬂﬁrﬁBer of @@ﬁa%t@ fRRtioY &la‘ﬁ%rszéa?l%eag’r@atérhﬁ% §d,0sed
to isolate each reaction cell 2160 from other reaction cells 2160. Oice the

react i on usedllysgreateothan ¢00, smratOétdI,l greatst than 0P agven vadre eften g@ates thapd B t o
cause the chanber e rea nber to be in fluid
connunlcéP]SﬁgﬁfWﬁsgggﬁr%?ﬂgp&ggrﬁﬁg g“@e?ﬁ?@d reaction nmay take place. It

w | ent fromthi d.the descri tlon in )5/,107938 t hat the
DA 1 or ol PRI C! gevhdertitpr Sabatk oo e MIRIMOR Cerca e Byuir
sanpligs WA &y rﬂﬂémﬁﬁdl@tiegbé R e@Rthp e SRIMMLSIs shPd Al AL ho}’lgfyntaﬁﬁ‘c WA

m crofl ui di ¢ devi ces descri bed above in WO 05/107938 20are wel | SUI¥ed for
conduct i rrglcmfbndtetdhwdglsdﬂsatrwcbepb mereflwidictdesice deggnddan isodatapeiriwisd t ed t o

ticular d i t hat t t d/
o one | RSN SEErPiongR - e et sneiBe PR nsRts ST SuRiobe Ry bo
used. U. SndBai&@Mor Cayih€ atit @ah{\d@ve R0RHABRE3 Pcm'e@&hdns 1ﬂwcﬁ@g’rdanﬁ%por at ed

by reference it its entlretﬁt includes a diagramillustrating the 48.48

Dynani ¢ AN@BYIYg E@R(anaﬂwgr wnerrobedimentrtbe Py miczefuidismerice iafapyicated,
a"a" b' it ?e%\éﬂ ﬁ%a Vf%rh e‘f‘s rn? t@&h&l{ gﬂhﬁf&rd’ew&?%étd%sé?o%d o BRg! sco

ers er configurations are possible and
co nt e rrpl qiubdce&mhwms 107% 832 ﬂmérﬁlal R8a%ion DxRaind IMxtAdDF ol sing [Fﬁa Sahtn

specific a%gbl?sdi’ge 1I;]ubllcat10hne UrSn.2005%f25§J77%IACl goet\lllllgceorgoargteg%erem by {retfearlencAernrl?l){eTrM
entireties for their descriptions of DA microfluidic devices. DA microfluidic devices may
incorporate high-density matrix designs that utilize fluid communication vias between
25  layers of the microfluidic device to weave control lines and fluid lines through the device
and between layers. By virtue of fluid lines in multiple layers of an elastomeric block, high
density reaction cell arrangements are possible. Alternatively DA microfluidic devices may

be designed so that all of the reagent and sample channels are in the same elastomeric layer,

with control channels in a different layer.

30 [0173] U.S. Patent Publication No. 2008/0223721 and PCT Publication No. WO
05/107938A2 describe illustrative matrix-type devices that can be used to practice the
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m crofluidic device, which is adapted to performdigital anplification.
Such devices can 30 have integrated channels and val ves that partition
m xt ur es Wb 20amEB@9and reagents into nanolitre vol une reacttiseniob@ibers. | n
sone enbodi nents, the Digital ArrayTM mcrofluidic device is fabricated, at

2011/ 143059ty AT P 70 A Sy P P BN e e Y ShOESEY | bed i

copendi n : i E LGl .
p @111&&t§t1v@{%{2a}1‘i>§%ésﬁi2}§vgl‘g{‘aﬁﬁspé’laﬂ)ﬂdbﬁ'é Qer dl% (1st91&5feP) &% ddesond

Application No. , ed "Met hod”and Appardtus for Determ ning

Copy Nunixdastovearicdtya? 128 (Iglapirg cachl haPOR. fluialeaninkls detnredt thereing oo dkareple, has

12 input ports, gorrespondi Q.12 rate sanple inputs to,the deyice.
The dovi dererggnt B GaRES tn B 4r8 10 a TR oBpcfiiblo bt b SantBb Rt o765
6 nL 'Sea_c‘ste&&ﬂl 1@%@@9@ ﬁlrM\&éHh Paet@lwiRl tHéf_Eec@fld fhyoPA o HQY ha@@ﬁkﬁble

M croflui dic channel s can connect the various reaction chanbers on the

panel s t chpnglsthewin, dhossanpledvands e acagspl ¢heanglpteaminating mas and or der
hppnglsgith desssanpledwones eeththg i ¢heanalpt 8 agipde andh

to open an se .V ctidn he i.on i urces.

I T usraehl QR D RS et Al ARG ARG A o s Th BB e

sanpl e r eadgeminicatoh with cadB othel ersughlinGiarraee ci@delt2d 5p ey haeartinsefacee for

reagents, which are supplied. to the biochip when pressure is qﬁglied to

accumul at’etve 28d8iassosiasad therepith to porinl ujdgasmauriggiiond ey iicdeot e pr ovi de

hydr atyi o ' o JOE i@ntinlets. L fdui i ' with

e R e e N e e S R

react i on icthaddeed to Az readent denneldesrs ttwadagent mihee aod sakplk lis introdined dmtb ths one

el astoneri c erials that can utilized in the 15fabrication of the device
are gas pé %ﬂaeee?éhl%gh % “dvalsanist R 6?”%_@59 o B £loec ©de!#n
chanber s d,enh RAsGort MICUSD fdAE oBLARLOIBRS defis Q%Od?rd)ﬁ‘ée th@tQctidtEcMDT YR ng

at nosphere. In a particular enbodinent, fluid [ines |ocated at peri pheral

por ti ons igflatcthehelaviérbme prioei2dé0 & aplened © cehiscthe sanplonhdrmbpriadd tHeoragsnanpl e, a
buffer. or ,master .m.x,, at peripheral .portions of .the bi.oghip .surrouyndi ng the
panel’s orTERELPJR 1 FuftssPEr b BRGER el liache r S el B4R "oBa DR B A on of

l'i qui ds glasem wilnbd dpafe@fibmQRis¢AaNBe dSscripno® in WO Sl 03933 2P fat ey &l
portions of the device can be increased by addi?g a volatile liquid, for

exanpl e vakcerluidip dayiee mey &a upsdl for scacting M =ymeledr pf diffongid dimplas with ¥ pymber n| et
is in fluid.60 nicatiion with the hydration fluid lines surrounding the
panel s o#ﬁgﬂﬁﬁgg?eéﬁﬁg'of the biochip and the second inlet is in fluid

i cat| i th h ion fluid Li i ng. t th

Sother aMRor ¢ e el Dok idte g PiS SrETRARSAIFi D BFLFSPR O oi o

devi 08s akeweRshit@ o e&dh@ﬁ%g:ﬁhe Ydthls @ubcribRe heed, tHR) indidioh i fettlingifedrgt hods
|

descri bed herein, one of ordinary skill in the art would recogni ze many
vari at i orfgy daticalar devieg prassigne Attyedsricgdhat pegitiompa semele end/ar elilevsevi ce whi ch

is the 12, nam c .ArraytM.| F r.ciall vai |l abl e fr |.ui di gm
Gorp. - ( Squfae BRIt o, PRIFERELBL ooy B BELS IS, B 95
react i on RubaGRRMSNM20D8@ 080631 (Wehiol istherdbyldftorp@artlibycimobrits chigwewmer , this

geonetry is not required for the digital anplification methods descrjbed
her ei n. m@u%@@@@g@m@#lus&ra&pgg}? 48.41 Pypanye ,Agyayﬂ}f I§fp(Integrated Fluidic Circuit),

2011/ 2%436150%%gér%ﬁ9 LR8I ice available from Fluidigm Corp. (South San Francisco

Calif.). It will be understood that other configurations are possible and contemplated such

as, for example, 48%96; 96x96; 30x120; etc.

[0175] In specific embodiments, the microfluidic device can be a Digital Array™

microfluidic device, which is adapted to perform digital amplification. Such devices can
30 have integrated channels and valves that partition mixtures of sample and reagents into

nanolitre volume reaction chambers. In some embodiments, the Digital Array™

microfluidic device is fabricated, at least in part, from an elastomer. Illustrative Digital
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m crofluidic device will depend on the particular application. Additional
description related to devices suitable for use in the nmethods descri bed
herei n i swprouidastoi n U. S. Patent Application Publicati @0TN$2012086/0252773,
i ncorporated herein by reference for its disclosure of Digital ArrayTM

m crofluidic devices. 5[0177]1n certajn enbodi nents, the nethods described
her ei n ca’?fT%g'p%ﬁc’_F f E‘élP??g?‘r%ld?]SICElt?%# ’IIH_HOH?'@CE%% {gceAP&’_iiaﬁuoﬁf SWPEI‘zE}’f or
recovery mﬁid?ﬂ%é%hcﬁ raQ@JJ@.%ppli%h‘E&l d6Vi B ER) A€ ARRAMNRERL] £hdd&151§drétué n
copending U S. 'Application No. 61/166,105, filéd April 2, 2009, which is

her eby i MfooPperamed Gepy BimbenaidtionilissngeDigittEPYR dnOne posirhiicadrhijodimenti t s
descripti,on.of mcrofluidic devices that perm.t reaction product recovery
and rel aen e ge s he B hraeh s gl AR EE R T B e Bl ng
DNA sanplifge B0 p@ficl$, @nd SAHEITIhO D F:81R 1@ RESRRN T03h AN réabGdh SRVINRSwith a
permtting recovery of anplification products, which can then serve as

t enpl at egofabyolpma o dgQadchpaiganglo Migiohedio elranspls cott Penngriche ggiaye redstipncan be

enpl oyed in ribe epein is. disclo. i o

o vo! 20016008 SO BERI IR R DoBE Tk b G By Mblin arder

i ncor por abefeh@idedBschyulvegkconttg the redcsio Bharmigdry toafd@ld sspeed. flncidhdmtivé or
it's description of mcrofluidic devices, their production, and use. This

mi cr of | ui#rRodgBeted 2itpistsisgr e RrayidaddiT lopdise of BikcemplF rehgaRbBY ST 48 plcts
commyp! €&k}, §8 u\é\éo&réa F;J?O\tihé)l{vs&n@@fb‘? redo@FTROniLA at%rkuﬁfél‘?%i[tg e bificty itpate, a

vapor barrier eventing evaporation fromt uralty of reaction
chanber s,pressdreds egplicd noecsinphase Additichdlgr twesal radicameBfcar e providadhie

20plurality qf reaction, chanper 0179] Fabri cati.on nmet hods usi
el ast omsrH%VlﬁsP&frﬁfé%tOéHagﬁgﬁlﬁo3‘948&% PSge Blrafrhagw%gmmoq éhhe
conponent & Rave falegﬁae FRSCInkBESE HuMidRY géosgai')a&dtvnﬁl BEr&REM Litandes. PR §A1

literature. See, e.g., Unger et al. | Science 288:113-116; U S Pat.
Nos. US heasdes®ndtdoed ef skilhi e artpdonfd aastoroeriampdeiials tlgpt g niolfiediid ihe

devi . 6,899 1 fabricat ed, 25¢el ast i | d t ;
6. 7675708 (T BB PLBCI AT Py e R sarls BT Lomsyed B S Al el OB
6, 752, 92Zc4dMof IcRAhbérdl kCp 0 EREREOGE 3RBYberi@ ntdd B fifto (M wFehiadihg e@i®Ehere.

el astoneric val ve and punp systens); 6,645,432 (Mcrofluidic systens
i ncl udi ndnemestecudr wavpeilivreat. fnid Hinepleentedhatmeapharal postieas)of thy @vigegreyide a

20621 01275l UufiBlsg bt Tor S388ls B DhEe S A8 P01 35 I BB ORIt
2002/ 012 8Giip Arebua0RY/ B PRkt rEGToRYrhisas, itan Dosin R6abHAg4191; WO

05/ 030822A2; and WO. WD 2011/ 143659PCT/ US2011/ 036670 01/ 01025; Quake &
Scherf®r , apryationreidiguidsgirescpbinihe irginn eumbsrs- viup, gtditpat peripheal  sci ence

290: 153655305 s\IRARY dice@hn be ARG, %ﬁ? ihd D1 61afllcqI A AREd SalBft waky &S and
punps byq)r?u T ayer Soft Ti %ﬁ%gr g%% ' Q@é?éencea2§8:q%l3- 116; ?ﬁior sen et al.,
2002, " Mhydodtioniinlets. [an geecsitadrebadimensr atirsontletSeireficid cagBnbBO+1684ithChou et
al . Zooq{ydral}/llo%rﬂcl)lfic? nrlelscs%}*rggn igé ﬁllre%anels on a first side of the biochip and the second

inlet is in fluid communication with the hydration fluid lines surrounding the panels on the

25  other side of the biochip.

[0176] While the Digital Array™ microfluidic devices are well-suited for carrying
out the digital amplification methods described herein, one of ordinary skill in the art would
recognize many variations and alternatives to these devices. The microfluidic device which
is the 12.765 Dynamic Array™ IFC commercially available from Fluidigm Corp. (South

30  San 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™
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SPunp” Bi onedi cal M crodevices 3:323-330; Liu et al., 2003, "Solving the
"world-to-chip" interface problemwith a mcrofluidic matrix" Anal yti cal
Chem st r yWwo2p14436&923, Hong et al, 2004, "A nanoliter-sealraseualoadsco aci d
processor with parallel architecture” Nature Biotechnol ogy 22:435-39.

[ 0180] Accor di to certain enhodi ments descrj.ber herein, the detectjo
and/ or 10%{95[1}?@@ AEHET B ! gﬁfpega gnghe %ﬁl@lq%%pa gatiofc Md&,tw&ef drsCRtinm, rshée%or

mor e sanpy, @evitBYsudeNE & sk iPfcGREh RO bl MeRifsPréNilidd Hitg sdpyi.ae by
obtaining a sanple, optionally pre-anplifying the sanple, and distributing

t he opti ohilicytipr Batdieptiorf Ned2(Wamgibe77p mcalpogated beremdryersferericatfor itseact i on
chanbers pf .a mcrofluidic.device contai.ning the appropriate buffers,
primers, (g?ftk?SB P H[gﬁgggleggﬁxﬁéﬂ]ﬁrogm@ﬁgf?f?& subj ecting these mixtures to
anplification, and querying. 15the aliquots for {he presence of anplified
targef ndlfElc aci d8cortia eg@ﬁglynéené% FI&JB%tEO SHERAd harayd Pee RFTOr®ES than 1
pi col i terusﬁfga Ry @RLiHR R v R BRE bR eS f ﬂr@c&d%%zpéﬁ@%ioﬂf rSRRI sheRbegtdster to

about 500 nanoliters, in a range of about 2 picoliters to about 50
pi col i t erass désaribed mrdgeilah capouingSU 5. Apblitaios No 6406611 02ilpd dpkil 262009, i n t he

L hanol i canel b eputhSRroraRaRy ceFERoa I FriERe spdmkse syl Fordarotpron 270
nanol i t ergt phieroaRHE déxécé@aﬂalp'tbiﬁﬁi& foactidh ﬁ%fﬁﬁet%é&%&y%@tr&meamh&isalﬁoguot S

account for the mpjority of e volunme of the anplification mxtures. Thus,

anpl il0i caxpmplopthetdigitsd PERnmpthoe for cabbratreg BINA sasplenhpiorto geaehéingcambe i n
vari ous enbodi nts about 2, about 5 about.7 out 10, bout. 15 hout 20,
Loout 55 TTEBRHIP o SudRRiees po R RSy be o AREH PRunaS et 2 RS

pi col i t ergiveak t@bslufcs for BWAUEqEnc@bout 5, about 7, about 15, about 20,
about 25, 25about 50, about 250, and about 500 nanoliters. The

anplificgpipg) M Xt KREh&IMcRIRRDaMBcAthYOtMR e‘MptIJSBieﬂ iR haNe& Rassiad by
any of these values (e.g., about 2 picoliters to dbout 50 picoliters).

[ 0181] | n hsegin & discdorgd di RehtPab. WalWOR08R/0§84 Xk piblishid Sd4r2008 dHansen iand

i ndi vi.du amplification mxture,. e. g.. in individual react.on, chanbers of
L dror TR hhlsR At Bt e by dsrerinla T SR apd S RGBS RRIPS rer
of sanpl eks@iptionlof hit@auRlid fotices Aeid prodnadionz efld ise. artsd mydrefl@dRalvice to
carry out conparative methods, such as _conparative genom ¢ hybridization
(CGH) . | indladessuduishibioefiraegiioy chypbery ipfluid commumicagon withg flgw chaunelbg 100,

500, WO 2034 AFRRIECIL LSRN 030GA0. AOD- 1,000 10000 TP B he

anplification reactions are carried out | reaction
chanber . [{l@2BR]dfrcapenichiarmnbesiaadiarentisyout brasa$hiay fou senddtion ofi@scheofdgmam c
rang% of at Eeast 3. orders of magnitude, nore often at |east 4, at |east
5, at?V] eddyragly ofpreqcigachambess. 4t | east 8 orders 5 of magnit ude.

[0179] 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

25  clastomeric 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;

30  2002/0109114; 2004/0115838; 2003/0138829; 2002/0164816; 2002/0127736; and
2002/0109114; PCT Publication Nos. WO 2005/084191; WO 05/030822A2; and WO
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Data Qutput and Analysis [0183]1n certain enbodi nents, when the nethods of
the invention are carried out on a matrix-type mcrofluidic device, the
data can wewoutpsdssas a heat matri x (also terned "heat maprys20iin3dshe heat
matri x, each square, representing a reaction chanber on the 10 Dynam c

ArrayTM | F een Si | ned a col or val ue whic n be. shown in
gr ay scalq:,l? i @galm?g? 8§‘3 P o Beafior fomyp sef apderiaf ack
squar es Hﬂ%ﬁﬁ@?@otﬂ@%4@0Uﬁ§8hhblQﬁkmoﬂwﬁﬁ&ﬁHﬁHnMﬁﬁmﬂﬁ%ﬁﬁkﬁﬁms%ﬂfg@ﬁﬁ whi te
squares indicate the i ghest level of anplification produce, with shades of

gray i ndilyaniultipycescdt sthograpimpl $di¢nca 288 1 prid6iubhorsan dyef ywWda, “Mrerefldidict her
t, ft I ted 15i
the-heat THEERPIE IRy 20E s HT o n GG Ppa 000 A B BPRERE Mo 8] The

net hods afynifreBibMeeithl M rad&i@P B 328 30 fuler ANY2008C U 10ie tidd FRsH Blo-&lgpect i ng
t he presence or anpunt of one or nore target nucleic acids in a nucleic

aci d sarrpn@rfaqmmgbleﬂbwﬂ@ﬁmpn@uldlh@@@w’r’e%rw@dyah%era@w I7eabl1é-23eHodgat i fyl ng
the pr ese“%oﬂf“%ga&"i‘ tér-s% uclBPc' %{?@&Qés?%wﬁlﬁb' aué}%rc‘l%'\épc%fe”%du?xjees

haplotypes ronnsona normali1tres, suc 7¢at i ons

deIet|onsmoaﬁmﬁn@gp¢pnyy39The met hods may be enployed i n genotyping, which
can be carried out in a number of contexts, including diagnosis of genetic

di seases [91g¢]i sor d%&or@ﬂ@fd‘&@t@ﬁ%ﬂéﬂd@rﬁeﬂt@@és‘éﬁﬂ@ Het8fl, tREdiCéti) and@dal i ty
control in agriculture (e.g., for seeds or i vestock)’, the study and

manad@me riuantifisipn ot pag <i>rcm9redargpﬂ Iaw!@c aridsafipmraing of g108¢ sarmpiesaq@bag@neraﬂye or

fisheries _nanagenent or. | det atlon of popu athon d|ve or
pater i £y eOr e an oh & HigiaMeldiF g oo Pl BRI R B B b

appl i ed isamphe andlgistrivutic@thc@ptiohal Bastoanpisicd Bﬁhﬂatdr\aﬁqﬁéts B ¢dfCintaar
conditions or organisns 1 n biological or environnental q@lesa For
exanpl e, "EHEOREhHBbYS ehm e oflaidic dww@sc@aV@%the@@amfl?te&&f BgBARCISsuch as

1S, S OO, s M R ARSI AT GEDt o

can al so Pe us aracteri zing
m cr dénwth@mlmmmﬁor &leg)reseﬁ&mdsfcmmlﬂrﬁezlltmgettﬂimlem aidbiTdle sappli @Hubts ndye human
gut. [0185] Thes ods cap al so be.e loyed in deter natlong DNA or

copy nu F’ealﬁ@‘%‘?@rﬁ S1sitets! BICOLSEPT, HhYArioNA CRBRYINR Y the FAngE 96 ARQU DNA |s
useful, flolslca%aﬂzs%sut 300 dah6liE2NPShse 8NHOAE 2 PIBARASHSILEE: BENENIE s dgfect s

and dlseases such as cancer.
range of about 5 picoliters to about 25 picoliters, in the range of about 100 picoliters to

about 20 nanoliters, in the range of about 1 nanoliter to about 20 nanoliters, and in the range

20  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
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,

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).

[0181] In certain embodiments, multiplex detection is carried out in individual
amplification mixture, e.g., in individual reaction chambers of a microfluidic device, which

30  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,
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Det erm nati on of RNA "copy nunber,” i.e., expression |level is useful for
expression nonitoring of genes of interest, e.g., in different individuals,
ti ssues, wo 20dl14365ander different conditions (e.g., difPeramstoiaosarnal
stimuli or disease states) and/or at different devel opnental stages.

10[ 0186] I ddi ti t he met hods can be enpl oyed. to prepare nugleic acid
sanpl es f@@ﬁ%ﬁ&%&%%? %@pgﬁ%wag?%&?g? are ﬁﬂmeéé)&ﬁglrf‘@&h&dl\[@q%?] Finally,

nucl ei ¢ ggidionaiphes. can be tagged as a first step, prior subsequent

anal ysis, to reduce the risk that m slabeling or cross-contam nation of
sanpl es wj conpr gm . l.1S. V.Sk el ang fi ce,
Iaboratoﬁ@?é%r hosggkgﬁnﬁgﬁP%&ﬁg?gg’%E%%agég?ﬁhg@fgPéP§H%??§$Qg8/F%%?ion
and t he tadssodmaghibelccmofd ofreacht bdasttd)at lehste, af lcasn ) atdesst 7,%irat leastl®yordsanpl es
cont ai_ni ng. nucl eic acids collected at a crine scene could be tagged as soon
as pract i €4MBIUYG ensure that the sanples could not be nislabeled or
tanpered with. Detection of the tag upon each transfer of the sanple from
one party to another could be used to establish chain of custody of the
sanpl e. } A¥8183ccording to the invention include one or nore

4
reagents ul for_practicing. one or re ass t hods. of the .invention.
Ak L golTEIYy | ndpGaash sTRdieIG: Rieh T ad BrOSRINE: BaH S STHEE Biing ¢ ne
reagent (h d Baix-typé @b HuidRH R cePtheReaThh be BEPANS LhcalRaB1-S@RB &R
conpositions or, oOptionally, as adm xture where the conpatibility of the

25r eagent diegtirndp”al Inothe hydtendtiix, coelnsqiaro répiescndes ordaetiomeltagyenprt dic t hat nmay
be desirabl e from a.y st an i nt, such as,a buffer. iluent(s), a
ot anddr a2y AP S bEHED REREh R AT R Ly B ouliTg e

washi ng, s@_ﬁlep&ﬂ%lﬁbfd”t?pi@_ﬁlﬂly SHoheringbrp. f grahiecas Baick sh@k8Iihliche thagerding to
the invention generally include instructions for carrying out one or
nore of tamplisatiHRrodrctivtis detegied: Whereas waite gepics Hligatthadeghestdeval 0§ of t he

inventioqmﬁg Qf@ﬁ ' nt f ' - rfig gg g% 10l qﬁ as a
package in eﬁ?.l Pﬁga%%g%:§@¢§%% g%%@%@é@%ﬁ%%li%@é @“ ﬁolﬁgF#%C ions are
typi cal | ybetwednt @nadurtlporiasyicet anaftentegirsgmayaybeudedtio bompil ethe tdatagieadratedny
nediun1cap%PIe of storing such instructions and conmuni cating themto an
end dser Péhechsit BapPRnie Bora pderifieRdly fSmat-such nedi a i nclude, but are not
limted to, electronic storage nedia (e.g., nagnetic discs, tapes,
cartridges, chips), optical nedia (e.g., CD ROM, 5RF tags, and the |ike.
As used Hﬁmﬂﬂﬁﬂgﬂﬁe term"instructions" can include the address of an
I nternet [ﬁﬁéﬁ that qureomvét g S ot tﬁ'\e {ngglgtgolillca;[rle ggpﬁicable to any technique aimed at

detecting the presence or amount of one or more target nucleic acids in a nucleic acid

sample. Thus, for example, these methods are applicable to identifying the presence of

20  particular polymorphisms (such as SNPs), alleles, or haplotypes, or chromosomal

abnormalities, such as amplifications, deletions, or ancuploidy. The methods may be

employed in genotyping, which can be carried out in a number of contexts, including

diagnosis of genetic diseases or disorders, pharmacogenomics (personalized medicine),

quality control in agriculture (e.g., for seeds or livestock), the study and management of

25  populations of plants or animals (e.g., in aquaculture or fisheries management or in the

determination of population diversity), or paternity or forensic identifications. The methods

of the invention can be applied in the identification of sequences indicative of particular

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
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[0190] It is understood that the exanples and enbodi nents descri bed herein
are for illustrative purposes only and that various nodifications or
changes iwol2oghi43ésher eof will be suggested to persons skecriusdoiin3dehe art
and are to be incl uded within the spirit and purview of 10this application
and scope Eéhe a nded clal(gs. %g 91].In addition, all other

publ i cat i"™BFf80 eué?fhmp%‘i Firal % JCHRLING YHOWBFRS AT ar e her eby

i ncor por %r%rbewlr&%&ﬁ@ RGE thraEQﬁkfn Efﬁ!é rnr&@)eﬁarf s?%c@i n tRYLRASE Sut, EXAVMPLES
Exanple 1 15Sel ectivé enri chnent § | ow nol ecul ar vvel ght, apoptotic DNA

from body, i ds or A 012 h!
pr egnanc iéé«i f reTeIfé %‘tfha %Bﬁkﬁ%%ﬁﬁ%iﬁwgﬁkw utes IEEgnsrsL]r)ralAF pr o%odrapyon
(- 5% Ofnulhdieﬁl Detrermmlaa;bnsn:g abbifarft MNA copy plraberen gdienio IDPMA imtefuiafor DNA

backgr.ound 20 the deterpination, of fetal ?neuplsddy dlffl?)cult i f not
i mpossi bleéamP f‘ ERPSERS MEKOTPIPEIRSISIOT EFRStcAcropty and Jijchsgs, such gpcancer.

nucl eot | dgsiolingtion¥1% 108 LafHFIAAIOMRL ok GRANIPLyCIMDBIRATOFBIRLRY 0! | -1 ee

DNA i s present in nucleoso subgen l'ength species, I.e. fetal
cell-fr eem@hlmrmg off gpias @i Inyelsstab Eem dltﬁ%rﬁnalﬂda\rigmlprtlews tareallofindeatigfeneit DNA.

25[ 0194] Pr.i t ti h t hat t I be depl eted
From of 1O UPR BT or B POLA AT O Gl sty YRDPBAPE et O80Ty et hods,

however , dek}ggﬁmgﬁrahg sare limted by the intrinsic | ow recovery, | ow
throughput and the | aborious nature of such exercises.

291.1/11943gﬁ9§’@ /1 US2G} 691%?97‘[96 L{%@@%& Bﬁ?ﬁ@ém%l??ane p{;@\r@ngaéreaaws ggftfaat

digital PCR can be used for the tection ol dy, even if

f r act i ondbrtberomalysisofuch be ctgarlgNA ohername. deri ved from aneupl oid cel | s.
[0196] Detection of fetal aneuploidy frommaternal plasma sanples via

digital RCR7] Finally, nucleic acid samples can be tagged as a first step, prior subsequent

analysis, to reduce the risk that mislabeling or cross-contamination of samples will
compromise the results. For example, any physician’s office, laboratory, or hospital could
15 tag samples immediately after collection, and the tags could be confirmed at the time of
analysis. Similarly, samples containing nucleic acids collected at a crime scene could be
tagged as soon as practicable, to ensure that the samples could not be mislabeled or
tampered with. Detection of the tag upon each transfer of the sample from one party to

another could be used to establish chain of custody of the sample.

20 Kits
[0188] Kits according to the invention include one or more reagents useful for
practicing one or more assay methods of the invention. A kit generally includes a package
with one or more containers holding the reagent(s) (e.g., primers and/or probe(s)), as one or
more separate compositions or, optionally, as admixture where the compatibility of the

25  reagents will allow. The kit can also include other material(s) that may be desirable from a
user standpoint, such as a buffer(s), a diluent(s), a standard(s), and/or any other material

useful in sample processing, washing, or conducting any other step of the assay.

[0189] Kits according to the invention generally include instructions for carrying out
one or more of the methods of the invention. Instructions included in kits of the invention

30  can be affixed to packaging material or can be included as a package insert. While the
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S5applications such as the FluidigmDID chip are limted by the relatively
smal | anmount of circulating fetal DNA conpared to circulating total DNAs
from mat ewoabiis@sesees. [ 0197] Here, is denonstrated pref ecentseal/oB&od at i on
and rapid enrichment of short DNA fragnments fromlarger DNA. This approach
can be adapted for preferential enrichnment of short DNA from plasma by

usi ng PEGREBSHOLTHF &xpé‘iailmtﬁéengqr)p%r@ﬂ mateyighy HigHa!g %% teddp § BNA i s
sel ecti VehyiphahMiil 3 éhindich tnshiefidnsARARL Ablid: ARG HRNAYAN gL AL ned i n
t he supernatant for ease and practicality of I on. Fragnented DNA

| onger t hantctphated by tosresctam. lﬁelmnwdlapnclad@dbuoarelnef limitpd thelestupme nat ant by
adj usting,the co ntratio 000 Probl em

esor | pt (g PSR G0ty PUBORICGUS. R FUBIER oMb eRUEF 9SS g R e

1500 gist alRIPERs, amd e BIENSAS hsét hi¥ein, &&]{9&1* InstrSctloAg™euntiRabddbcatiilRBsof 4 t he
k-ras gene trigger the apoptosis pat way. Moreover, nutated k-ras DNA in

serum i s infcenpieifn hat providorihedusoimetionsngt h DNA.  Evi dence has accumul ated t hat
PCR- based mutation detection of k-ras DNA is highly dependent of the
i sol ati orl0h¥tlhod uded, unidelstoods‘.lnmnhe Bisimpéasrand hnbndinmtslwdctrj/oeiddme@lvm for

20rrutatiop§1;[ect on. 99 dtItIOI’l Ofﬁkﬁgtlt005Ma PGBS i) 8%
speci fi cdl'Py™ 1¥%P%’8§GS£B ptist PR jaERY O lonor ChAleRd i 128 b

used to epbaR&R tdptB6hd KMl in Nt ARt are®d Ve theiuiedWitkin AE Qpivie hisd pltview of

col orectal cancer ap EOt otic DNA, viral breakdown products, pre-neoplastic
and 8l i ghiarpplatipe ies wpdot}ﬂ@alm@mdpla@mcts) i.e., the method 25can
enhance PCR assay sensitivity in situations that are acconpani ed by need to
det ect adOp?ldti ¢ orlnndditiensdhehérgubtibativns,| ppiantsaendipatdic aphlcatiess cicfd our

know edge, t.hi s appraach has ,not een us ri chment nethods and
B ost  cdierSif iy PR R GporaRgits ur SBaRe Hp P cflnebir o 368 Bxan ni ng
apoptotic-length, rather than genone- I engt h, DNA in serumor 30 plasma w |

i ncrease the detection sensitivi ty igital PCR "needle in a
hayst ack” type WD 2011/ 143659PCT/ Lﬁ%@%ﬁ’bg%m approach and that

apoptotic-length DNA can be can selectively isolated from genom clength
DNAs directly from serum Exambple 1

15 Selective enrichment of low molecular weight, apoptotic DNA from bodyv fluids or

other biological sources

Problem# 1:

[0192] In pregnancy, cell free fetal DNA (CFF DNA) contributes a small proportion
(~ 5%) of total circulating DNA found in plasma. The high maternal DNA background

20  makes the determination of fetal aneuploidy difficult if not impossible.

[0193] CFF DNA has a length typically less than < 300 nucleotides (i.c. one or 2
nucleosomal lengths), whereas maternal cell-free DNA is present in nucleosome and sub-

genome-length species, i.¢. fetal cell-free DNA is typically smaller than a large proportion
of maternal DNA.

25  [0194] Prior investigations have shown that maternal DNA can be depleted from
circulating DNA by laborious gel electrophoresis recovery methods, however, these
methods are limited by the intrinsic low recovery, low throughput and the laborious nature

of such exercises.
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Enbodi ment: [0201] Raw pl asma, plasnma |ysate, or DNA extracted from pl asnma
iIs mxed with 5 approximately 1-5% or 1-8% PEG 8000 ( MN 7000 - 9000) at
appr oxi mnewel2g11114845MaCl (or ot her nonoval ent salts). |f meTtass@anypsdohe sanpl e
will be incubated at 4 C/ on ice (at -20 C) for 1 h or |onger (overnight).
[ 0202] The nple will be centrifuged (approx 150 (but can_he much

hi gher) f11931- 60 i SRS Pty e devon st %@faqﬂ’%%%%%i Poaﬁlje.

10[ 0203] The.cauRer ARLARLY, %véﬁ%ﬂl%q}act%@aﬁTanﬁ‘dﬁﬂs%'f%eatﬁﬂ%%DWAearb Rictif&t from
supernatant. Larger nol ecul ar weight species are localized to the pellet.
The | engtanceplodfdcllslepends on the conditions, nanely PEG 8000 concentration.
[0204] I f necessary nucleic acids are further extracted / purified through
appr opri g0&94ir ot ocdbdsteqion@i fetel dnguplbrly fromm puedradliptasmakdbmbples tvivedigital PCR

devel gpnment s: . [ 0205] Application to early. detection/screeni of cancer

(ci rcdl atiPRYCetRpR PTG e Eluidjga RIRHP 1%@%&ééﬁrq1@wqu?%nwt§ﬁorter
ln sone Cc%%ﬁ&)ing F&él%ﬁA%n@fare'd% "cﬁéﬁ%@t@%@%\%é ForiatbiaSidRRRL | ul ar or

specific organs nay i ndicate the presence of active apopotosis. 20

[ 0206] Lar fr j Fl.' ? ! _

[0207] AppPEXhet on FaBh s TR e st Sb R 1 AR RBIAG of shon

cel | - condaNAnferpinechtsfuah édrgerddNds Thisiggpeeshres be biddpaehfon drefaentcahl or opl ast s)

fromtheir nLIieu. gg%ernination of small RNA | ocalization within cells.

[ 0209] Us éigichment of short BNA fogrplasma by wipa PEGAPOG EPoly ¢t 98 h speci es

f r om 350t &L, &hChiBk My DEAT SOBBRL freSHE e S RAGICSoMAREAG Y 1dip6r eases

det ection OP natd?e’é tive niRﬁA and SP%%Z gpegﬁes,ebyoregﬁgﬁag bgckground

| ar ge  MWIRNA is caidiaed mahe eupernatant for ease and practicality of collection. Fragmented DNA
longer than 2 nucleosomes can be precipitated or left in the supernatant by adjusting the

concentration of PEG 8000 and NaCl.

Problem # 2 Description of a novel apoptotic DNA isolation method aiming to enhance

15 Digital-PCR assay sensitivity:

[0198] It is known that mutations in the k-ras gene trigger the apoptosis pathway.
Moreover, mutated k-ras DNA in serum is fragmented to nucleosome-length DNA.
Evidence has accumulated that PCR-based mutation detection of k-ras DNA is highly
dependent of the isolation method used, i.e., small DNA enrichment markedly improved

20  mutation detection.

[0199] Addition of NaCl to 0.5 M and PEG 8000 to 8% specifically isolates
apoptotic-length DNAs. The method described can be used to enhance detection of DNA
(not only Trisomy 21 products, but colorectal cancer apopototic DNA, viral breakdown
products, pre-neoplastic and malignant nucleic acid breakdown products), i.¢., the method
25  can enhance PCR assay sensitivity in situations that are accompanied by need to detect
apoptotic or nucleosome-length nucleic acid. To the best of our knowledge, this approach
has not been used for PCR enrichment methods and almost certainly, not for digital PCR

applications.

[0200] Examining apoptotic-length, rather than genome-length, DNA in serum or

30  plasma will increase the detection sensitivity of our Digital PCR “needle in a haystack™ type
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[0210] Ot her nethods for selective isolation. For exanple, using different

anounts of binding buffer with silica spin colums should also work. This
met hod hawokermm4sesed to WO 2011/ 143659PCT/ US2011/ 03667 @CyaAtS201i1@36i70 smal |

and singl e-stranded nucleic acids, but not to collect the flowthrough for
t he enrichnent, of od qu1 and }g hort ucl ic ci speci es.

Denonst r PPERCHAN OaFOéw T@%Pﬁ &ﬂ ECRRIPE- a

surr ogat qeg%tﬂl%g\{ﬁrém?lfﬁﬁﬁ sdrS§mosel ectl veI y preC| pi tat ed using PEG 8000 and
NaCl and followi ng centrifugation small nucleic acid-apopototic-Iength
species are present in the supernatant. Method: [0212] Low nol ecul ar wei ght

DNA was |mkgg§&nlgy m xi ng equal vol unmes of nmarker DNA with 20% PEG 8000

and addi 0.5 M Sanpl es were incubated on 10 ice for 30 mn and

centrifugegogt 10, Cm% sﬁl@rplgs%armyght@tormm&@med PR 318 i €A NI Ng

Low nol ecul ar weig was col |l ected and then fractionated in a 2%
agar oSe gﬂ@proesrtrdatgbm -pedrvii-3% PR B B GHi0ce20000et anpfdxémaisty NYONaCl (or

concentrat ons 1 were Litrat t Q t ai,ni ng.
570 s, TR0 Baa0 o bt ok MARRGA DT Rl A S PrERT D

esti mat ed’cgeorclomblaloﬁger.'—'(&/@dﬁ@h@nd 0.5 M Nad . 15Result: [0213] The results
are shown in Figure 2. Lane 2 shows the default solution, containing 5% PEG

and 0.5 Nodiggl centricfiape il &ec%ﬁfriﬁegéii @ﬁﬂo&r@@@ g‘mﬁtcﬁﬁbé%u%ﬁf%?%%f)%ﬁ

el ectrophoresis. Lane 2 denonstrates Toss of high DNA, but selective

ret ent i onl-69 mapBet oxdct s¢tengstbORAS opfimizigiosper nat ant. A control cont ai ni ng
the same DNA 20 sanple, 0.5 M NaCl and 5% PEG but not centrifuged,

provil@i ng[()&()&]ef er ende shperneﬂamds rapdvede Short moblicici dcydssing Mtthelsipetmtit.5 M NaCl
inthe s hown | ane .12. cont ai.ns fhe s sanpl e but
corl et ol TEUEEEH MBS SRie oo Bap Aot Pecl g ol Su A ABE Tyt | on
cent 11 f uggdogdiddhs00R:1 LRS00 cBhitndRigl.ecti vel y enri ches for
apoptotic-length DNA.

[0204] If necessary nucleic acids are further extracted / purified through appropriate

protocol, prior to further manipulation.

15 Further developments:

[0205] Application to early detection/screening of cancer (circulating, apopototic -
type tumor DNA has been reported to be shorter in some cases). Detection of increased

apopototic DNA in subcellular or specific organs may indicate the presence of active

apopotosis.
20 [02006] Large DNA fragments may be enriched with the same method.
[0207] Application to other body fluids.
[0208] Separation of cell-compartmented nucleic acids (nucleosomes, mitochondria.

chloroplasts) from their milieu. Determination of small RNA localization within cells.

[0209] Useful for separation of small RNAs such as microRNA-length species from
25  other nucleic acids. Enrichment of such species markedly increases detection of mature

active miRNA and siRNA species, by reducing background large MW RNA contamination.

[0210] Other methods for selective isolation. For example, using different amounts

of binding buffer with silica spin columns should also work. This method has been used to

-56-



WO 2011/ 143659PCT/ US2011/ 036670 Literature: [0215]Quantitati on of DNA
fragnentation in apoptosis. loannou YA, Chen FW Nucleic Acids Res. 1996
Mar 1; 24(\ED: 2002143659 | 0216] Digital PCR for the nol ecul ar ®etramstéionsaio f et al
chronosomal aneupl oi dy. [0217] Lo YM Lun FM Chan KC, Tsui NB, Chong KC,

Lau TK, Leun Y, Zee BC, Cant cad. Sci S A
2007 Aug &t Tga?}g‘zyl%i@dﬂlaglﬁfﬁa 51%%637&03& @é\lowt %ﬂgafﬁg? W %‘FP“(SP or the

aneupl oi %rl\éhﬂlgnt%f%b%\?huﬂodnw@ﬁ&%o&Hﬁ’dl&c%@iﬁ(‘s}éé&é& A“a| Chem 2007 Cct 1]
79(19):7576-9. Epub Aug 24. Fan HC, SR. 10[0219] Preferenti al

| sol ati on of Fragnented DNA Enhances the Detection of G rcul ating Mitated

k-ras I g leothy M Bl ock, Laura Steel, Dean E Brenner,

and Yi ng-%*@@uﬂ‘—@wmﬂ_—mﬁ“ infigle em stry 2004, 50, 211-213, No. 1. WD

2011/ 143G920¢1/ USZQ%%M%Q&L%@&%}N@M%&&% sﬁllr@gaﬁ@g lngDNAlm@rk@BtlbOd of
nuc

enriching a sanple for short eic acids of |eéss than 300 nucleotides in
| engt A, tshécmlﬁotﬁctmtﬁ@dlugingd‘ﬂ?)&@ﬁﬂ%@tN&@ ang dolbmipt ecntiifugaion snaelhy| ene
glycol in tr 2senc 00(1:‘ 12 trlrll)novgc;lsl ent 1resgllllttl H?der C%ﬁ'{“ ons suitable for
subst ant i'&81% y pre@?pm ttll nggnu erc aélas of "s09Per" greater nucleotides in

| ength, wi thout substantially precipitating the short nucleic acids; and
Method:
[0212] Low molecular weight DNA was isolated by mixing equal volumes of
marker DNA with 20% PEG 8000 and adding NaCl to 0.5 M. Samples were incubated on

10 ice for 30 min and centrifuged at 10,000x g for 20 min at Room Temp. Supernatant

containing Low molecular weight DNA was collected and then fractionated in a 2% agarose
gel and stained with ethidium bromide. Two different NaCl concentrations (0.5 and 1 M)
were titrated in solutions also containing: 2.7%, 8.1%, 10.8% and 13 % PEG 8000. The
default optimum solution is estimated to contain ~5% PEG and 0.5 M NaCl.

15 Result:

[0213] The results are shown in Figure 2. Lane 2 shows the default solution,
containing 5% PEG and 0.5 M NaCl centrifuged as described and fractionated by 2%
agarose clectrophoresis. Lane 2 demonstrates loss of high MW DNA, but selective
retention of apoptotic-length DNAS in the supernatant. A control containing the same DNA
20  sample, 0.5 M NaCl and 5% PEG but not centrifuged, providing a reference for
electrophoretic mobility shift due to 0.5 M NaCl in the sample, is shown lane 12. Lane 1

contains the same DNA sample but completely untreated.

Conclusion:

[0214] A 5% PEG and 0.5 M NaCl solution centrifuged at 10,000x g for 20 min
25  selectively enriches for apoptotic-length DNA.
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recovering the short nucleic acids. 102. A nethod of producing one or nore
target anplicons conprising one or nore nucleotide tags froma sanple, the
met hod cOWPrRDEI/ 3659 preanplifying the eog/useoimos&7a ar get
nucleic acids in the sanple with a first, outer priner pair to produce one
or nore first target anplicon(s); and preanplifying the
one or REFAYEet anplicon(s) with a second 15 priner pair, wherein one or

both pri of the,second pri air anneals to a prineryhindi itein
ot wean THETH 1 e BFAGAIGnSF PREA GREinBRT Brebobyd, ok v & GRP
wher ei n audi@adciddmesofodsh¥ar 1;04(15):9928er primer pair and/or the second
primer pair conprises a nucleotide tag. 3. A nethod of

enri chi ngogyganp! e gl SR fortHE kBl &uRE Hdsctith dressl haRosN3A Anitptdigpt i des
in length, the nmethod conprising: circularizing the

sanple n j1C aci r ot [, Heulyar i i of
short Pl act aa L e N e Ll R R T 28
met hod ofBE) Gintor3_ RhElrie iIRW sRriod Naitlr Acealdaci bi 4. 2@0TAng 79043a): 1Dyl 625k dipubct i ng
t he sanphg)n cleic acids with a circligase. 5. A nethod for
taggi ng | 9& Rutd ei ¢ acids and removi ng | ong nucleic acids of greater than
200 nucl eotides in |length, the nethod conprising: WO, )
2011/ 143683HET/ Us2AAdtr@me@fencuploidy with digital polymegase sbain sepchion A Chemds i n
the sanpl o‘#‘qc? 1?7%@?%9@-@?%@6 oo A&%‘%.'E%H HE ﬁ%&@ synder condi tions

or n ctds o

sui tabl e rag I Ng an aggi ng huclerc d ‘greater than 200

nucl eqt i in lengh-w th transposon ends; .

el eaDi ngI3H " emodiit rHEHABACERE g BERRA PR Enhancss e iR o eact i on
m xt ure hyir@fdtingiNyitagdl ket DNA, Mengjun Wang,1 TiénotihBl. BesdkoUa@h SedeRimead.E.
wherein the conditions are suitable for fragnmenting and taggi ng nucleic
aci ds of Bjeerareind Wag-HooSulidloveal §smisty) 29 @{Wa@ﬁl?ﬂlﬁ,r%slposon ends.

7. The nethod of any of the preceding clains, additionally conprising 10
the nucleic acids anplification and/or DNA sequencing to detect and/or
gquantify target nucleic acids within the short nucleic acids or the tagged
target anplicons. 8. The nmethod of any of the preceding
clainms, wherein the sanple is unfractionated prior to enrichnent.
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9. The nethod of any of the preceding clains, wherein the sanple
15conprises a sanple of a bodily fluid, or a fraction thereof, froma

cancer pavoDent1/143659 10. The nmethod of any of tireTaSe@aaBdsgo cl ai s,
wherein the sanple conprises a sanple of a maternal bodily fluid, or a
fraction thereof, froma pregnant subject. 11. The net hod of

claim 10, wherein at |east sone of tgﬁéﬁﬁgét nucl ei ¢ acids conprise fetal
DNA. 2012. The nmethod of claim 10, wh he maternal bodily fluid is
selected fromthe group consisting of whole blood, plasm, urine, and

cervi co- i I ,8L.i ons. 13. The nethod claim 10, wherein
the neth alf il termning a fetal genotype. 14. The

met hod of claim 10, wherein the method conprises detecting the 25presence
of a nutation or feltal awengtodiafienriching a sample for short nucleic acids of less than

300 nucleotides in length, the method comprising:

5 contacting the sample with polyethylene glycol in the presence of a
monovalent salt under conditions suitable for substantially precipitating nucleic acids of 300
or greater nucleotides in length, without substantially precipitating the short nucleic acids;
and

recovering the short nucleic acids.

10 2. A method of producing one or more target amplicons comprising one
or more nucleotide tags from a sample, the method comprising:
preamplifying the one or more target nucleic acids in the sample with
a first, outer primer pair to produce one or more first target amplicon(s); and
preamplifying the one or more target amplicon(s) with a second
15  primer pair, wherein one or both primers of the second primer pair anneals to a primer
binding site in between the primer binding sites of the outer primer pair, and
wherein at least one of the first, outer primer pair and/or the second

primer pair comprises a nucleotide tag.

3. A method of enriching a sample for short nucleic acids of less than
20 300 nucleotides in length, the method comprising;:
circularizing the sample nucleic acids under conditions that favor the
circularization of short nucleic acids; and

recovering the circularized nucleic acids.

4. The method of claim 3 wherein said circularizing is carried out by

25  contacting the sample nucleic acids with a circligase.

5. A method for tagging long nucleic acids and removing long nucleic

acids of greater than 200 nucleotides in length, the method comprising:
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contacting nucleic acids in the sample with a transposase in a reaction
mixture under conditions suitable for fragmenting and tagging nucleic acids of greater than
200 nucleotides in length with transposon ends; and

selecting and removing transposon-tagged nucleic acids from the

reaction mixture by affinity selection.

6. The method of claim 5, wherein the conditions are suitable for
fragmenting and tagging nucleic acids of greater than 300 nucleotides in length with

transposon ends.

7. The method of any of the preceding claims, additionally comprising
the nucleic acids amplification and/or DNA sequencing to detect and/or quantify target

nucleic acids within the short nucleic acids or the tagged target amplicons.

8. The method of any of the preceding claims, wherein the sample is

unfractionated prior to enrichment.

9. The method of any of the preceding claims, wherein the sample

comprises a sample of a bodily fluid, or a fraction thereof, from a cancer patient.

10.  The method of any of the preceding claims, wherein the sample

comprises a sample of a maternal bodily fluid, or a fraction thereof, from a pregnant subject.

11. The method of claim 10, wherein at least some of the short nucleic

acids comprise fetal DNA.

12. The method of claim 10, wherein the maternal bodily fluid is selected

from the group consisting of whole blood, plasma, urine, and cervico-vaginal secretions.

13.  The method claim 10, wherein the method comprises determining a

fetal genotype.

14.  The method of claim 10, wherein the method comprises detecting the

presence of a mutation or fetal ancuploidy.
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