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25 SUMMARY OF THE INVENTION
The present invention provides more accurate, efficient and sensitive methods and
systems for analyzing (e.g., detecting and/or enumerating) target nucleic acids in biological
samples. Among other things, the present invention provides methods and systems for
precise enumeration of nucleic acid molecules based on single molecule amplification and
30 hybridization-based probing. In addition, the invention is useful for detecting rare events
including mutations associated with diseases and conditions.
In one aspect, the present invention provides a method of determining the relative
amount of a target nucleic acid in a biological sample. In some embodiments, inventive

methods according to the present invention include steps of arranging polynucleotides
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30 products; hybridizing the amplified products with nucleic acid probes specific for (i) a target
nucleic acid, or a portion thereof, and (ii) a reference nucleic acid, or a portion thereof, in a
plurality of detection sites, wherein each detection site contains on average one
polynucleotide from the amplified products; determining (i) a first number of first detection
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In sonme enbodi nents, the arranging step conprises a step of using flowcell
technol ogy. In sone enbodi nents, the arranging step conprises a step of

di st ri butwogotiheseisel | ecti on of nucl ei ¢ aci d nol ecul es wPCHius2@ 19ad460mat ri x.
In sone enbodi nents, the arranging step conprises a step of mxing the
collection of nucleic acid nolecules with enul sion beads. 15 In sone
enbodi nents, the support conprises a plurality of capturing noieties
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chromosome 4, 5, 8,9, 11, 15, 16, 17 or 22. In some embodiments, the reference nucleic acid
is a reference chromosome. In some embodiments, the reference chromosome is
chromosome 1,2, 6, 11, X, Y, 13, 18, or 21. In other embodiments, the reference
30 chromosome may comprise chromosome 4, 5, 8,9, 11, 15, 16, 17 or 22.
In some embodiments, the target nucleic acid contains a mutation. In some
embodiments, the mutation is selected from the group consisting of single nucleotide

polymorphisms (SNPs), deletions, insertions, duplications, and combinations thereof.



nucleic acid, or a portion thereof, are nultiplexed. In alternate
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In some embodiments, the probes specific for the target nucleic acid, or a portion
25 thereof, and the probes specific for the reference nucleic acid, or a portion thereof, are labeled
with distinctively detectable signals. In some embodiments, the distinctively detectable
signals are different optical signals. In some embodiments, the different optical signals are
distinct fluorescent or luminescent signals.
In some embodiments, the determining step comprises determining the relative copy
30 number of the target nucleic acid. In some embodiments, the step of determining the relative
copy number of the target nucleic acid comprises the steps of (a) determining a first
fluorescent signal level indicative of the first number of the detection sites containing the
target nucleic acid, or a portion thereof, normalized to the background signals; (b)

determining a second fluorescent signal level indicative of the second number of the
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the target nucleic acid is derived froma diseased cell (e.g., a cancer
cell) or a plurality of cancer cells that may be of the same origin or may
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speci fi cth? %Fge? he lei'%arlcécgfs dﬁﬂ% dgflr%m ggis ,Secg?qu(teﬁﬁr%? ?%E?%e{@g%gél? %&%&f he nunber
of the ZQpeobeds tspeany bk of fhesamberigiebemenbe enliffdrait origios ¢k.g.0r pramgppr t i on
t her eof . Inﬁ%ett .%not her aspect, the present invention provides
met hods ARY" 8043 BRESHYY detecting rare events in a biol ogical sanple. In
some enbodi MeRtSne drhd dRH@SE My ehtheemdthdd afdoedihgeshaprsRhhadertion datteret i ng a
target nucleic acid in a biologjcal sanple, conprising arranging
po|2§ngc|laﬁwepﬁe%epoqft\woﬂfe&fnweﬁﬁnph%caspw%ﬁiteale WANPIES't forma plurality of
reaction 25sii} &sine M¥RJa8hEEARBNHRAEAMRR 0B ihk Hr&eI iAo R4 GRALR s0Nne _
pol ynucl eoti de; anpl |.fg| ng the polynucleotides in the plurality of reaction
sites t ctapendetgranagpf the edldtivg ampurdiof §redsractayelpicrapigtis emwerna lapeareraredont ai ns
anplifi i i r . . i r, hon sites
cont ai nﬁ%@?ﬁg&’t g“r%ﬁe%ﬁﬁ‘gﬁ@{sa@?ﬂ?wg?Fegl%%%&?‘i‘% ‘lé?etﬁ‘g“?a’% {"“S‘ﬁ%ﬁ di zation
usi ng oneteora disgaee, disoflesorspaditibn, or & oarricttberealt gaociated Weh theabnamat her eby

detjg cti natgnotuﬂteofI tl%‘er tgregl;':t r?ul“cI eliceeixcclzd. al(rzlisgmg: ngg(ﬁments, inventive methods of the present
invention are used for prenatal diagnosis of fetal aneuploidy.
In some embodiments, a suitable biological sample is selected from the group
consisting of cells, tissue, whole blood, plasma, serum, urine, stool, saliva, cord blood,

chorionic villus sample, chorionic villus sample culture, amniotic fluid, amniotic fluid
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30bi ol ogi cal sanple. Each of the alternate enbodi nents described herein
refers to any of the nethods or systens of the invention unless stated

ot herwi sew0 2011/15638m t hi s application, the use of "or" meamaS2@anmdsand unl ess
stated otherwise. As used in this application, the term"conprise" and
variations of the term such as "conprising"” and "conprises,"” are not

i ntended to exclude other additives, conponents, integers or steps. As

used | &, FRREGEIIARse it HATHRNRGHher 80 br RRPERXIJE! Shipiesal € used as
eqU|vaIents ny nuneral S used in this application with or mnthout
about/ap@@okmmamemweﬁmewdeamuito cover any normal fluctuations appreciated
L S anbr o b S el PR i EhBYEe AEbives 0451 HERPBIRRLIRILY e
w t hi n 53&8ods28%ribd®PRerei 8% soir%%mbbﬁ%en%f}fp pikedéhat 1rﬂy3ﬂff;onlﬁ%1délsh%yst&tﬁ‘¥@r 9% 8%
7% 6% 5% 4% gw 2% 1% or. |ess |q either direction é%reaterlépan or
less th C”Bfm%t %f‘t‘aé‘tvéamf’%‘ff‘é’f BILeCt PAT'EIE 2Cifl EWISRE FRPRUTEL R AR

ot her wi s@i@vtidetides bfi 8BlukdIRy 60 RXTcatteePlo geﬁ@ﬁteaﬁlpnﬁd odRfs; youl d exceed
100% of a possible value). Oher features, d|Pects advanta es of the

present GORPARRI wagw@uhweéeﬁm of thenplBigd pradpely W&E§&be{aP‘6?fi WHR Y ai s
that folJc@ablelsi fﬁgﬁwa@ar@%pmfoﬁﬁ 2esbt nfANE Y& 1ortatﬂ)@ﬁtlo'h e rde b pRsbes

descri ption, he clains, while Tndicating enbodi ments of the pr esent
i nventi dnbelqsﬂr\eltfgsevew dsiectably siemalsthag grespedifgnfopmrsferenssmutleigiagidt ¢rdn.  Vari ous

chapges hi

cpalTen AR TReecs SRmRRE T ReltiinR EARRRL) by BEALIARL e RECOT®

pr esent thmﬂsndatmtabﬂa)slgjelsnmdeieteemdieItl}e laved ef gt sodnd deedtatil mSlgIEﬂSUB are first
defi ned b%l oW . A Addi t|t nal | de eic inﬁ ure§to S(%rmtSlJne f;r?flol ovt\a ng tksms and ot her
terns are $at f& T %%a%:ehc PR Sp e0|?|c§?|on O eIe used herein,
t he phr akermhalatiel o dul&misrﬁdmfmmnmhmgﬂad)b}ya Wiet Indi cahi/eedfitl@e matbeant the and
refers to a vari S. or. rticul ar

el e igits SelRbr BF et 8518 S SRR Fontem FTIT Arana Tt BUoT BRERBty e, 1 or

exappl e,spadifief thelrt@lenbd nide¥EdRiong p&rtidh ERASE afdl a cORfehQ®.., lai kel i hood of
progreSS| ng to a particul ar dj sease or. condition stage anenabi | ity to

par t i cul QFPPHRE Bpelviddekigsaieprienhs ety offge ﬂWF’e‘Eftt]i‘eofr‘fSt Jethtifhle Sff:’tﬁ‘ﬁ'ét“? on, etc.

Ampl i f i GRS 108 of tHRSeabn@debaRRE agnémethcefé% AR defatiC@Eh QT of BE BF &t O any
met hods known 25in the art for copying a target nucleic acid, thereby

i ncr easimgletctsidhurisanalizingsbprasie obtie sicaal levalsed theueliebewer e saprsnte.

AP LIRS AR LB LRSI S L0 T e

an 20 anplirefea speciiggbi the ccdtreiens nwelyicheidagraamplidngherdofwi t h vari ous net hods

I ncl uding, bll'lli yg{%};xother aspect, the present invention provides methods and systems for
detecting rare events in a biological sample. In some embodiments, the present invention
provides a method of detecting a target nucleic acid in a biological sample, comprising
arranging polynucleotides obtained from the biological sample to form a plurality of reaction

25 sites, wherein each reaction site contains on average one polynucleotide; amplifying the
polynucleotides in the plurality of reaction sites to generate a plurality of clusters such that
each cluster contains amplified nucleic acid product; and detecting clusters or reaction sites
containing the target nucleic acid, or a portion thereof, by hybridization using one or more
probes specific for the target nucleic acid, thereby detecting the target nucleic acid in the

30 biological sample. Each of the alternate embodiments described herein refers to any of the
methods or systems of the invention unless stated otherwise.

In this application, the use of “or” means “and/or” unless stated otherwise. As used in

this application, the term “comprise™ and variations of the term, such as “comprising” and

“comprises,” are not intended to exclude other additives, components, integers or steps. As
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limted to, the polynerase chain reaction ("PCR'), transcription-based
anplification, 30isothermal anplification, rolling circle anplification,
etc. AnplwDi2eatisess7may be perforned with rel atively sinPCamisarmusd460f each
primer of a primer pair to generate a double stranded anplicon. However,
asymmetric PCR may be used to anplify predom nantly or exclusively a single
stranded product as is well known in the art (e.g., Poddar et al. Ml ec.
And Cel | WASE Q » T Hike i agh,pair of
prinmers l%f/ﬂnggﬁ%)égaﬁé%% t%ﬁlgegt%&ruétaxgngr@?%mgt%sﬁ%g l%&?% #Vggrétgt% Yrelative
to the otuheralpusedrdrthisfapplivatipaiith pewghqut at@int/amjrmldatkryenrcemezm) Iodémaﬂeirrb/i cation

Chat 4 PREPRAICRRSS pPoR o Phert dac ey B0 Eh PaLERdn “kiupl of ay. As

u?]ed heregibddinidi®, the tdiin’ “amu}ah@te@y’ orF ﬁfo@f”_srefefl;ltaﬂ raige@flvmeoslm}wm“mfm 5whol e
chronosaones _or r onosQnes. ically, aneuplojdy causes a genetic
b8l ance Rl Gy 6 175 R Sood2i y o Eaesrtin T Hoobiert: Cbetee

m scar riggeol nol atebr RELHRANG Yireétioh@Sihttr thih & [¥dsAnPoHE st RIfiBhce
pregnancy. The nost frequent and clinically significant aneupl oi di es

i nvol ve @i%gn@swww&mﬁé of gthegwisd Vldeah%mwoptertr(ewp@ﬁhqr%@wé are either
three ("LKpSOMYid eQJeecho‘%Q{‘aepésm @gﬂy instead of the normal pair of
10chr onosones. use erein, the term"animal" refers to
any nenber thhdﬂééaancsrrabJe%S,ragdi@dnanﬂagesstflﬂt@ reedouidinyrtios are apparenilin'theef ers to
humans, . t f i n n hat not yet been
bo?ﬁ (e.a‘?a,llgcg Xe%sgrtl;%glﬁagﬁi ﬁlgngnosﬁ%g[g(glgo(%illt u%q Lglderlgt%?{i"%o%v 9er tﬂ?t\{ﬁenon human
ani mal s deaile(ad\qscsﬁt@gearﬂﬁhajemeisp\pthd1czitmg(embbdnmnemﬁdmpm@euttsnvehh@n non-
15human ani.nal a abbit, a
ronkey S oG bvea eyt Frkdo yarf s arb P Srefgh T some
enbodi Meyithsn tha REdpalos the Mplebieh williec@h€appatent tothdseekitied intRearal s, bi rds,

reptil es, anphibians, fish, insects, and/or worms. In sone embodi ments, an
animal may be a transgenic ani naPEFggpéItqlﬁ%l | y-engi neered animal, and/or a
cl gaie.  20AppIOYIdBReIh predsnt UHREdHED Bt Fhord REilyAIHAersRBB @MAiFB:AL Mre RS
"about," as applied to one or nore values of interest, refers to a val ue
that is defiradbeiows. oAdditionat afinitiom fas teecfolawing term aedother trmsi#sowt fsit s, t he
term " appbeHBHE LYecifRhtiorabout * refers to a range of values that fall
within 25%  20% 19% 18% 17% 16% 15% 14% 13% 12% 11% 10% 9% 8%
7% 6% 5% 4YUle356 uRdgheredn thephtass Salicls” & ushéintat¢hangaablyrwifhgiedelicer than or

| ess th f t r I r

ot hor i S a1EeR il ol ReEDGRE HRolpL RS L RE e bl B Cceed
10086 of o&a}ix@ssmbgeee waalswe)ated with a par@juddr pferogtpesanplagipleAsitaekdskidr ei n, t he

term "bi ol cal s nconpa roma bi oI ogi cal
sour ce. dﬂ"%&dﬁ’%@ihé%ﬁs %ﬁlgo%gﬁ( el a\ﬁgﬁ%gfes?%mlalpr%”fﬁu%égléeagﬁﬁﬁ e, include
bl ood, aBditdr gag‘el Mhdl,abﬁ@/fta,paﬂfcullaEtherfaﬁﬁEﬁs, seqpepttvilimto Bérpde imskher sanpl e,
30cheek svvab erm amiotic fluid, cultured cells, bone marrow sanpl e,
tissue tﬂ‘ d/or chorionic villi. Convenient biological sanples nay be

obt ai ned by AW!’:f‘%z@ﬂW\?wse&ﬁé@m g t&Rl lagnpfifigoh R f& ol a6 enetfodt Reoviruccal
cavity. Cell cultures of any biological sanples can also be used as

bi 8 ogi dafhesipn @gyingadarget piigleigragid. Berebhpeiean e hgnpny of sppgsed 2and/ or
am noi t 'sgleétéyhﬁl&yé&&geﬁﬁe&yCﬂnﬁgﬁr@e{mh ARY 8 eSpnkhELSr 1Rl OLRg GRdleisanpl e

can also be, e.g., a sanple obtained
acid may be either DNA or RNA Typlcally, the sequences amplified in this manner form an

“amplicon.” Amplification may be accomplished with various methods including, but not
limited to, the polymerase chain reaction (“PCR”), transcription-based amplification,

30 isothermal amplification, rolling circle amplification, etc. Amplification may be performed
with relatively similar amount of each primer of a primer pair to generate a double stranded
amplicon. However, asymmetric PCR may be used to amplify predominantly or exclusively
a single stranded product as is well known in the art (e.g., Poddar et al. Molec. And Cell.
Probes 14:25-32 (2000)). This can be achieved using each pair of primers by reducing the
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fromany organ or tissue (including a biopsy or autopsy specinen), can
conprise cells (whether primary cells or cultured cells), nmedium

condi ti or0 2by/@m87cel |, tissue or organ, tissue cultur @CTIUS2610/89460

enbodi nments, biological sanples suitable for the invention are sanples

whi ch have been processed to rel ease or otherwi se nmake avail able a nucleic
acid for 5 detection as described herein. Suitable biological sanples may
be obt ai f It (e.g.,
or egnant ot & e lipghtil @i gty ool Bnt Ak AL 1 BRI L0

The term@ﬂ%mnqﬂognmaﬁmganpk@%nmndneBCBh@gﬂEaHyﬁpemiHshﬂwaaEwusedl

|nterchan ea r t he carrier" refers to an
i ndi vi dua eFE ﬂRQ%gégg{gﬁéﬁiene h[Eéata Hgﬁm%rwééﬁgllc vari ant but

di spl ayi ng no@@ymbmpnmsm&daaéhsma&ﬁmasﬁ@@kﬁhede&muhaﬁhﬁmgﬁﬂ@hhbmﬁﬁtation or
allelic v€ %F A carrier, however |%, ¥§ caII (vﬁje to pass the genetic
nut at i on®™ IPEPSANS QF PURO! SNCBOPHAS ToP b §aW§§a§ﬂ§H°express t he
nut at ed @gBHARNE widkh by 6e \eaal @lthrly Ix@s@ahéx&lopﬁnfahﬁcm@mm@gb ihgat@ result of
t he recessive nature of pmany genes. In certain enbodi ments, the nutation or
al | el i ¢ RF&$eamt orrpt i hélaéﬁrbrufg ahnopng! peseganesp l beamegdisgueny and dingglivci at ed

W th a pagdificl %euﬁb%ﬁb@tlm% sfn%[e GXARbRes @lrichY egme[léo%&”?fn WRMEhARLAY 2

di sease or condition, likelihood of progressin parti cul ar di sease or
condi t i othet thege (¢ “teispamAD P @rﬂ)yortc’o(“lpjamsp@lw )anst@aldqu‘&;@emm@soalrgﬂsceptu bility to
infgcti ofyoddoaae function, etc. Wthout limtation, a carrier may have
reduced or 1 ncreased copy nunbers of a gene or a portion of a gene. A
carrier my a@eahasbsd herdiratliesasn {agingal’ rofos wtanmn’wmheomﬁ:the 20pal y mor phi S,
deletio Sh insertions or.tr ansl oca e carrler

is al sonkr e%dé’Fn r'g P0° &8 Odlmaene?m?acé?fgfset? gurﬂ%r?ﬁe%yﬁny stage Of%as%%% hber :

used henecmhnghanmhnmsea pymmmaﬂﬁﬁ &m@eﬂkuspdnsﬂnéemsmﬁmaﬁsF&nmaPOCus,
refers to copies of s oCUS present per genone or genone
Caut val ORI TR o RT SRS ot WHEH R W P e rBREEmeToa Beus

refiers tiunta@nkRPys 2babee. Qb rédeQk Mtus®h riM 4 ﬁbsly@en@ikkﬁla@ograe&eat ina
normal individual. In certain_enbodi ments, .the copy nunber ranges from zero

to two, SR CRUIG @ Primates Ahd/AiarPiSnibe smesipRodinpeigs, é@ﬁ&alsd’ﬂﬁ”lr‘%’r DU from zero

to threaimizlns, rﬁé?m%élb'rblrdEE%E;Qllésoarﬁbﬁ%laﬁse?ﬁ’n mea@éﬁmm RbrEeliPsdnt MOr e t han
seven copi es, incl usi ve. enbodi nents in which the copy number of a |ocus

vari es dieatinentse progymp rrmmeon}aa@geinw @lfp@p&ﬁnatﬂqaﬂhen&heeé@tanm cpdfeedi an copy
nunber c@yl.d be 30taken as the "normal copy nunber” for calculation and/ or
conpari son purposes. Codi ng sequence vs. non-codi ng sequence: As used
herei n, the tdeproxingodyniys wedbeninethe tamheinpprox matehequértpet, bés apphedcbei ¢ aci d

or its C(?lgBl‘ %'gper\;a eg)E)f {%ﬁ:?é’%ﬂ Eﬁﬁ%r@? gogltxe %Qtalts C‘?‘lar % a sttate 25 l;én%ggall?‘nq/ or
transl ated to pro t'he ypept i de  of ?ragnent
thereofcmﬁmdwngo$eQM@nhe&nnﬁqkmdemmxmnSrhmom”gﬁhmm@ariﬁﬁbﬁnameﬁﬁatﬂMe

or ey IDLRRE O S e AL S ol ped togater byt g sl e
t he con@wrentoniiys aez(h 19, Bledsah 6itlae dilectidA dorkA@ than or less than) of the stated

25 reference value unless otherwise stated or otherwise evident from the context (except where
such number would exceed 100% of a possible value).

Biological sample: As used herein, the term “biological sample” encompasses any
sample obtained from a biological source. A biological sample can, by way of non-limiting
example, include blood, amniotic fluid, sera, urine, feces, epidermal sample, skin sample,

30 cheek swab, sperm, amniotic fluid, cultured cells, bone marrow sample, tissue biopsy and/or
chorionic villi. Convenient biological samples may be obtained by, for example, scraping
cells from the surface of the buccal cavity. Cell cultures of any biological samples can also
be used as biological samples, e.g., cultures of chorionic villus samples and/or aminoitic fluid

cultures such as amniocyte cultures. A biological sample can also be, e.g., a sample obtained
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encodi ng sequence can be deduced therefrom As used herein, the term
"non-codi ng sequence" refers to a sequence of a nucleic acid or its

conpl emerwg 20r1/1&633art thereof, that is 5not transcri bedPCmtus2@amiosas@ci d in
vivo, or where tRNA does not interact to place or attenpt to place an am no
aci d. Non-codi ng sequences include both intron sequences in genom c DNA or
immature primary RNA transcripts, and gene-associated sequences such as

pr onot er enhancer [ % in, the terns
"conpl errfzdﬁ‘% any Qré%n OrIsti’essrrrs ngfraé% Zandoep%gp%%n%qg g&%{ﬂﬁen %gm U&S lesrg%?% the pairing
of nucl E{%Btﬁﬁ' mmwu;emilesr adaesddietig), hediatcendifidred bk ap))acﬂ‘lll, figpue ot @gan, For

o TOOOACHESIE A o LISRRa B AP QBB R COVERBA ol RNA

conpl enBagley whizhthbe: @M\pﬁ)eéw&l’lt@@elea@elbf ah&rwhasese aedilablemmoblel abiduad in
nat ural nucl eic acids may included in the co Ierrenﬁggrg/mnucl ei ¢ acids

i ncPudi rfl§tectien asr?@%"“le‘Hbﬁtr%‘H tSB'tabet? pegicHsamplegmay S eRiHD 8¢k88°Nucl ei ¢
Aci ds (Wéluch%élgfé?@dopélﬂ@ g |a§b1@(e/§c ﬁégnﬁﬁ%men%ﬂm}ﬁmgt ankd ¥r A&RE not be
perfect; stable duplexes may contain m smatcheo[‘ ase pairs, degenerative,

or unmattiskied alsa g be Terds dhe ferns hiolpgicelvamplet ansk “binlegiedl epesticd” PEKFDI ogy can
determ ng. Q}.Imlgg l§t ability enpirically considering a nunber of variables

i ncl udi ng, exanmpl e, the length of the oligonucl eotide, base conposition
and sequence C@Wlétihészs)ﬁlhegadmmﬁlmstd@rriérérﬁﬁtrs standndfyuaiept hardpdence of

;nr ?_ ;g%%g?tl%ar% fiat afll orrsal lelic vabanq but ﬁpl%y%r?ﬁgn Eqiltog‘rlisnotsf? Vé]?s%:hryssroggumvg har Qas Its
conpar edhe g@flﬁil@ﬁhdayon @(thbﬁ@izalaatr e\ ussdd, hcoweszag mypncalhfmg:rtowssn}m experinents
by isolating variable nc us on abo %%C}r/ari abl es.

I n some ERPGINHEHL! 2 elt?dﬁf‘?’ﬁlon Ostl(q)%\r QE‘P*‘I” dﬁ“od?aya %‘%\V‘pﬁ‘?ﬁ f or med
25si mul tapesusielc Wrlaht. aryﬁoﬁ;any,rtlﬁapﬁdn@memn i88 St bOthp Fwdstle natuﬁmﬂmrngt or. In

one experinent, the "test" (I t he iable being tested) is applied. In
t he seccﬁ?ﬂesei'bé?qal‘f’eff%b(’dt"l*f’é‘t& H’Sr‘lwt@lon'orta‘rlf’é‘c\)’é?‘?rﬁmaéthgéf“ﬁ'ﬁr PRY8d i s not
appb i ed.prddispd QABRr %m@@@iaf@%ﬁp FarGQ: bRdnotype Fohb:xahld Sidred@itorol (i.e., of a

test or assay perfornmed previously, or an anmount or result that is
pr evi ousleyelrriogafliscashoserditiend iralifrod 0§ progresdrg togt Particulsr diggipPi ses a print ed

or ot hery§iod ?ti{g%dal{lénrﬁgﬁ % to?gﬁ‘lcﬁfapméﬁbed’my sB&eRiHAS td n¥R1iGRMhmBhe O a

negative contro used herein, the term "crude," when used
i n conngundtion, as. tWltbomlllmlt@mmalcatslamphsehaweé¢®p@f qroncaeasechgsipg numbersiogain a

oot oo doft b NS4Sy &' AL EroFRly AXMIBbE miyERUAS, SRR LRuERRLS OO

| ysat es & Sie sarrp e sanpl e ist 1n sélution or as
a doy prpepmmphmms deletions, m@edxcmtsloonansnmme,cbtda)ew@nmg geiee A &ramictdslabbi on”

enconpass scg nmut at i OH t hat ,,renoves one or nore nucl eotides from a
nat ur al Irﬁfegf’: QP itngeTtE FETE Agicd: Fl anki ng: As used herein, the term

“flanki ng" i €oppaihbd-has usad pedeli®the pikasd ‘tﬂoﬁﬁﬁumlﬁbr’awhaf wped invetraice taci d
adjoining a region of interest sfo%ught to be agge ified on the target. The

5ski | | edO%pFEEO WS TUMPHtEeoPishal THAR I95HEPEFPEEF SPIIRG Y 8P Dai rs of

primers & hihlefty N +idtR& Bpy rfndlﬂf@r’awﬁ&ﬁls@@mQEfekdﬂE@fo&iSlbeusQ@%r% tRaspyst rand of
a target doubl e stranded DNA nol ecul e, such that nucleotides may be add to

thes 3™ eweberofiamerpplionstidiypeslislsipresentdn pRAMGNggugk eln certain
embodiments, the copy number ranges from zero to two, inclusive. In certain embodiments,
the copy number ranges from zero to three, zero to four, zero to six, zero to seven, or zero to
more than seven copies, inclusive. In embodiments in which the copy number of a locus
varies greatly across individuals in a population, an estimated median copy number could be

30 taken as the “normal copy number” for calculation and/or comparison purposes.
Coding sequence vs. non-coding sequence: As used herein, the term “coding

sequence” refers to a sequence of a nucleic acid or its complement, or a part thereof, that can
be transcribed and/or translated to produce the mRNA for and/or the polypeptide or a

fragment thereof. Coding sequences include exons in a genomic DNA or immature primary
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Gene: As used herein, the term"gene" refers to a discrete nucleic acid
sequence responsible for a discrete cellular (e.g., intracellular or
extracel Iwban)/ssasduct and/ or function. 10More speci fi caCIryusS2e4ihe34466 m
"gene" refers to a nucleic acid that includes a portion encoding a protein
and optionally enconpasses regul atory sequences, such as pronoters,
enhancers, termnators, and the |like, which are involved in the regulation
of expre
her ei n, ﬁﬁk?ﬁngﬁp&hﬁhﬁﬁQEE&Hafﬁggﬁﬁgy@%nkﬂ%&ﬂﬁﬂ%nggphﬂ%ﬁL§ﬁ£3 not encode
pr ot ei nsmitute mlbINherThpamvsaﬂee stenp isshesorfipeméent afsch apticlen agfl, fndtet | onal 15RNA
nol ecul es tern tlve ene define a
genoni ¢ ein8%cg?$ ?f’ﬂu‘fn(g? ‘@ FAr° “é’ﬁ ’t}?ﬁefco\%?% ‘fsﬁﬁg tc8n h¥:§euch ay CO({mpglot ei n and/ or
I’IUC| eic saqmdilceb’l 8fdtsg a%bq‘.uence of a nuclGenoidyp &s chspleisam, dﬂarpett therdofighdtéy m
“genotype" refers to the gepetic constléﬁﬁAon of an g%qisn1 Mor e
speéi fi cdlf frgnsciiped 1?%%“%0&0 i3 9, PhEhSTg fgesgiot ’arllltqr?étlt PIHELE MR an
i ndi vi duglpiace st REBYI NoRlcodifg kdydentedhadlud®@botR ifdhIh sEARME il @hemse t O
identifying the nature, in terns of 20nucl eotide base, of the two alleles
possesselaNg;Pr AAMPER RFTeATA R NAY tr @SWRSWn‘béﬁf“ﬁﬁéi‘)ﬁﬁFeé sequepces suchas pet er ozygous:
As used DELEER e dﬁ%ﬁwk@&ﬁhuﬁ t.grozygous" or "HET" refers to an individual
posse53|ng two’ ferent al eles of the same gene. As used herein, the term
het er ozygou@owmnpégs@@d hergngpbriistinh ompsmegolisomplentegBpp i d

rozy. gous"
re Pgrs t%8§§k|n§? féﬁﬁé% gge §?h§j?&@gé%ﬁég%%%%gnﬁﬁn?vaﬁg (gﬁéed her ein,
t he terqmnﬂgnpbunﬂxhemewezygqmmmaﬂ%@ﬁGtﬂKﬁih&3’mmﬂ&monmﬁmmmdqal possessi ng

t diff t h I h
Form of et TS RrRRCR B fomrddih S S o TR R A or

pot ent i alokpl elimalﬂtafylfd)(thé DNal sefjgenie. OCCeraurgiﬁz@& noh-bcmzmgptﬂ@mdmnax&emdaem n, the
term "honp ygo s" refﬁrs to a |nd|V|d pi es of t he

30 SSIn co,
sane al |%l © jcdle é?@?ﬁm“ Facy fue ﬁﬁﬁﬁ%g WgﬁPyﬁ?ﬁpé?s to an

i ndk Vi dq%si&?$§l@§z§% it WockPNESei0fAclRLRANRNAPERIde Nusleahnals @he)bei ng
characterized as the nutant formof a gene The term "nmutant" as used
herei n rlefeplemeniaryy pedarobbe peiect sfellp drpiprey may sontaincRisBHenedibatsRags- a gene.
Hybri di Zoe AfriNe &H uRBLLhe® babdd€ ThEde kil QUlﬂ{ﬂhg hif 6 n&'ielc M@febm&’(%gl'cﬁw refers
to a process where two conpl enentary nucleic acid strands anneal to each
ot her urdgtarmimspplox btabibityyempindatiy epnsidennglp nimbes of Giriaglea insluslong Bes or probes
SU|tabIe tides in length
(ol o TatBhe B g R Rod KRETR biscRaRpa R O B | 05 ucT o
aciad hybngdmuz:éﬂtotld@ idnéciirengthesd acelens] df niisioatenei asetpeirart . See, e. g.,

Sa.”b.r 00K, C(e)][ rﬂl%ss u cNgerem gﬁx ermCl On 108 haéa‘itsl‘g‘rﬁf ts?%o\é mN%nx:“Elnglofbe ggnd

Edi ti on, ress, aan|eW n the art
understammdhﬁwgm@ga&kmwamﬁsamdoadmﬁatTymeﬂsimmﬁgbm&ymajmhmgmmdlzat|on
conditions such that se uen es hav east . a desj evel

ool e S etner ine s B RO B Te Pt B i b e P e ER LG g s

conpl enmentiahid. VinWbhé erBddimdfE Qreof@iPd RSctdh JAYREY Ghhziabé@iimeondi tions and
par aneters, see, e.(., Sanbrook et al., 1989, Ml ecular Conin

A
LaBdr at GiiUIKEARKSIY, WiBR GHCEEEPR PIASSAYCB PEP VIS SAF PRI o " Qﬂﬁéégﬂmﬂgmﬁi ew,

N Y. Auglbql ., fie vMiab®lbetlg te&&@‘ﬂs appHEd. AR theReQnRGRp&indhe, M @6Mtar ¢l ol ogy,
John Wley & Sons Secaucus, N
variable being tested is not apphed In some embodiments, a control is a historical control

(i.e., of a test or assay performed previously, or an amount or result that is previously
known). In some embodiments, a control is or comprises a printed or otherwise saved record.
30 A control may be a positive control or a negative control.
Crude: As used herein, the term “crude,” when used in connection with a biological
sample, refers to a sample that is in a substantially unrefined state. For example, a crude
sample can be cell lysates or biopsy tissue sample. A crude sample may exist in solution or

as a dry preparation.
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| ndi vi dual |y resol ved: As used herein, the term"individually resolved" is
used herein 15to indicate that, when visualized, it is possible to

di sti nguiwb 20ne15pssrymer or clone fromits nei ghboring p@®Cyseel1089466 ones.

Vi sualization may be effected by the use of reporter |abels, e.qg.

fl uorophores, the signal of which is individually resolved. The requirenent
for individual resolution ensures that individual nononmer incorporation can
be detected h i S < 2Qlnserti i.tion: ed

hor oi . ¢ he CRVIEH ACSRE Y 1R il ceRlBE Rk bR 08 Al M A i o
aci d or meck eotd delestdpsdrooea nagually-bogriing tubeicaddi. t i on of one or nore am no

acid residues.or,.nucl eotides, respectiyely, as npar ed the naturally
occurring m)l%g%’ﬁ "§: As TSed here, ﬂfente'@? tfﬁaél)émﬁs lsdg%‘agtﬁ%traé?rﬁr}erﬁ’g%m{‘]zeeﬁ M4 n vitro”

refers tiargememniesk dchibddjcsiagh rdgionad igeiestfsbaghato RRopiplified il ttarg. The in a test
tube or reaction vessel, in cell culture, etc., rather than within a

mul £1 - cW1GH artegh B Hdistand that prefgrigg! PEmeALe RAUE OhRBY T that Wirwgﬁph "in vivo"

refers tRo@Y edHlich dMiRbreQCE onWatNdtRnd oMakdet §QIbIAMIARIQTIA InBCEMCAICRS 2

non- human ani mal . |sol ated: As used herein, the term"isolated" refers to a

subst ancatanelegiides mey by adiathestivad obderring) bisapuipble 8N4 pinaEsq east sone of
the componentes, i &0y Ghin! the WaF @SROGeREG8 WRGRrel Lk ALt XefleREUCEd

(whether in nature and/or In an experinental setting), and/or (2) produced,
pr epar edespansible forrredisefeie ealivbad (g, ineceHaladorgkirpagHular) poldacteddoubmctmees

and/ or it par at 0 . %, - . 20% about
3000 agapre A AP BRL BB fers ol i EREog Rl o f R Yot
about 95¥tembotbp@Bily alponipaB&fegulstutystequincal $ugh 200Umorrs, 1A% ed, t he ot her
conponents .wWi.t h V\/gihc .the%/. wer e ilili tdi‘a | y ai%‘oci gt ed. In ﬁgrre nbodi nent s,
i sol at ed“FYRHES 4P it P RAA ARSI T T lAOn 855 BN P T 808, dhout  919%
about g%}ftoc&b(bytthegg%% oﬁib&!:b{s}. W se@ berdin, BB Urmahentt’ cAbAso iaglﬁdﬁ nR about
98% about. 99%, substanti al. 100% or ,100% pure. As use erein, a

subst ancid§ihat dpetencq Proteind bl s ap tF*pPkﬂPéﬁOf&f@ﬂ%le%?ﬂ %JH?‘?HH%% s. As
usqd her@liA mdiQRick QidMas HIRIOA RN AGEIE. " ARGHANSIYE # gdheGRlyldeNfd 2 EMBIA Ned in a
mul ti-cellular organism Label ed: The terns "Il abel ed" and "I abel ed

with a dewdier f5ladagisult whtfpstianysuchpea pkdn HEYSinHCIFiGRe didigedsl y to

speci fy that @n,pR-iAMusé®ndein, Re RHEHEinBHAS! ARl BRFe ARGl RAMMutiGISah CaN be
visualized, for éexanple follow ng binding to another entity (e.g., a

nucl ei ¢ agingm. 1pisi speseiallpethe terma rofers Thibe ddendivtodlpll desayessat ipen imoivedwal.may be
sel ect ed: ] j t: ' I Gh. C: u whose
ot ons ¢SO ppobd ndFRGE Fonth St Ploil i PR B ERERR ent i .
A wbde vercicetide tafe, syt éns alladgs pfosdsededl hy ammdivaduabigtagabvn golymotphiassteand

peptides are,known in the art..lLabel ed..proteins,an ptides _can be
prepared by iht(%%?z Bf 4t ?A‘(S)Hseofh,e or %fo?ﬁmughgehr%zﬁg?u& O%lqﬁéélﬁerle%e{%tgtani s detectabl e
by spectindisidogipossephmpttaoc kéfifirankllcldSdfitiacdaarigend. , Ad wadihaelheine eah, el ectri cal,

optical, cheni cal, or other neans. A |abel or |abeling mpiety may be
di rect | y NEEEIOUB] Frepmpasses Tcompind hRIStozyQusT pre C8W9°‘F‘8I}’F‘r‘?éqzygoé'éct i on or
mutant.” As used herein, the term “compound heterozygous” refers to an individual
25 possessing two different alleles. As used herein, the term “compound heterozygous mutant”
refers to an individual possessing two different copies of an allele, such alleles are
characterized as mutant forms of a gene. The term “mutant” as used herein refers to a
mutated, or potentially non-functional form of a gene.
Homozygous: As used herein, the term “homozygous” refers to an individual
30 possessing two copies of the same allele. As used herein, the term “homozygous mutant”
refers to an individual possessing two copies of the same allele, such allele being

characterized as the mutant form of a gene. The term “mutant” as used herein refers to a

mutated, or potentially non-functional form of a gene.
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mani pul ation to be detectable, e.g., a fluorophore is directly detectable)
or it may be indirectly detectable (i.e., it is made detectable through
reacti on wo 2biid63sg Wi th another entity that is detect alpCe/Uuse01g/0394a0 hapt en
is detectable by inmunostaining after reaction with an 20appropriate

anti body conprising a reporter such as a fluorophore). Suitable detectable
agents include, but are not Iimted to, radionucleotides, fluorophores,
chem | um nesg e 0 C ks ' l's,
magnet o 1 abarer it hed PLEROARIThe PR an el TbaBMAT BRI £pielB8 2| e
Locus: Ashaisteb ¢tverpdémmentaryeudl@e acid btomds dnneglfte egchtotter srpxécaxmr«zprlamt)atl on of a
parti cul parti. cuI ar DNA
e quence i engTon T iln il ey RS AFep o BRF AR FL o AL For o
nucl eotlld)esoo nukRotdestn BAg . FEME-S0, 12470, 138N 0429, 1§-3Eaugpiotideasin a:ngteme or a
portion sone enbodi rreneﬁﬁ%t he | ocus_is or co OIO%Vses an exon

or a porﬁ'i‘%%c g‘(ﬁgg}.‘}’r%ﬂ("b?%{“%ﬁéﬁw B b5 3t RERES: SER &&bis or

conpri semgaMbREKIHTIBhing: A OhEIr&BryiardAl, iSBEdh@EdAfon 2CEE BErind MarS&MBess,
enbodi ments, the locus Is or 30conprises a regulatory elenment or a portion

of a reg‘?JWa‘:’lSWyNFX eHhiose sl@ﬁedang*wunﬂm%%%mamﬁ@ﬁﬁ% adjpi ghe HENgsngys

associ at gy ¥fiditidn bREAHS sudi BRSEREnceAAN AL atdORA ddsRl 176 exanpl e,

mut at i ons at the locus (i1ncluding deletions, insertions, splicing

mut at i or@mpmemtanmwék jtaphshy beidige) winiteythese heving isiwer eemplementaritdivslengte,

d' 38" derFor%Qaq{xﬁgs o% &a(?i%h e 1tlons.a#§fjl %9&&91' nsgﬁ eAi %gn%fjoorﬁe&% n}985he term
"karyotypli ng” ‘enco asses a erm na ion of er rormsorres in a

eukaryotMokeelllhr Cloning: A Nearabry Mmlwsédcdnéradltmp, (ﬂcbiéSpemngﬂmerreds " when used

o the dapyRuner AFePe BT e, F'u%‘rffr IrSin AR e e i e oS

hi ghest Wﬂéﬁ&ﬂo&@@ebeﬁhc@s pJquI ation, the wild-type nunber or allele.
When used to npdif thet ivjd aI or. bect hey refer .to an
ndi vi dual ol "GrBUEbSEs s Ot tﬁsg?ﬂsr% S RS oSG hetie | acus,

gens or Bliddedae: thixawhdrSviiaBs@Ntt id posiibie t(hﬁlgth%%tsh ReE 5@%@{% clofte «'P{oﬂlqt%Ul ation,
e.g., a W | d-type individual or sub{lect pically, normal "indjvidual"

or " subjrsihorRgRO RS pEgjencs. Migelize %m%b%%%%y “%?dﬁﬁiof feBprteaibelss al so
10 not %gaﬂddrﬁiho@s tBé‘ﬁgﬁHl %?@ﬁr%h rinGiondAlly @& Ivelingnt ?erqmrerﬂé?ﬁ iRl " is also
used herein to qualify a biol ogical speci'nen or sanple isolated froma
nor mal orldlwdpdlwbélon Aarugdsdlpd indpriduglipoaeer ifgrpasstipmspiebe detectrdratragch
b| ol ogi ngh hg@ Mul ti plex PCR As used herein, the term

mul ti refers to anplification of two or nore regions which are
eaeh pr| med ujmerTgma)rdddttwmo‘ts prd hmls, thaiarm “Betipmeer: “adEties edetsép @i n, t he

term prclhgere m Em ammo ale or r1 cngortltde %el n c% rgstu tl%gcllnegle d(.!l ggnanCO&Q%F Imge capabl e of
hybri di zi ngg a 'ei'c ac

Typi cal Iaynmcaaq@at re@‘ﬂnessemueismam,aﬂpmwtahyaisl comppred i the mituxtaéyrptcmmqgjependent
DNA synth SI? Deoxyri bonucl eoti des can be added to a priner by a DNA
pol ymera[’é %% sone enbodi ments, such deoxyribonucl eotides addition to a

primer is al 39vKkBOWR uad hRfdilTBle t&Re%h O&F 08fers ThevehBItia: PEJuRBY an aasfidiged
herein, includes all forns, of primers that may be synthesjzed including

pepti de SAUEIBIGL £&dn Bl“ish@P%or EHERB Yt Inerl C"&"Ei‘%l e{fﬁ rafagrh a“p”h‘HE‘bPlor ot hi oat e
nodi fi ed, pfilcABlIS orkARel ed priners, and the like. A "primer pair" or "priner
set" for a PCRreaction typically refers to a set of priners typically
including a 1% pivvath used hereiny the I’ vie deiSes tp evangythat opgurygdin himpli-n, a

"forwar dceﬁ\})\w& amsrn?&%%sEﬂorf‘h&%érl%lxmﬁlhat 25anneal s to the anti -sense strand

of ds verse priner" anneals to the sense-strand of
Isolated: As used herein, the term “isolated” refers to a substance and/or entity that

30 has been (1) separated from at least some of the components with which it was associated
when initially produced (whether in nature and/or in an experimental setting), and/or (2)
produced, prepared, and/or manufactured by the hand of man. Isolated substances and/or
entities may be separated from at least about 10%, about 20%, about 30%, about 40%, about
50%, about 60%, about 70%, about 80%, about 90%, about 95%, about 98%, about 99%,
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dsDNA. Pol ynor phi sm As used herein, the term "pol ynorphisnm' refers
to the coexistence of nore than one formof a gene or portion thereof.
Probe: AswoO=ed/13e3sei n, the term "probe,"” when used in relCerusSaca/oswe@ probe
for a 30nucleic acid, refers to a nucleic acid nol ecul e having specific
nucl eoti de sequences (e.g., RNA or DNA) that can bind or hybridize to

nucl eic acids of interest. Typically, probes specifically bind (or

speci fi ubstantially
compl crmar L ko8 o ol et o AR A 5 omcs, usual |y
throughzm%wdﬁdgénmmanmﬂhdnmﬂmlmnmmﬂmg@mnaeembm@amdmm&&ﬂﬁmbbe§5%an bind to

nucl ei ¢ o] gact i Sense
strand V&% tgﬁﬁ agomﬁg%%&%/sﬂé g%é’ %eorueéi)ir?g Ceaise/?far?o'ugg?l%’eabo t and”
refers t90%, Bieous D8aNtboof 90 bibseansitiiyanided oDNA% dsioNAk u'SdTll&terdul’]@sUMcat | east
a porthn of a_codi ence of a functlggal rotein. 1%§6d her ei n,

t hedt er i "Ry i If € &yubs %‘itﬁaﬁh ee plthar componeqis eEsi AORIA iRt s t he

reverse c@@”ﬂ%hﬁ@%&%eﬂ%o“@ﬂtaﬁ@ﬂ%ﬁa mlultaslular organistdl gnal : As used herein, the
term"signal" refers to a detectabl e and/or neasurable entity. 1In certain

embodi ment s, LebededsThakrms slabrdeds @pd bielel el witha defegtaiic agpat ordnqjety” ¥esi bl e.  For

exanpl e uséoﬂ?erecih Qﬂékhaﬁgéélbg/ tggp&ffy%%'!ngerft%} L aterclema%msﬂrBB/e afitbogy, wavel ength
of color 1n the 10visible spectium Imting exanpl es of such signals

i ncl ude e¢olcen é@lvmfétzﬁcb|f@r@tx@@plarf@llqy@ng)b:g@|1ng@1 another gtisdilece < muelsisiacidng from a
h I
cheg ca y%é‘p“t Oé?c ;‘ﬁ{}l BRcAPeGBEY TPhbey/ 8%%4 ﬁ%%ctseg E%C%Z%gﬂ Cﬁ@n@r%g’g' ment s,

thée sig a det et € using~an apparat nents, the
si gnal |ssgngle;|vlec}a¢aed>efmaamred airidu&i’rotsq:)hulnnelty hatlatedrict (s.gf, Ipmppei;)odno) th¢ ght vvhen

excited, where the light, is detect f uor fecto

sone enﬁB‘d’F%oﬁtbgundt%@%sﬁb%e Vagetééf’??yéﬁ’*gisef%ﬂi‘%%‘SgF“é f F‘é‘% p“’ s (?e li ght
and/ or ykpticY helkabwh irgit )u'ttbaielddqar@leiheﬁtﬁcﬁbbﬁdday:alabcspep‘drécbmOt orret er. For
exanpl e, |ight. um nes reaction.co Fed as a

erated by a ch nt
ol - R ST S P HERE N ( AGTG ar O3S A RSSO PUAPENT o g
ragli at i bcBBthichIefnvhocRehiOAISQERRRS optitl IchEBRal R@HRE m@ihs. @t lbelbh certain
enbodi nent s, the signal is a direct or_indirect indicator of .a property of

a physi daicligpipiey, mpphe @Wﬁ%ﬁ"éew’é’l%q GnEIdoBIPt EpaPiEe HYHTBY repstiovPdi cat or  of

anount f?x'i‘aqﬁfﬁian%ﬁ”&%‘efﬁe'ie%%abié” % aaumsﬂﬁégc@@&% de&calbteawl@gfagaé sanpl e and/ or
in a reaction vessel herein, the term"specific,"

eci use
when us éulieptlx.dntestable O it lhaigrﬁe@lciabb threngioeaddien pr bipging wikfaetser o an
ol i gonug| &0t fe &Eecﬁifﬂe[@%.; ?]H%)ql&l&ls aRRG e bfhﬁnmﬁ{aln‘ﬁ{ | RBctRh WS ng
e’ of” hybri

conditions; Is capa Izing to e target of Interest and not 25
subst antaplarbbryathynbrbpdtf qdmrgistrxg amapdrer suches dflupiaplodic)aSeitaide da¢etibin agenist .

5% 70950 e g HEBE s b bliolo B0 bSO bEE ARG Bl ' S5 oo

or 100%nsieqpaeticles, ieﬁi@mtelstqblonlrrretr&olmlgmgdetmmes, haptesipanolt¢udar bbdcgoniucl eot i de
or primer contains at |east 4, 6, 8 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 2B@meybracons, anddhelsee. 60 g5 70, or nore bases of sequence identity

with a porti epRf At hedBeRUC HRItemAghdst RfPethbypifiti Idetdoobf @p@liduidred when the
ol i 5gonucl eotide and the nucleic acid are
2 DNA sequence on a chromosome. As used herein, a particular DNA sequence can be of any
length (e.g., one, two, three, ten, fifty, or more nucleotides). In some embodiments, the locus
is or comprises a gene or a portion of a gene. In some embodiments, the locus is or
comprises an exon or a portion of an exon of a gene. In some embodiments, the locus is or
comprises an intron or a portion of an intron of a gene. In some embodiments, the locus is or
30 comprises a regulatory element or a portion of a regulatory element of a gene. In some
embodiments, the locus is associated with a disease, disorder, and/or condition. For example,

mutations at the locus (including deletions, insertions, splicing mutations, point mutations,

etc.) may be correlated with a disease, disorder, and/or condition.

13



al i gned. Subj ect: As used herein, the term"subject” refers to a
human or any non- human animal (e.g., nouse, rat, rabbit, dog, cat, cattle,
sw ne, shwepoithisssse or primate). A human incl udes pre-nacalusand/opast - nat al
forms. In many enbodi nents, a subject is a human being. A subject can be a
patient, which refers to a human presenting to a nedical provider for

di agnosis or treatnent of a disease. The term "subject” is used herein

i nter changea t.h "i n I « ' ”» Lect flicted
with or is sl?é e\gﬂ)fp "B é tgé&e/l}l'eg%@etg%{ey%rP%%(gg@%%reﬁrﬁ%ng&% de{éfimlnt}ﬁontagfd| spl ay
syrrptonstheﬁuthmOﬁcl&emsmr&s irda adadete. ceBSubstanti al ly: As used her ein, the
term "substa |aI " rst t he uaI ive conditiaon of exhlbltlng
total or near*d¥¥ta IASélﬁetdfetP?fe"& t&ﬁ’e’g’ Wa‘fsg(gioerp?cé{yitge%fm pfoperty of

i nt er estpunfBee’ @ 1Righonagshes ki tallele)T réfos t@thelcegy @ahbeab Bew, pdneldtddieist and t hat
bi ol ogi cal .and chem cal phenonena rarely, if ever otoc Ie i.on and/ or
proéeed ¥ ‘%Efﬁﬁnét“élﬁf'e]%‘g SF PAeRfaghH & %POpé}i;’HP’Ef 4 t%gﬂg@tpg “P%‘gﬁr}p alﬁ*ﬁe term

! subst anfvhal hatd td SodiRethetomheilsaaianesetihidcr’ AOCRARE W & hbRidatRRidul | ack of
conpl eteness inherent in many bi ol ogi cal and cheni cal phenonena.

Subst antdfandivideadspyheeasm the wpywm!rgw thelogisngene iop akieds that'is pssmai thal | y
compl e 4 strin t
br mﬁﬂ%ﬁ%& er&ﬁ%gtl or'}% pﬁl%ﬁor?% | I egﬁgkpﬁhlﬁ&al (F%Qﬁjﬁﬂer s % t Jen

hybri di zat on con tisan "t hat
subst antnoemhly uebvr{blhae’h@fmsmgct é@@semd@se 4 srrgedambicainydycoudite aeJId@Sh@SGt hei r

entire | en arrl E (Q‘t 1sease or t [ J‘ %%g\t, lsh&g%rl‘lsgd é h?

tions"
refér tdh |za€| on condi |ons a}fet east’ as stTi ngen %&?gﬂ Iovm' ng:
hybri di Zlﬁcblb@lﬁallspediﬁ% d@amamlclﬂatecsﬁ@ﬁ@noﬁﬁhl mstleakwemqmpwer 8ibjedt, 366 SDS, 0.1
ng/ mL soni ca}%ed sal mgn s erm ,, and 5XDenhart's solution at 42 C
over ni ghtam s%.f}?gm&%eﬂf’@ p5 1% SDS at 45 C, and washing with 0.2XSSC,

0. 1% SDS at 43uifplet HCﬂonpuéaeemqtmahs‘m@ﬁmwgem rdfttd ghiptidichtn ofondi ti ons
shoul d not allow for ﬁbrl di zation of . two nucleic aci.ds which differ over a
stret ch BP ooEpieioglylsh AErebriprkisHE Rdstmct PIYRCT B bases.

Sulst it uti on:p.fs,UQe RN, thd 38n tSiMR $4BStd 4 sHokQihgld 8fadsy to the
repl acenent of one or nore amino acids or nucleotides by different am no

aci ds oroligaeycdsstifeieapable eSmdeidizing tg a campraeaRfyscaEntvintaiCckistagidal | y
occurri rhg g}%a?g ic A Olpd;mer @1‘\/%% hrpgntfa'ilgﬁrbmﬁ‘pf& pelipvdiduakndiopihg “suf fering

fron [or condition has been di agnosed with or
di spl ayssyotrhesmrDmvebcwnlp@m cmbetddéectﬂoms@,r brie $B¥Aleelymanel dn sewadi t i on.

Suscept | Bod &ﬁ)etntf‘ghch gg&%@@e s'aﬁdfﬁ%r‘f‘ g)cﬁﬁr.hgl ﬁalgcpkno@vnda' ‘Eﬁg@e di sorder,

and/ or con 1on agnose e di sease sor der,
anabor &mndmbnomhemnnpnmmrenmmdhaemtmpmaﬂsﬂh@hwéQﬁanewhbMHwn@uscept|bIe to
a di sease, . di.s

ndi ti Y, h|b|t S tons of the
di sease, YHEdS gé?c '?ﬁﬁ%) ‘8%'6% 't ?Cé(;}pmflﬁrs 18(%36 ac’dr‘?f%npan i ndi vi dual who
I S suscegpbbghosothitatamdt FRapamers &Béldﬁ]ﬁuma@,%dlthedﬂdadlAt‘lp@;meV\pzh}” aépehap t he
di sease, . . : . . . «
set” for a PCR reaction typically refers to a set of primers typically including a “forward
primer” and a “reverse primer.” As used herein, a “forward primer” refers to a primer that
25 anneals to the anti-sense strand of dsDNA. A “reverse primer” anneals to the sense-strand of
dsDNA.
Polymorphism: As used herein, the term “polymorphism” refers to the coexistence of
more than one form of a gene or portion thereof.
Probe: As used herein, the term “probe,” when used in reference to a probe for a
30 nucleic acid, refers to a nucleic acid molecule having specific nucleotide sequences (e.g.,
RNA or DNA) that can bind or hybridize to nucleic acids of interest. Typically, probes

specifically bind (or specifically hybridize) to nucleic acid of complementary or substantially

complementary sequence through one or more types of chemical bonds, usually through
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di sorder, and/or condition. In some enbodi nents, an individual who is

susceptible to a disease, disorder, and/or condition will not devel op the
di sease, wWporidss387and/ or condi ti on. Wl d-type: RsTased1/089466 n, t he
term"wi | d-type" refers to the typical or the nbst comopn formexisted in
nature. 5DETAI LED DESCRI PTI ON The present invention provides, anong

other things, nethods and systenms for analyzing (e.g., detecting and/or
enumer at h0gbo AR o UALE! G Bk dhobdmBh® AGlE By aﬂmrﬁam'a@ @eBkaAl the
present invention involves single nolecul'e anplification an etection of

t he anpl iampBcbnpiirodieat-gme 8ORakaviing t ar get nucl ei ¢ aci ds or portions thereof
usi ng hybridi zation 10 based andl rre ts - S bl e
probes can beg?ﬁifftrcque")‘%ecﬁqplt%nﬁ %ﬁnCF esgCE geﬁe nggﬁ? e dere errsotg)gh | abel s
such as fetotgsettvublesohnted MNA (GSDNA)Nha@sbest at lm@)rﬁmdm?ra dﬂSEﬁth Thus,

t he present invention provides senﬁbtlve met hods .of det ecf,

et
nucl®i ¢ &AqUa¥esidh adinstigra groten- & ereip, theite e éﬁnsf’étr%‘gr felr}%ﬁ tﬁ‘?y usef ul

in det eckirdid JrAEIIRA tﬁleu(isltﬂbﬁev@:%bdorﬁﬁl@tﬁ@ﬂfofﬁ}%sé@é@trﬁwentS in a biological
sanpl e, for exanple, nutations associated with 15fetal conditions, diseases

such as canceignfnfegssddigiiyithesdasesiznalireierioAdeiaralaartor MepARE ogi cal
condi ti 0'8§t1t93ﬁp&'n§kee%b%$ﬁ'én¥srﬁ%@%%hﬁ% dEct BT YRe hifRAANk; ¢ gmgxgleowﬁr s. In
sonme enbodi hents, probes can abeled wth'different colors attributable
to diffeeempladd venel eaildiee qr@ogdrelmrﬂg@tten\%y andédrevasplergth eieotertihie anplified
progduct s ri;hu et vs.
refgorence an%%%tglﬁitggm %ﬁtu&ég,ex é fg&gh g%éstefﬁglgggzaog%gé gﬁengltatltgsa{ ge pr esent

i nvent i onoload saluble phelunts ecbulting (ﬂretrear chiemécat tvectioalsath asemanmmﬂtlcméacaort dnget
nucleic acid in a b| ati os hetwe ,ar get and
r ef er enc &R FRPYEIEY) %g&sﬁgnﬁl Bi gqgﬁ% l%afm%%\nn%qngra?qs Ii SO eeEPSSI <t {s, pr obes
can be deigpalys gﬂmbiateﬁlfamedﬂamdpﬂoa@mheﬂmwﬂdmraicefnft Egl&mtheﬁemn"es vaiewuhbut able to
dlfferenﬁ chr %mes such that the anpk\ can he attlr i buted to
di f f er ent ST SHELIEYIM A HUERATREH O 1 S@H‘Sé’&‘ ? ‘F}‘?“‘Fh‘Be PEtY 557674t oduct s

at t {9 but ediidre (i f FigbRMehCHIQMOEANREt GN) Bat WIedcthile By agitesephatenspdroi d

pregnanc¥ Thus, the present invention is especially advantageous
because F¢' PrBVIcabeht erreraied themlumweﬁr @ﬁctr%wgld&éwé@@tqsaﬁlgahld R her eby

nmake espeah@érhwoﬁém@tm 458 oneld?ésQSké?i‘rh%oﬁ,Fk%'ﬁ@]@txé}?éfﬁﬂgd that can be
achi eved by nulti pl exi ng gl' probes or other existing approaches 30known

in the amdlomqﬁomanlyfméﬁda@diaﬁ@me@ Itl pstagt esladimemiy dietsigpal i adirad o ideeadthe same
Level Of iffdalofhe ng%gx%r Cp%rs/aeatenm FDeURBI0h sBRACLIRR. gt gh thr oughput

sequenci ng o but "achi eve e results nuch nore cheaply
and20r api didycator of amounVand/gusnaspeinefenutiie apldvemblomglcat snhsadidséda i n

detail in_the folllovm ng sections. The use of sections is not neant to limt
reaction vesse

the inventron. EAch section can apply to any aspect of the invention. In
this appli catbmaifict heusedéerin, Hmrtemfmamﬁ ’awdéromséd indoesstist avitedn ot her wi se.
Tar get nugl ei ¢_acj ds. and SSOCI enetic di sea,a@ d| sor ders and

Bo URFST By

condi t i oRYEBYHECIELS T TP ﬁVé?lf"i‘B 0085 cjie g5 BY™ °K{F type of target

nucl ei ¢ aghrilszatibm oSWARin@ BRI SR SapablRe ThpMeniih@ b therdeotisRekst ddet ect
target nucleic acids associated with di seases, disorders or Cf)ndl tions. For

exatpl e, Stbsiagaallyiybridizios s nusleinaridsoutich arptafiinests hiighes vels of rikensei d base

substi t Uﬁde@tn@ aré%%@ﬁeir@@&d&ﬂ@ludé éi%“a%ttdo@@%s%d%%t7@@%0%95%@6‘% ansd ogqat i ons.
In some enbodi ments, the invention nmay be used to detect nutations

associ at 88evi4%h P 86%y &T6<98Y0i9 %R obl B psideeice ideailve In mate ambedimaats. € he
i nventi og, £ PEoMRRIiICorISHRE Eorltih 818884, kN F@' B, 14, 16, 18, 20, 22, 24, 26,
28, 30, 35, 40, 45, 50, 55, 60, 65, 70, or more bases of sequence identity with a portion of the
30 nucleic acid to be hybridized or amplified when the oligonucleotide and the nucleic acid are
aligned.
Subject: As used herein, the term “subject” refers to a human or any non-human
animal (e.g., mouse, rat, rabbit, dog, cat, cattle, swine, sheep, horse or primate). A human

includes pre-natal and post-natal forms. In many embodiments, a subject is a human being.
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cells present in a biological sanple. In sone enbodi nents, such rare cells
are cancer cells present in a biological sanple (e.g., whole blood) froma
pati ent. wo2enomsesnibodi nents, such rare cells are fetal PCEIUSSOIPHOEEIENt | N
mat ernal bl ood. In sone enbodi nents, such rare cells are pathogens
associated with infectious diseases. In sonme enbodi nents, such rare cells
are 15i mune cells associated with autoi nmune di seases or i mmunol ogi cal
condi tion [ t t theold KB edilUSovigiandi ment s of
the i nven b%:%?%% b%b tlé%dh}M'%?er%?pngﬁmaﬁgfkggnoglt lgeﬁ v abnornalities
and ear |dyagdbsagm&la8nanf oftadisese. ditd totrisnbjpat hoxlsaghea:fan intoeldingdablyswith n some
enbodi nent s, £ present i nve t| 0 e .ysed to d L tive anount
200f a té{‘rdbvé‘éu (T B A FURG ﬁa‘ég %ﬂicéelr%n\?/ lﬁ}(hrls Ta eipgélg %g\geeaﬁggxat arget and
a ref er enoalen @l edyCor ataly Ghot di E;ﬂapiympeommfehe anv@mmrohsormpartu cularly useful
in detecting inbal ance of any c ormsg S or nber  of netic |oci
inpticated i Rulyétréeie ‘Atﬁus"%‘g@%%m t ?I’g’tsﬁﬂ%lydf 3 B)Stéﬁq'ﬁf’g’ﬁaé A can
f aci li t abgdist @I“etxh@ﬁm%ftotglafrrnbﬁft&al thé‘l@ BOGdgbecQf aRRArh@EHsSic opﬁreﬁkﬁiy&Jf
di agnosi s, and/ or genotypi of enbryos faor inplantation, etc.

appr eci Antergsthyone o Srdingfy i#r* éll“ﬁbﬁ 9‘0?&0? jartgyil ”f"ILFés%dtthattbl‘fé‘)%j@ﬁé’iq c di sease
with whigh e;ﬁx'éﬁﬁ’ﬁenﬁ‘t’:ﬁ!el?' ¢ e?& dg_lgﬁt c§m€i§§&?&r@7&%r&@&i hebhpeasy opf a nunber

of inheritance patterns, "I nc for exanpl e, autosomal recessive,
aut osonmkhidemrrasit an geselutd ekt Theriemuaisubstanbid e therefe gsqddersisiove. | n some

"3(90“ TR bire the Potgrﬁ;%ﬁ%g% c%gwt Hely! lmer&\m G @) 8@;\%@&&% 5agedet ecting

genetic “GONGr ha vo ve quantitative erences t ween

mat er nalpharnﬁh&aet al genetl C 30nuc| ei c acids. These genetic abnormalities

i nclude nuta ns t};‘h ero ous_and hp s bet ween mat er nal
and fetal ” KRG eéil? 5%%5‘%%&”3 %@ﬁ%ﬁ% copy of chronosone

X (monosenyl e?@enfaﬁﬁ’&éﬁ:ﬁ t Bl N:E]ﬂﬁfcesSthﬁy:lﬁl hﬂdf&i,lzewﬂﬂdéretr&igeﬁdﬂbmdlmn@h copy of
ndr ome i sea as Edward's

chronosone 21 results jn Down S S s

Syndr one&Ca¢iHOBatla S‘Sﬁ?f{ﬁrﬂ??@ W @X%%ﬂ%f@&hwuwnagw T(i”b“ﬁ%{‘i‘e“g%f/eq&ﬁ “€hr onpsone
18,5 and e AMPERTE: alchg th@SHREE icehY In TR dRERNNtsBMQEniBYriigatlbned f or
detection of a translocation, addition, anplificati on t ransversi on,

i nver si Anditipns{i pfer tey brishzagiph spngjtionsraersb Ry stringenias e PHeving: ng but not

l'imted h%gru‘i&étﬁ)ﬂrﬂs@% ’foﬁr{ahf-?mX§§C roﬁhﬁﬁ%H&@, pHrG SO, $Ds, 6.1 ngaRy 16,
trisony triso 22, trip 0|d%/) t et rapl oi dy, nd sex chronosome
1

5abnor mbmmtectsalrn@ﬂ g PN taneh SX Dl tt sesglution mrwewv WaEh e XK.
| n_addibiaae habaghs UG ¢ 6 Atk it 0 050, BARbKZRdsAcChrdiRg o the

present |nveht|on conpri sé speci T ¢ genetic 10ci such as genes or portions
t heo eof efrbodimenasxorisgent lmbrldrzst,lormoodmbw should not dllew foelpiridizetign efdgbons) .

Table 1 | f J
d?seg_segl Ilg]tczaglr a@’}léclh&}ftfeégne Stretc ?i@con%%ccpusgﬁagétb g)hf%%ﬁeocﬁ lRd genetic

ions. too e of ordl nary skill
in the aates. a gene may be known by nore than one nane. The listing in Table

1d t de th t f | i at ed
wih a parti Chbd TSR Eed PR DrauEnC AHUERE | B BRABHPALST RO

addi ti Orbalmog@ﬂﬁﬁno lh&gd b&d{uﬂgoﬁ&@%? difhiadnt Winkdo dbRls di slemeatd@drekpectividy, fabit ur e
associated wth each particul ar di seases. Tabl e 1. Exenpl ary

geﬁés asemerat Euthantthraly Aeturénednelsetdes, di sorders or

Suffering from: An individual who is “suffering from” a disease, disorder, and/or
condition has been diagnosed with or displays one or more symptoms of the disease, disorder,
and/or condition.

Susceptible to: An individual who is “susceptible to” a disease, disorder, and/or

30 condition has not been diagnosed with the disease, disorder, and/or condition. In some
embodiments, an individual who is susceptible to a disease, disorder, and/or condition may
not exhibit symptoms of the disease, disorder, and/or condition. In some embodiments, an

individual who is susceptible to a disease, disorder, and/or condition will develop the disease,
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15condi ti ons Di sease, Disorder or condition Gene Protein Product
Achondr opl asi a FGFR3 fi brobl ast growh factor receptor 3

Adr enol elwodysif1segsny ABCDL ATP- bi ndi ng cassette (ABC) t PamA[Soriil®B%i60
Al pha-I-antitrypsin deficiency SERPI NA1 serine protease inhibitor

Al pha-thal assem a HBA 1&2 henogl obi n al pha 1&2 Al port syndrome COL4A5
col l agen, type |V, alpha 5 Anyotrophic lateral sclerosis SOD

disorder, and/or condition. In some embodiments, an individual who is susceptible to a
disease, disorder, and/or condition will not develop the disease, disorder, and/or condition.

Wild-type.: As used herein, the term “wild-type” refers to the typical or the most
common form existed in nature.

5 DETAILED DESCRIPTION

The present invention provides, among other things, methods and systems for
analyzing (e.g., detecting and/or enumerating) target nucleic acids in biological samples. In
general, the present invention involves single molecule amplification and detection of the
amplified products containing target nucleic acids or portions thereof using hybridization-

10 based probing. In some embodiments, suitable probes can be multiplexed to high levels and
can be detected through labels such as fluorescent, colorimetric, luminescent, among other
means. Thus, the present invention provides sensitive methods of detecting target nucleic
acids in a biological sample. The invention is particularly useful in detecting target nucleic
acid present as rare events in a biological sample, for example, mutations associated with

15 fetal conditions, diseases such as cancer, infectious diseases, autoimmune diseases,
immunological conditions associated with transplant or embryo implant, among others.

In some embodiments, probes can be labeled with different colors attributable to
different nucleic acids (e.g., target vs. reference) such that amplified products can be
attributed to different nucleic acids (e.g., target vs. reference) and counted. Thus, inventive

20 methods according to the present invention can also be used to determine the relative amount
of a target nucleic acid in a biological sample, for example, ratios between target and
reference nucleic acids in a biological sample. In some embodiments, probes can be deeply
multiplexed and labeled with different colors attributable to different chromosomes such that
the amplified products can be attributed to different chromosomes and counted. Differences

25 in the ratios of products attributed to different chromosomes can be used to diagnose
aneuploid pregnancy.

Thus, the present invention is especially advantageous because it provides the ability
to multiplex locus detection and thereby make especially efficient use of precious specimen
beyond that can be achieved by multiplexing TAQMAN probes or other existing approaches

30 known in the art. In many embodiments, the present invention can achieve the same level of
efficiency with respect to the use of specimen as high throughput sequencing of single

molecule, but achieves these results much more cheaply and rapidly.
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superoxi de di smutase | Angel man syndronme UBE3A ubiquitin protein |igase E3A
At axi a tel angi ectasi a ATM ataxi a tel angi ectasi a nut at ed Aut oi nmune

pol ygl andwiban1ignseasrone Al RE aut oi nrune regul at or Bl oom ggmadrsensa/0Bls RECQL3
recB helicase-like Burkitt |ynmphoma MYC v-mnyc nyel ocytonmatosis viral
oncogene honol og Canavan di sease ASPA aspartoacyl ase Congenital adrenal
hyper pl asi a CYP21

Various aspects of the invention are described in detail in the following sections. The
use of sections is not meant to limit the invention. Each section can apply to any aspect of
the invention. In this application, the use of “or” means “and/or” unless stated otherwise.
Target nucleic acids and associated genetic diseases, disorders and conditions

5 The present invention can be used to detect any type of target nucleic acids. In some
embodiments, the invention may be used to detect target nucleic acids associated with
diseases, disorders or conditions. For example, target nucleic acids may carry mutations such
as nucleic acid base substitutions, duplications, insertions, deletions and/or translocations. In
some embodiments, the invention may be used to detect mutations associated with rare events

10 in a biological sample. For example, the invention can be used to detect mutations in rare
cells present in a biological sample. In some embodiments, such rare cells are cancer cells
present in a biological sample (e.g., whole blood) from a patient. In some embodiments, such
rare cells are fetal cells present in maternal blood. In some embodiments, such rare cells are
pathogens associated with infectious diseases. In some embodiments, such rare cells are

15 immune cells associated with autoimmune diseases or immunological conditions associated
with transplant, and the like. Thus, embodiments of the invention can be used for pre-natal
diagnosis of fetal abnormalities and early diagnosis of cancer and other pathological
conditions.

In some embodiments, the present invention can be used to determine relative amount

20 of a target nucleic acid such as determining ratios between a target and a reference nucleic
acid. Therefore, the invention is particularly useful in detecting imbalance of any
chromosomes or a number of genetic loci implicated in genetic diseases. Thus, methods
disclosed herein can facilitate detection of carriers, diagnosis of patients, prenatal diagnosis,
and/or genotyping of embryos for implantation, efc. As appreciated by those of ordinary skill

25 in the art, the genetic disease with which a target nucleic acids is associated can follow any of
a number of inheritance patterns, including, for example, autosomal recessive, autosomal
dominant, sex-linked dominant, and sex-linked recessive.

In some embodiments, the present invention is particularly adapted to detecting
genetic abnormalities that involve quantitative differences between maternal and fetal genetic

30 nucleic acids. These genetic abnormalities include mutations that may be heterozygous and
homozygous between maternal and fetal DNA, and aneuploidies. For example, a missing
copy of chromosome X (monosomy X) results in Turner’s Syndrome, while an additional
copy of chromosome 21 results in Down Syndrome. Other diseases such as Edward’s

Syndrome and Patau Syndrome are caused by an additional copy of chromosome 18, and
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cytochrome P450, famly 21 Cystic fibrosis CFTR cystic fibrosis

transnmenbrane WO 2011/ 156387PCT/ US2011/ 039460 Di sease, Di sorder or

condi ti orwQena/Bs3srei n Product conduct ance regul at or PCaaiSeaploswco

dyspl asi a SLC26A2 sul fate transporter Duchenne nuscul ar dystrophy DVD

E)yst rophin Fam |ial dysautonom a | KBKAP | KK conpl ex-associ ated protein
| KAP)

chromosome 13, respectively. The present method may be used for detection of a
translocation, addition, amplification, transversion, inversion, aneuploidy, polyploidy,
monosomy, trisomy including but not limited to trisomy 21, trisomy 13, trisomy 14, trisomy
15, trisomy 16, trisomy 18, trisomy 22, triploidy, tetraploidy, and sex chromosome

5 abnormalities including but not limited to XO, XXY, XYY, and XXX.

In addition, target nucleic acids that can be analyzed according to the present
invention comprise specific genetic loci such as genes or portions thereof (e.g., exons,
introns, promoters or other regulatory regions). Table 1 lists non-limiting examples of such
genes and associated genetic diseases, disorders or conditions. As understood by one of

10 ordinary skill in the art, a gene may be known by more than one name. The listing in Table 1
does not exclude the existence of additional genes that may be associated with a particular
disease. The present invention encompasses those additional genes including those that will
be discovered in the future associated with each particular diseases.

Table 1: Exemplary genes associated with genetic diseases, disorders or

15 conditions
Disease, Disorder or condition Gene Protein Product

Achondroplasia FGFR3 fibroblast growth factor receptor 3

Adrenoleukodystrophy ABCDI ATP-binding cassette (ABC)
transporters

Alpha-1-antitrypsin deficiency SERPINAI serine protease inhibitor

Alpha-thalassemia HBA 1&2 hemoglobin alpha 1&2

Alport syndrome COLA4AS collagen, type IV, alpha 5

Amyotrophic lateral sclerosis SOD1 superoxide dismutase 1

Angelman syndrome UBE3A ubiquitin protein ligase E3A

Ataxia telangiectasia ATM ataxia telangiectasia mutated

Autoimmune polyglandular AIRE autoimmune regulator

syndrome

Bloom syndrome BLM, RECQL3 | recQ3 helicase-like

Burkitt lymphoma MYC v-myc myelocytomatosis viral
oncogene homolog

Canavan disease ASPA aspartoacylase

Congenital adrenal hyperplasia CYP21 cytoéhrome P450, family 21

Cystic fibrosis CFTR cystic fibrosis transmembrane
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Fam lial Mediterranean fever
anenm a FANCA, FANCB ( FAAP95),

VEFV Medi terranean fever protein Fanconi
FANCC, FANCDl1l (BRCA2), FANCD2, FANCE, FANCF,
FANCG FAMQI2011RA6887( BRI P1) , FANCL (PHF9 and POG), FANCMPCEAK2M2569460
(proteins involved in DNA repair) Fragile X syndrone FMR | fragile X nental
retardation 1 Friedrich's ataxia FRDA Frataxin Gaucher di sease GBA

gl ucosi dase d ucose gal act ose nal absorption SGT1 sodi um dependent gl ucose

cotr a‘nspubtisté'!ase’,-‘l s%?&?'brtcié)l?ﬁﬁ(?nc trype éex(eGSDi Protein Product
conductance regulator
Diastrophic dysplasia SLC26A2 sulfate transporter
Duchenne muscular dystrophy DMD Dystrophin
Familial dysautonomia IKBKAP IKK complex-associated protein
(IKAP)
Familial Mediterranean fever MEFV Mediterranean fever protein
Fanconi anemia FANCA, (proteins involved in DNA repair)
FANCB
(FAAPIS),
FANCC,
FANCDI
(BRCA2),
FANCD?2,
FANCE,
FANCEF,
FANCG,
FANCI,
FANCIJ
(BRIPI),
FANCL (PHF9
and POQG),
FANCM
(FAAP250)
Fragile X syndrome FMRI1 fragile X mental retardation 1
Friedrich’s ataxia FRDA Frataxin
Gaucher disease GBA glucosidase
Glucose galactose malabsorption SGLTI sodium-dependent glucose
cotransporter
Glycogen disease type I (GSDI) G6PC (GSDla) | glucose-6-phosphatase
SLC37A4 glucose-5-phosphate transporter 3,
(GSDIb) solute carrier family 37 member 4
Gyrate atrophy OAT crnithine aminotransferase
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&GPC (GSDI a) gl ucose-6-phosphatase SLC37A4 (GSDI b) gl ucose-5-phosphat e
transporter 3, solute carrier famly 37 nenber 4 Gyrate atrophy QAT
crni t hi nevanhnatssasnsf erase WO 2011/ 156387PCT/ US2011/ 039¢60ISDh13 ©3a%Bi6)

D sorder or condition Gene Protein Product Henophilia A F8 hoagul ation
factor VIII Hereditary henocrhomat osis HFE henpbchromatosis protein
Hunt i ngt on di sease HD

Disease, Disorder or condition Gene Protein Product
Hemophilia A F8 hoagulation factor VIII
Hereditary hemocrhomatosis HFE hemochromatosis protein
Huntington disease HD Tuntingtin
Immunodeficiency with hyper-IgM | TNFSF5 humor necrosis factor member.5
Lesch-Nyhan syndrome HPRTI1 hypoxanthine
phosphoribotransferase

Maple syrup urine disease (MSUD) | BCKDHA branched chain keto acid

Marfan syndrome FBNI1 Fibrillin

Megalencephalic MLCI1 (putative transmembrane protein)

leukoencephalopathy

Menkes syndrome ATP7A ATPase Cu++ transporting

Metachromatic leukodystrophy ARSA arylsulfatase A

(MLD)

Mucolipidosis IV (ML V) MCOLN1 Mucolipin-1

Myotonic dystrophy DMPK myotonic dystrophy protein kinase

Nemaline myopathy

Neurofibromatosis NF1, NF2 neurofibromin

Niemann Pick disease (types A and | SMPDI sphingomyelin phosphodiesterase 1,

B type) acid lysosomal (acid
sphingomyelinase)

Niemann Pick disease (type C) NPC1, NPC2 Niemann-Pick disease, type C1 (an
integral membrane protein) and
Niemann-Pick disease, type C2

Paroxysmal nocturnal PIGA phosphatidylinositol glycan

hemoglobinuria

Pendred syndrome PDS Pendrin

Phenylketonuria PAH phenylalanine hydroxylase

Refsum disease PHYH Phytanoyl-CoA hydroxylase

Retinoblastoma RB retinoblastoma 1

Rett syndrome MECP2 methyl CpG binding protein

SCID-ADA (Severe combined ADA adenosine deaminase

immunodeficiency-ADA)
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Tuntingtin | munodeficiency with hyper-I1gM TNFSF5 hunor necrosis factor
menber 5 Lesch-Nyhan syndrone HPRT1 hypoxant hi ne phosphori bot ransferase
Mapl e syrwip 20ri/rse3sdi sease (MSUD) BCKDHA branched chai n petaSaciid3Mae f an
syndrone FBN1 Fibrillin Megal encephalic | eukoencephal opathy MLC 1 (putative
transnmenbr ane protein) Menkes syndrome ATP7A ATPase Cu++ transporting

Met achromati ¢ | eukodystrophy (M.D) ARSA

Disease, Disorder or condition Gene Protein Product
SCID-X-linked (Sever combined IL2RG Interleukin-2-receptor, gamma
immunodeficiency-X-linked)

Sickle cell anemia (also known as HBB hemoglobin, beta
beta-thalassemia)
Spinal muscular atrophy (SMA) SMNI1, SMN2 | survival of motor neuron 1,
survival of motor neuron 2

Tangier disease ABCA1 ATP-binding cassette Al
Tay-Sachs disease HEXA hexosaminidase
Usher syndrome (Also known as MYO7A myosin VIIA
Hallgren syndrome, Usher-Hallgren | USHIC Harmonin
syndrome, rp-dysacusis syndrome CDH23 cadherin 23
and dystrophia retinae dysacusis PCDH15 protocadherin 15
syndrome.) USHIG SANS

USH2A Usherin

GPR98 VLGR1b

DFNB31 Whirlin

CLRNI clarin-1
Von Hippel-Lindau syndrome VHL elongin binding protein
Werner syndrome WRN Werner syndrome protein
Wilson’s disease ATP7B ATPase, Cut+ transporting
Zellweger syndrome PXR1 peroxisome receptor 1

Thus, target loci that can be analyzed using inventive methods of the present
invention include, but are not limited to, genes identified in Table 1, or a portion thereof (e.g.,
coding (e.g., exon) or non-coding (e.g., intron, or regulatory) region). The sequences of the

5 genes identified in Table 1 are known in the art and are readily accessible by searching in

public databases such as GenBank using gene names and such sequences are incorporated
herein by reference.

Although most genes are normally present in two copies per genome equivalent, a
large number of genes have been found for which copy number variations exist between

10 individuals. Copy number differences can arise from a number of mechanisms, including,

but not limited to, gene duplication events, gene deletion events, gene conversion events,
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aryl sul fatase A Mucolipidosis IV (M 1V) MCOLNI Micolipin-1 Myotonic
dystrophy DVPK nyotoni c dystrophy protein kinase Nemal i ne myopat hy

Neur of i brwoabosise3siFl , NF2 neur of i bromin N emann Pi ck dipseamseo1inypes A and
B type) SMPDLl sphi ngonyelin phosphodi esterase |, acid | ysosomal (acid

sphi ngonmyel i nase) Ni emann Pick disease (type C) NPC 1 , NPC2 N emann-Pick
di sease, type O (an integral nenbrane protein) and N emann-Pi ck di sease,

type C2 égﬁg Pe)éyr%gheﬁlt?,ccth%npc%hmg?IQPS%LDQQM}%’[LaD%e%CCS in copy numbers of

certain genes may have implications including, but not limited to, risk of developing a disease
or condition, likelihood of progressing to a particular disease or condition stage, amenability
to particular therapeutics, susceptibility to infection, immune function, efc. In addition to the
5 genes listed in Table 1, methods disclosed herein are suitable for analyzing copy numbers at
loci with such copy number variants. The Database of Genomic Variants, which is
maintained at the website whose address is “http://” followed immediately by
“projects.tcag.ca/variation” (the entire contents of which are herein incorporated by reference
in their entirety), lists more than at least 38,406 copy number variants (as of March 11, 2009).
10 (See, e.g., lafrate et al. (2004) “Detection of large-scale variation in the human genome”
Nature Genetics. 36(9):949-51; Zhang et al. (2006) “Development of bioinformatics
resources for display and analysis of copy number and other structural variants in the human
genome.” 115(3-4):205-14; Zhang et al. (2009) “Copy Number Variation in Human Health,
Disease and Evolution,” Annual Review of Genomics and Human Genetics. 10:451-481; and
15 Wain ef al. (2009) “Genomic copy number variation, human health, and disease.” Lancet.
374:340-350, the entire contents of each which are herein incorporated by reference).
Examples of diseases where the target sequence may exist in one copy in the maternal
DNA (heterozygous) but can cause disease in a fetus (homozygous), include sickle cell
anemia, cystic fibrosis, hemophilia, and Tay Sachs disease. Accordingly, using the methods
20 described here, one may distinguish genomes with one mutation from genomes with two
mutations. Sickle-cell anemia is an autosomal recessive disease. Nine-percent of US African
Americans are heterozygous, while 0.2% are homozygous recessive. The recessive allele
causes a single amino acid substitution in the beta chains of hemoglobin.
Tay-Sachs Disease is an autosomal recessive resulting in degeneration of the nervous
25 system. Symptoms manifest after birth. Children homozygous recessive for this allele rarely
survive past five years of age. Sufferers lack the ability to make the enzyme N-acetyl-
hexosaminidase, which breaks down the GM2 ganglioside lipid.
Another example is phenylketonuria (PKU), a recessively inherited disorder whose
sufferers lack the ability to synthesize an enzyme to convert the amino acid phenylalanine
30 into tyrosine. Individuals homozygous recessive for this allele have a buildup of
phenylalanine and abnormal breakdown products in the urine and blood.
Hemophilia is a group of diseases in which blood does not clot normally. Factors in
blood are involved in clotting. Hemophiliacs lacking the normal Factor VIII are said to have

Hemophilia A, and those who lack Factor IX have hemophilia B. These genes are carried on
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the X chromosome, so primers and probes may be used in the present method to detect
whether or not a fetus inherited the mother’s defective X chromosome, or the father’s normal
allele.

A listing of gene mutations for which the present method may be adapted is found at

5 http://www.gdb.org/gdb, The GDB Human Genome Database, The Official World-Wide

Database for the Annotation of the Human Genome Hosted by RTI International, North
Carolina USA.
Sample preparation

Any of a variety of biological samples may be suitable for use with methods disclosed

10 herein. Generally, any biological samples containing nucleic acids (e.g., cells, tissue, etc.)
may be used. Types of biological samples include, but are not limited to, cells, tissue, whole
blood, plasma, serum, urine, stool, saliva, cord blood, chorionic villus samples amniotic fluid,
and transcervical lavage fluid. Tissue biopsies of any type may also be used. Cell cultures of
any of the above-mentioned biological samples may also be used in accordance with

15 inventive methods, for example, chorionic villus cultures, amniotic fluid and/or amniocyte
cultures, blood cell cultures (e.g., lymphocyte cultures), etc. In some embodiments,
biological specimens comprise diseased cells such cancer or tumor cells.

In some embodiments, biological samples are prenatal samples. For example, a
sample such as amniotic fluid, maternal blood, serum or plasma can be taken from a pregnant

20 woman and can be assayed for according to the invention. The present method is particularly
useful for non-invasive testing. In some embodiments, starting material is maternal
peripheral venous blood.

Thus, a typical biological sample suitable for the présent invention contain
heterogeneous nucleic acids. In some embodiments, a biological sample contains a mixture

25 of nucleic acids from different cell types (e.g., normal cells and diseased cells such as tumor
cells). In some embodiments, a biological sample (e.g., blood, serum or plasma) contains a
mixture of maternal nucleic acids and fetal nucleic acids. The present invention can be used
to analyze a particular target chromosome or genetic locus present in diseased (e.g., cancer)
or fetal cells.

30 In some embodiments, the present invention is used to detect target nucleic acids that
are present as rare events in a biological sample. In some embodiments, the amount of target
nucleic acids detected by an inventive method of the present invention represents less than
1% (e.g., less than 0.5%, 0.1%, 0.01%, 0.001%, 0.0001%) of the total nucleic acids in a

biological sample. In some embodiments, the amount of target nucleic acids detected by an
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nucleic acids in a biological sample. In some embodiments, the amount of target nucleic

acids detected by an inventive method of the present invention represents less than 1 out of
10 million of the total nucleic acids in a biological sample.

5 The present invention is particularly useful for analyzing small amount of biological
samples or specimens. In some embodiments, the present invention can be used to analyze a
biological sample that contain total DNA less than 10,000 (e.g., less than 1,000, 100, 50, 25,
20, 15, 10, 5, 2) genomic equivalents. In some embodiments, the present invention can be
used to analyze a biological sample that contain total DNA less than 1 genomic equivalent.

10 Typically, fetal DNA is present as roughly 25 genome equivalents/ml of maternal plasma in
early pregnancy, and a fetal DNA concentration is about 3.4% of total plasma DNA.
Therefore, it is contemplated that 10-20 ml of maternal blood contains about at least 10,000
genome equivalents of total DNA. In some embodiments, a suitable biological sample
contains about 20 ml, 15 ml, 10 ml, 5ml, 4 ml, 3 ml, 2 mi, 1 ml, 0.5 ml, 0.1 ml, 0.01 ml,

15 0.001 ml of maternal blood.

It should be noted that, while the present description refers throughout to DNA, fetal
RNA found in maternal blood may be analyzed as well. As described in Ng et al., “mRNA of
placental origin is readily detectable in maternal plasma,” Proc. Nat. Acad. Sci. 100(8): 4748-
4753 (2003), hPL (human placental lactogen) and hCG (human chorionic gonadotropin)

20 mRNA transcripts were detectable in maternal plasma. For example, mRNA encoding genes
expressed in the placenta and present on the chromosome of interest can be used. For
example, DSCR4 (Down syndrome critical region 4) is found on chromosome 21 and is
mainly expressed in the placenta. Its mRNA sequence may be found at GenBank NM
005867. In this case, RNase H minus (RNase H--) reverse transcriptases (RTs) can be used

25 to prepare cDNA for detection.

In some embodiments, the maternal blood may be processed to enrich the fetal DNA
concentration, using various methods known in the art. Exemplary fetal DNA enrichment
methods are described as follows.

Enrichment of DNA or RNA from Plasma

30 For example, circulatory DNA can be extracted from maternal plasma using
commercial column technology (e.g., Roche High Pure Template DNA Purification Kit;
Roche, Basel, Switzerland) in combination with a vacuum pump. After extraction, the DNA
is separated by agarose gel (1%) electrophoresis (Invitrogen, Basel, Switzerland), and the gel

fraction containing circulatory DNA with a size of approximately 300 bp is carefully excised.
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The DNA is extracted from this gel slice by using an extraction kit (QIAEX Il Gel Extraction
Kit; Qiagen, Basel, Switzerland) and eluted into a final volume of 40 uL sterile 10-mM

DNA may be concentrated by known methods, including centrifugation and various
enzyme inhibitors. The DNA is bound to a selective membrane (e.g., silica) to separate it
from contaminants. The DNA is preferably enriched for fragments circulating in the plasma,
which are less than 1000 base pairs in length, generally less than 300 bp. This size selection
may be done on a DNA size separation medium, such as an electrophoretic gel or
chromatography material. Such a material is described in Huber et al., “High-resolution
liquid chromatography of DNA fragments on non-porous poly(styrene-divinylbenzene)
particles,” Nucleic Acids Res. 1993 March 11; 21(5): 1061-1066, gel filtration
chromatography, TSK gel, as described in Kato et al., “A New Packing for Separation of
DNA Restriction Fragments by High Performance Liquid Chromatography,” J. Biochem,
1984, Vol. 95, No. 1 83-86. Or, other methods of enriching for DNA fragments of a
particular size may be used.

In addition, enrichment may be accomplished by suppression of certain alleles
through the use of peptide nucleic acids (PNAs), which bind to their complementary target
sequences, but do not amplify.

Plasma RNA extraction is described in Enders et al., “The Concentration of
Circulating Corticotropin-releasing Hormone mRNA in Maternal Plasma Is Increased in
Preeclampsia,” Clinical Chemistry 49: 727-731, 2003. As described there, plasma harvested
after centrifugation steps is mixed Trizol LS reagent (Invitrogen) and chloroform. The
mixture is centrifuged, and the aqueous layer transferred to new tubes. Ethanol is added to
the aqueous layer. The mixture is then applied to an RNeasy mini column (Qiagen) and
processed according to the manufacturer’s recommendations. Or, other RNA extraction
methods accepted in the art may be used.

Blood--Extraction from Fetal Cells

Fetal DNA may be enriched by methods known in the art. For example, United States
Patent Application 20040137470 to Dhallan, Ravinder S, published July 15, 2004, entitled
“Methods for detection of genetic disorders,” and incorporated by reference in its entirety
herein, describes an enrichment procedure for fetal DNA, in which blood is collected into 9
ml EDTA Vacuette tubes (catalog number NC9897284) and 0.225 ml of 10% neutral
buffered solution containing formaldehyde (4% w/v), is added to each tube, and each tube

gently is inverted. The tubes are stored at 4° C until ready for processing.

26



CLRN1 clarin-1 Von Hi ppel -Lindau syndrone VHL el ongin binding protein

Wer ner syndronme WRN Werner syndrone protein WIlson's di sease ATP7B ATPase,
Cu++ tramspanti/rsgssZel | weger syndrone PXRL per oxi sone re®€Epiuseo11/039Hhus,
target loci that can be anal yzed using inventive methods of the present

i nvention include, but are not limted to, genes identified in Table 1, or
a portion thereof (e.g., coding (e.g., exon) or non-coding (e.g., intron,
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b, R YBRE O DA e O e AR B g ERet hve been
found f ermWﬂy &Hiné eyt inkéas, bidhly iy Sreadtivelcrdasiinkee)sulfhydryl addition or
5 disulfide reduction, carbohydrate reactive crosslinkers, carboxy! reactive crosslinkers,
photoreactive crosslinkers, cleavable crosslinkers, and the like. Any concentration of agent
that stabilizes cell membranes or impedes cell lysis can be added. In a preferred
embodiment, the agent that stabilizes cell membranes or impedes cell lysis is added at a
concentration that does not impede or hinder subsequent reactions.

10 Flow cytometry techniques can also be used to enrich fetal cells (see e.g., Herzenberg
et al., PNAS 76: 1453-1455 (1979); Bianchi et al., PNAS 87: 3279-3283 (1990); Bruch et al.,
Prenatal Diagnosis 11: 787-798 (1991) incorporated by reference herein). U.S. Pat. No.
5,432,054 also incorporated by reference in its entirety herein, describes a technique for
separation of fetal nucleated red blood cells, using a tube having a wide top and a narrow,

15 capillary bottom made of polyethylene. Centrifugation using a variable speed program
results in a stacking of red blood cells in the capillary based on the density of the molecules.
The density fraction containing low-density red blood cells, including fetal red blood cells, is
recovered and then differentially hemolyzed to preferentially destroy maternal red blood
cells. A density gradient in a hypertonic medium is used to separate red blood cells, now

20 enriched in the fetal red blood cells from lymphocytes and ruptured maternal cells. The use
of a hypertonic solution shrinks the red blood cells, which increases their density, and
facilitates purification from the more dense lymphocytes. After the fetal cells have been
isolated, fetal DNA can be purified using standard techniques in the art.

Further, an agent that stabilizes cell membranes may be added to the maternal blood

25 to reduce maternal cell lysis. Such agents may include, but are not limited to, aldehydes, urea
formaldehyde, phenol formaldehyde, DMAE (dimethylaminoethanol), cholesterol,
cholesterol derivatives, high concentrations of magnesium, vitamin E, and vitamin E
derivatives, calcium, calcium gluconate, taurine, niacin, hydroxylamine derivatives,
bimoclomol, sucrose, astaxanthin, glucose, amitriptyline, isomer A hopane tetral

30 phenylacetate, isomer B hopane tetral phenylacetate, citicoline, inositol, vitamin B, vitamin B
complex, cholesterol hemisuccinate, sorbitol, calcium, coenzyme Q, ubiquinone, vitamin K,
vitamin K complex, menaquinone, zonegran, zinc, ginkgo biloba extract, diphenylhydantoin,

perftoran, polyvinylpyrrolidone, phosphatidylserine, tegretol, PABA, disodium cromglycate,
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25 such that the ends of the different fragments all contain the same DNA sequence. Fragments

with universal ends can then be amplified in a single reaction with a single pair of
amplification primers. Exemplary methods for fragmentation and end treatment are
described in the “Bridge PCR Amplification” section below. Various other methods are
known in the art and can be used in the present invention.
30 Single molecule amplification

The term “single molecule amplification” is used herein to distinguish from high
density multi-molecule amplification reactions known in the art. Single molecule
amplification typically involves first separating or arranging nucleic acid molecules obtained

from a biological sample to form a plurality of amplification sites and wherein each
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25 Typically, the attachment is of sufficient strength that it cannot be removed by washing with
water or aqueous buffer under DNA-denaturing conditions. “Chemically-modifiable
functional group” as used herein refers to a group such as for example, a phosphate group, a
carboxylic or aldehyde moiety, a thiol, or an amino group.

For example, a collection of nucleic acid molecules can be distributed on a surface of

30 solid support such that individual molecules can be attached to a discrete site. Solid phase
supports suitable for use with the invention may have a wide variety of forms, including
microparticles; beads, membranes, slides, plates micromachined chops, tubes and the like.
Solid phase supports of the invention may be made of a wide variety of materials, including,

but not limited to, glass, plastic, silicon, alkanethiolate-dervatized gold, cellulose, low cross-
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Pr oc. Na}pe)leﬁ&%oﬁanS@mlxeﬁomfef)mulambeada753 (2003), hPL (human pl acent al

| act ogen) and,hfz erﬁma;stmgol%%nmlawr@)m&mohrt%g%ﬁabptS wer e

detectabl e in naternal plasna. exanpl e, nRNA encodi ng genes expressed

in the pleadcepidsuapet priegbiate C@ntutlh@ar@hmmbﬂ@p@ormf individnadgiclelaacide used. For

ex | e, R ome 21
a0 s PR BB, PSR, B Rl BURGATGILAMRETTE

Gen Bank si‘deh@Es&ﬁﬁxp ehrentay © aommrsa%sﬁchpmm sn (iRINds ecidHteniplatever se

transcri aﬂg éR;lI' %] an be %s? 25t 0 prepar e g DNA . f.or .(get ﬁeCtli on. In
some e T 2ich £h2 ey 87 AKPI P SBE SFay CbBAPPSe BLdR Y E MO Eh the f et al
DNA concigilopidilisample¢an BgfiNetidabddsto mthng &iudwgtor seqiidnee arthe 5’Exeapbar y fet al

DNA enri chnent. net hods are described as follows. Enrichnent. of or
from Pl afgNaHIEdRe & %Préeq‘&nmﬂaagwo rﬁmawhngoﬁlge&ﬁe&g?@dm%mt er naI

Pl a§MR UsH RGsCHAMTBERILlid SEHpeRTE. @6 hdaYimlhts Jone oRBfo ngﬁugihg Ruguenckenpl at e
DNA Purification Kit; Roche, Basel, Switzerland) in conbination with a

vacuum pigpe usdt er extracti on, the DNA is separated by agarose gel (1%

el ectrophor egj, $orhd BMbIHRERY »su@%ﬁaedaptuﬁyl\é Bﬁanlan(Q)des @d?x%y%h@izcgf%l thd 2@t i On
containing circulatory DNA'wi th a size of approximately 3 bp is carefully

exci sed.adapoy @gg@pqmm@ablusz@ﬂmssmmnméhwm@n [55%: 8 rfagh goungenbm t hi s
gel slicg by, 83 r‘g%&ft%ﬁg &Ilkrg')méleo(t% Fc!)rlnt ﬁ"vhng@%tn gﬁ&&% Kit; Q agen,

Basel , Swtzerlan ut ed to a [ sterile 10-nmM
DNAOmay rhelectidese ﬁbrrsxaedlebwthbiQMgmtﬂqms miap cbnidin g Ooemtepiidesgag.i d110.and

sartous exgm, LAY B T DR b Roundh g aeLgekup ety ane (e,
for fragnerbsdes). riaybat emgodimeithisujdbdsstizonucleotides may contain 1, 2, 3, 6, 8, 10,
12, 14, 16, 18, 20, 25, 30, 35, 40, 45, or 50 nucleotides. Various methods are known in the
art for design and synthesize suitable capturing oligonucleotides and such methods are well
25 within skills of ordinary artisan. In some embodiments, capturing oligonucleotides can also
be used as PCR primers for amplification (see the “Bridge PCR Amplification” section).
Thus, capturing oligonucleotides are also referred to as colony primers.
Capturing oligonucleotides may be used with the solid phase support that they are
synthesized on, or they may be separately synthesized and attached to a solid phase support
30 for use, e.g. as disclosed by Lund et al. Nucleic Adds Research, 16: 10861-10880 (1988);
Albretsen et al, Anal. Biochem., 189: 40-50 (1990); Wolf et al, Nucleic Acids Research, 15:
2911-2926 (1987); or Ghosh et al, Nucleic Acids Research, 15: 5353-5372 (1987) all of

which are incorporated by reference herein.

30



whi ch are | ess than 1000 base pairs in length, generally | ess than 300 bp.
This size selection nay be done on a DNA size separation nedium such as an
el ect r ophwoedilgisgsz or chromat ography material. Such a mararse@/oBsi6o

described in Huber et al., "Hi gh-resolution liquid chromatography of DNA
fragnents on non-porous pol y(styrene-divinyl benzene) 10particles,"™ Nucleic
Acids Res. 1993 March I1; 21(5): 1061-1066, gel filtration chromatography,

TSK gel, as descri b a on of DNA
Restriction %fagrrer'ff OdBnerﬁ Eh% g‘gCh gPtn(gﬁfgéeuﬁwnﬁ?gh@rggrra{dégm&l%fei

Bi ochemacili3&4platdad theg5l,1d sN@porﬂ.lsS&rﬁiGstalﬂls at thé iempenmtrehmd&ldfthemppohmg f or DNA
fragnents artl cul ar Ze . sed. 15l np addit.i enri chnment nmay
be accoﬁ?ﬁls?@ﬁcé f”g’&pﬁ?&gé?‘f)ﬁc‘g‘i %ng‘fagloﬂ TPy g°§ eﬁ‘ﬁ'%ﬁ%ﬁipf'ﬁ e UBf

pepti de ssretimarBl e CPM@Qamp«m;qJ?omﬁxa ytaae then sor@@m&o@mmsaw tar get
sequences, but do not anpli sma RNA ex F described in
Enders @éftacgment ’STH@I%WG@H’W altnlfﬁﬁheéFméP‘ihH’lﬂ“é’tth?]@OV F“t ”6 f‘gglﬁ fi-rel easi ng

Hor mone  gind &) MRL&ETtRE ;Ph%%m@ l$idt e pISRES R thosAARIKRA iaHasEa.by aCl i ni cal
Chemi stry 49é724¥ﬁ731 1 S ICaelscrl% ? her e, a@%a harvestgd after

centri f gtps ;rﬁ;mgsqg@wucrfsasm@e@mweulzemylﬁsf,%d@mjb:ﬁ@mmpwpw -6yjeefinyfd
chl or of %B@ggqgﬁ?ﬂ%rs%c&ﬁ 8%8]@%”& %@%ldl%@ﬂl&p%\a%%q@c Lrﬁy/@rﬁdé bepsferred

to newt to the ‘agueous” [ ayer he mi xture is then
appl i ed heorabifiRdarsy cnusshinkar ohdras f¢Qixagels)m-anttipidobegeddN-according to the

f dat ' d d
T AR ST S B P L o scecpee

DNA may Shecigiftidyd Agl-fyleimat fnebylkayolohexane-i leerbaxitlate FRVCEX ANl e, United States

Pat ent cation 200401374 d S, published July 15,
2004, ﬁ% ?‘?‘é‘g’ﬁ’“w‘Pf%’é%‘c‘f‘%‘fm%%ffséeé{ms&@“ﬁgﬂﬁlfig {psor ders," and

i ncor pOrnﬂltl@ﬁ'l1d%¥6hér@f]8ut9ﬂ€ee(SMPB)ta§d eRtsLIFe twatG B RIbR) Borred@diﬂl[ﬁgbﬁﬁqpalﬁhdenr i chnent
procedure for fetal whi ch bl ood |s collected |nto

Vacuet t e tub@tswnﬁoégﬁ%%éql‘m%?%ﬁlﬂ e i dhepinyergo asoafdei‘ﬁ@ Sf""l‘gut ral

buid er ed,$o} fahtmamats@fwen% o eipdalvaes (d%emiaibed dustaadsiest doadeach tube,
and each tube gently is inverted. The tubes are stored at 4 C until r eady

for procepsitigsubsequently madjBed with hifenchipgyd geosdBking|ayaips toroYtesi | i ze cel |
menbr an?&noﬁ@ 1DEd ﬁg ﬁéj BPe% lﬂg vgﬂ\qga%twgs&’rg&hﬁﬂﬁ Er%ugsay DeRCAHEEsPREBIse not

limted to, orma erivatives of formal dehyde, formalin,
gl ut ar alud@mpd@n rfzfﬂdthfewfaeﬁtwblek; hasfbegh modifiat! déthyebemicalhogadtiva Reouss, fqb"rl mary

e o SR Bl B PG B Sl YAl B MEc LORR KR Bperstpf Ny Ty

addi ti o or ‘%8. suf e reduct car bohydrate reactive cross ers,
cap_d)oxyldezn%:@éd suefwer whish haskees mopified evitbapdcificefusetossl gratperfer exampiathbl e
crossli nk? and t concentration of agent that stabilizes cell

3 |.i k?. Aq.
menbr and@IgE 05 J5ERisdUnedpal mely ’és'can be added. In a preferred enbodi nent,

the agent thai s@ﬁeaeimﬂoidmwtsc&llelattmmh%mpmfmg' oipededeniatd shbylﬂinst bes added at
a concentration that does not ede or hi ndﬁr subsdgl%uent actl? s. 10FI ow

cyt onet Afetietneiise g‘eééﬁf’s%eé‘bh‘lg IS ERtYTgS Ui I Pealidacating/ ‘f(’é’ se's
Her zenbep g, Te@-liumnggh@@ck@e acm%plmﬁor( p3dQhie. BIaBERE, iRhltdthate PNAS 87
3279- 3283 ( 990 ruch et al Prenatal Diagnosis 11: 787-798 (1991)

i neor poreawtbe@mt@ytSr ¢ anpaE shawdd aliqyy the pbigininagf a dkpsitysf atashersepparias
| ncor por, ﬁ%&glfcQ%tlﬁe%f(&rc%qu’lgghﬂléls? Sf ﬁn%astr BEoI REH B L, 10884110 BRSI/Am?, @EhNi que for

separatio etal nucl ed bl ood cells, Using a tube havi ng a wide
top and lastr%)rﬁanmnCI_S@idmst 3afnyolyon’ mm@%fml/npnﬁ yeledsy Pefieol/n@ent ri f ugat i on

using a varl ?& uetabﬁg(s:"t,%%og SO Pthve a uniformly flat surface with low fluorescence
background and should also be thermally stable (non-deformable). Solid supports, which
30 allow the passive adsorption of DNA, as in certain types of plastic and synthetic
nitrocellulose membranes, may not be suitable for certain applications. Finally, the solid
support should be disposable, thus should not be of a high cost.
In some embodiments, the invention is implemented with microparticles or beads

uniformly coated (i.e., having a coating that is substantially uniform) with capturing
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results in a stacking of red blood cells in the capillary based on the
density of the nolecules. The density fraction containing | owdensity red
bl ood celWwe,20imisbisdi ng fetal red blood cells, is recovePet/tsne 10560
differentially henolyzed to preferentially destroy maternal red bl ood
cells. A density gradient in a hypertonic mediumis used to separate red
bl ood cells, now 20enriched in the fetal red blood cells from|ynphocytes

and rupt ured The use, of h | Ut i i pks the
red bl ooteauelR S RS FiTe e RE P nBe B A0S A ke
purifi C&ﬂlg@rnmfdbmiestt@exetmﬁ@aodemevellycnphmcaybeanp lidletl by thelfelldvehatefaeddes have
been isqlated, feta can he pyri andard ques in the
art. Furieesage apf ]é@re(ﬁwarl?éﬁ’e)sg@bi H'it‘}re@e%(&uf; yAhEYs: rﬁa&f'aﬁtéca dded to the
mat er nala HQRA (1RD! Beds CORGRI, M4BT dhdlthCefdrenoysditd al8ieh Gageamtys tHeRyzciane | ude,
but are not limted to, al dehydes urea fornmal dehyde, phenol for mal dehyde,

DVRE ( disharetsy pmrﬁé@tlﬁaﬁmq Cm&%blh@w@*ﬁvlcr%ﬁ@P'égtf@P%Wed@P%e\féﬁ% §WsS-&-hi gh
concent rla% 90 hiFRERES & WHo-100b 8 J?argeteraé?éji)t‘éfetrﬁr@ Bs fRedBkiivAL inves, cal cium

cal cium gl'uconate, taurine, niacin, hydroxylamne derivatives, binoclonol,
sucrose coaesrtua&mnldlmﬂnlrglllan@og’élar@rrmeﬁomwﬂOhéOmC?@ﬁ@rtags %@p‘ﬁﬁ’ém{i etral 30
phenyl ac%g% ds? IHE{IS& hopane tetral phenyl acetate, citicoline, inositol,
vitamn Tamn npl ex, chol esterol hem succinate, sorbitol, calcium
coenzyne Q ﬂxbscqmﬂ aondimants, eormenally avaiiabla clamt(mmb{pevc glase (Af)i atone,

E B P e B BN T S AP ED L RCk s B

crongl y(bahe,avadéaewﬂhlldaléjﬁﬁﬁe? m&magmamem?@dmdmmmmg A$?l¢hdum pgggyl zi n,
zinc citrate, mexiti ilantin, so al ur onat or . pol axaner n
exanpl e Ripsysieps §iasics City orall Iﬁﬁofflﬁi:@{’%g;@ﬁ%sn‘@“étgarf %F?'&X/E%p?ﬁee S ood i s
stored afervbefrsbihidd 1000 9REESME Gre chipfoyletibes are spun at 1000 rpm for ten
mnutes in a centrifuge w th 5braking power set at zero. The tubes are spun

a second ti mOthar caiBING PAFticsIcaR Bhuser ﬁhl’”‘é‘%")dsﬂffé@@lﬁ‘ﬁé@ fhs dmisptiqry (F&T pl asma)  of
eagh Sargigrﬁ%l% Sstrtef)t‘al;‘igfnecraﬁ 8daftRn& t@%ﬁ‘bﬁoﬁ@@n@-ﬂg n8AL0 a8lis SRR bideimyfaRE ten

mnutes Wt brake sef at zero. The supernatant is transferred to a new
t ube andiwsttTd)afe&tremavldEB@aEbmA;bp?tl@XiaWﬁméﬂylCtawé mgl¢duiesi t ers of the -buffy

coat, " whi chggg gggsd gﬂ géggl cells, is placed into a separate tube and
stored at Fetal DNA Genomi ¢ DNA may be isol ated
fromthe pl askmrmrmsen@dtrimt@a@ri’@ﬂ ainplidicatiéroeanheipsdd foatingamotecDRA from
bl ood cel | fac re St DNA Bl ood
Mdi Ki tampégfaal"é}ém% ?Qg%roqgii‘ﬁ%'}%”mpmg”yef’ R B8, dodeP DN B 20
watver . 'Eh@hﬁbﬁ@emed\lhm V\KﬂetebﬁhﬁNA sanse rhrﬁionﬁyofragmenﬂumhkn opate¢chaichmt er nal

S no ed. that, in

gglr ![ Zi (r:10 aéﬂ{]tg‘g Q‘gfﬁ Prgégng ”&Soa ?Fté’gta?atﬁf)fsaé%e I}) Irqgrﬁe%‘eg%eueﬁ roelain S\/‘%’l'th urine,
tear, V%N@?slal SRS LA th@be DiRiARY irf 4 dhdle rdat@astitin bikgle pair stveailifickfal e genomne
anplifi Cp?ltnle?sn Separation of the collection of fragments to the single molecule level prior to
amplification ensures that the amplified molecules form discrete populations that can then be
25 further analyzed. Such separations can be performed either in emulsions, on a surface, or
within a gel.
In some embodiments, the nucleic acids to be amplified are first obtained in double
stranded form. When the nucleic acid is provided in single stranded form, for example
mRNA, it is first made into a double stranded form by means well known and documented in
30 the art, for example, using oligo-dT primers and reverse transcriptase and DNA polymerase.
The nucleic acids to be used in the method of the invention can be of variable lengths. For

example, they can be at least 50 base pairs in length. In some embodiments, they can be 150

to 4000 base pairs in length. Various methods known in the art can be used to prepare
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In sonme enbodi ments, the total DNA in a biological sanple is first
anplified using 20whol e genone anplification (WGA) net hods. Various WGA

met hods awe 2knomess7n the art and can be used in the pre®emUS2eMBB446@N.
Exenpl ary nmet hods are described in U S. Application Publication Nos.
20030082559 and 20030104431, which are incorporated by reference herein. In
sone enbodi nents, nucleic acid sanples are randomy fragnented, then
treated . ' n .eontain the
samo. ONAPBLAAs oAt a8 AERHECLchaE B S e R e Fi ed i a
si ngl e remaphé¢ digesmobland othiersgl e pair of anplification primers. Exenplary

nmet hods for fragnmentation and end treatnent. are described.in the. Bridge
PCR Ampl 1 1 odf PRt TS et SRR TE o e e ERh ssatarsTiadea i ¢ e
art and man’ &el afsedlvidinal hbdeipa&d @Rgmemy hisicambe SHSiukigh eerfodewhick are
anplificatjon The term "single | ecul e a ification" is. used

her &i n t‘?ﬁe‘ané’f“‘i“ﬁQﬁfi%%“TePﬁﬁm’%‘ihgﬁ“d%g?iafr&?erﬁﬂ gal F’EEMI%?’HH%&’FPE@&‘& on

react i ongidkd BWAmp MR fiologtd FbQor@hb RHVRIcRIEMAnkeLHY the BpgryRiaeal |y

invol ves first separating or arranging nucleic acid nol ecul es obtained from
a bi ol ogiliganuckafify €@ctorm a plurality of anplification sites and wherein
each anpl i f it¢@hiHfhrStdiRn&RbHA9t AP SR AGR RRiICURI &h be 8F4d 1m0l ecul e; and
anplifying each individual nucleic acid nolecule in the anplification site
t o genersaqusnegmidiany éedgihrend isctesoted hereinab bsauerpepd S f iNegiolpopuientide f orm cl usters
th can_be i ndi vi LW e . "endi M I " 1S used
he?éin E%QFH |%%¥gggﬂg§¥ %ﬁ@ﬁ“%?@ﬁ%%ﬂ%ﬁ%%kﬁ%ofggﬁ%égﬁg%%%¥%9§§¥§§%ﬁguish
one cl ust é¢nofedduiareirnt & sh@iegétbd?’l 1Sgitaiteheths ad ssqaincsal rdaptaraligdeckebtidect ed by
t he use of Ia?ek d Brob sdtha can b%h%%br&%i Fq tht(FecAu§g rs. In sone
enbodi neAP 8 STTRS s MRS KGO RMATY JICRTTBrORIRT T %% FENEF Bfed by

pol yner agigomefotidofRguenSeiCiitacled 3¢ &4ch ead 6f tAt seldkanatods apgllifind @8 or nucl ei c
acid clones or cal gnies. Pol rase based a i fjcation methods jnclude,

Dot ar e WO D1 HECED O Ry SeE e AT Ao gebs Pish U eeRe e TR and

10di spl qg.?n‘srsb, 8ap] 5-50, 6atsi eno(£14.10-5001d-kmg oior 0d-25,a01bi f3-s@bi 0nps Vari ous
ot her anplification nmethods are known in the art and can be used for the
present Muglgeiies gnothadanacs yiflin teix&MgPar y met hods for anplification incl ude,
but are not I} W{EGniQimSR fhé%%k%%@h&ﬁ%@ﬂ&a%t&r%@ﬁs‘ $3bh thhi ig@ase chain
reaction, rapid anplification of cDNA ends, ligase chain reaction, Q beta
phage arpbiidirctdnen! thaseptemie digomedactidgs (Kt Brsomsgmbedimensdhe sesapisdi ment s,
nucl ei ¢ ggi ds par, LEL 88 SMmSQhiufins URRALLIStiaee! 1 d
support(ggkgégﬁggkgﬁr?%egfﬁggﬂ?ﬁgﬁﬂ%%ﬁhggggnfggaﬁghusﬂ ?5%@ t&jﬁh?ch

nued ei ¢ (X¢i bssomarnibedioryual thasdqyerat bl 8dendsadeptond 3 T iscoraplampiteryltathex beads,
dextran beads ol st yren ol ypropyl ene sur,face, | 1 gel, gold
surface§?“§P§§§Q§U¥fgc3§n§%éegi?ﬁ%%%gﬁﬁghcgpdﬁﬁmgSﬁgggﬁggé%%gﬁ%@%msoIid
support m# te pgdpass Sing tabeiqu0Nbeanse fandaat srachvangomi & ek ertacindy beo a sol i d
support as i fers to any chem cal or non-chem cal attachnent

usg% herein re
met hod iAHENEREF A LPERLER) SPU%EHi £ i abl e functional groups. "Attachnent”

relates to i mEdhd drtidingdhtDthe U ehEdGhaicthbiOfiSRhdrtkns plepatd & deycridel her a
coval ent attachnment or via irreversible passive adsorption or, via affinity
beheen sl (adiiediiafarevampng foriatagg the Avglognadn fragmef cavaendy it 2d surface

by bi ot ispid @l MBI BGUhER) candR TR EER 1Y, 2 hBRicail) AGMABRNE findtiHal Sl i ent
strength that it cannot be renoved by mashlnP Wi th _ _
such as, for example a phosphate group, a carboxylic or aldehyde moiety, a thiol, or an amino

group.
The capturing oligonucleotides (also known as colony primers) of the invention may
30 be prepared using techniques that are standard or conventional in the art. Generally, the
capturing oligonucleotides of the invention will be synthetic oligonucleotides generated by
methods well known and documented in the art or may be purchased from commercial
sources. According to the method of the invention, one or two different colony primers X,

can be used to amplify any nucleic acid sequence.
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wat er or aqueous buffer under DNA-denaturing conditions.

"Chem cal l y-nodi fiabl e functional group” as used herein refers to a group
such as fwoexaspise, a phosphate group, a carboxylic or pardshyde’ros ety, a
thiol, or an am no group. For exanple, a collection of nucleic acid

nol ecul es can be distributed on a surface of 30solid support such that

i ndi vi dual nol ecul es can be attached to a discrete site. Solid phase
supports sui iety of
fopports o ugﬁgfca g ol owgmc Jagdésgyeemsgg;umo Qa@ .gegwh%%l Ul

m cr orradénivm%dtsc}‘]@pdsrerrtom)fe&n ared;upﬂmt slur:lkehat Bo bapﬂurpigaélgomumoodet is apdilablee
|nvent|o cl udi ng, but not
linited f"b(g’aé é‘geélsm’bgydg?? é’me'éaig“? ?‘Ec&l]’y gré‘ﬁ?%ﬁ@?“ﬁﬁ“&l%?@%@?@%l zed gol d,

cel I ul osgigoh@Wotil®Sguenct totsaakdad thelB’ gid 6 tBS BudiditkediteppldysSliag takae plasé. lica
gel, polyamde, optical fiber, plastics, and the like. In some enbodi nents,
thebcol | ect i &fSeme ¢ipRad é’i“if“sagiedwﬁ]ﬁlcélﬁ’lﬁllt%“é‘pl&tﬁﬁarbiepoﬁ%’%ﬂ’ﬁ‘teésoowﬁ REHPoOwcel |

t echnol ogyusell th SHFEDrigERSHRRIAL So thALh& theydrk Biachi@ikoliR: ERaGRLAEN and
anplified in sem-solid or 5 liquid phase. For exanple, the collection of
nucl ei ¢ aaeioarifpewsiy esateghedgwelgiosrid Boplys ard wlenyprigirs iyabtaingd. (1o, g..
agarose S Eprd M nters thige ARklEGH @n fi4cl €i c acid
nmol ecul esgﬁ%gﬁ;% &el mth(eth B\II Pﬁ% Hf)m on bead Ssl ' nléggfre rérrbodl nment s,
capturi rmonmlrul@mﬂm@t eiotarid égnplates. i Imsobe bmb@cﬂmemtsatthferag@pf ¢hlow psarars 9ol i d
suppor t .0t capt,usin i i nucl ei ¢
acqg 10m) elc al%ld telt‘néltat%s 15 SB(L, th%tep el%ggesrgomﬁmrﬂgﬁ%} e%gclglc ﬁ%ﬁqér}{ﬂ)lgtgg%rﬁr ng

ol i gonuommbilde&toaamcﬂﬂmnwon as‘éame’mfes ony)pmrhmmsnibangd ctompalsmg Ryansgay
sequence present on nucleic acid te | at.e su h a tag or an
adapt or &lﬂﬂ%BrémerﬁB?m%ﬁP A5 &t a”rﬁHBT t%{&”g?‘?‘FB]I %Eﬂf Y B‘COOIrSgl cal

sanpl e Qﬁﬂné&ﬁaréd &f3he dollie hgart! wmrida@duaanaoa@c aid ad@m@rbeslgqmemsmzatatt he 5'
and/or 3' end and the tag% [T adapt or sequences can bind to the capturing
ol i gonudPMERRISIEER Badn 9T£e @ BBW She solid or semi-solid supports. In some

enhodi ment s, TRRQuQEic BOE EenfMtthhy 6k FEAYENGRMekANaRRd ¥&aH. For example,! N some
enbodi nents, suitable capturing oligonucleotides can hybridize to the tag

or adapthsfors asbing & nyglgisraciiipmalBledo Bsialid supRLTLAL@BLETHEE i 2 HiBSlEnvent i on
(e.g., %gxmeatfamwm&mwmmé welPXEOWR A dYdoe@REHE] AGhedH, g&remﬁet i des can

contain various nunpbers of 20nucl eotides. For exanple, suitable
ol i gonudiyé@atufttets apmgxigeielya?43 Clargioiumlie eetinglesicg.eHgweves-tagy, ma. dgp bez- 20,

30- 15, edatf)éﬁ‘% o%éa:r?‘tg' n%l%&%’le st@an:ligd fo?‘m?’ hegwﬁg one85 jeﬁd 09‘9(3}’12’93 end9- 20, 10-15

nucl eot i des§ Inments, suita I gonucl eotides may contain I,
2, 28, 6,md@lifiekldko at &y altb4y atthéhmer fo tﬁé)supzsr;t BOthat3Bse, 4f)cr cdBplegen 80haiuc| eot i des.
Varl ous et n .and s sui tabl e

es t, heS| z
capturi na& %’Infeag%rﬁ%ﬁs%glﬁ téfé’s“%‘ﬁ%* C§ Ser‘?era ed% ae(rare1S l\(/\%)lwln ‘%@ sykl | 1's of
or di nar yheatirig t6 @1° CJ befeo mastandod rdientdstragdydveayi mtgmdjlblegpmahted)thadmsh«;an al so
be used as PCR ners f | ificat io ee the "Brid P
Anpl i i CAES hpre g‘gbfﬁf%‘ﬁﬁ O%‘ﬁa‘g%lec%ﬁf“ 'rﬁée‘g}ﬁ‘is ?ﬁﬁ??‘é%c[ Yvﬁlgglezi}" acg28d referred
to as cokOR¢h RIEACHRT, She result will bEARIMME BYinQhé GROWGLEOTI) BRSstRY ish@atheed W t h
the solid phase support that they are synthesized on, or theg/(érray be

seé?ar at eamgiogwtw KRBRISIEs REtraReHietngdo IaO%WW%Ha% catfopisFe boibf or use,

%%lo@ﬁggutﬁy sthatB&h €hpAte nu'él}éfcl RlchAddsnRasERY, Cb@th sHandslf$861- 10880
(1988) bretsen et al Anaf) Bi ochem, 189: 40-50 (1990); Wl f et al,

Nucl ei ¢ naedssisilRetsishedotiose 1Geach otier aghree (nﬂ%ffngh@‘Ple Goosthe esulhpf atighingi ¢ Aci ds
Resear Ch y]‘one ségécﬁané%zgfo&r%gggge a%[lhfggtlomlte%h Tﬂ[x? sfngggfrg&feagﬁcgd&%l reference

herein
stranded template nucleic acids might be used for providing template nucleic acids attached

30 to the surface and suitable for colony generation.
The distance between the individual colony primers and the individual nucleic acid
templates (and hence the density of the colony primers and nucleic acid templates) can be
controlled by altering the concentration of colony primers and nucleic acid templates that are

immobilized to the support. In some embodiments, a suitable density of colony primers is at
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In sonme enbodi nents, the attachnment of the capturing oligonucleotides and
nucleic acid tenplate to the solid support is thernostable at the

t enper at We 200/mb38¢h t he support may be subjected to dulPCmgskéia/osded ei C
acid anplification reaction, for exanple tenperatures of up to
approximately 100 C, for exanple approximately 94 C. In sone enbodi nents,

t he 5attachrrent is covalent in nature. In further enbodi nents, the coval ent

bi ndi ng ;0 laa Su}f]mo(f I%tgrl n leastdggrrr]]%ﬁl eo“ %?t 2‘%%09&%2 t?eagt qu%?f!?iprl ag‘[e( s) to

t he soli ppor A G4 & or’ exanpl e
1- et hyl -13as( 86 thhatrihy halmsno(mfrﬁmyﬂ:)lz)car :inmch amhodsmdn;sda mnﬂablerdmhay ©EDC) ,

succi ni ¢ anhydride, phenyldiis th| nat e |.ei

het er o- HORMErTSHAF SDFELEIVR S@%a]ém‘inorﬂ&%ﬁﬁ RS %q%pd%tﬁ%ow :
10hydr oxysikeGh men%ddﬂ)daﬂ“mrm(d}@&) is typically 10,000/mm? to 10,000, OOO/mm (e g,

N-succi ni m dyl[ 4-i odoacet hé &Hm qobenzoate (Sl §u00|

4] N° el éfieﬁ'lffd’é tOH%r]na:yeﬂ SHBRAHBM - (0963 9t 1&0{)@&/@@ 100, P to

N-ymal ei i @dedb My Po0/oueGk B Mbdd 0BT, (ﬁ%gés,wnhm these ranoes or ranges
Succi ni m dy1- 44pmal’e| m dophenyl'] butyrate (SMPB) and the su

(wat er - soFUbpasying teseaspesadiasige seadpounds. | n sone enbodi rrents a solid

support suit 'nﬁoxfn@%g{gm%?g,@%?Q&acﬂggomjgfel&c%{ehpﬁgs39&&&%}&&% in tym

functionalized sur n"sonme e i ments erivatised surface of the
solid suqblpws thelfmalsddnsie}quemt:llegc agidiofoned onittersutfadelnd dtei sopeairt tobo seitiatikd.ng

gr Qups t r Vi ction pr.ef er abl 4 ive
crg slin é ﬁ?g tBe fac%’ A 1|n éodtqesur\Ehé)ge?the e Enélréuvwr? G Ggéraog&?'o a
sur f ace dshirabit iasm thesmchmelitfof ek mictelc azzlmeuampatel, yromlmgttha/eﬂ@wq:m&,rs dfor

exanpl e am no, . thiol or acr e ups nctiona d surface’ as used
rarer B s it R e gt dor B e RRee SRS TR e
speci fi cacfm&E¢mabltm @uagle chiohy exaiifel R chiteolkalbe cont@ilirgUBEddnkiey Sunct i onal
noi eti es. enbodi nents, the attachnent of capturing

ol i gonucqttéeheﬂ@@@né%wra Hb%orrt?énabpfiw@dthsgeréftv REgolprigs Cé&BBé‘iI?fé“?"di hi gh

tengper ataage%sonatﬂgdét&%oﬁ RRERUSE. gﬂqaé bioed F@Rberd) theCibfebBsh SIMIsQY@eheduring the
nucl eic acid anplification Egoce ure. Moreover, in alternate 25enbodi nents,

t he supp“éffoﬂm@h@lﬁﬂ@ datepténn meteodsise-ai pANPRIA espolutienesiet Prepf sl Acthedrt 6aibt ur i ng
ol i gonu%ﬂf@& {rlglfhe‘%%%) n@[ﬂ%;l%i a§e)d rel%(/anltgﬁ%?leﬁl:rsf mol /e (e.g., at |east

10 frol/ east east mol / )M, at | east 40
fol / me, at Ihe@sqerﬁlﬂ)dimmd burtale. denSIty of colAmsuprtoaldbseCOémwpmmfoe@rﬂmm have a

i or oty SHEL 580l Aapat ) HORRREROGERFKOIQUIG, AL ogu O al S0 be

t hermal I'y st supp ow t he
pagssi ve masonpd pmmdefsufﬂblém c&&ctable&el‘ohﬁmuntsytpﬁsalIO\fvs ghtisitally sgndficeytht het i c
nitrocel |l ul ase, ne es., bl.e.for certain j cations.
Fi nal | y,a“f‘le@Ss{fﬁOH‘e%“ﬁ’B%P}e h%iﬂ‘tablﬁgerﬁhﬁ gl %Scomﬂgesél%%ﬁgg%%@abe of a
hi gh cost.g., up to 800,000, SIDIBOL4UDDBO EIOL0S0, I%@Oﬂmwdttdbterboloaylcaipiteﬁent ed with
m croparti cles or beads unifor my coat [

(i having a coating that is
subst anti al | P”&ﬁfh"é’ﬂﬁ‘yW‘Wﬁ‘séaf)f‘\iﬁl?‘ﬁ@c‘ Eﬂ”?pé%?ﬁﬁ,flt@df’\’eﬂ‘gg” h‘Mesz?j'bartl cle

Suppor t Sy@nbilves Bede sofid &pyat anhd é/pp%prlﬁﬁ:nﬁ@él@l ArldiYadid O of the
oligonucleotides to their surfaces are well known, as exenplified by the

f ol2b owi nqunép@p@ﬁb@sbe generated by carrying out an appropriate number of cycles of

amplification on the covalently bound template nucleic acid so that each colony comprises
multiple copies of the original immobilized nucleic acid template and its complementary
sequence. One cycle of amplification consists of the steps of hybridization, extension and
denaturation and these steps are generally performed using reagents and conditions well
30 known in the art for PCR.

A typical amplification reaction comprises subjecting the solid support and attached
nucleic acid template and colony primers to conditions which induce primer hybridization,
for example subjecting them to a temperature of around 65° C. Under these conditions the

oligonucleotide sequence A3’ at the 3’ end of the nucleic acid template will hybridize to the

35



Beaucage and |lyer (cited above); Gait, editor, digonucleotide Synthesis: A
Practical Approach (IRL Press, Oxford, 1984); and the references cited
above. Gawenrallwe3sthe size and 5shape of a m croparti cl @CiraSeat /08946t i cal ;
however, mcroparticles in the size range of a few, e.g. 1-2, to several
hundred, e.g. 200-1000 mn dianmeter are preferable, as they facilitate the
construction and mani pul ati on of |arge repertoi res of oligonucl eotide tags

wWth m r}}n% il zed”‘ %Efg'na/ p"j‘l’nlgljergf’31 IE th%%%?nee of (%1%“?);1 ?Poorg%}l%ﬁﬂtt(? su(??ﬁmm rcially

avai | abl'e”con pore’g ass yre supports are
enpl oyecgriagr eﬁbms@bnpﬁmsearmuﬂpwm;sraltme vheoumvEA L, dwie.préSerch oﬁmpqurlt scidorre

e | oo e e ESeAh P ISR R B RS laegiaaces, o 0
m Clr Oparrﬁdledueeso CER ngmpemsmm/x pelywrese)>00naRidA poRtheaRg $>1Lrs(armp;&y’ e

enpl oyed er capturing npieties can be used in nethods
accdr di Y nEdeasiis t‘i‘li’f\f’éli’hafedﬂ(’le%‘fs of BRI Wl dedteH P i &Pr EfPAe attached to

suppor t sy afigkd hel eBH@é @apﬁos?ﬁatslﬁmreemememomnwym; el suskenbbedy e reptavi din
can bind biotinylated nucleic acid nol ecul es. Bridge PCR arrpl ification

| n somne a@giver Pﬁ@ﬁi@tld%ﬁpm'g@mmxﬁiﬁﬁlq tenplateiyplecapidsedussed for singl e
nol ecul e anp FBXEA\@@I: %m‘ fc%%fa%o%ér@seg RRich Qé(r?l%t ﬁs@@m Y B‘e%{ inyent#% hfige PCR

i nvol ves uni vers fi1cation reacti on, wher eb g sarrp eis
r andoni WNA@QWWtaed(KIBMnfmgWéH RN tpotymsrase hheassidble GINA helydierasesr ent

f r gment aéll Ivar1 ?y gt')ﬂheamos b1z %ﬁer%cﬁ%@lkf’g@%l\lf %ﬁﬁ\é}g aﬂne‘f’e@%%ﬁ%g sal ends

t he reacti
arrpl i fi @@etlla@mqﬁxfgenﬁrcal y ﬁied)@eatlem/ratma‘s (Tkr&cdml\lEé*e‘.TaxorPfofech)r ageoeritisitipn t he

single ule level prior to anplification ensures t th lified
ol acul 68 RRGY pRSErerl b ae R ORE AR U et PERGI AR y2ed.
Such Seﬂﬁﬁmﬁﬁ&oﬁﬁm)%aﬂ?rtﬁ@xﬁm ®id paymérascantd S 0616ny grima eswhdiacs, or
within aa% enbodi nent s, ucl ei c acids tq.be anplified

t he
are fir StaokpdeiRGR TeﬁCtd)(‘i‘lfBP‘@t‘%‘iSr b‘hd@??afeér“?ﬁle atingand Geqldgcangddi d i s

proyi dediipfe ékﬂ%gﬁeﬁatéﬁaﬁém%geﬁa@&msea QuBXAFPoRINERINAY4° ¢, InSofmkr St nmade into a
doubl e stranded formN% nmeans wel known and docunented in 30the art, for

exanpl e C“@@ﬂlmfnﬁl hg & P@V@ﬁ@?esusaﬁﬁ Tag VA golymsiiser i pt ase and DNA
pol yrer ase. ?(in‘fbué}xllk%'dﬁn@ﬁé g nhae&‘?de%ﬁl%sbﬁhté n6lebmihReh 46 the invention can

be of variable lengths. For exa can be at |east 50 base pairs in
| engt h. dhmysbnwceqwbd@trmbvﬂpbate$ rﬁwxamwie ldéTﬂfB@f TR d4dBolIbESer grai rs in | engt h.

var i ous %%&Qﬁf&%ldmm Sahgteg Eot? @bl gaﬂTPedWﬁeqctrg REBPafR nug@ggs@eor' ate

nucl ei ¢ "aci Borex anpl € ot gun net restriction
enzyme drlgesmhmnolamdesohd)dfesmaturally or noh{natg Gl oesvinad. ment s, two uni ver sal

P O T N R e e MR
nucleic acids to denaturation conditions two immobilized nucleic acids will be present, the
first being the initial immobilized nucleic acid template and the second being a nucleic acid
complementary thereto, extending from one of the immobilized colony primers X. Both the

25 original immobilized nucleic acid template and the immobilized extended colony primer
formed are then able to initiate further rounds of amplification on subjecting the support to
further cycles of hybridization, extension and denaturation. Such further rounds of
amplification will result in a nucleic acid colony comprising multiple immobilized copies of
the template nucleic acid and its complementary sequence.

30 The initial immobilization of the template nucleic acid means that the template
nucleic acid can only hybridize with colony primers located at a distance within the total
length of the template nucleic acid. Thus the boundary of the nucleic acid colony formed is
limited to a relatively local area to the area in which the initial template nucleic acid was

immobilized. Clearly, once more copies of the template molecule and its complement have
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5wel | known and docunented in the art, for exanple by ligation, or by
inserting the nucleic acid to be anplified into a biological vector at a
site whi cwoi2e11fi5e3sked by t he appropriate ol i gonucl eoti deCsasa@nmasiso The
adapt or sequence attached at the 5 end of the nucleic acid can be of any
sequence and any length and is denoted herein as sequence A5 . The

ol i gonucl eoti de sequence attached at the 3' end of the nucleic acid can be
of any se e i : 2N e A3'.

Sui  apl SPL SRS B BRI Rl s BERRB NG B2 PSSBERC Co) ot e
usi ng netybhodizatival ¢xtdnowanddchadoaionpheredie bouridhey citiie nukleic aeidaping being

| i | eoti de . t t f th i idto b
Aol 1§ P N RS i e atrop o reheTE b e SR SREB FuPeb 5 ween s
and 100 snucinget iidlerldtivelyen@!t fred &(tBe grea inSwii€h thbif@al nbeld0 acid tediplatdwdd, 5-15,

10-50, 10-40, 10-30, 10-25, 10-20, 15-30, or 15-25 nucl eoti des ér ot her
ranges wWMHPHIZEdhi APRrgpriaty rounds of cyclesrag Sedetaimtipe hrast @ the paowk glidRce of the

3" end agdpOmaddal, hydrid@&hbntdadlor bte@RA nftyHRS ﬁ:i.gz,ethé FroBRuRberd, R capturing
ol i gonucl eot1 des EX). In sone enbodi nents, the sequence of the 5 end

adapt or d&gctignssi neljetregolution of e dsiaptongBetberls (98- eanere eepeluianic.)-
ol i 90nuc(br§e s BRSn aRArt () reah{l}r &&&ﬁw?erm%sm& Byeid REn ROANRNGG @) ant he 3' end
I tot the 5 en

adaptor A3' is conpl enentar e sequence © adaptor A5'. The
adapt or mrdngtans clheonf debsEgaenceso 8§ (¢heup ndéni3 oA 3a30. B8, 38 epayedds usi ng
teq@niqg&g %@ich are standard or conventional in the art, or may be
purchased ¥¥0m conmercial sources. In some enbodinents, the 5 end of the
nucl ei ¢ aci d Tiypiagiie tte aprpdifiad pddas peteses b bedde2bhéredildvel o gananici ed to carry a

means for attaching the nucleic acid . fragnment coval e a solid

Suppor t SISk Hads Tufpdiacits g R HERER el Py b Rl o

functi orsloogr 4o, 360D, 38000, 00,080RPdEic aqEhssRBAt € group, a carboxylic or
al dehyde noiety, a thiol, or_an am ngo_group. The capturing gligonucleotides
(al so known a<tiew Beflightioneeidridgs applicatomtie Petibe3Ndd0pun it BpatebOlusi ng

t eghni qLe%mf)l_e,a\tariaﬁseorﬂg_aeﬁl@nﬁlca%n GRMVENE a8Rtibddin S Mt NGeNErsadoby, the
i gonucl eotides of the invention will be synthetic

capturing o | ) | / [ )
oIigonudﬁ@oRq eafion &Nfe PAA0A24HY > rad AdrisDvidi 9t ak ndvidsafeptibeaiivent 8alid n the art
or may Q& puEd3sed %Jrgli{%/fgﬂmﬁ?{aﬁb@%ndsﬁéfé&ﬁﬁ of AR BirRELR ik Q%gﬁ%&b‘?d of the

invention, one or two different colony prinmers X, can'Be used to anplify
any nucl@dnes,a8¢wgnthdgamatienal Symposium JiyJhwan ldgntiftcapgomvaigble bi hennteineot i des
are i mmubili SU J " ' ' 3" end renpte from
t he supﬁgprﬁﬁgﬁﬁﬁﬁ%Fﬁ%E@8£%%$%?%E§m§¥P§§ 8%%%%?? gk%éiavailable for chain
extensi on by BaapBhyisen®$R once hybridization with a conpl enentary

ol i gonucl eotide, se ce contajned at the, 3" en f the l,ei.c, aci d
Cerplate nas TkeN T ee: carr boneerarona hete S0 R bl Thia e at es
and col eayh al oRitsinOdnetthge dMulitdrogenaard Gisatkindle mpREWP tengllae py PORI ti ons so
that when they are at hed to‘tge olid suppart an appraqpriate 8 nsity of
at t ached™ |81 %mam}’?éﬁm Ypade Haﬁaﬁa%{wt ﬁf?mrgmi?ca%t I ﬁ@d\; : ?? some
enbodi met s(Jul. he P0Yand DRAsRn & al. aRYT PIYligRIch WO280%61 4t wieTHODhI gher than
the proportion of nucleic acid tenplates. In sonme enbodi nents, the ratio of
cokony ﬁ%NW?@SITIONS FOR DETECTION AND ENUMERATION OF GENETIC

VARIATIONS,” published 2005, Jan. 3, and hereby incorporated by reference for its

description of a bead-based process to generate clonally amplified DNA.

For example, beads coated with capturing oligonucleotides (or colony primers) may
be mixed with nucleotides with complementary adaptor or tag sequences. An aqueous mix
30 containing all the necessary components for PCR plus primer-bound beads and template
DNA may then be stirred together with an oil/detergent mix to create microemulsions. The
aqueous compartments (which may be illustrated as small droplets in an oil layer) will

generally contain an average of <1 template molecule and <1 bead. Different templates

(control and test) may be pictured in one or less droplets to represent two template molecules
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10nucleic acid tenplates is such that when the colony prinmers and nucleic
acid tenplates are imobilized to the solid support a "lawn" of col ony
prinmers iwofRorwmsedsconpri sing a plurality of col ony pri mecs/useéing3d4ecat ed at
an approximately uniformdensity over the whole or a defined area of the
solid support, with individual nucleic acid tenplates being i mobilized at
intervals within the Iawn of colony priners. 15The nucleic acid tenpl ates
may be provided in single stranded form For exanple, before ching the
el o g <GP FbOy ok BT oo Bl e B RTR SRR RAMAC T 18 6
st randedytled 83 insi cogveiabikud HERWI £DNar templatd ankl adami aagdrestoc togethered ai n t he art,
for exanple by heating to roximately 94 C.and qui ckl ooling on ice.
Hovvever,smtg%e%ﬂ%ﬁ%? car8 I’B"é‘ngﬁe&’ﬁag%auntdd’tléP'i“ﬂ?le(?f‘geﬁé‘Ft?ﬁsfrli"WYSo%ﬁbI e stranded
form eigfificMohh one 5 end or both 5 ends 20nodified so as to allow
attachnment to the support. In that case, after conpletion of the attachnent
protess, theBeags ’%"tdreéBﬁM%rl%‘éﬁ“aﬁé‘.a@élﬁﬁﬂh‘taé‘é%i}zer\@éarl?éu?@l‘?(f@\ﬁqth? Aeede art, e.g.
by heat i;ng kioh %brCxarifit AL BIPERHNGN R JoRLRARES, ShiRMISIAVEN partibied | | be
appr eci at e3 that in the case where both strands of the double stranded
nol ecul es!taseepartiskest redysivirerts parieslesdp mame batrrdfedr Suisdihbeads eperhed, the resul t
wll be .h i C I riand, | t d 25and one
| e k S 08tioas N
anplifi élrgfﬁggr%ggsegsth%sz%)gg e(gza(rafféoofr]eengd%lt%segt@%er rlWorijes,é%l n tﬁgncase wher e
bot h st rdimakserofin sonthoaniodingdntsa naledercaiip khedieblawohtellled-poiedldsa (P Wern at t ached,

both strapds are necessari ttached close to each qther. an [

PRl AL e T R A A R B T R

per f or mcaghe angllaBRPlitH bag@tab@ liskeeand Thitisl, nusietgdes agidhad ded Aapieddoubl e
stranded..tenpl ate nugl‘ ei @Ci ds m ghg%ge used for .Flr ovi ding tenpl ate

nucl ei c Bigpaemskosteh &4y - IRSOBFPAEMENY "UeioPYHYIEs Y inedBioHs gener at i on.

The di stiaRE@n BES WREMOD ABestrBflk Wictdlioye®! ony prinmers and the individual
nucl eic acid tenplates (and hence the density, of the colony priners and

nucl ei ¢ aci d QligapieiroEdss cemhe pPkdrie PeAdP dtindyariont BFIMRES TR Ebncentrati on of
cohony [iRABlsy ﬁ\@lﬂo@ﬂg} Glidzeafipfril R1TRLAL @egus%@ﬁ‘)_tco@fﬂg}g' d'ﬂél@ﬂ!chéoﬁ@éi, 0 the

support. In sone enbodi nents, a suitable density colony priners is at

| east | beadsl Asregdigiena non-Hmitingzexemplo, megsicfierhgads ean Yesqyalersly bowed torme,  at

| east 3 i Bom Rt i Bidkich! BASEs PO ; AR $HREL N ) some
enbodi rrgﬁr%lg?wgl Sul't a%ﬁlgﬁgg%aéllé@f/fﬂgw é%n;ﬁ%ﬂ rref(s (?s ‘at ‘%east .’bemen 30 to
60 f nol /Beats ard han wewmshed/thef suspaided o Biod dnd Wag Bufés (BBB)Us eM FritHel.met hod of

the inv i s typical Ly , 00/ 0,00 eng.: bet ween
10- 000 ThemRhERT a0k BaBRiciert g B b feh oS pE i Tt G Gb . 1
102000, Q6&h Imﬂ)erahﬁe,irﬁl(%/pfm&cb of Il.OhﬁiM)ol(g?b@bMideﬂl’hesaaﬂ@;gsm&édtihbm&hesel .
ranges, or ran enconpassi ng these ranges | e .used. ntrolling
t he denévwed?gcgf?‘ida‘ﬁlﬁbgg‘f‘?zEPEF’@”&‘BiachFgn%]dz‘?”gg%gﬁﬁ’t%§f°6’l‘?§/seﬁ?'iaf?gr%§ %n turn
al | ows tshecdrbdhalnkeems T GorallvilRULWA). CA A6H HindieY, Geiteadsamaytthen s dsaeetoof the
support to be controlled. 10This 1s due to the fact that according to the
met hod dforewbly isene PaRUnGplkeonteFdides-aci d col ony can result fromthe

attachnent ofs QRR-IMHGAELEMPR! fhid&TRIIALE foPPON taH RGrEfeedifkPBY pResk mer s of
the invention are present in a suitable |ocation on the solid support. The

dedsi ty thft isnesipebad ddidde fineddUSes S ighianStaleiindiie). Oal0n] Wewart04Pesape
controll B t i at 1 Ny P41l . I'n some
Rt T T LI S IR B R

det ect i egquevet hoads mag consjst bHe7 pMilyes- it Er&s), the meNedtPam. SinyiMeSI 2Zand t he
resol uti,gn gf .t he detectio , capner |, W+ tGs)). One of
skill irormd Gpyereakioeiiang) P?%@%%“ﬁm@deﬁfé (addche g%‘%ﬁﬁ’)@ﬂ%&@éd on

r el evantfopardpiher 35 uM reversd pins@)s b Othitimen (Tag (Buitogdl; @02eAiSid),y of

col oni es provides cal on ngjbers t[bt are sufficientl ar to permt
hyBO 1 di FAUPGATYRGT (BT E0 A 2hGet PR P R Eassdt Fial 36PSbes and
provi de o39bd Lci ent detectabl e col ony counts that allows statistically
significantly ) . i .
As a non-limiting example, water-in-oil microemulsions can be prepared by drop wise
addition of 200 microliters of the aqueous phase to 400 microliters of the oil phase previously

placed in a 2 ml round bottom cryogenic vial (430661; Corning, Corning, N.Y.). The drop
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anal ysis. In sone enbodi nents, a suitable density of col onies conprises up
to 1,000,000 (e.g., up to 800,000, 600,000, 400,000, 200,000, 100, 000)

det ect ablwocola1sy3scount s. Once the col ony pri nmerspamdspuacioad4eo aci d
tenpl ates of the invention have been imobilized on the solid support at
the appropriate density, nucleic acid col onies of the 25invention can then
be generated by carrying out an appropriate nunber of cycl es of

anplificatio on the_.coval ent | at.e i t each
col ony c‘ﬁ%?ciﬂaééoél ‘f‘rﬂ?rﬁr‘p’f"goveépmémln Iée tg? letH'aepygém%%“ﬁ%?{ejlci@ﬁ&ﬁligr c acid
t enpl at ewidngmiapsetic atipbaiibat (6894853531,1@’%@, Pl @‘iﬁe ¢,;MII poiof VavipofielSati on
consi sts of the steps of hy r| di zati on, ion and denattg ti.on . and

S 3 iy 2

t hese s@éagwa? GEneYisr iy adHey A AAReP PR s AT S M ERIT S POHE el
30known foha (R titlelofBOMIREER. Two emulfotsyHRyCr m@i&”&t bifde GRpiMg w8 aibeOn a
conprises subjecting the solid support and attached nucleic acid tenplate
andS col oask pagesat die conteroh dietnaghetisgiiieh i nduce pri mer hybri di zation, for
exanpl e subj egt) ﬁn*;r%n% EQnbid, STFIRTRAL iR Qe amya@ ERb&aliduBfiarintohese
conditions the o onucT eot I dé sequerice %r e 3' end of the nucleic
aci d t emu-ateweli PﬁngamGem zech gontafgng IQQmibrfTQ&é@ l@drapwgi oprynderusyaland in the
presence, 1 I r ofy for
exanpl e égéﬁﬁﬁgﬁgrﬁgﬁﬁ% ﬂ%ﬁ%ﬁﬁ%%g%§Eﬁ8yie g?%%gﬁégaggbg%%ggﬁﬁlﬂ)aC|d

pol ymer ageles 6f)94°é3<ﬁ>rrp5 eqcoradsDWX QopéndeondsDRX @ dirpeecsds. dr, similaver se
transcri ptas cuI .e., an RNA dependent DNA pol ynerase), or an RNA
poﬂ9neraggoc fﬁ@y pIy 50f nucl eosi de triphosphate nol ecul es or any

ot her nugy@@ﬂ&ﬂ@uprecursors for exanple nodified nucl eoside triphosphate

nol ecul es, the col on r r Wil | ext en addition o

nucl eot i des cdﬁﬁF%W@%Pgr Buﬁﬂéoﬁ%ﬁﬁnggmﬁﬁg'8¥Bdgﬁﬁﬁ9§@dﬁ§ﬁ*@dmr
Exanpl esengﬁlearthth%bpn@&r&hcmm@mas 855 soMd anbdaaﬁed@@ tﬂé&ﬁ@emﬂn\tdﬂﬁorpl’ esent
i nvention are ol yner ase (KlenOM/fra ment , rase

heat - staﬁﬂ@ﬂﬂﬂﬁm6@WVWéﬁa§B§P$@ﬂrdﬁ¥5XV%RFé??”é?m¥ﬁ@ﬁﬂﬁ§$%ﬁr m%%%%%rra (such

as .Jaq, MENT, ity hyl;lrfdlrze%eﬁ%lciﬁ%fcﬁ%‘é‘si}r sﬁ-1§ t¥WRIhti 9 SuliBelatid @Atk cal 1y
&rfled derivatives (Tal Gold, VENTexo, Pfu eﬁﬁ) A conbi nati on of RNA

pol yner aetaimink & st suslde Mmqpmce@ agariioaltessedse Tymiendlyt de gebes dee t he

ampl i T Gatdon, o aed scf altich %ti[h?ﬂﬁyer of BGoIMCloRiafmifCd drd2Ph i ase used

for colony priner ex on 1's stable under PCR reaction conditions, i.e.,

repeatedmaymhesm@ﬁnheaMmmgwam@cadmhkngnHaﬁdhnmnEEQwawh@naxm@%@Sﬂ@ﬁaturat|on

tenperature sed, U a rOXI I t he DNA

pol yner agé greacé nucleic acbi?él'& aop ff used gahg%erzg%ugelc F&d %&gﬁle?%ggﬁ mg%@’fy t he

nugbeosi rdeletdactlfmmrl‘mtcentmir%w’eﬁﬁenusmd:ladf scidleguyrce o R polteotthalef.

tri phosphate P dTTP CIP,. dGIP,  or onucl eosi de

tri phosph&@ yfg?p@ ?ﬁg&%ﬁﬁt fefpse &a“86$ﬁﬂkrﬁé“ﬁuiﬁgﬁ i de

20t ri phagphabr si ?rb@%hﬂﬁﬁatﬁﬁé/n@%eﬁ@i&ﬂkﬁhés}é refereROOn Rt dicad deyu@ce ki Ng.

After the hybridi zation and extension steps, g subj ctr t he support and

at t achedoRiiR tBFreotcan A determipsdap Rratlslofn S Gogieenf 5 A28 'nucl ei ¢

aci ds wigl tﬁﬁc@a@%ds éah%etrbtersrﬁm&ﬁsmnwaﬁngmratﬂralnumammcalcz)adre@ucl eic acid
tenpl ate and the second being a nucleic acid conplenmentary thereto,

ex2Bndi mynfainimg batargs npdecp upicee tp thopesaRd P iee pEhKColpREcMHE B or i gi nal

|nnpblIHﬁggﬁgg%k%h&e@%tgs&ﬁgmgate and the i mmobilized extended col ony
prime

Alternatively or additionally, colonies containing amplified nucleic acids can be
harvested and analyzed with array-based hybridization. Suitable arrays may contain probes
that are specific to the target nucleic acids or portions thereof and/or probes that are specific

30 to a reference nucleic acids or portions thereof.
Probe design
Suitable probes are specific to the nucleic acids of interest (e.g., target or reference

chromosomes or genes). The term “specific” when used in connection with a hybridization
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fornmed are then able to initiate further rounds of anplification on

subj ecting the support to further cycles of hybridization, extension and
denat ur atworzo11836387f urt her rounds of anplification w || Pcedaiska11ioso480 nucl ei ¢
acid colony conmprising nultiple imobilized copies of the tenplate nucleic
acid and its conplenentary sequence. 30The initial immbilization of the
tenpl ate nucleic acid neans that the tenplate nucleic acid can only

hybri di W L tal |length
of the t gﬁffghg%nu efg%agﬁﬂﬁm#ﬁgghggﬁ% %%ﬁgg &ﬁggﬁh%%&ﬁhﬂripktggld col ony
fornedln%wnynted to arelatively local area to the area in whi ch the
initial tenp ucle| cid was nore copi es of
t he tenplatekﬁ%?% ﬁﬂ?cgﬁégﬁpgm8%ﬁﬁﬁ%%%ﬁ&HQﬁ§h§Spﬁgg%dg%m (gglfg% by carrying
out fur thagaret QuMiEkSHadik oBAMIIdotitie 8dgh@des dss@tiated \uitHi flherchrroﬁmmiﬁescafr génebpof di zat i on,
extensi gn and _denat urati on, %hen t he boundar E %Fld col ony
bei‘hg gdieiest dde FAUFnBROLPFeis Bhrﬁ@oweéﬁﬂ%ed‘e k}‘?é’ ta"ﬁ WH\J%)FF #$#€ boundary

of the GRILRGHMBEABEMBSL 8id h likd. Muti@Ble bR LEs fyBically MELYa leAGBIhaals@@et 0 t he
area in which the initial nuclelc acid tenpl ate was, 5i nmobi | | zed.

Appr opr |€a@léhrt@ b)‘h}‘éﬂl@fsp@yﬁqa@% Wit e SLERGHS Y ERas S BnsAe thedyerikieation of t he
starti ng, rq he gﬁ Qiltemaﬂélgjﬁb&]fu% § Qlt [&dﬁr&gesqgﬁtﬁﬁtab&ﬁ 10B8hhedsot(des @.¢., fobe probe

nunbers etection sig 3 an the resol ution of the detection methods
(e.g., GArTEYF-50, 1l 66 Lﬁii(bdoéﬁclwo 16378, BF-6GRP10, 1 4@ He-38r 15-2nR0r8adfl-| y

N e e s R L T L S

10ar e ussthods and softhyapd milityc inttheearawegal be fuseitto pies)giusnecqﬁp pwibdes a

pre-determn | evel ic e uiva% nce SONE e

o 11 catt of A mpedl (0 G gone ¢ b e S0R s SHe B S8 G 30, 000,
20, 000, UdisTHAEb gRNARAIch calbd Medienge. Various nodifications of bridge
anpllflcatlon are possible and kno vari ous

.15
bri dge AMBYMFYVAEH 8N RBEQ¥ERr/ Qe dse)y &oé'am}s éch§“ é%é‘i?f-‘i(a P’?raif‘ls 400,

U & Pubhigal br%@m&lﬁq ARBOAPAZL9 ThisTNd a Bbmpreknse défabak of seﬁﬁén@@ eigged
Amplification: A Solid Phase PCR Systemfor the Anplification and Detection

of Al elsites (BITP9ekeryrddEom _ﬁT Sibatpdanaph pyd dFTEIPeringaie IISS pisa8Tos it oY
Synposi Yy ﬁpn ?Hfgt’m}‘alt i Bichfab G& IR0 p&RIn! ALE aQ@séqh%cbzﬂtfﬁﬁq'ﬂ@rtly %hmtehe Pronega

websi t e, I ch are hereby |ncorporated by reference.” 20Bead Enul si on
PCR sequEness $prothePORnemehrbmoseses carcbegfenst tat appEapsiRtcl ooy ingj thhsegrchnal | y
anplifie BN@F eorhrmRbicon grnerated from
S|ngle g? cu gkfgf (E@%Qﬂggggﬁg 5%%5%8?§%é%§$;‘banCR ar%&ﬁescribed in
Exessnamm&wsahmbﬁﬁmaheNakhtnWmawn Sci. USA. 100, 8817 (Jul. 22, 2003)) and

Dressman et PCT publ i cat.i.on .\WW200 N OSI TI ONS
POR. DETECT! O R ETERBRERATERE S CEREA ) 2\‘%’%‘1“‘%%5%“ PRt E%“ 5, Jan.

3, and heoslg424100 Habi,Highe 0y al. qa‘uengmmlfm 20055eﬁi&&dl“Nph4nmasmef a bead- based
process to generate clonally xanpl e, beads coat ed

with capeFimPIdFrigsATie Y 38‘2& B‘Fort?Bﬁaga@yﬁ?feWB?e ok ‘Wﬁ(}“rﬁté’ m xed with

nucl eoti des wdys EAMENAIFRIBE XY@l BRERENOST chAGh SE-EBNCthat Wete FALGQAUS M X
30containing all the necessary conponents for PCR pl.us primer-hound beads

anas t enplusfied. prehemefiedn EAr Bempts hyarp sHgee H@wart’]ﬁ”d‘i‘foé‘iagm‘@f BH%®ent nix to
create mj 69 eé‘nh@@r?donlé]@as@s%%%ﬂ&@ gﬁpe{m%akme?p fopRbeRizABY frlBndnkd dagt r at ed

as smal | pI Inan ol l layer) w generall contain an average of <1
t enpl at ebemllaéftdﬂselgaswd e«clubmdwrormtﬁgr@p@ntp prwlm@l@g [rceneresibodingntsest ) may

or one s B fids bih R0 B8 BB Bl FROAREALA WPRLRIR] 2L T0 Ou €2

whose séhuences one eot | & 'm cr oemil si ons are
t enper ataurfmaoymloe@sase |Theeart¢fﬁ):rnalehrtonm>s<ahesRBRC) kcéin e DN teatrpdtet, endand a bead
are pre together in a single aqueous conpartnment, the bead bound
oI?%onu ? i des act as prinmers for anplification.

In some embodiments, probes are designed based on a single locus. In some

embodiments, probes are designed based on multiple genes or loci on a same chromosome.
Although a single probe can be used in the present invention, in many embodiments,

multiplexed probes are designed. Multiplexed probes provide robust signals and more
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5Beads made of various materials and in various size can be used for the
present invention. For exanple, suitable beads can be magnetic beads,

pl astic bwadsigedsd particles, cellulose particles, polpsTyusena/opasticles,
to name but a few. Suitable beads can be mcroparticles in the size range
of a few, e.g. 1-2, to several hundred, e.g. 200-1000 in dianeter. In sone
enbodi nents, comercially avail able controll ed-pore glass (CPG or

10pol yst re or ar e _enp |0 as.solid phase p the
Fvent; dterag dEieRRBs e B R e S B R 3 PRA Pl B e
initial dmahe;es bakes oatieatb edthe@udeicApids blidteRisD@ys ttans of Fdeter),@id y, Calif).

angst 1 orAREP GIPH ByBHe A4 PYOHLATEUN BEE ANoBE EBOBTd U DR i ng

various [HBfiéiasts einBodd‘ﬁ@nt@rrﬁulhﬁié@éﬁﬁ@de@&é’ntmtﬂl@dﬁ)ofpﬁfbeb(el glge-mnpbj fé-cat i on
can be used to coup gﬁ onucl eotides to bheads. As additional

nons| i mft‘?(}@gl%*&%llé’ -50 E0-He% d8-50a0h58)- ébm%ﬁf‘q’%ﬂ"ﬁﬁ%ﬁ“uﬂt@lexed

strept avﬂrgﬁe@ CS@HHB%M@' 1|Oﬁ ﬁ)()aB(bOabb@ 506 qu@ﬁ‘@(i)O Eﬂ)@@@%besl g sok50. 01; Lake
Success, are can be washed then suspended in Bind and Wash

Buf f er (eB\bB)i n(eatsmmens:mh@rs of grobesave BEHACT the GragnaGisic ptidsandyhe BEsIsescan t hen
be |ncuba r a olelyy] re.d esence of
10 mM ol'i %%%uc €0 tn% "QF Cehgleegtosl ‘?‘g%%ﬁtc 'eot |S(fggpoﬁ)%§£r? uger? %Q?a ftl ed with a
dual bi Otulcmogatmspmhﬂleirdffereﬁéermnbhmctdls the biotin groups separ at ed by a

si x-carbon i |.DT l.e, l.owa S may
théf be mashe)gOH{ %’hbc?rtéﬁ(@;ﬁfi é’r%@evaﬂ'%s %f’ﬁec?t E)’fe’lné%lﬁtﬁeéls'eo é]t $8TOPAS gee

non- | i mtdep@ge¥abPddde ilVAT00eWHYsS bk Ss hiok traaﬁma,mrmmmsamagém n an oil
phase 25that is conposed of 4.5% Span 80 (S6760; Sigma, St. Louis, M.),
0. 40% TWRIEROBES( Si gna; S-8074), and 0.05% Triton X-100 (Sigma; T-9284) in
m neral pihctd Ble@nBiies* 3516) The aqueous phase may consist of 67 mMIris-HC
(pH 8.8), 16.6 MV NH4ASO4, mer capt.oet hanol , 1 mMVIATP,
| mMICTP, | dvGfpwide Yﬁmmqfde@cte ea&ﬂnf%qam?aseﬂrm Hhepractise of\he gePEe pri mer,
45 15'”' t sin%nﬁgﬁ nS{maEQQIe{elthME taéé?lgsqﬂelué@ %@ﬁar@&ﬁ)hm@@‘t’@rvhr@&fs |RaRMNt s of

tenpl ate i gonucl eot i de-coupl ed beads in a total vol ume of
300 radlomﬁ @tlcﬁ@nﬂmrmcpﬁtﬂgesexmIteim%aqnépgqnﬁ»(aiqh afri ferr @@millesi ons can be
prepared i f r s phase to
400 m cr OFXIP g‘&’%&g)}fw’ %ﬁoeﬁ%?ldgdxgag% ?)rfdce}g? g’ﬁ% l:%llu\tnace agteﬂt‘é‘ S%gw%?gund bottom
cryogeniresolahle i(latgﬂﬁcﬁﬂluor@@cm|sng;co®chtwwgmo¢ﬂys\fal> (i. eTh]eardmo[ﬁOw se addition is

perforned ove t he ture i i I 400 RPM
bt s T batiRles koSl Gips- BRLMG MR h A sR 00 Wk
nodel S6hrdfegnetc mettionst atzymes; tcerontrhe;caai@ilst(slmh asf fot mmtwémscolﬂhaisb t he
mxturec to be stirred for a tota

il 51 orie g e ka0t BTy hBs e He s Bl s SRRy ar ¢ e
cent er ofutibdiBesmONRLbKleStirrer. As a non-limting exanple, for PCR
cycling, the enul sions_can be aI| quotted into, pl ate

9., 9
(e.g., each CBARS HIRRGIMETS. he, efﬁ@Qb’@al?P‘ﬁe‘sc’%i?tm e%g%fa"ﬁ%‘fd’é}m%@@aldms
condi t QBeeh aE@Irrep%fmm @/hlcﬁ Ia?e t?ﬁ&l@r&wﬁ%&kd (H?ﬁéct r@§d1fe@dl§')QM\’étherglﬂoi@tlésor 2

m nutes; 40 cycles of 15 "seconds, for 30 seconds, 70 C for 30
se@bnds. (@, ,ﬂusliemeh‘armlmfpb Wb@eﬁeteﬁwe %mﬁﬁd‘é@? Hybri di zati on Various nethods

can be used tQ, ANAL Y2 ibiPsoMRloh iinfin UGBS oRGhESact bR S GE RN/ o

Fluorescent dyes

In certain embodiments, a detectable moiety is a fluorescent dye. Numerous known
fluorescent dyes of a wide variety of chemical structures and physical characteristics are
30 suitable for use in the practice of the present invention. A fluorescent detectable moiety can
be stimulated by a laser with the emitted light captured by a detector. The detector can be a
charge-coupled device (CCD) or a confocal microscope, which records its intensity.
Suitable fluorescent dyes include, but are not limited to, fluorescein and fluorescein

dyes (e.g., fluorescein isothiocyanine or FITC, naphthofluorescein, 4°,5°-dichloro-2’,7’-
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enunerate target nucleic acid nolecules. In sone enbodi nents, the present
invention utilizes hybridization-based approach. For exanple, probes

speci fi c wo 20argeis7nucl ei ¢ aci ds 15can be used to hybri e#CTa&SpLaI089460 aci d
colonies, in situ, to identify nucleic acid col onies containing a target
nucl eic acid sequence, or a portion thereof. Typically, the probes are

| abel ed with detectable signals such that the nunber of colonies containing

a targety &ﬁ!»? fﬁm%% %.%%% or&ke iRoPPAM, tc'aﬁfo hireaReReyHeker m ned. In
es ecCl n f

sone enb : o a r nce ei ¢ acl ds can be used
to hybr |sq|rzleiyau©kmo¢dm; ]dlycmrﬁhnmEIytthlSJ ctow,n, xthodamiemiydsye 20nucl eic acid

col oni es cont aj ni referen | ei i |on

t her eof .Ca_évi‘)}(tgté‘f'?{}%l h@gﬁlﬂ'gboémggi ‘f%r%ox?'gl ? rrelmr esecraenoc nu(ﬂ%% c acid are

| abel ed (wiot), nbsahinsaiddymdletaee}toabdnmemﬂaJdSmmumeetnhaiodzmme Radber of col oni es
a reference nucleic acid sequ§nce or FOI’tI or& t her eof can be determ ned

i n par alttEmethyirhedaming AR fisnt LCUmaHB aP% AMayie Sl s MSORKRU A et nucl ei ¢

aci ds cafi1Aad b aRia thydYoxs SR inNEnih BRethi kSImANRRIC A, efcheokpboni es
25cont ai ning the target nucleic acid sequences to the second nunber of the

col oni esCieenPussE-ag Oregen CageariSicarcaere Cesce SabiUeeddifsscdld ete.), Texas
Al ter natg ety 0k .44d 'SPE@F'IQUM/REQW' APEETREMIGREENT, QARInk iy &de. QU@ZIYG' C acids

can be harVvested and anal yzed array- based hybridization. Suitable
arrays riy, Corit4i QY SrioBeSY Hat’, @rbﬁdﬁé@‘}ﬂb}oﬂ%‘“ﬁh@ (e-&r GEEXAUELEPR™Mci ds or

por ion h o] t 1 SPe ™M e nucleic
acit s orS”B E@ﬁ%ﬁsﬁtqﬂéereogg ’g gwﬂe &5 55 ALE ul ta@?e %ﬁ%&g%e specific
tot h)e miaER ™ m&, ASEHA FIf@REEF94( AL@X,A FlaWQRT 633, AeEX"eFIcEOBRY 66fbsones or
genes fi ysed in ' 4 di zation

pr obe réﬁdg]%é‘&?& }%R'c?‘éh ett%étB\eggEYbl Fger ?Eﬁﬁgf( d]gr}afstﬁgrg}gent

condi ti QI‘(SDDIXTTMSIQI’IR'[EODIHL? M TI%QJ(MDIISPYTM 530/550,B(HHE§T'T' 658/S¢IEBODIEYUhr onosone
or genes_(including specjfic, disease oy e basi s of
nucl eot |5c§é/5§@ncﬁfé]ﬁ a?gé) g7-at &P f’lﬁgi/ﬁéﬂ%@h&sgﬁg@g& %é)gﬂgglp%f 5i nt er est .
Thes sequppees, &), mﬁy‘ésf(ég RIS 7OS, 1RD WONAs), canthleikebraimad from

dat abases such as GenBan EMBL and the |ike. Suitable Frobes typically are

of a | errgemplenatsuitable Breyescemstyghanddneilasisiferi couplgigdlioraseent 1XEs i@ 91HT t s t ar get
but not c%&nlcaf&%n@sssuwag SRR aﬁch?eal pBYEY i ZBALLMDINFPRESdbbok ¥ t er nat e

enbodi nents, suitable probes con n about 10-70 nucl eotides (e.g., 10- 60,
10- 50, TOuctescediPraBs aam@sarcuangcts’ismm Mglegiar Prahesdne. 1Bugene, OFs- 30,

15- 25, ZP%ergbi 90 e&%?gfﬂgog §81t lﬁ)gl”#' aoe 1r§:@u %h%élhl%gar t1 coefﬁ%?s Wi thin
v ioe’

t hese ranges ari ous S an software a able in the art
canobe Usgdﬂmcmesdmgnarmpemefd an@m@bs&blhty In som?hwnbadlmeetsri@lveémghan 1, 000

\(;mh: gED(S:O 050@}‘%%5??3@ %t}sorot:gorpan rrlilsssloeﬁ[ v%la\!e eng mattne v&%le’% |5| HQLV?E%OWEb site,

htt p: / / vap.78€ Bin) ratier thah irgie iu Rl fodz Fange bthe egicPaib£imj Istver tamddFooumyd Wi t h t he
search phrase A detectable moiety may include more than one chemical entity such as in fluorescent
resonance energy transfer (FRET). Resonance transfer results an overall enhancement of the
25 emission intensity. For instance, see Ju et. al. (1995) Proc. Nat’| Acad. Sci. (USA ) 92: 4347,
the entire contents of which are herein incorporated by reference. To achieve resonance
energy transfer, the first fluorescent molecule (the “donor” fluor) absorbs light and transfers it
through the resonance of excited electrons to the second fluorescent molecule (the “acceptor”
fluor). In one approach, both the donor and acceptor dyes can be linked together and attached
30 to the oligo primer. Methods to link donor and acceptor dyes to a nucleic acid have been
described previously, for example, in U.S. Pat. No. 5,945,526 to Lee et al., the entire contents
of which are herein incorporated by reference. Donor/acceptor pairs of dyes that can be used

include, for example, fluorescein/tetramethylrohdamine, IAEDANS/fluorescein,

EDANS/DABCYL, fluorescein/fluorescein, BODIPY FL/BODIPY FL, and Fluorescein/
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15" human[ or gani sm{ AND 21[chr]." Uni STS is a conprehensi ve database of
sequence tagged sites (STSs) derived from STS-based maps and ot her

experi merwe®.2087i8638ar e associ ated wi th additi onal i nfornRCirars26uobo4as
genom c position, genes, and sequences. Simlarly, priner sequences for

ot her human chronpbsones can be found by appropriately nodifying the search
query. These chronosone specific prinmers can be used to desi gn chronbsone

speci fi r.obe suit n nosone

peci 1 Qe e eb o Qo abde PR g brale bl e il S O

2005016431413:1et@a11y|&1hl§ldabﬁl futhetaned, fim Moleulihi Rrbied Idcul(EugEBe ROOK, Sugablet | ed

"Non-invasi ve de%ectlo of fetal %enetl traits Carr?{d%ﬁcor orated by
d

r ef er end@ngrlyoraphenss inelide 6-cpbg R opes ey ﬂdbéetr(?&}?lf’ve FYsgient s of

chr onos QT PNACKIBAL7 WRAES 11508811616 -2RBiKyFThibregteinawdC pbmd thé lied. For exanpl e,
human genonme can be broken into fragments using sequence-specific

endonucl ease&ngymeshort gun approach and appropriate size of fragments can

be isol ated ysiHQiSidLuafXGlUsiMe N ABRKOILARNY O ERERPIRY & sRitaes. | n sone
embodi ments, probes can be derived fromBACs, clonal popul ations of

bact er i antswas imidet it nareaaosilmgt@tomhmer ysed &l ancﬂrhlaﬁo%n@rswhmemqaé% al
oS GRSl G a8 AMine S AGHE e 0P ABR Blual BeigOTe

enbodi es’are élgne oh a single locus. In sone
enbodln&mkﬁmmpMbe&&dF@udﬁﬂhgnBdmhagbdﬁonxﬁﬂkiﬁplén93h®§rwn4ﬁOCI on a sane
chronmosone. Al f hou a.sin robe can, be use i nvention,

i n1fany aWBF ébe?ﬁﬁ?% %glr%Pg%%§h§?%C%é§PmHgﬁ %Nﬁfgﬁsﬁéxed pr obes
prOVIdeéﬂﬂﬁuﬁkhﬁkgﬁﬁhﬁﬂﬁ&d nore accurate detection of the nuclelc aci ds of
interest. Ap roprlate | evel of nmultiplicity can be determ ned based on the
size of the L Sof interest (e.g., target or reference), the

amount of st @ td-ath MHRInhaaksS a adtectiEmdrRS & abzicﬁodcﬁveellsot@ée datemrqbé @ counts
for statistic analysis. In al ternate embodi ments mul tip ed probes

cont ai n molaqyleonay by ispiaricqlly-lgbeledi@e.1 mapeitain goe @sn%etomiéhaiﬁ%d’eefio 500,

104250, é'pgac%g@)?( al:l-gt'oﬁl%amngl%ﬁ%)omné MaSUTen RIRREH B HFont hithddi8NRInAE Obes
contaln about 00, 400, 500, 1,000, 5,000, 10,000 ﬁrobes

sonme entvodiaenther gty ﬁl@n@m@tﬁﬁ)%rﬂbﬂfé’éopam@yméﬂao%# totth%mf’kﬁ‘éj%t fitrcl ei ¢
aci ds aqg? {l%g 2 aﬁ%?es%?ﬁ&%g%qgt%hr? R@‘ﬁl'cgrPora d imf lé%[ﬁé?ﬁil'cfr@@ts%n FQSI dtf er ent

nunber s are us or t nucl eic acids and the reference
nucl ei c hadnogsn cdOb dlnesna:ahoslpbomasggwedlgalégml yitrivint, eohagtivou sndde.ect abl e

nnletles as qu ore | Vgl i;qus such as
ni ck tré h]i'eélhum l? I%tljsérlmng t?g%e rfd @{%Bﬁm e%{a Felégﬁ%{?tl es Any
of 2@ wi d@FVﬂ]‘H 85y, 6aCu,dTCacs 7all eoxa,g@nﬂs b]aﬂh Heslussd, 12@1 tiIR&l, ﬂ)BiﬂctaﬁB@ of the

P:ﬁf?gé %2§Qv %ngzﬁiggﬁgp&qAQ%%§§tap%ﬁl?gents i ncl ude, but are not
In some embodiments, signal amplification is achieved using labeled dendrimers as
the detectable moiety (see, e.g., Physiol. Genomics 3:93-99, 2000), the entire contents of
which are herein incorporated by reference in their entirety. Fluorescently labeled
25 dendrimers are available from Genisphere (Montvale, N.J.). These may be chemically
" conjugated to the oligonucleotide primers by methods known in the art.
In situ hybridization
As used herein, the term “hybridized in sifu” or “in situ hybridization” refers to a
method in which probes hybridize to amplified nucleic acids of interest (e.g., target or
30 reference nucleic acids) in the place where the amplified nucleic acid products are formed.
For example, if bridge PCR is used to amplify nucleic acids, in situ hybridization refers to a
method in which the probes specific to target nucleic acids and/or reference nucleic acids are
hybridized to the PCR amplified nucleic acid colonies in the place where the colonies were

(are) formed.
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radi onucl eoti des; fluorescent dyes; chem | um nescent agents (such as, for
exanpl e, acridinumesters, stabilized di oxetanes, and the |ike);

bi ol um newoent/agsMNt s; spectrally resol vabl e i norgani ¢ PCIArSesia®sL460

sem conductors nanocrystals (i.e., quantumdots); mcroparticles; netal
nanoparticles (e.g., gold, silver, copper, platinum etc.); nanoclusters;
20par amagneti c netal ions; enzynes colorimetric |abels (such as, for
exanpl e, dye col | gj ke).; bi.ot| di hapt ens;
and prot ei nsslpg?m%rp% daxgﬁrg? élée’ %chélc ar%ﬁc&lz n(l)eﬁg ord1 oqae vt og%g'ﬂ b p

i es are avail abl e.
I n sone gohed BERSIdidatién ﬁeieaﬁnaadbh@elrmSe&typrapard:mhnmlveBtmttnemtrrceamfbe bound

to avidins (such a rept a in h are typi cal ated (directly
or i ndi rdgee! 9‘}‘eﬁ9t§?tﬁbr‘°rﬁﬁ%’{ﬁ%ga%‘( %Clétem qtﬁdg%%mtx%q?‘é‘{?sg%’mfeﬁ‘gt are
det ect abjhg e BRh¥ATornBeTIOVCAR 2d8sw fhekame By heR-dehdthrkiisigofexanpl es of

ot her detectable noieties. Fluorescent dyes In certain enbodi nents,

a détecﬂ&wp@Sﬁ@%@ﬂ%»ﬁ%"ﬁh?Pﬂ@ﬂ@%d@ﬁ?mﬁvéyﬂNUW#W&ﬁ§”RﬁSNﬁmF¢ﬂﬁ?éscent dyes
of a w dr%fm ?dneetnﬁorglfc eg&esgwﬁé fo?'éHH\?&l%tf%%d&ﬂ@rrHBYa%e%@éncehﬁ%é‘%rﬁﬁdt@t' cs are

30 suitab or use int ractice of the present invention. A fluorescent
det ect abhuslempdcéd. yFoa: amnhpée ghq qmbratc@asebyambel spe@fic (O either A ecagnaetcedtaineght

capt ur ed, by, fa QﬁSP £6h&les [ﬁ* &b eghardlg@nm%e@olgmg g@hga%aoéoqﬁatq%w ige (CCD)
or a confoca sco e, |ch records 1ts intensit Itabl e
fl uores csmhdadﬁ@éAmurdéwbbe arelsepargedamiche Edlonitsede ashed tqmmescc@ﬂ noand

flugrescein uor e i n.isothi i,ne
Hﬁt hof%%?bgﬁzfgﬁt%andgthu% eagp%ﬁ%%ﬁg§§n§95tran8%cf/ﬁ@ 18>t<}§ff lljoélFeéscel n,
6 car boxyf | ugsfes @aiprafitn &AM ccﬂ@rﬁes)for Ieyavi ld ey @ b hmoprm&rmﬁb@mrd‘eﬂdedsﬁoyr yl dyes,

oxonol dyes, phycoerythrln t hr osi osin, rh e

Onr boxyt BF FHRBETYIST Gt o pete RN S BT OB B et o specifle

car boxy- t%rg%mq\%ﬁb&e Sﬁ@@@ndltioh§§1§ @@etérhﬁl%@rﬂy%q;eﬁon kInetEImitRearbsing hodani ne
Green, rhodam ne Red t et r amet hyl r hodam ne g@ etc.), counmarin and

counar i nkngy@gnqtodg and wﬁt q‘?@ﬁ%‘ﬁhﬁ%?’iaﬁ‘m‘ﬂ‘ihéﬁ%w%oﬁ SERPSr i n,

hyq'éoxyc oumar, @@m@%m&ﬁé’ InG O TRLR cz(rt%é?@‘forrﬁéocus)n X880 roﬁ@ﬁ RheDy €S
(e.g., Oregon G een 8, O'egon Geen 50 Oregon een 514 etc.), Texas
Red TexagieRat- Xor @@E@@wbmﬁrﬁc gﬁ@@m@mrmemﬁﬁqre@y an¢lpis aigeean(ts. g

Cra O e Sy ik S TR 0

ALEXA FLAIDEREM roG8ls. AbFxampleUORTM sb&Afic fak Bd¢AreElUORITH 1688 dized #MAeRLIIORTM 660,

ALEXA FL M 680, etc. BODI PYTM PYTM R6G,
BODI PYTM'™ %&Vﬁ%ﬂ%‘ﬁ?“g} L é@f%@ﬁgﬂﬁﬁ@%g@mgc%m PYTM
5646570, hyBEiﬂllea(a'M c&?eﬁieBBQhesBQBbMMéS&ﬂnéMIas nBORLRYT M 636511660, BODI PYTM
15650/ 665, etc , .| RD 80 tcC,. nd the
ke, For moldbbkamPeo it S bkt @ s fepto YR R e o

coupl i n%sﬂdgta%ﬁ-menkludy@%ntappr@ eé dabeich aadice Nhisérhesmbateheas dpeaioai ns and
pepti des, see, for exanp "The Handbook .of Fl uorescent, Probes and

Resear chyseadactuorescent FPbEH is a %Fgéc‘iﬁ’rl%}?d PPoesdS CO) sameragyipjehhean ROnaEYy or abl e
propertigs.ofpled ld4oh @mﬂg deabe! NG APRN SiclAGI M eI b S HTBIAB PR Pt i ON
coefficient, 20hig | dorescence quantum yield, and photostability. In sone
en?5di rrermssbleIt@bélltﬂtmgomlnmp@lmmaég celphichint paghsbripr cxampad &P syNsn

wavel engéalﬂ%e Iupedt\u?n an?c'n?sl (?;h(vl/lthea 10 K& %bjl&gvéiqq sgégerrﬂ%du'hgﬁtper than in
the ul traviolet run1 e.,

det ect abdo@mmnoetrya smafyca afdletycben rlrmrre etnkialnnmﬁeandh@mezrmd ag e yme ul@h;oms in
fluorescent res ce e Lr FRET Resapance nsfer results an
overal | %ﬂﬁg éﬁ%ﬁ@“%?‘ﬂﬁk%§§8&3@§%§%0& ‘%hS|?uw”/%P1$%%%gﬁ85ogsee Ju et.

al . (1995)boimaxnts, Batvedn HGED.anSS00,0¢0EBAoiesA2e ob@&ﬂ?d in parallel. In some

30 embodiments, between 10,000 and 200,000 colonies are observed in parallel. Or, ranges

A

within these ranges may be used. Moreover, it is anticipated that this number will increase

with improved optics and larger chips.
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the entire contents of which are herein incorporated by reference. To
achi eve resonance energy transfer, the first fluorescent nol ecule (the
"donor" fwoan)/ahsser bs |ight and transfers it through tReTASs@nAsE0 of
excited electrons to the second fl uorescent nolecule (the "acceptor”
fluor). In one approach, both the donor and acceptor dyes can be |inked
together and attached 30to the oligo primer. Methods to Iink donor and
accept or dye nucl hav en desc I

exanple, in %J g% Y of ﬁ?“@b’?ggﬁgéo %%mg¥gﬁ$988?%£§ ?M%éxgg%tents of
whi ch arseadﬂﬁxrgahmsulrﬂaewopareamd cbymreef Edir@:lﬁﬁ:rﬁple ROOD cAaee ept or uspdioskof dyes
that can_be used incl ude, exa uor escei n/ tetramet hyl r ohdam ne,

fl
| AEDANS/PRqtH 6t it face OEDQ(R%W BExRY qur A6FUUST n/ £ 1 uor escei n, BODI PY
FL/ BODI PY FL An@RheF 5éWe§§WIH%detmoaeﬂd—f)r¥WMﬂt\aﬁ?xﬂéﬂﬂ@ﬁe@&ﬁn@eW 7 dye.
See, e.g., US Pat. No. 5,945,526 to Lee et al.. Many of these dyes al so
are5conﬁ@ﬁ@ﬁé@%@mavﬁﬂpéﬁméOF*6ﬂuqﬁ%?%ﬁé@omF%@H?%EV@EGPaFO¢?%%B@ I nc.
( Eugene, £ heL gsqi ncl ude 6-car boxyf | uorescein
Ay a2
2" chl or 0- 7' Iiphemydmbpdimaiisc Hlberdensilsar BERYS bsad fasialemelequy | and the | ke.
5Enzynes ert.ai Zyne.
Exanples 64HC§KT %Fﬁu ﬂﬁ%%%g&?%%ﬁﬁ %9%% IgﬁﬁﬁngMf&%$%e gdrhlﬁé}those used in
an EL| SAmptified pudieie séd exdorsés Wigr apprahais e, prddms alngamacmbedidasts, fidvaci f er ase,

| kal i hosph h | b
geﬂg_ ::)l_’]gp/{%) OS?&% eusac# ageéect F?ﬁ@g@é%g S dgggeggmggethggéa%% )})%H&grp &aq%%e

10conj ugmued td §cehcBitagionlbe—UE- N ’ads pek e irgrion P BisdiClas mﬁlamcqas u m de a
dllsocyanat

| ut ar al dehyde th dloactlv sot
In cert &!f! é#ﬁ@&%ﬁ@ﬁ??gwé H§t§@ﬁ§ﬁ %&ﬂ% gﬂﬁ@FEZ?Hﬁrgggt @ﬁpg%F pe. For
exanpl e, 3® BBLGGUECFIFRN irPBakesS M. ppl mllwruh@laﬁh@dbe(get & for BAYdagDMoaiolbrone or
nore atons that have been 15re | aced ﬁﬁa at gm havi ng an atﬁnlc nmass or

mass nurfbelysigpsingereaigort ﬁ%?ﬁﬂqﬁ@“&@ldﬂieés é%sﬂagul%iﬁé@etmﬁ%@re e fl4PesFettound i n
nat yr e) ks ah sbﬁ@t&rﬁf?@dlﬂa}’ts be sﬁécttrﬁpcré‘églxxoﬂltlbh% rARliRA WS the MGEl-Hehdmi ti Ng

exanpl es of I sotopes that can be incorporated into nolecul es include

i sot opepopilatiydasged] separptsdnln somgepiepscansingdppesfeaned Witb fp&Scany@ll | i um
yttrlun1 t Y rhenium thallium bisnuth, astatine,
samari um AGRBY, 1 ““{eg% (HWB‘%%“Q‘%%C 14C, 18F, 2019F, 32P, 35S, 64Cu,
67Cu, 6Uagy-B0d hd8iikatiorl 11l n, 1251, 1231, 1291, 1311 1351, 186Re, 187Re,

201T1, 212Bi, 213Bi 11 - nts

si gnal anpllgnﬁﬁﬁﬁe¢P&% %%P%v%&g%gf%émgg%meman% réﬁgggngpdetectable
mobety (deReted @siflg arr z@hb’aiecbﬂxybrlﬂhaﬁxrn’rhetﬁocﬁ B 98ral, Zﬁnﬂ@)arrayhecledmg pebeont ent s

of which are herein i cor orate reference in é %ﬂﬂ%l Mmc

FI uor es GBFf1IS/0)14REH 8¢ © FYF i ?g SfEcaPgiUpsiP &Yy 'SPRETES (Mont val e,

N.J.). TRRrseardy-bRed ﬁp@mliaﬁblh Yhay be performed using microchips, multi-well plates
micro-machined glass slides, microfluidic devices, and various other means known in the art.
In some embodiments, amplified nucleic acids can be harvested, pooled and
25 hybridized against probe arrays including probes specific to target and/or reference nucleic
acids. Colonies containing amplified nucleic acids can be removed from the support by, for
example, restriction enzyme digestion specific a sequence in the capturing oligonucleotides, a
sequence contained in the adaptor sequences A3’ or A5’, or other sequences in the template.
The harvested DNA can be heated such that double stranded DNA molecules are separated.
30 In some embodiments, DNA harvested as described above is diluted so that there is,
on average, one polynucleotide from amplified products per detection site (e.g., per well).
Thus, when the individual discrete template is analyzed for the presence of the nucleic
acid of interest (e.g., target or reference nucleic acid), each detection site will, on average,

either be present or absent of target or reference nucleic acid. Therefore, typically, each
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conjugated to the oligonucleotide prinmers by nethods known in the art. In
situ hybridization As used herein, the term"hybridized in situ" or "in
situ hybrwoi2aatisess” refers to a nethod in which probes Rrgbrisdeiae34460
anplified nucleic acids of interest (e.g., target or 30 reference nucleic
acids) in the place where the anplified nucleic acid products are forned.
For exanple, if bridge PCRis used to anplify nucleic acids, in situ

hybri di t ar get
e O 3340 R AT by TRUAReL ) Sihal 6 1 QRS SRRt o 90
anplifi etdrgnumicmQﬁcatardahﬁtﬂdo’nth%gnahassd’mat@ witethamelerencernacieisiasish es were (are)
f or med. odi nent I o) ding to
the inventi orrlr h(‘?%iﬁn pe" ep?ngbgg}néedltﬁ’ oY >lh})1f’E)bt;lf?j(1£g 48 ?(l))%seggh lélg%r |dgéc§§e gg@gg Such
pr epar atdnosach datedtioe sitd, hed the eabmramf tapdet bﬁmtamt Gn..ebraawsothall alsbmy)y capart  of

t he nuclei ¢ aci in a single

t t
strandeobefd(ﬂeﬁ‘f‘m?ﬂL%@Sﬁt}‘gzesﬁﬁf’ﬁ%@@pf‘%l}‘%g(g.l ré:%t‘e%fl't%eg: ezgzaturatl on of any

Sdoubl e st r angeshOMbddinédie apadtReRLeDle BF axearynlaatsm/@lbyadtzmnqgh qidinekedmay be
treated with a restriction endonucl ease specific for a doubl elga%ﬁnded form

of a sediHorrseent arobpe ThegHsnehed fHaepentrrabs T@[PIC@&%CO&}P&%% oligopuc ucl ease

may be Sd%?i%hédt%hfy%dlfé foRSNcRicSRRAVERLEFPPERIABH bAoA PR IBCIP IR resi€qUENCES
A3' or A5’ After digestion the coloni'es are heated so that doubl e stranded

DNA ol cle . @8 amplicosdioam atasgpt lsds oHefCEaFOIRES cotealnddn a upiePhaeavkiorhe
nongi Mo | iz&d qi%ncﬁé}dq“hé hh’éregcgr?tvdu h@lt i ﬁ@ﬁfﬂﬁ?ﬁ 15&9!(1‘%11@%5 andrdrdghbrei n the

col oni es preparation t e co i es hybri di zati on,
appr opr |cataeg1p¢xmrel$e dreefaddedigmnl wné)ecd@tegtnd é“smuhedﬁmor@nmch tWhensa pipbe opri at e

fSSI: ht Egr}g b?r g%ig%l%én@ 6edq AhlGeR acxg?%n;,p%tte Nyl h&or%@'ﬁ)&} {ar@e%’}é%%& sShquences.

Q&Er M Ae a person e art using
known nqirhb)sd Drs deleéd frdﬁ pienetolgnantl gthu e xaagpfr@n t}fee]usmwémmmmbi*a@apr obe.

at o SEAEE e IR o Bnns “EReRE vt BoBarR el i bl 8hh ™ °7

r ef1r encyrtivubdr wacelacgﬂd@eetann bieardtydisticlb 2@k fluorapherer erap:lbalbjn dettdtatone
enbodi nents, hybridization can be carried out in di fferent geunds For

exanpl e, Sighebies thgfiarenhererqap be AETBUANIGR trgst op B TREREINIF SIS 3R F-&ret ect ed
first thefekrYRhRYmAgat denaturation and, probes specific for a second
regi on may be 20hybri di zed and det ect ed. These steps may be repeated as
many times asiiysof@esrietg@f fluorophorgsypay Rechsph bes ”Whoéhf%F@nJHWPgmeEbtﬁ to

nucl ei ¢ achd eQl.Of) Bl Rtfhmlxgﬁndj@%@etcﬁgr pdpg IRPRBA é)ﬁmop&bwl ng an

appropriate det ectl on ice. I'n some enbodi nents, detection systemfor
f | @or escinabes aiddesedre: @hethmfﬁgé@é’dl.?ﬁ#’édﬂdédu 1084 (m@ulﬁé’rﬁ@beaa Ingvhi en-can

opti onal l tlpgcﬁa%gﬁés oqsﬁ gcg)hfo%k luqig\ﬂ'u&%scef OFhoﬂé&QEP )}ﬁ%nﬂﬁ&gﬁgoDe

Usi ng sul ogy | 0SSi to similfaneou many
col oni e&yamn@a:baxhhmﬂ pyxléoas geeearfmbesceat 2eBin; 8MENBY ®amdokeiudad aiash Bath

M Cr osco th a .ecti n some.enbaodi ol oni es
over a Srgi]tq:r% Ocﬁf‘rr'ﬂgta(}\% ﬂfpﬁﬁﬁ' Heszf’f\rq“’rﬁmghore nb élsee(ravg(r)i}g mél%gs%frcre time. In
sone enbgdirdtesih derivaeit svERdudeOr BB thothiYhaBOD 1O Origes Gacea, Ddkyer ved i n
parallel. In some enpodi ments, hetween 10, 00 d 500, 0Q0 colo es are

ob2br vedOTeR: serpepReTuorescap AN ADh AT RRAY 4P 8‘899\%“8%6'20 BBPIShY 200, 000

col oni esadfniRbES Vst RR R daBline EXrhodaMMgests, Whddainihet IRESEIramaIGES MY be
used. Moreover, it is anticipated that this nunber will increase with

i mpr Ovedhgmnegdqwgtweéﬂ&?c épd BéMRA sulforhodamine 101 (and its sulfonyl chloride
form Texas Red), and Rhodamine Red. Phycobiliproteins include phycoerythrin,

phycocyanin, allophycocyanin, phycoerythrocyanin, and peridinin chlorophyll protein

30 (PerCP). Types of phycoerythrins include R-phycoerythrin, B-phycoerythrin, and Y-
phycoerythrin. Examples of cyanine dyes and their derivatives include Cy2 (cyanine), Cy3
(indocarbocyanine), Cy3.5, Cy5 (indodicarbocyanine), Cy5.5, Cy7, BCy7, and DBCy7.
Examples of green fluorescent protein derivatives include enhanced green fluorescent protein

(EGFP), blue fluorescent protein (BFP), cyan fluorescent protein (CFP), and yellow
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WO 2011/ 156387PCT/ US2011/ 039460 Alternatively or additionally,

nmet hods of nonitoring the colonies generated include scanning the surface
covered wohotolsessres. For exanpl e, CCD camera can be uget/useotiaB®epi ct ures
of a surface covered with any nunber of col onies. Any ot her
devices allow ng detection and preferably quantitation of fluorescence on a
5surface nay be used to nonitor the nucleic acid colonies of the invention.
For exa : used.

I some Bt hERERr (T, BB e R I, LA PAREFOY LBty e

anpl i fi dabrophoreifor vehithuthby i sdbatatte o:nfoc&reirlabsom;aranreedssmutwdyy engthd.ng t he beads

cont ai ni L fied nu o} robes. In sone
errbodl ﬁ% & 15 Wg&%@m%@ﬁggﬁé&g E{&é@f@@k ?{?@ Igggf ed beads. For
exanpl e,Bomwybm@wsLB(pam 630/6snakeBdDIRY esh/665. a concentrati on of - 106- 107
beads per in 10 mMiris-HC, 1 mMEDTA (351- 010-131, Quality Biological,
| nc®, GdW?ﬁéW@Hﬂ?ﬁm”NU ) and anal yzed using a LSR i nstrument (BD
Bi osci ences, \ifighkhdthods2keBe uddd ¢ detect Bfack RSUJi&I AN andRY ddd@mSRLreldBvd OF
standard two-col or anaIéS|s using an argon laser and optical filters that
di sti ngamsheif B tansernuckis acids: n wopBsabrdimeniyasountspfgderactanplediornt s, no
spectral, dgt?\%qg\(}% Btd RRrdke hEIUL & aRclNRinERbAEd %Q%:@%?M&@&ﬂs%lsare vel |
separate I'n sone cases, scanning is performed wth FACScan or FACSCal i bur
| nst r umend/sr ¢fBOnBriod o/al@m:r@sr)ﬂsenmtlwayf tvak e@nﬂymdlmtlzm fagget nyrlgopad or a

di nme eic. 0 can be
20 et ect’ enft reBcsei nClegrarcé@%D%\nsagsdl (@??%:&g&g{a Dl ‘ﬁ&EA Ar]; )ﬁ%aﬁ%er a‘ﬁgtg%r obe
arrays iwitl audacmgn pn@dneﬁteep@csnfelfcr th@tat@[ gl&ﬂelaardd csnmﬂaelfyemgmdsé imlictiee ¢ aci ds
can be u 0 h brldlze ampl ified nuc C..ac ed h bridi zation
may be e BT QLTHG S AFgEHPHS s 1 epap 8 SRR E B Phed ol ass
sl i des, tid refepdnlctlhliléic gayi ces, and various other means known in the art. In
some enbodlnents anpllfled nucl ei c ac ds can be Earv&i Eg ooLed and
25hybr i di zed hipgIeREOOPIRBE siEralsamangie) ERT?%“HF%% <tegibly Peled BoPSr get

angg or &}%ft@éc%ﬂféeaswﬁte@v@maﬁé p&‘ﬁevambmb@&tmr@%@mnweammomfel ed nucleic acids
can be renoved fromthe suaﬂort , for exanple, restriction enzyne

di gest i GmbsgigEnts; edeecibliile %iWﬁb%%é“ééﬁ@@@ﬁﬂ@ﬁSFWﬁéﬁUbwééﬁFHé%m‘% sequence

cont ai nege Egta?&m&&c §aaluﬁﬂaqaer§feﬁe3ce mcle‘*éamd O sOhRehbSEABRAGRSalN the
tenpl ate. The harveésted DNA can be heated such that double stranded DNA

mol ecul @maaatefrgmpaareatﬁe/de 230 Hetegehe meisho diaristhy sicaiwasiegiated stitip pigbaréscri bed
above 1 Sl hdieRR i Balordd19h Sorh Sem Bl BURE 4fas Qﬁ&alpﬁogr&nu&tm tlfisl rom

anplifi produ &S per Ion si

t heo i ndinei ghyaical @i esscrcdatt@i wldmobxa)beati the amaﬂyczsgnalfl@dett:d'iei proe semgee, ofgnelhe
nucl ei ¢ aci d of ef er cl el aC|d each
det ecti g}?yse’f]}agatﬁnﬁloln n eﬁl lté'\}g?tgblglea% ﬁ)é'} Bm%e rede ((i)lrz ZLl{an Ofa}e e%t%r get or
r ef er engwe nodleic atid cadp@medieketage nudlyiphedlor yortlexambreof @aefefence mjcleec has one
of the followi ng results: no signal, |abeled with signal associated with
tar get ﬁﬁépépﬁﬁgﬁﬂﬁmﬁp | abel ed with signal associated with the reference

nucl ei ¢ aci dgjgnals mdxcaﬂh@'&“taﬂg@t QIR R gmahBy dlﬁﬁﬂg%%hi'b{@frbxdls?gabllson i's
based on single nol ecul e anal éSI s on each detection site, and the anount of

tatet otdigatyepbieferquse guclei pgidnbasHample i spie ayphodiments, probes specific for

a target nucleic acid (or a portion thereof) and probes specific for the reference nucleic acid
(or a portion thereof) are labeled with distinctively detectable signals. In some embodiments,
these distinctively detectable signals are distinct optical signals, such as, for example, distinct
fluorescent or luminescent signals. For example, in embodiments in which probes are labeled
30 with fluorescent moieties, probes specific for the target nucleic acid (or a portion thereof)
may be labeled with fluorescent moieties that have a different emission spectrum (i.e., color
and wavelength) than that of the fluorescent moieties with which the probes specific for the
reference nucleic acid (or a portion thereof) are labeled. For example, fluorophores that emit

green can be used to label probes specific to the target nucleic acid (e.g., chromosome 21)
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5be determ ned based on the results of a |arge nunber of detection sites.

In sonme enbodi nents, a probe suitable for array-based hybridization is a
guenched wbuorseisnt probe. The quenched fl uorescent pr @be/uSgpitoad4by
conprises an ol igonucl eotide designed to hybridize to a nucleic acid,
typically a PCR anplification product of interest (e.g., an anplicon froma
target |ocus or reference | ocus) conjugated to a fluorophore and to a 10

fl uorescent che quo es o] Ximty to
the flucd fw rog ares {hat elnillle ﬁad car pe us%?her gefl‘fg)po%gg#eh%c 0§ {h??éfl:r)éndbr}lugle@ec ted from
t he fIuakmph@rehthemnalpbobeawnkecule s hybrldlzed to a nucleic acid

tenpl at e, be rel eased from relea ed

fl
P O I PN e S ol SR g

det ect edo a%i@fkn@éﬁﬁideﬂdac}&ylsﬂ@t@rrﬁlﬁ&f apkb@é anw@ﬂm%ﬁﬂgélbluvetahﬁ)ufnl atebpphore wil |
emt light of a 15 particul ar wavel ength spectrum character.i stl of that
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20 not physically associated with a probe at the tine the signal is
detected. For exanple, signals may emanate froman entity that is rel eased
froma prwbeoupsssshybri di zati on of the probe to its nuclPerasaaitd3soenpl ement
(e.g., target nucleic acid or portion thereof or reference nucleic acid or
portion thereof). Signals indicative of target nucleic acids are generally
di stingui shable fromsignals 25 indicative of reference nucleic acid. For
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thePeof) may HEPEBRIodHNSHS A detecior wetehE DMt a8d ap RRECBhBAIR AT di £ f er ent

em SSi on, SREGHUMatde Rld of SRWIdANHgRMRI RBG Bkurk R atifdle 1 arhdi bt uor escent
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For a given selection of fluorescent dyes, relating their emission intensities to the respective
quantities of labeled nucleic acids involves consideration of several factors, including

fluorescent emission maxima of the different dyes, quantum yields, emission bandwidths,
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hybri di zati on, and certain automated systens can scan the emtted |ight
over a detector, or include a nultichannel detector. By way of an

il lustratwoeosxasgs’e, a nmeans for hybridizati on can be atrash@d/osweé@

transl at abl e stage and scanned under a m croscope objective. A signal so
acquired is then routed to a processor for signal interpretation and
processing. In sonme enbodinents, arrays of photonultiplier tubes are used.
In some enbodi ment.s tIC t fi..col | ecting
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si goal s.usdd/hiicat bpecifiddbrabe afifrenck abdtis aa éorsaedoamnetders@) tthust nartelizatipespect i ve

optical signals, can be re at.ed | abel ed nucl.ei c acids
present ¢ sigpats fcf?ﬁfedtoﬂ WbééP‘t%rP%%%é"F%P%aéﬁé? SHEE SR e(r%gh

l'i ght - gerslaﬁaetz%rﬁt]gllnt alelgst @am;dzaﬁldlr;oﬁp@ﬁe&nbd\@aam elmﬁgnamf(o;tmeamlssuh on e
|nten5|t|es 0 uorescent labels is neeting this design
obj ect i Vé&! luegpspreseniatiye f §‘§‘i‘aé§?tafeorﬁ’”8ﬁhzfeat%%g 8&’850 L%ﬁi%‘f“itq’%eg t heir

em SSi Oy éiBkRMedskit@Pall 8F thh Brob&SREE thai/Are SMtRITIfbi @S ta0det hdhat £eld (Wial ei ¢ aci ds

i nvol ves consideration of several factors, including flugrescent em ssi on

maRh me alortidndherpaf) etasive tajie gumbtiaf deirstghlemasticsnirssatia Al RAHGwr henysed
absorpti, g?zﬁ F@s@%ﬂﬁc f&hﬁ%ﬁ?én%nm@x&@w% pofi@h %e@eo@f I8¥&he &hb&mbitght

source(s @ui dance for nakin | uorescent intensit
measur erdfi¢rsntgmnebef ovay he\reahffwgnttmmbﬂts@f dereiatile m@@tlﬁﬁf Fan axaptprds f@fs!ﬂﬂ& & | abl e

in the la{c¥degro urﬂ%t Elr%le%t egg’v {ho Fibe%H é:e%l( n%@fgo@%éo ghégemt%?k}ar Ce|

Qui | baul rac uoresce 1t1on Dekker,
New Yor knoid®3G) eacﬁ pRﬁﬁmyeitep@Id on tiedlietjoense ofthe probs eslioder@iectthogobpy ( Mar cel

e SETRC 0% CETTRTR SR SR R
in all of the probes specific for a target nucleic acid (or a portion thereof) as compared to the
total number of detectable moieties present in all of the probes specific for a reference nucleic
acid (or a portion thereof) allows an accurate comparison of the relative amount of the target

nucleic acid. In various embodiments, depending on the specifics of the probe scheme
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As used herein, the term"relative optical signal” neans a ratio of signals
fromdifferent |light-generating | abels that can be related to a ratio of

di fferentwo 2babesbisd nucl ei ¢ 10acids. I n some enbodi ment CTAISL@NABI4GE
optical signal is a ratio of fluorescence intensities of two or nore
different fluorescent dyes. In certain enbodi nents, signals are
converted to nunerical values using standard software known in the art. In
some enbod| nment si_gnal or . nurer | t at.i si gnal s)
are nor CI”@E&’ %g%agﬁ%en tc%%llc LIPS résb%glﬁ%?ﬂg{u“%%’f élie&s%geﬁrg‘gfe‘l‘ d%ﬁéﬁ.’s’%{ s, signals
(or numgréamolsdhiemts @rreasgnbalsed.etof neemglivatis)s dsignai¢omeinimedeadbased on t he
nunber of probes used t hat argﬁigecifj for the target nucleic acid (or a

porti on "EMEFBGHINSLPERFYETE e ARARRSEE: of probes used that are specific
for the refengReeanaGdtLbsof®iatt frOfradis RN iAMthd Aremeobe usefFaranelyanpl e, the

nunber of probes used that are specific for the t nucleic acid (or a
por¥i on sigaalks@sfgscrgey *lﬁ@”bli“fclhéit“égﬂE“ttnl"?él_r‘\mtt%tonéﬁlﬂgkggg) Tgﬁeiﬁ%used that are
speci fi GofiRhrel(RSod BEGERNEE URUS! IR GireiSiifhe i (A:iIBRS, INIARL (ethRefks), ahdius,

normal i zati1 on of the signals based on the nunber of probes used allows an

accur at gheldfepari son of the relative anount of target nucleic acid. In sone
enbodi nents, the signals (or numEmP%ﬁgues representative of signals)
are normalized based on the nunber of the detectable noieties present in
al | of thenglobeSingkauoledwdd amphficpienibyiP€R or the target nucleic acid (or a

25portion th f) relative tq.the nber of {: i.efl present in
al '%of the p?jéﬁzg aﬁggaarfélé?mﬁﬁoéOIg%%%ilg?ffccm nocron@ﬁ]éﬁétg?%rg%lgg pﬁ%@ﬁii c acid (or
a porti Gloridne mRoA Jvas then Sidaredeylsonicariontts gendidid shogritagpenh €scamy fetev e

different nunmbers of detectabl.e noi.eties. For anpl for nuclei¢c acid
plr obes t%‘ﬁl{%P‘és’Ts‘%\ﬁélr Ay \Rherh By F%ﬁ‘é’i‘gelﬁe'?sj@ﬁ&g%ﬂ’gié&%&%%a,ptetr Véer%&ﬁ%tlgr? ofI

det ect ah} @adkRin@ bF EFsHchre@BDNA REGRGITEIN depand wirh alidpeers @quding iob at he probe
and/ or length of the probe). 30 In such enbodi nents, normaljzation based on
the t ot aobiperdsardorolienedhabNe/prlyastyluBidp selutsn WasiPipy agpssy esubtlla?)eo s

spegi fi G JIQL sRdd BI186he BURARE FrepihiEbn(t8hnRuBOLIbIANDAINAERSS dbloafes GUImBY ed to
the total” nunber of detectable noieties present in all of the probes

speci f i PGRr The ppifrepriatedilutige PEPNAZanOby dricrmingd eppBisalin evddhyt DA ows an
accur at ARLIN . | Bhor9ls thidb &1 el cRoSARL & aci d. In
vari ousqgﬂg%md‘%ﬁéﬁ?gtnggé%gﬁ%lfeggl@%dnwﬁeﬁgsggéec?rfiscts_ o%‘ th% probe scheme WO
2011/ 15688#RCT {8 ly1digBouBloni¢sn Ingd thegolybo lasyidmpisset, & selafionfisdy  of

probes used.. nunber of tect abl e .ppj et i QY of each
pr obe usagaj?lﬁg{&éo.n)ma S?tﬁgﬁtﬁ glﬁegggsg Q%ﬁp{é)ﬁé%géat%da@# IO% l?reél??lggtlre Fepr gﬁstgnt ations
of 28i gnahsjlidar dewis thd sHde aplprvapt PGR ehermnlycydingaisingrsiaptard ofnditesins (ar e pr ogr ans

o e BN P LB SRR R BT SE3 S
| nst r umemam pl&SABingfeanbledie nplif@ition by (rAlink @ircle,aniyhificaddon Mat hwor ks) , and
the Tike. EX%)I\I/\IP/IX_ IsEaSmpElé ?Nggi)r%pa:tlf“éd a?ridqggla‘%d r\r;vq{hea%gpl)tgrs%gggsuiki)e%%}l an”m;QX 1 .PCR
Following ligation of adapters, the fragments were circularized by ligation. The circularized
25 DNA was diluted into a polyacrylamide solution and spread across the surface of a glass slide
as described in Example 1. DNA was diluted appropriately such that circularized DNA
molecules can be individually resolved when spread across the slide to form thousands to
millions of spatially distinct polonies. Once the polyacrylamide was set, a solution
containing rolling circle amplification (RCA) reagents (including random hexamers and
30 Phi29 or similar polymerase) was infused into the gel. Amplification proceeded using
standard RCA conditions (approximately 30° C for an extended period, typically overnight or
12 hours).

Example 3. Single molecule amplification by bridge PCR
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10DNA was prepared from a biol ogi cal specinen containing blood froma
pregnant worman. DNA was then sheared by sonication to generate short

f ragnment swOketizusezs7f et al DNA in plasma i s al ready short pctrhisgoigioesse ng st ep
may be optional). Adapters were ligated to each end of all sheared DNA
fragnents. DNA |ligated with adapters was diluted into a pol yacryl am de

sol ution. The DNA/ pol yacryl am de solution was spread across the surface of

15a gl ass sli foIIovvln t apdar.d pr.epar tlont ch ue rm
pol ymer ase ¢ lsaégplft%? E;Eﬁ) lig wp% ers &L rheg in Ex g

iate ution may be
det er m neo® Mg lighGa dﬁada;ﬁu@ DRI R atas @Medﬂﬁi‘t@@hlﬁﬁﬁhz@ﬁdm simJtiondnd/smIMI |y
resol ved when spread_across .the sllﬂg to Leld t ho sandslto mllions of
spati al 13Frgs g‘FISWé%CeﬁB? glapselide eppied wi “rbYﬂr%} tapdHTa RiCAs SRERIESPRYAO NS Gt on of

PCR anplijdicaatiiads 6RAIRIDN ANrbRIE] WEK 8dapRRUah b€ hjRidiRe td thgaigeeadapt er
sequence were infused into 20the slide. Next, the slide underwent PCR

thebmal Reglssiongreusifpgg @Wﬁbé@ dA GOIHEGT FOHEN RSN UEIRS TSN DRALY e SRy Be
resulting, aﬂd ban s‘ﬁﬁ ﬁﬂBEﬁdaﬂbﬁ‘Qﬁ }k@foﬁﬁ&l @%%né?gte bl@)ﬁﬁrp%ﬁﬁlatlc@éa”m e 2.
Si ngl e nolecu e anpl i |ca n by rolling circle amplification

sanpl e wef$he|ﬁ@mn6d and Ilgat ed with adapters as described in Exanple 1

Fol | ow a .agnents were circularized by

ligati orr;igxa'Fng &y, iglnu'f“gllrz zgrgg%%l(ﬁett&gg%ﬁﬁﬁut ed into a pol yacryl am de sol ution
and spread atﬂoﬂmnpﬂémnﬂmr“ tdhmeotyfacylaglidssel sh b diédeas scdetsanrdflﬁedreimn@(arrpl e 1.

DNA was di | ut ropriate that circul ari o can be

i ndPvi ddgtfell"i?i Cﬁ‘é%‘r&gﬂ hesssé?% \ %58 PR © %rﬁglo%qmedan%ar%rn 11 %hhorHucésgngs to

mi | 1i onswafinpatin®lthysiide. SThawateepahpbd £Bcusdiecembinetigeloy ket ¢ d@rimiesowas set, a
solution contajning rolli ng Ci rcI e anplificati og é‘i% rea eniﬂs %I ncl udi ng
random Hex ket s @hdnyauissdseassreleya fhaemesemy hidtdde “hto the

gel . Amokﬁbhﬁ%ﬁ&ﬁl&f@ﬁ@lﬁgﬁ%dﬁ% ng, @tlan&l%sd oREACHEERGHO e QNG 1s(casniamoxn mat el y
30 C for an extended period t{ﬂ?l cally overnight or 12 haours). npl e 3.

Singl e rethltezanghe fiverascenials) fas thedpigetmpbes was a diffepgqacdarippmt h@vé?é’e or epar ed
anggl i g?s@%ﬁﬁ‘t%g@%ﬂ §esa$ofj&%f3nr leb&g tdr@et%ﬁ@?%@rellabel:e@lv@l@lv@md)té gation of

adapt er Into a h di zation solution and spread across

t he sur f(gwenjofvhie @lleatsfsremel Rﬂ@beéwteelébq}ﬁdtthmgrﬁ%@%(al Th%l?itdsr"@s greBbes

conpl i mentak t r h adapters
can be h %r'rec%d Océ)%F%OJ] tgﬁég%%?%%g%pﬁgﬁggpﬁlbﬁhg%rt ace klﬁt% rrll%}ytsl ide. A
sol ut i orDIdAnargetsu Nextyunbly badizadgsotaen dvepolashet as of tin zlidesthigagh asitisdof o t he
slide and bridge anplification was perforned to generate clonal popul ations
of the f‘?’aa?g??ents. Exanpl e 4. Hybridization and target detection For sanples
ampbi fied i n Alemeacsy) falnéadﬁ,ldgahqpﬁﬁecabﬁwndge,l)ca 8 edluidnart flobrefdeudy escent I y

10l abel ed ol i gonucl eot i de, pr obe cific r .a target chronosone

r ef er endavLs BlgpRisiROT %rop%fsﬁgcéﬁc]sg HRe agﬁfeé‘lerencfﬁgr%f%’g?s Yy Pi5d a Iocus
or conbifalsk MRS andABbweNt oGy bAIRS @i 2Zdomplighefaryl BNAFagaiyits OFBitdwidlg sease
rel evant chronpsone) and the reference na be a |l ocus or conbinations of

| oci on loRrigEpignnhybridizedgrobes wegs waghed off HisrSlihr onosome that is distinct
fromthe targgf ﬂ@eskafé%grlﬁ%%@nﬁ L@Qﬁércfapfasér@@an'hé}* g8t nBRRF tanes ad

11
di fferent col oraty han t he | abel 15use for the reference probes. For
exahpl e, refehrace elirgmesoprediybydinion everieiverg caimtesl; Gyacapehow many green and

red dots are present on the slide. The ratio of these events was calculated to determine if a

copy number aberration exists in the specimen.
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(green), while the reference probes were | abeled using CY5 (red). The slide
was then subjected to conditions that allow probes to hybridize

speci f i cawbyotiois63sei r conplimentary DNA targets. Next, ®eamguseéidiozsdo pr obes
were washed out of the slide through a series of washes. 20Alternatively,
for sanples anplified by bridge PCR a solution of fluorescently |abeled

ol i gonucl eoti de probes specific for the target and reference chronosones
was spread across the slide and allowed to hybridize to their conplinentary
DNA fragments. Follow ng hybridization, unhybridized probes were washed off
the slide. Finally, slides were imaged in a comrercial |aser scanner. The
nunber of target and 25 refereEqﬁwﬂhnmam£Sa$ehybridization events were

counted; i. t,.hqw n reen an dots.are presen he sl i de.
The ratio of Tl?(f‘?ggﬂpeéj\)%ﬁl?ﬁa\?(ﬁﬁ %8?37(?!’3 di%[s 0 grspriaiusihgnormote tha thaf rOuﬁlurrb er
aberr at iegierig¢hGticn, lnlﬁn)t é‘t@wﬁ}éﬁﬁ itadA spec i embad imaits, daseebésdepen. The scop'Eh)tﬁSe
skilled in the art w.l reco ascertai usn no nore
t han ro&lelﬂﬁeée@ﬂ)@mi‘%ﬁf‘%{t"?tw dF?azbr?)} ”8{36%{/%}? gl?ﬁvgbe?) STIPH " é%er%fl r|lscaser’r&)od| nent s,
desgri beshhhekel ppenlibieclsigope of the pr esent |nvent| on is not intended to be
limted to the abaqye crip |on in.the
appended cl af Mse slfed ”E)q’fﬁgé’@ §%P$r1‘%ed° t?’?aH%éo %ﬁc?m\ﬂ Tﬁ’ngr']@%(ﬁﬁ%}‘f%rougpe be abl e
t 0 ascekkRiimhelSiithy masy spalchiB@dthe @;t&:lﬁaerrﬁ&pﬁhémtmm‘catrdama@ withiy iegntional ent s
to the speC|f| C errb diments in accordance with t de :tf éent on dag)scrl bed

her ei n. eﬁ?@eﬁ?@%‘ﬁ?ﬁer‘? HYEHIOR SH0F Dtgnded T RE EREEHOME B8 imited to
t he abomsda%ﬁsﬁ lbﬁttrhm& is Bybet foth ftethe hipeAdedsRimd or th in the appended cl ai ns.
10ln the clains articles such as and "t he" may nean one or nore

t hdh one unl ke ¢lpigys @diclsg sye af‘F?e”caBntaP‘ér@e JPAYIREREARF S GTFBAPC PY G t he
cont ext jndidaftll 1% the Corf@BCdriofHehvARSevidiat frdrﬂﬂ"leléﬁiﬂextOC'lalrbﬁér\&@ﬁp@dﬂS thak  nore
menbers of a group are consi dered sa%tl sfied if r%rﬁé’; han on or all
of the HKHUP NekpBre AlOr PrEJRyRbesP a@ﬁ%p@mnql diftat tefl drRF-BOTF BBy ant to
a gi ven ops QAMEHS tAE grBliP@8aSerd it B&Sent ﬂldérﬁlﬂbﬁd i, Or bﬂﬂ&w@@m&lé@hyto@rglﬁh herw se
evident fromthe context. The 15i nvention i ncI ude b%ﬂql ment s EF whi ch
exact | y PEIECt9E ftsesss grless fndicied o the somirapeptheryise fé’ f thegontgtt other wi se

r ehevantyveidh i8d1YRE eRb Wtk i@ whIhQELSIS ond. membmefh%lgmp isyrbsdaan, enbodi ment s
in which nore than one, or all of thecg‘ nmenbers. are, present in,

enpl oye@mPlRYebin. o ipsIElevat & agiyen REo Cb‘?r\Pé‘??eiﬁr daniyergirh Begidess.

Fur t her RRH&dimedts inSwitiéh xg&e%@@fl@to@ﬁlﬂoﬂth@éroﬁﬁ’lﬂeml%@ﬁ% bREene R anpagsias al |
vari ations, conbi nations, and pernutations in whic

201 i i t &% PHHEISCAFIRYREIP S S1VEN AIPYRT OF PIOESH | ]f}t"ﬁh%“otreel‘tr’r%to(%étueé)em‘?ciddmtgﬁe or nore

of the Iil3hgM e‘ﬁ’:@ﬁpﬁ%eé 8l VaMati GHUCRMIHaNs R, MAPehRitatohdinfWhidhdne 8XABRI €, any
claimthat is dependent on anot her claimcan be nodified to jnclude one or

moR® | i Aimitationsreleeatinglayses, deRFriptvedme ek rorhate o Bloffef difdisird cBiint Be same

base cl ldudel it SXRME: Slainy¥eS: 8xdnfhe, Ghy2d 18 thRG deBerleONRASthdric@iin chibed S t O be
under stood that methods of using the conposition for any of the purposes

di scl osawdifisd & incladeornens maesdnitalipes foundya emoetler slaimdit i deragent 8hibssi ti on

accor di @Qné Qs &BYinP TPt RENIRE GAde ﬂ%fclzmargffe@ige AModfpbas&d ithelb®k Mn@fst@ldirg Met hods
known in the art are included, unless otherw se indicated or unless it

woul d b@eémda@ﬁnsmg@em@p@smmfer oy thepprnoses disglpged detein anclydedotitdr adi ct i on

or 54 Nco f dj \{119% FRUGRBIYS o AhEk iR BSEREERer@R |1 St s,
e. gé, %@Eiwak\{@éh@c%ﬂpﬁam aclc?r 'S ygoe uenderstgod tlhat each srubgroup of

the el emaﬂtbsr m@h®5 smven i dhecnsieatie malﬁéledawwé ogeYite(isdicasedrpriyalesor world By f r om
the gr Oléplderltt[o &QQ)‘F L)r%ldag &ﬁ“‘ri%ei‘@thﬁg(ioﬁt%‘cnoﬁ & 19&9@&@4@/ Mﬁﬁlsé he

i nvention, or aspects e Invention, 1s/are referred to as Corrpr|S|ng
particul ar eM@mmﬂ@enlﬁ@@tmm@@ed astlists, e.g., in Markush group format, it is to be

understood that each subgroup of the elements is also disclosed, and any element(s) can be
30 removed from the group. It should it be understood that, in general, where the invention, or

aspects of the invention, is/are referred to as comprising particular elements, features, efc.,
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certain enbodi nents of the invention or aspects of the invention consist,
or consist essentially of, such elenents, features, etc. For purposes of

si mpl i ci twothosesemmbodi ment s have not been specifi cal | yPsgtUSk@nioboss;h haec
verba herein. It is also noted that the term"conprising” is intended to be
open and permts the inclusion of additional elenents or steps. 5Were
ranges are given, endpoints are included. Furthernore, it is to be

under stood that unless otherw se indicated or otherw se evident fromthe
context and understanding of one of ordinary skill in the art, values that
are expressed as ranges can assume any specific val ue or subrange W t hin
the statethim emtgﬁsnants off ﬂfefue»reemm e rteds pbthe s1veftion kensishwepdnisioressentaltyid. t ent h

of the uni imt clearly

di ct at eSUGE Fgle\r}\fs,gfg aturﬁjle{c F8 d?u(rPO%ES oflrg?n;{ f’%ﬂ?ﬁm%&%ﬁ &eé?@g&%&%&any

parti culs@mﬁemlt}cndt foethtn fafec vdvéa juresehtis alm/remdlthmt}teh@rm“fcahbr@lm tshintandede pri or
art may, be uded re of the clains. Since
such en{)b%e ‘E?%dcngrlél¥S&§%lﬁ§]HS‘?n offadglklona e{nen sgrrst “ordinary skill in the
arts they mawhbe r@xed ate gidereeadpoints drdiacledel thrthﬂnmps intto betndestoptthekpl i citly

her ei n. articular, enbodi nent .of the co vention
(e.qg., @ﬁyé’glefw??lﬁgwatg‘ﬁv Oﬂ&ﬂ?%ﬁ%‘i‘&gt fr?méhescmé)t% a‘écrll8 d%rSPandl% gfé 5synapti ¢
vesi cl e oy skl mahware el adsrthat ate espriesyed astragRs e;@nsa'selme aay];'pemﬂagalngorsyst em any

synapti c ,vesi cl. assa ny s tic si ¢l y, or; any
ot ho St MEpaS e BB P SRS oV SR LS bRcRGuR JRERAL DL ST
reason, uﬁ\?ﬂ@ﬁth@rovx@fhrﬁfbbfﬂhehﬁ‘g@dnm thd@nexi cﬂéaelly(de:tamefs opfemse art I NCCRPCRATI ON

OF REFEREN AI | .publ.ications, and patent docupents

applicat i oﬁElé‘aé ‘ﬂ‘bétff)@rbﬁt“@ rﬁﬁodrtg?tépgﬂggcﬂtl% ﬁ%ﬁe@t o &F (gfeser}t mv? rﬁg} "sane
gxt ent ast fallf withie tmeqmoem ﬁxa}ﬁf)e e@ﬁhtlyz g;djluéiledi train apjillzr}d crraidm;ag ct:k% cLqugezng in} 039460
ocurrent were. in orate er.ei

What i s SEEGUBE %‘ erits ar ﬁeé‘ﬁ%%lg%]fma’é?tt‘éf’?ﬁvgo %‘51?"5‘ R gy e ém)t‘ﬂ%F of a

target BiighdRl eveaGf fe b)ﬂ:l@]dﬂh@ﬂndﬁ@dt ¢ath &anpll ﬁherél]iIEAﬁy?pdmdlar embdsdmern@f

arrangin ol cle des obtained froma bio etoforma
o Lrntt 1% B o b TSR RE Cnay srh OBk PestH & it eg rbdrhd

avey age sﬁﬂﬁtlcp@shéréld:‘}&lﬂ@t ér@%lecﬁi&ﬂsbﬁ)ﬂaﬁ@ $yeempalyVimagih@olsicthe snyi slynztpltle pI urality

of reaction si etermnin ucl ei c |dhbr| tion (i) a
first nei%céffcyémm% arryesaemﬂ&ﬁe%qlﬁfevg%a%%iﬁg?f%aﬁé“5 4rher g? 4808 acu(zl :

sequencexclied &oRQihY bfdortri®E @iims, BAshy(reashn, aviReROsthonieiaro fhfe esistema@ r eact i on
sites containing a reference nucl ei ¢ acid sequence, or a portion thereof;
10conmpaPl'd™ he first nunber of the first reaction sites to the second

number of the second INCORPORATION OF REFERENCES
20 All publications and patent documents cited in this application are incorporated by
reference in their entirety to the same extent as. if the contents of each individual publication or

patent document were incorporated herein.
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reaction sites to determne the relative anount of the target nucleic acid
in the biological sanple. 2. A nethod of determning the relative anount
of a targ®020uclsedsc acid in a biological sanple, the nerhoaScanpsddsé ng:
arrangi ng pol ynucl eoti des obtained froma biological sanple to forma
plurality of 15anplification sites, wherein each anplification site
contai ns on average one pol ynucl eotide; anplifying polynucleotides in the
plurality of anplification sites to generate anplified products;

hybridi zing the anplified products with nucleic acid probes specific for
(i) a target nucleic acid, or a portion thereof, and (ii) a reference
nucl ei ¢ aci dwheris alajpedtis:on thereof, in a 20plurality of detection sites,

wher ei n _each, detecti ont,ai NS _on _.avera e pol.ynucl de fron1the
e P ag S e o QertiihiS SRR R Rl BY FLARFp RS RN AWEIGRL] o
detectl@@n@b&ﬁﬁn&&ﬂk@h@hmggprobes hybridi zed to a target nucleic acid, or a

portion thereof,. f d det t
cont ai ni ng p?ﬁﬁé@gﬁ %é%%%?%ﬁ g@“ﬁgp'W@réﬂ@%aﬂgggep@fgg}gﬁumpwa§bo$flon

t hes eof jeadiiéh sA5L MNP cAch feligioh blEeSdonﬂahhﬁbeaveﬁjefgetothpcﬂmeSleomﬁet ection sites to
t he second nunber of the s?co d.d te determne the relative

amount of t h#nRIdyigathepalypusicotigesiig hep ﬁéyBﬁﬁTgé?gg? sanple. 3. The nethod

of IcI ?l mdl &»ﬁg@ﬁﬂmﬁgbﬁy?ﬁmmtabmday&gdlidgﬁn (iT OB ngeir af fatepacdbn dims vest i ng t he
anplified products befaore ridizin e 4. The t hod of claim 3,
wher ei n CPHEMRgBAEA 2YGIge gﬁliﬁ?‘w {i & PO e 0 ﬁf%%@?‘?’ﬁ’ﬁf o
2011/ 156834Pfehétldr2Rt LoR3AAHHQ r&ereﬁ&%uﬁﬁfch@ﬂ sefuehdeadrm pbrtldﬂhh&:l?@)if n the
arranging step is performed using._a sol sem -soli d/o

ﬁg %grforned

supbort. 6. SRS WB(fj'r%f‘“‘Eli’eéPfﬁhS ﬁrs\?\ﬁé?té’in iFHR e SF9R F e§f)etBe

on a SokdgistbObldeternind 1he rdiR1vE @shodt oﬁihaltdi?geﬁnudmeﬁcﬁd Mthd’lﬁolsgll:aldarﬁplﬁlport is
selected fromthe group consisting sses tlca bQ$) ?I|Ica
in a biologica

of
ni cr ochi?ps, ﬁﬂg@%ﬂéédﬁﬁéaﬂggﬂﬁf%ﬂ%ﬁﬁ?°“§@??ﬁ¥%%ew3ﬂcam

sample, the method comprising:
arranging polynucleotides obtained from a biological sample to form a plurality of
15 amplification sites, wherein each amplification site contains on average one polynucleotide;
amplifying polynucleotides in the plurality of amplification sites to generate amplified
products;
hybridizing the amplified products with nucleic acid probes specific for (i) a target
nucleic acid, or a portion thereof, and (ii) a reference nucleic acid, or a portion thereof, in a
20 plurality of detection sites, wherein each detection site contains on average one polynucleotide
from the amplified products;
determining (i) a first number of first detection sites containing probes hybridized to a
target nucleic acid, or a portion thereof, and (ii) a second number of second detection sites
containing probes hybridized to a reference nucleic acid, or a portion thereof; and
25 comparing the first number of the first detection sites to the second number of the second
detection sites to determine the relative amount of the target nucleic acid in the biological
sample.
3. The method of claim 1, wherein the method further comprises a step of harvesting the
amplified products before the hybridizing step.

30 4. The method of claim 3, wherein the hybridizing step is carried out with a microarray.
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8. The nmethod of claim6, wherein the arranging step conprises a step of
using flowell technology. 9. The method of claim®6, wherein the arranging
step conpwpDzes/#63srep of distributing the collection of paualisedia/oanve
nol ecul es within a gel matrix. 1010. The nmethod of claim®6, wherein the
arranging step conprises a step of mxing the collection of nucleic acid
nol ecul es wth enmul sion beads. 11. The nethod of claimb5 wherein the
support conprises a plurality of capturing noieties inmobilized thereon to
capture individual polynucleotide. 12. The nethod of claim1l, wherein the
capturing noieties conprise capturing 15oligonucleotides. 13. The method
of clai & 12, Thwhatieidrof than ietieodn fieptrineingcompy pesesna usingpg solid, inisolid r eat i ng
t he pol én cl IEOII gesO such that individual polynucleotides contain adapter
sequencés 4! qf"r?é O ng 3 ends, wherein the adapter sequences hybridize to
\me capBuL i nmmhetmmﬁelaemﬁ,ndeseixh timpbargimgetkp is gedforiiéeonrassohdebppdrt-cl ai m 1,
erein_the | if erfor 15.
ot hod 31 o1 st labe v ERaR Sy o Te R e donter ERUERTRAAK or 15 The
rolding grassregIopn@nﬁlbelrfsnliba,tmmmhlpi@lasﬂas,eaeadst bnoﬂlntsf cetlblabem 1, wherein the

t t | e
et RS S B T USRI oo D SolEL 0 PGl 217 2,

or 21. tebfnolokye met hod of claim1l, vvherel n the reference nucleic acid is a
reference chronosone.

chr ormsBm:; i Ehedﬂ$ 16%8}‘?’5“ ﬁ wlyremggxe fgangir@ s?e(g co?ﬁnses a\é\{np oiecl Qn&ﬁ%g lih%f erence

collection of nucleic acid molecules within a gel matrix.

10 10.  The method of claim 6, wherein the arranging step comprises a step of mixing the
collection of nucleic acid molecules with emulsion beads.
11.  The method of claim 5 wherein the support comprises a plurality of capturing moieties

immobilized thereon to capture individual polynucleotide.

12.  The method of claim 11, wherein the capturing moieties comprise capturing
15 oligonucleotides.
13.  The method of claim 12, wherein the method further comprises a step of first treating the

polynucleotides such that individual polynucleotides contain adapter sequences at the 5 and 3°
ends, wherein the adapter sequences hybridize to the capturing oligonucleotides immobilized.
14.  The method of claim 1, wherein the amplifying step comprises performing a PCR

20 reaction.
15.  The method of claim 14, wherein the amplifying step comprises performing rolling circle

amplification.

16.  The method of claim 1, wherein the target nucleic acid is a target chromosome.
17. The method of claim 16, wherein the target chromosome is selected from chromosome X,
25 Y, 13,18, or 21.
18. The method of claim 1, wherein the reference nucleic acid is a reference chromosome.
19. The method of claim 18, wherein the reference chromosome is chromosome 1, X, Y, 13,
18, or21.
20.  The method of claim 1, wherein the target nucleic acid contains a mutation.
30 21.  The method of claim 20, wherein the mutation is selected from the group consisting of

SNPs, deletions, insertions, duplications, and combinations thereof.
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20. The nethod of claiml, wherein the target nucleic acid contains a

mut ati on. 3021. The nmet hod of claim 20, wherein the nutation is selected
from t he wWoaop/563s3i sting of SNPs, del etions, insertion®CTdispéliiowadssons, and
conbi nations thereof. WD 2011/156387PCT/US2011/039460 22. The net hod of
claim1l1, wherein the biological sanple conprises over-abundance or
under - abundance of the target nucleic acid. 23. The nethod of claim 22,
wherein the biological sanple conprises aneupl oid chronosones. 524. The

met hod claim2, wherein the nucleic acid probes specific for the target
nucleic acid, or a portion thereof, are specific for a single |locus. 25.
The net bhad oThthahcm&f clame,r\elhemeimtiebmmgicai snpdd chmprisdheserspewiafdesrf or t he
target nu c .acid ortlonthereof are specific for multiple loci.
26. The! Wﬁe('ﬁ%’) d?)lfcec?ftgl mrgf %eé i%i the nucleic acid probes specific for the
target ngcl efie dnei d claim 22 verdn thabiohgicebampircempuides aqpuplesld.  27. The

nmet hod of claim 26, wherein the nmultiplexed probes conprise 2 - 10, 000
probes. chro@OSOPIfS et hod of claim 27, wherein the multipl exed probes

spegi fi g4f or ThReth@r Qiin mwaérennaheamclé;c 20id pRobROsebifin fdr hier tergkt, nucloiepridse 500
probes. 29. .Th %fthod of & ai mgiél wherein the nucl eic acid probes

speci fi (‘i’”I‘BOrm?‘}'u creQds WF SRFEHICAYIA 918 95%ci d, or a portion thereof, are

speci fi @sf or Tk méth@l  claga 0 I,Swheréiﬁ)the'ﬁbﬂelﬂa&xhpd)bes‘ spedifid for fhe tanke nedleict he

nucl ei ¢ acid probe CIfIC th et nucleic acid, or a portion
t her eof 3¢l ’r%afﬁ‘é‘é’??}leﬁ“ 3t Sﬁfﬂ"%‘i %f 8‘“&‘8&%& 31. The nethod of claim 2,

wher ei naghe TRch@hdd EGiath Prwiesn gpeatitic acifl probtdwpeditif for ercegauctiécc aci d, or
a portion thereof, are_nultiplexed. 2032. The net hod of claim 31, wherein
thé0 rul ??‘ﬂ‘%%é’&”ﬁ?%é@ éﬁ"rf’b‘ff =10, 000 probes. 33. The nethod of claim

31, whenein tllibemmwdmlaam@l vﬂfeﬁbﬁhﬁ&e&ﬁ&(ﬂlé‘xb@prﬁb&’s cbhﬁrisre@f-elr()e)ﬂﬁerolbeml ei ¢ acid,
or aportlonthereof co Ia|m2

wher ei n28he BlPedB"é‘%Odsﬁfé?@l‘ Fe”i Y?i‘é "l“gfpgeé‘f’d WﬁB‘fséP??'féfc;] Ppthe ge mf)c ¥t ion
t her eof 4ciand atpBRioRERRLS cg@g@gefﬂog foes.t he reference nucleic acid, or a

portion,t .her %}?J metﬁgdeoflclaé?rg I2e\ghezr(gylwthtelluc Im%taz:l %Eo‘b\e/se slpgmp ce ¥or t%tear'gfjerence n%nla
15 acid, or a portion thereof, are specific for a single locus.
30.  The method of claim 2, wherein the nucleic acid probes specific for the target nucleic
acid, or a portion thereof, are specific for multiple loci.
31.  The method of claim 2, wherein the nucleic acid probes specific for the reference nucleic
acid, or a portion thereof, are multiplexed.
20 32.  The method of claim 31, wherein the multiplexed probes comprise 2-10,000 probes.
33.  The method of claim 31, wherein the multiplexed probes specific for the reference
nucleic acid, or a portion thereof, comprise 500 probes.
34.  The method claim 2, wherein the probes specific for the target nucleic acid, or a portion
thereof, and the probes specific for the reference nucleic acid, or a portion thereof, are labeled
25 with distinctively detectable signals.
35.  The method of claim 34, wherein the distinctively detectable signals are different optical
signals.
36.  The method of claim 35, wherein the different optical signals are distinct fluorescent or
luminescent signals.

30 37.  The method claim 1, wherein the determining step comprises determining the relative

copy number of the target nucleic acid.
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35. The nethod of claim34, wherein the distinctively detectable signals
are different optical signals. 36. The nethod of claim 35, wherein the
di ff er entwoppiwisb3ssi gnal s are distinct fluorescent or | woirsseenssds gnal s.
3037. The nethod claiml, wherein the deternmining step conprises determ ning
the rel ative copy nunber of the target nucleic acid. WO
2011/156387PCT/ US2011/ 039460 38. The met hod of claim 37, wherein the step of
determning the relative copy nunber of the target nucleic acid conprises
the steps of _ (a) determining a first fluorescent signal |evel
indicative of the first nunber of the detection sites containing the target
nucl ei c38ci dThanetbodudictaim A7, twheredothe stapofdeidrmthetthe ehtvetsar kgnearethsi gnal s;
(b) determni a.second fku rescent signal |evel indicative of the second
number gafgefﬂlécq%%?céds TRt ee&epcsé)r?lt aining the reference nucleic acid, or a
portion ther@pf, deermialnigadstflootiventsankigeelimdicsiigrdihs;first number of the( ¢)
determining a ratio of the first flugrescent si I t he second
f1 uor esB@ﬁ‘%‘oiégﬁsﬁﬂ%flmwg@@lt?rggnné'delc i, oré &Ogiﬁ)gt%leekg%lirlﬁo h‘ga\{l?%det%?heel ative copy
nurribez efickihand gg@et nucleic acid by normalizing the ratio determnined at
step (c) to ger tio between the nunber of pr ]]gss i.fi t ar get
nucl ei ¢ aci d{b nd EREMRTEBSFO ?tﬂB?rSng‘g%‘ n%lg?vfe |p188 %}Vetoﬁglgféecf) g(% Ié\%qctﬁ Hﬁcl eic
aci d. 3hehectimisheconfainigahaelsrenoheiictiinadid)er ppdrioutkeot naeslisbtaihned from
t he biol ogi cal sanple 15contain genomic DNA in an anount |ess than one
genone & (PHP%%’?.S’ 40. The method of claiml, wherein the anplified
products conggi N @fphinfrigadaigesTaid firstNAreatenesighbledd tethabaed fevatenof genome
equi val e.ncel_.] 4&.&? method claim1, wherein |ess than 1% of the
pol'“}/n_ucIS@Bil‘B’é bt ai ned fromthe biological sanple represent the target
nu?:l ei cI aci dgj)204%te}l}hiaiﬂg&mehedtiw‘co@y airfibel of shb e gt nudid@s&cid byanmraliAbgahe t he
ol ynucl eotj des, obt ai n fr

oty ratio determined at step ?S to th(e) r1]21t110}?)§‘[ween the number of probes specific for the target

nucleic acid and the number of probes specific for the reference nucleic acid.

39.  The method of claim 1, wherein the polynucleotides obtained from the biological sample

15 contain genomic DNA in an amount less than one genome equivalence.

40.  The method of claim 1, wherein the amplified products contain amplified genomic DNA

at a pre-determined level of genome equivalence.

41.  The method claim 1, wherein less than 1% of the polynucleotides obtained from the

biological sample represent the target nucleic acid.

20 42.  The method of claim 1, wherein less than 0.1% of the polynucleotides obtained from the

biological sample represent the target nucleic acid.

43.  The method of claim 1, wherein less than 1 out of a million of the polynucleotides

obtained from the biological sample represent the target nucleic acid.

44.  The method of claim 1, wherein less than 1 out of 10 million of the polynucleotides

25 obtained from the biological sample represent the target nucleic acid.
45, The method of claim 1, wherein the target nucleic acid is derived from a fetal cell.
46. The method of claim 45, wherein the target nucleic acid comprises a fetal chromosome.
47.  The method of claim 1, wherein the target nucleic acid is derived from a diseased cell.

48. The method of claim 47, wherein the diseased cell is a cancer cell.
30 49.  The method of claim 1, wherein the method further comprises a step of whole genome

amplification prior to the arranging step.
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bi ol ogi cal sanple represent the target nucleic acid. 43. The nethod of
claim1, wherein less than 1 out of a mllion of the pol ynucl eotides

obt ai ned woaem13e3shi ol ogi cal sanpl e represent the targerCnusk@ino3sed d. 44.
The met hod of claim 1, wherein less than 1 out of 10 mllion of the

pol ynucl eoti des 25obt ai ned from the biol ogi cal sanple represent the target
nucl eic acid. 45. The nethod of claiml, wherein the target nucleic acid

is derived froma fetal cell. 46. The nethod of claim45, wherein the
target nucleic acid conprises a fetal chronosone. 47. The nethod of claim
1, wherein the target nucleic acid is derived froma diseased cell. 48.

The nmet 5od oThahahod ot Zjainahl ewisrein tHeenetlicd dargedcangirises asstep of detemriniggiflthe

3049. The thod of .claim 1, wherein the nethod furt onprises a step of
Shat e oEiRE AR bf e B et G5 s Bodda TR bREar O kil OTD

2011/ 156387 PCHY thiSRQ /230 4 60her&0 the Tinehoded dseditoafetect adismase, divdrderern t he net hod
further conprises a. ste f determ.njng,if the rel ive amount of the
target ﬁmfﬁ&“cora?cﬁaﬁ‘ef @61%8{1)8?’3%1“6 g"tlék‘ﬁ%gl}oé@altagl Ogmcogtrtl ert%rfg& muEic ae et hod
of «lainpl, Whenehs dfaime! kiadeih heusatdtiousdeioe ptenataldiigpeaseof fetalsor der or
condi ti on, @r a carrier thereof, associated with the abnormal anmount of the
target AUPEIY acid. 552. The nethod of claim 1, wherein the nethod i s used

:‘Aﬁr pr eB&L al Tl;IGH rAgRaBifelaah 1f ehatin dR&updgiatlyampless seldth froat thodroop cl ai m 1,
erein the biological s le is selected fromthe grou onsi sting of

Col | o, " EPBEHBE ShiRDH B SUE DRSS S i b s FBcier 8T VR, g

bl ood, &hRE kMHIE cNdrlohi¢/ilRBRINEe cltigy, hiafiotc Miill|dumicamplidcuitde ure, amiotic
fluid, ammiotic fluig culture, 10transcervical |avage fluid, and

combi nateyier iehlages fluigsand sombingiiog gt det ecting a target nucleic acid in a

bi ol ogi 6al sAmRIR fEQIERLIIS @iget nucleic acidlif abigloadapamykRu@neoitinges obt ai ned
o e o Dl S o abbl e St B v o
pol ynuchk&etidnd@ss, wRedeiradt rdictibh tie Rhtaln€ 36 bvc@dpe Dhé pslytuolea@ter ate a plurality
of amplifying the polynucleotides in the plurality of reaction sites to generate a plurality of
15 clusters such that each cluster contains amplified nucleic acid product; and
detecting clusters or reaction sites containing the target nucleic acid, or a portion thereof,
by hybridization using one or more probes specific for the target nucleic acid, thereby detecting
the target nucleic acid in the biological sample.
55. A system for determining the relative amount of a target nucleic acid, comprising:
20 means to amplify polynucleotides on a plurality of amplification sites to generate
amplified products;
means to carry out hybridization of the amplified products with probes labeled with first
detectable signals that are specific for a target nucleic acid, or a portion thereof, and probes
labeled with second detectable signals that are specific for a reference nucleic acid, or a.portion
25 thereof;
a determination module adapted to (i) determine the level of the first detectable signals,
and (ii) determine the level of the second detectable signals;
a storage device configured to store (iii) signal information from the determination
module and (iv) the information provided by a user indicative of the number of the probes
30 specific for the target nucleic acid, or a portion thereof, and the number of the probes specific for

the reference nucleic acid, or a portion thereof; and
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15cl usters such that each cluster contains anplified nucleic acid product;
and detecting clusters or reaction sites containing the target
nucl ei c awoadpi1ioisea7portion thereof, by hybridizati on usiPaog/use@® 10894601 €
probes specific for the target nucleic acid, thereby detecting the target
nucleic acid in the biological sanple. 55. A systemfor determning the
relative anount of a target nucleic acid, conprising: 20nmeans to anplify
pol ynucl eotides on a plurality of anplification sites to generate anplified
products; means to carry out hybridization of the anplified products
with probes labeled with first detectable signals that are specific for a

t ar get nucIeh&nmamdgnmduaammmﬂmnmot&mm£@m¢nﬁn@fﬂw@behﬁM&hﬁhethth second
det ect abl e si t are Cc for ferenc [
portionsﬁggﬁggg%kydo tesamgj%%ngkﬁﬁg?ESE W@? egmaﬁaefga gg&fgﬁogmfernlne
the | evedrg@hudlbieadid bphorthalifnd dblatio ot Gnalzssl levad tq the )atnd@t:@uem thentthier| evel of
the seco det ect ahl.e_si gnal s stora Vi ce C ure tore (iii)

si gnal ﬂgﬁ 1 BRCH ?Bﬁﬁgﬁ@gﬁé?gFﬁfﬂﬁt SHmﬁﬁﬂﬁFmogﬁﬁh%?vyd? %e @nfornatlon
proyi de@rdbys Detifi€foriRdifeRhiotricfc acldgornpvhin tiefedfhe probes 30specific for
the target nucleic acid, or a portion thereof, and the nunber of the probes
specific for the reference nucleic acid, or a portion thereof; and WO
2011/ 156387PCT/ US2011/ 039460 a conputing nodul e adapted to (V)
calculate the ratio of the |level of the first detectable signals to the

| evel of the second detectable signals and (vi) determine the relative
anount of the target nucleic acid by nornalizing the ratio of the signal

| evel s to the ratio between the nunber of the probes specific for the
target nucleic acid, or a portion thereof, and the nunber of the 5probes
specific for the reference nucleic acid, or a portion thereof.
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