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[ 0001] Thwe 2appisbmati on clainms priority to United Stategchppbioasison Seria
No. 61/253,639, "Methods and Devices for Single Nblecule Whol e Genone

Anal ysis," filed Cbtober 21, 2009, the entiret which is ncorporated
herein by ref er gL O%NI]:@ELﬁfFEWEVICES F@% Neﬁﬁ]é @%EQM B nventi on

relates to the field of nanoWstpHBICEEYOMKIA Sfleld of single nolecul e
genom ¢ anal ysi s. BACKGROUND [ 0003] thronnlecules such as DNA or
RNA, are |ong pol ymer chains conposed of nucl eotides, whose | i near sequence
Is directly related to the genom ¢ and post-genon c gene expression

i nformati on of the source organi sm [ 0004] Direct sequenci ng and

mappi NCROS S RPFERENCE JIORELATED ABPLMTFON@tionaI units such as open
readi ng franes gCRFs), untransl ated regi ons (UT exons, introns, protein

factor bi ndil#@Pldi tTeds apphicgiimoripiens gricssy @Jémteé§t@sGA€Pler§flen§erl@hl\éq ORNA
S'tes’6ﬁﬁ%§%89&9@ Poés&ﬁﬁiﬁné %&%@ﬁg@@&oﬁaﬂe9%&&%c%ﬁ&ﬂ&%$ﬁﬁ ,gﬁq%éagggona
10 an eal t

units are inpportant I n assessi enom c conpos
profil @1, 2009, tidievtitbtyabSwhich is incorporated herein by reference.

TECHNICAL FIELD
[0002] The present invention relates to the field of nanotechnology and to the field of

single molecule genomic analysis.

BACKGROUND

[0003] Macromolecules, such as DNA or RNA, are long polymer chains composed of
nucleotides, whose linear sequence is directly related to the genomic and post-genomic gene
expression information of the source organism.

[0004] Direct sequencing and mapping of sequence regions, motifs, and functional
units such as open reading frames (ORFs), untranslated regions (UTRs), exons, introns, protein
factor binding sites, epigenomic sites such as CpG clusters, microRNA sites, transposons,
reverse transposons and other structural and functional units are important in assessing of the
genomic composition and “health profile” of individuals.

[0005] In some cases, the complex rearrangement of the nucleotides’ sequence,
including segmental duplications, insertions, deletions, inversions and translocations, during an
individual’s life span leads to disease states including genetic abnormalities or cell malignancy.
In other cases, sequence differences, copy number variations (CNVs), and other differences
between different individuals’genetic makeup reflects the diversity of the genetic makeup of the
population and differential responses to environmental stimuli and other external influences,
such as drug treatments.

[0006] Other ongoing processes such as DNA methylation, histone modification,
chromatin folding, and other changes that modify DNA-DNA, DNA-RNA or DNA-protein
interactions influence gene regulations, expressions and ultimately cellular functions resulting in

diseases and cancer.



[ 0005] In sone cases, the conplex rearrangenent of the nucleotides
sequence, including segnental duplications, insertions, deletions,

i nver si onsoand/asorans| ocati ons, during an individual's | ipCe/span/ossass to

di sease states including genetic abnorrmalities or cell malignancy. In other

cases, sequ di fferences, copy. nunber variations (CNVs), and other
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responses to environnental stinuli and other extérnal 1nfluences, such as
drug t mecamemcrasingly appfil@®06] O her ongoi ng processes such as DNA

nmet hyl ati on, i.staone nodi fjcation, chromatin folding, a ther changes
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di seases and cancer. WO 2011/ 050147PCT/ US2010/ 053513 ~ [ 0007] nom ¢

st r uct Umase methpds jegend gf@yshangepohihe igengrae sisheadneuady.aundesheal t hy

i ndi vi . i rt 0 n_heal,t f er st andin n
sequendaieePif POR%s MRl IR IRy Rl YLPELFHRC O, DR
Conventmeéhals saffeopenetlatvaIpidvostmsBival aas rdsaluyioh #pddigsting InBdiddrkaiongscent in
situ Hybridization) provided a global view of the genom c conposition in as
f ew as SgAusPeRyMatifer|lesionsearevebi labeidens. ofr lgaied-1pspdard BEORSHEenone such
as a”e‘AP&RL y, gain, loss or rearrangenents of |arge fragnents of thousands
and mlIlT1ons of base pairs. However, these nethods suffer fromrelatively

| ow sensi ti \0809] ardoreasainutethnds fordeteetng seguendiregivho ssuehde wedfisefice notifs

or | esi.ons, as | as bej aborjous, of Jimt speed. and. i si st ent
accur adyferests and ?‘?@o@fﬁ%ﬁ{%&%&gm FisiSe FsPoRi rf%t@&qg@ﬁ%igﬁe@ﬁ ons,
sequenge, bﬁi?—eﬁcfl séqﬁl%ﬁ‘éiﬁg haveaRfhrodad ,res%%lﬁi%_naa%d %G@Tlg}(;ﬁ'f.r @Hes%f&i’é‘f&%htv €

), fi1berFl

Genom ¢ Hybridi zation), FI SH, or nassive pair-end sequenci ng have

i npr ovextthaksarastilogithenddirhetolagbiperts. andheesintene expoeint, andtdfiod daer emged | |
either Jdndirect., |aborious,and.inconsistent, expensive, and often_ have
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|nten5|t¥ ratro informati on that does not reveal bal anced | esion events
such adalapcasklesionsvagts suchBs inyerstans os translocatiopp010] Functional units and
common stru Il rJ.at | r.e h mass. kr n ses to
rore than miooioRs SERELRL RS AtebRRR el fuRRERRRRR: ol MerF Bhecinad?®2n
SVs ac s tehhef basolouhb@nhacatgbhsdMThul)-akbahdd ofrevedlidgSedurace mlfauiatione

kil obase in | ength) to negabases al ongtT | arge native genorri ¢ nol ecul es woul d

be hi gy SYsdrioabihe reselutiofsede ifiog arbdksi(he. kenthan ioRg kiletspe it lsngh) or e
i ndi vi ' - ' ' i:

foat ur onBastfaBREEL B B8 B AR Sl BE R B U RE D RO e
st at es fmk-sbale hegpoal prejpst efrmorgmdividualsan loyddrmo pathlb g pleyichstyrngehargersrisadch as
humans, are. conﬁéguences of the interplay between the two hapl oi d genones

i nher i BEEPTICIMTHEEer nal ~and paternal |ineage. Cancer is often the result of
the loss of [hei1§T AZY@EShdY, ARROGpBLINN Ho PRI BISRNRLe 88 OMBological [0012]
Current sequenci ng anal ysis appioaches are |argely based on sanpl es derived
f r om avgstame dartigutarkyl inindtiglendonrganismat sichak bumianh afd gpinsaenap bbthgpaterplay
informatjon. .This js.largely due to, existing fraont end,sanpl reparation
ot hoa e PP 5 el iB e ks Bt G P b P on B PR Bt B
from a theteeilpGeMe RiLs oﬁﬁétkroﬁfﬂ%ﬂhﬁhfn@ﬁg aiploill kB NERbAEAMIignd. hem i nt o random
smal | er pieces. This approach, however, destroys the native structural

i nformati on [6@12] hd wiiept sragerfaroalysis approaches are largely based on samples derived

from averaged multiploidy genomic materials with limited haplotype information. This is

largely due to existing front end sample preparation methods currently employed to extract the
mixed diploid genomic material from a heterogeneous cell population and then shredding them
into random smaller pieces. This approach, however, destroys the native structural information

of the diploid genome.



WO 2011/ 050147PCT/ US2010/ 053513 [ 0013] Recently devel oped

second- generati on sequenci ng net hods, while having inproved throughput,
further cwopbiwsoma7t he del i neati on of conpl ex genoni c i rCoOrusativomsdtie to
nore difficult assenbly from nmuch shorter sequencing reads. [ 0014]
I n general, rt read re harder to align uniquely wthin_ conplex
genones, ad(ﬁﬁ&i nal%ecglétgxfgwe@lof:ww EPRHAAY SrgucheneBeigeds YiREF PeYBe | i near

or der _ofptdiea B9k dhphR iRler c64pAdc HRYUCREAREN Of 2y bRLENSHFA YRBRLARCRKRE age

is needed to reach simlar assenbly confidence instead of 8- 10 fold

cover ageoradétiedt assembipierh inoichIsh@AC seqpebnsingtreagan  Sanger sequenci ng (Wendl

MC, WI son pects of coverage i di cal DNA sequencin BMC

B oi nf or mat 1 0U43008 Hagals Bloroeasoye actoisn angupy EY cobler arpges
sequenGagiosasbquefdd! fifddhtiBR 6 fRH&R{oSIcPpBeOtht Gh&d orddriolBeyshdAMreOfregion.
dramati cal ly reduci ng sequenci ng cost below the target $ 1000 narKk.

[ 0015] Themgdas ofrdp éxddsequeasiag cayraigesis seasied tarageh piptikae pssgahbraontiderice dugtens
rovid t i bilit f. preser.yvi ra tive i
s 7B TGRS Rl RERSLEMBAL S LA Sl e BSRO N

pr oces MO Walkph RKi &&ek81bf cdVeeadedin @@ddidald ©NYE Bejiie ficih g, BMEIB 8 indd@natit HBOUSES S
conpl ex the sa e ﬁppulation In gfnonic anal ytes. In an ideal scenario,
only 4&ehtesResvall his imgases fathes sbrllcstrescarrarcipgsgstaredugtivglaad Agfleaie e | evel

to cover. i J i . i uch
appr oachZALP AR bR IR, ARG Mctardel 69000 BERTET"
a practical [0@h] ,Sindgatdzalegevdd andy$is afjlreset intacagenbemierbicatke gravidemticel | s
and preseKVﬁd for direct analysis. This would red c§ t he burden of conpl ex
al gor i PRMWIRIHY YEerbiige thergcupisgaty: %f‘é’logtl‘éémbcé%ﬁg% 18 B1ABP 1N HicgSBHCE

i nfor matd@0id dul v dhoRi EBB&!E}Jro&QPBFa&hpﬁHUaﬁoQiTlf%%ﬂg&!r he gi:ﬁ@i‘ﬂ% E%%ﬁien&%é,%@r _
phenot ypes. [ 0017] Macronolecul es such as gefiom c are often in
t he f odgss ebmplerithd $aaxildpepulasromihigkeopiclapatgteis ¢ It midasl. scdiveweompdbdonol ecul es

| | dto h d o] fi i in,f | ut.i on.
For unfbmTe e btz T gRes o6 radr-eddt S P BaflodPudn Pip gy "
par ameth@maf @bhdthéldhd §efuénc@iddiited frbs sbyiPhsibach AL @ict BBP1BHIpe information[HJAkS]

In order to achieve the consistent separation of the marked features al ong
| ar ge inAtEGt nmacronol ecul es for quantitative neasurenents, one approach is

% ules for quantitative measurements, one appr
o Streteh it PoLUTRAL ol RLGCHEER L0 SONRL BLEALYLLACRI AL Eli e, o

I ne sur?ace patterns,

pr ef er abd prdsengd rarikeceamlBsBr Thankoule tediice fe/ iadwalTanmplex.algorithm and [ 0019]
Met hods of stretching and el ongate | ong genaom c. nol ecul es have been
denons 3By, 28 el conylates grRprais ad/AaFPIEIGHEC fernyiongpits eERinglgoskat s |

S ey e contirg) o anpr fud s
ei t her st abi[OOWQd-Macaumb}enmlbysm as @agprais DA aexdfeemialthd formenfwearsi-fiakihteai ned
or fror %v rr%lil' enpeo%t/rln ricbé/ha?'r}sF aﬁltc]isenl%aérgm%le%{ilfe]; g‘r%eno?r?la 3’/1 gsesgm\égi ?o have a random
coil configuration in free solution. For unmodified dsDNA in biological solution, the persistence
length (a parameter defining its rigidity) is typically about 50 nm.

[0018] In order to achieve the consistent separation of the marked features along large
intact macromolecules for quantitative measurements, one approach is to stretch such polymeric
molecules in consistent linear form, either on flat surface, chemically or topologically predefined
surface patterns, preferably long nanotracks or confined micro/nanochannels.

[0019] Methods of stretching and elongate long genomic molecules have been
demonstrated, either by using external force such as optical tweezers, liquid-air boundary
convective flows (combing), or laminar fluidic hydrodynamic flow.

[0020] Elongated forms of molecules will be either stabilized transiently as long as the

external force was maintained or more permanently by attaching to a surface enhanced via
-3-



WO 2011/ 050147PCT/ US2010/ 053513 nodi fication with el ectrostatic or chem cal
treatnent. Denonstrated el ongation of polynmeric macronol ecul es inside

m cr o/ narwoharmmshsi7has been denonstrated by physical entcopiseooosdsinenent
(see Cao et al., Applied Phys. Lett. 2002a, Cao et al Applied Phys. Lett.

2002b; Unj.ted St ate Pat ent i tlon No. 10/484 29 i ncor orat ed herein
by ref & PR “tlﬂlefi FCLOstE 8f }g?)lca treatmenfo opn ONEAEPR OUPR IS et er s

ar ound 100, HAEAAKEN DS ThiGBAMRodHANnAdIORA HeER d%%a%mh%s&ﬁl%%ﬁks up to
several hundred kil obases to negabases (Tegenfel dt et

Acad. Sonfineddd )sce Samies fil .eAqipbicd Phay. dett. Dtl2ecUies aéIAcppgat Eldysvx,LttIn 2002b

of 1 on B SHEEaRoH APTR v PHdioa. e SR Bk AP OB f o m

bi ol ogiegaleribyynct i onal assays on such nol ecul es. This formof elongation is
also relatively easier for manipul ati on such as noving charged nucleic acid
mol ecul es i h0@1dcti¥anechdnapld with cga@gtgmraéogﬂamoém have beepiskavt enlgwasie speed

from NaBNACAAGHY - ne AL 7 S BLFRLRNE i ahdlt, Wil Reech aeliigonyrof | ed

manner . m)re e na ure na naio scal e

envi r s INaplr acad! @eﬁ 2004)b Heaii R x BietaR@n yholdculeh @lonB@ad witrmaasflditiat cai ght
ot herwi se fragnent | ong DNA nplecules. This is especially valuable for
macr ondPPendes njaduigier amilw @th@@p@e@a@h rgngerp ey eRNENRI IR IPHc%?thie@ R&ngen

whi ch § %% 819191'1%1@?% aﬁéﬁ%ﬂn b&Jh& Lﬁﬁﬁéﬁonhha%s foﬁ%héhvn%gfg@&‘lgs | PRQEFan De

only as long as t rgest |nt ragment at can mal nt al ne
[ 0023] elcmgamhh tsiabo rélatlgﬁéyl emarsfor ﬂnhmpﬁ]laad)mj swh aemcqmmacgdhmslehﬁfem

recogni z s .be 0 ul ar ort.ance for r ol n. di seases
such aén‘ﬁ n elﬁf%‘fff 0%1 CUMHA %rgyﬁﬂt B ‘KIHBW%BQ spefd g@f“ﬁﬂlégﬂgﬁ €%tnd
epi genephpiete ﬁat'i@ie@f St%%}ﬂh%ﬂ%Sél?C&ﬂ%fegtI%QbIng how genoni c and epi genomi ¢
factors correlate directly or indirectly to pol ynorphi sm or

pat hophysi ol[@R24 alFucthainare.ghs natnrefrfhndid ﬂswamemaan@amnwgmcﬂt@sedudes

002 S R 20N e FORR P 8 SR VS LB SRR R,

anal ysithifiRdsfed el ivanable FON@AR6 Mol lﬁltshicurﬁglsisaé@@élﬁﬂhl' h deQ&Em%{ri on, to a
more nulti-faceted holistic approach. DNA sequencing, struct uraI vari ations

mappi n@pPPIGsaOnsamkichet RN aedubh bpatede LHgmatelys thereéfacbiyk fag danedhean be only as
Bucl eosfgr\[g% tfleeﬂggdeg npa%t fr%rﬁé&%caﬁﬂ@%talﬁ&p transcri pt| on profiling have
een vie

wever, technol ogi es exam ni ng each
of above aspe@a3s dh aﬂdhaoﬁrw efiohics, seafiedd ofeﬁlg@oﬁeéslmsaéﬁl etbd@fizddssIbaingd,
t edi ous and non-conpati bl e, which severely conplicates a system bi ol ogfy
anal ysiof sipalar feppitanesstos im golentn hasgperdispars chiat @nee's JY il the accumyleigomsg

Si ngl € 1Bl & glgé ﬁwﬁo@}{ bRl ¥ ﬁ?p g hﬂfsggrﬂ ’Ur‘%‘ﬁ&llé]%% éé’ & EndlPAA it gé}{iﬁﬁhgs

coul d provi e potentia hg g nom c pl genom & i'nformati on
of the ahdeggtncsnmfﬁcesrs|cnrr61aweimeeﬁymn@ﬂi:éct1yrmImehmmlqrtpamaphWogth as
overl ayi ng .t he ce structural variations WO

2011/ 0§811‘gn7 %ggtﬂ 155855 19 WR{IRNANSES T ant et hyl ation patterns, m cr oRNA

si l encing sijpes am&%%@ﬁoﬁyﬁ%%@ﬁ@ncwlh‘%:w(ﬁ%d AL R p8Amehiafsed €- 9., PCT
pat ent appl i catl on U52009/ 049244, the entirety of which'is incorporat ed

her ei n apgropdf mr\elmebal)eas of gemaindc gpqoencdeg, apigenagicpostkylhtidn aradysisiand functional

ﬁggﬁ;ﬁfggﬁgrﬁ% S}SF e%ﬁ%‘ac? Eaé%{a r flé'é‘]iah(lér? r‘gos a%org ?nuhtl— cetegI ﬁs 1Sceaspp ﬁsb%lA
sequencing, structural variations mapping, CpG island methylation patterns, histone
modifications, nucleosomal remodeling, microRNA function and transcription profiling have
been viewed in a more systematic way. However, technologies examining each of above aspects
of the molecular state of the cells are often isolated, tedious and non-compatible, which severely
complicates a system biology analysis that requires coherent experimental data results.

[0025] Single molecule level analysis of large intact native biological samples could

provide the potential of studying genomic and epigenomic information of the target samples in

true meaningful wholesome analytical way such as overlaying the sequence structural variations
-4 -



SUMVARY [0026] The present invention relates, in one aspect, to

nmet hods of | abeling and anal yzi ng marked features along at | east one

macr onol ewolz2e11ziseta7as a | i near biopol ymer. The net hods, PCm/iSenm®/053513

enbodi ments, relate to nethods of mappi ng the distri buti on and frequency of
specific sagﬂuence moti.fs theng) or c or proteomc

(i
modi i ¢4th rré%%@hwtl%eﬁt%%ag%eé Aot epgmg%?fgmdm 3 an%}HPP PO}
nucl ei Qnt%ﬁh&hdﬁ‘)'(SEé“ %9 P@‘FP& th&@mh hsdogo@ltha2nf GP@hféB i{ he motif.
[0027] Al'so disclosed are fluid chi ps and systens suitable for sorting
and i mwtrpcyatﬁdlhodem mgrefabeieadlt venidprol sleul vesy pavesd tedliipsndendaslisg s ar e
capabl e rati n paral.l el fashion for. optical and no tical signal
anal ys et TR0 of AL Sies sER eqtRbis P ek Bl PO  vi ng
doubl e stranded DNA nol ecul es by mapping the distribution of short sequence
noti f s saiMyvoARYie DNA backbone. This provides high spatial resol utions
bet ween sequence notifs. Based on this high resolution map, the sequencing
reacti on wad0026lt iHieipesgntinveskion relptes.Ha ose giRsAk & Bpdefl plclapadingrandi t es, and

eyl ed oL OO IR QA LRl ARSI O g'aqﬁeatb@oq{wj@aspﬁ{' al

| ocati on can C&r me or sp rrpor al enci ng. The
pr esentmdtiodBnini sOﬁlea:lnﬂmdfrﬁérﬁi @slate o hikehods es maf)plagl a:lh: dlahehumgarﬂrfmqesmfand
features. I n one enmbodi nent, narked specific_ sequence m)tl fs

on doulPeifig ?%HEI%‘G rmis Sree RAftEHR HYMSy OhFheryica) o8 PrRiFQImiS mosificatign siaigpTand
form ngu&g&guéﬁc@'n%tﬁwogg IR W RIGH &ﬁéle%zarmecu%@ede é&fm tﬁeh@rggtﬁppl y

a polynerase for strand extension while generating ' pee ort sequence
segnentasd sajuesct Sffthapstif.si mul t aneousl y These peel ed si ngI e st randed fl aps

t I i f f h t bel ed
ot obee. 1 n S0V erbSunanrg e SOEE ms Py AW aus e P fapefeq
pr obes Jynkjigdg tleﬁbeIe'El@n&@&h@l@cdl&@-Fl’hefjerbh%shﬁﬁ ?HQ@Q hﬁ%@f)z?ole Qﬁ@&?a‘cfn‘gﬁn pLaRes)

bind so as to fill in at least a portion o gap" left in the strand in
whi ch tfwldmfapomlamﬂrmoptlcﬁl tigiesd enadpindi rrents the presence of the

gap-filli ngégﬁﬁis n tl?gr%g[get%t gte g%ISVC%ItCIJOII islldenitirfl in go%gs | Onbﬁfl 8%0{1]&:8 l ap

remai ns oes urn S orli pOSI ebases
or probgsmfe \%hﬁe BRutibe of Elﬁ)rf deqer@B @ndtPs hib8g g@mmfﬁacmncrhmprmaeg‘ lap’ s
f or mat i on. 2011/ 050147PCT/ US2010/ 053513 %00301 Sui tabl e | abel s

i ncl ud&igh ypatidgewhytiogy betyser sefuesce ol Based pndhip dibaripletind mae the ke. A

non- ex o i i m and
i t abl S EPEE b Ul fid B LERRE ! o P LBASE bt SREEMIERT, The
art. Lalehgh timy t@bbtaini mﬁlhptdsd)amagnﬁ@tmmobadkmvn s'padhldamnon,ewbmﬂ c@sbe guaed um
dot s, and the |.ike. { 031] Wien | abel ed genom c DNA i s extended

i near N Sofr wﬁﬂ&nﬁ.tﬁ@wﬂ FrEing T%reﬁ@n?ﬂaﬁ%waﬁh@ relgfes 49 the useieoisHel i al

di stanqgoegﬁé Bsssd GRpfestufdsom decorat ed probes hybridized to the sequence
specific fl EF& quantitatively nmeasurable (in a consistent fashion). This
i nformation [W]t Hennbembs@dleno ngeleel prafionequesce batibadeloublegiratdedddNA

patterns th efl speci fi uence information in t regi on.
The i aRetregupby ik SIS g A BYR.fod By bR yeuBulafey ¥
enzyﬁe%nzjrﬂ&%“@h@gse@kﬁa Rdn alﬁp:g E@l berd\D fBRMGhd etBnsBSTW hild\BenBitikl < pdledt S| ;
Nt . Al wi bvCl % tyNBI Nt. Cvi PI1 and conbi nati ons ther eof .
Based chort mcslemp‘eg@enf@ émléqdn élapamlmeltgmoﬂdy mdtiese peeled pmgBrapdedoitaps

rare Rl SeREAER Sy Tl RGNS PRI R ABI PR gl e dpipien ' seoee
bases) -e@ﬂSGd{r&nﬁ@%@@); (ﬁélﬁdln'ghﬁ&@:dﬂfa@&&& labeed 16 b®Y binBAtlicesteldy &lap CHothketie

dye, and TTT-green dye. The g}éobes are then contacted to a f| a? beari ng
dsDNA sabpHEnGife Pases ke Frpkgy) higd spaetp flbimidedsha gortiogiodHheozap histtds A knovvn
to con I r V, e i ons
that pr o BT e e B S ERB A HRa e R B B
assays ot psobeapple tbdill 1hhllee gpeseh det die flapeepriobéfee’l dndtdoes nstettudetodot s t hat

the three dyes are pre inth |l e
origina¥pos1t?on LPabeIseg bases or probes Cai}lp be bound to the flap and to the gap left behind by

the flap’s formation.



and are in the appropriate order and are appropriately spaced apart from
one another (i.e., the order of dyes is red-blue-green, and the red and

bl ue dyeswaneligsparat ed by a di stance that corresponds roTAB20i@96518Nnd t he
bl ue and green dyes are separated by a distance that corresponds to about 5

bases), the r wll have information that is suggestive that the DNA
sanpl e in Mt oglﬁﬁtﬁ?/l%ﬂ?&e@%lu@%au%ﬁ%ﬁﬁﬁt diesBaleeiles. sich yighegesarii ind e
above- hjkst ath R OBGSstRE Gislihd YSATARLpNResARhYailaBleCR GG 3Bc AV Em 2and&0Aitle of 1- 10

bases, 1-100 bases, 1-1000 bases, or even larger. Probes may bear a single
t ag or fluakmhoresrwithallsoi bellaowvads thorse babwlisry Asll ontheaxtatpbels namymlobeclmdy be

constructed.t ear two.(o re) fluaorophores,. or a fluorophore and a
r adi oadf3ePE"! @%‘5?5’ ﬁdf)ora(‘iﬂ‘ée %%fﬁ&r f qnﬁ%%%?ﬁtﬁﬁ%ﬁf bi ndi ng regions (e.g.,
AAA and CGOY6313t Whéh RBABE AP NA fid &xédlee liﬁéarglcgi ShpBPARE lsuffegk OR.
[0034] The clained invention can al so be used to det ectp copres of a

part i cuhsade rpagefamael asraygdhesparipl disfercs beirsesdi stanatssirom decayated pradys pytotdezed DNA

f b . d j | h in.
0,70 T 1800 T 1 AR e W20 CEPECLIPROBE LS, o

sequenggfogadtidnnaily then bs ackd 0 ssha@wetuhafue aBarcodi " Widhdlre pRyeriathe: aBédti pl e
copies of a particular gene or particular sequence. This can be useful in
di agno$Pefioeenonss sEersotoampeTy Wdhy rogios3Ehgnisketizansongarerempleedente of a
condi t!sQf?abtl%a{eaﬂea by sp&lific GORRRCHENLARY bhY ndlilril R & NIOB RS, /b, Bndiene, such
as various polygenrc disorders. e uSer may al so use the distance between
t wo or NtoBeDbaNb.dddsN{.wh I INtBtsTan e BapQL; . BielNBE; N tr(&dPHyané combabiiong t he
sanple). to assist in.characterizin ds sanpl e. For exanple, the user
ey us ShEFRDEESE O@Maﬁ,éewe@aégnﬁmr M€gi nning and end of a region on
a dsDNA samph@szfhal érR doROWRitGL e xSHFIRES bEEIdeQioufORt RHALNS BUHRYI Adoli@t s
critical to expression of a particul ar disorder. [0035] If the

di sor ddisers stast isphesetetized byethdiusiqun eecloetideesequdrice Tddr-dodeses)rf" (b6 based)r st

di stance L f, an the_ other nd, .the.djsqrder is sent, .the_ di st.ance
bet woer e TS IS re ey AT i GOHaTEE i ald T SE DT Eay
case, tRethbs esntidtéd toPNE-bdkiak MRDNM st} whelgdRSfigp hiddech hﬁnﬁ@%%ﬁ\%@od@ﬁ g.,
gene) of interest is present In the subject that provided the dsDNA sanpl e.
I n ot héle dsbbalikpewn o centain dhengitique nugloptide sgquaese sy thed abaveyander sqaditiphfat

the "n 1" di : t e I [ hnin f a
par ti carhpromdle BRABTGIE BN RHERIGE, Ci8hacd it RL e E00e St
gene, tfhethdipsdsaeof et pobs. tihthetuver deadcaatisshariyedidyet he mhent @rthdistgplace DO,
in which case the user will have information suggesting that the donor of

t he dsBRAICIEKRC IMPECN LTSNS ER ARRIPPIdEEIE yPAged Apdrg fragyone another {iggdlsy Thi s
| nf or ”%trége%f‘& i et ALE o REn UsiRdnd &ddaig'bﬂﬂ{é ciiyepﬁx%ts%g&rht\éﬁ b&%{gi&ﬂ%%ﬁ““ c)
regi men tor the subject “or patient. one “exanpl e, shoul d the user

det er mcneedpoads tohld s andithpbles esd gregededs e prpafatédbyodsiantethht eartehponds

phenyl ket onuria, the user .can advi se.the subject .to avoi su i on of
pheny| &P é?ﬁ%é-béﬁﬁ?’é]ﬂwsﬁ@wﬁ@ﬁ% 1gjormation ﬁlam(ﬁg%’%“%thﬁtrtg%gﬂﬁﬁ?\rﬂ?%ﬁq Yn is

al so uggestoa fitest iR BLGIRAGRsOf multiple, different base sequences in a
dsDNA sanple. This may be acconplished by using probes so as to effect

di fferent bd0@BdesTheabodi-tifted prabesaguidustetve ¢idy. Exdmpra havhe lergeh ofrbyt Ok now

that Diseas s cha terized by base seguenc Sla and Si epar at ed
from ofs<anpeebiss 3 QLS B VR 388 PSMARET Rta  BeR)Be b foBiale
sequencgtipideagdrd 142R, Axeprreab@glef 4 probenmydRabaaiudmd WibshiaegoPhorefhe user

t hen generates a barcode for Disease 1 (using probes specific or indicative
of S | dluamphsids)oranfdndrephory s dpaciid brgyprfopebe speiichide twe of marckinding of
52a and_5 .. By | yi ri 5 -processed dsDNA
capl o SNG4 SR BRELAREICELS RIS oL B pidPraCTIS

bar codes, t i@0343erTheamiaied arvehtien sineildocte dsbé taldnedt copies bita platiNAas@gidee | S
characterized as havi ngi Di sease 1, Disease 2, or both. In this way, the

Y,
user c&h 28 d) these PRGPEMERHpthe W MRLPIOCHY ONAhifermofiaps and contagtpEs torhe
probes tﬁESBfillAf, gk fi@scﬁﬁé& ISR ROEHY SThe p?&@nc%ebfttag or H¥Fe @Janﬁidfeg’%atf 4:@m one
another 1n [abel, binding specificity, or both. For exanple, a user may
per f or mnape analpysicslauBDNYg segupnaelyan thratbehsed ®© shomettlatfdnuodiesioelhhaylyeeand t hat

bi nds to the sequence AAA, and a probe that bingds to. the TC.sequence, and
that b&HH'UPIS CGPIEEAT F PUBFUYCEHE Oapgmcglﬁw%g@?cenﬁ%lwa bg is¢alsin diagndsing or



WO 2011/ 050147PCT/ US2010/ 053513 t hat bear magnetic or radi oactive bodies
simul taneously with probes that bear fluorophores. In this way, the user
can assaywbaniwmsbi47pl e probes sinultaneously. [ 00®@7r/USh@0/0s313 can
al so sinmultaneously assay nultiple sanples for a single condition. For

exanpl e, user can, in_parallel, assay _nultiple dsDNA sanples from
mult1 plredetinehe BT of aé‘P‘tflA‘F?ri et la_rlt%léﬁ%qr%qtgrﬂ%es%ya%@awﬁam@ﬁe 22Nl es
for theuaf £SGRGES bOladChiko@brs TR GHA PALARCRIsAhcDRIGOARSO JHifoiSer

can thus al so si aneously assay nmulti'pl e dsDNA sanples for multiple

condi t ibarredesaivthiaki digfaficerminy ghdatbrmungshipuelosgatime thengnfpde) tonabstist pi e

i ndividyals. .1.n one ch enbodi nent, the user uses set or arra f
nanoch&Har ST A RNe HEocH AP Be g tsBe b5 RPomaaeEr b Laeetd Ye. g.
f1 ap- begd bddghnisks i erkdr M ragidh bh @rdRDN AS 4RI RE that Eh@olidbidpetheds 3B RSInRIcE
then interrogated (e.g., by application of radiation so as to excite

f | uor egdegipn Hap e itichldp expigsien pf epuHeulardisdidersanpl es) for the presence of

i ndi vi dual S t,.indi cate t sence. of ti se or
the pr esencaVBR T ndf B iRt SOAS oG8y BhRIRERTenR R, nETHENES
used t disgeie Dt df, 32NBE bthePhiail] thelisokder sLisiBseptirdiiv@ndeShetivbe tHS 6o BRYodake a
dsDNA sanple froma subject characterized bé}ea particul ar condition (e.g.,

a di sed¥¥ Rsrfoandtorkeet pngerlstinge D lghp thaisases Bierse widshava infaematiomipatat one or
nore | I i pd : I ! or gaps
i e e
pr esencisDaddsangdat inonhafenttod srenps, abesymathirclividunl tmayrpoysess dlgenersiuoh rhat then

about the content of the subject's. dsDNA.. (For exanple, binding. of r obe
havi ng BOS#GUEREECARATARE ‘?‘8?’?%8‘1%8{ @&begméwgieﬂﬁPE%P@&C@%F%W&
possessep|! e nhsEaHeNGE iniREGRIP1aks E}Q@-Lgeﬂeo ARtdiQhck between thOSbHardiRs %’h%? fheCan

then construct a map of the subject'S DNA which map i's conposed o

i nf or mahd dherteedistadéeng0.spediidh aiss 8guseaced! kive etfotresgionsnggestiby thahthelsiondi ofg of
probes co ntary .to those sequences), L and the | ocation of those
sequené@%@% _Bt_ett_ﬁée feggﬁl?‘iec;ﬂr%ﬁfnefﬂg%‘éer und probes). Thus, the user
could, in a[pess]! iTHid inRGnRAKBABALIN tH8LIRN Ted e dRai 2flotedtid/{od Udrapeutic)
characterized as having genetic disorder X possesses dsDNA having sequence
Si begiregiingy feitthg sghiedt ec patieoh A®ompaxapiple, yeowld oiassadgitianiphdasig gebied S2
begi nni | ocat | 585 of %h e, - 04

roat | BoERr SRR s PER bt Ry b TEnE® ERTE Ry s eI S 9% ger

X, the cusgimpgian of bRéytniqiae-cordsibNg rhateralanot her subj ect agai nst the
information fromthe first subject. If the second subject exhibits

sequences Sil08Hd Fhegresepidgprrionyetlyo uisdde deisetdhs presanse 95 mudfiple. differsas ¢ he
second i I i ¢ diisor i , the
e ks UL R e L e

| ocat i diferefit basrodeur deffuenceqepesi fHoc exangiie shonieo nchy iAWt thktddisdase mnis

i ndi vidyal s characteri zed as havi vari ous, genetic conditi.ons. DNA from
new sulSP¥atE! % PASH S%éle‘b“r%ég%é%%g%é%’ﬁfﬁt ?'8 OPﬁén‘i}ﬁ%&&’rélst%e ]915-

2011/ OFALPET! HRERILLOP By bakel sBYRREL LI a(d B2b, {eb@Rfed RIMTBHe AtfAndrahe! ed

probes then bound) to determ ne whether the new subjects may have'(i.e.,
carry) dosancoD2drhe wiestben gersraterat bdvends thePiseewt lalusige drobes spesificsa@rindicativer ar y

Coval ont P92 ERLGL TP R SULIBRBIPHOURT S gF TMOUBING LoPhAHLT NG ar 6

cr eat edpplyin¥aké Bgpropiedte BrobeN@ L1157 pid0eksEBRDNAR@Rplen®abyahteirb fdinkake! ed
nucl eoti des therein. The physical distribution and frequency of such
speci f isemplger &g psesessrad shanyed baregdspghe wer vanidiernung whetber thedpeqrefshd d
nmol ecul IS ; i ts, [ f [ e
pase. seauaerRE B p e ROMEu AR RTREN 1, DReRe 7 By Bt VG e P8
sanpl e.assay a single sample for multiple conditions.

[0038] The probes used for a particular analysis can be the same or differ from one
another in label, binding specificity, or both. For example, a user may perform an analysis using
a probe that bears a red fluorescent dye and that binds to the sequence AAA, and a probe that

binds to the GTTC sequence, and that bears a green fluorescent dye. The user may use probes
-7-



[ 0044] In anot her enbodi nent, individually |abeled unfol ded nucleic acid
nol ecul es are linearly extended. This is acconplished by physically

conf i ni ngveuoh/sbmgat ed macr onol ecul es wi t hi n nanoscal ecthmseoelos3si3

t opol ogi cal nanoscal e grooves or nanoscal e tracks defined by surface
propertjes. As one exanple, the devices and nethods in U S. Patent

Appl | cafe'c@ﬁarfe?&vg% Qé@dﬁétlmﬁéi%@t@ﬁ?‘ﬂ%b%éﬁ%? eéfl}aég?a}rﬁbwmﬂi\e%ﬁ& In

ext ensipi vy b%@ér_c%%é’s%?@o% rﬁﬂﬁg&?ﬁéﬁe‘s%irﬁﬁ%e&ﬁ@.' cation nethods (e.g., US
Pat ent 6, 696, 022, incorporated herein by refererice) are al so considered
sui t abl e f of0@¥9 eclliengersaaphalsel songlganieowsly assay mullt@pdetSimples fanotshete embvidnnent |
extre smal.l nanof | uidic ructures., . S s nanochannel.s, .pasts

Cr enchdeY SSHEPIFunF R oo Ry vyl R N Rt ey GO Bt LRk TFals fvel
par al | @lpagidudy Sohditioh B ad¥Bfinp WARE kQfpBH br ABH ¥ SinSe Qfr 1KY BPA E&Iﬁhﬁﬁr Bd#€dteas
DNA and proteins at single nolecule resolution. Suitably, the size of the
cross ssbuicodes Taeasershn hamiel smilgangpusyassay guiltipdé dsiNAsameles deicnilbintg
area of - ated bi - S, 1.€, h rder of. 0 t 0 ,about 106
squar & REERE afS MeIPEE Bl B ey, Serpere P B RS lnap 80P bt g

| east paibbimhdny, thé 0&aksra st dridyl of neidchbaied), wWithesaoh egiscBsnnehgding aiedhe
individually isol ated and anal yzed_si nul t aneousl the tens, hundreds,

b
t housasipIgatsPresgesd s L), flgpdearing) dsDNgolagp C%ifff:@né%@%/%bﬂ@ ingiydugbgamples
requir t . a
ubst ant F ke GRE, by Abp AR SRR a8 ot RS RODMIRC B, BRBETTRERRS
nunber bofprevantranthé ennples,for tha grazgnderod indihidudlengfiel tiodt irsdicayd the fpraskakeaff avi ew

of a typicaEﬁCCDA caneha with opﬁica magni fi cati on (about 100 microns) to
as | ond L UEA SERENGLIERT BTSSHEL PUAPLH: can be on the order of 10

centi met er s heytg- THASQRh] MBLncloRRgh Blswibk LisQEBERAAR dohaid1ReHRs Ofn lag uUser.
[0047] The presént invention also relates to tthe uses of 'such | abeling

pr oc es sebodmnt e dteursesmail tude faldap Netnshngple oo ssubgaed e DivAizgd py eanartivelaised i n
nunmer ous f.i.el ds incl uding,. but n limted.in.genoni cs ics, clinical
i agnosoraiisn €. as5s P uishbnt Yomusdh hihren FGERP:gF tisdEBRA §onelir 1

f 1 uor ophee @schtigkseanb i $lhd @BheRd phdiRs td ﬁ]l@ires%[taﬁ?ti%er sipsandedadRsgams al ong

| ong doubl e stranded genom c nol ecul es, the

2011/ 030A4TRCHLUSRY1QYa05DE $8Pjeciiseds BN /DA theopresance snd kpgatidneef theseipiehged under
fluoresgent. mcr A i.al r S. (J , S1.an es
rel'at o g HULLAREGRTo R BRABN I Ao R or HENEBEED S I ERBEETT ) aps o
si ngl e baidignsiedpobAhgdpsa scfuendahCAdRC aathe kiibjédiTsidsDN At ateithaMiied € genone

nappin%7 as signatures fromindividual barcodes can be pieced together to
provi d&sBNd} peserasd thapetusnes B TLHSU thalrlesaéianar regi ons of a sanple

macr onol ecul =4 mti | &, : Y, DNA sanpl e
into subsecJﬁ%ﬂiﬁéﬁ§q¥ﬁ§%n§%%%%h§ggﬁégﬁﬁggg?%%ﬁm#ggt¥ﬂ§’%?%gg%?es(or | ack)
of par tcompbsad diasfermaguengadingnpedifie squesen seetoliesS siciwisgqthe boeléng of pobes
particul ar order. After assa¥§ggﬂthe subsectjons, the user can_assenbl e

i nf or m&PTBIFIEER BUPYGIRAPSIEYi e Aie OEHLEATBHNS STHEBSEr B the forbPhrat i on
"map”  {@thds@Bo @R hrbBes). OThEH, Bl usSARIE in a non-1imifidPSAmAS LREmARAnYtlaHT NY
exanple, the user may take a 5 kb sanple and di ssect the sanple into 5 1 kb
subsectindnigualtherageeredayhay hgrgehetrinditdrdpsX ipnssesseh dgPNAHesmgsalpsmet Sbns and

e pec g RECE bR o P8 a7y RDRUSE NG A PR s ST B e

subsectidqation FO558¥aMRIEDINSRGIIEON 1 may be assayed for heart disease,
where the characteristic sequence or set of seguences is known to occur at

posi ti ons 0 [004200@ wiaensiag thif infeimisates dificativapl B paessasreef gepeticdisgidere’s,
o DS ; .
post ¢1 SEuERREARLELYBRAS AT ATPOR oAl oRb AR al Bk REEMT

arrive sabje@. ¢pthiprsedvddsubiectashdus sRbndedrS Itdng SAi 8 gagectichy,daef lotdtdn 10,321

i ndi vi dual . [ 0050]. I n anot her enbodi nent, flaps or _single stranded
DNA of 288 i etenthegesriri tbiceigndndisatikely apererarihdiariirerett s ¥aY.dhewsef or

di T fer oot LxaR iAo iBaAPeR if@fmly %%z{rﬁ#ngghé Bifdfng!1akiBRS Y VriRfis t WO
regions. I'n one such exarple, of BCR-ABL sion, the presence of two colors
or nor ee@tentdigpesdiveprblosantods[BVA derodsonaimsii vidwtluclakackaized bs bavinguriouas

translocation. This | wn in FIG 5, ich figure illustrates

{1 anel GEa CGGT OB IOV T ihe Sese: i Rt be b BRSO SR EHpE present

[0051] In another enbodi ment, one or8more spatial barcoding patterns (which
may i nclude patterns that include single colors or nultiple colors) of

| abel ed fl aps or single stranded DNA gaps can be used to interrogate

mul tiple regions for nmultiplexed di sease diagnostics. As one non-limting
exanple, the user could interrogate nultiple regions for nmultiple

o o,



[0052] This is shown by, e.g., non-limting FIG 6. That figure depicts the
bi nding of nmultiple probes to multiple | ocations on a DNA sanple, enabling
t he user wo as98y147hat sanple for the presence of nulti pce/usesemassss3 whi ch
assayi ng can be done sinultaneously. As shown in that non-linmting figure,

a parti.cul ar se D sease 1 ested in the BCR-ABL region presents
a uni qUidYRHPR %Pssfé Wé%ﬁéﬁﬁbﬁ@%b%ﬂd% foagrdermming wii%t{l?ret g7 BV ar e
formedg gctg Hﬁg hlaatpﬁ.leg(iaﬁ%f) mr%ﬂs @ﬁs%rcle?sbﬁhtshavp'bg@rﬁ@a% lggfr__) e S@Pr esent s
a unlque barco e or signature when - 10- WO 2011/050147PCT/ US2010/ 053513
par t i cuibeary bf bipdingrinfonmatioregi on are forned and | abel ed. A user thus has the

capability sg in for t or |sease i nul t aneou enabllng
e et we bt o it bl BROEq o 2P ARSRTy Meebd RO TG S B0B bt
form ngnddf@@ﬁdo%keest%@éd DRIASre 2PaBI0RSHalaRg Rickeddifglt Reakt gdpstee of the DNA
sanpl e, which access point can then be used for sequence-specific blndlng

of probeeprporating labqlerbstsijleﬁrwgs preesenihe plpsivel dptridanompnbirgsmeneseef steh

perfor t he

P TS ORS8N RS DR TBRRet Dvleg. T
user Ccasmt Reibotiidheduiecsi lﬂ:@oﬁoxbé@ﬁy Islaglelba@b s@qo@@sng tordtaah baselbyBase t 0 pr obe
t he base-by-base sequence of the DNA sanple. For exanple, the user could

i nt r od §BRECHCHINER MaHOR RROUBRIE WAWIG hen i ntroduce red probe for A If a red

| abel . s th?@ﬂ‘ﬂ S'Iﬁlaﬁo H&]Lﬁ‘? elWI nhlvt[@a\ﬁﬁ 'lmeférd%tfélgéh ﬁlﬂ:%lc ‘gtllﬁn Lag&Nt at
the nick site. f are i's hot visible, the user can introduce a
second atalelad emencﬂmi sjﬂﬁglsfalccorhpirshad ty phm@aﬂﬂy cnnfihiegtuaheclongated [ 0054] I n

anot her enbodi t.he user n al so b eak a DNA sanple into fragments
f or m niRAcEIRPl5 esawsl?fa HPH%SCPIEH ‘"t“HleL“'f tapR gf%@%?@ﬁeaée gr&ﬁ&ﬁ%%ﬁﬂ?%ﬁlﬁg@ﬁfg

base- QEfiRQANERLBS Bﬁ)‘f)hlftie‘s? R& @REexAhplL NBe BEGES/ahl RPN it bes faagrents. The
resulting i nformation gl eaned from each fragnent can then be assenbl ed back

t oget hexpplicatahavid)/ 43, 29 3sae g@mqudeqult@ble tidrectteciigd hisday extghdion. e@gitlctal Di&zemnpl e.

The ni cks/flaps can be for sp I LONsS on | e or at
! andomaraciir s Pep sl T s foa s sRERrBe Re st e B gap. at
base pQ@kkmaazﬁe@m@c&ﬁ%ﬁnﬁpﬁm&bﬁmoﬂéﬁﬁﬂngm%@e&ﬁ@ﬁﬂéﬂagnﬁnt The user can
then introduce various uniquely |abeled and unlquekg speci fic probes

¢

(incl udi ng peASds lngnetherian entj extreared smalt panoflai %tgw@ﬁ@s s@sh afet er mi ni ng
whi ch RER c%%nrpe shgg%cg Qe E}i\hﬁ}esb rggt;ﬂg 'ﬁ%% al?éa ?a%glcgtgd 5{11 ﬁ sﬁ)@s IIa e alllld Wsed ésgrlﬂgslsgely

det ect ea romt e user can In sequen

i nf or mphiatiel aboytfortthe nfah@gmbh and analysis @ﬂﬁBﬁbleE’ﬁleb aﬁ:hcaa m)Nae add? ptogﬂﬁdatt o
bind to flaps or to single stranded DNA gaps on specific chronosones. The
pr esencBlt malkews §ess%utloao Spiablydps sige of tha CE%F BERBIBHEI ] channsiela on dhe

di agno%'rc?er%lfflt}%rb‘?bjsg Ol 4rOf o e%blgP’r%Bf%&ﬁeé?% B fESUGNGAER 1 ARBbut

sequences that evi dence the presence of a particular gene or even
chrono slﬁﬁmmaﬂ'dnmnp meses) ¢ce polvidaddrgpied (pEobksadtanizeduls beipkat leasthadmﬂyrlmbat ed

to the presepc in the subj.ect ca en, be us show t hat
e cubh ettafogubliedt Biafiorethies i phale BNGE a6 SRS v TReousy
queSt'Q@theums}mn&99§ﬁﬁmk&xﬁn&kh%ﬁnﬁﬂBﬁQ'”Eﬂt the clained invention

i dentifies pathogen genomes. The pat hogen genomes suitably break into

pr edi ct ed f 1oQd6d ntlmsaiqslra’o@e d‘bluapotgemeredb ﬂxahthealmtlpo‘btﬂ)eshz(rmely be leng gwiukkd

unlver robe dto erro the fl conse

e endarel il L NERlES Sot i hai R Bries At R&%VG&&%&%%M% gurgber
predi Clof thatRInI1€NER, APk Grodh el 1endtnBf UBEE fleR stV B Reypidye CEIAlciéa Of

t he genone under analy5|s This is known as two | ayer DNA barcodi ng, which

consi déyith esichl mpgnifieatigndahous il @ migienD 40 evlges avan erfeh chiompreme.swhirh pan

differ 0t n%hezgrder of 10 centimeters long. The optimal length will depend on the needs of the user.

[0047] The present invention also relates to the uses of such labeling processes and
features. The flap and single stranded DNA gap can be used in numerous fields including, but
not limited in genomics, genetics, clinical diagnostics.

[0048] In one embodiment, tagged probes (e.g., with fluorophores) are hybridized on

the flaps or single stranded DNA gaps along long double stranded genomic DNA molecules, the
9.



WO 2011/ 050147PCT/ US2010/ 053513 [ 0057] In anot her enbodi nent, the
procedures are used to identify pathogen genones. The pat hogen genones
break i ntwopoadisetsed fragnents during flap generation, wcrhispeiobssis hen
used to int errogate the flap conserved sequence [0058] The obt ai ned

bar cod n co red to the reference map to yield de novo
mappi ngahﬁfedtl%ﬁ n@@wa@éhw “%HFSUP I RErasGant HSrERCOBRID B%SFEV@&PW schene,

whi ch gapbi {0 RYTEINEd 36 Ac1I@Nde R S&qukREind  ABIBD LS 1R\l lidd SIRNt
si ze. 0 flt I n anot her errbodfngfrncl?@dtiqeu prlg%edur es |Elen%| fy pat hogen

genonesr siBaketrandeddpiiwregapat Tihegbarcoden om 0 twegbreured foit Wkole gerorrmlylaptasg agn

o T o0 SRS itiR ik Bl Rla B i e aad ooty B Rig® R gl £ ot

a "l brgst patfculad e M@isl (FaSsaRPICANES mb Rk IC At \he bnlliRQtINAEL e, R4 hRoans or
ot her sequences of interest. This is shown in non-limting FIG 7, which

fi gur e bekakersNAzeawlq o eabmqheaft anshther aspay ¢m§ub@ét:|@nefméh%mmnﬁ¢ orgackbes to
I J fr f
8 A TP ENOIhDS B S cLARCBF SRR NOE LS iR ALRE ofdif REESEnCe O

vari ous ano er enpodi nent ,

fl aps @gsagingghesubiséaindsdhONdr gapssseable bfforabnt dedd ifiohn BaBGdal utgedniv C
regions. For exanple, the hybr| di zation of biotinylated probes to specific
regi onllaieﬁp&V?ﬁaHgnf@ﬁe@tﬂGfm 3 dpr e gudiscedeipdmameleef f ect ed so as to

| mobi | i ze t[@&%e%soéhe ﬂel{ fﬁg%&bﬁﬁ thl%‘?er*‘rﬂ%f ﬂaﬂé?r%%%%‘ﬁgﬂ% s€ct ¢

sel ected by i ng to r substrates contal ning ecu es The
bound nmwhpklhes hkl%sutetcalomedThmnsefrmalthn Kgﬂmdlmpmrsﬂmahyoﬁtl&se subseatiohoamtl  DNA
nmol ecul es ar shed g(\PNa In this way he user can |mmbA 7Be DNA for

ease ofSENERYSTIDSEHHEN Sl geFFFeleCP% URBAKIOR ™ (RE SY8PGIE)SP Pat t achment
bet veenrpihges iyt NG s@fidnddi5eR88En Hat SHRSUIR! For E;Ehr%\m Glbs&tipdi MEPbS. the

poi nt of binding “may be tvveen a base on the main and the bead or
subst r atayed®r hppodisenstovhae wlweqinamdelrlatpc sqdendeer bvetad sequescdyss kmven to

cingi e stp R Geatiad i (Bt ab ShsFer ot i b S R PR ST B

i nfor mha@&eﬁﬁkf&q&é}ﬁe of et DN WMe s MO o tocB@ dr b&xitidds. 100M —tl@@D fnhguge@
the Aand Galleles of SNP 1 and 2 (respectively) are shown.

DESCRI P tn @seTiie hiRAwfoN@stion to arrive goBimprakensiypastessmes ftwéhq dlaease plate
foll ow t@gﬂe 1%1@ dﬁlgf description, is further understood when read in
conj unction vm he appended dravm' ngs. For the purpose of illustrating the

i nvention, 106308 dnansthevdmbodimébre, ﬂi}ﬁmr@glgle@(ﬁﬁdﬂcﬁ]DNAediﬂlﬁﬁéIﬁﬁﬂgeﬁoﬁﬁc t he
i nvention; however, the invention is not limted to the specific nethods,

conposie§iewsire hgledenithcdifferentycalosd (of Hlf&awtkw%walqdﬁ erdealfridrntifyiag Hst
necesS%lhdlynsgfpaé’qu%(?egﬁ&?sl. &n ohf sﬁéﬁeexgﬁl@l’@, BEBCR-ABL fusion, the presence of two

colors or more at the same location evidences a structural variation, such as translocation. This
is shown in FIG. 5, which figure illustrates translocation of portions of the BCR and ABL
chromosome segments.

[0051] In another embodiment, one or more spatial barcoding patterns (which may
include patterns that include single colors or multiple colors) of labeled flaps or single stranded
DNA gaps can be used to interrogate multiple regions for multiplexed disease diagnostics. As
one non-limiting example, the user could interrogate multiple regions for multiple translocations.

[0052] This is shown by, e.g., non-limiting FIG. 6. That figure depicts the binding of
multiple probes to multiple locations on a DNA sample, enabling the user to assay that sample
for the presence of multiple diseases, which assaying can be done simultaneously. As shown in
that non-limiting figure, a particular disease (Disease 1) manifested in the BCR-ABL region
presents a unique barcode or signature when particular flaps in that region are formed and then

labeled by appropriate labels. Disease 2 likewise presents a unique barcode or signature when
-10 -



WO 2011/ 050147PCT/ US2010/ 053513 [0063] FIG 1 illustrates a schematic

of creating signature "barcodi ng" pattern on |long genom c region with

si ngl e stweandiidse@7generati on after nicking. A sequencePspas2iioosssiEki ng

endonuclease or nickase creates a single strand cut gap on doubl e stranded
DNA, into a. polynmerase wl | |n strand extension while

gener atpl"lﬁtf\,\lgf @ﬁw@éaatgrglalﬁareofpre?ﬁ Ly P‘éf‘dedd pfgél &dhyy hag dhe APARIHYAHASTINE

These peehRthr B Qsfakt Eﬁﬂﬂt%ﬁestsz%n%lﬁ%tﬁpﬁ\(ﬁ{écﬁ% 8t B BipWBisdaQfs sieence

specific hybridization with [abel ed probes to generate | gentr fiable

si gnal statdNiickigngncabjeetl dty foemarfeffbps.atic byer gaims ac béaegs pdint igsmtbe etrwtum of the

radi ati e.g., U radiatio ee r d| cal , or _an thereof

[ G064] TGl whicbiBiin® paBbiudRab Aol TenediticRsrdite SRRl T oy wi thi
a nanochannghoss]r aphe pheseht hientDRhA @lso BE SERNGE pOIES R e%lhgrﬁ@lllgsoffef DNA

decor at ed gr obes hybridi zed on the sequence specr fic Tlaps being measurable

and t hygmplendn adhrrgnhedimenss. thavseogey fsﬁr@ﬂm&}n@%ét(premﬁ%ng Hpaccpssfpogttintg

SPect !l BRI AEIURSR-RERIRN il B Sl eRl 80 I S LRLE MG INg 51 Les on

a spec lphbrsza tﬁélﬁa/sﬁ'ﬂ)y—lvd‘flb eéquemydfaﬁe Dy ml@l@ uFoﬁxampw; tHel umnt @ﬂﬂd @trdbudday Cl ;
Nb. Bsm; Nb.BsrDl; Nb.Btsl; Nt.AW; BbvCl ; ; Nt.BstNBI;

Nt . Ovi Prgk inghiaDNdyanddhen maroress ise prcrbééer Aplfg rrédrhei ecrher Figibls. thersamwiba
| mge %Q%M EL Wet &S ?F@ﬁ{t a AReliQdsiR! 'I?Q%ﬁclhﬁeqtré lﬁrﬂ@,%@)ﬂ%f 391& zed to

an expecte ase crea ocation i1s also s recor act ual
barcodemtrcaiuoelg sd:ccomgldhelrriqirgmﬂpscﬁméomked;i'ffgmt edtldeidei n as so-cal | ed observed
bar codes; 065 FI G illustrates the us | anbd nol ecul es
as a nodel é(}%ﬁ‘% n&ﬁ&hew%hlarrtf@rélﬁ?r RRBEP PFG éﬁﬁ%ﬁ&@ SIS I

Fi gur e g, §RRVBapN fénd AP Rrohbof the %%rﬁe@tp SR WE hlrIALIE bor E’éq%@&% Jib@éﬁh@g
specific sequences hy r|d|zed onto tTwo flap structures; and figure 2

i |1 ust pattes astrhgmatlks/ﬂep@blwéd ffargmr:ntsaHélleecburtrrtglmf@gmsilcoreslem freabedahd f I ap

struct res si x _base slidi ana i.s of 50
base paiaEdieBr i SohuRued back i SriTonh o it O RanRRURTIE oo
shown, j@esh DNA be@hé. TROBRKYREhsSAH WE MSEncas sRRHRY MEMi0AR oh laaPN AREMBRCR %t
Thi s conserved sequence can in turn be used to design one or nore probes to

t ar get ragdont joraticns afoseyample thesyser might fprong 79- brrsre(ila apl 4t Gaserpesisiontlpadusage

of an ex ve [ gned
to hyb‘r%l gn&g%{ ]E{ ﬁé%sste % %P tes'ﬁféout (%%Aﬁ W troéhéen‘f%(r: F%‘gﬁgwis%%g%ﬁ a BAC
cl one 3h& unﬂjhelyb;@é@ﬁd brdepeihéleding praduapto 1hbises m leRgthhedhyahgmehtt Byt he
predi ct ed pattern provr ng that one can use such universal probes for whol e

genome JgiEHPInRE Which Prolreebee]d oty fraement (easpa P herariifuéasigmigistssics fgrm
transl earﬁ]c%lgﬁiﬁéﬁ%@ ﬁg%s@f@% Bllogiginge Jefﬁ@ nl% on‘ﬁ’@ér.ftﬁhé ﬁ&%ﬁﬁ edth€ so-called

Phi | ade sorre e naln cau em a schenme, the
BCR gene wag0058)elRrdbasi ¢dn bgrdeeigngd tmldnmd aatﬂzrpslolr tpsinglt lsapsied ANA tghps ABL1 gene

) specific chromosomes. The presence of excess or too few copies of a chromosome can be used
for diagnosis of aneuploidy. For example, probes can be designed to label sequences that
evidence the presence of a particular gene or even chromosome. The presence of multiple
probes (or multiple barcodes related to the presence of the probes) in the subject can then be used
to show that the subject possesses multiple copies of the gene or chromosome in question.

[0056] In another embodiment, the claimed invention identifies pathogen genomes. The
pathogen genomes suitably break into predicted fragments during flap generation, and probes
(e.g., so-called universal probes) then used to interrogate the flaps’ conserved sequence(s). The
barcode pattern thus obtained is then compared to a predicted reference map to enable the user to
determine the structure of the genome under analysis. This is known as two layer DNA

barcoding, which considers both DNA fragment size and barcodes on each fragments with

different size.
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WD 2011/ 050147PCT/ US2010/ 053513 was | abeled with red probes at multiple
flaps. If a red and green pattern were observed, the translocation of the
two geneswoasiiosof47r med. [0069] FIG 6 is a schenmetiraseéivosisiati on,
show ng the disclosed nethod of nultiplexed diagnosis. Each di sease or gene

region for nat ure barcode, which barcode i ncl ude two (or
more) col o 30033 aﬁpﬁaot | CEm BT B8 deieoBHeRBIT B © RPRE PRPORTHERONRE user
Wi th arTh% gér@éérﬁén{é@ bl tiRd p?&ﬁ&@c@fr@@n&ﬁ?@@hﬁg fip generaltlgn[\QQlY g}]obgé {fen 7

deplctst l1dation of a structural™variation, BAC cl one 3f5
havi ngumdttoupﬂes’ogateﬂtﬁtﬂﬂpadonseemdwqg@mnts was conf| rmed by flap mapping;

00711 H G sch ic illustration e ntlflcatlon sin
ni ver sal pi0BEY TR OGS Sy daipeboesrr s Aol SHigeid bareda ng:
[0072] dEInGW ﬁlap% inuF frRtRshdReh BageR. | RNt the 638 1298 DRIANKhQREOLBEMS PeEitH | C
probes; the probes are designed to target specific region or regions of the

pat hogéﬁn@méwl\\fmg@hm saagednd dagoderchon fragmentret diffigrings@ebar code. In this

case, 3500090490000 A1 1980990: 11309098l AL MRRSLL AL £9LANG MR &U5eY 2

t he exarrple a“regi on of 0 shown

schematkin6wh Iphunsgéragdr@ﬁn@ieqsalﬁael the @9¢r rahn@RignapathadeAgieicsilappitGidgdd74] FI G
11 illustrates nol ecul ar hapl otypi ng based on flap structures. DETAILED

DESCRI P edQd &N A |22 pSTaRaT | WECTERSEDI nt barcodqsé@?@fferpnbp%m@amenammnt i on
may be qinder 8f Qo iben R L8h AR éﬂéhwaﬁoﬁlfs ;5&&88& hichidR Jf{?flelf 9&%%9 fb gén!s%?

descri ptl on t I'n connection wt acconpanyi ng |gure exanpl es,
whi ch fotremsequeadtess ofintédasts Tahissis lsloswir e ndnthmmng(FIGehmhieh sivoedetrioattritéd the

invention is not limted to the ecific devi t hod appl i cati ons,
condi t #BR&agPn g ?’%FPéltSeﬁegu?i’égéP?%é‘gpr& B rd S&H@E&ﬁ?’i@ng mi‘ﬁ&’“{) 5f0E¢He
term ”%lsﬁ’&hie 'eb%?s@a;hf%!f @de’brbs%né@éf Ja’&%up gﬂ%@s \Qlfthlﬁi%@r LRI particul ar
enbodi ments by way of exanple only and is not |ntended to be limting of

t he cl ai med [00608ntlh@nothgy mﬂ;)odasenIsﬂ@smm stigle spaddd DN gaps cambé u@dng etutigh
appended t he si.ngy Iar ncl ude t

e Pt b P i o Tt ket dPe b ticialPa af B RnvhE pep BR el S ines o

t hat p@églbﬁ? bki)rﬁ.ﬁmiﬁg'sy@olﬁél ﬂhlﬁ&si]ubﬁt%s caNbEXetd BRY dsio dhmbeilies tiRtBebWusgr The
term " pl urall%féﬁsb as used herein, neans nore than one. \Wen a range of

val ues an%lY%lﬁ(p wtidizedddNArmelaesdel are nelested byibiadingrte pradseor Gulstigiest i cuI ar
val ue %ng/ %é%l&lﬁ%loqg{{'ﬁé’s Bk tboﬁl% ﬁ{olef\égi[ nge rgiafﬂedg %ﬁrth%‘\l’?%{l}?%{& #}%%XM i

expr esse I ons, eceden

under Sfaﬁ@dnbd’iﬁhﬂ DNiA rj&ﬂédul&bdrabvav}&kiw@vafyo ﬂﬂﬂﬂllﬁﬂ@j{ hie¢ uerbadiniotilizZADN A fnges
are inclusive and conbi nabl e It is to be appreciated that
cert ai Fafeefta0plysis gpd PWéeﬁSH\gerﬁhe&?P\mﬁthP? ta? 80int g atiachmpRiPeteachs HErpihier ei n

in the [ﬁ@ﬂ%ﬁé%‘ﬁ ad %PQJH’% Bre® HPOM P&Hfaédlmgi‘?t){ tﬁé ngPSf lﬁﬁ(?}{% %%‘} He'befPLHINAL I ON
in a Slng e e I nment nverse varil ous tures o e |nvent|on t hat
are, f dascoorethenyain dsDNA and the bead or substrate, as opposed to between a flap and the bead or
substrate.
[0061] In another embodiment, single base mutation on flap sequences or single
stranded DNA gap sequences are obtained for SNP or haplotype information gathering, as shown

by non-limiting FIG. 11. In that figure, the A and G alleles of SNP 1 and 2 (respectively) are

shown.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] The summary, as well as the following detailed description, is further
understood when read in conjunction with the appended drawings. For the purpose of
illustrating the invention, there are shown in the drawings exemplary embodiments of the
invention; however, the invention is not limited to the specific methods, compositions, and

devices disclosed. In addition, the drawings are not necessarily drawn to scale. In the drawings:
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WO 2011/ 050147PCT/ US2010/ 053513 described in the context of a single

enbodi nent, may al so be provided separately or in any subconbi nation.

Furt her, weferiaiser7t o val ues stated in ranges include each/ispaopssny val ue
wi thin that range. [0077] In a first enbodi ment, the present

i nvention provide t hods of obtaining structural information froma DNA
or ot her nué&%d:"g Fiti1d pFaEes PRt isgrang oS, arroriige PRYTEQ84PH a
doubl e-3fsanded Py 4 &30 B deRerdidiCaffdrSoki, aakd & sgebBiciidigie st rand
of the g\(?Ioubl e-%{)r arllde%glf%NArsarrp egtebeei rllg %Ii srpl ac%d frso%g{lhesﬁc?oulgl é-stgr anded
DNA sarpilenuciFhee ¢ ragkasauiereatioh y singk serahéngftdapion dobblesarmgled AN Ar oo wbhishte 1 to
about 1000 bases, .or. from5 to 750 bases,.or from1 0 200 bases, ar from
50 to P6 nﬂfé%sés,v.””ﬂ‘?ed?ﬂﬁ’t ) S8R ST YD pade erupatiig _ISPB%CﬁéﬁHa%ﬁOE%‘?écaﬂa%ds of
the usepeclABIHsPknlRHde&lsie WREE pht8sE kinglet SHand € ik icRAteOfvatlie fég?cﬁlsrf@ﬁm ts
in a "gap" being formed in the dsDNA opposite the fla [ 0078]

Cr eat i opdushceg spscificdyybydizati yithylapeled prehes to gencip identiEMgs@lﬁpN@kiman
corres t fl l ocation, . as.sho (S R This. flap (and
Gop) o aBER stRe 0 By chARHEGRE LB IuaRR o P e ¥ saotiiy. dired BsRal i £ or
anpl i f iagato@BinapsOerdf. or further |abeling. Thus, the user may perform
genetic analysis of DNA or other nucleic acid biopolyner sanples wthout
havi ng to bl@d]t HAGeilatlsel shawp labgled genemmisiloN A beigcyrdplded binenglyrwithingal ysi s.

Mor eov ol [P B r ysi s of
2 nucl o a LR ] B S PO B R RS L Ao el Tl AR LBl
sequenoa thd seghence upéafic flagy ledngmmedsurmblenandahepgdngraging unique “bdrOQEd]sighhtuse | S

so because netic informati on can be gl eaned fromt he re sizel/l ength of
a DNA rPéEﬁngt higflepta %Hesdglzéanwct%ue@fsg RPNt i %&ge_g%rl\qﬁl%am ing §ite§08hes

are bouyngmb@ &-BAMIM. SoPdtal fén%lh%li% Fo(A%k AR eAmpIRRA BRI ekificlefizRREN
that the region of Interest is Fonger than is nornmally seen (or |ondger than

shoul d vieclseeyines mciuds o} aetnot timged geNbEbVCT KMo BsmhaYb. BadIsNbjBedt Ntrswhe

di spos 0. a i al qgi aqndi.t.,an or di sease char.acterized by a.
engt noneih v B R aRl A B R N e h L ar R 2 BRA: AFRSuirtyinete
excess lla\&ﬁbthDNArﬁH{Hg@ rsﬁov_@ﬁ‘lg a fﬁ@fésbé}iﬂiyélabegl&r@_igonucleotic{eQQ&SH hyOrigized tdTei €
repl acenent bases I's suitably incorporated into the first 'strand of

doubl e-especiasoiekapnpressd decation &) 4lyn shava. tSweh greprdedngtualt bareqdss algnpdangi on of

t he doybl nded. . t.hu Vv i I | abel ed with one or
nor e tégoé)%h%%ga%r%s%ﬁiﬂgggvfgf%usg'rcgisléé(gn Sefvgééfntsc,%glf‘%di oactive | abels, and
the |ike. La053 MIG. RellaitspsskoudesteamiedaddDNARhSecHlgs @ta MbeHSyaEmS hms
along the length of a macronol ecul e, or _at any conbi nation of these

| ocat i oyhdch diffseanslapeling schegesare peripiease Figufmid Bevismickolabelang: fiaes 2bHeoyap of
the ds - i.Clai g i i tahl d - r

mor e saniaaat Yiltes paving spctY o bR RUTHIG B8 Mo S Bl R e 20

ni ckasélhotrages nignkls egolead rnodhedab eicking sivgs adylatetedyftp stnictuoekiici ng a singl e

R R N T T O

non- seqURRCErsRBSIHd 82 bastd on NBEVEL/ A9 HAMPEHMIRALOLARER LB sequence was
observed on flap sequences. This conserved sequence can in turn be used to design one or more
probes to target multiple flap structures;

[0067] FIG. 4 illustrates the usage of an exemplary universal probe,
TGAGGCAGGAGAAT, which probe was designed to hybridize to 21 flap structures (out of
total 52 nicking sites) on a BAC clone 3f5. The barcoding pattern produced therein matched
well with the predicted pattern, proving that one can use such universal probes for whole genome
mapping;

[0068] FIG. 5 illustrates clinical diagnosis of translocations for BCR and ABL1 gene
translation, which forms the so-called Philadelphia chromosome, the main cause of leukemia. In

this scheme, the BCR gene was labeled with green probes at multiple flaps, and the ABL1 gene
- 13-



| ocation. Enzynmes for creating such flaps are commercially available, e.g.,
from New Engl and Bi ol abs, www. neb. com [ 0082] Incorporation of the
af or emrentwoned/oseplracenent bases may be acconpli shed bypconisacmiosssis he
first strand of double-stranded DNA with a pol ynerase, one or rmre

nucl eoti des | i gase, or any. c ination thereof. This is,
embodi ﬁﬁ&%ﬁ%bel%ewlbmow a H@lt&ﬁggéﬁfc df BFedid SFeHRIFE, Wy aém ﬂl?ases

whi ch BasEs-IRY o Bl M ehBIRalionidied s that are detectable. In this way,
the user may i ncorporate into a target |abels or tags that in turn allow

t he user to[0069i FI&k 6us b seheimatinfilbrstratioro whawimgtthe dieclo exdgetthediel mniviptced e.

[ 0083] The en ti.on of flap structure i s suitab ntrolled

pol e HERo 51 R sty SSHE Ut BETOA. 6 horebre MIFaRn kgt adt mays |
known ijft1édeeway (br mbRe By nﬁﬁ@lﬁ%nﬁ%ﬁﬁl@’@éﬂéo&@%ﬁ%ﬁ@ﬁﬁleiﬁa proideR kIRCREERth
activity and, in sonme enbodi nen l'acks 5'-3" exonucl ease activity.

Sui t ablag ewnyﬁbflaéé@tqdﬁ@rm@g-cabmﬂl@ﬂe not limted to -- vent
exo- pol ymer iﬁ@ﬂ)ﬁ N%GE I%He {&gs Otﬁé 0!11?&21?18 st?uct%ur%f)\@riat p1L, n & ([hooéé]hc J{S‘Ee 3 tS h of

pol ymer ase he nucle es na dsen so as to 'es n

t he fIalpvingie@mﬁple@trh@ﬁmfeatruﬁg%nmeb xbasme)nﬁaﬁecabﬁﬂa;bﬁmppldg;l ated so as to
control the length of the flap evolved. Flap length nmay al so be controlled

by the rel at VT oG0St aachesptic plisiponenithasgs idsst figksiongriganiversal e, | t he
rati 0 %&oﬁ%’b‘;ﬂhq%ﬁ eg}glpod@snﬁ %\'ﬁ% su-gryﬁdrﬂ% 'erCQIhn he nucl eotides to pol ymer

terminator can al so ect f engt h; mnatos can include (but are
not |imted[0®R2]td Id?d N'Em,lstam path«)gen 1ddhﬂ'iﬁbat10n using [pBh8adn dpadbiic ipnabek Sthe

suitably acc |IS lndln at | east. _one conpl enentary proeto at
| east &Y fesishe weta aeéfﬁcfc{% ée%)‘P BB Ab 7 H?H}?ISEF EPHGP MDY 2L t ags

(e.g., sirhé&ﬁfe%ﬂﬁ{ £3iqud¥artBde. IR Ea kL 000MRLENEIHAI0000GRP ES 00y BE i di zed
next to each ot her and can be ligated together, or even by (c) two or nore

conpl erﬁamwamg)@ewmbmdchszch@exmlem@r@@l‘nOf)E kel isxiltchshawgap of one or

abel ed nucl B adde- lieh s be AN Bevksientil oy WaSH 4l | gase.

Label s nmay heo7#) ea. 19AILdsh@aRs molétutar hAflotypsid 8238 on B@Pstrucdired.n mul tiple
| ocati ons. [ 0086] Al so provided are nethods of obtaining structural

information froma DNA sanpl e. These net hods incl ude £r ocessing a

doubl e%ﬁ?%@&lwlﬂgmlg QLI ITRYTINE EMRBOPEMENSShgl e stranded DNA gap

of the seco il I Ial%

acconpl i shezg%y, Zﬁgp%sfh@ﬁ?&?fsd ranﬂ{a%ﬁgj bel nlgq‘%alﬂg gfe&:ng'fﬁ%e ni cki ng
si te f rfolnwihg deiaDdAddMAptsangaken m‘Ehen@alpn swithtthdhgcohmpanging éngitek andietdneplesange
of from abo%t 1 to about 1000 bases, or from5 to 750 bases, or. even from

100 t o Vg0eh Ba@aspartyidhigdiscloser dbis§o pepedesstoqd thatikis invendipp et imited do $engl e
str and%ﬁ %&Q&s m&@ogp %ﬂél%gérﬁg E&ﬂlﬁ@%%g/aﬁﬁ%@é%descnbed 2[.1%%78110% %ﬂeﬁﬁl ' S

acconpl I shed by nicking 'a first strand of double stranded cul es,
descri hed thelt sevthanirolhey esad. hefdie isnfoc Kierpyurand ohdesksbhing phkicBlay @Inboélrr@otsé:lyder ed

sui t abl e. her abI e ni ck ucl eas are ayail apl e om )

c ommar oy o TengeB s B R B R B s R BB E oA e

Fer ”enttﬁ’essp@mlatﬁ&f BRHRAS -thOMPpended clainlsO@B8IngliAr &AHR gMbaf nRMt e ileigst r and
downstream fromthe nick is extended, e.g., wth dUTP dA(C, G TP, by a 5' >3’

exo+ paohgplarehsad raferencyisl ypasticider fugnesisel wlishinslyilesads 1easehaiypastiqudar vahies .
unless the context clearly dictates otherwise. The term “plurality”, as used herein, means more
than one. When a range of values is expressed, another embodiment includes from the one
particular value and/or to the other particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” it will be understood that the particular value
forms another embodiment. All ranges are inclusive and combinable.

[0076] It is to be appreciated that certain features of the invention which are, for clarity,
described herein in the context of separate embodiments, may also be provided in combination in

a single embodiment. Conversely, various features of the invention that are, for brevity,
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[0089] The DNA is then digested, e.g., with a uracil DNA glycosyl ase. The

renoval of the dUTP generates the single stranded DNA gap. [0090] In

sonme enbosomentspihe flap can be renoved in part or inPCcraSenbiosauy. The

resultant gap is then fiIIed inwith a flap endonuclease, whi ch gives rise
ure. The_ extende equence w |l be

t | ded t
n?cﬁez'dgg%ﬁ)ﬁg @ECSW@ r?e“ I%S;Rrﬁ@fslglﬁafomféqaésa Péﬂﬂg%i%%%%@ ACE AW | be
r enoved, b nBRAoH! iFiEher, referen&qu%iuem%hlum kfrés rﬁerua@maﬁ RAACOIR!.filaed by

(a) binding at | east one conplementary probe to at |east a portion of the
fl ap, twhthipthebsingonpri sing one or nore tags, by (b) tmo or nore
conpl enent a bridi.zed next to each .other at ed

o e S A5 N BRSO e s PO PO s T F b B Pt 1o

each Okhﬁ&uﬂﬂhﬂb@mﬁmﬁ&hﬁ@ﬁth@%Eo@@thﬁaM@@ﬂs&hﬁ@1Ti&%r@&ﬁmﬁﬂhuﬂﬁp%kmﬁﬁn
then be filled with | abel ed or non | abel ed nucl eotides and |igated together

wi t h | ipgeesesing a doubl¢- @ﬂm@@]sdﬂi\é/% saipplesd as E@(@V@QSW tlapeef thefiest sigwliaddhe as
descri bed, 1§Js§r§1¥¥{%%r§NR bt be]_&? 518&%%0 REARS OJ@N§Q%%1§YTﬁe“ﬁJ opi ¢

confi nemen 1" ca on O OW or ear or ces, twee

by applsuicaily by anlfengmgmﬁtenﬁngwcsfcf&ﬁn @Bod.1,to \Ab@ftaot)@eas%a,rmlfﬁ)nh P&d BSEBasas, or
magnetic material, such as a bead), and the IiKke. 093] Met hods of

obt ai nifiegn $9 FedQases. threwﬁék%woﬁoﬁ% Bk opti@akleagh of éhﬁ dfvﬂlﬁﬁa@@ ethRods
i ncl udg, éc?stb%lth@&er OR; @xﬂlblﬁé& elgayl%!égparefnaﬂ%qgrw o ol | I%E'Lﬂtsqfl L&

sequence-specific | ocations on irst sanple on a sécond
doublebemgdbﬂmﬁdﬁmma&ﬁﬁﬁA@ppbh&tﬁnﬂmgspondlng one or nDre sequence-specific

| ocations o con ub e-stranded DNA sanp atln at | east a
portion of Eﬂw It ém%ﬁa W%@aﬁwé@&%ﬁé\%%ﬁ@mﬁ hteast a

porti oreoﬁéspbhgs Joltﬁéhalsi%%&l st SrRRded, @I\%.A,ﬁ@m?.l Thisalg GRPR) cAPtHuDBe used
intensity, |ocation, or both of a si'gnal’ of the at least”one [abel of the

first, t@qugaa@d@ﬂmﬂbﬁ@@tpmanmeﬂﬂemeb@hﬁﬂ@nmbﬁthémipm@hgiowﬁmmcmhbﬂ@ggna

of the.at ast one | of the Ion ted doubl e-st randed

sanpl e. Thus, thé “’"[6665‘21]136%?“{1 LRSS SIS r}q?lﬂ HPF%}WC Al IQ%OéYm%rog @s the
bar c Odﬁbvﬂfoupﬁaﬂzlﬂﬁg 2l paeliknge Bfolllflyﬂn&smﬂf mElinda@ﬁud’[&& agids ﬁﬂ:mn%ms TMo‘ie@v@ﬁbh@S
the user to conpare the genetic profile between - 17 -

2011/ Opoesamtpaentise @ndylepshe user to perform an analysis of a nucleic acid biopolymer that can be

essentially independent of the sequence of the nucleic acids within the biopolymer.

[0079] This is so because genetic information can be gleaned from the mere size/length
of a DNA region that is flanked by two or more probes. For example, if probes are bound to a
sample so as to flank a region of interest and it is seen that the region of interest is longer than is
normally seen (or longer than should be seen) in a subject, the user will know that the subject
may be disposed to a physiological condition or disease characterized by a lengthened region of
interest, such as a condition characterized by excessive copy numbers of a particular gene.

[0080] One or more replacement bases is suitably incorporated into the first strand of
double-stranded DNA so as to eliminate the gap, and at least a portion of the double-stranded
sample thus evolved is suitably labeled with one or more tags. Tags are suitably fluorescent
labels, radioactive labels, and the like. Labels may be disposed (see, e.g., FIG. 2) at nicks or
flaps along the length of a macromolecule, or at any combination of these locations. Labels
(e.g., borne by probes) may be introduced into the gap of the dsDNA, as well.

[0081] Nicking is suitably effected at one or more sequence-specific locations. This
may be accomplished by, e.g, a nickase or a nicking endonucleoase, or by any enzyme
introducing a single stranded break, by an electromagnetic wave (e.g., ultraviolet light), by free

radicals, and the like. The nicking may also be accomplished at a non-sequence-specific
-15 -



a sanple froman individual known to have (or lack) a particular condition
with a sanple froma second individual, enabling the determ nation of the
di sease swetelwisotdhe second individual. For exanple, a eeerusomg/ossapare the
probe profiles of an indi VI dual knovvn to be positive for a disease that can
be detected by genone anal ysis di abet es) d the profile est
i vi RERFOn BN AR Bk Crs%t ek flger %rBFOWCl@fYS%V&Q% lege ¢ ey %P%W‘ls

are i dgfithe@hw®n8b.colf the test individual exhibits the same "barcodes" as
the positi veé control individual), the user will have information that is
suggesti ve ¢0082}e Inras‘ponah@h of ttie afortrwrng)nécbcsﬂatcnemeﬂt Hases minebalaceapshed by

0095] As d h t abl ed.
hybr i GIDTAG BB O abre gt T PEAT A eS B uRr S aae s may
be aCCQrﬁyabeS B@Qn;bcyorﬁlﬁﬁatfdnaﬁe@@ﬁ erhifB! hodmedasodihals, eaemher ia tllfbeﬁ@béihce

[ 0096] described el sewhere herein, labeling is acconplished by nicking a
first §tf pafnqr mpreareﬁlem@l beseariieh brsas Sayprau aa%mtl@bfé$ that @rﬁﬁéteﬁ@bba)lnf | ap
of the 3 te

and (b)ﬂtﬂ% A t%E ug&{} 1{1?(2@81% erlélﬁ) g get ﬁa?e%%ﬁlt) t?ré ﬁ egﬁl%ﬁﬁle use ﬁ%%%?alﬁ
corresmaadufhglﬂf&rﬁdﬂ@nfabanthé ﬁegdgaﬁcdﬂ;ﬁdlé@@b by the site of the ni ck| ng and
the site of the flap's junction with the first strand of the
doubl e- st r ah®R8P] DllAieegagipion of flap structyggipjsuitaly feptrilsd bémOﬂﬁmrweﬁéenﬁpabes
that ar, fQr, v
sequencgsﬂ%§¥%}2§%tnhog vﬁﬁa Fb&%ﬁ%ﬁ%&a&&?ﬁﬂ%%ﬁ%ﬂ%{ or o%ﬂqgrﬂéﬁ e%q%fr) é/bes
can hyposdssed 5t-G° Higpdeademnnctivnsandf it ooesanmasliént§, | lafls Seqduervmasleateaki ng
advanta e of the se ence or, uences that are conserved across these

BHBR R it Him 0y

f1aps. e %f'rr?ﬁﬁéé“ AT R ATHICH AP covdt P -PRIEmErass (Rt n
i ndi vi @ﬂ@lan@@blﬁﬁ@%ﬂheb%‘rﬁfe the barcode is unique to a particular
fragnment.” Probes can be sequence-specific. [0098] A variety of

schenes can [0@84ds éﬂlefmilyrmmmd rtegoicleptidenmey ke elndson scpresnito comrgkthb gt crfg

bne i &R oo b TR Bakitad ofb oF Tt fieee o Ba LR efiReRg or

nor e dlffab%ﬁr@l%d CPlaphgfiRMaP 818 B dontkdlled By tRORANRE p hi¥Athe diFiBredi ffer ent
ni cki ng enzymes wi th various conbi nati on of flap an ni ck-1abel i ng can be

used. nucleotides PoDont, Cp-hide rafit ¢iotsTR.a¢ TBI B hiang d@tTlPuélihmf@HlO olrthe pugiedtstes f r om
DNA ar h t r t wo
or or 33 oS Bieb MRS o 453 R BB B P bR AL R bL LR by & o

i dent i fty dENEP st dcglo- EiBIIHi’tl onshi p between the two regions. Alternatively,

t he user maéplabel the flaps of different regl‘on_s with different col or

probes and dP9%4r dribelingrspitabdy agsoaplishaddy paRNinEY KFgst e cPBPEMSHEHI p of
t wo re i ] di fferent
nunber ‘3‘%%8{“ g{r% ¥Olﬁ%frscﬁesl ?r[?ﬁié?{)ﬂf)ﬂpglg oredltnflpéﬂS sOI%n ngdggtétgﬁtégg'ésul t ant
col or phbtephnses}, dyi(betwtol dryndrh eompk:tneatary plohts bytstdnzmdbleku\teaach vbecandnane

regi on 011/.050147PCT/ US2010/ 053513 Label i ng cted on flaps
of di fi’&ﬂ%ﬁﬁﬂgﬁ%@lﬁﬁs‘“ﬂ% Hﬁﬁ‘é? Eht"opt emwfwm%ﬁ%&yﬁa&za 85 R4k get ed

t 0 par it haih LMy m%@%&ofré)ﬁasbﬁﬁ‘éﬁvbéd’ﬂhgﬁ TH@géﬂ ¢ thEH RBRQNBRK labeled or
[ 0100] Probes can be deployed so as to screen for the presence of a single
di seaselooﬂatabzdomnhbtldqs whRicbngsleoadesahs be benngsted by nway ahalligiapd. eheddlsfragghpeon so

ast0|dent| rrult regi gns and eve [.ti pl e di seases at the sane
time. PR SILljt d&éﬁ{%ﬂl ? eg%PSePrWIﬂ)nltlpeloc 10P?JlOl] Pat hogeni ¢ genoni ¢

materi al rrax[om]l dﬂ@d& Ffdv@iédlaye REMBHNGF HIEnink 3RS ctAFal HFEMMABAROM I MWNA
identification suitab uni ver sal robes that bind to

y includes usi
sequencadpleordesemethady mglsldmrqcmu@ %%le&f’n@ranéﬁﬂ Hesannly & asplo PreobEsodan
be use 0 ent e n [
e como RSB CANOBR AR SBH T  SR STROLREN e ol oy e
during af:édaﬁplgﬁétebﬁtel Qthe Wi dt htriﬂ‘diEDNm b@mgs@gemcbdaeﬁe hneknng slis &dni the USIDEAr ogat e
t he flag conserved sequence. The obt ai ned barcodes are then cog&ar ed to the

predi ctEW renBierde eARPUIEIOT: s adargib e e garesial ropmakout 4 g Albaxt 140 bases, or
“two- | ayer 5 (Phy DREC QLR rd1180 (S 90PbAES FWALLS ARSI & 1800 PafAdE

i nformati on.
the single stranded DNA gap.
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[0102] FIG 8 illustrates one exanple of this two-layered barcoding. As
shown in that figure, universal (or other) probes are bound to a sanple
macr onol ewolz2etiaisofsrap, nick, or both | ocations. The macromaise@uwlosssean be
subdi vided into fragnents of certain sizes, and the sizes of the fragrrents

can be used | ean ,further S ructural |nf rmati on about the s
one non-1 i m[{’&ﬂg 2\3 shipe & aceppligher by mickig # Sltﬁtéaqddlféip%lﬁétrﬁj‘ﬁiefiﬁﬁ?‘érl gi nal
sanpl e fghatdeld fectiha e@é&%@ferﬁe?elf? f Tﬁe Hick s eﬁlﬁmge Qb Hvhvad Tged?)t11§1deregan

correlate the size of a particular fragnment to the location of
f r agnmentitatile. hOthet hietablei rgelnad eskmptleases are aval[lalbl@ff])mmogunqnl@l/soaile@u lscludmguse

of pat epn- specifi robes for mu | exed pat hogen identification. This
i's accgff\%f Egilg‘b‘ﬂé 1%?%%“%%‘1}%? ﬁé&h‘%&?ﬁtaééﬁgﬁf @ﬂ? B to design

pat hogen- spggeds] C 1filséRe BMBBEnentd tHR sethhd %@ﬁhttre%tmﬁﬂﬁfésru&l@ié'eﬂﬂmdécf fear.ent
barcodes. As shown in non-limting Figure 9, the presence of

gr een- veth ¢y BRAALCE)pPokies S>3 et Py aierassi Yantfiodenarhss ippaseisbeuisible

Sal non%{lzaﬁ%il'li]@hl?ane bar code can be assayed in other regions of the sane
bacteria I's "aspect of the present invention enables the user to use
sequence- spgoeegI] c "preQIiNA it h2h dagestellNe. §.Utvith USRELitON@Es1@¢RY Rse. The removal

pat hogen-specific (e.g., bacteria) barcodes. [ 0104] Such barcodes
can th@lﬁt}tﬁ’éﬂﬁgpeéerteéaté%@éﬁmg@rsu’@ﬂ@d&@éeﬁ@e of the pathogen (or even a
portion of at

her ei n, thet[gﬁs%? Inggﬁgte glrb rgngi%%qﬁ)hteﬂema?lctg ?F:))Eﬁko ‘%ﬁéﬁ r Irorglrnelése %Eég gased on
a si gnaésuﬂxmmtcgag if thet fided agwoh alﬂapren«idmwh:asehwhmin@ims rivene apmgmesranmd [dNA and

conpare the 03| or ba of _.one qr robes .boun to t he DNA
sanpl e B SRRy éjélsamp%gi SHgSE “flﬁgﬁflg Bmgaﬂw"@ IFlNE SRIWRHIGAT t o
one or JARHR RELIHIKTI be RSRA byldnihiige Way, the user can determ ne whether
a subject is suffering (or is incl |nedgto suffer) fromthe pathogenic
state. - 19{00&1)]2(1239/:1@&)1%171%‘& YSR0DOAIEBIH) binding at leagri@S]complearotdner

aspect, the pres inve Vld s nmethods of enrichin rtain genom c
Fe6 ondroia 8L AT Brrsu o olhe HaR PR sHEPEN S pSericnbt hea Py AT hPobati o
one or caﬁ@ﬁarﬁe%wr Probed *brﬁﬁ’i&ieﬁeﬁt ®RAEH biher iﬂdadan?o@mg@t@@%getﬁe%dﬁiﬂlb&@@' e
such probe is a |ot| nyl ated probe.) The hybridi zed DNA nol ecul es can be
bound ttwo og myre cayeplamedarygiraes hybrifl zed sextiaeadheather| widkene qronwe Br¥esgapsuch as
avidin als sh ul es
are thgﬁ “ée\%gl é?ig fggpé?@apgger ngﬁ% yesflﬂ\é%% Wﬁgla%%g oL %{)}9 hggﬁi Qﬁé{@& I aﬁ%t her
enmbodi rli@aﬁedtd@gﬂ:etm@lltge@as may be bound or affl xed to the DNA sanple, and
the sanple then magnetized to a substrate so as to inmobilize the sa Ie

[0106] FI G [4@92]s Thedabgndsampdis-masnhen heyclensrsed: e descaibed slecw i Ateipe Th

t echni

for med e RS TR ool by GifoBic RRARGTe T ALEAIL Bt B “%5"’3@% the
f or mat Ibtym)ptlfsalttWeezf:fsaby aﬁolmmmybﬁmeghepc ddress @ecuwviert the shinpfesintloda asubst r at e.
In the exanple shown in t the appearance of both red and green

probesn§ﬁﬁﬁ‘TW@?“?héw%V§§ 6 Berk&gl fusion. If only green probes are
shown, only [¢@a)i %é’t‘h@disbcgf%btzlnfung@ﬂrﬁ(ctﬁfaflm%%%%n%ro%l BROWMYe aRBIpFoRGR. T S
present. I\/bI ecul ar hapl otypi ng can al so be acconplished by interrogating
si ngl e Thasemethods inohide bivelinapnsdgsededk-drddgl BYllessiplardedr DA gapence-
sequence 0/Z] . Al sq provided are syst sui t for ortlng
ond 1 ABaS g aPAEE Gt ean Snameh bivge B b BU R Eha e
f ashi orofredpoadt n%@a& oPRGrdRQuaRtispalifis idR@dnsdnahy Sdcdnd dNGHE stSURIEE [T)NA ncl ude,
in exenplary enbodi ments, one or nore reaction zones where DNA, RNA, or
ot her §am%pleeelﬁagaémgair lea#denagdersofihe Iﬁﬁﬂﬁéoublﬁéﬁaﬁ@ﬁm Asampleaplengaiigg aakedstt he
ot her st h as
L be% p%Pt?qnaogtitﬁé hlbs?ﬁ?ﬁb% ‘§1!r£hde§‘tﬁ\?A§%1{a1 lﬁagﬁ%cqﬁ%gﬁ tor h{eﬁp e}y 5:38bn, or U
Al t er naff b siinyl, ofaheatdeasionelabél dfhl&sﬁrssb&mgaﬂ&axdoblﬁepeaﬂdeﬂrmdAlsmmplerteal&:t i on
zone in fluid communication with a nanochannel ar nanochannel array that is
t hen uddgnyty of thessignad of theaf leastamgrhebohde sfgond. dorgagpsidou @ﬁddpr% Pecul e
SO as ts?mg ol ow the user to gather structural infornation about t he
macr ono ul e. The elongation may be acconplished by physical/entropic
conf i nenent [0094] s He alis ﬁdpﬂbtdoﬂth@myem;pnpt}y:sjseraiorﬂpamsehc( bptodeadr prokeeziediny, and
the like._.Suitable nan channel arrays are described i

nppl | CATITBR A0 AgRr 95 St RBCenT RSB MRS Fapie SR Srae ol BoNes
ref erence. [0108] The systenlﬂ may al so include a device - such as
an i mager - to gather visual information about a | abel ed sanple. In one
enbodi ment, the imger conprises one or nore sources of radiation (e.g.,
light, lasers, and the like) used to excite |abels that may be present on
macr onol ecul es processed according to the clained invention. The inmager



WO 2011/ 050147PCT/ US2010/ 053513 of the raw i mrage obtained fromthe | abel ed
macr onol ecul e, as well as conparison of the inage obtained fromthe | abel ed
macr onol ewol2e1vasbfa7a nodel or predicted i mage gener at ed Poy/isp@bysiss3 of

ot her sanple materials or of material that is conparative to the sanple

bei ng anal yized. The ¢ formed between an i nmage taken from

] i b
t he nudsémgledEem aai%gl?i? % g%ﬁ&gﬁz‘éﬁér %fosa BHHCHaRE N W ithd g from 2

repr esgitBdandii R8RS Enadlifl he Rt iBY o8 HRlBsea Y stQL BEMedeRR I ifdiVRLAATHLPN-
The conparison may be acconplished (or aided) by a conputer. [0109]

Addi t i erahplBi suieosayeompare th§ Oobe Jprofie sofagmphdis aluabmopmets drtpesiet Fods

rel ati to in d sequencing,, i ncl.ydi n hods..fo ing |ong
Genon TBRR THaeR R De Gl B s LS DT e St Rg e 2 B baFebat ng
st r at egydiPire Sy IR hARinoeBdeni tBRE R 1k disBeleV TtiuakwOPR TR £€ WWeRBcaA g , if the
| ocalization of multiple sequence notifs or polynorphic sites on a single

DNA noltest Uidevifivad exleibithée name Chriaerdsls” p<ths POsiHKg tontiil andetidwal), ithe wai wilbhave

erbodt TR ooy RS TR VRAS 0 AL RIS SR Olgiuasguene 10

prior nmet ho@eo9sy headissalisatkembtRadrah, tbhAs SEAPIYNGcHhPNIhde By hipridiviad one
| abel ing efficiency, nore stable |abeling, high sensitivity and better

[ esol LR 19T PIACTIO IagScenerb CANGY sapuless JeNeHEY b assPBptidesdabe flapasedn
the lo tﬁmeg&%egggg‘%&ﬁ hgﬁ%ﬁy' to assenble and i nformati on not avail abl e
0

from ot her sequenci ng technol ogi es, such as hapl ot pye, and structural
vari ations. [0096] AdLdek&ibedrelsewbbla heagini lalgelmppd accatptishedibydiickiniialfirgemamd ¢

DNA nol ecul es or | -range PCR fragnpents | abel ed with fl uorescen
dyes ato?gﬁeeblﬁs&ré%f@aﬂmgégwaﬁﬁ P SREe P B el fbﬁfgwrré%é P SEPRENE
str et chgdh HRIRBubNEARIdIAH A s‘élﬁip@’e‘? ahd@ 19 %@B Retheaet dARIBEHE LG fsl#Qgscence
m croscopy. By determning the positions and col ors of the fluorescent

| abel s DWW A kampkpecespondingdo DiAldpa dielzop elefindrebydihs tsit¢ bthe arrkofe andehsstgudgnce

notifs can be.established.wth gccura in a r simlar to reading a

bar codéﬁe %’ﬁ %Juﬁfiﬁ&orb‘g}tﬁg}bﬁl ﬁ’f\é% %@PﬁSﬁH}es‘foﬁBlﬁr%“&B?e@@. 54 Tg't'he i dentification
of | apbda pfﬂm] DiNAhe R tBSA| s@ﬁalﬁ?dsé’lp%@ék th@@ar@ﬁéﬁil%&d for whole [g@ﬂo’lrﬁel n@lﬁng,a_rml e
enbodi ment with flap sequences at sequence specific nicking sites conprises

t he st eyuchprobes conserggd Hiciadnencenacrassrthpwhele sgnpanag i igway, snerpynlgedew e
trand . ' | \ Gt | ;
stran i)?ob% @S’@fvrﬁ}'z% TRl GGy %{ }’Mpg Ef ﬁloﬂéa%ﬁ%?pg%g%aﬂ&l%egﬁagﬁg {1 m'n&ég 89@‘1%6

ni cks Speci 1 C sequence no orpora uorescen
dye- | abedquedcavicdegadnicelethanire Bomervicd uoross ey flahse-Thabebedizalisbbat uieslyat t he

nicks with a DNA pol ynerase,. di splacing the downstream strand to generate
f1ap Sé‘éﬁ%ﬁ paigode to identify each individual DNA fragment, where the barcode is unique to a
particular fragment. Probes can be sequence-specific.

[0098] A variety of schemes can be used for genome mapping. In one embodiment,
nick labeling plus flap labeling (two or more colors) can be used. In another embodiment, one
nicking enzyme and flap labeling with two or more probes with two or more different colors can
be used. In yet another embodiment, two different nicking enzymes with various combination of
flap and nick-labeling can be used.

[0099] Other methods for obtaining structural information from DNA are also
provided. These methods include labeling different (e.g., two or more) regions of a flap with
differently-colored probes so as to identify the spatial relationship between the two regions.
Alternatively, the user may label the flaps of different regions with different color probes and
different numbers of probes for identifying the relationship of two regions. Users may also label

flaps of different regions with different numbers of differently (or similarly) colored probes and

use the resultant color patterns to identify the spatial relationship between two or more regions.
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WO 2011/ 050147PCT/ US2010/ 053513 c) labeling the flap sequences by

pol ynerase incorporation of |abeled nucleotides; or by direct hybridization
of the flwoneswsni47pr obes; or by ligation of the fluoregcenis2@oobisss wit h

| i gases. d) elongating the |abel ed DNA mol ecule into linear form

wi t hi n_nanochannel s_by ow ng .the sanple through the chanpels or by fixing
one end-28¢! ?1%gh‘@ameﬁf?f§?‘{1‘§1 e of ﬁéf?ﬁ&%ﬁtgegla%‘vﬂh H%fer@)t PERiCET MIGIPTOGY FaY

posi ti gng ‘b‘aftal%I Cdft(L PRGN omBRRNS Y8 PG RREGLCiiO chiBfroD¥feackbone usi ng

fl uorescence roscopy to obtain a nmap or sighature barcode of the DNA
[0114] Anot 61003 nﬁbdbaman bi deploygedasoss DNAcrgapfoathegeepgaercel spege fliscasaiocki ng

sites i cIud the ste of : .ooa), one strand o >
by dGUBTECTH dHbE GRASHtE RO L EROR Rc G CHIGHIEFeseie’s o

i nt roduge e%rﬁﬂﬁﬁlﬁ?le SRQ6dsldt eheS@AENREES MutR Smbodimentsbthe uB&GaRaOr at i ng
fluorescent d abel ed nucl eoti des or non-fl uorescent dye-I"abel ed

nucl eot i des [&t01] hd afiogreic gproraic mgierpd Imayeieadentifigd byl paehing theHtaps onpsN Aam
strand (,g%lgag@ﬂg {d%%tei\ﬁ%(atf%ﬁ \Mll?a(j)tllep‘l%ﬁl es us1 umaérsngp!&%zé tﬁ'aq b’i{aﬁto sg(gem\ﬂngés(:kl ng

endonu onic ed et a tin f or med

flap seghepedaciist ﬁuﬂtﬁpﬂ@r@ﬁtﬂﬁﬂzﬁ@ tﬁaaﬁlsel(s@llqiraﬁdmdn 5595%1 d"eafbvb@)aﬂlegaved by
|ncreasu%§ the tenperature). d) labeling the ssDNA gap by pol ynerase
i ncor pdeatifigiose Ip@ﬁ@P@éOWﬁbé@lﬁ texscomplishes by thaRathqegn 2aRqmbispkipg anto

fluore ?&f‘étecpfr %‘ﬁ tsg rlnlg dﬂ%&l@r (Pifont fth ﬂe%ﬁ&?ﬁ?grtobgg 9&1’? 38 ultélg(?gsa?es

e) eIo gating t Secul e rnto 1ine orm

nano- c hianfied coneérveresequibmal e tobtamedtbatdoeecira nirel o ngpiarddi meld: pmdactedd of the

DNA i nsi fgr%nz:g] gla}(): g %?a?hoggr? genome This is known as “two-layer” DNA barcoding, which
combines DNA fragment size and barcode information.

[0102] FIG. § illustrates one example of this two-layered barcoding. As shown in that
figure, universal (or other) probes are bound to a sample macromolecule at flap, nick, or both
locations. The macromolecule can be subdivided into fragments of certain sizes, and the sizes of
the fragments can be used to glean further structural information about the sample. As one non-
limiting example, the user — knowing the locations on the original sample that define the
endpoints of a given fragment or fragments — can correlate the size of a particular fragment to the
location of that fragment within the original sample.

[0103] Also provided is the use of pathogen-specific probes for multiplexed pathogen
identification. This is accomplished by using a known pathogen genomic sequence to design
pathogen-specific flap probes, with different pathogens having different barcodes. As shown in
non-limiting Figure 9, the presence of green-red-green-red probes in that order signifies the
presence of Salmonella. The same barcode can be assayed in other regions of the same bacteria.
This aspect of the present invention enables the user to use sequence-specific probes that are in
turn used to generate pathogen-specific (e.g., bacteria) barcodes.

[0104] Such barcodes can then be used to assay for the presence of the pathogen (or
even a portion of the pathogen’s genome) in a particular sample. As described herein, the user
may determine the position of one or more probes based on a signal unique to the region upon
which the one or more probes reside; and compare the position, color, or both of one or more
probes bound to the DNA sample to a corresponding signal from a DNA region known to
correspond to one or more pathogenic states. In this way, the user can determine whether a

subject is suffering (or is inclined to suffer) from the pathogenic state.
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f) determning the positions of the fluorescent |abels with respect to the
DNA backbone using fluorescence m croscopy to obtain a map or barcode of
t he DNA. w0 2011/501415] Anot her application of flaps and cmgiseosisznsied DNA
gaps i s whol e genone mappi ng. Fl aps and/ or ssDNA gap sequences of whol e

i ndonucl ease (i ncl but not limted to

genom ¢ a nickin
Nb. BbVCl ) , J@f‘gﬁ P{a@g}%t@%r aéﬁ%rg tﬁ% PHY I TERHPR BWVH% a8 O& Rt Bas ed

on sequehahr rEQB§§W1’f‘e‘§e (ﬂetlf’ods 1&111%1%%@51)@%%&15& Al Hélaﬁng Eﬂ)‘b@snt% Sf A nrRADP! e
or across nultTple sanples. signlé or a few (less than 4 probes) can be

used, $@g1hnsatbataaoﬁtaﬁ@p@@m(ﬂaﬁ@é@®ncw (Onh @ulltséob%stugh BN ise bextmlykeedarebe.)

Iinearl n.na an as d ed el her e barcodes

b o gerds yhiu2e BRI G ReRiet B BN 16 £ BT S ounbBarhahil Ceriiy t ne

use of n§feduddsl mihtaguavlahﬁ afhemrfbbﬁm DN DB caRrd alle%é%h@d SRS ahy R Ho@ga ons. As

shown in that flgﬁ o es (in this case, a probe that h@gpens to have a
n@@n

conpar andleulss A lﬂfehﬁ)rtmahnahesws@@gm@ ang thyelikea g ahefbe anbodpent, WO

2011/ 0%9 #%[Z qgaH?%lQll%/ %%31%]' §1:rah(f\[ﬁ)r<]§c{3 ovtﬁt? D%F’&]g g Sanaltﬁ«{;gan%ﬂ?g thfe ;&?a}%rﬂet?zed%o

uni ver es 1S

i I I ust raaghsarat@sd:ds% nﬁmomizelﬂhefgaglpn@, illustrates the use of a single,
uni versal probe that binds to multiple sites along the length of a sanple

macr ool ecull@106]  FIG. (1§ isarqampie dpedingtp gimhediment Ofutbi: ngtlthv& techaiguesn s or
SSDNA gaRsh biP Pﬁﬁﬁégﬁ%és%@ I@%@?Q\% E&g%‘%&%ﬁ%ﬁt]ﬂ Ee X?@kﬁ‘hé ons.

One exanpl e o di sea ene fusion rtronis a
mai N causgedintd eekeamilett béhmdhyﬂle(faﬁmt(oa&fsﬁuﬂwp @oﬁngmé@rcﬁ)eam@ﬁe)the green

fl uorophore tagged probes bridize ont s or to sjinhg]e stranded DNA
gaps of BTR ag%%gtrata &@&X% RI§BYHB ethe a» Eﬁg SRS Pl IFR%F‘?doﬂnQér?ﬁli‘ t he
flaps QfodeQ sehitik eheShitandeds BHR- &BE?uQ(f)ntﬁ%nﬁ%-re %&%bes] Jre%ﬂ&vrp%hgf%]ékli\ BL

green-red are observed on the same DNA nol ecul'es, the presence of
f usi on vigehle. Ifondyorediproted ard Y0 48] omlmdiCEié s m‘n&mt:h Meleculof hapihatypindicsie alse be

SECE ENITRTN RN IR RE NG TN NNV
from 4 odp kéferdts. r egi ons of genone.

[0107] Also provided are systems suitable for sorting and linearly unfolding such
labeled macromolecules in massive parallel fashion for optical and non-optical signal analysis.
These systems include, in exemplary embodiments, one or more reaction zones where DNA,
RNA, or other sample material undergoes nicking, flap formation, labeling, and the other steps
described herein. Such sites may be a reaction vessel — such as a tube, a flask, or other
commonly-available laboratory items. Alternatively, one or more of these steps may be
performed in a reaction zone in fluid communication with a nanochannel or nanochannel array
that is then used to — as described elsewhere herein — elongate the macromolecule so as to allow
the user to gather structural information about the macromolecule. The elongation may be
accomplished by physical/entropic confinement, by shear fluid flow, by physical force (optical
tweezers), and the like. Suitable nanochannel chips and arrays are described in US Application
10/484,293, the entirety of which is incorporated herein by reference.

[0108] The systems may also include a device — such as an imager — to gather visual
information about a labeled sample. In one embodiment, the imager comprises one or more
sources of radiation (e.g., light, lasers, and the like) used to excite labels that may be present on
macromolecules processed according to the claimed invention. The imager suitably includes a
CCD device or other image-gathering hardware. The images may be inspected by the user or be

processed and further analyzed by the system. Such further processing may include refinement
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[0119] In another enbodi nent, two or nore di seases can be tested either
with nore col or conbinations or with nore conplex flap or ssDNA gap spati al
bar codes wo 2botdsool or and the spatial distribution of ecrars2éloapsiand
SsDNA gaps a nultiplex detection format. [0120] I n another enbodi nent, the

procedures are used to identi f thogen engnes The genopes are
sui t abl%j AR emage O‘aramﬁigr dslegrmatseimteculr s avdp S UPRBID B THEE R
ni cki ngpendantish %Slgbeﬁéd"'ﬁlla%hﬁ%cglétwﬂpﬁ nloldfl c;reiﬂe&l&e&‘lﬁn%%\égherawg b@%mllvys@nd

the like). The two nicking sites suitably sit on opposite strands wth
100 bp,of ethiec Bample am@lslamrmmayertaﬂ duk ischompamtive apthgemmphthemg anglyeedr &ak age

pattern will be specifjc t he specific n att rn can
be. LisedoRuisoRipa 53 Beylsmb e DReE BE el Fa he fielkiy 43 YophaRT sife: o
the fragipet an€aBokthe imbe thabe @Qeﬂt\é5Hlséelsé"étra%sﬁ%@ilt}?ﬁs@ﬁ@%r%ﬂlelﬂ Eéleftll:aps or

ssDNA gapS use a universal probe. The conbi nation the fragnent size and

t he i ntvaripiain. cBleontparisadasy bmmomélﬁlnqdf(pé@ldﬂié)yweﬁqmg@r genones. For
exanpl e, Yer%doy& &fhg%%l gg@sur indentified in thi S f ashi on. [0122]
ment,

| n anot her nown pat hogen genonic sequence, one can

choose a paf0oii@! arhiy ggilioaicof preRatspatthogaslages PNAOmepsth bid {dyeeqigsence
of the pat hogen. In this case, pat hoa) n specific flap or single stranded
DNA gapnqhidipegrethods f rekdngloaa senmis PN Astietheds of sepuriice specifit Reging apdp

di ff | t
350000 200000 R e ety Su ! SR Ep: PR R N kb PRI e,
Nb. BbVGEIf namplasesplen@tmdtiﬁsmpe]s'ntoop}hammdm atdm@lgﬂhb%molélﬁulei ingddetdse t he
f h be. h a Okb
P o ot - ST oap i SRR SESEEbSE, SBHededrel SO0 oot s e
in a sicBhdiffoul 83RINDase é@@u&%ilg/ ﬁ’iﬁ%ﬂaﬁg’ﬂhﬁ%%%%%é&he DNA nla$123] In

anot her enbodi nent, the flap or single stranded DNA gaps can be used for
the enri chmﬁﬂllldf @q@méd w1tg@nomncthpég|thm®scl®wdtrtmls@ e di mepping provslesiser

effectshbrl of biotinylated. prohe S ific re . contai ni ng
epect 1 Py HLE Rt AT Bhesmsth b RARRURR sty dot brud ool Bl ed by
bi ndi ngiidchRe hietHaHHNA s&1RBSinS Prdvfehac®Rdadd i thE Ichgi teinplatidoBfeitt, @8sy thhe

bound nol ecul es are retained for further genonmc anal ysis. The unbound DNA

ol eculaé@n@ﬂfeama@ﬂ?é@aamyot apdptlh BommtbaisPqueading depbnels 2igs esushbj kaplataye o
furt her st?uéfﬁﬂa var agé§4] EXAMPLES [0125] The foll ow ng exanples are
i |lustrative on do not necessarily limt the scope of the clained

i nvention. [0112] In a DNA mapping application, individual genomic DNA molecules or long-

range PCR fragments were labeled with fluorescent dyes at specific sequence motifs. The labeled
DNA molecules were then stretched into linear form inside nanochannel and imaged using
fluorescence microscopy. By determining the positions and colors of the fluorescent labels with
respect to the DNA backbone, the distribution of the sequence motifs can be established with
accuracy, in a manner similar to reading a barcode. This DNA barcoding method is applied, e.g.,
in the identification of lambda phage DNA molecules and human bac-clones.

[0113] One sample embodiment with flap sequences at sequence specific nicking sites
comprises the steps of:

a) nicking one strand of a long (e.g., > 2Kb) double stranded genomic DNA molecule
with a nicking endonucleases to introduce nicks at specific sequence motifs;

b) incorporating fluorescent dye-labeled nucleotides or none fluorescent dye-labeled
nucleotides at the nicks with a DNA polymerase, displacing the downstream strand to generate

flap sequences;
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[0126] Exanpl e: Cenerating single stranded DNA flaps on doubl e stranded DNA
nol ecul es. [0127] Genom c DNA sanples were diluted to 50ng for use in
t he ni ckiwg 2om@sbvison. | QuL of Lambda DNA (50ng/ulL) wer epratdsdomoszi®. 2 ni
PCR centrifuge tube foll owed by 2uL of 10X NE Buffer #2 and 3uL of nicking
endonucl eases,  incl ydi but not limted to No.BbvCl; Nb.Bsm; Nb.BsrD ;

Nb. Btsl; Nt SN Liahe 850 67 UeRES Y FIYMNE SCESENBP RE otsbRe nueRiICRY X e was
i ncubatygd@tybAdi- 468 668e FAbreQREt PROBEs; or by ligathHAGhe MidiBEcehfiFoRsGhkINT
reaction corpl etes, the experinment pr oceed%d wth limted pol ynerase

ext ensilignseat the nicking sites to displace the 3' down stream strand and

forma single stranded f i fl enerati op react.i on X _consi sted of
1501 of i okfngopraiade bRfea PR modRuiBEr BsroRr bRt SRR o1 13
of 10X RuWfifethe s@mpRYh@hugR eydRBhRIEor HiCtiUHE Bie ERLST tRODNA Msidedhd annels;
vent (exon-), Bst and Phi29 polynerase and |i _il nucl eotides at various

concentpdtion fromluMto 1mM The flap generation reaction m xture was

i ncubated at .5 .ees.. The | e 0 s _contr

| ncubat i on 1) B RATERr phRab SRRt Aok R PR nIATCRRR b3 Rl ke
used. using flub@kZSkce BxapdPy tbbaimesmepbl Vighabelvargds efthemeAspeci fi c ni cks
on doubl e stranded DNA nol ecul es, 0130] CGenom c DNA samples were
diluted to 38hgf ghnotles epbogdingent havipgg sYlaNAtgap At SPQISNCOFPCEAisHdmpes

(50ng/ v = et to a 0.2 mL PCR centrifuge tube followed by 2uL of 10X
NE Buf #@uc}gg anﬁgI%uL' of nicki ng endonucl eases, including but not Iimted to

No. BobvCl ; Na) Beking onb sBsndDbf, a MngBe gl,;> NKb)Alowble shtandivg€homit DBgpi@blecule
Nt. Bst NBl; and Nt '&'\’i P{sl. The m xture was incubated at 37 degrees for one
hour. Witha nickypg PPAgRueieases fie INOGRFNYCF SR P EOHPIEIRYIIST he exper i ment

proceeded Wwiph BRI ARIARBEXLRUSE-Ubeld dulEBlPQr ABn NS rddtGl Q9L IAeRgoONt 0 the
ni cking sites. In one enbodi nent, a single fluorescent nucle0dtide

t er mi namoleotides ai Heavigksvat ®BNA polametaserdigrdvo tire do wnstrdani graed té ganesse ent
WO 2011/ 050147PCT/ US2010/ 053513 nucl eoti des were incorporated. The
i ncor porfBCFBI i’k consi sted of 151A1 of nicking product and 5)..t1 of

I ncor por at i @fefppyaRthakdhd8icRibAtn@inutREsdXdii@ nevlly eltehdedtfraR@hydBItASE
including but not Iimted to vent(exon-), |i,t1l fluorescent dye nucl eoti des

or nucltoondvds feraredi fiatsequencercy bl flag cidonpclagses (dataohedi seYY A egmbe gneoad baibel ed

el eobi g g IERLRRLE Lon, TR ur o ves, | noubal od el 50 degrces for 30
si ngl e st r anig¢te DMAHEsaPN AogapdBuidll em&hsetinckagofdtién oDladelad ascleotides; or direct
hybridization of the fluorescent probes; or ligation of the fluorescent probes with ligases;

e) elongating the labeled DNA molecule into linear form inside nano-channels either
flowing through the channels or fixed one end of the DNA inside the channels; and

f) determining the positions of the fluorescent labels with respect to the DNA backbone
using fluorescence microscopy to obtain a map or barcode of the DNA.

[0115] Another application of flaps and single stranded DNA gaps is whole genome
mapping. Flaps and/or ssDNA gap sequences of whole genomic DN A made by a nicking
endonuclease (including but not limited to Nb.BbVCI), were analyzed and the hybridization
probes were designed based on sequences conserved (i.e., present) across multiple regions of a
sample or across multiple samples. A signle or a few (less than 4 probes) can be used, such as
cy3-TGAGGCAGGAGAAT-cy3. The labeled DNA molecules are linearized in nanochannels
(as described elsewhere herein) and DNA barcodes are generated.

[0116] FIG. 3 is an exemplary embodiment showing the use of so-called universal
probes to bind and locate conserved regions. As shown in that figure, probes (in this case, a

probe that happens to have a comparatively high GC content) can be used to target and locate
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[0133] The nicking sites were | abeled with one color fluorophore. The
reacti on was chased with 250nM unl abel ed nucl eoti de dNTP to generate fl aps.
Once t he wbapilissguence were generated, the flaps are | alperas2owtobssds f f er ent
color fluorescent dye nolecules. This is acconplished by, e.g.,

hybri di zati on of probe, incorparation of fluorescent nucleotide with

pol ymeCaBE e G5ES Sonee fgdt Gt iﬂl%%g%acromoqemsme YR ahpriEersidnol e

genoIre pER Qb iNu@ratd G BGPL ORRicH i (@e use of a Slil%:lé %Liv@[%@%ﬂjoﬁe DNA
sanples were diluted to 50ng for use in the nicking reaction. Genom c DNA

sanpl eshaubmels ¢b huitede ties50mg tholkengdefiapampl miaainplgculeact i on. | QuL of
Lanbda DNA /u were added tp a 0,2 PCR ce i fuge tube followed by
2L of 10x EHER oS <AL bFusheite e R S s ot HERGIAE Bt not
i mi t ediidetseNoaBBY B striNRuBS WriatidRs. BOhObxaniile Bt silch aMiseAetk BAY ABPVEehe
Nt.Bsp? ; Nt.BstNBI; Nt.CviPll. The m xture was incubated at 37 degrees for

one hodpsion, whiclf grgdgjonAs & arain paaiseptlebkgmice de thivepse sphewa dy Higreesk ped Oment

B et M g AT P TR D o, DGR 7 b

flap gessd,ahd edd lexcpioddtaFbed £0BSI wilEboildizé 2hAle OhpsrureK kingleptrasdedtDA
5)..t1 of incorporation mx containing 21A1 of 10X buffer, 0.5pl of

pol ymeaBeofi the idi gfgeh i tWeutoler gisanaigd aEs QRsptved RBHhe) samg N b ppleciiies, €t i des
at vari gt ans fr - - #M The flap generation reaction

m xt ur é)%v%g%&i ncu atAg%g{gwfg‘Sg%g}é%%ggﬁn e length of the flap was controll ed
by the inculpti8dyn Anatier etitvedipadny nBatase sliseagebk diagdoanahvo lves aomuthtn 0fo

nucl eoti des used. The generated fla were then hybridjzed and | abel ed with
uni ver §%1°$F%Hé§geélﬂfélﬁ’ g 4“1‘%1“‘3%3?1 g}larkers’ V&E@?Tor@{éﬁ?ﬁl e:

Struct ur@bm¥arkArdREmYA frslall BffeRhi 8RR 8NGEERL ructure of MCF-7 3F5 BAC
clone fromthe breast cancer genone. 0138] This region consists of

f our segnent81193p 14 anotharembpdanemdtwiddorikireblissades c0bd & sted mitherweith mdre22. 3Kb
bl ock cont ai nj ng..exon 6.of the PTP ene...20p13. 3 a 45. 5K | ock

cont ai HORG CERBATESTror AL P GO HPLT Y RN BIfoiRg i R eS| e begor and

pr onot gke spalPld3stAbutddm ofZelor 2ﬂ\f\$ 2RMLEDBE0 3 4psPGh{ PR IR LESS fo3mdB. 4Kb bl ock

contai ning the conplete ZNF217 gene. Region specific probes hybridized to
the flaps al@l20dednpaotberfmbodiment. e dseasdercppretused foodentify ghibagen genomes.

el R IR T e e ——
[ 0139] amickiid &idobedlest i(doludaiaesi®aot limited to Nb.BbVCI, Nb.Bsml, and the like). The
two nicking sites suitably sit on opposite strands within 100 bp, which strands suitably break due
to flap generation. The breakage pattern will be specific to the specific pathogen genome, which
pattern can be used as a first layer of barcode information.

[0121] Each subset of the fragments can then be labeled with fluorescent probes on the
flaps or ssDNA gaps use a universal probe. The combination of the fragment size and the
internal color barcodes then identifies the pathogen genomes. For example, Yersinia bacteria can
be indentified in this fashion.

[0122] In another embodiment, based on known pathogen genomic sequence, one can
choose a particular region of the pathogen genome to confirm the presence of the pathogen. In
this case, pathogen specific flap or single stranded DNA gap probes can be designed, which
results in specific patterns for different pathogens. For example, Salmonella bacterial genome at
the 350000-400000 bp location (a 50kb region) can be nick-flap labeled with Nb.BbVCI and
associated probes to barcode the genome. To increase the specificity, additional such regions
can be used, such as a 50kb region from 1,000,000-1,500,000bp. Mixtures of pathogen genomes

can be identified in a similar fashion.
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[0140] In one exanple of a detection scheme, video inmages of DNA noving in
fl ow nbde are captured by a tinme delay and integration (TDlI) canera. In
such an ewbadimsoi47 t he nmovement of the DNA i s synchronipzedrsesisishe TDI .
[0141] In another exanple of a detection scheme, video inmages of a DNA
noving in fl de are capture by a CCD or CMOS canera, and the frames are
't egrat ed BT tnaReTereTHRameRtehe 55 6 ﬁlpgwtraﬁ%r%ér@w G bt Hediorage of
the DNipe emichmehtoélfdsglzcifi@ anphib %gi@ﬁ‘s@@kﬁes@ EmBodiflefft IQNSHRIR ’hyBﬂiﬁlEQcion

i mages of a DNA are coll éct ed by sinultaneously capturing different

wavel engblsinphted melpartaseecdat regionsensonsg spehifis fhaneqpendondhadiyhgdieede caner a

and a or |ti-viewsplitter,. or using filters and nultiple caperas.
The cariVa roSlpis ase e SeEkes by Blogisk e ug Bragh ot gede i facd Contis 457 |
anot hefmAxamal ehe bsuRYMSIddtlct aRaeuhed bt fuph& sAYRLENALRIY THEIRhE TN AN,

t he backbone dye is used to identify a unique DNA fragnent, and the |abels

ar e usépleglereyrk wpshed @wiap) angvihe amphihzerbsaarpdestare THijectedtofyeheranglypiswhen t he

| ength of t Q@IA Hgﬂgzrthanthefield of view of the canera, and the
mar ker s canrigler e@%Ag/fe P $rap a reconstructed i mage of the DNA. WD

2011/ 050147 PARSYSZhEGs 0SB E 3 xMbples b2 iThataki®elonlyand Aot hadssafilyaalt yid ng a
doubl e- stranded DNA sanpl e, conpri sing: processi ng a doubl e-stranded
DNA sartptre o sheadaimsdgpyedtipnise to a flap of the first strand of the

Sampl 6. ¢ ho TR navrne. S s il ARFE PO hDs R AABI A ARREONR" 006
bases, masldcules.
[0127] Genomic DNA samples were diluted to 50ng for use in the nicking reaction.
10uLL of Lambda DNA (50ng/ul.) were added to a 0.2 mL PCR centrifuge tube followed by 2ulL
of 10X NE Buffer #2 and 3uL of nicking endonucleases, including but not limited to Nb.Bbv(l;
Nb.Bsml; Nb.BsrDI; Nb.BtsI; Nt.Alwl; Nt.BbvCI; Nt.BspQI; Nt.BstNBI; Nt.CviPIl. The

mixture was incubated at 37 degrees for one hour.

[0128] After the nicking reaction completes, the experiment proceeded with limited
polymerase extension at the nicking sites to displace the 3’ down stream strand and form a single
stranded flap. The flap generation reaction mix consisted of 15pul of nicking product and Sul of
incorporation mix containing 2ul of 10X buffer, 0.5ul of polymerase including (but not limited
to) vent(exon-), Bst and Phi29 polymerase and 1pl nucleotides at various concentration from
1uM to ImM. The flap generation reaction mixture was incubated at 55 degrees. The length of
the flap was controlled by the incubation time, the polymerases employed and the amount of
nucleotides used.

[0129] Example: Fluorescently labeling sequence specific nicks on double stranded
DNA molecules.

[0130] Genomic DNA samples were diluted to 50ng for use in the nicking reaction.
10uLL of Lambda DNA (50ng/ul.) were added to a 0.2 mL PCR centrifuge tube followed by 2ulL
of 10X NE Buffer #2 and 3uL of nicking endonucleases, including but not limited to Nb.Bbv(l;
Nb.Bsml; Nb.BsrDI; Nb.BtsI; Nt.Alwl; Nt.BbvCI; Nt.BspQI; Nt.BstNBI; and Nt.CviPII. The
mixture was incubated at 37 degrees for one hour.

[0131] After the nicking reaction completes, the experiment proceeded with polymerase
extension to incorporate dye nucleotides onto the nicking sites. In one embodiment, a single

fluorescent nucleotide terminator was incorporated. In another embodiment, multiple fluorescent
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the flap giving rise to a gap in the first strand of the doubl e-stranded
DNA sanpl e corresponding to the fl ap; I ncorporating one or nore bases
i nto t he woubliwsstaranded DNA so as to elimnate at | eastca/ysesiiosss1of the
gap; labeling at |least a portion of the processed doubl e-stranded DNA with

one or nore.tags; and correlating the |ocation of one or_nore |abels to a
st ruct BHAPOLYRs MEEE g}CP@@F@éeﬁfﬁt@nlégwagawvé?on%eéﬂfgl Sbefigkine PEAdyetAng

wher ei L] %n@ér@@ﬁ%h Rx CONRA %1'8% ek LN il bF 01§ﬁ1513a§é1in9fud_in but not
doubl e-stranded DNA. 3. The rrethod of clai mft, efein the nicking is

ef f ect dihited tonentGaxonvr udhqusnoe dspeedl¢dtalel ocatdlapige tarmtinpeord melding tuanded
more. ndht ERETF &9F ol R itk et G PafubMardce s Wit Roa o
cl ai m ZeodBEFR30 ntihgei cki ng is acconplished by exposing the

doubl e- s% randed DNA sanple to a nicking endonucl ease, to an enzyne

i nt r oduci ng [&132] ndixample:ahwewolordabelingwf aicking sitesgmel single srandedbRNA Haps
free ragl fifdivie QEakili SRARhORMLEL ther eof .

[0133] The nicking sites were labeled with one color fluorophore. The reaction was
chased with 250nM unlabeled nucleotide dNTP to generate flaps. Once the flap sequence were
generated, the flaps are labeled with different color fluorescent dye molecules. This is
accomplished by, e.g., hybridization of probe, incorporation of fluorescent nucleotide with
polymerase and ligation of fluorescent probes.

[0134] Example: Whole genome mapping with a single probe
TGAGGCAGGAGAAT.

[0135] Genomic DNA samples were diluted to 50ng for use in the nicking reaction.
Genomic DNA samples were diluted to 50ng for use in the nicking reaction. 10ul. of Lambda
DNA (50ng/ull) were added to a 0.2 mL PCR centrifuge tube followed by 2uL of 10X NE Buffer
#2 and 3uL of nicking endonucleases, including but not limited to Nb.BbvCI; Nb.Bsml;
Nb.BsrDI; Nb.BtsI; Nt.Alwl; Nt.BbvCI; Nt.BspQI; Nt.BstNBI; Nt.CviPIl. The mixture was
incubated at 37 degrees for one hour.

[0136] After the nicking reaction completed, the experiment proceeded with limited
polymerase extension at the nicking sites to displace the 3’ down stream strand and form a single
stranded flap. The flap generation reaction mix consisted of 15ul of nicking product and Sul of
incorporation mix containing 2ul of 10X buffer, 0.5ul of polymerase including but not limited to
vent(exon-), and 1ul nucleotides at various concentration from 1uM to ImM. The flap
generation reaction mixture was incubated at 55 degrees. The length of the flap was controlled
by the incubation time, the polymerases employed and the amount of nucleotides used. The
generated flaps were then hybridized and labeled with universal probes such as
TGAGGCAGGAGAAT for Nb.BbVCI.

[0137] Example: Structural variation validation of rearranged structure of MCF-7
3F5 BAC clone from the breast cancer genome.

[0138] This region consists of four segments: 3p14.1, an inverted 14.1Kb block;
20q12, an inverted 22.3Kb block containing exon 6 of the PTPRT gene; 20p13.31, a 45.5Kb

block containing exon 1 of the truncated BMP7 gene along with its intact promoter; 20p13.2, a
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WO 2011/ 050147PCT/ US2010/ 053513 6. The nmethod of claim 1, wherein

i ncorporating one or nore replacenent bases into the first strand of
doubl e- stwandadsbiMA conpri ses contacting the first stramdTafs2010/053513
doubl e-stranded DNA with a pol ynmerase, one or nore nucl eotides, a Iigase

or any ation thereof. 7 Th thod of claim/1l, wherejn. th
generatzgéﬁg Offoehntapiag e ﬁ%l\ﬁ?g‘? EKPen8rgion Spﬁg;lfﬁ%ﬁfﬁ&aé 1?116?Fie @fthﬁne or
more nyf ?9&'1@&&0 &Ylﬁfrﬁ?ﬂ%plg&ntzé Hthefchurr Siohd mﬁcéfrA@d@@PtbeQO 12;

term nator, or by any conbination thereof 8. The met hod of claim 6,

wher ei mﬁﬁéwmﬁ@%é§§se%}ﬂ3 ?ﬂOAQTCdT ApTedd e TECCT Gk fpr 201913 Xhe

nmet hod of rrprl ses a vent exo-pol ynerase.
10. Th@nﬁgﬁ@&r@éTZ&g&iﬁfﬁA%@ghx?ﬁ re nucl eoti des conpri ses

dATP, dCTP, qg1d¥9] dfzbiple DéeMiciPsibenRsi on thereof. 11. The nmethod of claim
7, wherein the reaction term nator conprises ddNTP, acyl o-dNTP, or any

conbi nat i on [OHH edh one i@ampﬂhéf reetRgoLhene i idep, imaaes of DN Apoviap &l flovy |

o o P08 R 0 O PP o RET T By

second rﬁdvreﬁd&dt @tfthBNNAQrsyadfhtoﬁ)@éﬂ)tv[tﬁftlhdjnDI.her eof. 13. The nethod of cI al m
1, further rising hybridi two or nore conp Iementar)b robes to the
DNA sanpl e &Wgﬁﬂ dg_tap%elt%nw eocb(gésdegqg@@p Kehieme, video images of a DNA moving in

flow mode are capture by a CCD or CMOS camera, and the frames are integrated by software or
hardware to identify and reconstruct the image of the DNA.

[0142] In another example of a detection scheme, video images of a DNA are collected
by simultaneously capturing different wavelengths on a separate set of sensors. This can be done
using one camera and a dual or multi-view splitter, or using filters and multiple cameras. The
camera can be a TDI, CCD or CMOS detection system.

[0143] In another example, using simultaneous multiple wavelength video detection,
the backbone dye is used to identify a unique DNA fragment, and the labels are used as markers
to follow the DNA movement. This is useful for when the length of the DNA is greater than the
field of view of the camera, and the markers can serve to help map a reconstructed image of the

DNA.
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14. The method of claim 1, further conprising hybridizing two or nore

conpl enentary probes to the DNA sanple with a gap of one or nore bases

bet ween twWwe 2priaisesty 15. The nethod of claim 14, furthercrarspotiossssgsfiling
at least a portion of the gap with one or nore nucleotides. 16. The net hod
of claim 14, further conprising filing at |least a portion of the gap with
one or WBREIS|(AMEEY nucl eotides. 17. The nethod of claim 15, wherein one
or nore nucleotides are ligated together. WO 2011/ 050147PCT/ US2010/ 053513
18. Thag. met Rogheod @ ahdTyZife a \WoEbIEIisitaRiRE DN ARBMBl, ahgb@dngiucl eoti des are

| i gated together. 19. The nethod of claim 1, turther conprising renoval of
the flap with a nicking endonucl ease. 20. The nethod of claim1, further
conprising ekaReatd Ndo@le-k@aRbd DNPRLAHPR s8fis thavapubdicer 84y anded Pyl e.
21. The nethod of claim 1, further conprising affixing one or nore flaps to
a substtheadable-sipandad Pdhendnpdé beibg displaged Erpmug@ deutile-sidndeddtN Amarfiplom DNA,
conpri si ng:

the flap having a length in the range of from about 1 to about 1000 bases, and

the flap giving rise to a gap in the first strand of the double-stranded DNA sample

corresponding to the flap;

incorporating one or more bases into the double-stranded DNA so as to eliminate at least

a portion of the gap;

labeling at least a portion of the processed double-stranded DNA with one or more tags;

and

correlating the location of one or more labels to a structural characteristic of the DNA
sample.
2. The method of claim 1, wherein the processing comprises nicking the first strand of

double-stranded DNA.

3. The method of claim 2, wherein the nicking is effected at one or more sequence-specific

locations on the double-stranded DNA.

4. The method of claim 2, wherein the nicking is effected at one or more non-specific

locations on the double-stranded DNA.

5. The method of claim 2, wherein the nicking is accomplished by exposing the double-
stranded DNA sample to a nicking endonuclease, to an enzyme introducing a single stranded

break, to electromagnetic radiation, to a free radical, or any combination thereof.
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| abeling, on a first doubl e-stranded DNA sanple, one or nore
sequence-specific locations on the first sanple; | abeling, on a
second dowbl2etistsommded DNA sanpl e, the correspondi ng oneCorsSamnms3si3
sequence-specific | ocations on the second doubl e-stranded DNA sanple

el ongati ng | east a. port of. the first doubl e-stranded DNA samp
el ongat ng Fhveraine & idﬂw&flnm&@r@é%ﬁc?nagamOéegftpa&ﬁ@é@fhﬁﬁﬁ&l@a fe: and

conpar iehg $hkd bAAERBR-{tYandtPORIA Mhnpries Q@ﬁt&tﬁl tRe <9 E'@AndQ;f deﬁe AlrahfAst one
| abel of the first, elongated doubII)e stranded DNA sanple to the intensity,

| ocat i (DNAthltropcbiymﬂeratsdn@ns iognalre nicledhideqta lgases br amecdrathedtionfthérhef. second,

el ongat ed doubl e-stranded DNA sanple. 23. The nethod of claim 22, mherein
the |l abeling is acconplished by nicking a first strand of a doubl e-stranded
DNA sanipl e dheasethal of olany i, sehetran (le)fldpl @penaﬁom tsemtbdlrlasttd by palychelse ng

separ at ed froqélhe douhl e- st randed H63% q@ﬁ in the first

st r and SSFNHRR WOUHIBOSHPARLRY TNACTS ‘é“ #eye%%}wal.t du] Iére?el“ﬁf)o the gap
def i nededVioh REmBlat &, 6f by i RinfhABnGedthe site of the flap's junction with
the first strand of theé doubl e-stranded DNA sanple 24. The nmethod of claim

22, further conprising hybridizing one or nore probes to at |east one of

the dogbl e- sk andsh SVAiSACTRIRScin rf%)re pr%géoﬂé:gg/ £36810f é"éﬁén alvity!Ne

met hod of claim 22, wherein one or es binds to on nor e
conserved flap sequences such that the one or nore probes are capabl e of

hybri digzi ng 0 at,least lan\g) “Eﬁ%géﬁﬁpﬁ %ﬁ%ﬁssﬁ% rRes a ot eﬁb—%%gaesg ng, with

obtai ning structura ntormat i rising:
two or nore probes, tvvo or nore regions on a flap of a single-stranded DNA

menber ,gf - a doybl, f(%frc%ﬁw %I pﬁ%&f 8&%%%%%[@&& Inﬂglsgshc?A’i"P(dét[lPoﬁ'flc‘)ﬂI htehe

pr obes to t he spa nore reglons
st r uct WGTP, seauieceshin@ionhbéBof. of one or nore of the regions.

11. The method of claim 7, wherein the reaction terminator comprises ddNTP, acylo-dNTP,

or any combination thereof.

12. The method of claim 1, wherein the labeling is effected by binding at least one
complementary labeled probe to a portion of the flap, to a portion of the first strand of DNA, to a

portion of the second strand of DNA, or any combination thereof.

13. The method of claim 1, further comprising hybridizing two or more complementary

probes to the DNA sample and ligating the probes together.

14. The method of claim 1, further comprising hybridizing two or more complementary

probes to the DNA sample with a gap of one or more bases between the probes.

15. The method of claim 14, further comprising filing at least a portion of the gap with one or

more nucleotides.

16. The method of claim 14, further comprising filing at least a portion of the gap with one or

more labeled nucleotides.

17. The method of claim 15, wherein one or more nucleotides are ligated together.
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27. The nethod of claim 26, wherein two or nore of the probes differ from
one another. 28. The nethod of claim 26, wherein one or nore probes is
sequence-wpeaoiiise14729. A nethod of identifying pat hogeniPpcTgspemios3snat eri al ,
conpri sing: binding one or nore | abel ed probes to one or nore regions of a
DNA sanpl e; determ nj ng_the position of one or nore probes based on a
si gnal l@ni q@et@tk%ofr%%ﬂé? &%‘W%ﬁ%@f PRE l%h?éedd}w%eflggsmrﬁﬁé@ef Kgeder and
conparing the position, color, or both of one or nore probes bound to the
DNA sangle to a correspanding signal froma DNA regkon,knomm to correspond
to one ldr nothe mpeshasheferhien Lilithes compysing prmend pbe SFp AYily disHing f ur t her
conpri si, ugﬁgﬁ;ation of one or nore flaps on the DNA. 31. The nethod of

e

claim 30, further conprising separating the DNA sanple into two or nore
fragments. 32. The nethod of claim 29, wherein one or nore probes is

conpl e’f’,g.”t o e L AP0 1Q1a i FPY urRY B riglﬁé%fgﬁg%@eﬁﬁl{gi a?p?rgggog tgqg%o{]ﬁlk-md of

claim urther conprisirg bindin ps strate. WO
2011/ 05014EBOINNS20pR/ 053513

21. The method of claim 1, further comprising affixing one or more flaps to a substrate.

22. A method of obtaining structural information from DNA, comprising:

labeling, on a first double-stranded DNA sample, one or more sequence-specific

locations on the first sample;

labeling, on a second double-stranded DNA sample, the corresponding one or more

sequence-specific locations on the second double-stranded DNA sample;

elongating at least a portion of the first double-stranded DNA sample;

elongating at least a portion of the second double-stranded DNA sample; and

comparing the intensity, location, or both of a signal of the at least one label of the first,
elongated double-stranded DNA sample to the intensity, location, or both of the signal of the at

least one label of the second, elongated double-stranded DNA sample.

23. The method of claim 22, wherein the labeling is accomplished by nicking a first strand of
a double-stranded DNA sample so as to give rise to (a) flap of the first strand being separated
from the double-stranded DNA sample, and (b) a gap in the first strand of the double-stranded
DNA sample corresponding to the flap, the gap defined by the site of the nicking and the site of
the flap’s junction with the first strand of the double-stranded DNA sample

24. The method of claim 22, further comprising hybridizing one or more probes to at least

one of the double-stranded DNA samples.
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34. The nethod of claim 33, wherein the binding is acconplished by
biotin-avidin coupling. 35. An anal ysis system conprising: one or
nor e regiwooflarsorarcki ng and | abel i ng single- or doubl epetrrmpaedsssuc! ei c
aci d biopolyners; one or nore regions adapted for elongating nucleic acid
bi opol yners;_and i magi ng devi ce adapte o0 gat her vi sual

i nf or n&i on FARAtACY %ftféqlgui%aa@ﬁga?%owrdn%ﬁed}a%reﬁws t0 8¢ OFpRaregeaareGdsflap
syst emyofuealdi Pt fh'é IhBeF nﬁ?é%bés‘ 18 c%%leocff HYBfi&iz %% GeRaQftwb ?le@ﬁs' dm
adapted to excite a fluorescent |abel di'sposed’on a nucleic acid

bi opol ylresamplg7. The anal ysis system of claim 35, wherein the inaged
conprises a CCD device. 38. The analysis systemof claim37, further
conprising a conputer adapted to conpare an inage obtained fromthe a

| abel e@6nucliemethadiod obiaoyiod stroexural informagenfroml DNAagempri3®: The anal ysi s
system of claim 35, wherein the region adapted for elongating nucleic acid
bi opol yners conpri ses a nanochannel, an optical tweezers, a flow channel,
or any conbilatetingnvittheveef more probes, two or more regions on a flap of a single-stranded

DNA member of a double-stranded DNA sample and correlating the locations of the probes to
the spatial relationship between the two or more regions to the structure, sequence, or both, of

one or more of the regions.

27. The method of claim 26, wherein two or more of the probes differ from one another.
28. The method of claim 26, wherein one or more probes is sequence-specific.
29. A method of identifying pathogenic genetic material, comprising:

binding one or more labeled probes to one or more regions of a DNA sample;

determining the position of one or more probes based on a signal unique to the region

upon which the one or more probes reside; and

comparing the position, color, or both of one or more probes bound to the DNA sample to
a corresponding signal from a DNA region known to correspond to one or more pathogenic

states.

30. The method of claim 29, further comprising generation of one or more flaps on the DNA.

31. The method of claim 30, further comprising separating the DNA sample into two or more

fragments.

32. The method of claim 29, wherein one or more probes is complementary to two or more

regions of the DNA sample.

33. The method of claim 29, further comprising binding one or more flaps to a substrate.
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34. The method of claim 33, wherein the binding is accomplished by biotin-avidin coupling.

35. An analysis system, comprising:

one or more regions for nicking and labeling single- or double-stranded nucleic acid

biopolymers;

one or more regions adapted for elongating nucleic acid biopolymers; and

an imaging device adapted to gather visual information from a labeled nucleic acid

biopolymer.

36. The analysis system of claim 35, further comprising one or more sources of radiation

adapted to excite a fluorescent label disposed on a nucleic acid biopolymer.

37. The analysis system of claim 35, wherein the imaged comprises a CCD device.

38. The analysis system of claim 37, further comprising a computer adapted to compare an

image obtained from the a labeled nucleic acid biopolymer with a control image.

39. The analysis system of claim 35, wherein the region adapted for elongating nucleic acid
biopolymers comprises a nanochannel, an optical tweezers, a flow channel, or any combination

thereof.

-31-



