METHODS AND DEVI CES FOR SI NGLE- MOLECULE WHOLE GENQOVE

ANALYSI S RELATED APPLI CATI ONS [ 0001] The present
wa@ppbiexsd on clainms priority to U S. ApplicatiPCI/Ne2009/049244

61/ 076, 785, filed June 30, 2008, the entirety of which
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nanofluidics and to the field of DNA sequenci ng.
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seque@&g clusters, mecr oRI\lA SI tes Smal | interferi ng RNA

(SIRNA) sites, large int erveni ng non-codi ng RNA

incRNA) sitesand other functional units are all
BAC '%Qﬂl\%t i n assessing the genom c conposition of
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rearrangenent of these eot i des’ sequence, such as
bondeil s end armﬂmx felyetélootsles an:wecrlsss@rﬁ snagroondleanss| tbatanélodss for example,

pNa gilkES. Fhnmiletldineis foupiibr AR B8 GrtcayuefRBEEes
RI00ANATRY sedubn @ dT8fuckBs&S is §§%§G§1§tedlt6t d@ﬁsﬁﬁ; ARl Jodt-genomic
Copy Number Variations (CNvs) andng i ndivi

gene expfaseion sfometionwéilsi argamsm: Reregiensaudneingednduprpping dfsequence

diff
reglong,gvut#%; l%@n@g&loggp%{s st lh%se(gpeeg%%a[dén%ﬁ%rﬁ (??Igl: ﬁf dmtranslated regions
(UTR$)l @&inBEAtr6ns, proiéih ifddiordiMEtig S8 eshigdofi € Sis8 SuSUECHS clusters,
DNA net hyl af | on, hi stone nmodification, chromatin

microRDiAdiiteg ‘whalbikrsforion Ayd SSIRAM) sitssl FyeeDNrsming non-coding RNA
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essions and. unc
of indivedalst i ng i n di seases and cancer. [ 0006] It has been
found that genom c structural vari tlons 3 are
8> ho Femginy easss: éalam{%ﬁa%em § R Bﬂﬂﬁ‘i’“ cgvighuence, such as

1nsert1@ﬁr§) rﬂlgleﬂ@ﬁg iW¥rdididianl %ﬁélécaﬂ&?@ d'uHH? b HIRRdual’s life span leads to

of under st andi ng  genone sequence W th structural
diseasy alramtsudns genétor ahaoioalities ohocthmahg@nth  bnatheommensequence

dlffere%ces as i Jp?f?\ﬁlmebelg %rlap 10ns (%Wsr)rgmlogg rm%a \§1 Hﬁs }/efﬁegtps) ahe &Vers1ty of the
genetic makeup of the population and their differential responses to environmental stimuli and
signals such as drug treatments. In still other cases, processes such as DNA methylation, histone
modification, chromatin folding or other changes that modify DNA or DNA-protein interactions
influence gene regulations, expressions and ultimately cellular functions resulting in diseases and
cancer.

[0006] It has been found that genomic structural variations (SVs) are much more

widespread than previously thought, even among healthy individuals. The importance of



[0007] Functional units and common structura
vari ations are thought to enconpass fromtens of bases
W0 2010002883 han negabases. Accordi ngly, a net hodPCTIHS200%049244
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rearralagéaén(sadmage Gappan® o 1R useiI0 Bh€ niil¥ibhd Bisg@pdidn)These methods,
fiberFI SH or nmassive pair-end sequencin ave i nproved

howevier, suffer Gepeaelayvely lcrve sty Ang ﬁ%otbﬁlp@wlgg@mtmgm jem to small
sequeﬁ.@ttﬂ&f@ oflc§iol}® n?{l@ ciods ﬁtg%soqgﬁor%oggh%lhﬁgﬁ?ts S eed and

expensive an on exi sting reference
incondrueridyer, the nethods may have limted fixed

resol ution, and V|de ither inferred positiona
| 03P b Mot rcEn RGOSR AsiB g SRIECE et eTeaRRHE anotifs of

mtere@@!ﬂrﬁf@v {.Qlct Wéﬂa orﬁ RN AGbdnit @-fy%ﬁﬁiztaﬁoﬂ)aﬁ &QFISH or

I nf or mat’i on. re thus unabl'e to revea
massi\rapanesischagicor leve IIItlpTOS(enbhl ths aspeesrodirostdutom and throughput. These

methoyfy e RFEles B R0y BUAPPAB RREHRGY BGYE Bhenge databases

Furthdrah@ @ﬂeYh&l@%%} e Sael ¢ked fbNE6n fsﬁlarpr@nd@éﬁﬁfeagﬁ@hed positional
nultlp oidy genomc materials with very limted

inforntagipn mlyr@g onmhanping hask to arh@eﬁenmengmg {gmrgp$sembly or comparatlve
1ntensrR[¥ af%%)r% olni%nncgne t LH:%SmeC[H searr]t %‘F oer%ﬁtaﬁg anceﬁ 8%%11 events such

om¢c

asmy@@bhsﬂﬂﬁﬁk&kammeffeCtIVe|y shred the naterlal into
smal l er pieces, which results in the destruction of
nHO1LY ﬁﬁge%trslqglpeélp}% analysis approaches are limited by avallable technology and

are largely based on samples derived from an averaged multiploidy genomic materials with very
limited haplotype information. The front end sample preparation methods currently employed to
extract the mixed diploid genomic material from a heterogeneous cell population effectively
shred the material into smaller pieces, which results in the destruction of native the crucially

important structural information of the diploid genome.
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i mportant structural information of the diploid
genone. [ 0012] Even the nore recently devel oped

W@ emomeksgener at i on net hods, though havi ng i nprevBUS2009/049244
t hroughput, further conplicate the delineation of

m c i nformati cause of more difficult
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genonicd, zﬁﬁlaﬁlhnﬁ)hﬁm dedficn@8 &ﬁﬁfﬁ’hz},ﬁoﬁ%’é h&ABE & ddesiheathe Ufned orddrdf the

fol d coverage needed in conventional BAC and so-call ed

short @fgst regim- Sanger sequenci ng (Wendl MC, Wl son RK

T S FESP S S COR SERUSIELRR, it
simllaﬁ @b cog fidence nageadi df[S&S BBfdid gbveegtnscdeglfih @chivenabiyal BAC and

def eating the overarching goal in the field of . .
so-called ghied gﬂ@q%@a%re%%w@m@d%nsgmwwnﬁ K dopcatnekeovprgs 5} medical

DNA @ &All DN ﬁlﬂﬁmk@rﬁﬁlt c@qglM%} §O(f%f {2?99 eTHl?hﬁﬂ:ﬁ (4§ @&ﬂfeﬁcmg

us provi es t he p053| ity of preservi
coveratghemaoses theghecos@t ¢ffetigelyorioatisg thectvaraeshitgygdal methadiefs (lifgeducmg

t he se nce ' in situ wi thout cloning process or
Se@“@ﬁﬁﬁ??$E§?W&Wg§#h@§Fﬁﬂber the genonic fragnents are,
t WIBFS Si b%éul@ﬁev%ﬂﬁﬂhbeslsoﬁﬂh‘tlg@tiﬁtﬁ?& geﬂorﬁ%rlﬁ@fb@ules thus provides
nples, for exanple, in’deal scenario, only 4

the poemlmbm@fcmaﬂer\he& gtemcafraﬂemgﬂ@m@nne sducterehby Sne hgazmig dle sequence
evel

motlfsam 63% de{m ﬁtngg%mafé REdeess of &H}Pﬁglc%téo&u ZH% gar%eé hi; %geélrg)?llﬁ'c Fﬁagments are, the

less cdbiflBx apﬁm@ﬁoﬁa&dnﬂh aetorhieRh@pypeor Saipi@tih @RaPdtenario, only 46
nature. Furt negabase- scal e genom ¢ fragnents can

chrompggoraadtlergih eﬂfragr@‘?ﬁt%@qdéo apangyeslat vaglerraeloele kel to cover the entire

normazg%p%f g%ﬁgﬁg,géllf%&%%g 3 lglﬁ%el ({e?@g{f g%)m:: %%P eﬁ}gtg%h I?afs intact

haplotgp iforenagiod/ 1 nagyricg @nﬂm'rpmienghaﬁﬂmaﬂd)gbnbmw fragra¢itgcamabe extracted
ntext nore g@rectly to |nd|V|dua

['1ylar
from Cﬁﬁéﬁ ot s Yo 96 dBTet Phalde thsh fa@a@@ﬁﬁm 3%668&%‘3%‘@} ¢f complex
algorifin SR &?{;@g}r Caﬁsd“&?re@eﬁ@sr%éneﬁﬁceﬁﬁf/ ﬁgéﬁ)lg/gehgﬁl%ﬂfcﬁﬁﬁnbﬁ‘ irf if€original

past 20 s or so as being of ul ar | nmportance
cmﬁ@ﬁmmxeﬂseﬁbﬂesn&wﬁhﬂnaﬁuwrp@a®e$esuch as cancer. Wth

t tion of kno bot h onj cs .and .
e JPBh o R o R aRp R ats DR G o ORGSR b gtwinely
recogﬁ%mmtﬁ‘e @@@Iz@pw@m & tfeﬁfgt &fsﬁlg%& 8hStiAce fdra&trbds & human
i ndirect to devel op the pol rphi sm or

discaspasuebph ymcst oYitle i @@ndultatl@m lfnmmﬁ@ﬂmnn Hphesgsenicangd

eplgeng)s%l %231%: 1') g%alallgl?%hgtogf %n? gﬁ%?)@ﬁeln%rﬁl?(g aglg I}l%erl]l\%ﬁllc f,]actors correlate
directiglce asdiRttlg Wbp&ﬁ@p@?ﬁﬂoﬂﬂmsn@ i geR&IhySioltgiday t@idit@dhs in human

. analysis and functional genomcs were studied |argely
diseaspandsppligriapeics. (ohele geprama i @naent hps axodyeddrom a

compartmentalized approach in which areas of genomic sequencing, epigenetic methylation
analysis and functional genomics were studied largely in isolation, to a more and more multi-
faceted holistic approach. DNA sequencing, structural variations mapping, CpG island
methylation patterns, histone modifications, nucleosomal remodeling, microRNA function and
transcription profiling have been increasingly viewed more closely in systematical way,

however, technologies examining each of above aspects of the molecular state of the cells are
-3.



hol i sti c approach. DNA sequenci ng, structura

vari ations mapping, CpG island nethylation patterns,
woeavoemssirodi fi cati ons, nucl eosonal renodel i ngPCT/US2009/049244

m croRNA function and transcription profiling have

oen g e B A TRLE skl RSB By wi

Comﬂ§§g§§§§mgﬁdﬁg@wgggecular state of the cells areoften
i solated, tedious and non-conpati ble which severely

c100dThv dntordinglyhdhars tsiacnegAan {hsiagt fai mhethwstsenddevices that enable

single PSRN AR TR it SUOCISGRU Y pap Bl bl

deternSihtn€oMIzh&Giel dlepihoitahibsingti® of Aaget kathe! SHEH m¥ods and
bi ol ogi cal sanples so as to enable determ nation of

devicag Broxils aersry Bover tpolfte Feraarcists and elinigipgetlikganyl e.
Such nethods and devi ces woul d provide a very powerful
SUMY%? to researchers and clinicians alike. SUMVARY
18] In neeting the described challenges, the
c [(}i)llﬁjedhi meetintg tha dédcribed ﬂ{adi\tilghesthﬂetalnneﬂ? in@Ention first provides

chargcterizin QNA, conpri si ng: processg
methoffy G Tt A N BB gy b f AgebleygRosted AN gparprising a
first I)N@ @t?ﬁﬂdan@%e&;ﬂd@lqlﬂ Prafl Y@glrvé $i8e {ooanatﬁlhyﬂlt"&'l%d fh7 8khe first DNA
lap of the first DNA strand and a corréspondi ng

ﬂnmdmegm@nneﬂxmﬂ@gsegomdnBNAG@MM&WHAAmheduhhymmﬂmwz@dﬂ@papmpﬂmng

fom QAP Pl Pt s BB o R R BRine resion

of the k&t®nd @N’N dtrkRNA a8 [BBERg ANehst 2B6HioNBf ale Llﬁ%?ﬁttld@ecpﬂziﬁ laQdrtion of
of the unhybridi zed flap, a portion of the extended

the extonged IHNANSY steand, ordotlbot h. [ 0019] Al so provi ded are
mg]{js&ﬂo ﬂrg%%él l%é n@&ﬁu’?&s olf%e%l?}lfl%lg ak C%lé” u'l\%ag rﬁsvﬁeet‘ cep DNA:s,

rsing ran

comprﬁmpg lzlbbhng),ronl’ﬁ)ﬁﬁt S@wltem&lds@E)NA ItWob@QﬁIrd: Suymicade-dpbéific locations
| abel i ng, on a second doubl e-stranded DNA,

on thetfﬁét WA b%’veh%% é’n@tfﬁ?‘ééiﬁiﬁ’ﬁa erigragdestiaNée thedaie aringore corresponding
sequelllc% élﬁ@? c‘aﬂ%ﬁ tﬁ@g ou %i lhﬂéaﬁﬁblg %t\&gst%t orSSf tRe first double-

I rst ran Ilnear I ZI ng
strandadl Dll\éﬁasihlearmmg it lomst afpotthm df it]nesﬁrsd(bmmnlleestsd:nﬂaahm IHNA ;,comparing the

i and aring th sta bet ween r
distang bqtyge r?ﬁwose gm@reﬁ@%?:l %&I&ag%%fxpﬁ@ge ?dob?fbh“eto the distance
betwel ﬁfe%@ﬁ@sp%&ﬁﬂ@ bl ROLERSR qnféhﬁgecﬂ lﬁiéﬁhﬁed%ubféestranded DNA.
second, |inearized Iinearized doubl e-stranded

[ 0920] Furthdvelisciiiss¢ hisgedhedse! mbtahunlg stofctabl lafmmagon from DNA,

compristﬁlggg szleﬁlgg g aujglisgg%lfb? ﬁt&@gw ooﬁlg ?ﬂoﬁ%?&%uence spec1ﬁg locations

on theSRYUBNAE 1abBREd, 'oh & sb@GRtdRABR-@RANIREDNAL $e dIMNBsponding one or more
Iabellng, on a second doubl e-stranded DNA, the

sequeRrgsrsPeeife heriaignsoethe scaend dowklgumeded A Fincarivineat lagsigt portion of

the ﬁrﬁreaé)glpﬁ-s‘?fr%ﬁ&){%ﬁgu?h?eg%ﬁ% ! S&{eag v 10£ Fﬁl%rﬂ gt GCB%R% stranded DNA;

a portion o ['e-stran
and cdnhph@ﬁig itd ingnaity bié:&ﬁgnaﬁ otﬁ dietat Qasiodnetliitee] bI thetfirst, hnearlzed double-
bl e- st randed conparj % the intensity of
fO

strandgql % tophe gignsay qfélg?s%gr@h al thg gbleagong fabe} plrthe second 11near1zed
doubld-kREALH 7REA doubl est r anded

[0021] Additionally provided are methods of obtaining structural information from a
macromolecule, comprising: translocating a macromolecule comprising at least one flap

extending therefrom along a channel having at least one constriction disposed therein; and



DNA to the intensity of the signal of the at |east one
| abel of the second, |inearized doubl e-stranded DNA.

WO 00220p288&1di ti onal | y provi ded are net hods of OPCHUSI00Y049244
structural information from a macronpl ecul e,

co i Sin nsl ocatjng a, nacronol ecul e conprjsi
detectfje F lyShongsignp %Oﬁreé&cef@mﬁgﬁe he RSP, N st Shechivlahe
macroffYdcg tﬁiéoulgﬁ@i%at@éh%t &rférh%‘hﬁth%ﬁdn%‘f @b epased therein;
anddetecting at |east one signal corresponding to the
pH&lQa}gePUfVl dderlwrart gwirods néobthapeofructhieal meloroatiindeah e
h the.at £ nstr|ct on of the channqg..
macrorrﬁ%efﬁ &?Ig%lsd% lglf zgg gp Iga Ijﬁ)stbogl a1gaeroma eﬁléle immobilizing the
macrofiioldestet tabodind S8Rt h PBrtioh @Ml MBGHMBRLEIS Within a channel such that at
conprising: labeling at |east a portion of a

least aprtiine the plagrony isilippaepet mathimtheshennst gnd detecting at least one
macr onol ecul e
Slgnal\?ﬁ&? %826 ggé%&aer%de Sréﬂrgﬂpt?l E%a%{b (?%as?e a portion of the
mRO23 o Adudisclosed laraneatyiszagtstamt dompr B ge hautinehte oaﬂqbnsmg at least

detecting at | east one S|%nal related to the | abe
one chygp¢lihgningra WiHE indes Brat eclip®.abpyiobigjabapisho d}%@@@@é@d the substrate
compt?sruﬁ%ﬁri@e{si@ﬁe% §ﬁ1ﬁ£§1’on99 i sing: a substrate
rising at |east one annel having a width in the
r 19g4] oFufthaprabded ard ntemhcmib olithdt@fcmanpmetdeis acidhpelymer,

subs e co r|S|n ast ane .i.mmpbi li zation
COH’IpI‘IlSé]& g Cc 1[1%6%(2?1‘ Ilagal‘retr %I.IOH%? ]illa:é(ac g?lg p&yfl}ﬁg a&g%oqne or more sequence-
spec1ffér}ﬁ61ﬁqw§‘élé ZbRBlaBnHRd & oRGighaRAt M Bhe oﬁﬁﬁﬁrdﬁh@&quence specific
| abel i ng one or nobre regions of a nucleic acid polyner
motif mbtslls t@th@ p@sltlmy pétl@@qlg on @@g@mufsmqe -ypotifif ncdth éa,bgls of t e nucleic acid
| atin ar
polymhe ée%“e&“é‘ﬁ 28885 ShECTs Fenipi U ‘b“é[eéc Pt mp%sl G P "r&P"re
segmehnBein€l0&ing lon&Bf ﬁloﬁ&@ﬂtﬁ@ §€Q{u§1ﬂ%cslpé¢1ﬁc ARtif fabe RIS @icldibgcid
nucl ei ¢ aci d pol ymer; ggen0|ng one or nore segnents
polymgf; apfl §omn#Ig QNC¥ngPIp slgpals Of ORher A SSAUREPESCEAPHISHP §ne or more
r
corresP&’é 1IllJ élglgal%o Egthg :iﬂ: %g:ldglugf;ell g% fcﬁﬂrglgpsco asgg ?g%r‘% apﬁhﬁg%lafwe locations
withinahe rodleic acgndlyEnat oome dmaer rseqL&ec&detegmdnts.eg ments to
one or nore correspondi ng signals of the | abel ed

s G PR . 5 o
%OQSRIGST% B&Iﬁﬂhaﬁﬁ GEReM §s th%@bﬁfwr@%%%h?&’ hgé'nﬁfonT ifurther

0025] "The summary, as well as the follow ng
undertdeq@wh@dredé gccrqnpmccnn wiily thmpmededﬁrdwn@so bar khh @nrpoeedf

) i.n ¢ unctlo Mﬁth appended drawi n r .the
usirieSBELNERIGT et i shitgn BRESGUREY St e apE Shihe
inventidh; hB®e el it NBEnBXERRbAldhited ROME AP S MEthbBE compositions, and
|nvent|on however, the invention is not limted to
devicesplesclqsedi i addionh b slravipaparsinot eevsssaghddraenite aegle. In the drawings:
dj |
BSESF, | B 5P 1932 Byl g

F[(ﬂ27]1 Te@| 2 Uspiats $atebagirotses \hiyBrdiaéd tohefla) gonertkd from a first DNA

flap-I|abel i ng net hods;
strand and a label residing in the region of the first strand corresponding to the flap;

[0028] FIG. 3 depicts an alternative embodiment of placing DNA “barcodes” on
polynucleic acids;

[0029] FIG. 4 depicts sequencing along a genomic region;

[0030] FIG. 5 depicts concurrent parallel sequencing and spatial assembly;



[0027] FIG 2 depicts | abel ed probes hybridized to a
flap generated froma first DNA strand and a | abe

WO 20602883 i n the region of the first strand  PCT/US2009/049244
corresponding to the flap; [0028] FIG 3 depi cts an

oOFALEFISECo SR oo peBrs <o tad e GG A gelcic acid

poly m@l0ong a genomic region; [0030] FIG 5 depicts

concurrent paral | el sequencing and spatial assenbly;

[ 0032) FIG 7 & defivers invgeail fibetpdddNsmeasge mdloygoing image
.nformation froma nucleic acid polyner; [0032] FIG 7
% a software i mage of | abel ed DNA pol yners under goi ng

| (38| aNdGY8 Uspicts OPBSHI afd Fon-BpElePist&iRARch&As RBEkding to the

_ non-optical detection schenmes according to the clainmed

claimgdnygesittiosn; [0034] FIG 9 depl cts a | abel ed nucleic

a r(l)g’? {ge f 8%(%;@? %Hl‘té? Eép c{t]c@gglﬁ ?[elﬁl‘%trl]%écll gfithin a nanochannel

ornanp&hgkmi‘rs | rmobl lized adJ acent to or within
nanochannels / various neans; and [0036] FIG 11
dH93¢t s ﬁﬁgl{bfl?péctaﬁacl@ﬁtap@aqolxm%fﬁgﬂlwgb@fze fd pesink Lot v thin
hi n nanochannel s or nanotracks.
nanocgﬁln}émf Vﬁk%‘%%%e%ﬁ \(I%H\IH(]: | LLUSTRATI VE EMBODI MENTS
[IIB)BB] Fh6. pr dgectt niagea@ntandropheal ttappmgdné ns¢loocheitgrodymers

[
efe ence to the followi ng detail ed
dlSposﬁg {hﬂ‘é’ilar%ﬁﬁ r?rpﬁn‘i%‘ﬁ Bction with the acconpanying

figures and exanples, which forma part of this
DETAALED DBSCRIPTION @FHEL@STWV@W@OMMENTSS i nvention
is not limted to the specific devices, nethods,
aMBTE ailho pesserd dmntipo ey be upderaired aose wadidy bpederence to the
followd 12%1 é&glle%lhcf)emlﬂj o %k%h 11? ngnntelaﬁén \trvp[ﬁ i z{cg])rggén fi glﬁgs and examples,
herein 1s for the pose 0 describ iU

whichebvine dipai i Slnb&'lsWaeré)f Itesxa)rml wndeRrtopdahd this invehtiémisedBehited to the
to be limting of the claiped invention. Al so, as used

specificrfleyises. gl@f‘éb@% SRICEHP NG oRg OF n@a@sfﬁésrﬁféﬁlbﬂdéﬂlﬁ@r shown herein,
and thtanlhtﬁe rﬁ'l%l%f Y ?H WBreirfis for B pu %E\ado &1b1f|}{€§+rggtﬁalt Qﬁbodmwnts by

eference to a atIC
way of ocinmpde snlgtant d{ﬂl&m ithiatedpaibt lioutiag oﬂ/thb okjmethinesigionhlso, as used in

text .cle di ct at es, ot heywi.se. e term. “ .
the SP@%‘F %ﬁt‘QPﬂW‘“ﬂ e@@@@@?@rﬁ&lw hesiRg! ﬁ%‘i%émf Han Bheandjfls nclude
the pl@al, ﬁﬁ‘(ﬂﬁef&fenéé% ld%rtio%la@ YRRRRSA %m@ n&&tﬂ&rs aE1RQdhdT®Rtticular value,
i ncludes fromthe one particular value and/or to the

unlesscthfh ecrnt@qrctaadm Idsatatgsadtherwi®i. nihicdeiny | pluiadity v ad wed halreel, means more
than of DR i RS Rk, st est P DA G BT B e one

partic¥at ¥ue and/or to the other particular value. Similarly, when values are expressed as

analys1

approximations, by use of the antecedent “about,” it will be understood that the particular value
forms another embodiment. All ranges are inclusive and combinable.

[0038] 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,
described in the context of a single embodiment, may also be provided separately or in any
subcombination. Further, reference to values stated in ranges include each and every value

within that range.



fornms anot her enbodinent. All ranges are inclusive and
conbi nable. [0038] It is to be appreciated that

W@ 20104023883 eat ures of the invention which are, PGF/US2009/049244
clarity, described herein in the context of separate

al.so be rOV|ded in co nati an.
STIRSPL "Bk Bt et o gp DlaP b B e nba e Pk Tya.
compris? §ﬁtob@s@1ntgrﬂtaéouﬁfeestrafl@éd ]bN@sVéotrﬂpnsﬂfgscPﬁfsp@@hA 8rdnld8nd a second
context of "a single enbodi nment, al so be provided

DNA steqmdrtatgeieylse ito amuainypridized dlapioh ﬁmu ﬁrst DNArSttﬂaed and a corresponding

ol L SR LAV S P ] BB 3B ABout 1o

bases; Qﬁ&(ﬁﬁin,g thdBrsp DRSS Eﬁraﬂdl’h\l’&fgtth@ BordsP¥hEBS region of the second DNA strand;
characterizing DNA, conprising processin

a
and lape)ing aél@@traam“é@n pRihe gishpridizadglag. # peigion DRteswieaded B DNA
nd DNA strand to give rise to an unhybridi zed
Sumui?ﬁﬁﬁ%f the first DNA strand and a correspondi ng
rﬁmmoh @he flbg isssadatiig fioNAatstut anelabdun@00mbasbs indez@t. Al R4p is
i sing fromabout 1 to about 100Q hases; extendin
Sultab{yriféomﬁbgltt abet 498 bases iy lengi. eoricadn Bedands ¢dEngADGH 30 to
bout 5BBasecond DNA strand; and |abeling at |east a portion
pou ? ? e unhybridi zed flap, a portion of the extended
f [00g4] DNAe stettedd alsoindhatehncdrp@40hg dineorfhane rejgasmeanabasgs into the

T L SR A T AT AR
pee1ec9 ko BMER ahdﬂ eﬁtﬂﬁlafeatﬁg galptl of &M&@-@Hﬁres@gn&ﬁg 39 098e second DNA
bases. [0 The methods al so i nclude i Rcorporati ng

strandp ledt yr formateonr @fptheﬂ@meﬁhe s awy ilabebattlpast £ ippgionsff thepioedssed

doubl .e- nde Q.28 {10 ext t.he fjr,st.,DNA
coubl GGED BN S NGRS EIONG . PR 1 R e
combi@htidh thadesf)twith @aibr(hore tagst e Iﬂi@éﬂ-@l@giﬁﬁﬁmh@gaﬁ €4 i@blude one or
of the second DNA stran | eft formati on of the

more labelpd paiiens slkarsopg\embagsncrag (uote@mwra He flap sy dr oxpised using a flap-

remo G AL PR AR M e A uc b lRortcd

therecii.her eof) with one or nore tags. The filled-in gap left
P R R A AR R
strand@d( f)'N%@ AT i i LARILRIOYLRY £38Y BPmotEaY L el Q?Qﬁéﬁg IRations,

DNA havi ng orie or nore nucl eoti des I ncorporate
although ¢hreaiicking 0OUIR] effdveedprt ooe ssinny nag-spacifialbdoations, including random or
ac | ished by nicking the first strand of
nm}ﬂﬁﬁﬁﬁﬁ@%?@ﬁﬁded DNA. This nicking is suitably effected
L 0ABF NicKiRY R sGREIP RE@nHMERd tyCoxpBsial RN®ubRLIRANGNDNA
e nicking can be effected at one or nore
polymﬁbmastpelemg |endcrtm@l@ﬂ$eo astickase] b@@h@geswaﬁambkyrhlghly sequence-specific,

meanmo‘ﬁla’?'fﬁeCI f Idgtol Mo culk Srls%c&[epged' g%b (El’llor‘gg} \gﬁ%egf %\%g)[ee of specificity.

Nickases are available, e.g., from New England BioLabs (www.neb.com).

[0044] The nicking may also be accomplished by other enzymes that effect a break or
cut in a strand of DNA. Such breaks or nicks can also be accomplished by exposure to
electromagnetic radiation (e.g., UV light), one or more free radicals, and the like. Nicks may be
effected by one or more of these techniques.

[0045] Incorporation of replacement bases into the first strand (i.e., the nicked strand)
of double-stranded DNA suitably comprises contacting DNA with a polymerase, one or more

nucleotides, a ligase, or any combination thereof. Other methods for replacing the “peeled-
-7 -



pol ynmer to a nicking endonucl ease, or nickase.

Ni ckases are suitably highly sequence-specific,
woreEnomsss hat they bind to a particul ar sequene€r/v$2009/049244

bases (notif) with a high degree of specificity

i ckases are ayail | an
away J\fim Wt Gy }ﬁfwiﬁflseriis i o %5@8%% 1R et The fir
DNA &%@iﬁpkm&h x'@éﬁd@&i bRk ﬂ{kZaG??%:@% driade I%fglfoﬁ%fft& s*éE&ﬁh)NiA which
cut in a stran Such reaks or nicks can al so
regionge lezft:lmlsmd/ ¢>@I®efdi lbythe icprwupe of thedlage thn sorag n@bo@ments the
iation or nn@e free radicals,

p"lymﬁ%e fiofa et 1&1&% i-i%%%se %ategf“feéc?{SSE‘f’% "®ne or nore of

t jopae) t gab ﬁicai:iﬁﬁanoi&%%se kégﬁ@kﬁ@ﬁﬁids@%a‘ﬁfberc@ﬁ&e@ﬁﬁtﬁ%ﬂ as filling-in
bases into the first stran e., the nicked strand)

the gap{eftbeipndbys the dpramesiiomnd s meihaew” eotsrilape Byclohpa et thegap. the
posii A BTSSR0 LRS- USSR SRR g o sme

sequemcepjlsalm mged lhieateqb gethe dapaYhe Basgsap pesent reihybtibi@afidragl the flap to
al so he known to those of ordinary skill in the

the Se%qﬂtd stapd @l VA o pRighdhs Hapywas lasmpilyBPyndext ended al ong
¢ [R4F0T 1 SRRERIH (iab R OB kG ROl i oastBhE Romplomentary

probe td atgeast a pslm'rmn of thedthpndrtsobd chnenmisiqgrmreans encac tags, (b) utilizing, as a

replacglgglg} fas e Erog ﬁr‘é@lﬁﬁé} sr‘gl?ltﬁ %t‘éﬁ@%{ S Elcglgétslgggding region of
the seé@l’d IQQA%%E@ Fﬁttﬁl%le'oﬁ@c&ﬁpﬁélﬁé bt dork mfgsg&pan?r%ﬁhlbmanon of (a) and
behi nd b&gthe formati on and ™ peel i ng-up ap

(b)lﬁﬁM$%$$ﬁ ﬂmmtMﬁ@wgﬂ@atﬁﬂ&n@@SﬁPMEWOﬂUmﬁEb¢km©bdupied

of hase :
SHhoidE) brRs b iRt el B8 Chr At R PR inclpdsr o o

descrlbétBelﬁdvﬁfére Hdreinf IA pioB@ nagbeREQIEABE speeiitYbll, NG@LTAN 0Pfome other

the flap to the second stand of DNA to whi ch t he flap
partlcwiarsbaise periense) piiliaugh pobasmay heemdegly gensiteda s described elsewhere

I I r
erSSGRTRDTERb 0 SLAILIR Bl AL 208 ERIPLITRERots i
toa seqoemjemf imeyrestre, mronmal"tﬁ*nhla\gs bindhy aytddenzé thgt upor downstream from a

repl acenent base that is part of the first DNA stran

sequeRaetQs RHISH TeAI hey RITECSESR R BYSHAT RY'/t BYYBRT Hie OSBRI s0 35 10
(W sl €u

ok G B R HERSG) HIBROIESY S0 8 nTRS S 0t

A pro‘rﬁd iapyitabhe iloths emgp lodifrofi 1 to-dbout he) aps indengdsintdr fromy ativet 3 to 50

abel ed. 0048 r obes e it Iei aci ds
bases, o Bt 1B g T B RyopKe b AR der BgeTE Sescri bed
e i(ﬁmii eAescheheﬂl&vmfv\ JPHIRRE nEB6ID S HEAHERFEGS PE] thhCfigure, the
A, or _sone other particular base
creatlcse@fwefiq@e)nd the bmku@limg pﬁﬁegewylgc@prlamﬁ ylipehaek-dtl e may be
r |,b(ec1 eI s where h

C% r UCrt e asas and egﬂa@ser esire

are co Qﬁh&:nbir? (5 IttCle@t 8 @GM@ﬁQﬁE tif flapnt R k@fikn @ spetific @king endonuclease, or
alternative, bind to a sequence that ‘g- or downstream
mckasrar GRitEs s upglentandeutgapen dpwllr sransied DAY Ar angra Redymaerase binds to the

mckec?ﬁ{ 21 nd $1ads smg\lﬁ‘l Q{Eéﬁé%rwi(ﬂe ?Egnﬁﬁ‘s H&@él S@E{Aﬂdor%g c@ﬁed “peeled

regi erest
flap” dmauh&lelooﬂg afe pedlédfiar llheﬁ createp ah avaiOR bgise $1)e an unhybrldlzed

with s8 Ca may X n?actedy\iyghe See/!%ret%%{)]reedprobes that

corresponding region on the second DNA strand of the nucleic acid polymer) for sequencing
specific hybridization with labeled probes to generate detectable and identifiable signals.
[0050] FIG. 1b shows a labeled large genomic DNA being unfolded linearly within a

nanochannel. As shown at the bottom of the figure, a fluorescently labeled flap enables the user
-8-



A probe is suitably in the range of from1l to about

100 bases in length, or fromabout 3 to 50 bases, or
w@@an/002883 he range of from about 5 to about 20PGEHES209/049244

| ength. [0049] A schematic viem10f these nethods is

. sho in FIG 1. In that. f] the creation of
to Vlswaﬂa%dacaélﬁa Oﬁﬁewr&?q W}% thlagls oprig laf‘gm@%{ﬁn%ecule As shown,
a nlcké&mledmr&ﬁ&&mé Hak g hﬁeynéae VWthtnha SR Tl'ﬂ?§pat191rd1stance
| abel ed bases, and t | ap may be contacted w th one
between signgle frpmd@gsls phmlstgrt@nd garpth@mbn gaattylfted whichemgin grovides for a
of . t
uniqu ibichfyel sigtifigy bfeen DB RHEFR P REriohls M adaromppion about
the re@aR ufder daalbtie ®ul@ne artkANAiteadla Sanfla Y IRBINaS 1815 mﬁtotaq) length)
the nicked site and starts strand extensi on whil
were shewaPaen AEPraPlgicKsicddwd Pepifiagname onelare byt nop é@n@d to Nb.BbvCl;
a T
Nb.BlERD RHIE NEBERUR Ay 1 TRERBEC B bR, ABINHIERL B2 and he
andmhﬁghﬂhg@Mohhém@ﬁ@bm@wDNA strand of the nucleic acid
pol yner) for sequencin pecific hyhridization with
E%%MedAplF%@éedt ge F?é‘%gbéi@é)%tl@égea’éll%d‘éﬁlf‘dl tp gbow psllugpisgently
labeled 'oﬁ@%l@leohggﬁ%e gﬁidlkeﬂ t%@‘ﬂ @cte(ﬁg@ia‘%g c{ eg%cgﬁgﬁ mSﬁch recorded
el n ol ded linearly mP hi n a nanochannel
actualé)hmmdesailongwng btapohpnodrs treelefdrpad elsewhdére lhereﬂsw’usbrwed barcodes.

I d flap enables the u Vi catlon
ofUSRE " By BB EAERh et R Tub Rt e bded oy fieled G5 SFbotn, the

user cﬂﬁ@ét&%h@ﬂfélrglau&egpc%hﬁiﬂ@ of theNhsHe@-dndRab®er. As described elsewhere
macr onol ecul e may linearized within a nanochanne

heremme:hsplatweadlsfdn@t lafurelabem isasnfus inghiagrostie apnlicagensiagd i in
charactash te%tla£331 ()thgn be quantified, which in turn
?g%g% pgFCaciih bar codi ng" signature pattern

t [ows3y efd ﬁﬁﬁeserﬁmﬁﬂnéme tBe ARAdds Sierthée etudedberiiiBg k&@ience

about the regi on under analysis. Miltiple nicking
informgitipn geyedaTora PBe AT BOOINAP(E4GN Gt PB§S IRROAPOTRIEH iR }hw@rsteDNA strand

z

of the %Q&?{Yg éﬁ@ c%tﬁ I%gz? %)Irﬁ}] ot(flé g)?%n%ge\g%ggs %ﬁ&*ﬁkﬁé %ﬂﬁ? ot Toth. This sequence
informdbioBaiaPltic dimimidsih;a Wil oftwayblt . BovCl ; Nt . BspQ ;

Nt BstNBl: Nt.CviPll and the combination di gesti of

afif>aF  Eberreexappiss ]labglqdi nighs FrMICEPHYIYEO PRErAbC PR sequence is
1ntrodhf&g§ }]Itezﬂal o%%l%gl%glrs%@g%\g}e? (ﬁ f ﬁ%@ gér?]ﬁlgicrees?gahg Arobe binds to the
flap. 'Fhis hasessangabedptachsdvoral t1&es,hlsngqmoldﬂdhaamg wlaflferent sequence

0 L on bi opo rs e descri hed Ce
specifg SO HeT o oo e B b o o8 opcagesiding in the lap.
| jov88[ | Bd Abtter @ﬁ&rﬁ@l@nﬂhg %’ciu%n&al‘ﬁfdiﬁlah@lb | &%ﬁé@t@saetemmmg the
| abel ed gaps, or both, user can determ ne the

sequenas| dbpses tlpﬁé@ulltundhegm leftlbéhlmékbeltlse flap. oHs amftbh étr:com;:sllshed by

e 5B AR RTTS BrsSH AL B el

emlttetll’byﬂiﬁ%sai@ tesyl ¢ BgoipdeatelitkEihe gap bf aﬂﬂ&ﬂthé}&[re ildd&fwddted Mto the gap.
enbodi nents, the nethods further include

In otheitﬁn&?qqlilrﬁ@m%éa%% gy p Qi tRR ORGP HeC SiEalstevehicd Awnbp polymerase that

rpOP GHEBL G [Re 1dato? it st DNA
o BPlg 88 AT B A 58 (SRR Bl S st o e

pfod5 6k metMHgtlbm ofisdquerpe inforaaidn cahltepesferuanimdree solution or can
be performed in nanochannels, so as to allow for high-resolution analysis of a single DNA
polymer. A flap could also be excised via an appropriate enzyme and then the excised flap itself

could also be sequenced.



informati on may be obtained in a variety of ways.
[0054] In one exanple, a | abel ed probe conpl enentary
W@ 2018/08388%i fi ¢ base sequence is introduced to BCEUSI089049244
and the user determ nes whet her that sequence-specific
p binds to the.flap. Thi oce be, repeat ed
DL rh SRAbenGraR A RLEEY R P RGCa it sngledERyenogle gap. or
both. $P&Hhd bfibddifSnts UhdvidTRE, @lllé/seﬁﬁépcle i8rchA fonus @Btafn@d from two or more
determ ne the sequenceé of bases residing in the flap.
flaps qr@aﬁﬁ]thusmnabimgrfeﬁtelescan@lcmg aflregivseyaget eS¢qum<r1n&tnf@imatls>n can also

obt.ai ned eterm nin of bases, t hat
be de(@RFE R e SRS Pt B pieR 7 RIS Fr Eipe HRFS i ngten suen
probediB@IPA b&iid obyhel rARRId 219d pAIGnRF. Nore of the bases with

the same or different |abels and assaying the signals

eH0S8LaFibG- bdarists sequcneips aloag |ar¢@mp|@@ﬁlat>l§gongﬂ®0ﬁw‘ere@m In that
ﬁgure,g%%@% Et%nc{ ﬁ]a%% gealg{eﬁ?e%negf& ﬂn%ﬁ%fa Oe?{ gr}]utcna% 4R olglglleg I gﬁéested by
sequelmecsbmﬁc ﬁrcﬁmg&nﬁommm@mi fpdiaheagcent@eicat 1ashdoﬂxse§ra'ndto® the

so as to determ ne the sequence of the bases.

POlYmFb o%lef StEﬁé%t%ﬁe 70 B digssted 2guy 08 ﬁ@éckﬂriﬁ Frdrarsiense aaha Hap
endonB&EA LT WBLh Icts WiREe ﬁQﬂ ]{&ﬂsq e ﬁfs% %ﬁﬁglt@%&fr{e é)gfn?@\g%)' hd the resulting

nanochannel's, so as to al uti
dsDNAruah Ps ldsnacbtﬁred usdergpprophidte gohditrens soﬁasftb apnacao Iadn@llessjrabéed gap

exci.sed .vi a ropriate enzyne and.th t he excised
that SRS SR S Gl G BT T LG s T s EHg ean then be exposed
to seq§§ﬂﬂ%%§ctioﬁ§ 9§1ﬁ'§bb19ﬁle%¥ e%né?@ﬂ 8i Wldfzraﬁ% anBliglo8 with specific

a single gap, or both. In sone enbodi nents,

pﬂbeh@mbvgynwshe sequence information i s obtained from two

o e aps ;or. .gap t hus enabI| f ast.er sgquen

of0UB P £33 88 0 Gl A8 G Pl M0 e S 5 Bnced nap

sites, zﬁﬁts@l{gﬁ neshdby Wﬁ@iﬁélfé@ cEAGeNSE SIPRE Uﬁ]DNAp regesncaieactions are then

det erm ni ng ere (and whether) such probes bind to a

initiaterhitong 91 gore mskingcllan wequericd spes qrrﬁmgle stowde] g4 shes.qvith the

sequer?cglg% %ﬁg@a{d%“ﬁ&f&?&% uéxf%&%m% &%g&?&% &?H?&g%g‘%g?cgle&%gaﬁon.

si ngl
gfmlé()]at Bdvaaietyedf spbees’ @arsente"as mgslfei the peisehtpadtlysddr A Stg can
. ested by sequence specifi ki ng endonucl ease
mcludﬁ Oy FERlE AR, Hdyapien qfqtf% eI IFnGh A RAOPHE, 2 Bead& pepide, a

protelﬁ)oa! ﬂﬂﬁ'%‘g etic -Bgécﬁ a?ﬁéﬂlﬂ}qtg%lﬁz) ﬁ%tl%ﬁtrgdsgﬁ%eegn&g@ht'ﬁng}‘es?rlctlon enzyme,

ni cki endonucl ease a I"ap endonucl ease,
a zincdungsr poteig ahlaapb@ctyl m$ransh:e1pf10m $tctaat 3 BN bmﬂmgn])rd)iym a halrpm

t he re ultin n, be denat ure .
polyaiifot T B Sl OH P G G R TGElir i< 10 the like. The
methoﬁé Hﬂ? encHidcand ast SR otdd dtors BANSert Mys Nrfekd d1818 h{&ec@[bdma

| ap endonucl ease cutting site. This gap can then

Mwo“@@ﬂé%p@%@dnwapbémﬂenc|ng reactions using polynerase

gTEI eth%ﬁ% 0 f‘%fg‘gt_ﬁ%ﬁ%@qg R\ %rte Ilnlc(;r(r;et i ; sfrem eCI L IOIC more tags.

Such ﬁgmm 0] 1ﬂ¢1h¢1d Phgorbeeki Aigns) 4 @ﬁamoisurﬂ@le@eﬁﬁ slgﬁﬂe@h élb@tﬂ)magnetlc
sites, and single stranded gap sites created al on

ng a
signal @hﬁgle(aggﬂwgngeq@@W@tlﬁghff@rg@@q, andthsdikets fBg signal may be related to a

physical size difference between two bodies, which may be, for example, the signal evolved
when a bead attached to a DNA target is entrapped in a constriction that is smaller in cross-
section than is the bead. Fluorescent signals are considered especially suitable, particularly in
embodiments where a fluorescent molecule is attached to a base, a probe, or both.

[0062] In some embodiments, the signal may derive from energy transferred (e.g.,

fluorescence energy transfer, “FRET”) between a tag on a replacement base and a tag on a probe
-10 -



initiated at one or nore nicking, flap sequence sites

or single stranded gap sites, wth the sequencing
w@Rd1e0028683 by pol ymerase extensi on or sequenci NBCTYS2009/049244

hybr i di zation or ligation. [0060] A variety of speci es

can s %p’g‘f s for the present gods At 38
residing o} %P UOEETRSE £S5 ORAC FBF S NG T eharﬁ%lh&w e t%r‘%s ona
probe H&NARS BRA {1ap, &m%rc@mbﬁlaﬁgﬁ%er@)fpep“ de, a protein, a

magnetic bead, a nethyl group, a nethy”transferase, a

nEWo6dLit ¥ ngZ rléetrﬁlree t:xamﬁpletbrmﬁelonefoz |lerbelean|dg>e®bep o teflkic acid

anti b
polym&;s df{r%paﬁecp % cﬂléqa 1} %ﬁ%gllavlgeq 18%ent1é)nt ?[:h% fzgpre gepﬁztﬁ aro%%s (shown as A
and dehlsp‘ks%@@ ewrﬂaelaﬁ@hlp@@ae (ShdPPAd APalBRiEh BINA adrided aRenddiso as to fill-
The net hods may include the use of two or nore
in the 6111? E@rt@htndtté’gtbe fogawtian anchpgedingwf Bedla®. may accordingly
s I d
dg{b'ec : hfge' gﬁdge% ﬁlcfnugrg efog IL)Qangpﬁll o}?ﬁné@ﬁ&%@ﬁ‘or@ cﬁu%n uﬂﬂié{ &endrimer,
nanovx&@@lbe&ﬂ,gﬂﬁbéad@,&lﬁram@gﬂedebaadfsj megresic ®add, @b@@@kene&bead polyethylene

henol um nescent srrgjnal an, el ectromagneti c. signal,_ an

bead, efrpélel?mre@rn Sippjany. antibadissernticans. girentayidingavidignacytigyidin, biotin,

nucledé dF ohg-BHﬁclé %aée ce@ﬁg&ﬁé Bingth cht@rs%tM? %&rﬁlg%r?e'ege% restriction
Terence etmee I es,

enzynexanptheltrah¢ferasisgnat ﬁegeﬂ hxmﬂng\,pmuems Iaedidledmea(ﬁses&iovm m@ore than

one prghe v FhnbRdReL T O RS Stk EuSKhip 2 op are

excited bg A leRciti®n ¢RISIFEred e%ér@&lcg\/?'-thg 11RYItfaBBeR cnergy to a tab disposed on
particularly in enbodi nents ere a fluor escenty

a probehas ¢uitsslli dspasechohdd flap. a base, a probe or bot h.

RS, HPsRE PR IRR oA por s el Ryt ackictiBie by e

user. I eonsd @hbodimBRd, the Eeﬁi a8 efe firdt AJp @4, 8r bER |nﬂ1§7&ﬁeﬂé a bewad flap tag.
and a tag on a proberesiding on a fla

In thispw e theseseheiay efimEng éetéﬁémgsysfremath@tfle lgrhét weeifictbxshepsing tags
that atg% n@ted‘%qﬁy ﬁy FI%CH{C fVeE grggg]o? grp%? 0 ra_d} ABn, Rl ge}éatﬁ{éya system in

Inati-o ereo Tustra
whicheh@mgltlaertys dositéd onthe fuser it atilglescigsad pﬁ@&aﬁomrprmdoe ita@s are in

aci d. polyners prepared accor di ng to the cl ai
Propey RRSE A &ﬁmsm lopalizahen gt e4nsdGt f{fé%cp ewdrrﬁrnﬁéed)\baﬁaergy

transf%)llbbg\g)lz(%ﬂ‘ﬁzg Qr %r@lafble@,pwﬁl@g eﬁha@k@sbtﬁe (s?‘%@fg\ﬂgafff é%) lflﬁhl‘ﬂ@ Qvéht assay.

stranded extended so as to
bEw6aH Bire tlhe rdgpomiat i uncmma redsep,%lercreg bef:aLtsh dlef ﬂl@p gap, or both

. 0064] . The [ de, for..e
includey BdrSHA BB A APt At Ao s SO B angled PNA. Such
sequerf&ss BEAdlsest RRyANRIDE rbCoxBRPAS o sé%&ﬁ@é lifovRERGode for a particular

pol ystyrene bead, pol yet hyl ene ad, peptide, protein,

Protelhapilerttélculamqlﬁ@mnes antigens, st rept avi din, avidin,

d| n t ot i de,
DB TR 5 b s o BB G g or e
doublé-egdnde € DN tHRI0 Ay RS he @Ebﬂdetdf&ﬁtsfe@trcﬁﬁtﬁs doableetrﬁndegerNA This is
bi ndi ng proteins, and e |like. As shown, nore

useﬁll(yy{@rej rf@)lb‘@‘aw e qugiegg%‘@ label éeglq)@rpn 3 ANA glahlvp@ket the location of a
o QPRSI kA9 GELOOSEL R B o o1

t [(lilﬁS]c eThe enangymtibods dlabindluslp askedst@artially linearizing (e.g., untangling)
at least a portion of the double-stranded DNA comprising at least one flap, one gap, or both. The
user may also at least partially linearize at least a portion of the double-stranded DNA
comprising at least two flaps, two gaps, or any combination thereof. Such linearization may be

accomplished, for example, by translocating a DNA through a channel or other structure of such
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a probe that is itself disposed on the flap. [0065]

One or both of the gap- and flap-tags may enmt a
wargoadsshat is detectable by the user. | n soneCT/US2009/049244

enbodi nents, the gap tag, the first flap tag, or both

cimeniygys f5 b uPa Sigare FONoE g Lobiidshaan ko TR channcl o

other SRRGIET C by ch005|ng tags that are excited only by
speci fic wavel engths or types of radiation, thus
c H949] ndhausy sagymlion ingeinesherbrslimenys trheasuieghel éltseuceebbtw?en two

e user is onl excited i.f o or. nore ecur sor
ftaps, hi§roltp Bl PR e difich &0 adjfeRl'G & 472hcie POES MR SEfftes
dispose@Rvitheh 8RS 8Ghed dafs, dr any t&HRhhEZSOheRYS, ETEE Bitanb@RIAET suitably
between two or nore | abels, which enhances the
correlaipdiq Fifusiur: askdediec B$Sﬁ@1|bh’g a@graiic %@sf@genqtm@w] aTipghylation pattern,
S , h
a loca{1+ﬂa8f 4 ’%'ﬂand %n %}ﬂg 1oL %tze%z ta 1?1? ?(}g%jdl Q%%r?stl% S any
comblﬁmﬁﬁi ﬁlbl@oﬁ@ﬁfﬂle DA, 0Be¢aill"s@ﬂles:la1mld tﬂvem@kﬁuéziae}es ﬁr[x&ﬁltﬁi@dlon of

Such sequences of interest may incl ude,

structigg éﬂ% plothgr eagrnapieiRIEWS & onegs/éaﬂroarpaﬁe%rlwaé@rl@f cpG islands,
o ETREENR 6 ArpREA A ORI QR b ORI o o
ataanmpﬁegemmnmﬁnmhe doubl e- stranded DNA that fl anks the

S i nf erest. on ouble st.r.anded This .
> BELT B ST FR oGt B et e ST B0E St botd omic
(sequdnB8) 0% %‘éné‘m%ﬂr@-@é R6&S Kﬁforﬂlﬁ‘tf‘oﬂ Hoat 4 AL1AE adid or other genetic
artlcuPar gene or ot%er area of interest so as to
materllal gloiegipecifinalty, éheecéam{edmptlmh ell@mﬁhnelslerrtetih@dsmal byoway of

seauetf MR RG  pERRMBEALE pisto T BbO Tt Bt Pasiine shipsgonic

inforn{aNAn COBRELNSIyNT tiddt gb@ast one flap, one gap, or both.
The user may also at |east partially linearize at

| K31 alpere nagnlimitingreamplebp 8o maxpban BRIRIRIS ipPIBating (via the
)
labehlfgltq%;lr:tglggg. d%ﬁ@?]gd] efl‘%évahrefe\ggge &ﬁgfbou? 5 12&%{18 %glglijgri i ér ghcp as whether a
particelXaggpk és prloyent.r AhSl@e adr thgn alsDNBtahhesmg@itmac ﬁﬁaﬁmmlon @about the
other structure of suchdir nslons t [

nucleip agid POy’ sgye tig p dich-ga fqdzcglttl% metaﬁ‘qi}lﬁi?}t ¢fghose gene
loci logad gﬁanﬁﬁte o8 PRméh rlHt%IH - us[n%oﬁggxgtﬁﬁle uac‘%[*)elg@}heﬂ{ﬁ "Bmdmg

In's nmbod |nents measdre the di stance between 't
proteifi kapsto ibattifie ére ffoasioos ofmrehytsafmegdhs podeid aaid] pmbyendr. t&uch methyls

t or nore fl ta sSpo Wi t hi
may s ey gl S i e et R s SR DT B i fegormelated to the
regulafib® bANG8ti bl gamo&u iGB&! Binding hRIA@LRD (§Rh 3k FiTdMIR ,tha@ bind to
Sequence asséenb t%enetl C or cy to?enetl C nmap

transcriptionyfagtor bmdpmﬂlteq% pnd e lisekbare elyo shitab %B@Ob@nran@eplawomw
lnmnnﬁkgenon1c pattern, a physiol ogical characteristic, or
any ‘conbi nati on thereof of the DNA. Because the

C|om72pd Thiy @fikéraoan @leRbhies sﬂMﬁEziﬂe@aily af s6e $ibYginbn® — the
and of ot her epi genom ¢ factors g met hyl ati on
presengg of aRgiar MPisURGtvRalEeneR Y, ¥ladnet8yl- %ﬁ@d eiHEenanKe Jnfogmppasion,

whethgrgsﬁlg %@ﬁles%y‘?ﬁtﬁ% £S5 éxsctn{rp?é ald gr ﬁl?gh? (U oEn &P gequence

om¢c patterns to ar
information with label of a first color and label the methylation regions with a label of a second

color, thus enabling observation of gene location/sequence and gene activity (i.e., methylation
patterns) simultaneously. The epigenomic information may also include locations where

transcription enzymes can — or cannot — bind.
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at a conplete genom c picture. [0070] One aspect of

the clained invention is its ability to provide both
W@e010/02883 sequence) and epi genom ¢ (Supr a- sequREIYEP2009/049244

i nformati on about a nucleic acid or other genetic

teria Mor.e specifically, the clalned nventio
al0Gak 5 he U ol ep EgRamaic i Ematign §appaents é&fd@ﬁf‘&ﬁﬁﬁ elsewhere
heremV\ﬁl%tdﬁﬁf & RAbMICHFGMaHENR tht A BEMer-BRAdd kSR (0P¥et Wﬁfdrobes
0 talnlng eplgenon1c'|nfornat|on the activity of ‘
CompmSh@g a g@nede) poo/zdds “lstiatl mfcprmambn mgtardx% é&aﬁwe@ce ths encleic acid
enoni Cc.

polymiE¥ e YL, EPRaRis CalRERY G- mitGyieRa B ayadon or

transcaptich Reloy Bﬁl"dmg$ BESVi@S dyhahkRenfompadid dboul @Eer@eRgudnge, effectlvely
resent. The user can then al so obtain eplgenon1c
providing o A tinformatina Abophibe gerg. &f e paesedt uPtiaarthys enables simultancous
[ A ndicative of the
Comxg§%$€$ﬁ§g§?“$ﬁ%ég @% Wﬁoﬁﬁb %5{ed proxi mate to the

MHIOTY] atisong ilhytragvengondiatitiexampipds, aaustadaey Bblel locations (i.e., flaps,
met hyl -bi nding_ protein_ so as to identify the positions
filled-gx gqpé,t q{)ﬁpglegpglﬁglapﬁ% ohthetep o PNA gg t p%@@h the locations being

chose{%‘%&éﬂ%bft t yarF ﬁét it \;\ﬁéﬂe‘aﬁf & (AL dﬂéMkz o ltogl%ltf L Z)Qrtlcular gene,

may be ctorrelate
e.g., atbegpal @ncargeoé, o‘tluhcm\bhaAftgekmmahmg thddaheed DNAlithguser may

nmol.ecul es hat nd to
compiy Sral e B A dtF TP 1 Saess ERtespirerepiaaging abels on a
DNA ﬁfloﬁloa csdﬁ'tttoﬂQltﬁecft RhowR AR RI pERcIENIMBE of %ﬁ?és”@ftth@'ﬂreast cancer
hus, "a user can determ ne - sinmultaneously,

gene. slf)‘rhg dbn@r@:ﬁs the labgds ﬁqrélgeﬁ@@pajfenbxqgrmterﬁmghe dlstance between

the labe:ﬂ %)F ﬁjﬁnal Hgle‘ikﬁ%ef:ﬁ @dls ghﬁgﬁ(naxézﬂ Eliat g}eepa 18{1 é%ﬁﬁllﬁlo aﬁ or extra copies

of the BXcaBYaBeertogdfe, UaE h tRL@IENt tediatn tdhebgeRPHCd Mbtﬁﬂglf
information with | abel of a first color and | abel the

nHlA§1 afhetpcheighos alpa be wsef Apdeteipting cepycptbe ghiggtions between
two 01I Iggl% 13&@%'21 q}%%??;\)(f%ﬂ {9 “9{)1}{[&?’9? é\%ﬁ%%#)f H{lﬁciﬁ USRS 8ons within a

gene ac Ion patterns
smgle?plamﬂtt(mﬁ,GIQUGdnyparﬁi@@N@It@&ﬁcﬁ‘ﬂm tHenfademat bon diffeyendkis@s). In this
ncl ude | ocations where transcri

{
way, th%\m?é?nt maihgdy falbtpig ranidnglysis prg Q@rgggfﬁéﬁge ﬁf PNE/\ of other
macroh{bflé?:ﬁ[@tffo%a kﬁgﬁ%ﬂ@fe%r frfif a%é{ﬁr r&do@ﬁﬁﬂ@ﬁ 3

herein, the utrlity of genomc rmation is that an
ola0g 6he Thb ase dnqyraddvem¢asnresbt indénsgy obetsleasd ope signaldrom at least one

code rovides "static",inforpati on yegardi ng t he
tag digpQreiiibeBl S il ieefiposid BB it Grbal Jhdger mey then
correl&zB} 'tlgaeiﬁfé?{h%f bnhehimidt 0Rc {i8ndl to a'sék{&hé@és‘sé}ﬁbl&ezg 8&fdliBYr cytogenetic
thyl ation or transcrlg i on or b|nd|ng provi des
¢

map, mlryamlqglwfcba:rn@t@mm, ebaher faatg@ﬁ éc. geqmmcémc ehfterps)idgegriped

|d1n on/ o |nfor about he .
ctsewis RS THGEHEb b e RSPl 2 il ISR BERE oL 4F Patppyyictogica
state dfﬁh&@hfcegﬁm}wm&lea@m@pbgaﬁom c infor matl on. [0074] As

one illustrative, non-limtin exaqgr a user may
| FMET] | dBistis quy RoN- hm;ta)‘gSF Se at figure shows, schiematically, the

use of a labeled binding factor (BF), such as a anti-methyl-antobody or a methyl-binding protein
(MBP) to locate one or more epigenomic sites of interest along a genomic region to generate an
epigenomic barcode pattern. As shown, the user also — simultaneously, in some cases — uses the
disclosed methods to “barcode” the same region (using, e.g., sequence-specific probes) to
determine the genomic region’s structure. The genomic probes may emit or excite at a different

different wavelength or with a signal distinguishable from any labels associated with the
-13-



filled-in gaps, or some conbination of the twd) on DNA
froma first patient, the | ocations being chosen such
W@ ban/003d38y are up- and down-stream from (i.e., PET/HS0PI/049244

the location of a particul ar gene, e.g., a breast

cancer gene, on t fter linearizing t abel e
CPIZCIGUS SHE it sy Onpgn 88%%& ¢ HOeeioCTE A YN AEe (Egs not imited
t0) paﬁ@ﬁ@hecrl\teﬁ ffda@trgﬁs%h@m&{efa%& WERIMCHEE ESARNA HILihaRRASLiRfing sites.

DNA from a control subject known to have a "proper

This dnumb%trateﬁfth@ opabgity b thhelapnedstventzmcle rcogelﬂ@ stgtfc gehemic sequence

tan t wee he I.abe for P { atient.is1 :
and stléjipg z nthg'l ng?lé(‘hregu (L nd, fung éOI’Ila %n%tlé)}l sprpyl tancously, in
real ti§8HndQh ﬂfé)d@h@%ld b vibw vhﬂﬁdﬁré(:ﬂ Mpihdatthd figgle aﬁm@aﬂe iéaél
addi tional or extra copi es of the breast cancer
aHW78l t Asanafpt naneldinfing cxamplsea yessingrydabd oo pﬁmﬁgq @aps (or filled-
in gap O&Zr%lsn%ol:@ﬁ}g t§ g?él&?su%fnlgﬁ% f?(ln? 9 fﬁ? \Blgﬁgﬂj[ thfd agee\&/ﬁﬁlm ang%ne (e.g., breast
cancerl) ra)d mterdsta IThe usa@nieromeamnies hhd ﬁltﬁﬁlSltﬁ: OﬁditreCdr m(ﬁE sieviels eO@lpyd from

unber variations within a sin patient. (i
these ]éb‘ﬁlfaa P psepigniagasHes HisrnieRuty, tqnéﬁ’f mgyre %lwlﬂ?\fqléq%wm

te AL, I :
Corresibb&ﬁ%é gﬁ%\ Oé:ﬁsﬁ% C a@é@grl zg{:? on Eff% g%l\llzﬁ%rlhig%ﬂé&fthe signal(s)
from thaﬁrsm potiet dif&s fromrthaingémsgy ef thelsjgael(s)drorh tlensaatrbh tlpeuser will

opul ati on se T r m asure
have B Tpfbafid G IBT Pl it HasR AT Y Fumb Gt o BREERG patensity
s1gna1§ ﬁﬂy diss %%@Qel@f@d@g ﬁf&tprt:@al@ﬂcfa loaR &n%letlﬁage o §Bﬁﬁ§1ﬁaﬂeﬁﬁéﬂ%e of bases
he” gap, or th. user may then correl ate

ina glwm B@ismtey Bhie mhe@sm OIT esignal orey adsograride mfans@meﬁ%dmg the spatial
togenet i ¢
censief 3T EBsp Eat PRl ol PP RAEREH M PoveEipiggna o sigget
e[0genoriG. Patisenies )mzﬂg%%ﬁlybl@ PeRbIMNST Quches &dild pollfiess according
enabl es the user to develop a conplete picture of the
to the glatmepiysitisine dilersispaiBeadlyothetigarasdigmseray” PN intagresaptured, with
end-to%[qﬂ o@{?u}[ !}Eﬁg %nf&éét%l&m?lh?orhﬁﬂg Bé[iﬂ Q)Ytrsz&l elntdrﬂléasﬁ}gd 11% real-time.
A histagraaheteesibé didiribgtibastshowh Behs tcsdtﬁllibnaﬁ”ata the readings that result from a
anti - net hy@n(gnt oRody or a nethyl-binding protein (NMBP)
heteroggnaoys gy more epi genom ¢ sites of interest
a[(ﬁﬁ%@] aTgerAMh& 1&1@&&% AR Sﬂﬁésarhgthéﬁ‘ﬁ SRhEFRYfng multiple DNAS.
barcode pattern. As shown, e user also -
Thesesmathxbdsam@wdfsllabelmgn o15 @ fifest dasleis-stram@d@lﬂhetvcb schoasdocations

ods.to "barco g using, e.dg.,

(sequeEteias St PEoghbely TS RNRalRPie Bha Spehigiiobble-stranded
DNA, rt@egtv@ﬁorsméﬂercuﬁb ofdin g@sq&ﬁa@%&lfme@ﬁﬁmmﬂ tRYeborff DNA;

excite at a different different wavel ength or with a
hneaﬂgm@mallea@ﬁ aqurhgm pktha tﬁlrfé dpublmsanlsddddblgAs l@ggrwnmteldaw phrtion of
the ﬁrt%t oag o5 mI‘aIé dg[r)lg%gel\s{ Parglg(%E%g]g% Fet} IHOI‘G 13bels on the
first, lﬁ@hﬁ@ﬁl’tﬁ)uﬁﬁrsltrﬁﬁ&bdf DN tb tieNGistah g bdﬁ@eén&ﬁé Q6rr&¥pbalding labels on the

sites or SiRNA or LincRNA binding sites. This
secon@dipgpissed oublorsHandoddMAL ity of the clai med invention

t t

| ROBRT L Fi i SRS o AEIAE b AR DS A€ ot b fod clscwhere
hereini-niyonivking arfirst soahd aﬁ@doLﬂdlgLstraﬂded WA tsd) aeto gndrisatot(eflap of the

sane field of wewvm({oh direc da) the sin

e
first stgghdheineesepagier from the double-stran ed DN agapin the%rst strand of the
double-stranded DNA defined by the site of the nicking and the site of the flap’s junction with

the first strand of the double-stranded DNA.
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[0078] As another non-limting exanple, a user may
| abel one or nore flaps (or filledin gaps)

W@ or1oeesendi ng to regions of DNA froma first PEL/USINI/049244
that are mﬁthin a gene (e.g., breast cancer) of

S ser then ne res the in en3|t on
o[b 083K o IFQ? ﬁ} S B YREr R HBSHNE &Bﬂéﬁ@ 10 frfibelcigprobe
comp1e&@ﬁtaﬂﬁt@%w (&% 4 RBLLNLLME 'pffdbeoifns&ﬂﬁg Rito Eﬂérgf%p%ng Blahr%re labeled

evol ved from correspondi ng | abel s on DNA Trom a ‘
bases,'ot bathr g)s'deseritpdadrethsiebhedabeling is Wetablmaeﬂ@npl}shed by heposing the

s| gnal st patient di fromt
st R0 et AP PO oo R Gt Bl oS gransrase
a zmcvﬂ br frawen, sQmatiboi, 6 abh@Riptibatactdiea DR smbingqﬁ@teiﬁau ﬁau‘pm
ferent copy nunbers of the gene. Intensity si

polyarﬁﬁiy zaﬁ%%@wm@lg@ﬂwymclﬁwepﬂ eoRiidergelcsracyd, gn% §1eehke The
non- c@[ﬂﬁg re%{rlc?l.?ﬁ %{’1})} g{r Pf/bﬁ%#%g&gl g%e Fl@‘étﬁg‘e is I@%‘% s%rté{tﬁ? 8orrelated to, as

descnbertf eiwﬁter@hbremgaﬁtmdn@el heqapat laadendueﬁsu deyietdf orsgigenet@smap, a
npl enentary tq the robe beari ng .t he | abel en1tt|ng
methyt%l@nspa@ﬁal a p% @%@qwaiw ra?temtwugtlwafl@% of %eRfé ik §pRIgenomic

panen@fogif%@@abmmkﬁbp # DR ymers according to the

d invention. Nore specifically, the figure shows
" R3] DNAc iembgeisnanapt tesdnethbdsis shalvi mEIG:L X cwllmms a schematic
| engt h and | nsi t ion b xtrac

illustr. PWINE arg L{@iﬁequle%érllgn ;&Lwé%lga'sgﬁw y 4t 8 samg me %Fl]any sequence

1n1t1atﬁ|)'nss§téd QHﬁ% 21 géncﬁﬂi‘é%?@ﬁ’ c@sbd &eﬁ@ﬂﬁﬂ@!}erqﬁ&?cetﬂi@lf specific fashion, in
read Ings result roma eterogeneous m xture of

this capNACT G@S@%X,'ﬁhé thesf hiymsal loeatons pbthesd gios pregletagtssl and reglstered on a

.met hods of ch ter zin ods .
physiql iR Suisn e RS By PR 4By Puonlf BB Bitguencing
with palynidRse ck@@sibh on ﬁyt(r&ﬁﬁuﬂﬁﬁcaﬁd $ip@Cdnl With speftosfbb&r  bot h)

on the first DNA;, |abeling, on a second

dH98HE - b adshidradiomhensequpreingsads, thepioarcepsdingdiean orger. and spatial
distan?eeﬁ{ﬂelggﬁloﬁp Sﬂthe]he m{l{?‘f)get %gﬁﬁ g‘% %?Cﬁﬁig f;efggldde% assembled onto a

I neari zing a eas I rs
physicdbiap emsiltaaessty. Nh almapebased seigieading edsmealfpastiygioaties better

e first ubl e- stranded DNA; and. conparing the
assemﬁr YACEHASY - SET AR apskﬁoweqqd%n PRBSKEUBE MOodp; st |

0083( | F¢d. ﬂ?%bi s%héﬁlﬁt?@@lﬁgtr% §H?)wluli‘<%%1‘é'u§é 61“&91\9&9%1%&& factor

e correspondi ng 'abel s on the seco , llnearized
(BF), Ulmhidllrg- ﬁnmamd@ﬂndahb& nanOoB tipndl mesttmn@rbﬂdesﬂhmltrgtaut trdy the binding

domaihg)?g:r%:]srtlgct@ q%ggrg? bt 13!:1? ‘?APQI\%;CP e rﬁg]?c %n%lf %Ec enzymes DNA
methyd%bfe@aség ThaNReSL IPNARIDI RSt ONEI @ seq%c& Spceic hiaeh 8t also
first strand being separated fromthe

useﬁildfmﬁat ethst msnya@a @mﬁn@ﬁ arqens.dragegaiption fansors bist to SAW Al a

sequencecr%l;l gs%(gcﬁ C nﬁe éh%j(ﬁng %19? {)r e met%xf %n%gﬁld}ﬁse h‘% P]ﬁlg%o

methyidtioﬁtspédiﬁ@ﬁd:s odthédeNdaishdcgartsd fa@f(b@l @p’ecm@(sé&ﬂagﬂy lelftﬁng) fashion. For
t hods may further include exposing the flap

examnl%u Médnﬁhﬂﬁénﬁf@ﬁfﬂsém@ﬁ%)rlyd%e byt ar%@thnateﬁdp M &ﬁe@f (methylates
ademrLe(l}g é\gir@fglrﬁn 6111)@% %”fé@%é[‘sfgtrsl cblfeggeezglglgT V\ﬁ@ %mg{h [?ggseadgﬂﬁg LEd6 within the
5'-TCGA-3uvequehty) aad dO.Mbhhl Ginehlylbys eheost dyg)siﬂaaelt C5 within the 5' GCGC-3'
sequence).

[0086] In general, this listing of suitably binding bodies includes those bodies that bind
(e.g., in a sequence-specific fashion) to double-stranded DNA without also cutting that same

dsDNA. In the figure, the various stars represent different labeling tags, such as QD (quantum
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first and second doubl e-stranded DNAs to a non-cutting
restriction enzyne, a nethyltransferase, a zinc-finger

WEe@pei28s3 an anti body, a transcription factor, PEI/DBIR09/049244
bi nding protein, a hairpin polyanmde, a

dots), %Iye%é(%)ét [ggiralran Qgﬁg ]%eedf@%%)agglﬁgm I d%gme(eﬁﬁlgese tags and the intensity

of thesfee%fs' ditd QAng n@a)f&?de%ﬁeﬂn@ caeuRd i@8tud Bﬁleldbl%I € filnStions such
then suitably correlated to, as described el sewhere

as actiye trenseriphos sitascOBFe (omnge&ﬂm&@n@és@pblayd hgpgyenethylgtedsites, and
the Li cytogenetic map, a nethylation pattern, a
kShysiological characteristic, a |location of a cpG

Eioampl Irﬁzﬁho@lﬁér@%&ﬂkﬁe Qaihicdrifvendbn n_gf&(fld‘e@'ﬂ%tlﬁkﬁs'dﬂﬁbtammg
reof, of the DNA. [008 3! One enbodi nent of thes

structtnf@]t inGumatien SRRIANAR Thess mg thoghinghidp dabgling parpglisgdouble-stranded

DNA, olnk %ﬁ%{o?é ée?lﬂ%ﬁclg%@:aﬁc fo%ﬁ&&ﬂs’dél RE RlE Tﬁ\'lzg ITRY eﬁ%%ts aﬁl) include
assennly at e sane t1ne. sequence I ni

labelirgd, bea satcmdgloublegtigad@nNDN Al @i o@ﬂeqmndblg OBk eah&)de $d@1uance -specific
sequence notif specific fashion, in this case

1ocat1<@@ﬁ@&k@<§6@on%ﬁwhlwr%% DNA: isasiging Akleptt aprein ofjthgfrst double-
strand%% EM@HE@E@HnéQHeﬁS@Qb%B% t%@t BEHHE- &ﬁindQ@BNA and comparing the

sequent are recor a sequenci ng
intensthefra s@ng/l of ¢hdt dideasbyneslelpl @i dlerfgsuvimdfarpedi giulﬂ:ﬂ‘asteanded DNA to the

mensi S SHPaarafY B R 8% s TBL e BoFES b DA
t [URsspr P&%%l@&‘ﬂ%b@ glsbivAGaheRif o laBdlheS P &tiladly é%'céﬁlﬁl‘éh%d by nicking
and | ocati ons of these nultlple sequenci ng reads are

a first ﬁ@amir Qf@ldcalhtt ﬁmgéwbDbId\ wnasdo giyshyssite &) flapf the first strand being

separa% ?12 @ou%! ogragég& B&Af éxﬁd glgsag%&se uefgr(éjtr sg%d)r}’a Ii]ﬁle double-stranded

DNA eéﬁdspb@aﬁgtoaﬁs flepshe EGAUTINc0 By Aveditcfitled hibingehd d@Site of the
[0085] FIG 5b is a schematic illustration, show n

flap’s jyxstipr withfthey fipphwrasidred ﬂhggdqu@&@fangg]:pNA n l]lq',f&{arpqlg sulte%ly exposed to
a labe%ﬁg)?éﬂe COMIH%%E[&Q% gtolg ‘f)toh ach tl.rleﬁﬁiolg)é Qﬁéeﬁﬂ}%lﬂ?oytﬂg 2ap one or

retaln Fng OrTHl ares I Ct
more lebﬂy(ﬂrhades{tor Ibatk sd htetolBN&nd uld firsgstfandaidngrhetorsaspbnding region of the

DNA net hyl t r ansf er ases th? ecogni ze and
Foi

n
SeconfEP f%anéNAfhPﬁlgéla iaieifenate pacy gorielatedste;a fagh e phygjological
charadt&&tidlof 2 8@ ot 108 MRYci %.&ﬁ g@g«onez.l e fORRY RN QNS H%Srelated toa

transcription factors In a sequence notif
structigplediafacterishedfithe nbelaiaag! mﬂyanei, AIs cppgeramtic pattrhydr both.

antl.hodies that .bind to ne h ation s
o MolsBP SRS plsd Sty ieafion Breb ot Losises e 2PEG by huh wRT anatyze botn
structRhNHANG e ASB 1ABrmATRdh FHAARIRA ﬂ@%&emweﬁ&ﬁﬁafe%@ﬁ@r% herein, the
(Mrase) i ncl ude but are not |limted to M BseC

clalme(dﬁevmﬂoatpé@wé@eﬁibﬁmétngNeeqhmqnﬁ hy tiechs regrp@@tﬁnuglelc acid polymer is
Wt hi

given B ug}_l.fl}%n&%e ature tc)eir ﬁﬁ% 1ed(e(?r% ?%S)?fl e S?vhher? fl??rglttl S0 as to

prov1dé){hfb‘5mﬁlt@mﬁﬂeg@1ﬂg1 s‘tﬂﬂbtﬁlrd (fb@ vy SBCEk; BibeRegteRgednce [sPEBR] motifs,
eneral, this listing of suitably binding bodies
first b’f‘rﬁ@ qtiad emgRsenBo B teans (Raov i of debels. secilif o g epigenomic indicator,

such a\?ﬁﬁﬁ%ﬂ}? sg&lt% tk]?G ﬁ'ﬁﬂ% o gltgg%(gpéé%rﬁf bc‘atrgﬁfég)e qB)RNﬁlzmg information

gleaned from both first and second barcodes, the user can obtain structural and epigenomic
information regarding a given nucleic acid polymer.

[0090] Also provided are methods of obtaining structural information from a
macromolecule, such as double-stranded DNA. These methods include translocating a

macromolecule comprising at least one flap extending therefrom along a channel having at least
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dsDNA. In the figure, the various stars represent
different | abeling tags, such as QD (quantundots),
w0 baovessent | abel s, and the |ike. The spati al PCI/Es200&19244
between these tags and the intensity of these dots on
tring' barcode patt(f%ns can be used to study

one C%S%tcaat 3&90% ARG PIgnEdsdrigrling ablepstvae ﬁl.gaﬂscetrﬁm%wg 16 the passage

of the %’t fe&s ’ongﬁgﬁ of RS &ASILAHe (HradESthe aN¥RR of8Eonstriction of the channel.
hyper-nmet hyl ated sites, and the |ike. [0087] In

In sonmnb@nma@peht flap tdatle, irpothprsyie mtrichrangdrioy$iges lm@tﬁwutg the
informati on from DNA. These

I
passa%?eotfﬁ% %?@guﬁtﬁ)g&?s%cmgh a first doubl e-stranded

DMSIP”SuMbI@M&n&@@t&HMﬁ% drt,@. 4 aR@thmnsls @.esdribed in US
first DNA._  The nethods also i ncl ude Iabellng on

Appliestionrl 8488408 evkich indePoRIRd herrdn goity @élﬁ@ﬁdtm@r@m@nmdlments the

t
fap - §Ph Fo SGEUARE G fs BERM B B | 18uBAES bl In spme
emboditients] 4 Bibelde dpestivatie theDNKd-ih Igﬁpwfi whergthatflap @as tforaned, as
ortion of the first doubl e-stranded DNA, and

descripeghglesvhsse B8 nt ensity of a signal of the at |east

0 b n

RORE"he el LSy S B
signal| atmeken edm¢ hembi@eaardtheteofieling @ gahl dmgrtiteeelfatetdam tlechbaBiAe of the flap

0088] As descri bed e emhe e herein, th bel . is . . .
througl ¢ ST RUEE TR Ay 1 RepIgres o s bel Figh B cihswicton.
The ﬂQ}ﬁHﬁ% 8o lahabARd BNARQ RAsthiedl MErdth&fod®@. (@) flap of

the Tirst strand being separated fromthe
dH99BE - Exerapldsd nmmmlewet@qulmegtap)f these msthoids ste showand FIG. 8.

That f?g}tjitéet P r%t &g@ l8§§a L gﬁ%st%u\l%%rco al{u?qg ?a:qbd leEl t 2 gtﬁ Eneff)ﬁgﬁpo’n froma
nuclei§ ati@l é)@fynﬁdieutﬂlzﬁﬂg lﬁoth updal @fd Méid-Bptidatddibdiin redthenrd of
t he ubl e-stranded DNA. The flap is suitably exgosed
t 0941 abesisberpriopecledblope @n*élﬁtCawCyP plegule isdhowngtigshed anl
hnearigg%gvpﬁgtp ais?lgghdnﬂglq‘gv r%gonsegtr glsotr%I gatgg%? C %?rtlﬁfeveﬁg;@% (known as
nanogstes anehnahorest hee 1€.6r Applixaridi 19/37¢dH drtheéntirbe fedactdis incorporated
EggtA ?t rand. The signal intensities are then correl ated
hereinby rgfergnegkt one physi ol ogi cal characteristic of a
Fﬁ)@g]oofn L QHG Enen@CHR ARAbVERRInt add)Eurtddi ﬁ{é§étﬁé’m&ﬁ¥me controlled
a e related to a structural characteristic of
by an plectriealecimeit ah paingomeom, wailn flejsligdaverrs anqb athmalrmes@womuhpncal images

oFthe YRR PG aBE G -GN L P U Bl BBl o B igidccording of

physu,ep@ﬁﬂw Gldnl r@ftﬁ)é TRy Ak Pardli lsH&nn 910| AXEBdhemAically shown in FIG.
described e where herein, the claimed invention

8b anchBGt YesThe omaal@@dunﬁg-bptle@mﬂuaa aayypewhitelated aregmparedfgainst one
anothdys I eel tCr§ cp mer is given a unique signature. This
eb (53 7 4pdt appl i ed (as described el sewhere herein)

S [1)0&6] t FIG[ 8 telacts Afnah dmitd-edmpra@as thidl &hviddCBHo®n (B is a series of
., labels with sequence zﬁecn‘lc nmotifs,

“ﬂaPSf gersetfat%bx a@é@ﬂs at?crlcélﬁtygc@ﬁ@rheé which dlapg majpynaled agitional labeling

i o e Y e

duringo@hicb desflaps Byigs) ok bothi gegemmfdetmmblme@toemglaﬂsrmnh hotdionic
first and second barcodes, .the user_ can_ obtain
curreng signatpies s¢{lecHps t@réﬁ‘bgﬁn@mlc region. Labeled bases may — as described

elsewhere herein — also be present in the nucleic acid polymer in the region vacated by the flap.

Such bases may also be detected as they pass by a nanogate.
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informati on regarding a given nucleic acid polyner.
[ 0090] Al so provided are nethods of obtaining

wa 100028851 i nformati on froma nmacronol ecul e, BCEYOS2089/049244
double-stranded DNA. These net hods include

|
¢ [3TL 5 6oty e e ariBstioal SR TAnE iaR! RGO oM &
macrohﬁﬁe%hfén eflfé@@ﬁl%ﬂllo% ieddiisRAse s the ﬁ%bﬁlonelﬁq HEL&abIcBde;

| east one signal corresponding to the passage of
1mm0bllh@1ngtthd wagmolrsulet dispasing Hdeashe paitioh e theenadiemolghule wathin a

channglt%glam%tﬂgaest g%gﬁt o gttkileonq?cgfglg‘to eaule 1Snf112)etaﬁ%?iwnﬁltnr[ﬁ% channel; and
detectiitat le'aﬁlcbnteﬂﬁgnﬁl @nadd oghé RbalkegoittontoiehePassamsletllet he
"bare" flap past the constriction. [0091] Suitable

cH998E| § IGr 2 dmét\m tptherelaueleic aciel ay one endOrchpii predsgnside a
nanocﬂﬁﬁl%f (I)Iblﬁlg %kh%% ‘L’ﬁ‘@ Ql!llj.fé’&%t 'tfgguﬂs%afé%r ge%l%lené@nhl%gmgsanalysw. As shown
I ncor ora ererninits’entirety. 1n sone
in the ﬁgimda reidrsef thdeudltiapcid p@lyrﬁernegiodtﬁedfto tible tethering, the nucleic
macr onol ecul e adj acent. to the fl rises
acid pplygier hayipg éé%le@%%> misth fsslabeledq %@h@l‘. \@IS%TB%IB& g%@dywdtaﬁ ltiple
locatidRe filled-in gap left when the flap was forned, as
escri bed el sewhere herein. [0092] The signal is
sm09abl%sanmmﬁnnmmgesmgnblR2amyékémbwm¢@hwskgn&m;agmwibra

: tromagneti c signal, or n sone ca a
particg R agre. SRS SHGRRe e DI F SRS e (aeeRguet gpey
demoﬂsﬁﬁtefdn%nbﬂ?ﬁﬂ WShorhel) GARBEF bIClohRY of Biat SRYIeRR. MMk FbBner may be
o the passage of theé |abel through the constrlctlon
translﬁm@dfaﬂca}g theghdnaclt fr@n S>l1© tatwdirtto peeibér, andcoag be sloppasinor immobilized
; ongs: z& Exenpl ary, non-limting
a4 MW5W5§8(W§ﬁ§ S8t %@émﬁbthods are shown in FIG 8. That

f [00E Thé shmobiliGutidhaha@BPhcbomplsiinish @Muhder oDk & sNiAgne
| abel ed barcode information froma nucleic acid

embogireytray shoyn iniFAn d 0sdhemapiontodgculenia b ot 1aagy one bead, the
molecﬂﬁt ﬁ@ 18911(5531‘;1&8% th% thge{gt ﬁ%bga'ag% L éﬁﬁé@% ! S&)ng@ﬁgon smaller in

e c aci e s s

cross-bdctie@rtianekk Wéatlhiimnmbilaatehaanelso I%amcm;ﬂmhemby chxmecally tethering
narrom;constrl i ve points éyno nogat es or

the maesoplgowe 2 Sugﬁaé cygnagshFs! ifisng ,maeromplggule, by optically

trapplf?é‘%ﬂ rn%c}’orﬁ&efmé Gl ahf bR GRERG fl‘ﬁe%@f herein by

reference) n sone enb ments, DNA nmovenent
aldogpr Imﬂnbwrhmsmts ellréut[tinga beab ttertehd esd:lbyermmoh that its effective
connecti.on f. U|dlﬁ%dev

diamegﬁ gsclté{éegﬁwg I:eaé[ ?F@ cr&tsp%tgnarmﬁtﬂ‘&é@ogqg 0 nanocﬁannel As the

modlfkéarn@l@@ﬁsmsl@&ﬁls [ Bovdin PR AR dcBainel, @& AT ﬁgm%dédf&cause the
| abels (i.e., electrical recording ‘of physical "

unps
modifginghgad Iséargnﬁ thayr a lp@lt g perton odihe @m@mnnﬁl T hart@modlﬁed portions of
the nu IChcear(T:? | Gft e u cesul? AR n'e:ellr%e 8ab arc aya 2%1 %or S e anal sis. The
optSc 8 Shn gt direrdsdiind r?a;f B %orr%ﬁl‘ét“% a4
bead @@ rbp@b@@lea@amagﬁen@ nendnohdetink odicloekic eme@hicoradg Ub@BMlatlon
0096] FI G. 8d_depicts a nanogate-conprising fluidic
thereo&]ém pedificaiaomoies sugleic gciglapelegulg gan be based on a covalent bond or non-

covalent interaction including protein interactions and can involve an intermediary linkage. In
all modes of tethering or immobilization, an applied flow or gradient field may be modulated so
as to enable or disengage the tethering.

[0102] The modifying species for tethering can be chosen such that the nature of
binding of the nucleic acid molecule within the nanochannel is magnetic, electrical, optical,

chemical, frictional, flow-based, physical obstruction or any combination thereof.
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"flaps" generated by nethods previously described,
whi ch flaps may include additional |abeling tags. The

WO b@ps)2sshei r tags, or both are detected direceCHUS2009/049244
duri ng passage through the nanogates, during which the

f ags,, or both generate detec e el ectronic
i‘ﬁﬂgl 5%%%11 ”@ﬁﬁ & TGS 810 aleuﬁ genigglfygopdifigd at or
near oh®6nd 848 h(ﬂ&:ﬂ%§slfo% 1ﬁrﬂ10nl}ﬁ‘11ﬁﬁh§ 182805 TRYchenfdal modification is

descri bed el sewhere herein - alsd be present in the
chosemsusheha azroveleploiryesrcoivalcnthaterastjpo ncaracbttederbpe mmhfymg species

and ek B mPB 6T PRUGeRRuVTeBE ERl RuTRlsd Y ARRectle and

prever@Risdon m%@rth@ﬁmoahaﬂnef ormati on from a nmacronpl ecul e.
These nethods include | abeling at |east a portion of a

nHdPdho Esamples of @hmm imqdilders Helusgdhiohgoapuisdane groups, carboxy
group§jl ﬁﬁﬁ) ét%g}%%tgk g ins éﬁﬂfshg%tgg{oqpe,%%tdgﬁ%g%w gl%%g% %r%tems biotin,

ammormarmmh@c; meaallisgloupe ar aizechribihdtion théreol Harok casen, othe
detectlng at |l east one S|gnal related to_ the | abe

nanochaine| Yilage mapdncluds s @etmil H{Oée”%ﬁlorﬂocia%wa%%él@%raaﬂon with

ﬂwln&ﬁﬁm%%§QC£ cleic acid at one end or both ends inside a
nn or nanotrack on the surface of a substrate

f [ﬁl 05k qlrems¢har rea@ndgnealnall slesc ac&d; nehwmwle is maghaichilgurodified at or

of .th ei C. r is nodifjed. to
near o, b e Plolt e, M b it a PR Y BE Tradremadifigh 2an be o
magnegﬁ,giégdg gﬁreﬁlﬁat %oh nﬁt‘i?ﬁ%ﬂ%@ éuﬁgt?lhr:ﬂﬁlsa%ﬁet@ ?h@ﬂwlc‘!‘" QR ety capable of
sustaimiog alrmagnctum@pebeafmpﬂhe dutazlormﬁ th@@emw amacby&ise slndeclvw tasienthe
art [ar _di ease and t

of
magne%gferc&c%n m% e%atg?l‘ g]e% or n?aﬁ Ipﬁgc}bagp GP/IC ternatlvely, can be the

conse fIRABNSH dnedx@eragl yadppiedelagh@ic MAd,Mmido)asRHOHVE in EIG CcoRl es
of that sequence. The polymer may be transl ocated

aldfg] t Feancmlas serbodingm. griBicleasanid i podifed porrmens ongrpgnd of the
e B BATPRSH s CTBEMAPSelngt ARLEHe 05l in o

pﬁmmaeoﬁnpmm$hﬁﬂzmﬁ EhmunQEWWommmmyﬁnnmgFmﬁelﬁmbodlnent
hown |E%FIG. 10a, the macronolecule is bound to at

as
[ BBYT ofks Sheses ontikal tirgr4sesATe Uk tRérapbpprtiels adthis cqrdiges of the
beam %elll ﬁi%ﬁ}a W18Wn ﬁir&%hctﬁﬁ ﬁ!&{octﬂnﬂ%l gﬁ‘ §ﬂ60vfﬁ%'t9éqattached nucleic

I'n cross-section than the I'l zat1 on
acid mtﬂxqcubd to e hmeacaed vpihis Hecabychaheeti d; ab bytita twerzemgan heused to

ronol ecul e to surface, by magnetically
Hmve”ﬁﬁ%ﬁ@ﬁl ﬁﬁﬁl?ﬂﬁbﬂﬁﬁﬂ5nnlecule by optically trapping
t [1A 0BPCIPARIIRS léhﬁ)odi%en@riﬁulﬁ 1@%{&% a@ré ca9b 1m{neﬂﬁ>&é or tether
I n embodi nents includin i s chosen

the DN fechont dxamples @n epmsmgu ﬂ/leg ﬂlpa/rﬁélﬁéiiﬂ enles;tmcaﬁ@é can hapmployed
concurrgl?%fc‘lﬁ) &5 I}&% e%LhPé strsﬁs)[%he,r%m | S{gl% dl rTeJ[’hSI %Eﬁare%.f()ft anglysw

f [oxoep Lﬁie@rlid‘dﬁnn@ﬁﬂﬁbgil’u&%mplhdhéd B& @Whhﬁnell thaereditably sized so as
because the nodifying bead is |arger than at |east a

to effgshlinqagigatym qfifee masrorIplasHis suitphly RinpRydicRl-aHrpsy ¢qndinement.

[0110] Also provided are analysis systems. Systems according to the claimed invention

include a substrate comprising at least one channel having a width in the range of from about 1 to
about 500 nanometers; the substrate comprising at least one immobilization region. The
channels suitably have a width in the range of from about 10 to about 200 nm, or from about 20
to about 100 nm, or even about 50 nm. The channels’ depth may be in the same range, although

the width and depth of a particular channel need not be the same. Channels can be of virtually
-19-



the nucleic acid nolecule can then be linearized and

are avail able for sequence anal ysis. The bead can be
w@lyeeas8E, magnetic, sem -conducting, diel ectPCTUS2009/049244

nmetallic or any conbi nation thereof and nodification

of the cleic acid npl ecul e base
any lee@\l}aﬁgmﬁ%m P 5 CUREG ) SR ‘i%ﬁ?fé@?%%lﬂ‘i ﬁlﬁqwaﬁ%ﬁlﬁdﬁgﬂbm the millimeter
range, Fh'lt%ﬁglﬂthb %ﬁﬁﬁ%ﬁgﬁ %Iagrlgvaaabﬁmx@énvx%% ApphRAMRAh&L¥er of ordinary

kage. In all nobdes tethering or imuobilization,
dﬂﬂlmﬂwammlled rom;or gradient field my be nodul ated so

a enabl e o di senga 1

P, ;R uEmBb AT SRERR it Mhab S el Phg i Siecute.
Macrdnitéculdiendidinbluge he bi Iﬁgﬂeﬁﬁocﬁﬁci‘[ﬂﬁs nuigikie t4n @elude flaps, beads,

nol ecul e within the nanochannel is nmagnetic,
diclecijcanedifieions.gpegretis pargisleny andithe kikq. ct heo%rauemeanéwa@a%decular
modlfﬁgﬁg‘ %?’e?@%{ é{? 1tnI c%ﬂ%&{ %&{]n%ncﬁlg %Jg&g gﬂgg{fm F@ﬁféﬁg; f)lg Jn%ﬁler.
Exemplh@mmﬁd)ﬁlljzambd Iréglad; iatlud¢ mageticavgiord)dh@hichlyeactive regions,

mol ecul e, as sh in non-limting FIG 10b. The

Cm““ﬁ%@ﬁﬁ@ﬁﬂﬂﬁﬂﬂﬁ¥?%%Pﬂﬁﬁnﬁgckﬁ%§%$F cH-that a coval ent

0 n

ofof2(; BONEhEGhbddinEd@ihé BBl BE W ioRRhfA ard P aragiont s applied so
as to dsspobdédcatdenst s porting bhthegolyabdren tltehélammnﬂ asisbowt idFIG. 10 and FIG. 11.

nol ecul e an revent. it OMIthr h t he nanochannel . .. :
In thiq Bt P Bihor BL T kbt ST DT SsT REIG A oty B b lincarized
and, b9 Vvﬁﬂ{?:sof i8ichANS P URin GRICRANN], HLUBHaindH A8 AAHPS
chai ns, phosphate groups, photocleavable groups,
p[Odtlé] n&Vhilsi ot blrowraii the ﬁa@ned th@slteelfwésnven’emaalm include embodiments
.conbi sone

in Whlgg raigég:ﬁge ?P(raoll}%g T r1§ mixo 1zec? 8%he&1hlg1r%ar&%ﬁ%aby apphca{%lon ofa

gradleﬁﬂgﬁésh@r@t élediritQ, dndahé 11k@t1ﬁ ofd’ée tHa0 b @&CrhbRMatdld for F18ps) disposed on
yi ng species. [0105] In another enbodi nent, a

the pohyiadr spee baéetactﬁ@ red eoreclated tepyeharaciesistiy ofigipohaerrafl hg polymer can
t
be ma%iﬁﬁeﬁglgﬁae 1“rral ‘tpl con #%e;ﬂ%gghc%%nz)?%h@mﬁ qg:‘ba/é)%ﬁlg adhered to a
mﬂm&ﬂﬁbﬂ&ﬁgh&ﬁbﬁmﬂﬂmﬁmﬁﬂ&wihugﬁﬂﬁaf@@Hgﬁﬂkﬂpmﬁashnahﬁﬁdaﬁdﬂwn
of her noi ety capabl e of ining a magnetic dipole
adhe“fdo@o"flhté‘e éﬁl?%rta fedh 1%flmfﬂwe§§ E}gnce analysis. In such a
Cﬂﬁ?4 t IA?SO?%Q%@E&I Qreftﬂétﬁgdscfﬁ%hg@ctbﬁhﬁgEzi‘ﬁlglglc' em(ppcﬁ'!/’mer These
near nochannel device or, alternatively, can
methotl mchmlnézd@heg oec of mare regives ol hyclap péid pdlymeg vath @ne or more
hown .in FIG 1la. n anot her

I d 0
sequerieeias iR ot s perliihe epdies TS iEnda g G1e gt ghthe

sequeﬁféogp@&ﬁh Bﬁ)tﬂ‘l’i‘tﬁﬁ% ehéq]&dshloa T bifed & rdre B Rhde- %@ﬂi@' rBotif labels
experiencing a dielectric force gradient in

of the pn@lgx@m@ei rsflyroprt Bwlbnme elzfewrsmormﬁgmws Qﬁtmmluclnlc ac1d polymer, the

- |
one ot} V\%rg flgé?ngrlltnglcf dnbg ? og%?)ﬁ he sgglfeng? gje\&qfchm%tatl lalFﬁl? (r)]f the nucleic

acid p@lfyntebeanﬂ%aﬁip‘dhﬁg’l od& Iﬁ@’fetslgiﬂaﬁ dfoné boiorgseliéRyd Begtnh’@ts to one or
nanochannel thus allow ng the attached nucleic acid
more ¢asTespiding B ofi the lbpled dugleicricl RAEM PG @ Agvelop thpgelative

locati®REHifRh tHMRRRS! &if ﬁ&y&%r, W 8do bPmore sequenced segments.
[0115] The labeling aspect of the claimed methods is suitably accomplished by labeling

methods described elsewhere herein, i.e., forming a flap in the nucleic acid polymer and labeling
the flap, the region vacated by the flap, or any combination thereof. Suitable labels and tags are

described elsewhere herein.
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nove a target as well as inmmobilize it. [0108] In
anot her enbodi nent, nultiple forces are enployed to

WO 201000188 e or tether the DNA. For exanple, anPGPppRz0eH9244
fluid flow and an electric field can be enpl oyed

C ntly to ke t he | ecul e stretch
ST §P9fe\yﬂ;f% SYpRee IS mSpriipg pLlspsd ong ?9%6@? portion of the nucleic
acid pbly%@r TK@hh&ﬁzh@orﬁrﬁh}fr 8bhdcoapHOTR fﬁ'ﬁﬁe@nﬁ}i g teCIBNOEortion of the
that is suitably sized so as to effect |inearization

polymef intsheitablyrsined nesadhennad iyt aplyndy gradiest dhlid,ectiagal,dor example) to

the pof it HET Tk SReo B AR BOY i S RAThRY Br tpeyise

immobiligéd/aRl [eheaHRSI BydpPliEATTRAIIf i ddgHigdt (hreuke, @RLtriAR ARG he like).
having a width in the range of from about 1 to about

Segmappmay he sencsdted by radsmpytseacacesmsHicstlenying of| tbageclopgcid

bilization region. The channel s suitably have a
pdynﬁfg?h in the range of from about 10 to about 200 nm
o[01flTpMTab ovttel Zihg waypholiide 100 exumplordeaxginind ﬂl(ﬂdlﬁﬂlcﬁ Ib\etween two
The channel s' depth nay be in the sane range, alth

or moker{abejf, GOMPAHRE @@b‘i‘tﬁnsétﬁ’ o sigapksicxeivay freﬁlawwecrr I8 éah%k% 0 the like
Seque?raggqggtoh%%ﬁgrﬁer@ Qf‘ﬂll@l %1y‘f'1?e? %o% sro‘rﬁamétéf Y, a IS@E]&H%y , may be

p to centineters. Suc channel s ’sui t
acconipﬁvle:ddayl asvug;tety oﬁted:h‘mquqs khoweirethe metn Jéeseak thoqgk idhale, for

exampgg %q{tsle{flge fﬁlrgé??m-g#i\{%?tosi%ﬁ R ﬁ]%:(%i;’)qnte%ljnlflﬁﬁ)é s%ﬂutancmg, in vitro
clonal[a@r&al@]]caﬂ_&? séc{ﬁ@ﬁ@hé by ﬁ%r‘i’dlzz{tﬁ)ﬂ' £ ths 1ik&PSR e arc suitably up to 30
i mobi | I ZI Ng macr ondl ecul e.  Macr onol ecul es nay

kb or ¢vepl50dd 10rhfelg¢ir brrbare swigably incthe kbhengthwangh can i ncl ude

f L‘ﬁ{ilgl:l gg%%glﬁ%g tl%lg%%tal;ércmanxﬁl ];fyagl %elr},g %‘e’lgalengfge[fle corresponding signal

of the mre@nﬁbl%wdc&r poIPAlct is@atdraFlEBhe® Yol abipRs 81 alifnié Bﬁ@ bit more
and on the baS|s of their affinity for one anot

labeleghepipingpd sagments agpinst the ibeledingplsi agd mfdémﬁaa@wbtthwé a sequence-

speciff b iToet SRR 0 s AR A S EALTS oI o 9
corresﬁmf&ngmqﬁdid&glpt—:aﬁc ntegif el oftthe Iabelettmublield ac@tipolamer. &lhis
radient is ied so as to sposed at Ieast a

effectlpfslmaﬂlaws e @Sﬁépod%ﬁvﬁél}e labels p Uheragments ansbasersigh that allow for
identifi éa@on%@uﬁ?\q?ﬂﬂl% njrélnts I"ﬂnfshbfm\ﬁ@ﬁm M&é@gﬁ %Qntlé’\@rerlaﬁ;%t %lg

can as descri bed el sewhere herein =
correshomiag bareaticamdthe Byarvitt nudcisfacid lypoat theeernmayi¢thinrine the position

the channel , r.emain near form 3]  Wile

(and opgRiaRRiR T rier FgtH a1 Piythe Soeatn b G SREITOR s o
I ah y}iehﬁﬂfmdaﬁ%s}taﬁgmﬁg \whi ehm@ré ﬁ%&ﬁdl@ﬂoﬁ%%’l@cﬁn 1h8 segment with the
i rmobi lized or teéethere neari zed

corresa@phmg: lbtleandlic ‘Tmetherd |p@btme(rpt:hé gsarrcen defeaging |t119mr0p%wblgnment of
order that. one e or Jf1a
the sy, SRS bR o R e RbButEREuker Bh pheutgine e
propet &rdér Chal @dn@itioft of thf sdehRnROAYERg foMRaseiRklfRifalRESegencing of
mai ntained in a linear formby continued application
HWﬂm@ﬂmﬂﬁ@b@W%ﬂlent or by being adhered to a substrate

ggflgg]et Tﬁﬁﬁr&%ﬁ‘w'ﬂl d&rdeél%%ﬁg% Fﬁ&%,g{zl‘ﬁglll ﬁéHICtg thelainfelSnethods of

r rs’tineari ze
obtaining genome scaffolding (e.g., sequence) assembly information from a nucleic acid

polymer.
[0121] As shown in the figure, the user extracts comparatively long genomic DNA
molecules from a polymer (from 1 kb up to 100mb or more) and labels the molecules, ¢.g.,

according to the labeling methods described elsewhere herein so as to give rise to create
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adhered down the substrate in its linearized form.
[0114] Al so provided are nethods of characterizing a
woeabedassaci d pol yner. These net hods i ncl ude | BGEUR29G9/049244
one or nDre regions of a nucleic acid polyner wi th one
sequelgﬁ%érprg({lﬁ eﬂgf egliségFe?ekgalﬂlcag gclé):frd cglgotpe flﬁéz{rlezle ong%olymers to
generd€ YRASErSRBGIH EEbAMEdh (RG] & “Rawt Iﬁ?ag@@éﬂ B SERQ’fEIi B&RCODE”)
one Or nore sequence- speC|f|c notif |abels of th
that reprresbh paraculdr sglopsef thegeejoane geynmnheonolperles @@gﬂlﬂmeslt a genome.

of t ci.d. | r,. the r nents ..
The o eryellhaftga S G TR e LR Bl R B0 BRR TR pacively
long stabaHS whiicht si&@ffﬁlki@ k& Be @CickhP oy BB indded g&MRAr i Ng one

or nore si gna s of one or rmre Sequence seghents to

oHd 23} PM@%WM@W@S ilgy pin& cypodipents pliemengout 5 to about 30

kb) m%caﬁng% qltaﬁ? Iaé/s %leﬁlgog eclI (%n %ledvgﬁ y;#gfg é'h%%tagasé/ Ieeafls generated

by curid@n Scenitieg caﬂleﬁ@ggranhﬁoloiﬁ ]Slﬁlh cﬂih@gd @l ékiriigloasmert gedtrated on
the cl ai ned nethods is SUItabg% acconpl i shed hy
the bapiy gEFGAHENSFEPRBHSI Y eAE Phayadind] e fhe Bengmes By, be fra&mented into contigs

of 50 WFlg%ﬂ}dqﬁ)O@ gﬁeﬁ? e'xﬁ'mf)llae TREGE&IcGn Bfth eH %y Ayt hons) of short reads,

ing t l'ap,” the region vac ap,
ofdxmh&SKnﬂbuh&ﬂT@m t hereof. Suitable Iabels and tags are

b el sewhe her.ei n. rrelati ng suitabl

CfER CFe G REYSshEe BoT s LGAE 1AL SuR hirayedi yRetnt morir

such ak R&NHIHE €I &te%@(ﬂ%@ﬂﬁfemﬂé@l‘% thk @@cgf h@ﬁe&%cmlmﬁed to label the
acconplished by linearizing the el ed portion of the

“parengdhyeieie afid p@bsnﬂrtt@ Bbnerale asdriesani detvaderel Wheryp ﬂaﬁpﬁmnylgﬁ greaflrtually

labelegSa%/d@? E:ox% ‘&e‘i)h%‘e B ecaes 1%° S?Wécgredﬁﬁégp Pre@%"é’geﬁ’ he

PRIRAEr Ths ugee&mra@l@ngﬂleqiaf&aw SRhé oIS (dcgB@n@NEoainst the
| 1 neari zed by application of a radlenttégressure

corresporeing; jobearycdhicades of threxpersaenielht eonsiyctebsgenkisaveigh alignment
then ppc%ﬂ&% NP (Nltﬁ%géﬁ%f}%ﬁ?ﬁﬁg&wns %F ﬁ{eec%}ﬂlgkgvyﬁﬁlﬁgtﬁﬁ s&%ﬁ%lldg 'Ftl%ng with

yner e correlating
the pr@ea ﬁphﬁatmiedsf@r ¢dntigvg i ehedic sffeld.c F¥hizeh weeyidldwin formaneeabout the

el s, conparing the |ntenS|ty of sjgnals evol ved
ScaffO%Cf @ Ail R OBIeSRABARIE) S5BEIMS)> SWilichs(RBY mﬂvaéers SbeRAvRRGeA gV 1thin the

scaffokf] @tré&%?ﬁtf&nﬁtloﬁ Elae% Pgﬁﬁ/s@fon) akl@ Wikel THQ) rﬁ‘?leldual contigs are

| nst ances, be acconplished by a
mappadarre@sely oﬁtotthfc gemoqwess) dsm@gmelrate trhe, agacdratcgeesmic sequencing

chni.ques . incl ude r e Sanger sequenci ng,
lnm”W§§ PT%ﬁﬁpﬁﬁﬂ“WE@ fﬁgg termi nator sequenci ng,
| 01251 1 qfh@s]e(iﬂ&hocﬁrfﬁlvé fﬂu‘f‘l@lto'uQ Bdvah QU S RdisBNg squencmg techniques,
hybridi zation, and the |ike. Segnents are suita

up
mcludutg tho akibityoio pevde Bdorastion rmn@ng\ comurabeé agq iheabilyty itmplace
con‘ugé Im thg l%rcl)peeP foisr} 1r1ggnl%gare[lac21dﬁz%1 PG A % e gg}rs:hg Ln Srln g(])avll%es true sequencing

1nforn§alt1@ﬁa\lv1tl@5ut &H]sﬂoalr@hﬁige@clﬁﬂ@de@ Id@soﬁltbbd h@@lny BRI iresr order of contigs along
acconpl i shed, for exanple, allgnlng one or nore

the anplyped gemomsarrdh be Hnigwyie ﬁ%@%@fmfﬁ grefihieo pragierisgence database to
COH’lpEH‘Q ﬁéeﬁﬁs@ t@@deqlom? lsé(c{{ﬁ{lcﬁg)‘? rbﬁJ‘t%tthéah%ﬁ %U&Bfe‘%ﬁ? o 1afréecgenomes having

copy number variations (CNVs) and structural variations (SVs), independent assembly directly
from random shorter reads, especially for de novo sequencing or highly scrambled cancer
genome, has become increasingly difficult and prone to errors.

[0126] As one non-limiting example, a first segment (of known sequence) might

include barcodes A, B, and C, each of which barcodes correspond to the position of a sequence-
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notif |abel of the | abel ed, sequenced segnent is
placed in register with the correspondi ng

W@ @oemses specific notif | abel of the | abel ed PCEUS1009/049244
acid pol ynmer. This effectively allows the user to

ze the | abel s .on the ments as rcodes” th
specif e Or She ety fecaInBR o 0 MavTd e be é%iﬁ@ﬂt% bothy 32116 labeled
segmeRY thi8 bERiMga ﬁnﬂﬁé ﬁRﬁﬁQbé‘s@H‘bh %@QaB N§d ¢ B&codes. A second labeled
correspondi ng barcode on the "parent" nucleic acid

segmepb(of kpown sepcnen mayeyclide barnddes G, b apd i tBymhg@a}gdhe first and

second %eé%get s.t e{g(ﬁ), 84 f «f h%ega%gl?%%gﬁ}rg&%%ﬁﬂe SﬁgT?ﬁtgw\‘fﬁy‘:le%’ﬁd the user

can deddrh@id Mgt B ewe Eeg@iﬁ&hﬁs Sleglaghsbarésand akel by @@m’bﬂﬂ@hg the sequences of
segnent with the corresponding | abels on the "nother"

the twp spgraiHs (WiHwuh deyblegpundiag dhayequency @Oﬁpsmédma It¢ braedn C) — can

deternf} fle {ﬂ%esegl?e%% o the BXlo'Eh%P’eﬁéllgﬁ]lgr fr?ﬁﬁvlﬁ&? Stt?zo sg mgﬂ& gvjegal $rived. By
segnent , t user can rn1ne per oraer

scaling tlA§pro0Eds elpttahddl’ess-m@lhpIehégmelgﬁemidtan@ddsQi\Mh&g)résaﬁt methods thus
massi vel y paral l el sequencing of nucleic acjd

enablegfigrapation oh seqypnemintorpiatiens £¥ long mypiqihacid gaymered in
F h
(ﬁZnE ont fsffbg‘i ag%ﬂib%%lﬁnénlﬂ% s‘ﬁb@hqgij‘l?ﬁg PHR fglr&hhﬁkaﬁésnﬂl example

ing (e.g., sequence) assenb
using LmrlhbdanﬁNIAQ prédiced aickinglsgechyaibie digheseyNeBbv{Ca Zbid.ﬁhoAm in sequence

u r.extra onpar at i vel :
moif Figh i isaRay A Aot ug TR A RS,y Hor e R POSF A labeled with
fluorebtRnt QL0 MRCIOH1 IR "Ie‘r)ﬂataeﬁg ilc@RRksed NAhERICREYISASs (sRoWn in green

according to the |abeling nmethods described el sewhere
color)hasrthe natw Tabaseas @lﬁlvlecadl and repaesdeat esequence specific
ed, and recorde

hat _a tec d an
" 28] oL i s S 8l SRR o GRS phfgms of he abeting
agree WtR 38 pﬁ%dlc’ébarsé@ﬂﬁce fn‘é)ﬁﬁm'zlp s the@ﬂbrhﬁggﬁat@ﬂ W%mnzyme

BARCCDE") that represents particul ar regions of

dlgestm ipgilice. desieppted hetges bbb BOR (CAREr kgspd g hf0% sgéﬁ@b%lambda
DNA i %ﬁ%&{&ﬂ ngﬁ%gf?l g:t%ofnﬁ 8%0 N ¥l d‘é%ﬁ&@é&' geUlo HIG. 3b.

€ asse aratively Tong scaffo
Simﬂamfbambdsfeaﬁmmlﬂmmrhdeenm HubndnlA Sickene AN AR Wlltlhtoaﬁtplete

enome, [0122] Discrete se nts ("cont in sone
stretcighH gl Héﬁ[rh {over bl sites @gﬁa%wn%@l%ﬁ)mr?éﬁp fhewn
conputatlonally assenbl ed based on parti al overlapplng

ADDISIONATPES ] MEAS ASE EMEGOINMENGY I ent  sequenci ng
sequenci ng technol ogy. Such contigs can be random or

bH138heAdditibrah Enfleodimsints of sequence specificity. As

o e Asfesioy B RO TBs0T s gk AT P B oy atie

method@feldthigio ML hadpPinFriny séc{ﬁehl:ﬂn ﬁ&lu@ﬁlgsrﬁ&hédsrfﬁﬁﬁﬁkm flong genomic
abouthgé to about 50 bps. %Zh&hChe or nore of t%

DNA, gesthodyofisequsneg W@pgﬁqtmem&@c\m p aé@myl@gq@@twé@wd en direct

1mag11§§¥)f’ 1t1d1(V1cﬁlkélPBN%SmgleNRle§ Qﬁ/cﬁo]pglus e%n W ﬁg&%lngoq fs %)10

gquence Sspecl paren
polymbttﬂileslms @ﬁladnr@é DN&X mfotbcgkbﬁﬁm% tecaas@hhes] Q<f5 Joate aoldismeter).

The m\é\‘phoiise altscl;] SI‘O%(I)C{]Gt clo%tslm?orues b\elllser‘tt)yu‘t?a{sle %equencmg information, within the context of
the DNA map. Compared with prior methods, the claimed method of DNA mapping provides
improved labeling efficiency, more stable labeling, high sensitivity and better resolution; our
method of DNA sequencing provide base reads in the long template context, easy to assemble
and information not available from other sequencing technologies, such as haplotype, and

structural variations.
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| abel ed (i.e., via conputer), the barcodes are

considered in silico barcodes. [0124] The user then
wa@kiignesshe barcodes of the contigs (segnents)PEIHBI089/049244

t he correspondi ng, observed barcodes of the

CHBELLMBD bRl taang el o Fioly ik SpratiicytuB i@ RaTGtor long-

range POR ﬁ;%?ﬁén@ssar@"la{bgleﬂ wilenesadcb R Hes & @)@&f Ws&c{heﬁb@m@ﬁf&p Ghe labeled
orientation of a contig within'the scaf . This in

DNA motagules efedérelohfd matingm femoinside rmencscﬂ:lamiabﬂ @eﬁcaiﬂp@d ehewhere herein)

and arg QL ETRRNE Mk AR ORI iRt 3 EERuPHELR Sosttiomsapd dp some

cases, (1& @lorsof rshRdkdsemt latRDGw I Rshddf @ thEMISA badlehonk Cﬂd@ﬂlstrlbutlon of
contigs are mapped precisely onto the genone so

the sequones moafsqapde caleblishad avigeasewmey. gkgue rbémﬁge pif @ﬁ@iﬁge o?&hls DNA
barcocﬁfl% ﬁl g‘l%ﬂ% VIBéTﬁlGH?(I) WG ferti 515 namh%ﬁﬁf?h%g %ﬁé}x nIcng&ffes and to human
met hods have numer ous adva ove i sting
bac-clsgguenci ng t echni ques, includlng the ability to
prOV|de i nformati on regarding nunber and the
all1321 y Ong e@baélel%m%eg Plﬁk% ?"FeSPEﬁIQE) 839USBSS Yieh AR gpIaRIA comprises
ﬂws&??b?t've to one another. This in turn provides true
equenci ng information; w thout the barcoding
t @chckigg ese stemdrof bel@ng éer i mord then Rikbgdoubde stemded genomic DNA

con al.ong the ana zed ne woul d unknown

Lﬁ?ﬁ%l"f”yh? UHRPTE nu‘ “&8 CPEY f@ﬁ%ﬁﬁ%fﬁwaaf%ssag@eeéc sequence
cgﬂ@ﬁge agai nst to (de novo sequencing). Due to the
hi gh coaneX|ty of | arge genones havi ng copy nunber

yh)r ma@npom;ﬁng Gnorsyeean dyetabgl@d orerotides pbithe oreks (i) DNA polymerase;
T I L A

Sﬁfowmlee eltﬁ@ MR in® RO, thd) alsanhele OfE pbﬂibh@)%heﬂgbbécule bemg
difficult and prone to errors. [0126] As one

nBRmpPbikzed sigh dhed epe end ef the PNA sdieredispqsed Withawhe channel;
V\%’] 2%18%&2503 g&%gggglﬁgﬁfo?e%?%e 1@313{%@1{"{&‘3%?% 1T RE ﬁ)l\?/& backbone

sequeflcespeacd indcloadply toobtahea segoebircodehd thaDasi ty

of the sequence-specific | abel, or both. The | abel e X

stYrdht Aﬂlﬂﬁ%? habeat with AR sRAvsRess it @qﬂ%%&mfb i¢ H@E‘;&,g sifes
comprides %cgtéé‘, SR@r codes A second | abel ed segnent (of known

sequence) nay include barcodes C, D, and E. By

ah) Igci{mg obdhgrandrod ta lang (S2Knbublegrendesl grgamnsiPNAhmolecule with a

"nDLhe @gﬁ yer fr n1mh chkt%e segnent s wer e. | eaved,

t HE“s&P HePep Wé‘“?f‘h%ff T HEPEWIC SEYFETROGer | ap

ab) RespefenEAbRkscenP iy S RBBIeD nBAIRs SLANRNERTcLREnttd)8-labeled

two segnents (w thout™ doubl e-counting the sequence

c@mqleféplemlh thy nths W@h@dﬂﬁ&@olym@m, diepleeimiglec davenstream strand to
eguence 0 of the "nother" polynmer fromwhich the two

%gﬁgﬁ S m%?uuﬁn?|Ved By scaling this process up to

agdabdmghid NhPhRusReBHHslynicmsk ididemitston oftlite 1) @redtides; or

nmet hods t hus enabl e determ nati on of sequence )

i ﬁlff‘?ﬁ hbtidationroladhigresarnt e eaes ipaven phifledluorggentpralyes with
lg@ r enbodi ment is showmn in FIG 3. This figure

i I'fustrates an exanpl e using Lanbda DNA, predicted

nd cdtrcndhig) the $abiedtieAmadkadeiniliBky Grin ar dsatitmdreldewhere herein;

e nce
g) etermmmg the positions of the fluorescent labels with respect to the DNA backbone
using fluorescence microscopy so as to obtain a map or barcode of the DNA.
[0134] Another embodiment utilizing a ssDNA gap at sequence specific nicking sites

comprises the steps of:
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notif and indicated by arrows al ong the | ong DNA
nol ecul e. The nicking sites are | abeled with

w0 baovessent (Al exa) nucleotides T that are  PCT/US2009/049244
i ncorporated at the nicking sites (shown in green

cal ar)., as the native e is dis ced an .
ek Oy YA 4 00R D dn Syl EeHRTGHRNABglecul with a
Shi@E ?%h@on@&%@é@qg ntRALEEAHIBRS zﬁfsp&chﬁc E&‘ﬂ%ﬁdeﬂﬁotﬁgf ee

he predicted sequence notif map of the genone
gbh@ﬁ@ﬂpeﬁltmg tluorehesal dyg- blhzlydgudp@rgbtprgbﬁswm ngidiiuptescent dye-labeled

R, ARG R AN R PR S P shi T g o

Ngedeyat8Bndoh mbRelphanneks, as shown by FI G 3b.
Simlar barcode results shown on |linearized human BAC

cPoedlpring awilgkinedsdenetleass (o eick Hiomgedy exendadsfranggeg cut the newly

o AR LSRR S  Bhgpon be romncd

Aﬁy‘il foi maipldimfmehsmﬁhs tetpkalireAs adleseidabetherbsridier e
ein, the clained invention provides, inter ali

né} lgbelingrtay %&D% 2B (DI bt ching 2ad suRshesy! formation of the
op%%@ieﬂgc&ﬁ&lﬂﬁ% ?f Rbc1BRKL A8t RED UGRA br %lOﬂ@tﬂQﬁﬁorescent

quence speci fic tagging and a DNA |ng
spoate gy lipasadiome Guoresent pra@esngltlohgasnsjl vi dual

S, AT SEEL A, SN TBLLLS i

t ﬂedé’t@tﬁﬁﬁ g'ﬂlﬁ\@f)os{tﬁ)’:}l@ Qr e ﬂd@)ré&'céﬁf%‘t%[s) witlf RRpERIEPEDNA backbone
al’'so provi de continuous base by base sequencing

i nfing Faericsnencanintipiorcapydo @btﬁtm&mapbr bareodones th@ENA

TR o R B P L o FEE) SR R, Mfecutes o

long-raf AIER fiabRkhB Gre [AbYE] SAAFIUbIbdny d?éhdlt RS RS sequence motifs. The
resol ution; our nethod of DNA sequenci ng provi de base

labeled &R niqkequivs aroihgn {iaeasizad &/ ibnraaeehanagls wnd aredbereintiged using
ﬂuore?&g . 1§15)?€0;0570 %ﬁ&erﬁ%ﬂhé ﬁ’k&tps)sf‘éloﬁ@rgff ésl)tqéra z) gﬂﬁ)'r&gent labels with
respect & tha DA Hagibbad,|thd disIatiom D‘Dihﬂ geqmnbe gatifsans be established with

i ndi vi dual genom c | ec r.ange
accuracha‘ﬁr?éﬁ%@eé?18“’@55@‘]%‘6‘“%%%@ %o§1§g[? ‘gﬁ}&% 43cs 1 C%Orma“on were
obtains®&FIhE IcEn S QAERCONIPLLHS. The | abel ed DNA nol ecul es

are stretched into |inear forminside nanochannel s

(86} | Pad celbsdininat ef ther seijmincargdnethed appaigelle s gengmic DNA

flu a{%icenﬁe m croscopy. By determining the positions
Comp%ﬁﬂ *PS8e cases, the colors of the fluorescent

@ﬂﬂbﬁng\’oﬁ@stfa%ﬁwoi loh® ($iI€o)%bfé%ﬁJéﬁ)&rdegenbﬁiﬁ: DNA molecule with a
distribution of the sequence notifs can be established
mpmhmg@@dma@;ﬁasm@ mtragupanickid speciac mﬁwenomfm S DNA

COdI ni%g nic tg}%d&lgﬁng@m | ee%g%]n d‘él(glenr? t Itﬁr'g&%t Illl(ﬁ)fg 1ncorporat10n
[ A48 Rbelne sﬁmmcgape:mehﬂg idris@ing @oﬂﬁbﬁiﬁﬁo@theﬁd@em fic

sequence sites on dsDNA conprises
¢) stretching the labeled DNA molecule into linear form as described elsewhere herein;

d) 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;

¢) using the nicking sites as the initialization points of sequencing reactions. Different
DNA structures including but not limited to the following, are useful in DNA sequencing.
[0137] In one sequencing embodiment, a polymerase incorporates fluorescent

nucleotides at the 3’ end of the nicking sites, sequentially detecting the incorporated labels at
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the steps of: a) nicking one strand of a long (e.qg.,

nore than 2 kb) doubl e stranded genom ¢ DNA nol ecul e
wWowRa1h/0e2883 or nore ni cki ng endonucl eases t o i nt POHUSM09/049244

ni cks at specific sequence notifs; b) incorporating

fl uorescent dye-|abel ed nucleotides at the nickg wth
cach nicliRgsisdp fh@f%@é SCRENE] EIERTRY Th& fanses Bermisd/Yeied to
sequeRRNS OBtEn IRh& I dnNRALy Ba&dM i nsi de nanochannel s, the

nol écul es either flow ng through the channels or a

pHHBBbnIpdnatiees emblodioudng aseilwencingrmwividriiy kybrkiesd te hdlap sequence

o S B AR i et
of thede 4808 BRBEpotAREMSortickht MRERAELs, bubMR iPNAMPAGKR NS inferred.
usi ng fl uorescence nicroscopy to obtain a map or

This pregessoid écpsptedfseclont oftgnamny At freds wabedialEnt wit h

P BESRESR PRGSO LSRR e
hybridigsago (i=2fdp) seqatnote tist degqnehed igeormation dahhe ikeed fremwhé presence of

a .ni cki ng endonucl eases to introduce nicks at specific .
the hygggf@%(}] g]ég%tTihfsSQro%ss iwa}eﬁ/aggqa}qe}éo Pbiasy mapehase reads sequentially.

dwa-hab ' . ..
dyg-“lhgbg érg)tﬁhlt'% Qlinfe tRb sh %H%c%rﬁlgfe%ﬁgﬁr%e %ﬂlzed to flap

nucl eot1 des at the
sequenpek yodrtassch dhapihdeiant)et heatabtugstheewith.st.g.ahghse The sequence

: nerate a fl sequences; c).labeling the.fla :
inforn g0 6L 66 M5y Bb YT G P EB KAt TBTes A gpd/eyeled to obtain
many B&&!€RkIsHRRntiAMy.di rect hybridization of a fluorescent

probe; or ligation of the fluorescent probes with

| |iJdsks In ahothsar eatbodinmyt,t e JhatdluotesDia olrgdmsigdodide mstdirectly

.J.inear, f as d ri.bed el se re _herein: e . .
hybrids SRkt RTAES A B3 biPE e SRR e r Bk By fhocporenation is the
inferradl firdin HIRSRE6INCcE 6f thb &ighld oligekRBE IS I TGs Hlob&k eSepefed/cycled to

m croscopy so as to obtain a nap or barcode of the

obtainygmy tagq BAj spgHsnHaly- enbodi ment utilizing a ssDNA gap
at sequence specific nicking sites conprises the steps
of0142] niTbk methods eraythepetforhedain conggng b@kiwith dengdshennel arrays. Such
stranded genomi,. nol.ecule with a.nickin .
oy T sacaery & Ph PBROEE i BeBGierid. wagbumels hoving
trenchRidtH & leR)thd EHRLPSIREdndthcidryidieseaith dye-dradehiesh 500 nanometers.
nucl eoti de probes or_ non-fl uorescent dye-| abel ed

At leaphpomes itlpechapnels pe shiteis syimonnied yacgsigmeleraldo render such
dwnn%%ggkgﬁgggﬁggﬁﬁ§%§&g§%strand to generate one or nore

sequences; enpl oyi ng a ni cki ng endonucl ease to
n[(ﬁlﬁﬁ h?n snoemV\é b it%re]rtljtg, h& E:l%f"}lrl]edd %ant&)lﬁtinélﬂ(?es%%\r%xges or other
modular devices. Such cartridges may include, for example, a including a nanofluidic chip in
accordance with this invention are also disclosed herein. Such cartridges are capable of being
inserted into, used and removed. Cartridges useful with analytical systems other than the

systems of the present invention are also within the scope of the present invention.

[0144] Nanochannels, in some embodiments, are capable of transporting a
macromolecule across their length. Devices of the claimed invention may include one or more
components useful in effecting macromolecular transport, which transport may be effected by

pressure or vacuum gradients across a channel, electrodsmosis, and electrokinesis.

- 26 -



formed flap sequences with flap endonucl eases. The

det ached ssDNA can be renoved by, for exanple,
“Kbmun@mBBmg the tenperature so as to rel ease tPEI/DS2009/049244

bonds. Iabeling the ssDNA gap (evolved by the

85D SR ST B B H B PSR STugn i fog e irpm aimost any

substrmeé %dt&iaz AutRRs PEorddistivd MOLERC eeém%ﬁé%%or rteridl 9&Hd fh-conductive
of the fluorescent probes with [igases. e) stretching

materiah eExaarméd:seth cohuaty b ewtdrealy inclode metrdy such msrplamigescgdléedver, and

chronfyo FRgpgist of SisBaide R Fallith atiuBeR it LRt eattium

arsenitd® | Pghnhp] K06 BRHEIDEEUdIVE MABERDY int RO Bisaill BiliRa rmril:o‘i?lrdlomde silicon
barcode of the DNA. [0135] In other DNA sequencin

mtrldea Bl caanvess and syathetig palyngsn okiciopgaingos esemelaryorly.
a ts
S5 05T QTR LR BT o
and is mhr.ﬂnettmﬁoeed mlea hzlﬁ&j&hdtﬂnﬁhaf nanettacM (ahégiom ooyl derathdt restrain
are then i maged using fluorescence m croscop

fluid nagsage-Hual ﬁ@h}fc}q%pl%)ggq Bardgrs). g meesdigsadiogsuitady permBi%/s tethering of the
nuclmE lanQ BRIl AR ﬂ%nhbhinﬁél%%mﬁl? tﬁe_h‘%n%nf? ckbone,

I stribution of e sequence notifs can
eHIlAl] i $hedudleithcidas theacynstiamed toradnpe 2} lmlemztedrfomm due to the

de. Sin b :
nanochfifgh 1t Purielare ORIt R A Bt SRONGY Thippghanne is
preferﬁ'[ﬁ? <5003 %o@'jﬁef@fﬂgﬂﬂimﬂ{m ahd kdkiSpreRebgnel mnmﬂloéjlength

appl i cabl’e to genom'c DNA conprises the steps of
capablgiog Ricengnopdatise rasln@amedalubbngwémib)nm (19N @080 basse. ed

D381, 6 TB fhERGSE i Bodbfs B8 Bh8 o TRAFRHE MR R ey regions
definetifb@ cRb@ikdang ofidpeRgiallh pfddufni@bshente gyteriwl ecul es
through ni ck-incorporation; flap |abeling, ssDNA gap

Eﬁﬁb] n glul&ér th&QAR bE QHH:nyﬁt thye tsf@é’tﬁ‘ Holuded f1Ridsqidrith ﬂglmmal (e.g.,
| abel ed DNA nol ecule into I[1near formas describ

DNA @bge\blmdeblhm}eﬁlssuesc))sydélem manioneple¢duiespodi 25 prigmers, ?tﬂqlenaterlals
f1ugrescent respect to e ckbon .
rouna g4 HARERE 0 e BB et ok BT, s Baboni A PR such nuias
can bDAAREE, 1@£deuhﬁ1dDh§%ctea)usM§laﬁ@nialfai dYiradiuaDlogdih 8 SpAatul ef the
initialization polnts of sequencing reactions.
Pﬁﬂmtmﬁﬁéﬁeht DNA structures including but not limted to
? are useful in DNA sequencing. [0137] In
e s quenc ng enbodi nent, a pol ynmerase i ncorporates
f |0as1 s EgninphuL: Gaidrdting &‘theMra'ﬁdeé MmN Afflaphen @ioakiengranded DNA
sites, sequentially detecting the incorporated | abels
lnohcakeach nicking site to obtain the sequence

m‘lgﬁfmti'eﬁ icTHNR Sgﬁfﬁ%%ré dilhited %@S@‘%/ is4 ﬁéeelg tllié)m km% reaction.
sequent i al y “obtain Preads" on many bases. f
10uL afnlodrhieta PNACADmEnt ) weresidderbtoci hg ndr Pﬁﬁrcenislfh’gﬁkmbtd fadleded by 2uL
of 10)2 %EaBlﬁflfg’%fa%g %Eco? nicking endonucleases, including but not limited to Nb.BbvCl;
Nb.Bsml; Nb.BsrDI; Nb.BtsI; Nt.Alwl; Nt. BbvCI; Nt.BspQI; Nt.BstNBI; Nt.CviPIl. The
mixture was incubated at 37 degrees C for one hour.
[0153] 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 15ul of nicking product and

5ul of incorporation mix containing 2ul of 10X buffer, 0.5ul of polymerase including but not
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and is extended with a polynerase to incorporate a
fluorescent nucleotide. By reading the colors of these
W@ 2010002883 ncor por at ed fl uorescent nucl eoti des, PEEUNNY@I9244

information is then inferred Thi s process i's

hmlte(igg eat d/ C j% yg}egagg)ép ilse / f‘?ﬁ’é‘ﬁ?s atafﬁgo%qﬂnt:entratlon

from rdwqr Wnrh@halggerﬁe@neﬁ%a@ﬁoﬁ ﬁmethrea&és McibiRidi Ais3 @Qgﬂe@s The
| ap sequences, the sequence information can

1engthr qfftlefr Hauwhy gmitoHed by tdsanababén tine, thy holydiczasds @mplgwsd and the
xhis arqe SS uf cycl ed/repeated to obtain many base
mnOm}ééH% éﬁﬁ?ally [0140] In another enbodi nent, two
s fuasy otme@@r&i :AQEnHeEin@SingleytFdnded BNA @aps 89 double stranded DNA
sequences next to each other and are then |igated
moleculg§et her with, e.g., |ligases, The sequence infornmation
c
ORI SSE, MHLPHAE SRR oY P ABNR B gt o ik e
filled d@mlesttandtd PNA SddRhp bidcunbiches ihiatok hi‘t’tﬂiot limited ShBEN1 was used
fl uorescent oI| gonucl eotide is directly bri di zed
to cut hedlaprsgaparsess: Yéﬂ‘afe%ﬁrn& e IGHTRIEHHE- Biet e@k%ﬁﬁnglr §lagnelgd DNA
molect i€ wARINARTE] E%Ef&é‘%ﬁ Bs aﬁldui' SNA ﬂ{&%rufeq 6 %&i@ré‘r@ﬁ sin le stranded
presence of 't ate |gonucleot| I'S proce
DNA gap orepadl esifanded BNA mobdotiles.n many base read

AT bk ke Bl S
g Pllts?P' K RaMR Iﬁclmlg‘fe@&t'r&lyco%{plé‘{gﬁ 'ﬂﬁl%x%ehﬂleﬁﬂﬁocf@ﬁ@d {Vﬁh complete

the surface, the channels having a trench wi
polymicesse exthmnoramghurhr@dﬂlt naﬁune@cemé’hair‘ﬂi Bt polpmetasdl etrthh nt@kmg sites to
. . less an 500 n S
displags % 218" 28] APA T ol B by OB PRy mleuter
t p158NdEKa Chmeﬂﬁ)daif fludRedcestioRibelihg Séquénce specific nicks on
enclosed.}{ 143] In some enbodi nents, the clainmed
doublp stranded,R Anﬁlolﬂﬂékscar tridges or other modul ar
deui=6€Ss
A8 S SR SRS Sl B e P lee TN B reaction.
10ulL ofivenibdaoDNAr (& Oxag/ﬁb) demcaldd&le«d) d@? eilInPCBuchtrifagd tubel t®wed by 2ul.
are capabl e of being inserted into, used and renpved.
of 103k I?rfgfgé@ (s kel Biokaby, prTard syat and Stk RbRckMan
endonﬁﬂ@as%é/ Siﬁ(ﬁﬁ@rngfoll}] {8 1R8O Nb BIKE AL N8B! 'BsﬁﬁeN? IBREOMWNGBRL: Nt AIwI;
the scope o e present Invention.
Nt.BbahoshBspigl; Nt BstiNBlo ike. ComPlo dThemigyreavas inapalzideat 37 degrees C for one
h transporting a macronol ecul e across their | ength.
Ol Pevi ces of the clainmed invention may include one or
NR180F O AR ﬁrétxﬁcwﬁgelfeubudxrbo%{ﬂr&@g Iﬂrwe ﬁl@ﬁ@rg@ééhﬁﬁwth polymerase
transport, which transport may ected by pressure
extensgyn t@a@wmrgreabrﬁ anelsotadas 95 the @h‘érmeslltes elneémre@d@dﬁmné, a single
ﬂuore% ent 1 c?eot[ rg‘(:) l‘§e|r1r1]1?nsalt S \L?{%]iﬁ'ﬁ;érgo h%gm 121 %rnal% er%%{bg)ﬁl aﬁlglt m %IBFG fluorescent

anocnannel s can or St

nuclediﬂb@ﬁvbﬁimcc&p@ﬂateas a conductive material, a
sem conductor material, or a non- conductrve mat eri al .

EMLG] ed hemcomemitonimyis censisted af 541108 niskmerrspdics and o of
incorp%?ati%h%%Umam%)é ﬂﬂ ogfll bXeJu'ffeﬂrﬂ)dS ul of polymerase including but not limited to

vent(exon-), 1ul fluorescent dye nucleotides or nucleotide terminators including but not limited
to cy3, alexa labeled nucleotides. The incorporation mixture was incubated at 55 degrees C for
about 30 minutes.

[0162] Example S: The method of sequence specific labeling single stranded DNA

flaps on double stranded DNA molecules.
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chrom um Exanpl es of sem conductive materials include

doped silicon dioxide and gallium arseni de. Exanpl es
w@koinosessdnducti ve materials include fused silPCEHUS2009/049244

silicon dioxide, silicon nitride, glass, ceranmics, and

synthetic I rs. The foregoin S exe
CHEE DR eSS b R e i figorescent
dye mHIé@hlfeé ﬁfél@ﬁn%qf tﬂ%ﬁl’imﬁé@toecﬁg fcﬁfb%hﬁm%&%ﬁs %%H%?@oﬂ SHRobe,

a nanochann€l or nanotrack (a regi on defi ned
incorpogatiderod fluheescanesudledtileith phlpaswsgend lsgagihn g fluorescent probes.

h hobi di f ti

lfteaP R RaGwiok: Fh et riBgdnst Shecific VLS shatestranded DNA
gaps 6if déuife SRARGRBDNAl m@lecuiel.hi N t he nanochannel . [0147]

The nucleic acid is then constrained to ad

| [H6AF T Actanp riiccien e itihe wrthoiHn i bothing RO emeprdess is filled
wsing S ek e VAT 0 LRI Cn il aB PR onf EPRR o dighe DA

macroﬁmle&lntés lims thepstaheslalvith an L@ trivnfisiil t Baaeliueplgigb DNAEIhxblecules
of accaommodating a linearized nucleic acid with

Lamb g AdonS R 146 sbp1hl IIHIW%WI%@GQ v Yohg. This
soluti@PH s\(autl&i ]ﬁ?ﬁlﬁ ot HAGHE to Wﬁg% Iﬁo bi 5 'té?ﬁ‘iﬁ qf Mrkﬁﬁ’uothreatol

on chem ca or topolo y pre surf
as an pait-¢adas and o:ﬂ%aq)f Flingad 3cnytaat1de::mdtae aalaam-yuceidng)ygdnhe

i@l%gfn | nC %%§§ Lbz!/%(sveér %ng(iarosrgg%m%l]]t&(a]e]é)%X (I\PNAi 35) oil immersion
objectiRGS &R V@l‘%’d‘é §‘(§1c§é%§t@ 1&2r @% }’d'[@dlespurﬁﬂé@l SRl fatcAhserf, A can have
in nature (e materi als derived from pl ants,

differem exaitagon zmdel@mgtb& (g Ha7 3fmm fe)YOBMehdyé¢)u IQiherdawrS’d@ g., for Alexa

series TS O aar g en R Do S S b RUGR PRl tscr 543 am

gas ladeB 1b0] 1 it WPAYSaasel (hlla:h]63§>@ﬂ§dts€1a§e-r %U@NBUHI@)O%@ENECD camera
stranded DNA fl aps on doubl e stranded DNA nol ecul es.

with ay5J 289 lzﬁlﬁélrﬁreayam 1§yt degitahaptpuldh uerddd imagsiha gnalegules. Digital

imagef 3 Aol P ER UG pfFRGHL 87 3 i o hATRI M pare,
f[ﬂlm}/\eﬂxbmpl’ﬂm Détedtion shefes f er #2 and 3ulL of nicking

I I | Nb. B
IR S Bar mpw 8 oS BRin to

LT
ot SRR NSBB8 pmen.

movernbrg ofiittekD NG lseﬁtuﬁlrcmzadomdiélbél"é}l t he experi nent

P 85T q Fantieh csitip s o aRBtelHE ShCmEmiaas s a6 ¢ B moving in
flow naéH dr®EdPrdre DyRItED T CAVIOS @aﬂ‘nlaﬁp and i@ ffahRB ag:elﬁ%@atécpwy software or

reaction m x consisted of 15m of nicking product and
hardwsmto omdennhﬁ/oarﬁdﬁwns@nctﬁhexnmgﬁp&hﬂ yA2n  of 10X buffer,
Wt not.l.imted t

n%]e)?i}hg ! me{r(gnslﬁl& g dg%ctl §/c fiem. ,S\éldeo 1(11:1131ge§,[{)fo a DNA are collected
by sinfiligh&klydastudihg \dardrontSy £01Ra &t bAtisepurate set of sensors. This is

accomplished by using one camera and a dual or multi-view splitter, or using by filters and
multiple cameras. The camera can be a TDI, CCD or CMOS detection system.

[0171] In another example, using simultaneous multiple wavelength video detection, a
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 in cases where the DNA’s length is greater than the
field of view of the camera, and the markers can serve to help map a reconstructed image of the

DNA.
-29 .



fromluMto InmMM The flap generation reaction mxture
was i ncubated at 55 degrees. The length of the flap
woRE 00883 ol | ed by the incubation tine, the poPYIERNSTE49244
enpl oyed and the anobunt of nucleotides used. [0154]
Ex |le 2 : Generating single stranded DNA gaps on
‘thﬂ%ggfgwgtranded DNA nol ecul es. [0155] After flap
generation, the original nicking endounucl ease was
used to nick the filled double stranded DNA and Fl ap
1. enAdoethdd ebdusactanzingdPNG., bompngng: |l i mited to FEN was
used to cut the flap sequences. By increasing the
tenperature, the nicked single stranded DNA nol ecul es
wer e reaned fron1the doubl e stranded DNA nol ecules to

gener at e a gle ed DNA.ga ubl e stranded

IR Bb e ] BRAS P el pREA Piiaifg Second pNA
strand$b QﬁJefhsé s anded bRk ?%Fﬂﬁ%rst[mﬁﬂraﬂﬁ h&d a E¥esponding region on

ni Cki ng reacti on conpl ete t he experinment proceeded
ﬂwsemnﬂﬂlﬁgn@nede pol yner ase extension including but not

limted to Phi29, Bst polynerase at the nicking sites

to displace the 3' down stream strand and generate

sthaginbybyidizaddéap ONRrisoigdoarh ddo ap@138)0 Bxsaspl e 4 : The

met hod of fluorescently |abeling sequence specific

ni cks on doubl e stranded DNA nol ecul es. [0159] Genom c

DiiacishngtheSirsdd 8 Adittand eldng thes@ngsfamdingsegion of the second DNA

ni cking reaction. | QuL of Lanbda DNA (50ng/uL) were
strandzgifbd to a 0.2 nL PCR centrifuge tube fol lowed by 2uL

of 10X NE Buffer #2 (wa Engl and Bi oLabs,

B i 1L PotbEn Py Thersye ﬂﬁgﬁ@iﬂgﬁ’oﬂuc' "Bk éxtended first DNA

Strandl\prlﬁﬁﬁ D; No.Btsl; Nt.Alw; Nt.BbvCl; Nt.BspQ;
BstNBI Nt.CviPll. The m xture was incubated at 37
degrees C for one hour. [0160] After the nicking
reacti on conpletes, the experinment proceeds with
pol ynerase extension to incorporate dye nucl eotides
2.  ohhontethednif ckimd, shtes tht praesiendodirsentickiagshafgtseDNA strand.
fluorescent nucl eotide term nator was incorporated. In
anot her enbodi nent, nultiple fluorescent nucl eotides
3. Weh&mletHoRoP Qfaﬁh@dwh[:@iltﬁtﬂa nidéhd D 6AEAI é’ttdn@Q)r Eﬁo?fe sequence-specific
consi sted of 15ni of nicking product and
locatignscor poration mi x containing 2m of 10X buffer, 0. 5n
of pol ynerase including but not limted to
vent (exon-), 1m fluorescent dye nucl eotides or
4. NUEE eRiHod® CRIMI2N A heroh the Gldkeigg chisdted@onkioMnid@éné R specific
cy3, alexa | abel ed nucl eotides. The i ncor poration
1C)CE‘Ltl(ﬁ'ﬂinture was i ncubated at 55 degrees C for

5. The method of claim 2, wherein the nicking is accomplished by exposing the double-
stranded DNA to a nicking endonuclease, electromagnetic radiation, a free radical, or any

combination thereof.
6. The method of claim 1, wherein the extending the first DNA strand along the

corresponding region of the second DNA strand comprises contacting the first DNA strand with

a polymerase, one or more nucleotides, a ligase, or any combination thereof.
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about 30 m nutes. [0162] Exanple 5: The nethod of

sequence specific |labeling single stranded DNA fl aps
woeoidosBx stranded DNA nol ecul es. [ 0163] Once B¢EUSI089049244

sequence was generated, the flap can be |abeled with

f %];Eg ¥rng‘[ % ntf ﬁ%ﬁﬁéﬁ%&%ﬂl tﬁg &llg glta{é Qplﬂl}lshg& g}ﬁ )rgirtuf gg gtcieast one
complbﬂl@ﬁ’tﬁﬂ%t@i)é Rt q’éas{ 4 PRiBS %?ﬂfe uﬂH%IﬁﬁEéd% VWHel'brobe comprising one or
pol ymérase and |igation of fluorescent probes [ 0164]

more @ga ) ext@rdinpribe fest W@&a@dm@e copespiohdiog Iregien piige second DNA

si.ngle stran \ aps _.on double stranded DNA,. .
Stra“dr}%lpg%llﬂ GO 6‘&%‘61%25 %8%8?%3 P2 OCRPE ARV ChEmAC U pion of (@) and
(b). depth, or both of 500 nmor less is filled using

capillary action with a buffer solution containing

st ai ned genonic DNA to draw t he DNA macronol ecul es

8. ' Efl@ mte%%g%tl}% e I fs gu\gjthtfp nggﬂ%r%(l%&%h@g;gl s%a%rﬁ_‘g 1%&%%11 derived from

om:mﬁhmﬁe%§170 kb) were stained with the dye YOYO-l . This
solution of stained DNA is diluted to O0.5ng/nL into
0.5 X TBE containing 0.1 Mdithiothreatol as an
9. afthd m%ﬁfoq(i‘)?%lkaﬁﬂ@ Qhdiih g cléfgi‘]@&hfcﬁ' AUbATY d%ﬁvé@?rgmat%o or more
an anti-sticking agent. f ynpus | x-7
locatiomsoarthedouble stoscop®Nht h a | OOX (N. A 1. 35) oi I
i mrer si on objective is used with a solid-state |aser
(e.g., diode punped solid state |aser), which can have
10. dirhd ﬁ{eﬁﬁh o%faumt wg@remsém@%t}gm(s@s Atachifig 3 tmér@[;nsmg a
YOYO- | dye). | asers .g., Al exa series of ‘
fluoroplyers, a @}B@turm;i@, aémdr)m@rn@nmmvl@, Bbgadq MPEP8E, h aswein, amagnetic
bead, f)%%g%’ Sgoglp a glﬁ%y(i{as G%Té})?% a%on ?lgé res m%g&%me azpnc finger

protei€ Q@ b aB&UTpIian Wctdt, @DNAZ bPﬁdﬁik%)r@ﬂeihe b hatrpiaypodachide, a
16 bits ital output is used to inmage the nol ecul es.
triplexpfogining olmgg@@nmléotawaa portlegyrlsly agidi o anypeueligatsm thgreof.
J-image and ot her analysis software. [0167] Exanple 7:
Det ecti on schenes [0168] In one exanple of a detection
11. sThemethodiodeirhmafetheoéorthfsimpadteginigont boworddgnAs fom one or
captured by a tine delay and integration (TD) canera.
more fags.sych an” embodi nent, the novenent of the DNA is
synchroni zed with the TDI. [0169] In another exanple
of a detection schenme, video imges of a DNA noving in
12. f Tbevnetad cdckimdpt wheelmthasi@oD oompﬁbm daeorescant sagrhl,tahe

franes are.inte ted b of t har.d
chemqliyiEireachl Signls PREGHED PREETE R et Sog CE B A Py fighifforence.
aphyéuﬁtl@BQHH&&e&é@F@ﬁﬁc&ﬁbﬁaﬂfﬁttﬁGﬂebpn schene, video Irrages
a DNA are coll'ected by sinultaneously capturing

dlfferent mavelengths on a separate set of sensors.

T S|n and a dual or
13. Jil h }n_ev Iog E?I m Il Herg?ﬁ Hek galbc(;n?/?ﬁ and ugre&cence resonance energy
transfer between a tag on a base used to extend the first DNA strand and a tag on a probe
residing on a flap, by fluorescence resonance energy transfer between two or more tags on a

probe residing on a flap, or by any combination thereof.

14.  The method of claim 1, wherein the flap comprises at least a portion of a base sequence

of interest on the double-stranded DNA.
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mul ti ple caneras. The canmera can be a TDI, CCD or CMOS
detection system [0171] In another exanple, using

wapomolezseous nul ti pl e wavel engt h vi deo det ect PGRIUS2009/049244
backbone dye is used to identify a uni que DNA

f ment,. and.the | abel used rkers f ol
ARG ﬂﬂ@éﬁﬁaﬂq whpred the UEdrigized Tapad g é&%@b&‘% Hignd, the

corresRNﬁ‘h tgnatdr thegsegBﬁPDWA Lhaa, shsoif,ice rlgés N1&W PhortiBe of the
camer a, and he markers can serve to lp map a

double-sicandsd PINA éhjlt ilaeiger bpfse sdrpemioi\aresi e tble dontde:stranded DNA.
nmet hod of characterizing DNA, conprising: processing a
doubl e-stranded DNA conprising a first DNA strand and

16. aTBERRMHII[INAlash NoNErther @inviisirgS 1829t Futtial RNykYatiding @€least a portion
flap of the first DNA strand and a correspondi ng

of the ﬁl@gbleﬁtrweﬂwé@@maswnsmhﬂmhzqdﬁ@puﬁ Rytion @ ﬁ@cﬁxﬁqnéad region
to about 1000 bases; extending the
Ofﬂw?ﬁggﬁq%ﬁﬁ?m{Pgﬁgialong t he correspondlng region of the
second DNA strand; and Iabellng at least a portion of
t he unhybrldlzed flagr portion of the extended first
17. pliae Bethied@f clgpm gt Kyrthor CoPtRIS¥AE HERTUERE ealisinee bivegeaityo or more
t he processing conprises nicking the first DNA strand.
3. The method of claim2, wherein the nicking is
effected at one or nnre sequence- specific | ocati ons.
4. . The t of n12 mhereln
18, oThOPELiel CHi 13, NP Sl e st Sa suppare,
sequeﬁ@%ta@%ﬁ?{l LRk &b bR m dbea MbGlal6n | bﬁt&ﬁ GopRlioaked cpG
by exposi ng the doublestran DNA"to a nicking
island esrdemgrtioans pattosh, aigthy siekaginet cluracietistici @rapy aombe@tlon thereof .
radi cal, or any conbination thereof. 6. The nethod of
claim1, wherein the extending the first DNA strand
19. aTpOfhethdd of elaif I pOWHERD the Bhaiz@fiord ReBes®BY cEMfhement of the DNA
strand conprises contacting the first DNA strand with
in a chgnpell yner ase, one or nore nucl eotides, a |igase, or
any conbination thereof.7. The nethod of claim1,
wherein the | abeling is acconplished by (a) binding at
20. | €hsinetiod of ohnh @ Opfittheycqnoibing meatrihgdetin@ngigrdfiaofeasfone signal
t he unhybridi zed fl ap, the probe conprising one or
from afjgagt qugqag. (p) extending the first DNA strand al ong
the correspondi ng region of the second DNA strand with
one or nore nucl eotides conprising one or nore tags,
21. offhamgthodmiichati26 nfuothe @m@rsthg dwyrelating the intensity of the at least one

signal to a structure, a sequence assembly, a genetic or cytogenetic map, a methylation pattern, a

tags.

physiological characteristic, a location of a cpG island, an epigenomic pattern, or any

combination thereof,

22.  The method of claim 1, further comprising obtaining epigenomic information from the

DNA.

23. A method of characterizing DNAs, comprising:

labeling, on a first double-stranded DNA, two or more sequence-specific locations on the

first DNA;
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8. The nmethod of claim7, further conprising obtaining

sequence information derived fromone or nore tags. 9.
wabeomeaskdd of claim 8, wherein the sequence PCT/US2009/049244

information is derived fromtwo or nore |ocations on

doubl e- st randed DNA. he nmet hod of claim 7,
whErGt On S8t glod e i itNg °4 Mok C%%BPI?%% gequence-
spec1fﬁ 15&&1%99@%%%&1&9'1%% um dot, a dendrinmer, a nanow re,

bead, a peptide, a protein, a magnetic bead, a
nethyl group, a nethyltransferase a non-cutting

N g e e

protein, a hairpin polyamde, a trlplex form ng
ol i godeoxynucl eoti de, a peptide nucleic acid, or any
c sk s Feastepasten ofithe squead deublegtranded| N md
further conprising detecting one or nore signals from
one or nore tags. 12. The nmethod of claim 11, wherein
t bkﬁnlsairgigahe denpcd sasean fouarmee diticlssorpthalfirstalinearized double-
nol um nescent signal, an el ectromagneti c signal, an
strandgql Qé\{l} icthe désltaélﬁgpetwgelb theesqrrespongingsl Qipthe éecpgqgsllug:‘gpzed double-
s&mu@d Aifference or any conbination thereof. 13. The
od of claim 11, wherein the signal derives from
fluorescence resonance energy transfer between a tag

4 ORnS Rt o 2 P PR R o BB, nc iRl RE aRing first strand of

a doqu@-%@ﬁfH%& ONARH Y td g@@ﬁé@fo (Qﬁéﬂ“@rﬁ&bh&ﬁe@ fla n%@f Bic MRESu and (b) a
aproe reS|d|ng on a ap h—i/ nati on

correspératiegyfegiondn thihwconst mad@f'ﬂm dniubicastraiist ONA. £ he f | ap

conprises at |least a portion of a base sequence of
i nterest on the doubl e-stranded DNA. 15. The net hod of

25. Ciraé Method Wielagh 24t Rieth fristHgze&x@odih@pheaiaptib@ 14Bdl&t probe
DNA strand, the correspondi ng region of the second DNA

complgmeriaty, o 1988t anoriepl is PEODS oNteng e Hissttsirand ofthe RENA along the

s YRR DI LB S SRSl
Flain110 further conpr|S|ng at Le?ﬁt parL:aII¥ ;
e e ra
6. DS BB Q’%i"ﬁ&&% W*&rtﬁﬁi% g 1S gpcomp }:?5?4 Pb%xwﬂlgﬁlée first and
secondE &B@cﬂg @tga éi@@ 'UN]Aé)tfo atttb% édttrlr?% eSSt E@Rthe, Qﬁle@gﬁltl?ans%ezase, a zinc-

he net ho claim 16, further conprising suring
ﬁngertphaaem st mtxbedja,eft tvesoriptwm faq:tomarIH\IAégmdmgﬁroteTmel ritplropblyamide, a
.. of clai further conp correl ating the .

wiploxgfosfidhepfeon i idsr epom Eadtishios G olumbiyttifation thercot

genetic or cytogenetic map, a nethylation pattern, a

| ocation of a cpGisland, an epigenonic pattern, a
27, phheingthodiot alairs R&r whereni the pen- cyting rptrechionichatoeemprises a tag.

t her eof

28.  The method of claim 23, further comprising correlating the distance to a structure, a
sequence assembly, a genetic or cytogenetic map, a methylation pattern, a physiological
characteristic, a location of a cpG island, an epigenomic pattern, or any combination thereof, of

the DNA.

29.  The method of claim 23, further comprising obtaining epigenomic information from a

DNA.
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19. The nmethod of claim 16, wherein the |inearization
is effected by confinenent of the DNA in a channel.
wQen10dess3ret hod of claim 10, further conpri si NBCT/US2009/049244
weasuring the intensity of at |east one signal from at
0 The et hod .of claim 20, further
30. Z\rﬂa thed 56@%%}2&}%1513% RYMPHEB#si ty of the at |east
one signal to a structure, a sequence assenbly, a
genetic or cytogenetic map, a nethylation pattern, a
pl@bsliiltg, ogiadubt dobhleastiandddsiPNG, ome pomatei sequapte-apaspi@ locations on the
genom c pattern, or any conbi nation
ﬁ“td@%%?§%¢uﬁﬁiﬁ34he met hod of claim 11, further conprising
obt ai ni ng epigenomic information fromthe DNA. 23. A
met hod of characterizing DNAs, conprising: |abeling,

olabelig, pg e seienideublersipnidad IBINA, thewgermgsparging one or more sequence-
Ci t tthe first DNA; |l abelin

specif R o R b LB R BB AN e Too o rore

correspondlng sequencespe0|f|c | ocati ons on the second

DNA; linearizing at least. a portion of the first

d RS igngat SasteddaNpR of the disstidophlg-sgandedddNAa portion of

t he second doubl e-stranded DNA; and conparing the

di stance between two or nore |abels on the first,

| limeaizinged lcieLiopason anitie dirdaublo-stramdedi BN Anaml bet ween

the correspondi ng | abels on the second, linearized

doublestranded DNA. 24. The net hod of cl aim 23,

Irhglthe 111"[@11@&& bf‘Q S gﬁaﬁﬁ" %Qﬁﬁ%ll bBMediry lidagisé @ dle-stranded DNA
|rs strand of | e-stranded DNA so as to give

to the pitensity of (he)signal gﬁzhgﬂbch dithrestcond pinedrize dofihle-stragded INIA.
and (b) a corresponding region in the second strand of
t he doubl e-stranded DNA. 25. The nethod of claim 24,

31.  f Uhé hethod @TRIaif 30gwhRRShO Gibt g fsladgorhyslisBed B&Jﬁicﬁﬁﬁg a first strand of
probe coiylenentary to at |east a portion of
a doulﬂ%ﬁ@ndeé Nt @p Agta Eiee fipe Wr(aka yhybodized ﬂalmfAtha |ﬁéﬁgtrtnlfrband (b)a

cortes O i R %o S g S GRS I APENA. ' Clai
23 wherein the labeling is acconplished by exposi ng
f|rs ond doubl e- st randed to
32. ¢ eaﬁﬁhlomg i BB E B RS Sdonae %&ﬂéﬁ@b@é@er:m'ae
compl%fn@ﬁt%f}ntg%rf leﬂﬁtoa.t }]%rﬁqm @ﬂh@g%db@ogéfenc@né M4 strRid Sfthe DNA along the

factor, nding protein hai r pi n polyan1de a
orresponcbﬂlgvegfammﬁth@se@bmcgﬁd@oxmmdowﬁmmede mare pahptaddases, or both.

nucl eic acid, or any conbination thereof. 27. The

nmet hod of claim 26, wherein the non-cutting

33. I €A hleBlol O cRNA BUBSBBPEdngR iy dod@lating the signal intensities to a
structure, a sequence assembly, a genetic or cytogenetic map, a methylation pattern, a
physiological characteristic, a location of a cpG island, an epigenomic pattern, or any

combination thereof, of the DNA.

34.  The method of claim 30, further comprising obtaining epigenomic information from the
DNA.
35. A method of characterizing a macromolecule, comprising:
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28. The nethod of claim 23, further conprising

correlating the distance to a structure, a sequence
w@zsEentdsys a genetic or cytogenetic map, a nmetPgI/ES10091049244

pattern a physi ol ogi cal characteristic, a location of

a i sl and, an i genom c.pattern, an )
hack Y ntaﬁt%ﬁ cu f‘otortwv%\a&tleaéboneﬁﬁ?@ FHaning thprefrom along a
channéll i Hg 2a$1eafswﬂett%ﬁstﬁ&tmlrdlgwggd MREh:NnAY epi genoni ¢
information froma . A nmethod of characterizing
DNA, conprising: |abeling, on a first double stranded
Jore. seguence S eC|fhc | ocat i

v G Bioa B SRR PR b bt PGt O i or e

macroﬁ%ﬂ@u%tﬁfdu@ﬁ dhacht DN odd@nsiBicli &5 PORE chhnene or nore
sequencespecific |l ocations on the second

doubl e- stranded DNA; Ilnear|2|ng at least a portion of
t rizlng at |east a
36. p‘t‘ﬁ Ing%h%tgfo?gﬁ%?ls gf H&@Foﬁthﬁs%g a&ﬁ&m and
conparlng t he inten3|ty of a signal of a |label of the
first, Ilnearlzed doub| e- stranded DNA to the |ntenS|ty
37, ofhe misthed g glaing 85 g hes themagiogalesulspmnrisaeatabskd
doubl e-stranded DNA. 31. The nethod of clai m 30,
wherein the |abeling is acconplished by nicking a
38. f Thsmettodafidlach 34, eberbinghs sigaaldean ONkabsigad, dnoelertmenl signal, or
rise to é%)%en unhybridi zed flap of the first strand
any comphynatipn thereal r espondi ng region in the second strand of
t he doubl e-stranded DNA. 32. The nethod of claim 31,
further conprising exposing the flap to a | abel ed
39.  prbbmedodpil elwem Bar yhereinghe agromadequbsr ¢angmises deubée-stranded DNA or
Cmﬁnp{oggl?extending the first strand of the DNA al ong the
&of gﬁbnding region of the second DNA strand with one
or nore | abel ed bases, or both. 33. The nethod of
claim 30, further conprising correlating the signa

40. i hhemsthodes clagm 35 shuriliet epneprisin ssEpsosEnsids éhlﬁﬂs} ong flap through the
at 1eas9§Hee£d ‘s‘trf&tloﬁ}é{o?%ﬁ{aﬁt g..map, a methylation pattern, a

yS|o ogl ca arac erlstlc a location of a cpG
i sland, an epigenonic pattern, or any conbination

t her eof f the DNA. 34. Th t hod of clai m 30,
41 frpeiled egﬁgﬁfacgqrw@}lgoao%trﬁmegecg% GRERRIHAIRE i nf or nat i on
fromthe DNA. 35. A nethod of characterizing a
macr onol ecul e, conprising:translocating a
mhbelomdtdeast petiopoi 8 nagramolé@dst one flap ext endi ng
t herefrom al ong a channel having at |east one
constriction disposed therein; and detecting at |east

OREMEbilinAk tkPMh&SRRNLURY t O the passage of the at
| east one flap of the nacronol ecul e through t he at

| east one constriction of the channe

disposing at least a portion of the macromolecule within a channel such that at least a

portion of the macromolecule is linearized within the channel; and
detecting at least one signal related to the labeled portion of the macromolecule.

42, The method of claim 41, wherein the macromolecule is bound to at least on¢ bead, the
molecule being immobilized by the at least one bead being caught by a constriction smaller in

cross-section than the bead.
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36. The nethod of claim35, wherein the flap conprises

a label. 37. The nmethod of claim 35, wherein the
woreaoomssEcul e conprises a |abel. 38. The net hedI/v82009/049244

claim 35, wherein the signal is an optical signal, an

el ectrical .sjgnal, or any conbjnation thereof 9. The
4. e ot s BinBribs ArBRB A FoRerQetinshed BY chentally
tetherﬁgrﬂmm&@m@%ﬁie% akhandedy QlcaPiRABbilRink (Reh@eroftlccule, by
T further conprising

e nethod of claim 35,
opticatly #mppiog dic merromeleatle] eragyy combirfatian thekgodugh t he at
| east one constriction nore than once. 41. A nethod of
characterizing a macronol ecul e, conprising: |abeling
44. arhé eRedoddF PRI 40 NwRErem tHR GaefmRl @&l LoongHvedAt 1ba&t Bk diclectric
_the macronol ecul e; disposing at | east a portion of the
modifieaerbamisl e sumebilizeth by am opteshHeP- such that at |east a
portion of the macronolecule is linearized within the
channel ; and detecting at |east one signal related to
45, t ke matheded chan til pwhatintthe cimmaclorsized s & todZlectilli@arization of the
met hod of claim41l, wherein the macronol ecule is bound
macropilegule. east one bead, the nol ecul e being i nmobilized
by the at | east one bead being caught by a
constriction smaller in cross-section than the
46. bAacndl3sis Theemptongutisofg: cl ai m 41, wherein the
i mobi lization is acconplished by chemically tethering
t he macronol ecule to a surface, by magnetically
' Mt&ﬂe@oﬁ@;rﬂsﬁ? ARG cREHHBha Yy PRAAIR R 1h% rAXRRIIREh about 1 to
t he macronol ecul’'e, or any conbi nation thereof. 44. The
about @9 hawnestiers;l ai m 41, wherein the nmacronol ecul e
conprises at least one dielectric nodification and is
i mmobi | i zed by an optical trap. 45. The nethod of
CirRisibgic WhGITRIE dtheaschiansgion icap#bl ZetheROti RSy idimebilRhig a
I inearization of the macronol ecule. 46. An analysis
macrogipdqcaly retagiipFd P syrowndgigysedinte conpri si ng at | east
one channel having a wwdth in the range of from about
1 to about 100 nanoneters; the substrate conprising at
47. | ehstnabys sy8@hool daipadd, evhefeis teehhnnet bymprisee hiwidai ingherange of
cronmol ecule relative to the surroundi ng medi um 47.
from a%l%t %@I%@P@%@@P%e&' cl ai m 46, wherein the channel
conprises a wdth in the range of fromabout 10 to
about 50 nanoneters.
48.  The analysis system of claim 46, wherein the immobilization region comprises a

magnetic region, a chemically active region, a constriction, or any combination thereof.

49.  The analysis system of claim 46, further comprising a device capable of applying a
gradient so as to dispose at least a portion of a selectively immobilized macromolecule into the at

least one channel.
50. A method of characterizing a nucleic acid polymer, comprising:

labeling one or more regions of a nucleic acid polymer with one or more sequence-

specific motif labels;
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48. The anal ysis system of claim46, wherein the

i mobi | i zati on regi on conprises a magnetic region, a
W@b@EneB3 y active region, a constriction, or BEEUS2009/049244

conbi nation thereof. 49. The anal ysi s systen1of cl ai m

46, further conprisi a device cap e

gPUElHE WE o %SI&P@% 598 e qrane quﬁéF%‘f%‘ﬁg Bty abels to
the po&ﬁbﬁ of theen¥ ok W@ééq&é&‘é -JPRGTL R CHeR It OntdiEc &did polymer;

| east one channel 0. A nmethod of characterizing a

nucl eic acid polyner, conprising: |abeling one or nore

?ﬁ%}{l}%lﬁnéjgn@()rr}ﬂ&[le%é aﬁf 8t PelhY OBl a\é’ldt[{blﬁﬂ@r e JHROF more segments

sequencespeci fic no abel s;correlating one or nore
includgigyomel s nfarenf dnneemrennmpecxffc el Isedueltbe ns@eiciatidpolymer; and

notif labels to the position of the one or nore

sequence-specific notif |abels of the nucleic acid

podrypeeing cfne «pv aenct signadnef arc mmon@e segrecidsegentaeo one or more

nucl.ei c a I n nore segnents . .
corres gt e BT B 1 R dp ST e hegplafive locations
W1th1n tﬁ@ ﬁhﬁelefacfd%lﬁﬂ&l 81 AT iorB QbREsd RPFefQTPAr i Ng one

more signal’s of one or nore sequenced segnents to

one or nore correspondi ng signals of the |abel ed

nucl eic acid polynmer so as to develop the relative

| ocations within the nucleic acid polyner, of two of
51. rrﬁherrsﬁnpdelﬁ chinségwaeats.. ths labelligis me¢dnoyplisbéd by &)rmn'fg)a flap in the

nucleif 4 et Pt Shak s iy SBE et b e HER-AF 2By CoBination

thereof €0l on vacated by the flap, or any conbi nation
t hereof. 52. The nethod of claim50, wherein the
correlating conprises linearizing at |east one | abel ed

52. pq’ﬁé hl%ﬂloﬁfof them Bg%ﬁéﬂém@ﬁé GorPQh B ompRes GriPREheaGfone
claim52, wherein the Iinearizing conprises di sposing

kmebdMeﬂEMxﬁéasnwhm@amapehearport|on of the nucleic acid
pol ynmer in a channel capable of linearizing the at
| east one | abel ed portion of the nucleic acid polyner.
53. 57he ethodet kladn 62, whaim th8 linéaniztﬂ'ge;l‘onqmism dispasong the at least one
radi ent .to the at one | abel e

] cat | on o a as
tabelof BPite§ T 4% miateiciadt BRI it R dap e bl i Rdss gt one

MbebHB@nﬁ%xk%ﬂﬁhwﬁﬂ@a&@Bglﬁérport'on of the nucleic acid
polynmer, to nmaintain fhe at |east one | abel ed portion

of the nucleic acid polymer in linear form or any

54, C@H@hﬁﬂfo'd%@ clal}f8 Ofurthélscon%g}%ldﬁe%%ﬁgatﬂ)fn ¢t £H1e519 ’to the at least one
npris

wherein the correlating c detern1 ing t
labeled psttmncé tltaettum@mamdvpokymenm as fodimehisze thonfplanst nge taheled portion of

e SRS b, S PO SRRl i PRk e

in lincaPforMh 8 flytohitnSREWRAEIMY conpri ses Sanger
sequenci ng, Maxam

55.  The method of claim 50, wherein the correlating comprises determining the distance
between two or more labels, comparing the intensity of signals evolved from two or more labels,

or any combination thereof.

56.  The method of claim 50, wherein the sequencing comprises Sanger sequencing, Maxam-
Gilbert sequencing, dye terminator sequencing, in vitro clonal amplification, sequencing by

synthesis, sequencing by hybridization, sequencing by ligation or any combination thereof.
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G | bert sequencing, dye term nator sequencing, in

vitro clonal anplification, sequencing by synthesis,
w@eqguemssng by hybridi zati on, sequenci ng by | iPEr/uswov049244

any conbi nation thereof.57. The nethod of clai m 50,

rei e rises from about 5 t ut 30
Mrilﬁ Bisdod o R Wﬁ%pwegmee‘i SATPRTEGS fre\ﬁeaﬁ’aewréo forfgbout 30
kilobaGQnpari ng conprises aligning one or nore |abel ed,
sequenced segnents agai nst the | abeled nucleic acid
pol ymer such that a sequence specific nmotif [|abel of
er Wt

t | abe se ment Is inre t

coftr BB &Y R AR RC BT P st RaL Tl e Y et abeled
sequeﬂlo%@%b@ﬂelﬂyé}éa%s@ t1RAhBEIADAYENEE acid polymer such that a sequence-specific motif
label of the labeled, sequenced segment is in register with the corresponding sequence-specific

motif label of the labeled nucleic acid polymer.
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