WD 2010/ 059731PCT/ US2009/ 064996 POLYNUCLEOTI DE MAPPI NG AND SEQUENCI NG
RELATED APPLI CATI ONS [ 0001] The present application clains the
benefit oWoUniwosa73st at es Application No. 61/115, 704, fi lped/USenemtmpe 18,
2008, the entirety of which is incorporated herein by reference for any and

al |l purposes. TECHNI CAL FlIELD 0002] The discl osed invention rel ates
to the field of nuchi[éﬂ&'éP&F&E{l%%JPthgk@ 413Dt$Feépﬁé\{ N# ol ecul ar

i magi ng. The di sclosed invention also relates to the field of

nanot echnol ogy. BACKGROUND [ 0003] Wth advances in nol ecul ar bi ol ogy
techni ques has cone increased interest in analyzing smaller and snaller

sanples with ever-increasing resolution and precision. Sone of this is
dri ven RELATED ARPLIGATTAONSat popul ati on heterogeneity can often obscure

salient featuyres of a sanple,. Limted sanple_volune is also a consjderation
for some appPiid ididrssent appligisy _a1Wiﬂl‘erej'Pe_é1§ﬁ%‘Pflilﬁlﬁ_tetde§ﬁﬁ%‘ 3&@%%&_9@% n
theory.q1¢aBaherRl NXEMBEL 1919064, I drte@Dof W@ TBcbRordtE PR PRSI ekt SMal |
sanpl es, the effectiveness 6f such techhi ques has been [imted by their

abi | i t yotanyrapd @ll\permisesict ural features on such small sanples. Accordingly,
there is a need in the art for nethods and rel ated devi ces capabl e of

obt ai ni ﬁ@g&g\ﬁ:} hé;l;l?r mati on based on single nol ecul es or other physically
snmal | 512% . E ue of such nmethods would be enhanced if such methods
were capabl ¢o@02]i MHeQNIcNGed PRBnfidErelR800 B fidd kbhuasie Eideyqaabing\wad tdthe
current_techni ques. SUMWARY ) )
field of molecular imaging. The disclosed invention also relates to the field of nanotechnology.
BACKGROUND
[0003] With advances in molecular biology techniques has come increased interest in
analyzing smaller and smaller samples with ever-increasing resolution and precision. Some of
this is driven by the realization that population heterogeneity can often obscure salient features of
a sample. Limited sample volume is also a consideration for some applications.
[0004] While existing techniques are, in theory, capable of extracting significant
information from physically small samples, the effectiveness of such techniques has been limited
by their ability to resolve structural features on such small samples. Accordingly, there is a need
in the art for methods and related devices capable of obtaining genomic information based on
single molecules or other physically small samples. The value of such methods would be
enhanced if such methods were capable of improving upon the 1000 bp (1 kb) accuracy achieved

by current techniques.

SUMMARY

[0005] In meeting the described challenges, the claimed invention first provides
methods for assaying for the presence or relative positions of one or more exons, the methods
comprising labeling first and second locations on a biopolymer with, respectively, a first and a
second label such that the first and second labels flank a first region of the biopolymer that
includes at least one constant exon; and linearizing the biopolymer and correlating the distance
between the first and second labels to the presence, absence, or relative position of an alternative
exon in said first region of the biopolymer.

[0006] In a second aspect, the present invention provides methods of obtaining

structural information about a DNA sample, comprising nicking a first double-stranded DNA
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[0005] In neeting the described challenges, the clainmed invention first
provi des nethods for assaying for the presence or relative positions of one
or nore ewonsio/ashsinmet hods conprising |abeling first anegcyamseod/obodeat i ons
on a biopolynmer with, respectively, a first and a second | abel such that
the first and second labels flank a first region of .the biopolyner that

i ncl udé8maLe Yk tCWRREHRE laﬁlfci&gowﬁoa CqE5HABTBITAYS M BiTsy6 W?réarbegﬁad

corr el albRGtiddNG: HSHANER RAtiMEERstRecEd by ][thealﬁekiﬁg CaRAubRRG! Andadizide .

presence, absence, or relative position of an alternative exon In-sai

first mpegianofofic fitseddmibdpstranded DNA samplp @00 &icludes at lsast owad dgstbeted t he

present inventio rovi.des met hods of obt.aining st tural . infqrmtio
Cbout | BRIt B HRE Tl TRiIRT B v of hasu P oL e hdad Bcodss.
2010/ 059731 R§F0AYS2009 HRRARABrSABMbLES ¥f SUMaiAInS RERAEE MFRBfkibh Gblit GliubRic
endonucl eoase; incorporating one or nore dye-|abel ed nucl eotides at two or
nor e niagkl egpadymers cernpiesing bingingtahfershiledpsegnitinigbelad bamsece speeifia probiclgviag
portion of .the first doubl e-strande sanpl.-e that includes, at. | east two
Gye. | apdfadfifot Msiiud e Lufiett LEPEFEpIG FR T SR B PRI kB vo or
mor e | 3heddiRd ndyRid RibEbiegolpthet @athiadBst terminator i dEblde Al sitn g finst flectesieat

nmet hods of obtai ni ng sequence | nformation about a nucl eic acid biaopolyner,
conpr i $3heg Withssegndtormingformuglsplédechaating aisegonr dyorsens bl $pdc thitd probe
havi ng té’mﬁhe[té}nd%léaﬂhé‘gea?ﬁwg%etﬁﬁﬁ phBreilce%'t (l}%gl?aﬁ& fvﬂﬂqefgm!&&'f“e in%tcﬁ%hgleotide

bi opol yner; contacting t si ngl e-stranded nuclelc acid biopolyner wth a
first theanngrafonrthrflnotaodntdebehead lingariidg amsitillfnimatieg dentuclcadelid bispdlyner

second term(getator. nucl eoti de bearing a.sec r]%fjl uorescent | abel, wth

third SeAMNRIMIRUEF SBPFHE Oaéslﬁﬁlﬁgpgoo%ltmﬁp e el eeuBfer pupheatidedha ssoph a
fourt h (&8fimBatRIcoRHE BOMHIdGe PR RA b B dHRN! thE fiur AL @SIRABE nh@lRlde, &N _
linearizing and illumnnating the nucleic acid biopolynmer so as to defterm ne
t he presmhoetion theedodtddyasepigeithd amslabéled bajukngcsspetidicpretat or nucl eoti de, the

dt ' I ide, the.thi t i nat I i .he f th
Cor mi nat or WIRBo e oS o iRt b aP Buthe MLRhe FrpRE e ey
| abel echysiRRURRCHOPFIGMHES, icérn?fiﬁlﬁ% contacting 4 @RB&LstlbiBed PvpolyhRAwahaMigkiRy | des
ctura

met hods of obtaining stru ~information about a nucleic acid
bi opol yrgenuclegsmio asite gifed mifstnielgng sidy gontactrerthe fesd niskoygoiity veth apitsh a

 op: | goasiepiectier e iskopo ha
fi st aranran Slefaed PRe fuflio B bt DSl Btlhr g B 05

| abel A, flutkrdsbert 1§2CBNEith arthird &dr@inafst@lelebiidebdagiag b Myotestdny ibeBC eatd Wwidbe! B,
with a third term nator nucl eotide bearing a fluorescent |label C,  and with
a f our ffautheiciningtos puegetdedicpes paupicaegnhlapelydraddmsprizing and Humgppiing the

| i near igi fg @nthddicpuinat ggglstt@ﬁetg@lﬁ?%ﬂfe%faﬁ?éjﬁéjsiﬁ?&ﬂ%?'tﬁ’e”ﬁst Rni%ﬁtgeo e

determne the relative positions e firs erm nat or nucl eot
second nbeleotideatherseornc teminater nadieotidhj thd thind termmbor nncedtetst ihddourtthe f ourth

t erm nat or. nucl egeti.ge, or any. conbi nati ?n t her eof [ 0009] Further
provi dégmipaonycleofige. g apy GembRAtioRIPEISs -ex hybri di zation, conprising a

plurality ofioduopr irdi-dat h80ided aRaStsFBCHerRrmbhh il &y bE Hion, @8 prising a
instructions for applying at least two of the plurali'ty of hybridizalion
pr obes plwalityred iy biidizatwingrelaspheh effrddifficrenacdler, agd antrustimagiforppatyihgadtasone of

the hybridi.zed . nugc] ei ci,ds. BRI EF DESCRI PTI OF . THE, DRAW NGS | . .
[0010] Rt BRI O B TR B St WS AP e A impsdne
furt herayt Waglems bead NYBEDIzZEEaGc1E0 a6i@R) unction with the appended draw ngs. For
the purpose of illustrating the invention, there are shown in the draw ngs

exenplar¥ enbodi nents of the invention; however, the invention is not

i i t edBRIER RESERIBTHON ﬂ&?ﬂ&é}%&%@?u ons, and devices disclosed. In
addi tion, 1t hgy ) AWHGS nidfay, MR wdMER §5S Rilobn FIRMLd TR GGRE, is Filulepe draw ngs:

understood when read in conjunction with the appended drawings. For the purpose of
illustrating the invention, there are shown in the drawings exemplary embodiments of the
invention; however, the invention is not limited to the specific methods, compositions, and

devices disclosed. In addition, the drawings are not necessarily drawn to scale. In the drawings:
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WO 2010/ 059731PCT/ US2009/ 064996 [0011] Figure |Aillustrates mapping
statistics for Nt.BstNBlI nicking endonucl ease denonstrating that 100bp
optical rweabwidsersidramatically inproves the map accur aegTarsdooovspage;
[0012] Figure 1B illustrates uni que mapping statistics for Nt.BspQ nicking
endonucl eas

d nstrati that 100bp optical resolution. has |ittle inpact
on the map iﬁ@dﬁﬁyg%&%ﬂﬂwﬁ%mpmg stafgps dgr ﬁ?-éﬂ%@f@lﬁn}g Yeppygersct hat a
conpar akibattathb M8 TR dptRakRioMash B8hkEEalHEhRFLVQ P ANRhcchPcy3hd uct ur al
vari ations than does a conparatively coarse map (16kb); [0014] " Figure 2A

depi ct sokRIe, gene structure; [0015] Figure 2B lists the size of each
exon (alter l.vye exons wn as shaded) .of each ex resent .in the MAPT

gene: b3 & SR 1B Y e PedriBe BB g OGRS scheme. f or
super TeRgeHudlch Q) dbmBAEtAGNA shad POAHpRshtice rEMtRNOhs $itld ©dpass od @0 kol dt@dée 2D
illustrates a nmultipl exed barcoding schene; [0018] Figure 3 illustrates

starti agdgaredeal s for sequenci ng;
[0013] Figure 1C illustrates that a comparatively fine map (1.5 kb) has better detection

power for structural variations than does a comparatively coarse map (16kb);

[0014] Figure 2A depicts MAPT gene structure;

[0015] Figure 2B lists the size of each exon (alternative exons shown as shaded) of
each exon present in the MAPT gene;

[0016] Figure 2C illustrates a barcoding or mapping scheme for super resolution
imaging as applied to RNA exon splicing;

[0017] Figure 2D illustrates a multiplexed barcoding scheme;

[0018] Figure 3 illustrates starting materials for sequencing;

[0019] Figure 4 depicts the first cycle of a sequencing reaction;

[0020] Figure 5 depicts the second sequencing cycle begun in Figure 4;

[0021] Figure 6 demonstrates that a multiplexed sequencing scheme dramatically
increases throughput;

[0022] Figure 7A depicts a model system of 741 bp PCR product used to demonstrate
the resolution of SHRIMP;

[0023] Figure 7B illustrates imaging results after labeled DNA molecules were
linearized on glass surface, indicating three (3) Cy3 dye molecules 30 nm and 60 nm apart,
which was in good agreement with the 94bp and 172 bp distances between the three (3) Cy3
probes.

[0024] Figure 8A depicts a model system of a 741 bp PCR product used to
demonstrate the resolution of SHRIMP and SHREC;

[0025] Figure 8B illustrates the imaging results after labeled DNA molecules were
linearized on glass surface — the distances between Cy3-Cy5 pairs was 3745 nm (32 nm
expected) and 91+5 nm (87 nm expected), and the distance between Cy3-Cy3 pair to be 563 nm
(58 nm expected) (Figure 4), demonstrating excellent agreement;

[0026] Figure 9 depicts a sample, nonlimiting embodiment of the claimed methods of

ascertaining structural information regarding genetic material;
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[0019] Figure 4 depicts the first cycle of a sequencing reaction; [0020]
Figure 5 depicts the second sequencing cycle begun in Figure 4,

[ 0021] Fiworelcdsesmonstrates that a mul tipl exed sequenciPOl/HedmE4996
dramatically increases throughput; [ 0022] Figure 7A depicts a node
system of 74 PCR product used to denonstrate the resolutjon of SHRI M,
[0023] Fi gur{é()% gt Pgegicty %F@Pﬁ%s EiTiog- |apitiag CmbpeInaEs PRRC SEVBEN es

were | infeaddseRds QRta M RSerue i d 2e®rmhfil CBAHNG dehREREMi)ialY3 dye nol ecul es 30
nm and 60 nm apart, which was 1 n good agreeffent with the 94bp and 172 bp

di stances bd088¢n Kigere Hrdopict3) n@y-Brpiirgb@sbodiment of fig0d4imclingetheds8fnddepi ct s
a nodel syst f 741 bp P roduct used to demonsirate the resol ution
o "ShiRi P a0 iddzire 12 oy Briel Gopd ks PrbSTRRT oo hheh sl Rgo ol « s
after | abel ed DNA nol ecul es were linearized on glass surface - the
di stan - ' 75 ed) and 915 nm (87
nm ex pﬁﬁfﬁﬁﬁ%%@%@ﬁ%ihm%% &Béﬁlﬁﬁﬁ% e 563 nm (58 nm
expect ed) (frbasd]e Fhk:pr@ROASETRhInRE, RXGRItEMd rﬁ&‘é@@eﬂﬁ?tb?y reference tPPE6]
Figure 9 depicts a sanple, nonlimting enbodi nent of thé clainmed nethods of
ascert aplhdwigg detatled desatiption wkenaini conngaigamdihrithe genvstpiasyinafignicaland exaples,
2010/ 0%&1 zg}llﬁ))%/a%sa%o(%%{lig ﬁs%ﬁ)%ure. It is to be understood that this invention is not limited to the

specific devices, methods, applications, conditions or parameters described and/or shown herein,

and that the terminology used herein is for the purpose of describing particular embodiments by

way of example only and is not intended to be limiting of the claimed invention. Also, as used in

(13 2% ¢
a

the specification including the appended claims, the singular forms an,” and “the” include
the plural, and reference to a particular numerical value includes at least that particular value,
unless the context clearly dictates otherwise. The term “plurality”, as used herein, means more
than one. When a range of values is expressed, another embodiment includes from the one
particular value and/or to the other particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” it will be understood that the particular value
forms another embodiment. All ranges are inclusive and combinable.

[0031] 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.

[0032] In a first embodiment, the present invention provides methods of assaying for
the presence or even relative positions of one or more exons. These methods suitably include
labeling first and second locations on a biopolymer sample with, respectively, a first and a
second label such that the first and second labels flank a first region of the biopolymer sample
that includes at least one constant exon. The user then correlates the distance between the first
and second labels to the presence or absence (or relative position) of an alternative exon (i.e., an
exon that does not appear in every mRNA) in said first region of the biopolymer. (The
biopolymer is suitably DNA that is complementary to an mRNA; such DNA is easily

synthesized by those of ordinary skill in the art.)
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[ 0027] Figure 10 depicts a second sanple, non-limting enbodi mrent of the
cl ai med net hods of ascertaining structural information regardi ng genetic
mat eri al ;wpQoRB)s9Biigure 11 depicts a non-limting enbodiPaeErts2ab/iot4ves cl ai ned
met hods; and [0029] Figure 12 depicts a further, non- Ilnltlng enbodlnent of

t he cl ai ned t hods. DETAI LED DES | PTI ON OF | USTRATI VE E NTS
[0030] The H@ém |S?|‘§I}§ﬁﬁb8ﬁ§ Hﬁ&élﬁé?%éH!ﬁt??fsearFé‘%?oﬁaW B ehce to
the fowleafwaage QFH%&&%@@&% rshﬁﬂl@fbﬁtl?é&%@sén{‘nﬁ%@%d mmlﬁgkht«:f@ey family of
acconpanyi ng figures and exanples, which forma part of this di'sclosure. It

is to Wmowpherest Ovltbrtfhuatophhies w1h\be khown tcp thomoof dkilirint thel attpa listmgsyfeci fi c

shown. PO fERG. £ hEB A ROTSLA € SBuSneR ey RS T SFRE s e o B,
descri Diyess Aay bé 6hakarB&RAsko ShiR Ynad@soie SPEMTRLE: MrdrpAsdsi S not

intended to be [imting of the claimed invention. Al so, as used in the
speC| ficati dﬂﬂ&%mﬂumg @H@blaﬁp@ﬁ]@,@d thy @Stﬁﬁce hehvecesi thg filsaand sncerd lakels to an, »
and "t e b OGLUdB.LRE Rldhabeo a6l S SRERIQR: RBLILOHL ALoAUARLIcal val ue
i ncl udés® AFS g% ?ﬁ%t 3 icular va Unies 8" K& *ednt ext 3Iear}

di ct at @&smbﬁ@rcmﬁsesmmphﬁﬁmhemlua@elbbwze,enaﬁe ﬂl%ﬁﬁhchﬁb@ﬁm],abmﬁfbseﬂf@hahé han
one. Wien a range of values is expressed, another enbodi nent includes from

t he on@1@&#%@@?@?1@@Itla?edlatﬁmed?etwﬁntlhléelﬁhﬁbﬂa%h@ {1 region,off the biogplymesr | v,
when valyes B R c%g&ﬁﬁa?aﬁer@awga;e @Xhtmg&g é?ﬁ'tﬁb d{ﬁ&sﬂ}dt finé nsﬁg%ﬂ gnt

"about,™ It w e understo art farrva ot her
enbodi nregibn ofAthk b[amgemera]m imahedey $1na/ﬂzu(ﬁmtemdmtmm abihearizing of bl{)lﬂﬂﬁm:rs ig is to

be appreci at feature f the_inyven i C
clari tﬁlsca%@ggm il ire ’éllt?aﬁlil Hater Recpiohpdlieptig N geboéf‘%‘lg&eéwf%mﬁ -S> 53@%} al so
be prOYEQSQH&Eo@%ﬁh&ﬂ@hkﬁﬂxﬁﬁe@hékﬂﬁﬂ cRbRdirsEnt purfRyer sel y, various

features of the invention that are or brevity, descrlbed in the context
of a singl e [605ddiThervorrelatiyg alluml}bmcl;udm/mhmrmgplmmten@c gtwean thairst and

subconbi nat,ign, Further, reference.t ues stated in ranges include each
ona cvargny dftil b Milensd e PEREE it R BT oy FEPATReL R kREn T he
presen%hbﬂMﬁWEéﬁyﬁH@Rﬂ%hd&§ﬁﬁ?&hpﬂﬁoﬂﬁlo&&ﬁﬁMlng for the presence or even
rel ative positions of one or nore exons. These net hods SUItab|K i ncl ude

| abeling fi r{@Q36&nc1”§~‘ek§GWéﬁtﬂatﬁéém o8s Fegvra2Gi whish yigare @awpﬂ @ “gfro
respect qp%'}?ﬁﬁ §t§1 a‘i?‘t”%aﬁvé%?ot%gdlz %%8 e%%'ci‘ LRk 4 u eh(fk% : ncﬁ{bge@%g?”d

| abel s region o yner sanpl it | east

one comﬁmgtaltammve oa ‘a3 eﬁhlbllnelmerﬁaweedxaﬁ amythelcthcdayadséeingeed thdréoni r st
and second | abels to the presence or absence (or relative position) of an

al t er nag§He NeatbRCreRse, Sep?’éﬁﬁ@k@ﬁta{“ﬁ‘a@“%Bﬁbber%?enatﬁﬁ@a’ﬁ ang Cgy ghygs Wyreu n said
first 6 t is
compl etii SPuied oy STURRR TRL li gk BB obBRimch Showht hARE Yo diind !

ordi nary ski[0037] n Riguee aBtis » tabD: 1ROV ﬂﬁamwemﬁm@@me@%natwe exond 9033]

I n some, enbodi hen e first an ond I bel s are the sane fl yorophore.
A wi de SP%% Yékr—adﬂtif}&% H it g e &ﬁl’eﬁsw S A BP%%% g?wluvtiﬁtva@ﬂus

i ncl Ud'sﬁﬂcﬁ@ﬁer@ﬁ'tatfo%gy)ééﬂ% n{ﬂhe@mph%&ﬁé Agﬂwn @ RRROELSsW, Blan&o kROWN
to those of " skil he art; a |isting of fluorophores i's found at, e.g.

ht t p: //cpnﬁldarﬂédalgemaewed@mglewmmw walr Ay avuv‘desQMb&Riﬂ mRi¥e | abel s may
be of the s | ugr ophore, but a . of .different.flu ore
(00341 The- JUE! s FHEaRRyREL# R bl Bh tirE eine op eFircbbinionPo PR BR0 5 e
second bligpeBnsertviti ARlitRIASRBEIS (wARSEACRbclOd nikdédtidel). Bieh addiibha 1zaJeIs%£5at ive
exons (or even the exons' relative positions) conprises conparing the

di st anceclyda thesame Heorppheye ag iy fgsicnecandtdehols, pr mwemclete fupsomiosgsalisinst
sanpl e ﬁto?n ﬁ{%@e 8'111 ﬁlt af?&t,{anﬁ%&%ﬁﬁaﬂe@ eﬁ}s &esF: 1 ?{r 120 i&o}rgﬁte.lthlé §fs}ag§§h§?zg§rf g?%he

bi opol yner 0 contain an a VE axon

acconplthishéeclbmdltheBat labeln chetthiad labemrﬁnh@ﬁecbﬂ@Iabep pobothEtd thdpdesdnoe buides t he
fluorescent |abels. Linearizing bi opol yners is discussed in detail in

Uni t ed 2Btoaeesl frfa%lmatwsﬂ%aw%d hetwemﬂwghlrw@ek Yrddhe et gL, botwespdly) | t he
entirety; Sfabtindhind SchbFRHRCLARR BEE EokkI Mo G FASHFRViR th &l diatRRHBEOSiBRs

of one or more labels.



[ 0035] The correlating suitably includes conparing the di stance between the
first and second | abels to the distance between the first and second

| ocat i onsworzony/dspmpol yrmer | acking an al ternative exon betcwamsnoovlesohs r st and
second | ocati ons. [0036] This is illustrated by, e.g., Figure 2C

whi ch fi [ t " ) pi | havi t t] .
Enbodi ment 19839y R ohpgUPEn A6 AT EES Ja ILFBRORYITEE hA AP Lckvat | ve. axon
2", Wiy gdoRhdrShARIds et AT SR Bendabeshies e?%rhsgal?% 81s¥dRE bERREn Ttﬁ?eeﬁr‘é‘?é%

results I'nan increased separation distance ( p) between the Cy3 and
Cy5 dyescandand wenoed end thisidplalatreaigy frésTefh o iight) he thediepdaleneat Thearsexan

bi opol yner, shown at the t of the fj.qure 0037] Fi re.2B is a
Dhor e YRE AT B plaiSysk Wrloit Porlioh) Shhersirons haervRamait SifBees oan by
shaded peivek $ilc RBES BAkh -+ @egﬁm&dﬁnﬁﬁf@gnﬁ{ B dstaed bdtWwedd @b esbelsapnge al |y,
the various splicing pernmutations possible in the MAPT gene. As shown in

t hat f i gerpeé cmbgdimenpshosngg theltop &f thedigvsé-der ed "al ternative" exons, and may
- or may not.s be present . in MAPT. niRNA. . 03 T ser,may. al.so
cuitaply 1 abeor RaBEREh < R uBhtbuanaboug i HERk POl i Ao

bi opol wa®k fwnt theatidardde ®adtech alxelabel§ Whé fiser €arfalso biabial &l ctivd igfotrhatem)bas&lch
additional |abels may include the sane fl uorophore as the first or second
| abel s.ondhe iplafive REdey QEtWe plomersHEPRas. whishiihtcilfstehpy Hisqwobsns bewand i r st and

second 4 t . t [ ird
abel gl HRBorBies, PORLGRIIE B e R ShABR R BE i |
t 0 t he apresane® whichliseprobesdfindiin tht brienatd -vecllexon gates posedtulpd tyvd Earchh e
third | abel and the first |ahel,. between the third | abel d the second

| abel , &I BSTRCnerE vebeh G ariten bigyn S Ipr Bliple Tre Werar| e BELPEIBHs of
one or Gy bARRSH :YR 2ORYIOBIZBLRGT) HSRARILBRAder in which r9R3Ae Thi's i's
al so shown by Figure 2. |In enbodi nent | abeled "2 + 10", the "biopol yner

i ncl udésurd/treangat ou ¢heseorpde & wieltiaslibe relhiiahdigraes batmecdpsbesed bet ween t he

first and s second and,thj.rd | abel readiong fromleft to right)
on' the' b1 opdAISr FetHETGaR e HERE P rRGH B e<Bn BT Lt SoBPET ve
posi ti @R kafples BAAE dErARme DYbyCRBR B Jort tE rélatileanad DRI WBBE dndehd abel s on
the "2+10" enbodi nent agai nst the di stances between the |abels on the

"zer 0" destdnsds betwecrsthewrobes —tthat tve paraples dister irgdp ghe order in whigho@a@in | n
addition to.gql ean I N .or mat, . St. i | yrer
under su95§1 f%ﬁy%ﬂgsﬁﬁg é%%ge%%P3§S%6?%ESFgﬁéﬁgﬁy%ﬁga%§%$§g§ﬁﬁgIg%:obtain
st r uct wamplebydndr(0pthc NmMdaseic @ copevirtitiahs e gxelesangile (avidedted®Y erfafobes,
which is facilitated by the probes bearing differently-col ored
fIuoro@Hﬁﬁé?@ngéﬁh@%@ﬁﬁF@fmﬁﬁmpﬁké%mbmb%égh¥}ed, yel | ow, and green) are
used, a seq ﬁ?ﬁﬁ t i i | I reen
is structurg y dif629%%$m%Egﬁﬁgygﬁgﬁ%#ggn?%ngﬁﬁ%ﬁ&f ém%§§ﬁ£§y§¥%§ﬁﬁﬁx?he
order el buwunere seithbly girome A0 bfhis desdubedi sBewhay hgleeanumbérarfrathnapuealqui a

sanpl e Lng th the relative order in which probes. are
bound/ a@?f%!ﬁ@@ FIONR'S rOthes IGRANAuEKONE (PEhQE grdipy Shda Usetrleen
pr obes enaple resolutibR 8f hbe RIEMHARED GrofnQordeNBohePb lﬁh&% BRtAXATY e HRRELT Hiag

above, the user that conpares two sanples could determne - by accounting

f or t hdundicds onvayeontaeof bésctagspr obes and the di stances between the probes -
that two sa iffer in ),.the order i.n which certain.nucleotide
sequences: anpiel (hondhcBaledyms PGl Hiankign PElk FEVARL SoPHEHERE g

di ff er enforraanR Sont 2DNA Sam 1o e TRERRIthRfs suRallly inchiRRYhidkdkd AfitseAsuble a gi ven

sanpl e (evidenced by certain probes being father apart on one sanple than
on anotstarded DNA sample[ ity 2 peqraece-sxseifis nes&@gmdpamlsoa@@pﬁwm aeckpsasmane

anot her 0, 0 I i out 30 bp. As
coscr t iudNuElth i« RaRadO Rty 400§ Pnfitl FRIBINN R o
SHREC, or ot[tes4]t eitem@heds skitabin inddudelins@pahting oha@mioskiykdlabichedihelcatitigs

enabl e resol ution of |abels separated from one anot her §¥ smal | di stances
on t he 3bPaRer Beregigkingsited clgeicd py diranckippendomuglsas. Repeadingonthe  [10043] In

a”Other&kﬁR] & GRG0 PR RYASS T TERQP HRe Qo OB RIRPRI
structura ?ﬁ%%?%@t?gﬁ g&?&g DNkbgangﬁg.gghe%e H%iﬁo%s&gﬁﬁgg%nginclude
ni cki ngudkirgd sies akbag iheelesgth af dedabiife. sSErphlelad tuvl@tid egare seigabdpmcodpoaated cki ng
endonucl egase. Such "ni ckases" ar 0 the art, and are. avajl able from
e.g., Mt]%h@pg(ﬁamg W&B??Wen élﬁte_ﬁ??ﬁ(gﬁd nucleofides are, 1n sulta%le erf%ocﬁments,



[ 0044] The net hods suitably include incorporating one or nore dye-| abel ed
nucl eotides at two or nore nicking sites effected by the nicking

endonucl| exeaniodspsndi ng on the endonucl ease and the sanpce/useaencanal ysi s,

t he ni ckage may effect one, two, or nultiple nicking sites along the I ength

of the sar%)l e. TPe l abel ed nucl eqti des e SLii tably i or(?or at edtj nto the
bi opol JFFEFIZPEIE PO BT IoREhe SbEF hri? @@ﬁaaégnﬁﬁ%{l insoRgicBhe
enbodi %ﬁﬁh%ngt%@n%g h@k%%l%%ﬁ&’é?%é{%@%&%%%@g% Oa}eﬂalsé? lor QHEr&RdRS t hat

counteract the effect of the polynmerase an t pronote further chain
| engt helepengingldrethnne¢dsatfitlheserray bear the sane fl uorophore | abel or

different | , dependi on t needs .of t.he user. 0 The

et hods. al s QOB Ay RS RS PRI e ne f garism affes st dgubre-

doubl exghiRAdIRIA @Mﬁﬁﬁﬁﬁ' iBclbddtat 1A6H tideSc ahbd @BfifcldoviBesd Y®ndeahelaB8led DNA

nucl eotides. Once the |abeled DNA is linearized, the user may then register
or ot hey nessized dleuwrer ey thanaepsist on eherwase acepnng forrthe poditagrs| ob dwe pemozbel ed
nucl eotj.d ar, use, i n further analysis. . [ 0046] One such anal ysis

i ncl udelasbegeo%r({rygl'l%lfeﬁ%dgmfcﬁeeoﬁggﬁ %tr P%/eempfééfﬁ?riagﬁlgs%f two or nore dye-| abel ed

nucl eot i des [0®46p NS subP bfal §dig ihetudeatoreamatherdlfivic §osifibnd drwlol dr shore dye-
doubl e-stranded DNA sanple. This may entail - as shown in Figure 9 -

det er nil#heky nugkeotidestta g opwoyReBRictufy ohasetcsstigsof the farsidkie-stimded BRI Ay

regi on i NHQF h g 10 I : G i i on or
copy mﬁ%‘gire' \}glﬁsﬁghy %ﬁyﬁqn agglﬁcgml{ ﬁ%@iﬁ‘r gtl?gl @Qe@@mcg%egér“?tﬁ%'ﬁ%‘kgé&%@%- léabel S
di st anclatare trvevnstarfphke atregivief etrvseasnch abe keiah lstoamae contam camtairomhutganpl e
(or the between-I|abel s di stance,.on another sanpl aken from anot her

i ndi vi @GEPPIORURBRYVETIfiRR 18yome i uflvc By cowpar b e Rdbohdstapgs; e

under apapxsh shdBRYwERAVBLEQHisBALe HRY %%nt?ol@%?feq&l RE bR IR distance, onl 0047]
In sone enbodi nents, the "barcode" derived fromthe relative positions of

t he | abebtheprasmdntakenfromenbibepoldpndual samdiredpi9yihdesericah detaenine whethgathdi ng
the relative position of the fir dqubl e-stranded DNA sanple within a

or nei BTt aeBreinel R B RO e A RTERE 1 (ot doubl e- ot r anded
DNA sanpl e veeu7gert e crhBedin®in tHRabeReee” (RiRBS fidmSak r@itivel [BRAISs bLthe .-
fromfluorescent | abels spaced apart from one another) that represent a

st r uct atgls rrhsenben theibsenotymadr samprppeldeseingormatipe regiastingthe relativieeasitione!

| abel s I th r.ese t f e in the
a9t on Porp i tRRaR BEEPY £ skl RERED R hul MR SN R Pt ) o
parti cwlich siafipételowblerserahdid BEA safpsd @idesivbd 0Thé abal dadbspaseshs anet dfe
sanple is unique to_that sanple or distinguishes that sanple from other

sanpl esi@#Alde-gs figay luorescent labelpsppedenariehkammone anefherd drat rpyesq@iitifichgalt hat a
porti O%hﬁfactkﬂ&icb&" ngﬂfgﬂé)('e%. 2 the itanS20RbEed Bb%(lﬁ ﬂﬂ}r%e"cgﬁ'ﬁﬁf%h"to gl e
t on akKen romthe

overlaps w the bar cod a second sanple t parent”
sanpl e préshus dfadicsad copgy dfmgent ethepagienbétweaniedabal)l dite dbirheda’egh alsodbonmon

to the first. and second sanples. Such "parent" sanples may be djgested.to
give r e Saadar F‘@f‘“’&ﬂ%é%ﬁl&l? Siberbe se iswa%éwrﬁnﬁéﬁls H@pPWé@éF%%nﬁé is
anal yzeg; ¥ ’lfh_%t ¥af'i’ﬁﬁhf?615di§§ﬂéh@s@l%s Hﬁ%a&ﬁﬂ?@@roﬁﬁ%ﬁéﬁgﬁl thstigd suRyy. “ bar codi ng”

the smaller oligonucleotides, the user can then determne the relative
posi tions ofl0848¢ dior goanplk sowdcdaryidatetthme thed reportionsefithe barcode on a fifs0049]

This is_sh in Figure 13, which depicts raphi cal | t.he s S
0 gost PREPE it Sangel s BRRY ol o5 Rade o 8 IRe BB RS oM
resul t thd givdnesah3€ ShisaRdicainth thixahalpLeire Bdmple Sl the £2RM ddYhmon to the
conmput ati onal methods - of products having corresponding .
first and second samples. Such “parent” samples may be digested to give rise to smaller
oligonucleotides, which can then be themselves analyzed by the various methods described
herein and then, by “barcoding” the smaller oligonucleotides, the user can then determine the
relative positions of the oligonucleotides in the “parent” sample.
[0049] This is shown in Figure 13, which depicts (graphically) the steps of digesting a
parent sample of DNA, placing barcodes on the products that result from the digestion, and the

alignment — suitably done by computational methods — of products having corresponding
-7-



WO 2010/ 059731PCT/ US2009/ 064996 barcodes so as to piece together the parent
and the effective barcode for the parent. In this way, the user can then
correl at evohelospsode on the parent to, for exanple, physiralsogwoadoss
conditions in a subject. This can be done where the restriction enzynes
used tQ digest the parent are known to isqlate gengm_c regions that may
cont ai RAEERS? m%ﬁ%pP%mga&h%ﬁg PagRbifd thg P?%%tw&bama)@atf?rdﬁgg%rﬁ% YA

det ect gl ¥ CAMMAS bage1bBen aRlRGR e M@mo,tfﬁ@eia%qﬁéﬁ)h?m%pg&%ﬂc&faﬂdag in
region of Interest to the distance between two | abel's that "are di sposed on
a " contarsobjectorTHis¢anrigtatod? whiest the sesknbion enpyrhesalsed ar digest pfegsess pret flvown to

mut ation. or exon of .i nterest. . 005 As .a.non-limti ex | e he
User P ST ety AR RS By EP e e e e ot ot B ETBRS fib

di gest icanb®HSdsted By 8dmpariRAh Blst588Bét&cc@iifb faBEIR dBPIRULALthORBI IO fTifRRSEMDI €
those products to reform arent," wi th barcode. The user can then

the "
conpar éo thealigiarce dgavash twh éabEbatE@rﬂtfe disposgd e e “kefvml” slrabinderd’ shates eravyme one
or nor%c%gta{@ctoereisstthgs u%io'%l%?e gnrg{atterssych as copy nunber vari ations,
addi ti ofor a8t on o exSis, “ahut e Prke. In this way, the user can
perform a qyedsn] atAyven@shesairiamdlic, the'Bar @By plas@npl endivodselci @bkl Yiedey, a
placing all of the digestion products and their barcodes in their proper
cont extbaggote phlabels on g dgestion products of g5 pgremtamply 11od shegonywiatiopehy i ncl ude
ni ckin ~ ande i L E
ni cki nge%%%ﬁgc ggg{ébg, &F?i%r porglte %egﬁ? gir?bg'\rr%%geg{/%- aﬁ%&géﬁgﬁ%%gfhges at
t wo or bambde of thki“pgrest”’ tte sthef kenirechnipted thelcrermldcrnge en dontclaeaseistits ofthe i zi ng
a portion of the second doubl e-stranded DNA sanple that includes at |east
t wo dy@ateabé}l%awevélamba%%a,ﬂaaﬂ%ﬁ@@f@fe eF ?1?161‘(‘@)#@’?‘9“% SeO MGG g‘i‘th_%‘f"?}ﬁg)
the relgal i e RO fRNSqalitdiVe a QbssTRhBof ARRER eIk BPEIFRAHMUE | Q%N S5 of
[ 0052] These relative positions - i.e., the barcode - of the labels can (as
previ otlsd digektion prdxd)s dnd thgebhreales et dcripnepet bentexs|vathio Hehipprebet ween t he

first and s ubl e: st r ande: les in a i doubl e~ st r anded
DA sanmp e ADER weten e RataR sE R s BRE R s reBod IR BVA T oo ver e
deri vedample with 4 %ﬁgﬂceL@e&ﬂﬂﬁi&Wdﬂﬁm&)asé,Ql@cd#ﬁ(ﬁﬁti@&ﬁé&fr%r& AgcIBRY Ve
positions of the two or nore dye-1abel ed nucl eotides to the positions of

t he saruclggieddsabbyeer moks reglinggtes shcetcd by divdniglonp Pedonuelgigedn@NAINgdnpl e
contacted. w th, t 1 GKki I i er can
conpar & %ﬁho\é\f Qfglzlﬁ %g%%gg&é’ gé%:r(%n?g(} ?NZQ gagﬁ 1? g%% fﬁac lLuedr%S H}lg%lt é\{?%( f %gfr'ie]‘1 ﬁf: féé our ces.
Thi s emableesda, shdakiis@tihy €. € OrRardirgos HoEhPE®Re réitivd fsRiodaoPivaser @reShown i n
Figure 10. In that figure, sanples from Subjects A B, and C and processed
accor dil#hsladglyerebdsdiyataotidet hods. As shown, Subject C's sanple |acks a

| abel that t 0 j A i at
Subj ect C SQWI ac eé%%%?%ggﬁ?%{n g%'%?g?%%ae Tﬁgﬂ%ég?el%ﬁ%qtgigﬂﬁe%gélpel ate

t hi s dekstribddrlegisod td deternphy ticatlogomshlp edacacthe firs bnd s@bnSdbpldestr@dedr may
conpar bject Cs result{s to th 010/ 059731PCT/ US2009/ 064996, resul ts
of o1 NS hEPlcs {bf BEPETY ‘iP“ibi’féWEaing?ﬂVB %9%93%38%@?@ TRdES HFoT

I ndi Vi idabie-sHhSRIMTINANGI IR HLdGEvBNA. [0054] Al'so provided are

met hods of obtai ning sequence i nformation about a nucleic acid biopol yner.
These net hod803li tlalsbme embbdigkents, thdiusegr eonfrarastthd teladive positivhsyofl thbeveadr
sequence specific .probe.havi a first.binding sequence to.

ot o g Axre RSO E, Botopr Mo Hind HyERRRENASrkS s gn o seropd o 11
The usBublBgRasRABCASaiPR Einfidtcd-veith MR dede Akl @ dasicdtbdabOPaltii®fayWhth a

first term nator nucleotide bearing a fluorescent |abel A (e.g., adenine
bear i ngis@yBy compatg the s’t @ iffaepnbsanmley teker @emiseiEererigponrers. ubhis seabies

| abel 0. . i ri X ) ith a.thir i r
nuc eoriiZtfigs SHBPTIPF SEFTEN BANER B h ik 08, IERELABML, o,
nucl eotsigipleb&arm Sighjectd AUBI ario@ahd phedsedaccbhdingifethe théned kthatsah eshdwig
nucl ei ¢, aci d_bi opol yner so as to determ ne the presence (or relative

ci d_biopoly nce ( .
posi t i OWBICCHE stsRBIPIS lpgks & labglithps berndedhesmnes fromes ubisstsrfy 2pd Bnsuggewime
nucl eoty | ] T tide, f '
el cot Ag PTG IR R TR ep st bty R kPR IR
sequencegispecd physiqo@ba characteristic of Subject C, or may compare Subject C’s results to the

-8-



[ 0055] The bi ndi ng sequence of the first probe is suitably between 4 and 6
nucl eoti des. In sone enbodi nents, the fluorescent |abels of the nucleotides
have di f fwoento/sasiit ati on wavel engths. I n others, two orcmarseofcidbe | abel s
share an excitation mavelength The excitation nwavenengt h of a | abel ed
nucl eoti d e the sane - or. _differe fromthe excitafion mavelength
of t he "Fafis PRt QBefURRIESIp M ha%@@racteﬂsﬂcs SRGECR ovﬁ@vwfélﬁﬁaﬂlémag gyt

sui t ablyoibngl pig contacting at |east four fluorescently |abeled probes

havi ng, respectlvely, second, third, fourth, and fifth binding sequences to
t he single- 500@Mdedamm©WEkda&mmdmbdmgﬁMWmnmgsamwngem@mdwbpmdbmgasmqh&nce is

t abl t t h t.t f t
b1 ntr gt IR ORNEEES, TheSdimfine T Wb Betnf iy BRAReR irplRusers SR PherbdResugh et e
first l@{)eﬂﬁlﬁ@ﬁroﬁéﬁwﬁﬁgﬁ first blndln% &Qﬁgﬂce% Aisin@ld- éfranﬁ@t?nﬁc'ﬂélé deilibigoRgngequance
is constructed by elrmnating base at the 5 end of the first binding

sequendeshomd iBdg. nglgar% bl ohep uselplha@ COmpgts B@@gl@strme@ nuelpig aeid hlmolyrn@rst

bi ndi n eg urth bindin en sui t const by

ol ' nat T GHERERpntT bR R BRL IR bl R P Ao RERLESE S ng
a thirad seepldacefivinbr Dasetide bedrtng ﬂ@cneso@ﬁt labg B (ergtcymsma bgriseAlenc®s),and
the fifth binding sequence is constructed by elimnating the base at the 5

end of YiHea thirddernyp#ar mislepdide é%@%@u%%ﬁﬁda‘%ﬁl oand Wlth@rfp%lél??émtnaﬁﬁs e to
the 3 I e I

differen tE]l g?th ueolgrerc%ﬁﬁ% ? é@‘ Bﬁg%é%g %a%gl lgn g‘tﬂﬁ S the (ﬁﬁﬁmpal&)%gﬁé gé#%lg r%Ee{% 3615}3%%&

fl uor opbas &sdettdsrannet the ptdsesde (pr mibive posmond)(b@ﬂﬁ:] ﬁrétstemmamf hudtedtidegthexanpl e,

the first robe may c ri se the se uence I n. the secon cle
of pr 06?99@1 ingiotu Cf%@ds" the rdg H@%Wi@tsdé t@%%ﬁh&?mnmgﬁauﬁﬁéld? Phen
beco MeSnd Iagmﬁmaﬁ&gth@feo? fa%ialaé&% the"ﬁt’sﬂaﬁ)a@d é’bq_rgtft@ s%fecﬁi@ grdUeO lC)BET bg' ng as

follows: 5 010/ 059731PCT/ US2009/ 064996

5' - TAGCG 3' [0(!55] Tﬂ%(bnﬁhng Tyesecel cdlbled it mbbs&euaaldyfoh@wen érind étreticotdeshe
bIOpO| nmer atln e bes riate. excitation
enver eetthe ERBodtishtntly Bt b SisRE R obes e ARRER sPiied ana "t hus
obt ai NSydvBfeREIAER! inddthére Aot Mebrk BEthesRe@NGRrOin éxQﬁatmrﬁp@JeYéi%fh uredx cRAHHAY -
Wi | e the bindi ng sequence shown in this exanple is 5 bp in | ength, binding
sequendegvercagiuiiadpbsied pustgotide snaydo thpsanee + endjffisrenbufronbhe cacitaligbl y from 4
bp to t The t hods al so suitably include
|Ilun1né$?%ggPﬁg%%ﬁg %e%sglwhg%QXLﬁ‘D%%Q?so as to determ ne the presence
(or relativeogsssi tThensith@fs dldvesulthbl§ tindl@deodongicting Mehse Gur dRordsbantly s
term nator nucleotide, the third term nator_ nucleotide, the fourth

t er ni n@ERhes hadngdesnsetively. sappnde tiingi fourthomnd: fifeh @@fimgéﬁil‘&‘@é?ﬂtotﬂéﬁ fingdesecond

| abel e limting
embod MaRT R i RECHOAAVRRE Phc sccond bip B faEh L Syt SoRiBelR Dy i 1 ot
and s e@hmﬂnqmmgblﬁsbase hathe ﬁg el cbifthe éndt bbidid sequarquededdng a fiost rdydadeinepol yner
sanple. The E gr n%hf _g s the sanple with | abel ed nucl eoti des under
such cdaH ithh diNGSPB'AET| eoti de binds to the singl e-stranded
DNA, adj acenpod® tﬁ?ﬁ’ul@l‘w e ﬁﬁﬁ%dlf@k&lugﬁééEi§ céﬂsﬁﬁct@@ bg c@n¥iBfing the base at
probe-nucl eotide pair di'splaying two | abels, which els may - as shown in
t he fi ghe & endiod thii firkebiading Seqrenonendaaddinger secmdarep@em@mtbasdwtenhe Blandiafat e

N R T A

enbodi ARNbSe at MAEE AP thE fidst Bafliglstqh@iek ah@hwﬁ@afth RpREEM&NBaid® the 3’
nucl eoti de, which gap can be filled by a polynerase and a supply of

nucl eotehd ek theisidinding bessenasesnchiy fiftherinding sesupece is perisergcted by abminaiipg dhes o
be use ] i
nucleog?%ggt&kgn%?fﬁ§%g§§%W'15 (ﬁﬁnggﬂl %d%% d%hhh?&ﬂ&%gﬁg%Tk$ﬁ%t%§er may,
after cadplekiffig tﬁndmg quu@ly&l érh@:ée mbb&ﬁuhahﬂghbeg ditfetcan@gorbyhdeesfiom @nof

| abel ed nucl eot i des, g. a_second cycl e using probes that consider the
sequen@@mmﬁ$6F%ﬁPV@ﬁmFB @ﬁéﬂﬂWﬁoﬂﬁﬁa¥ psthediyeliEoboror  exanpl e, a first probe
may have a GERETNC A adj acent
to the pr obi 'S Tl€S aplflo e ne %Paetﬂe e ugtéé:&%ge&hgﬁ% tgg\g}é u?{é%cei?of this

i nf or mMiTAGCaYd Iute sacmndaiyeletdﬁ@totimag tle @eqllnerj(’:end)bf tAS@EIgbesoelaninhedobtdai n

addi ti ?I?e tl?en %gcr)]r%gs t'hmc ermi ofl tﬁe pro%e w1tl?chr Iﬁ d%P 816 probe being as follows: 5’
-9.



[0062] In another aspect, the present invention provides nethods of
obt ai ning structural information about a nucleic acid biopolyner. These

met hods swotzatwogeiamcl ude (a) contacting a doubl e-strandedThisopoloy4yeés Wi th a
ni cki ng endonucl ease so as to give rise to at Ieast two nicking sites; (b)

cont ac I t nucl eoti de beari ng a
fl uorets'rc%ﬁ%?}\ bngA%@é w@\%)g& )3, t&é&zﬁqé ebeted provenatedbin de: (d)
i1 um pahngd H‘ﬁ‘qe% hRa&t érﬁiraﬁmuﬁfu@amtwﬁ%roﬁ& v’e‘ﬁh er FilfieR&citdionPr €sence
or relative positions of the first nucfeoti de; acting the at | east

t wo ni ckavalgngtht s upértrhayaddeoondtha ledagon Dﬂéleblewrpmlg:samﬂ thusrobscennfdrabedn B -

10/,059731PCT/ US2009/ 06499
second RIS 1S IoPS oL E O THRE PPt i RS tadttee SbERGelOBRED o y et
SO as k@i @@érﬁﬁl@hﬁ?b%ﬁﬁleﬁgtﬁsﬁﬁéﬁ gQbqueBtAtdry Q1iRBF frdANS0 200 bpen RASGNBut
nucl eoti de he usér suitably contacts at |east two ni cki ng

sites wnarhsaitabhy frqmrﬂjbﬂ @(ﬁbm?él loegthi ng a fluorescent label C (e.g., Alexa
405) rem)vz(?%?ic Se dléef arl]sl“locsl[uf,l nggcl (£e| ilurlnlnla g aérﬁlsczlélc 2101§J Ubl yn?etrtrsﬁgded

bi opol yner resence  Orarep |ve posi
third nved eatidee thﬂii)@esﬁﬁéd'(@dﬁelz&ivé@oblﬂﬁhs)dﬁtl(d<ﬂrsﬁt@ﬂhﬁh@ﬁot ﬁgcléchﬁieaﬂlelse@ﬁlti t wo
nicking sites with a fourth nucl eotide bearing a fluorescent |abel D, (/)

r enovi AYTERERSRICeAe.hh therddemigror aireotidy. the fawshisttingior reclepsidsl @-a8yr anded
bi opol ti f th
Foee! MRhReR B AL B o SRSLE R SR g | on O 1he

opens" the
doubl e- st r anj@@sl] s diiplre 1$ds s riad- lmakmg&mﬁjokiﬁh)ém ofitheuadtbalsi de shdyvadetitatt o t he

| ocat i where the n e bi.nds. The us t hen_i ntraoduces the first
| abel ed'&ife rf@dtSPﬁ@az% fé lrstcayfiég?%lé)pm%%d g differgnt %P@B%p%m% tadi%r mi ne

whet hery;@of MeL S plN ath WG 8T EdtRadiPihe RaUFIRAHNEbelddhe1dGtided B SRGAL €d

with the othher nucI eoti des (guani ne, tyrosine, adenosine), follow ng the
i nt r odwobdigensthatezdina singlehiueivotiiebindeto ths smgb fanded IDNAmadyacanon) the bound

ot ons " Drdlien e A b RIS PHSOTak pOF Himtaying QR M REBGS Mal Sy o

the useg sk@viPhitaé Agaddi d AfRlent SAMEIME AnbIREO T TRUIsEFcAN théh Hghi@aAe tHelsampRf
each successive | aéel ed nucl eoti de. [0066] The illum nation al so

sui t ablay neesied i Vishaizeon etheayiag jogategbe probemycleptidsmiter Prabee ard nudieotidgphel ed
| eot | f t h | |
oo t anryS igbd bEFRsd. BRIl JRTR R LA et TR pe RS 1S

di st aneag thatusetidé, vehitMeapodanarfilcd dlyel pilymeracenid Oepplyasindtlogtidds! Whisht he
| i neari zed portion_ of the double-stranded bi opol yner, These di stances may

t hen bduglseiides mayrthemeclygs bg 1@@%&%@8@@%%8%%@@ tQuiiefo piAbgsy wit the gap
[0967] bleﬂllgo L d}ﬁa%yqﬁﬂe%%ucfegﬁiiéés &Ko nﬁ'ﬁ(orb& Htﬁﬁo@es Jajcking site

adj acent e termnator nucleotide resi at the first nicki ng site.
The user sui[mm:ll]y Thentsachsy, tafier segdedhgna fikst ug:lsoffpro\m -bindangffollsvedbig| eot i de

bearin flu cent | abel A . wth second nucl eoti de hea
fl uoreg%mg? Bléqe nuglgatides, beginagernd @ic Wl edEahssd t&OP%lE% E%%@H?nqeaba C

and wi tlﬁfoﬁnitmﬁrlwnswﬁﬂ tﬁemﬁ%ya@aw&aﬁlpﬁé u%ﬁ%ﬁ@&tmh@ﬁﬁle Deqdfde of AAGG,
illum nating the doubl estranded bi opol yner so as to determ ne the | abeled

nucl eotandéhd labﬁwqomrcm(mde dtat binds sdjeomnd tanfhe lpratyy isilt dn the next cycle, the user may

take advantage of this information and use a probe that has a sequence of AGGT, so as to obtain
additional sequence information, as described above.

[0062] In another aspect, the present invention provides methods of obtaining structural
information about a nucleic acid biopolymer. These methods suitably include (a) contacting a
double-stranded biopolymer with a nicking endonuclease so as to give rise to at least two nicking
sites; (b) contacting the at least two nicking sites with a first nucleotide bearing a fluorescent
label A (e.g., Cy3); (c¢) removing excess first nucleotide; (d) illuminating the double-stranded
biopolymer so as to determine the presence or relative positions of the first nucleotide; (¢)

contacting the at least two nicking sites with a second nucleotide bearing a fluorescent label B
-10 -



[0068] This is shown in Figure 12. As shown in that figure, two nickase

nol ecul es bind to a doubl e-stranded DNA sanple and effect a nicking site at
t hei r endwo 28tunsersby t he boxed "N' in the figure. The ugem/ushew/os4eé oduces
| abel ed nucleotides in sequence. As shown in the figure adenosine is

i ntroduced firs nd binds to the T | ocated rand opposite - 11
L0 20465 G55y HEnES Dsremes uCRaREC Ssr Fopa! YB[%E%H%@S@HB‘PIS i's an

adenos 'sf}@ndéﬁmotlﬁné&o a@%‘o &ét&%n@ﬁf%%r&%ﬁ&eor rElfaﬁvé el sd rdneRsse does not

bind at that site, and "X* signifies that there was no bi ndi ng upon

i nt r odwatlcotndcof the fi rst | abel ed base. Additional nickases and | abel ed

bases are i and.t use e to,sequence.t he. bi opol r
Pareet by A TR R H O BRGH bRy et R ROk g Bue RSt i on of
the | ahb@!n%k §ﬁﬁ&‘e&ent'rl|36elfte N&Rxh ﬂ()Sbr b RD c Bl csaiad nfuﬁfémlaé‘% MeihRdies an
then be used to desrg es that bind to particul ar sequences, which
pr obes tadoublresiranded, leaoltymef brarciodisteraingi thepresemp oerdlasivefnesitinay of the third
characterj za [ the r di st gnces bet tvvo or
oo SEEER, o mSHGR A% HAREINIInbId de BLLYE (b ARG GO IERAN® O
| abel ecupleoti@sbaaringadiubfsé@intabel OJ (/r@Riovitlg cxcss Mplreh nucleotldeIaQﬁQHi) The
i nvention al so g}ﬁovr des kits for perform ng mul tipl exed hybridization.

€

These Rilyminaping dgdpublersgandod bioppdyracigions 49 fetgrmgipe ngmrr:&trléea@r 18latiye BRYONSEach
of theo?'ﬂfébtﬁ%tﬁtﬁle%'dh ably of a different color or responds to a different
exci tation wavel engt The kits al so suitably includes instructions for

appl yi ng at [0@xsig t Ih\nlos ohylthe agkhyebopcis? alid doubpr-gbaded andplase beioan@ei d

| e, l i neari zi ng. the | abel ed sanpl e an far i ing a east, one of
the. hy @rrl blembieqtide adigesiido theocig W gﬁeoblt#emﬂﬂé‘éger hﬁrge&oewsor
nore hyhr fidi aeded hﬁ?&@éﬂ&% 83 c%sﬁi@} %ﬁdi"aé%@yst ﬂﬂ@ b%g%fy%w%% Qétter‘fﬁﬁ@ whB@et MR

probes or the relative positions of the two probes [0070] Dependi ng
on cer tvdiere thetmicldotids mawﬂnevob@mdnﬂﬁnmpltﬂna‘cpeatddemelmth@r@ebrnoplobtydter regi on

bet wee dac nt .ni c i.des.. This is suitably

o compiPaHF: Bt AtchoR T he Do AR ElipRPLeRD sl RinbE i Suss iRt har
Under llﬂlthrﬁiﬁlaﬁ@{)lf@ﬁbm@h@@%é’dm{ewﬂf‘—%t%cédﬂﬁlclé@ﬁaé at | east some |abeled

nucl eoti des are conparatively brig regions that |ack | abel ed nucl eoti des

are conpar atl 9068y Tdgmkecetting stepe r(ldeltfttﬁﬁéi\ﬂe (b) thegpehdme) may thes bglrensated so as to
' nf Or n%%ﬁbqg tﬁe u%gtj t% tbgan? chggérha? Qéj ugrf%e 1nfot?191la881§ with tlﬁe adst90%7(;It]ear§9 c%‘éés%%

YU nat e the
regl onlweldalﬂulaﬁ:oﬁaal tati on wavel engt hs t hat correspond to the varr ous
| abel ed nucl eoti des di sposed within the region, In other enbodi nments, the

user can, by00e8 erfhenilyginerion alse suitibly exsablishas the Tedritve deytiansof Qe oB mase
nucl emo'fﬂf‘es’l bélg@ﬁucfléo@lfdgé (Afaiegsqr gooft?tgl' Sthe ?aﬁtﬁgé ﬁea‘?ﬁgttas for rnﬂ)‘f*e 9&%51% id ﬁﬁ’ﬂaﬂl

by virtue of 1ts size -- conprises copy nu r variations, exons, or O her
st r uct umadrided ddbruthssanelysisnifae esdr théﬁmﬁemﬁMrs ulod dist@ahcds rbbtweramttlna)nwmnndne

glnggg.e?#@%@% @tqit%ré'rgrgr&ﬁ ﬁté‘gﬁl Bleaf r'q%@éﬂqrt %frtaeé%%%%ranﬁﬁiﬁl%r)trm%g

Sequenges AR QIRMAMM EOuRdEHRR aPR bhREIDIPRR) s\éﬁﬁ)[e SRIPARIJsnat is of
particular interest” In this way, the user can efficiently obtain sequence

i nf or mat i on [0@A7] odhyomhaariateys.ghe (o magghdurs )2 seedridevuddng sitdostjasknigodhy est

I nter e%rm%'tator@ucieo?ige résiding at%ge grs 151190 %1g':§g/ 1[’[?62 896?/8191?%%7 contacts the second
nicking site with a first nucleotide bearing a fluorescent label A, with a second nucleotide
bearing a fluorescent label B, with a third nucleotide bearing a fluorescent label C, and with a
fourth nucleotide bearing a fluorescent label D, and illuminating the doublestranded biopolymer
so as to determine the labeled nucleotide incorporated at the second nicking site.

[0068] This is shown in Figure 12. As shown in that figure, two nickase molecules

bind to a double-stranded DNA sample and effect a nicking site at their ends, shown by the
boxed “N” in the figure. The user then introduces labeled nucleotides in sequence. As shown in

the figure, adenosine is introduced first and binds to the T located on the DNA strand opposite
-11 -



[0073] The user may al so suitably determ ne the sequence of at |east a
portion of the biopolyner sanple by correlating the order of fluorophores
vi si bl e uwdenio/dsbsm nati on to the nucl eotides to which eag/uscomms9ef t he
fl uorophores correspond [ 0074] Additional Dislosure [0075] Inaging

t echni que 6] Several techniques i.nprove .o t|c in
f1 uor eg]%%lﬁft -hapd rqb@ %xf %Hse (REES 1S A AE RS OPEPS g ing T A@mee ?

these igRGIAY JoBSHRIAMES thA sitb %h%n@d”%ﬁgg festohA (R wﬁ%\o ANy nvast ly
accel erates the applications discussed ove. 0077] such

t echni qmteqdlmmmeﬂhl? ifiusy lebstedrbase. | Aﬁ@hqgalmd{hse@aed l@nl@dévams am:mtmémﬁd( ﬁidO\lA) ,

i I t he. | t f f b t

i st r | BRR PSR Prgene: R R et Sau Bk FHEoT PUEVIBHBRE “The
center f@Iﬂovhﬂ%% Ql'h%hfnhﬁéﬁ bORe ¢AR1cB]a ?R:almhé%@lqu%wmiorﬁlaﬂah RIBREBHER thd| ONA
has been use %]o study the translocation of nolecular notors or to neasure

smal | dm%h%@@sthen be used t¢ dons] prekesethali tord togfartiduilas sequsha¢sqwiohmeolpdeasi ngl e
nmol ecul |ut i.on gin bl e chln RIIVP which, is able
o rosoi 0 ARt SRS R B NG R ERF B A, Rt e

r esol utrélefive cﬁhtﬁh&%s basydeg ero ex neRrdRBeltd ptades 610k Gifs sartipiad e digataseﬂ'&i thed
termed singl e-nol ecul e hi gh-resol uti on col ocalization (SHREC). Users m ght,

for ex&RPFPONdIHE drbelqdiwolesy pnghffeent goeconiol csyaplet oget her as | Onm which
dyes can be gidofChad iffentiBf aﬁeﬁi?o&&es%é *P&fﬁer% f&?{{sq{%ﬁ{\fzaﬁ thod of
scoBy

nmul ti col or to astic optica econstruction mc
al | ows T&mmjnmaablylﬁmancrludtga plraliepof hiybirslization aombey afahof thd @obdsiive,

col or-spe |vat| on of sp rse sets aqf these pro allo
| ocal i f%ﬁ%}ﬁ {i Bifored iy of e @31 FCIEHAB PP@V?#E%%F f{hﬁ&% &R
100801 skdyie {riéhes MREL&IInQ S, d%b%b{ng'ﬂ‘at‘{%sy t@d‘@ﬂh&s%ﬁ%ybﬁ@ﬂz@hdﬂ‘prﬁ%@t@ ahﬁf&‘ieﬁ& and

common di seases. These variations are defined as being |onger than 11(b
But despidtsempleefor linepizitathedabahmistanypén @n«éfmlmeglag pt bagtlops of te hybtidized ng

co nu er variations S re indirect end| i ntensit
G Y or dheBl asEbudb RS anbaliTknd! B nporarattgmgBanct Mg 6?4538?%% K7 on
Such appf-pamRese ikRh&S RitRcHT @Y W6 E%db@% befc ddlaiitd paditions ofihg iwb padtd

positional information, and carnolL detect bal anced events suc

i nver si ons 4M70) r Depcadiag ion ﬁgrtau:@enct&@nsptf@ usei BRYOBYIAIC Besagirp bmﬁb’m@
i ncl Ud' %ﬁﬁygw & Q&' ace% b]%ﬁln%ﬂ&av a\f)%le%nglg%t?de@y% sqk %ﬁia'b? nac(:%?_‘?lsh%r qray,

and BA(E arrays a ues structura

d I scovevhén thOﬂilcklﬁg fs@ésrﬁrs esvapdrativdly closé)mnfelaﬁbwn @idtr pihah@ated) idpplydicrt hese
platfornms often lead to conflicti nq results even with identical sarrpl es.
¥

Thi s quegiprsahpiheandeast erahtabeled nneleetides prerromparivElyhateht regigny thay lack
throug h&’déiedqﬁfcf‘e‘éhh&rhré@&ﬂﬁﬂﬁmvew 8HaShe %r%@eﬁ,lﬂqay nohtheless glean

information from both bright and dark regions.

[0071] So-called bright regions provide sequence information, as the user can
illuminate the region with the excitation wavelengths that correspond to the various labeled
nucleotides disposed within the region. In other embodiments, the user can, by determining the
distance between bright regions (or even nucleotides) that flank a dark region, assess whether the
dark region — by virtue of its size -- comprises copy number variations, exons, or other structural
features of interest. Thus, structural information can be gleaned from both bright and dark
regions.

[0072] In some embodiments, the user may elect to utilize nickases that have binding
sequences complementary to a region on the biopolymer sample that is of particular interest. In
this way, the user can efficiently obtain sequence information for only that region (or regions)

believed to be of greatest interest or importance.
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WO 2010/ 059731PCT/ US2009/ 064996 [ 0081] Optical mapping [ 0082] The
singl e nol ecul e techni ques descri bed above are well suited for studying
st ruct ur avovarosbizons. However, due to the optical natureTafs2admcsvappi ng,
they are limted in their ability to resolve notifs that are closer than

oot i no T S W% 558l SRER R SRS SRR RE b ™
i mpr ov %ﬁ%ym&@hﬂnbf%f QricfRb i Yordbr Stk Hho¥@Nidblk AR der ilfuMHati¥e to heng
genomi ¢ nol ecul es. [0083] A suitable mapping schenme i s based on
t he | abetlcotgdosfto sihichongenercat efithbyluniapkoreg cemckpoud| eases. A ni cki ng
endonucl easi()%t]h&‘{.bve lﬁ se recognition sequence wll, on average,
generate a pHY&HEaa @ﬁ"’é‘&rtﬂoss t he whol e genone. Based on in silico
whol e genonmgoeaippPilRfhgin tedhitiquiOr tion of such nicking sites fall within
1000 bp of each other, which distance which cannot be resolved with
convent i onall0®l i SsverthicshrigesdepravsepHed esoiution ia Hgoreadeat inpggingys anpisy
nore difficult . [ Q08 An anple i.s the .recagnition sequ S

(ot £ SPC PR bt APy O IR e o O SS08 Ml o BEY TG g v «

5 base RNA dnflass veaBogiatlciadd thé ifticatfshsali@asdell ABdic0 map al | the ni cking
sites against the human reference genone was desi gned, [0085] In the

case of enzy®¥7ht .(Bersnph tacknigye dermed; Fluqpagerage Infagigavish Ono NpRowmetes| t es
across LCh: pr: r fod. t ween
L Y e A ST

ni cki nglistitheonSepaioatte thediphavaicatgd fhym it fkimpophone. prhaingdr of thihdistaibokomg
sites usi the 5 bagse _notif are resolvable with conventional] optics (-1
kbp), @R by l?cé‘]ilﬁdc"bl?}hﬁéI%P@CHSWeg&@@JAt hagtbegh H%?Qtto Ay ey Oe%f%ofii tes
fall wtdidrkbRoRlor 88 6R 206 hall 1RAHEL Ng them i ndi sti ngui shable from one
another. Using the 7 base notif, one can resolve a greater nunber of sites.

As di scussed0®H8] o xtensians loé thdstetlmigiraintledg 8mgiamalkeicgadligh Reppimen ndgreg ment

f DNA. .[[0086]. I | ution jn DNA [ 0087], | il
mapp! ndHEE e P SEE PR Hiora sbReghoabe B tudupreabhen et endreeals o
uni quekyitnaRRe ) RATEHHRTONC WIOSN has R¥ALkRBRIR tBirkE CHIBre B&YIdingd thetHod
exi sting optical detection system ' ‘[0088! Figure | A shows the results
for t hécrpicdsingtp-matbsnlgdiigmesolntionselNRilizato Ffox i ¥yers meght, fooekapplapt i cal

LUt ' % e . b i h o8
i oki ngP BRI B AR PR Hol AUTOLA, 1AM, Wi A Pl HRRA M0 7og o

the fragashés DAL Widueful@ 9sethoddfuallesser wdckstigopsichle fecpadiuction e
sequence information and thejr distributions are unique. Furthernore, wth

onl'y 8 THPRREGRY (STOEID). srhéchdiosysycombingsorial poirieg of FagreEmEnd srt wiRIF-aeptive
enabl e Uil A& IPRRIVIGorRbf AR sTRLERIFhdsO pEdtes LSS ROAE 2060 M8 nanometer

accuracy.

[0079] Genome mapping methods

(G088} Structural variations play a very important role in human health and common
diseases. These variations are defined as being longer than kb, But despite their importance,
most genome-wide approaches for detecting copy nurnber variations (CNVs} are indivect,
variation. Such approaches therefore provide limited quantitative signal and positional
information, and cannot detect balanced events such as inversions and translocations. For
cxample, microarray-based platforms including SNP array, oligo Comparative Genomic
Hybridization (CGH) array, and BAC CGH arrays are the main techniques for structural
variations discovery. Non-uniform sensitivity, specificity, and probe density of these platforms
often lead to conflicting results even with identical samples. This qualitative measurement

requires further confirmation by low throughput detection methods, such as PCR and FISH.
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WD 2010/ 059731PCT/ US2009/ 064996 [0089] The nicking map for enzyne
Nt.BspQ (7 base notif) (Fig. 1B) shows that by inproving the resolution to
100 bp, owe2qmimig73tery little because fewer Nt.BspQ ni ekirnup2aves9s al |
within | kbp of each other. On average 8 consecutive Nt.BstQ nicking sites
are needed t un| uely identify a DNA fragnment using this enzyne but the
aver age Si zé &é@fhéh“&aﬂpé“gabout 120 kb. There are significant regions of
the genore ([o@z%@ THiaingga &e%ul%dmw@gd&eﬁbé@aﬂob@ al A6 Ofitcl PNESHf e
nicking sites within alengt DNA t hat can be reasonably extracted with
exi st i sguctetahgasations. How[%@@Q@J]e tthumazpjtcabtmtmg off hendaripangahyeysira ingted iretiely,

d f the cl b f Fi r st h
rore L APOTH R SR G BrAcergibont- CE S Sei e Fleuhotige ol osel y
spaced cHiGhidyEas bk @&nev'l%fa%yaf@sdmhg féaPurbicGi @bl 10MBp apdrt, 20 MRAthisQubdightBgpoe

is vastly inproved 0091] "Second, with inproved resol uti on, one nmay
r esol vempiayRs gmﬁbllléy t@tden‘@ Lﬂt@ptuv@éﬁfﬁla@ti@ﬁsn patisie. long canoraistDYApeelseubése wi t h
opti cal . ved resol u |o help us identify large
scal e str ucﬂe&s‘ﬁ] ?leor]r[ll%prg) bcg]ﬁljneAd%lS ealﬁgec]ﬁl r oﬁ%ﬁf %mertaﬁrea | gures

[ 0093] nidkirg @doﬁ&élme§ th‘Mbkﬁfg @xdonidl@sotvith Jﬁ@mﬁs@tecb@mtla@ sequdadd Waltipon
insertion. Successfully mapping the fragnent (and thus identifying the

| ocat i GHCI8Ee t%@erafﬁ@rlsb Bhysigat mRp agnges @éﬁ@@&genealﬁ Besedoreignilicguhde set of 8

ni ckin 8¢ t on,
thi's nasin® hufRnereRkd ol REFHIARRE St L dilh 1860 pLECRY RTMMEL T
t 0 genelisinec wihidh @hamtd&rrdsd]»w et cmwtenmnaﬂ) opticc dhss reliuves anprresiytionand 100

bp resol yti on, one_may enpl a dense nicking site distribution using a
fragrrer’i‘ﬂaiﬁﬁwpélﬁﬁieﬁmy OFear?gg%’tthan the insertion to uniquely map the

fragment. [Qog4] TAipen@ffe [sQhe FHCQ%MEM QugbRYt ( ﬁbﬁ’fs? e tR6 @hintdcRGalRf |

alternative transcri ptone Anot her nucleic acid anal ysis that
can gr @aallajolmnlehg tndanopichsep rrfmgmg wﬁb@bﬁ@ toajdleds ¢ kFdcbgnitign sit¢se Aadlgorgthm to

splicin NA. - Duri.n r. NA s n introns are.renpoved, and exons
oFe § o B aioke S HiurEmaRr s e PRSI g |5 the. pr ocess
by which a g008¥) e IREAI@EY of ERPECNHstMBEl(§IBasdi rhdteTGAC TIRtHES aRNASx 107 RItSs

| eads to the production of protein isoforns with diverse and even

ant agonress whelghamas msnomacdieh produ¢as ngieineelof hé kbacteccpminks orarenzyme

conpl exj,t el n
human )g%\&etr%{‘%@q%%%% ?tlémrcrgﬁ%g gggrg%g %b teérk nqésﬁg%si%a?%q %I ‘%%ﬁ)g ]tshe
human gepoeptisla) the n&ﬁlr@(kﬁleg@ﬁ@@theliba@@ﬁloﬂf muem\%%ewah cdimdﬁ@m"hl bb@ccgs and
different types of proteins thr ouagﬁal ternative splici

Al t er ndt] Fed)sputiie sikigo vaglydnteycded ahgnpshiadl thewickingsites gaéla‘f"lﬂinﬁﬂ&gl’ OBﬁaC&I |
maj or %bﬁﬂ:?%ﬁd& Gl nﬁhﬂ g&géhalﬂéé‘ﬁbfﬁddn%%n%le}. G¥ifiL EheCPRE HotifaRRRLRST S and

nor e. errant S i cl ng
resolve a greater number of sites. As discussed below, this leads to challenges in uniquely

mapping a fragment of DNA.

[0086] Improved resolution in DNA mapping

[0087] In silico mapping was used to determine the percentage of DNA fragments that
can be uniquely mapped based on currently available nicking enzymes and our existing optical
detection system.

[0088] Figure 1A shows the results for the nicking endonuclease Nt.BstNBI (5 base
motif). For 1000 bp optical resolution, only about 12% of fragments can be uniquely identified
with 8 nicking sites. On the other hand, to achieve 100 bp resolution, over 97% of the fragments
are unique. Closely clustered nicking sites pack more sequence information and their
distributions are unique. Furthermore, with only 8 nicking sites, one merely needs a 12 kb

fragment (on average) to enable unique mapping of the fragment to the reference genome.
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WO 2010/ 059731PCT/ US2009/ 064996 been found to be associated with various
di seases, including cancer, and recent studies suggest that nRNAs are nore
frequent lwyoabtozsosti vel y spliced in cancerous tissues tiramuspomos4yaé ones.
O her exanples include the significant reduction of the full-length

transnmenbrane conduct ance regul ator (CFIR ne due to aberrant exon

i ncl usi on AN D03 C) i %mﬁ? i%gnfgM-@S@?&t%?eatlf}@ﬂ%%ﬁ@%&h%by

Fi br osi Nﬁrﬁﬁ%ﬂﬂﬁes%ﬁﬁi%k@lwbﬂ,%e n§ %r!ﬂztlﬂhéb@c%ﬁ&%%ﬁﬁt.B_E;tﬁﬁleﬁiekiﬁgEite(s'VAPT
gene) . PT 1's required for the polynerization and stability of

m cr ot didlivebinakbpeif kacdisotboro i averageSpmnsecunva bt BettH .nidkineg sitentarespleiad tog  of

Tau exon. 10, |.ea t deve] opnent of neurodegenerative .di sease, denentia
Fop. 1 pictely {38 3g F A TG COTE Pl aa Lt RS TR 80 SR SRRt Lo
quant i f1po ROATHBlI 6 glgnfﬁ@aﬂte«@giéns &1 thé benoddd ©@09%) 8@ BirndY b@RdppddifictoBid C
arrays have been used for globally detectin ene splicing variants.

tgatmg be if?ﬁSQnég?ﬂ

Howev e dackisd sausseutsvealieking sigpyarithin aflenfgth of ecitrpctodroigat ed
one at a E%ggﬁhggarray technol ogy, only one splicing event (two exons at a
€

time) can dted at a time. Thus, it is difficult to quantify how nmany

exons are i neéaegedyvaho@beingdeind b Siyesisideticbiye sGpt hdianggvasf thdtlaimed

Furt hernore, non-specific hybridization can result in nmany false positives

whi ch AdgatipR can be ientifiadn filisheapychanore informatgnagputsedidairagnagt it $EalPer can

obtain .Gl i j . i Fyd G > JCE # i me but

s 11 e pnas Moy Rh-eRnlir AR o 8% LRy e G Pk TP ot
Thi rd, gsoemaisvadtiynaxjirogeher ati on sequenci ng technol ogi es have been enpl oyed

in digital e expression profiling, and could be used |n ofilin
al'ter nat ve?@Bw C?S%aoafﬁw%?@mm Gtion; pamay gesplyp g&%} SpRLEE o

SequenGarkEAdIhANY claMRly RBsiBREH éﬁﬂc‘é%&%é& aSin ML ARfVRY FesBiutiBn hRGAr ds to
full-1ength RNA sanpl es. [ 0099] A di sadvantdge conmon to existing

t r ansc hiclps onedchb Gulsast scde strodtorl esidtions.hat none i s capabl e of nonitoring
combi nati on alternatively spliced exqns, as they occur within

i ndi vi dual _ﬁ?@ﬁcﬁﬁ‘gfmﬁwggﬁi"ﬂ?'ﬁﬂw gﬁ'é?as, exon exclusion is hard to
conf Irm m'[@@%ﬂnﬂ@g‘i‘l@is sRoviehi® &x X AE UBh ﬁ_ﬁgrﬁént%f&fng'anl S0XBPInsertion. [0100]
Despite the enornous 1 nportance of alternative splicing to manmalian

bi ol ogyuceassinlymappingtthohisgment dens thheidenigfying the fcatoreh the swscition| Witng ths.

| ndeed, Jittl e i -al.f er.nat i,V LCl: S T l.at. and
coordiﬁ%%%%ék ?b%ﬁﬁQﬁﬁ@ggggggégﬁﬁ% é%géggﬁgwgﬁgg gméﬂ g%ILo ﬁé%bgg’nethods
to quarptity réAtDRA] thisne¢adsitans Birgd G300 kbp)genomid@agnes@. The@nrdaiffiadt to

conventional optical |imtations [0102] As an exanple of the
advant #§eatgyeih dmnderd BNAnprglen prosesoly ife Aontsre veinl Wdisiceriution oppiagal
b o PRAORE Il NSO ARSPELL Ao iy Tk AT dngy i
axonal té naiqs@emiap the fragment.
[0094] The need for high throughput digital profiling of alternative transcriptome
[0095] Another nucleic acid analysis that can greatly benefit from improved mapping
capability is alternative splicing of RNA. During pre-RNA splicing, introns are removed, and
exons are joined together to form mature RNA. Alternative splicing is the process by which a
single primary transcript yields different mature RNAs. This leads to the production of protein
isoforms with diverse and even antagonistic functions. Recent studies showed the large
proteomic complexity and diversity are achieved with a limited number of genes. In human
genome, ~75% of human genes exhibit alternative splicing. While the human genome contains
25,000 genes, it can produce several hundred thousand different types of proteins through
alternative splicing.

[0096] Alternative splicing variants of many genes have a critical impact on all major

aspects of cell biology, including cell cycle control, apoptosis and more. Aberrant splicing has
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WO 2010/ 059731PCT/ US2009/ 064996 i n neurons. Aberrant splicing of Tau exon
10 |l eads to the devel opnent of neurodegenerative di sease such as denentia
FTDP- 17. WO 2010/450B03] An exenpl ary RNA bar codi ng schemnePC3/ush@encdoos Fi g. 2.
Three exons (2, 3, and 10) in MAPT transcripts can undergo alternative

splicing, n 2 and exon are al s spliced to et her. Thus,

ot or OREn TORPF G Paprsesiptse alkbawnsés & Fatedidige cancen fe&eﬁémdﬂe.%@geﬁrhe
MAPT geing nsfi(us awrﬁoﬂe%reaham AR rfatiGel %@tlced in candeﬁ;k%ssu%k Itha%' lﬁ neﬂﬁaloab§
alternative splicing isoforrs are |n§| ated (Zero, 2, 0, and
t he | effiyhér cohmphles mawderthe sighmidatatddtion oFilg. fuﬂBengﬂDmmsmemdmaie cm)ptimtaice
resolutlon un to di,scrimnate | abels. ass ted dlffer nt, exons.
If the "pBLHP) @?ﬁJ 15 LReis BT alCﬁlegoa dntpsign %&5@%@& riiF &9 aRisel

bet weerofniieofl @RAL Fibdbdid. ARGREA JXMU\?P&CIB tifthi cedtiBulY a§sbdidtediplot@inBRNSIABT M | ar
to readi ng a barcode. [010 To forma barcode in this exanple, four

exon spets)f MABT iywqpirebios tlcecmlﬂnmzaaee ephetebility efyaisratildes a5 welbasiagiopdd t o
exon 1 reen e n r ed exon ed exon 13 (Cy3-green)
respec ttrl(a\%/ it n erllgu %Berr (t%lrlcem of) Ta X9 l%)lléa%é?o :Ehe c%gVelopl?&nt (]%he di st ance

betmeemmﬁ@ﬂegﬂ@emSeaaambakm&eﬂamqtndent|fy whi ch variant is present and the
col or sequence ai e. G een-Red-Red-Geen) indicates the resence of a fully

| abel ed t r an0%7il ptA nygbened, rtecmwéleahevahs% dovpioned de AvRSiEnBRE srdiciigsyarignts.

mul ti pl § A een
and reéﬁé@ghﬁoynﬁpad¥%%g¢%%$ ro Eﬁgwggﬁégg to't g%gyﬁg%ﬁ %%&m%ghmﬁg
col or Szequ&mcHoanerb‘mcdml sgmdalcfrangentsmfsmlﬁ)RNA aahsaripgeneintdraigaicd ode bf er ent
fron1that of thecgﬁPT eggh he swéuence of color can t%ﬁﬁ%i% used to

def i ne iHelNgHaY [§hpolgehdninens WECHESY SH BV hetRs &h? HRE) £ It AinG| or
sequenag,,dgt RdMElt H‘&udn'ﬂ%l Ndv@' H@ah RGO h MRIEH BP Exdi’ﬁdeh rffi‘%n@ Hﬁ:@iﬁ‘c‘ Ph&ﬁ e.
In this two-col or, four-probe approach there are fferen

sequenoeemuoFunhennmgameﬂmanﬂ¢hﬂ@uhnﬂmgepeswghmuhmaméﬁuaﬁynmm$hhumhmnnﬁed
power for Spl%ﬁ%%g variants. If 4 colors of 8 different probes were used,
46 65538 R £p %Yenes can be investigated simultaneously, which is nore

than the ent[(mgs] higwesnd, &@m&%{d PCREE Q)Bta%lﬁlﬁlc%@mformatlon B@&@aﬂlfﬂiﬁg Sn@pmoach
has three inportant advant ages over current expressi on profi

t echnolisties at vrimichubisrmejéad gstmmnsmactm@nd(ﬁops Bywﬁhrppgh@t,tané%lgh cost.
d
LSt bR DN ARO0 AuShIBL B hRAREI R SOIOHERO! i BOGeREr

Wi t hi n ckpessanprofitiapasd tqild bé use)d il peofting dltefnatiad smemgfvatnlaetsba{mdem thegchene
means not onIy can one quantify the individual splicing variant, one can
quant i f{e krasly basad op shrst wayerss drash apg havrdha gemp At asperspRY VAl

var|angézn4§&gﬁglﬁg%ﬂp§%§¥ﬁ; gScheme will provide maxi mum mul tiplex
det ect i on capabi ng t hese advant anges necessitates an i magi ng
t echnol ogy wnmhﬂreSdhmhmDnghamnﬁmnoexm3mysmmonmenmnbmmbdamhmdagesmthm
approaches VO 2010/0??731PCT q52009/064?
none 18 capa le of monitoring combinations of alternatively spliced exons, as they occur within
individual transcripts. Under existing methods, exon exclusion is hard to confirm, which may
result in false exclusion of certain exons.

[0100] Despite the enormous importance of alternative splicing to mammalian biology,
current solutions to deciphering this problem face challenges. Indeed, little is known about how
alternative splicing is regulated and coordinated through the developmental stage due to a lack of
robust methods to quantify RNA splice variants.

[0101] Improving resolution beyond conventional optical limitations

[0102] As an example of the advantages available to improved resolution, one can
consider an optical barcoding approach for microtubule associated protein Tau (MAPT) gene

which is required for the polymerization and stability of microtubules as well as axonal transport
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[0108] The need for |ow cost and hi gh throughput whol e genone sequenci ng
[0109] The success of the Human Genone Project (1-1(HGP) is largely due to
t he contiwoaun/demsel opnent of Sanger sequenci ng nmet hod PoTA$YEVI/ 064996
paral | el i zati on, automati on, niniaturization better chem stry and
informatics. As the morkhors of th ne Proj

sequenc? RETARY HORFIRALSRISHE Rt EAB AR Haghfge de %@@?ﬂépgn%sb R FRYVS hr ee
decadegjiscaddiyth §s 830 R EAse7read length is significant. [ 0110]
These newly energli ng sequenci ng technol ogi es can be grouped into two

cat egori es HaEEd dhl@hﬂﬂd@&é@ﬂhbamnémgadbﬂn@mqhmmmun@geitEbmebymsdéehble
det ection . ingl e | ecul e det ctl i nce mul es are
needed 1 1BhedHioPd Hhaelits G iz liibRte mlicdin et ans LR HuC AREPS ype
and RN@pﬁcEHd't%éﬂ]ﬁbrpﬁﬁdseﬁﬂ diFerb@MARYTtHMGeriIE AN RCRBSratc Wyl BteRRAVE HMicE. bY
singl e nol ecule det ecti on may be able to recover haplotype information, the
read | dhgMABT geue sterstursiidioanripFig dke sequenci ng et hod (e.g., Helicos
tSM5) is 50 r ich.is far horter t han t e d e of 1
kbp between[ﬁ)fh“(f ﬁg?ﬁx WQM@ahcnm?Y?%@%?ﬂé (H%cégg% %%éﬁgezagéqugi%?ﬂg

met hod etcCy, bid gialler@@net ¢ach ieRdiofsIRdicaed BUEA. 5. Dapldatiyie opaed rédftiBRuneblBg
pattern is still difficult to obtain with these ' nextjgeneration"

sequend? AigcBEriolrbys awocirtsd withediBaient expnt [fdhe PesiiP b%@%on@wwgéo_,e ef fects
DNA Seq %‘dn@leln?éa Hd 81\§ hhcdBBreen the labe! s%&ljlhelgﬁglégaﬁ g}(famﬁ?[rihQ' zatlon
is a me Known method t at enpl oys m croarrayba i zation assays to
deternmm&mbh@n@hqmmamﬁn@ﬁbmuo&flc aC|d nol ecul es. hbrnally short oligos

wi th known <10 ner) ruc d on a mcroarray are used to
capture (i. 10105}y b f((?r@é) “Egde ey 6‘e ?tH&XP%ﬁI@e@tfa K ibtnes orpee
m cr Oard%ﬁgn&ﬁ%%}séclﬂéa@@qﬁf%namb 'tééxdafl &Be%ﬁnR€§5-9£d) hé%hlld t%y%greﬁ higos

found at ast once in the target no ecu However, the Ii st s not
reveal cxbeld (Cyt-gons) I@$peph€els,e?qubmmwﬂbfgrmpmmddﬁctadom mgﬁlg . Therditaews t he
li st prOV|de t r of .the t n nt on a target
ot echPeFRAERIRRER T Dbreg Gt oMy Hidsh PR eI RETGE petbe it
[0112] Cﬁb&uR@d-&edl(%é@Mﬁd&&tSs b Prdsbine Jrateny Pafbéleﬁ@rranmu ePEtg. thAdBElosf

5- mer e., five nucleotides in length) oligos with 5° end | abel ed with
differ ﬁﬂméﬁﬁéﬁhﬁmwﬁK@@h@ﬁé@@kﬂﬁﬁucIeotlde terminators |abeled with
different c fl earl t

nol ecul es, gbﬂg%ug#§ 'ﬂ’ %dkﬁﬁégxapegﬁ) gﬁﬁg éﬁ%b%M%ﬂkﬁﬂﬂﬁgfgwA

[ 0113] prblgyierdusddse tagtaecaffbﬂ&ﬁt fanesd ccﬂmcdequce @hn BX emag@ﬂ)folsmqmmaum
reaction. After the first cycle, each hybridization and incorporation

event s 2ahethakis éiafé%rantaffmn thsé af the MART @qae.| Theessarenes obRRAOREANSANY BUSSY ISTORM

e L S e e

hybridﬁmﬁvmmMHmhmsgweahﬁcﬁﬂmﬂq&cﬁkgpnevhmmstpmamﬂﬂ faws-ptdbe\apptoacie thdre asane
sequencges as eV|o S probes. nmerase._.then i ncor orate th nucl.eqti de
Lermi nat or'2 I%Er@afr ®)scquenges g of g9 ST e R unlimited

[0114] )p-lc;WelstQ @ﬂ@&ﬁgvﬁan@sd QPH%QloYsoof‘#dﬂé{eﬁﬁ Bﬁo%éﬁée&l{ﬁbd‘ %%?ﬁ@dl%reﬁt fferent

'—.U

colors) and to produce |arge nunber of sequences read during one cycle
(Fi gur @eﬁﬁ)s capbs onvetvgitahenhuliareoaslyowhich memoxs thar drd dnitizehurhan segaepivmal
additl % mer probes. The super imagi ng techni ques used here incl uded
SHRI WP efrel) " or

[0107] This approach has three important advantages over current expression profiling
technologies for interrogating RNA splicing: (i) By mapping the distribution of exons within a
single transcript concurrently, one can determine the relationships amongst multiple
alternatively spliced exons within the same transcript. (i1) The digital nature of the barcoding
scheme means not only can one quantify the individual splicing variant, one can quantify the
total gene expression by adding up the all the splicing variants. (iii) The barcoding scheme will
provide maximum multiplex detection capability. Realizing these advantanges necessitates an

imaging technology with resolution that far exceeds conventional optical approaches.
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EXAMPLES [ 0115] Singl e-nol ecul e high resolution co-localization
(SHREC) and si ngl e-nol ecul e high-resol ution imagi ng with phot obl eachi ng
( SHRI nP) wethodsstsave been devel oped to neasure di st anc@sThsRewAMIDHO
fluorophores that are closer than Rayleigh limt (z250 nmfor visible

excitation). Conbi ni ng the two techni ques adds anqt her
di mensi on t 40108 F;'BWE‘Feerfo lorasast and Bigh b augiiiud guhole, genospessegrenging ances

coul d pot entihaldiy g sﬁ&%@i yede ?Mi{d&%‘(%@ﬁ}%‘@ﬁﬁl:t sf} mrl@&h%s@au@a‘o d:ls:f ferent
col ors each haV| ng multiple nmenbers. To apply t [fNA | e- st randed

DNA wasostinetis Hediaqmat @bﬂzyraz;:r ydaghicncaing nhuamd tiﬁohgyfaj\di yiﬁsémm @ommdos,ur face,

maki ng t.he DNAreIalv r ai Tot construct was
Todie SR e b hP ety SR SHOhehe Ao SR e "o
and 94 phficciC O RH &Qﬁ@iﬁd"ﬂ; #neihel ShaneemaRatmeeN AQR3uaf:imd2nmi r&8nmiy ande 90nm
(figure 7B). [ 117] Additional detail is provided in Fi gure 7A. One

PCR pr idreadchasd [aBed s 0dnssread ahathi ishigeyi®apind the other priner was

phosphor el at[ fjl tdﬁ; end, 1 %f teler'\rmp%R El?ce}lcl:t J[e F olct) 1ees CSnb%ndoOfed(i A ot ect

t hat strand NGRSO BT A A R TR S Gl TP S ITPAS i n a
single csﬁeg@mémﬁsda% ﬂhfeldetéuﬂl@sme@a@@ sédiRn&inp gltleer Hiyreandeislc QdACHioN Gyl wisglyer e
gener at ed, pr| ner . extension reactions were performed to introduce

f1 uor edeiprulgigeiection. SHoR U&H‘éﬁlief[mA§éﬁfﬁ%ﬁ@él%@f‘§1 injcpyrble deteeion. thegenetiauo
short gﬁﬂggﬁ?ﬁldﬁ E&h@é%a@ltot)kggh Hggl?a?teﬂyi\*,gmﬁét) 'dgﬁ:g% IESREEE!. ¥elhiYe at 94 bp

and 25 rom one en not er s ort otinat its 5 end
was hyBedqunziad batsirigheemadlecen det(ettldsﬂmaag bagble ts tacanatddploenplimfoematAint, e read
exten5|on by pol yner

th sin e str dt Iat onverted to
doubl o SRR S MeleAseah C&%ne@gg g%,% PSS ST S ot at
speci fiiCrak Qetdr MR- the average didtPHct I 1 Rbp ILRRGRS 0 S?JZ’S”%u@Jam\mﬁmﬁe 95 nm were
measured, In excellent agfreenent with the expected di stances. To test

SI rrul t @n@i@g@slso)r SRR aend inBHREID) d, Cyibicalagsn ¢t caio matiop asshtas daplptipes arhRINAwo
s at,.position.94. b itio 72 b with thegir positjons . neasured

g SPHERE bolahis HaRAERL PR %%ﬁ%fﬁ%ﬁ&%@e@m@w@% SIAIPPE ey o

375 nMTH3 HrdyBhtan R8s m@HbtBdIhinpy, (Béct rmeA@ |étiaeh &g 10kist ance

bet ween Cy3- C}/S pair to be 563 nm (58 nm ex %fl gure 8). The

agr eenent  wa8lldkcdlenvencing badyboileradeo EE3WET 1&98@@@@1 hog Ay e mplests misrogrTayred:
1. A n%gpe%qu%]hdﬁgﬁ(?y J%srg%ys t3 rdFteprﬁltne ‘%Ille dst Y&l %%'ntu Cfld &%?ecgfe% r’ﬁ)&%} % Oﬂl%rt

conprisin econ ons on

sanpl e o\lvgb@wuh REPRE &d:quehge (<a00tnerg homﬁc@dmcaqmrda@tagzlar@mh td E@Tturb f(nee f irst
and second |abels flank a first region of the biopolyner sanple that

i ncl uddybudize)amdiintsasate Httaget BQIsRulen nhhe microarray assays produce a list of all

subsequences of hybridized oligos found at least once in the target molecules. However, the list
does not reveal the locations of the sequences of hybridized oligos or nor does the list provide
the number of the times an oligo may be present on a target molecule. The present invention,
however, obtains such information.

[0112] Figure 3 displays the starting materials for sequencing. A set of 5-mer (i.e., five
nucleotides in length) oligos with 5 end labeled with different color fluorophores; 4 nucleotide
terminators labeled with different color fluorophores; arrays of linearized single stranded DNA
molecules, or double stranded DNA molecules with partial ssDNA gaps.

[0113] Figure 4 describes the first cycle of an exemplary sequencing reaction. After the
first cycle, each hybridization and incorporation events are recorded and localized alone
linearized DNA molecules by STORM imaging technique. The probes are then washed away. In
the next cycle, 4 more 5-mer probes AGTCA, AGTCT, AGTCG, and AGTCT are introduced
and hybridize on the same locations as previous probes, as they share the same sequences as

previous probes. A polymerase then incorporates the nucleotide terminators (Figure 5).
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correlating the distance between the first and second | abels to the
presence or relative position of an alternative exon in said first region
of the biwpabywwnespz31 2. The nethod of claim1l1, wherein tireThiSo@oloysves
conprises DNA conplenmentary to mRNA. 3. The nethod of claim1l1, wherein the

claim 1 whdVCH (5 PPRES EianGdLo Remlbur s g of fibraeolors and
[ | uor ORDBfRice larze nlifheBF RRMoiREs Kadldilidy oﬂ@a;c@é (FiERE6E Al iibfdrs! ance

bet ween first and second | abels to The presence, absence, relative
posi ti @tgomlfthmm) orormiae ¢healcqemmial dddeiaxaddsmeoprpbess éﬁlecsop%plamagglgtthédeuss ance

between the fir sent on the biopolyner sanple to the
di st anélée@éetr ﬁ‘qeaggﬂgﬁ\&ﬁ%#ﬁgnﬁ?ﬁﬁe\ffl rst region of the biopolymer known
not to contain an alternative axon. 6. The nethod of claim11, wherein the

correl XA ri ses conparing the di stance between the first and second
| abel s to the distance between the first and second | ocations on a

bi opol yner QRS nggi%gie@nql@m&mhigbéesek@ﬁn setlomdiratiand SHRESY) aad ginglecmatpcule

o e BT i s R el g | oo
2010/ Om&kgﬁfs’tatﬂsm&ﬂﬁ@ﬁﬂu&o%%@ tﬂf@ttdﬂ@ dlo@éfr tedneR M digh Wher @280 himefot hi rd

| abel conprises the same fluorophore as the first |abel, the second | abel,
or bot Kisible excitation).

[0116] Combining the two techniques adds another dimension to the power of
localization methodology and tens of distances could potentially be resolved by using several
fluorophores of different colors each having multiple members. To apply this to DNA, double-
stranded DNA was stretched on a Polyacrylic acid and Polyallylamine coated surface, making
the DNA relatively straight. To test SHRIMP, a DNA construct was made with a biotin followed
by three Cy-3’s at positions 475 bp, 172 bp, and 94 bp, corresponding to distances between Cy3
of 32nm, 58nm, and 90nm (figure 7B).

[0117] Additional detail is provided in Figure 7A. One PCR primer was labeled at 5’
end with cy3 and the other primer was phosphorelated at 5’ end. After PCR reaction, the 5’ end
of cy3 protect that strand from digestion by lambda exonuclease, which resulting in a single
stranded DNA molecules. Once the single-stranded DNA molecules were generated, primer
extension reactions were performed to introduce fluorescent dyes at each specific sequence
positions. In this case, two short oligos with cy3 at their 5’ end were hybridized respectively at
94 bp and 256 bp from one end. Another short oligo with a biotin at its 5’ end was hybridized at
the 3° end of the single stranded template. After extension by polymerase, the single stranded
template was converted to double stranded DNA molecules and two cy3 dye molecules were
introduced at specific locations.

[0118] Distances of 27 nm, 61nm, and 95 nm were measured, in excellent agreement
with the expected distances. To test simultanecously SHRIMP and SHREC, Cy5 was placed at
position zero, and two Cy3’s at position 94 bp and position 172 bp, with their positions measured
using a dual-view imaging system. The distances between Cy3-CyS5 pairs were 3745 nm (32 nm
expected) and 9145 nm (87 nm expected), and the distance between Cy3-Cy3 pair to be 56+£3 nm

(58 nm expected) (figure 8). The agreement was excellent.
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9. The nethod of claim8, further conprising correlating the distance
between the third | abel and the first |label, the third | abel and the second
| abel , orwbabtvosbmit he presence, absence, or relative p®sTitSVIO64996
alternative exon di sposed between the third | abel and the first |abel,
between the third | abel and the second | abel, or both. 10. The nethod of
claim9, where the correlating conprises conparing the distance between the
third awdafis3hinkadel s, between the third and second | abels, or both, to
the di stance between the third and first | abels, between the third and
second | abels, or both, on a biopolyner |acking an alternative exon between
the thiird andnkibodiof hQadink @diSthe Reitveaidsitida of Bhé Or MBEE &@EQREmpasiAgi ons, or
both. 11. The method of claim1l, further conprising linearizing at | east a
portion of the biopolynmer sanple. 12. The nethod of claim 11, wherein the

l'i nearized @Qkhhgﬁnﬁhn&R%oﬁ&Qﬂﬁﬁ&&ﬁﬁuﬂﬁﬁﬁh?mﬁpﬁﬁﬁﬂé@%h%qu%ﬁ$&y}@ﬂmtﬁhﬁ'5-
13. The nmethod of claiml1l, wherein two | abels are separated from one

anot her segoridrlabal seeh thatzbe Bpst and gecomph nbpds tflank a dirstapgipmrfi thefoipnohancrsampld si ng

correlqﬁ&qgﬂtﬁga{ L&E%ygogﬁg Exq;aﬁ&o or nore probes to one or nore
struct ural characteri st res or “the i opol ymer sanple. 15. A nethod of

obtai ning structural information about a DNA sanple, conprising:

ni cking a first, doupl e-stranded ample wit S ence-speci fic nicking
endonugl sonsgelafe et iRt gt A B e afu® RIS PR RR SR s fusos a
tWwo or paikien BF &KhIRGngiveesoed et Bt RygidnhsT thé BikpHgneAdonucl ease;

2. The method of claim 1, wherein the biopolymer comprises DNA complementary to
mRNA.

3. The method of claim 1, wherein the first and second labels comprise the same
fluorophore.

4. The method of claim 1, wherein the first and second labels comprise different
fluorophores.

5. The method of claim 1, wherein correlating the distance between the first and second

labels to the presence, absence, or relative position of one or more alternative exons comprises
comparing the distance between the first and second labels present on the biopolymer sample to
the distance between labels that flank the first region of the biopolymer known not to contain an

alternative axon.

6. The method of claim 1, wherein the correlating comprises comparing the distance
between the first and second labels to the distance between the first and second locations on a

biopolymer lacking an alternative exon between the first and second locations.

7. The method of claim 1, further comprising labeling at least a third location on the

biopolymer sample with a third label.

-20 -



WO 2010/ 059731PCT/ US2009/ 064996 | inearizing a portion of the first
doubl e- stranded DNA sanple that includes at | east two dye-| abel ed

nucl eot i dwe;20em3913egi stering the rel ative positions of traw/uszomDs®9¢ abel ed
dye-1 abel ed nucleotides. 16. The nethod of claim 15 wherein one or nore

of the Iabel d nucl eoti des_conpr.ises. a rm nat or nucl eot 17. The
met hod Sof _cIAFCLEod GAUIEN h WHRBACTBr aﬁv@qw& eﬁﬁ@?éﬁ@f%@f@&éﬁ%@. se
the sanRgfihdi@rRPRRbAd 1abdBor B4tg, Met hod of claim 15, further conprising

correlating the relative positions of two or nore dye-|abel ed nucl eoti des
to one or rmre structural characteristics of the first doubl e-stranded DNA

sanpl eq i t he
rel ati ve p03| Hﬂger%ﬁ&# 5‘[‘}%19#2% (r\flsu?ﬁég]oéépnglﬁ trcgﬁé %dﬁ%ﬂg g%\ﬁi ﬂ‘tlﬂ:‘ thtld
pri nci ﬁm:iel aiaLithk ér s tlateh dira thiNAatsch apd mefsemmdvlhbed:,mrﬂob&l fa nhsq)redemﬂal gbssthecanded

DNA s | e was. derived 20. The of cl 9,. wherein.the first
doubl o RUURASHIGA 28 AHPINAYGS 08 onetbSves b fplsirlﬁh@.aaﬁeo%a@ﬂe Ist r anded
DNA sampiv@.ch¥nding@34tcPind thg%ecoﬂifl’a‘t%!?toli‘°Bgth0‘c claim 15, further conprising

ni cking a second doubl e-stranded DNA sanple with a sequence-specific

ni cki ng endonucl eoase, |ncorporat|ng one or nore dye-| abel ed nucl eoti des at
two or re i zing
o tin ol B e i D SR hE ffimes BIRRELS,
two dyehd thivdlaed finuddbebt bcte@czn tedhiré gndsgeeonchigbelheorethato the dppaict beweenthet wo
or |.abel e cleot.i des 22. The nmethod of claim 21,

Fur ¢ he R EGRarS] (e ErsHrrihn g e Seioae G b De Vs fopRamFr Fefingh
second afeibli e SlohREEEn NALSANRAY E9stiiScafioR, bBRVN dRURIE uid 5RBHE helhssa! e

from W?)I chh the first and second doubl e-stranded DNA sanpl es were deri ved.
ot

11.  The method of claim 1, further comprising linearizing at least a portion of the biopolymer

sample.

12. The method of claim 11, wherein the linearized portion of the biopolymer sample

comprises at least two labels.

13.  The method of claim 1, wherein two labels are separated from one another by from about
30 bp.
14.  The method of claim 1, further comprising correlating the relative order of two or more

probes to one or more structural characteristics of the biopolymer sample.

15. A method of obtaining structural information about a DNA sample, comprising:

nicking a first double-stranded DNA sample with a sequence-specific nicking

endonucleoase;

incorporating one or more dye-labeled nucleotides at two or more nicking sites effected

by the nicking endonuclease;
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23. The nethod of claim 15, further conprising conparing the relative
positions of the two or nore dye-| abel ed nucl eotides to the positions of

t he sane wpeoloasetsed nucl eoti des on a second doubl e- st r aoaa26dbe®aspl
contacted with the sane nicking endonucl ecase. - 22 - WO

2010/ 059731PCT/ US2009/ 0649 4. The met hod of claim 15, erein two

| abel s are él@s%rﬁza%geap?maﬂqogﬁ@ i ﬁfo#%lgl%-%vn@?dgﬁwb%mpl%labﬁdu o5t IpashBthod of

obt ai nigng |JRAUGREROLiMOLRE i on about a nucleic acid biopol ymer, conprising:
binding’a first fluorescently |abel ed sequence specific probe having a

first binding sequence to a single-stranded nucleic acid biopolyner;

contacting I - -@g@% . i I I 1 A i.f st

t er m nat or tﬁ%?tg%ﬁg%lg rﬁtg%rl gﬂgﬁ? I%E%lr](gg@glh% lﬁ%géeﬁ%%ﬁ%f\;\?lﬁﬁgdgoe@g%d

term nator nucl eotide bearing a fluorescent |label B, with a third

t er m ngt.or I i ri : t 1 : th
term ngt%br ﬁ&%lngeglﬁ(}(gcgf dgglrilsnhg‘]hgreH ﬁ@%@?ﬁgﬂét&:ﬂgﬁgg%)d% nﬁ%ﬁl\%é pmﬁ]lm{lﬁ%gé‘l nati ng
t he nuadreiitataciudidotidpol yner so as to determ ne the presence of, the
relative positions of, or both, of the first term nator nucleotide, the
second term nator nucleotide, the third term nator nucl eotide, the fourth

term navor mMmelneehodiss, cldim B5) ywheasii @b aorctdierigndcd ad]atiaed cdntprish ehd dahft
| abel ed sequence-specific probe. 26. The nethod of claim 25, wherein the
first BluetaPHgsequence conprises from4 to 6 nucl eoti des.

18.  The method of claim 15, further comprising correlating the relative positions of two or
more dye-labeled nucleotides to one or more structural characteristics of the first double-stranded

DNA sample.

19.  The method of claim 15, further comprising determining the relative position of the first
double-stranded DNA sample within a principal double-stranded DNA sample from which the
first double-stranded DNA sample was derived.

20.  The method of claim 19, wherein the first double-stranded DNA sample was obtained

from the principal double-stranded DNA sample by digestion.

21.  The method of claim 15, further comprising nicking a second double-stranded DNA
sample with a sequence-specific nicking endonucleoase, incorporating one or more dye-labeled
nucleotides at two or more nicking sites effected by the nicking endonuclease, linearizing a
portion of the second double-stranded DNA sample that includes at least two dye-labeled

nucleotides, and registering the relative positions of two or more labeled dye-labeled nucleotides.

22.  The method of claim 21, further comprising determining the relationship between the
first and second double-stranded DNA samples in a primary double-stranded DNA sample from

which the first and second double-stranded DNA samples were derived.

23.  The method of claim 15, further comprising comparing the relative positions of the two
or more dye-labeled nucleotides to the positions of the same dye-labeled nucleotides on a second

double-stranded DNA sample contacted with the same nicking endonucleoase.
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27. The nethod of claim 25, wherein at |east two of fluorescent |abel A,
fluorescent |abel B, fluorescent |abel C, or fluorescent |abel D have

di ff er entwexoioiabizon wavel engt hs. 28. The nethod of cl acmudZeoomk@pei n at

| east one of fluorescent |abel A, fluorescent |abel B, fluorescent |abel C
or fluqrescent | abe has _an excitat] wavel ength different fromthe

exci t atfion é‘PeégﬁjJt %tD St be VeredR 9 lﬁg&ééf?e%’ﬁ’i‘@%ﬁgﬁ’é@ aee R¥d%eci fi c
probe. ;1x88301pe method of claim 25, further conprising contacting at | east
four fluorescently | abel ed probes having, respectively, second, third,
fourth, and fifth binding sequences to the single-stranded nucleic acid

bi opol r. / 9 ‘he .net claim 29,
mhereiﬁg?hefgﬁg%%ﬁ}%Pﬁgﬁﬁgggtqéé%ﬁ@ggéggﬁﬁgﬁpbgggﬁaggcgﬁéﬂf)at%ﬁg t he base
at thecbmpemdgof the first binding sequence and adding a first replacenent
base to the 3" end of the first binding sequence. 31. The nmethod of claim
29, wherein the third binding sequence is constructed by elimnating the
base at t he baidigndfiot flubesddntls labeladdiqgnse speeifeepralchadied afirsabsdgnd

repl acenent base to the 3' end of the first binding sequence. 32. The

met hod SeTUeBF&iom Peelewhadsd Auelsic acLMePPIBAGi ng sequence is constructed by
elimnating the base at the 5 end of the first binding sequence and addi ng

a third replacenent base to the 3' end of the first binding sequence. 33.
The met hod &PrastaIgtho oinglghdientled nucteis pqid Rigpohyeas §videylishicaningter areleetids ed

b i . ' , . AU~ q
i ng SRy AR oPERGeIt, il Heo P rttnghdiButfebhe Rl AN RLER B
sequenaceth a Bdird tdine@naret nadkotitle dbbaing 2@yoredeentdatel hend eithndohilthuresaent | y

| abel ed sequence .specjfic probe ﬁas n excitation wavel ength different from
t hat opuﬁﬁg“£$@?9ngPE@P@@G@%ﬁE@L aﬁgfed sequence- speci fic probe.
illuminating the nucleic acid biopolymer so as to determine the presence of, the relative
positions of, or both, of the first terminator nucleotide, the second terminator nucleotide, the third

terminator nucleotide, the fourth terminator nucleotide, or any combination thereof, adjacent to

the first labeled sequence-specific probe.

26.  The method of claim 25, wherein the first binding sequence comprises from 4 to 6
nucleotides.
27. The method of claim 25, wherein at least two of fluorescent label A, fluorescent label B,

fluorescent label C, or fluorescent label D have different excitation wavelengths.

28. The method of claim 27, wherein at least one of fluorescent label A, fluorescent label B,
fluorescent label C, or fluorescent label D has an excitation wavelength different from the

excitation wavelength of the first fluorescently labeled sequence-specific probe.

29.  The method of claim 25, further comprising contacting at least four fluorescently labeled
probes having, respectively, second, third, fourth, and fifth binding sequences to the single-

stranded nucleic acid biopolymer.

-23 -



35. The nethod of claim?29, wherein the second binding sequence differs
fromthe first binding sequence. 36. The nethod of claim35, wherein the
second biwdizng/sepuence conprises from4 to 6 nucl eoti desT/Us3109/064ve6 met hod

of claim?29, further conprising illum nating the nucleic acid biopolyner so
as to term. ne the sence or relative posji.tions of the first_ term nator
nucl eog de, Tthﬁénf‘élé‘?f’o‘g{ﬁ%@r%ﬂ’ r\ivgl@f?ﬂn msér:%@ﬁ)a@mg ?F@u?mﬁerlaccel@?wtﬁémsr

nucl eO%liHﬁatﬁlg%é BHEBIE ST BREE BE AR 6hRMd EuciRE aRDYIARER iﬁ?&‘rﬁﬁ&eﬁﬁﬁf eof ,
adj acent to the second | abel ed sequence-specific probe.” 38. met hod of

obt ai nibage tetthaidt endalf thafist bmtingsc@alroot. a nucl ei ¢ aci d bi opol yner,
conprising: WD 2010/ 059731PCT/ US2009/ 064996 (a) contacting a
doubl e- stranded bi opol yner with a ni cki ng endonucl ease so as to give rise
to at [3¢ast Tthemnathakofidaisi 2% svherein the thifdpindmgtsagidnigistdoastatctddenstliminating

nicking sites with a first. nucleotide bearing.,.a fluorescent |abel A
(o) ertbaic ool se st ot F T sty sduence and adyif @ peRgfTvtGeR L frse © the
doubl esstrppeigd Rl PRRliYTRGusReas to determne the presence or relative
positions of the first nucleotide;

32.  The method of claim 29, wherein the fourth binding sequence is constructed by
eliminating the base at the 5° end of the first binding sequence and adding a third replacement

base to the 3’ end of the first binding sequence.

33.  The method of claim 29, wherein the fifth binding sequence is constructed by eliminating
the base at the 5 end of the first binding sequence and adding a fourth replacement base to the 3’

end of the first binding sequence.

34.  The method of claim 29, wherein the second fluorescently labeled sequence specific
probe has an excitation wavelength different from that of the first fluorescently-labeled

sequence-specific probe.

35.  The method of claim 29, wherein the second binding sequence differs from the first

binding sequence.

36.  The method of claim 35, wherein the second binding sequence comprises from 4 to 6
nucleotides.
37.  The method of claim 29, further comprising illuminating the nucleic acid biopolymer so

as to determine the presence or relative positions of the first terminator nucleotide, the second
terminator nucleotide, the third terminator nucleotide, the fourth terminator nucleotide, or any

combination thereof, adjacent to the second labeled sequence-specific probe.

38. A method of obtaining structural information about a nucleic acid biopolymer,

comprising:
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(e) contacting the at least two nicking sites with a second nucl eoti de
bearing a fluorescent | abel B; (f) renoving excess second

nucl eot i dwp 2010/059731(g) illum nating the doubl e-strandedpbirasedéognesso as to
determ ne the presence or relative positions of the second nucl eoti de;

h) contacti the at |l east two nicking sites with a third nucl eotide

E)eZari ng a £ IEcHoBBEHRE 2 fuls-sieanded biopo R Wil hekgees %@Pe@?ﬁ YofsiR &P eot i de;
(1) 1T datbpgntdgiclaulitg: stranded bi opol ymer so as to deternine the
presence or relative positions of the third nucleoti de; (k)

contacting the at least two nicking sites with a fourth nucl eoti de bearing

a fluoresce inPhelet lealG iRV RS St PHEsE i Arﬂ?%' ﬁ&ﬂ ¢ (M
il lumnati ngg)tioglpaggﬂ%)f 6- steragnggﬁl{%?%%%ﬁs%ngr o) Salguég%&éig?%r mhe t gSCSIrlesence
or rel dabeV@A;positions of the first nucl eotide.

(c) removing excess first nucleotide;

(d) illuminating the double-stranded biopolymer so as to determine the presence or

relative positions of the first nucleotide;

(e) contacting the at least two nicking sites with a second nucleotide bearing a fluorescent

label B;
(f) removing excess second nucleotide;

(g) illuminating the double-stranded biopolymer so as to determine the presence or

relative positions of the second nucleotide;

(h) contacting the at least two nicking sites with a third nucleotide bearing a fluorescent

label C;
(1) removing excess third nucleotide;

(j) illuminating the double-stranded biopolymer so as to determine the presence or

relative positions of the third nucleotide;

(k) contacting the at least two nicking sites with a fourth nucleotide bearing a fluorescent

label D,
(/) removing excess fourth nucleotide; and

(m) illuminating the double-stranded biopolymer so as to determine the presence or

relative positions of the first nucleotide.
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WO 2010/ 059731PCT/ US2009/ 064996 39. The nethod of claim 38, further
conprising repeating steps (b) through (m. 40. The nethod of claim 38,
further cwopoisisegilinearizing a portion of the doubl e- strarsdedobisepol yner
including at |east two | abel ed nucl eotides. 41. The nethod of clai m 40,
further, conprising determ ning the distances between the t r nore

| abel ed?nuc!Tdsipeiied ofedsipn 1y ?wl}eﬁ CAMPHYING [SPEAIEALPSHB) @r%ﬁ?ﬁﬁs{ he
doubl e- stranded bi opol yner. 42. The nmethod of claim 38, further conprising
i nduci ng a second njcking site adjacent, tg the nucleqtide residing at the
first Alcki dgednethod ofphaimife fupghcn sempiising Hnearzge aprstien af thggenilg-siranded

nucl eoty l. -bj.opol ymer regi on between
neighbg%ﬁ% H#éﬁl%QHQ?%%%Sbg%%#%$ﬁgm§%§%%§'of claim 38, wherein at |east a
portion of at |east one biopol yner regi on between nei ghboring nicking sites

|'s not ghul |y popu af Srdclég‘rr{zlb rARgL %&FﬁHﬁhg%&%ﬁm tﬁégisﬂéﬁ&s%wé%ﬂ tﬁé el G m
38, further conprising determ ning e sequence 5t a east a portion of

t he bi opat yabelcdsmbibidd3yesiding elithin thg linberized pertiodfoffthaidsubphigsiranded i si bl e
under illumnation to the nucleotides to which one or nore of the

f1 uor opHILENKor r espond. 46. A kit for performng multiplex hybridization,
conprising: a plurality of hybridization probes each of a different col or;
and instructions for_ applying at |east two of the plurality of

hybri di*Zat i diteFrabrbsolidaimn Huéprdics campisisafgueingAdceandaushing il aieeniiagi ng
at | eagfe QRfeitie %&?dutl"é/ Hrihdkige Qicﬂﬂl%l ke acids.

43.  The method of claim 38, wherein labeled nucleotides fully populate at least one

biopolymer region between neighboring nicking sites.

44.  The method of claim 38, wherein at least a portion of at least one biopolymer region

between neighboring nicking sites is not fully populated with labeled nucleotides.

45.  The method of claim 38, further comprising determining the sequence of at least a
portion of the biopolymer sample by correlating the order of fluorophores visible under

illumination to the nucleotides to which one or more of the fluorophores correspond.
46. A kit for performing multiplex hybridization, comprising:
a plurality of hybridization probes each of a different color; and

instructions for applying at least two of the plurality of hybridization probes to a nucleic

acid sample and linearizing and imaging at least one of the hybridized nucleic acids.
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