POLYNUCLEOTIDE MAPPING AND SEQUENCING REL./VIED APPLICATIONS [00011 The
present application claims the benefit of United States Application No. 61/115,704, filed November 18,
2008, the entirety of which is incorporated herein by reference for any and all purposes. TECHNICAL
FIELD [0002] The disclosed invention relates to the field of nucleic acid sequencing and to the field
of molecular imaging. The disclosed invention also relates to the field of nanotechnology.

BACKGROUND  [0003t¢YitradvencssiDDMesEHaNGiclogy sSechneshas 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 effectiREiesTHOPSARRLECHTHARS has been limited by their ability to resolve structural features on

such small sampigg Aosgeinglin eseds ahsedindbe ark ieomeihodsand sslated devices capable of
n based on single molecules or other physma%;mall samples. The value

obtaining genomic informati ( r othe
of such methiodsT b fitebeermiredd. P QferlnetHEdE Wers EhpaBrOBPIHBTRARET IR HE 2000 bp (1

kb) accuragy achigyed yent techniques. SUMMARY 100051In meeting the described challenges,
the present disclosure first provides

TECHNICAL FIELD
[0062] The disclosed invention relates to the field of nucleic acid sequencing and to the

field of molecular imaging. The disclosed invention also relates to the field of nanotechnology.

BACKGROUND

[6003] With advances in molecular biology techniques has come increased interest in
analyzing smaller and smaller samples with ever-increasing resotution and precision. Some of
this is driven by the realization that population heterogeneity can often obscure salient features of
2 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 hmited
by their ability to resolve structural features on such small sampies. 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 sampies. 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

. [¢005]  Inmeeting the described challenges, the present disclosure first provides
metﬁods for assaying for the presence or relative positionslbf one or more exons, the methods
comprising labeling first and second locations on & 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 lincarizing the biopolymer and correlating the distance
betwaen the first and second labels to the presence, absence, or relative position of an alternative

exon in said first region of the biopolymer.



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. 53] In an aspect, there is, provide, ethod of assaying for the relative
position of one or[(r]r?g?r’%?e%nag, & Fﬁ%r%?ﬁ%%s provig él?nrﬁeég B%o%}oﬁ%%?%ﬁﬁﬂ?g GRS of locations
with a plurality Gflabapse girareresaltirbels are separated from one another by 30 base pairs to 1000
pairs on said biopolymer; . ... Sai ality of, labels.including .at least a first.and second label located,
respectively, at fir‘stlxéﬁgﬁégc%?fﬂgg%%%‘({%%en% |8Jf>%lf§7n$lé?0§:é%rhoﬁfe‘,v§%c it"ﬁréi}l%%f?ﬁ‘s??%lnd second
labels flank FHEEiPeidAbEnE bispERaTeESanMpleativtianblude et |paist onélBoNstantexan;
determining theselistance between the first and second labels; and correlating the distance
between the first and ?s]elcgarjg Iapfalg %o.th resence apsence or relative g{zsition of an alternative exon
in said first region of the BiopoRjrier 166 % AHBRB AR FRBROSIF U I5 &S FrBvides
methods of @bfaming swrectlratinformativnpahout asDNA sampilat teniprisingsaickingsa first

double-stranglgd RNAy region of the biopolymer sample that inchudes at least one constant exon:
determining the distance between the first and second Jabels; 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.

[0606]  In an embodiment, the present disclosure provides methods of obtaining

structural information about a DNA. sample, comprising nicking a first double-stranded DNA
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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 first 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. [0007] Also
provided are methods of obtaining sequence information about a nucleic acid biopolymer, comprising

binding a dirgbiluettscentiyleheled Seaiskhcesapenititprah énbariogiufirstbindingsiguendeaito a
single-stranded nucleic acid bio§olc}{/mer; ont tinclg% he,L F|:nélCt -stranded n}ucleiﬁ.acid biopolymer with a
. WI

first termiARtGTMIEISSGER BeRring™ |?§t§f£€8e Zant Abe M SEEER RiNAtor AU

uoréescen &iinator Auciéotide bearing
a second phioikesckiht [Eelonbih-sithidddlrthatonphudiectide deaihta thivd fludiesednt label, and with
a fourth teludnatar nucleotide bearing a fourth fluorescent label: and linearizing and illuminating the
mucieic a e G B e o
nucleotide, the s#86/Ad téiminmodedieteotictby thelthirditenmisatonsriicitntidé pthe fotirthudeminator

nucleotide, o ﬁ@%o%;:g%?,i@@&89&9&“&8&@_9@?&%%%%@&%&% labeled sequRnceSRRCHiGHRORG:

[0008]The present disclosure also provides methods of obtaining structural information about a nucleic
acid biopalyifé biedriptahigContasiils Savlsieosgitdeadtismelymer wini e tekitggtonuclease so
as to effegt.afirst Nicking sieigRMactingithe first Bicking.site Wit & fstigrminatonpralegtide bearing

a fluorescent label A, with a second terminator nucleotide bearing a fluorescent label B, with a third

teuminatdihtleBtiad et B BUEEAT Aaerrnan eamnd AverrtFeRs ihRatBithadEstide bearing a

fluorescentiahel:B moddinRaitzing ansiuminatingthedoudle- sty ardethhionohwnensaasdeo determine

the relative pasitions of the first tconinator nucleogtide, the second, terminatqr nucleotide, the third
terminatoP ATBGTHE e RUEHFPIa AP heteh PERTEOREbr LA BBTRSIH TN FHEFSS IOSS Prther

provided ate=kits fiet-perioitne:ranttplex:hyivd gization; cOmpfisingranplural ity dédidaridiz ationdprobes

each of a different colar; and instructions for. applying .at least twg of the pluralit oé.h bridization
O e et e ot et Nt e E A
acids. BRiembDESORIRHEIONMQFTHEDRAWINGS] scqjeiteiiEbdispmhsary, as well as the following

the purpose of 1k g o e T it of
the inventioitiowsdsrophbrirerpioprising eip@Ec thepdatifiedafebimnplysenpdshionsingnd devices
disclosed.dafdifiaq. e drmings are: RRLRECeRs A A0 ASRIG I NG ARG S

terminator nucleotide bearing a fluorescent label A, with a second terminator nucleotide bearing

a fluorescent iabel B, with a third terminator nucleotide bearing a fluorescent iabel C, and with a

fourth terminator nucleotide bearing a fluorescent label D; and linearizing and illuminating the

doubie-stranded biopolymer so as to determine the relative positions of the first terminator

nucleotide, the second terminator nucleotide, the third terminator nucleotide, the fourth

terminator nucleotide, or any combination thereof.

[0009] Further provided are kits for performing mulitiplex hybridization, comprising 2
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 leagt one of the hybridized nucleic acids.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The summary, as well as the following detailed description, 18 further
understood when read in conjunction with the appended drawings. For the purpose of
illustrating the invention, there are shown in the drawings exemplary embodiments of the
invention, however, the invention is not limited to the specific methods, compositions, and

devices disclosed. In addition, the drawings are not necessarily drawn to scale, In the drawings:

.



WO 2010/059731PCT/US2009/064996 [0011] Figure IA illustrates mapping statistics for Nt.BstNBI
nicking endonuclease demonstrating that 100bp optical resolution dramatically improves the map
accuracy and coverage; 100121 Figure 1B illustrates unique mapping statistics for Nt.BspQI
nicking end&ﬁﬁ&@géﬂg? Hémonstrating that 100bp optical resolution has n?ﬁS?H{B%{}S? ShitA map
accuracy and coverage; 100131 Figure 1C illustrates that a comparatively fine map (1.5 kb) has
better detection|§8Wer fEigstreidthidiovtiniasiorppitanstitieisca isoMpBraTé Iyidoagsmdnapc{adkb); (00141

Figure 2ASRICIS MARORRE SRR - (IOLSHEIGUTR AR HSla S alach on (altemaive

exons shown as shaded) of each exon present in the MAPT gene; 6] Figure 2C illustrates a
barcoding®*M&pping scheme for super resolution imaging as applied to RNA exon splicing; [0017]

Figure 2[_) illustraiemp MuliplexediRarcedingisehame 19018k igend Hysategsiarting materials for
SequenCIQr%c.lonkicle&qe, demonstrating that 100bp optical resolution has little impact on the map accuracy
and coverage;
[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};
[6014] Figure 2A depicts MAPT gene structure;
[0815] 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] Figare 2D illustrates a multiplexed barcoding scheme;

[0018] Figure 3 illustrates starting materials for sequencing;

10019} Figure 4 depicts the first cycle of a sequencing reaction;

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

[6021] 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
lincarized 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;

[0625] Figure 8B illustrates the imaging results after labeled DNA molecules were
linearized on glass surface — the distances between Cy3-Cy5 pairs was 37+5 nm (32 nm
expected) and 91+5 nm (87 nm expected), and the distance between Cy3-Cy3 pair to be 56+3 nm
(58 nm expected) (Figure 4), demonstrating excellent agreement;

[0626] Figure 9 depicts a sample, nonlimiting embodiment of the claimed methods of

ascertaining structural information regarding genetic material;
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100191 Figure 4 depicts the first cycle of a sequencing reaction; 100201 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 (E/L em of 741 bp
PCR producv 0B 5 G honstrate the resolution of SHRIMP; [0023] g@% g%ﬁu%?%tes imaging
results after labeled DNA molecules were linearized on glass surface, indicating three (3) Cy3 dye

molecules 30 ni#&}d 6Gigaraphdecnitichsorasdsaseie. agrebmieng withakianoay BsdtrReEp distances
between the e SR L P08 e tural LQ%&EW%%QE{%@&@ madghsystem of a 741 bp PCR

product used to demonstrate the resolution of SHRIMP and SHREC; [0025] Figure 8B illustrates

I
the imaging resUf&28keFigBEtdd BmistHoneadiv iRgehrimsabhglaEsdmbodt dMistances
between Cy3-Cygpairs m@s-8 12 aupi 32 Riruexpesiahang Shbolm 87 ot exppatadheandsthe

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

ascertainhg i lcER D ORI IO N4t didgl gehRad iy ZideMIB QROMBNI/859731PCTMS2009/064996

[0030] The present invention may be understood more readily by reference to the
following detailed description taken in connection with the accompanying figures and examples,
which form a part of this disclosure. 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
the specification including the appended claims, the singular forms “a,” “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 arc 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] Itis 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 cach and every value
within that range.

[G032] 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 mclude
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 casily

synthesized by thosc of ordinary skill in the art.)
-4-



[0027] Figure 10 depicts a second sample, non-limiting embodiment of the claimed methods of
ascertaining structural information regarding genetic material; [0028] Figure 11 depicts a non-limiting
embodiment of the claimed methods; and 100291 Figure 12 depicts a further, non-limiting embodiment
of the claimed Teti0ds "DETAILED DESCRIPTION OF ILLUSTRATIVE @%ﬁ%‘f%ﬁ*& [0030]
The present invention may be understood more readily by reference to the following detailed
description take i3 Ebnihestion witrodin catt omganying figordddnt: exaimplesevllislofbom. aspart of this

disclosury idsifbe undincpipad hat s ioventioris et Hlled inh e RAGIIGARYEgplaods.

applications, conditions or parameters described and/or shown herein, and that the termln%f)ogy used

herein is fOrArP RIS 0SBIST Husrsmbivigsositi bakramedhearsrmE divimibo raxahaieesrly and is not
intended bR HRMIIG:IHLRE Aaimedipyentinn.Alste asuseddsthe-arasifigatiannciisingrthe

appendeck% ims, theo%gg%[qlar fowls "a," "an," and "the" include the plural, and reference to a particular

numerical VSIS ETHERS ﬁ%‘ﬁ%%?ﬁbﬁfﬁ:@‘é‘r@ﬂ?é%ﬁ?&fﬁﬁ@r LRI dictates otherwise.

The term "pluralg034is tBed:heraifatheansmeseithantone Mhesnarange ofvakies iswxpressed,
another embodiment includes from the one particular value and/or to theﬁgtther articular value.
Similarly, WhBn vValues are expressed a8 approxmations. By s 8¥ (he hHie &dEn 48, " it will be
understogestimnth eqarticed aowmire fothn distaotk érembodimist. aAd sengdsaas ipelusivenahe
combinatieyeoi Q03T his IS AOAEYAGA AL CRTAID SRR AL s vention mhich are. for

clarity, describéd herein in the context of separate embodiments, may e provi ed In combination
in a singl&¥MBAWnte FenRBNVErE e bR feBitr ésseitahly grrentidihihb amcfoizine tity, described in
the conteﬁ@é@&in@%@mmmﬁ@m@% %&@M@%ﬁ@%@ﬁ%bﬁ%@o@%5&?@%&%ation-

a

Further, reference to va ues 'stated in ranges include each and ever value within that range.

[0032] In SSFSeEriBolsirER: e ash ﬁ*@%‘nﬁﬁﬁﬁ?&?fﬂé@ﬁ@ﬁﬁdﬁ%ﬂ&@%%@tﬁ@ Bsence or
even relativecpasitioasvaficns dicompseRyanschngsefmatbods suitablydaclude labeling first and second
locations on a bj mer sample with, respectively, a first and a second label such that the first and
second labels fIﬁﬁgg\fﬁr?trhree%%ﬁﬁotf%é%'i%%&lﬁl} Y&%a%@fﬁﬁ%c E@‘%C%S?é‘é{%% gﬂiﬁ@%t exon.
The user shem¢tpelatestihé distarioevetwie fithedfitstand $ecoiddabelsitpdherardserieg ar absence
(or relativgn iH',g g}p({ %&L rnative exon (i.e. exon that does not appear in every mRNA) in said
first region o?t%e giop&yme%.%g%é ful%pd&@rb(ﬁg?ffg Q%Q%BWDNA that is complementary to an mRNA;
such DNA is easfl{3ntAdsizedibyitiesbot ardifianyesiill inbible Betie-dep¥iGit “zero” a

201010597 BIHLERINPHI A civc 003N QR SMBOduEnls, e st aadasenjabels are

the same fluprophore. A wide range of fluorophores are suitable for the present incluvention, including
the Cy- fAIRTNMSPREFSASIRGHOE. ‘BihBhricHEpRBIES STRRBBa RS WAtES eR dseobIasKkingr ik mrexatisting of
fluorophoresis faundrate.ai shiiRatiniamacyalaeay genaiasivargitayi EisHdyeaahingle The labels
may be of the same f(%)rqg?%re, th may also pe of difgerent fluororphores.
only separated by 235 bp in the no-alternative-exon biopolymer shown at the top of the figure.
[0637] Figure 2B is a table showing the size of each of the exons (alternative exons are
shown by shaded blocks) present in the MAPT gene. Figure 2A illustrates, generally, the various
splicing permutations possible in the MAPT gene. As shown in that figure, exons 2, 3 and 10 are
considered “alternative” exons, and may — or may not — be present in MAPT mRNA.
[0038] The user may also suitably label third, fourth, or even additional locations on the
biopolymer with additional labels (with, e.g., labeled nucleotides). Such additional labels may
include the same fluorophore as the first or second labels, or may include fluorophores distinct
from those on the first and second labels. The user may then correlate the distance between the
third label and the first label, the third label and the second label, or both, to the presence or
absence of an alternative exon disposed between the third label and the first label, between the
third label and the second label, or both. The correlation may also provide the relative positions

of one or more labels.



[0034] The user suitably correlates the distance between the First and second labels to the presence,
absence, or both of one or more alternative exons (or even the exons' relative positions) comprises
comparing the distance between the first and second labels present on tp&p{%%)éymgﬁ’ample to the
distance betWeaH 1ab&i that flank the first region of the biopolymer known not to contain an alternative
axon, This is suitably accomplished by linearizing that region of the biopolymer that includes the

fluorescent labd¥i30ine ZiAhrbPsisponTidigus disdnssew il tdnited Staids Patent Application
No. 10/4%&%(.?869{%%%%@%&ﬁ@@%ﬁ@@ cRiinetyafsmhichnis dncatpetaledheraimbyirafatence for all
8

purposes. 035] The correlating suitably includes comparing the distance between the first and
second |&8/&T8 %éeﬁ%%ﬁ%t%ﬁ%?&lﬁtﬁ%a rat e del sngesbioihe BIvneigsbly et sERRg an

alternativgexeackainean the dis! @ndsgrenddpraliposihese [R036HTT bisnisaiinsthatettbycs.g., Figure

2C, which figure depicts at "zerg. a hiopalymer having no alternative exons. odiment "2" in that
figure deB?é‘Pée%PB?t‘fgg é)lnl%l}%l |r%5a]a te‘%‘i‘%\é%}éng%?‘gag‘?t\%ﬁcgﬁb%ﬁg?%ﬁt\%e%&})%rqn@lqég & r}(]aﬁ’zected by
observingdhat thsbedonere siitsnrnahdnepedsedfgeparation distance (342 bp) between the Cy3 and Cy5
dyes that were eparated. by 255 bp in the no-alternative-e ”g%(?l%glg{ bRwR Ak he top of the
figure. [Oosg‘fdfxlg?ureib%s% E g\%l%esaf%l\)%iﬁlgot Héagloznedg?gafce %%gitrﬁg exons (aﬁgrrfwg%ve exons are
shown bytsHadedishockisiapre Setw tantte MADRT thenesrRruris b HisTatesr dHeFaIRji A &aidfious

splicing RermUtaions BRRSIIGIR theMARTHRENenAS ShouRiniha! figWierexensisy 3 and 10 are

considered "alternative” exons, and maal - or may not -- be present in MAPT mRNA. [0038] The
user maydifisiatitspiprherermhomseriooraracatdiienarabeatichsy Bl BloF R EF Witl-additional

labels (Withe & 6hclaBelegRucleptisadind wehadeiipnal lapelswmayréas ide-iberaame flueiaphorc as the
first or second labels, or m? inc%ﬁuorophores diséinct om thoﬁie on thejfi]r%l?%j d second labels.

The user FREVARRHTUT &L HE! €& WRARER 8T 93het Sha HE st TRb ANt 1abel and
the secongtlabal-nnhath steihe prepernsebscatisgieehaharhiternativeiexdnclippdsedrbetween the
third labe| and, the first label, between the, third label.and.the second label, .or both. The correlation may
also pros}’é’gr% é?%?&?éé’%glsﬁt‘?é’ﬁ‘%’% Sr‘w”e‘ﬁéﬁ‘srﬁ%"régfﬁg‘é sg."Weggt’fSVS%‘%foé‘gCT/u82009/064996
[0039] This is alf#4HowkehyrFigurei®. iondmiodinrentrsbisnibadaior. ihe biopbiireniieiides

ctermative, &1 2.0 ANIEN. Xapa At lanaser briverrve sk apdbaecaisnd second and

third labe ng from left to right) ©on the biopolymer. The user can then determine the presence

(or relativéistasitorrveeribaarakens hit somsaries e disd e 8y vedfidB v e SBER on the "2+10"

embodimgny agrinst {he, distancasbaivegn Hﬁol@b@é%%gh@ JARrehesmhediment sirwat the top of
the figure. [00401 In addition to gleaning information about the str cégr,e of tﬁg%biogql. mer under
study froffErR i 6 Bumaaheitd sBeORK %%PEE\H‘&I%%%?&W? A FAIPACRSFSMEHR based on
the relativeprderpigweher fparepokeanphiahisdasiliies by the probes bearing differently-colored

1 vellow, and afeen). ate Lasds sequanse fagyhich the

fluorophores. F mple, if three pro
probes bind in t Eé@%erqj '%iééféﬁlélﬁs-ugr%ﬁnl ructura y0 erent from a sequence to which the

probes bibwl itheooreitapiiehourad bpgré@rdﬁs'mﬂpsﬁttieemmﬁagﬁgielafmhﬂd?ﬁfmlmﬁqabb(ﬂ&ssample by
observing:peify fpe ﬂ%w,es%{%ggsnow&h%g6345%@%@&9%@9/mma%a@p%@a@mq&we" as the

relative distances between eturning to the nonlimiting'example described above,
the user trebboreisdutenwbl dah prasetd dreetarminetbepasenlmting o e theI gt or8BN of the

probes angd ihe dislancashetert.thaprobes - that two samples differ in (1) the order in which certain
nucleotide sequences appeal (evidenced by probes being in different orders on the different samples)

and (2) the numBEA3E, cRyanelisy waesh PRSI BIS (S BRTOSE S CRHEIN G FEHER BLIng
father apagramans Samplethan @marotRNe methods suitably include nicking 4 first double-

stranded DNA sample with a sequence-specific nicking endonucleoase. Such “nickases” are
kmown the art, and are available from, e.g., New England Biolabs (www.neb.com).

[0044] The methods suitably include incorporating one or more dye-labeied nucleotides
at two or more nicking sites effected by the nicking endonuclease. Depending on the
endonuclease and the sample under analysis, the nickage may effect one, two, or multiple
nicking sites along the length of the sample. The labeled nucleotides are suitably incorporated

into the biopolymer via a polymerase. The labeled nucleotides are, in suitable embodiments,
-6 -



[0042] The labels are suitably separated from one another by about 30 bp to about 1000 bp, but more
suitably about 30 bp. As described elsewhere here, a number of techniques (e.g., SHRIMP, FIONA,
SHREC, or other technigues known to those of ordinary skill in the art) e %I tion of labels
separated e B anGther by small distances on the order of only hund%% @gér?}ig\)/)e&#%%ns of base
pairs. [0043] In another aspect, the present invention provides methods of obtaining structural
informaticnmaivett aud gt demtiptecoiinesechibtvblistaiithb Boiralovecrieify e firstraeitigtittanded DNA

sample witha seguence-SpRcificRisking errenysiRoase. fibyinikkasess aerkaaae art, and are

available from, e.g., New England Biolabs (www.neb.com). [0044] The methods suitably include
incorpor&tﬁﬁ@@ﬁé@ﬁﬁh@ﬁ@%@féb@i@é’nucleotides at two or more nicking sites effected by the nicking

endonuclease. Rarending an-thsieeRuRIBASR andkthe.sAMPie yosRmamalysisstheubiekage may
effect one, two, or multiple nicking sites along the Ienglﬁg oE the si%glfg The la elz%nlu?g%i es are
suitably ifceRpet DA iR b PGS AUISEE BER MHErA0E! P AU SO nURFESHBER &FE, 1 Suitable
embodimeniseabzcAME: 204GAFINLRETHI G2009/064 9060 ternivn siopositlestidesthatroonteract the
effect of the polymerase and do pot promote further chain.lengthening. The nucleotides may bear the
same flug?‘gfgﬁ%%’ ‘fé@é?%?&ﬁ%’r%{%%% Oélg§ed13p%ﬁ ?ﬁganoa??’ﬁﬁsé needs of the user. 100451 The

methods also sty idhededineakizingralpdrsiovroittnefihst Whtivkepotidintdedf DIOE ARSI €trat

includes ghgashivpdugiabslebnieRWARRDuas IR RReleq ileddnsarizedadimuser may then

register or otherwise account for the positions of two or more labeled dye-labeled nucleotides for use

in further amalpsidhis mpoOR6}iDMes sheTmairdigiEsiRclgispiing dimditHe e haivepoam RS two or

more dyeglapgled, BUg QOIS 10006 oF Merastlaiuml chasactreistics afihefirsteatblesianded
DNA sample. This may entail - as shown jn Figure 9 - determining the dlstﬁé}gﬁéb%etween two labels

that are KPIGRAYSHARE HFEtion BARTISBSLY I a8 % FegiHReE S 5 ESht SHART Ailithtion or
copy numbenyaiationdrveemelndiviguads 0By conpasiigplbedetveen-abaib disianaeonnthe sample

to the between-labels distange on a contral sample (or.the between-labels distance on. r sample
taken o PaBREr MEHTERTa O AR LA 8 (e L e nr e e e
analysis maycbavgeiéormndtdiaveyaparteular mautatiparticul{O0d#tensome embodiments, the "barcode”

derived from the jei3five, posilional fER0aIS AISSERLORLING PiRRRINDEN SADRIS RN deg nformation

regarding the re position of the first e-stran e(?Dl\_IA sample within a principal

double-sthetrdienr SNAapkofdITwhienieofipsidss ibfarsaeregmRme SEPRIVROSEMNSS. The term
"barcode’ymeans &, 561 Af SIgnAISN&- eandF A flHRrgseeR sbalaPaserRRIK oA AN faRiather) that

represent a structural characteristic of a sample (e.g., the distance between two labels may be
correlated s dhEhp s 5 Srtesad P2Bh y Bt Uil 18 rddo B nRESRYh 5B 5 RE "barcode”

can also REmals (e.g., from fluorescent labels spaced apart from one another) that represent a structural
characteristic of a sample (e.g., the distance between two labels may be correlated to the
presence of an extra copy of a gene in the region between the labels). The “barcode” can also be
used to identify a particular sample where the set of signals from labels disposed on the sample is
unique to that sample or distinguishes that sample from other samples under study.

[0048] For example, a user may determine that a portion of the barcode on a first
sample taken from a “parent” sample overlaps with the barcode on a second sample taken from
the “parent” sample, thus indicating that the “parent” sample included the region common to the
first and second sampies. 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 oligonucieotides 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
.



used to identify a particular sample where the set of signals from labels disposed on the sample is
unique to that sample or distinguishes that sample from other samples under study. [0048] For
example, a user may determine that a portion of the barcode on a first sample taken from a "parent"
sample over‘T‘é'Bng Pt barcode on a second sample taken from the "p Fsg"étt}?{f’)%?gl{hus indicating
that the "parent” sample included the region common to the first and second samples. Such "parent"”
samples hagolhs igestepitcegngettisetie smaliendligonliciestides;odhioh bapdten Be themselves

analyzed,fy (06 YarigUs EB%E'?&%%‘Q%‘E&P&% %@é&‘ﬁ%ﬂt&? o8k &%n%@%c t 1090, PTG ons in

oligonucleotides, the user can then determine th ative positio e oligonucleotides in the

"parent" gefwipRst. Thipgud)eTdsisssvRiieirefibie E3zXoHiehde picdeeegt Apriesin) ek sospsof

digesting;g,pareRhsAB RIS oh ONAnRlacing.hatepdas ARt iRa MIashcts: that sesult fremu g diggstion, and
the alignment - suitably done by computational methods - of products hawgﬁscorrespondmg -7- WO

2010/059 318 E5RISD OB SATRAITE Bisr SRS SBeRkee pravkbsljctiarsrbopdhenrEnn ehastettive
barcode foritaaipampbdiibs way bl usereadidhspdcaelate the barcedri oo theparenite dor

Ffiolg%ical c%nditions in a subject. This can be done where the restriction enzymes used

le,
o diges: I8 LEr BV RS Rh O AR GRS PEBlons that may contain copy number variations,

to digest
exons, or other [bidations thatrchimbe gdetactpld, bircosmpasinglsbe-distantRobetiveeibdd/belabels
disposed,on the regign of interest to the itatnc betw: two labels that are diis seg on a "control"
or sand B B R ReA 1 A o

n_on-limitir@séﬁ@hipl@pﬁh@@ééﬁmwmth%mmhﬁd@tb@@_mﬂi@d hegaseadgardedewhiatieiecon the
digestionpraducts @k &, RaFeLSHRIE: ANDhEN SempUiatianally.reassemAle JD0s& Pradugts to reform

the "parent," with barcode. The user can then compare the barcodc of the "parent” to other known
samples 3gBteiHihes GABYGMRBRE bR ridEdosrande st st a4 e by [gmBeivaiiations,
addition ardelstion gbaxens. aAndihr dkescithis way: thersanGan perigrsta syabitative assessment
of a "pare t"(ggmple by, effective || of the digestion products and their harcodes in their

e

,.placing a _
proper conteXERtRMIRE arsitt g Lfﬁ%@ﬁ PR SIRBES A SRy %ﬁ%@&éﬁ?ﬁcking a second
double-stranded DA samp{&w&hnaﬁequethmedkiﬂgrag;@ndd)ﬂumﬂ@_as@dm@n@rating one or
more dye-labled puclealides aLtypor mare hickingiites effected by the nicking.endonucicase.
linearizing aBor ion of the second double-Stranded DNA Sampfg%a nclided Bt Teast tho ye-labeled
nucleotidesglaniddre gistering (@xy. nrdoogditiey eff natin gy the ralkitivepdsitidnssof inauaringore labeled
dye-labelgg puelaqlides.ond JARE2LERESE FRAERRHAS s IR RRIGANR : Al labels can (as

previously described) be used to determine the relationship between the first and second
double-strAiGaddENM S APRISIEE N8 & BriftapjdiL P estpan dd PRI PR FOMMAICRI¢RR first and
second dowblesstrangied.-DNAsaRaRles were derived.

[0052] These relative positions — i.¢., the barcode — of the labels can (as previously
described) be used to determine the relationship between the first and second double-stranded
DNA samples in & primary double-stranded DNA sample from which the first and second
double-stranded DNA samples were derived.

[0053] In some embodiments, the user compares the relative positions of the two or
more dye-labeled nucleotides to the positions of the same dye-labeled nucicotides on a second
double-stranded DNA sample contacted with the same nicking endonucleoase. In this way, the
user can compare the “barcodes” on different samples taken from different sources. This enables
a qualitative comparison between multiple samples, as shown in Figure 10. In that figure,
samples from Subjects A, B, and C and processed according to the claimed methods. As shown,
Subject C’s sample lacks a label that bound to the samples from Subjects A and B, suggesting
that Subject C’s DNA lacks that particular region. The user may then correlate this deleted

region to a physiological characteristic of Subject C, or may compare Subject C’s results to the
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[00531 In some embodiments, the user compares 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. In this way, the user can compare the
"barcodes” of YHEHERt'dhmples taken from different sources. This enabld€E HeAEARIE%Eomparison
between multiple samples, as shown in Figure 10. In that figure, samples from Subjects A, B, and C
and processdt atedidithgrtenthertlamedifethedsshaeghosting Sathject € sdiviiples adksia label that
bound to }Qg&g@@ﬁﬁfrom Subjects A and B, suggesting that Subject C's DNA lacks that particular
region. The'user may then correlate this deleted region to a physiological characteristic of Subject C,
or may compard 89&8)ectBismesides tramectiwd 0D0I0B597 3¢POTIUISRODS 649986t resudisiof still other
subjects to.idemifyiihnse ﬁﬁ@%@ﬁ@a@m%mm_@aeﬂlmﬂg@'ﬁﬂg@'ﬁag}gsﬁa?h&q%%@;éa{}eﬁce [0054]

Also provided are methods of obtaining sequence information about a nucleic acid biopolymer. These
methods SRAEBHPIRERRE BTGP MEndusnEseeHn 2 speledEagae aus s scildmbEHaviRg | first
binding sequRREEIi0ASIFgie-strantdre ueteis asid:biopRI¥MEE-FHISISISHRY. i@ Wopbigrte 11. The
user then cgntacts the single-stranded nucleic acid biopolymer with a first terminator_nucleotide
bearing a HfbPEEIFTABE "A”(%‘?g.?t M B AAMHRGeesy8) [ith/s (SeottitBiniritns hicledtide bearing
a fluorescenictaldal-Brieagr sythsitidcliearing Aexac42b) ashm(thind daorinaiesfiychaetidesgaring a
fluoresceryjatieh ¢, ARd Wif &, auhierminalor fuucleetide. Rearing a luprescent jabel B, The user
then illuminates the nucleic adi |opoe1ymer 6 as 10 détermine the presence (or refative positions) of
the first tenenieeitds bercleptidbiotrecsacohd ferniimatsrmibolabtidenttes thirdudemimaddriopeientide, the

fourth terqnalgrpucieatide. orany.camRination harsel 2diacent ig.he.firsh laheled sgguence-specific

probe. [0055] The binding sequence of the first probe is suitably between 4 an 6 nucleotides. In
some emBSaAdHEBIFHENsIeidnh thspbi drrmi ot lestrpddh ale Jgferésmraneieativplwidelengths. In

others, twe pesmpiaRbingdabelsshare anrxaitation wavelepsthoiherRrsitation nwavenength of a
labeled nucleotide may be t[}%game - or different - from the excitation wavelength of the labeled,
1

sequence-speciiiprobe- 1€ DigBEa H OB a4 s WK AR MRS A RS ALRA I ur

fluorescenilydiabelatadioles havifigorespadivelyoSeeand;dhids faurhi sanddifthdinding sequences to
%/ constructed by

the single-stranded nuclejc acid biopolymer. The secand binding sequence is suit
eIiminatin"‘g)ﬁm!ﬂﬁ%ekr)1 séc"atltﬂtf#eﬁ?“)m’lar‘i)‘"r (S)fP tll%rﬁ r%%%%%egbé%&rﬁedﬁlc%xgﬁd lgdaﬁ%\@&gr?ﬁ%sjt ri% aC&HE P base to
the 3' endhottisedirh loindlsgekdquehedide m{P05 ThSimitarlyy thEthind-bfidmgrsexpierios is constructed

by e"min%ﬁwlgﬁ%&?%ﬁa%@%ﬁ& o EQ%QHQ-?_@E%P{B}Q g sequence and adding a second replacement
in

base to the 3" end of the first bin sequence. The fourth binding sequence is suitably constructed by
eliminating the H48864t hiesnetfgdsfiie firstbindiHedseguaatiseamideasiding Bueriverraplalebatrsht base to

the 3" eng,Rftha firstbindiparsequensmdant:thefifh, Rinding sequspceisransEueeeh by eliminating

the base at the 5' end of the first binding sequence and adding a fourth regllacement base to the 3' end
of the first ARG LGS EE PRSI BrobBE SaREMIKELS ¢hfurRrf HUBFEBhoreS T SRE another, and
may bearctiftereintfiernpbarescthagmiher fiistpsob@ding sequence and adding a first replacement

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

[0057] Similarly, the third binding sequence is constructed by eliminating the base at
the 5 end of the first binding sequence and adding a second replacement base to the 3" end of
the first binding sequence. The fourth binding sequence is suitably constructed by eliminating
the base at the 57 end of the first binding sequence and adding a third replacement base to the 3°
end of the first binding sequence, and 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 37
end of the first binding sequence. These probes suitably bear different fluorophores from one
another, and may bear different fluorophores than the first probe.

[0058] As anon-limiting example, the first probe may comprise the sequence 5°-
CTAGC-3". In the second cycle of probing, the C at the 5° end of the probe is eliminated, and

the T then becomes the 5” end of the probe, with the 3’ end of the probe being as follows: 5’
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[0058] As a non-limiting example, the first probe may comprise the sequence 5'- CTAGC-3'. In the
second cycle of probing, the C at the 5' end of the probe is eliminated, and the T then becomes the 5'
end of the probe, with the 3' end of the probe being as follows: 5° WO
2010/05973YB#10/82609/064996 TAGCA-3'; 5-TAGCT-3'; 5.-TAGCG-FEFFABLEHS These
labeled probes are then contacted to the biopolymer, and by illuminating the probes with the
appropridfe.exeitatipf Wavalangths HisAwiEes rhay detedtne thd tecatibnlaf thebaewvgiehes and thus

obtains information regarding the sequence of the bigpolymer under study. While the binding
sequence SO in (e ST e i T TARG " BiiRG LeqUanaLs 21 Llithbly oy o 100 bp in
length, butaydeesuithbstromddspetodbibdrdesigm of the[008 Probtreanethoddialiss wiitatdyanclude

i”Umi”aﬂ?ggél?&ﬂyéﬁ'@h%fg%i%’%ﬂmo% IR Aelermneig-RIESAAGE QL JRlALY & RRSIYENS) of the

first terminator nucleotide, the second terminator nucledtide, the third terminator nucleotide, the fourth
terminatofifidEshles Sroary keaibikabnameresrcadicaneibtiesdcinty b is degatubhice-specific

probe.  m[QO6QLFIGUrE 1 is ane Ronrlisiting embodiment of the methods. As shown in that figure,
the user may bind first and second probes - having different binding se(lu“é,enc_es - to the biopolymer

sample. The usetian dORRSE L hsPIR Rt ABE  RIBRIBEARS RHEF AEEPIBREmShsthat only a

si_ngle nuaiﬁot'ttéeebhmstt@ paa;_aimg Kmm@e@@m&;gdﬁaﬁeﬁtrsotﬁﬂmiln@wadmemahis @Nﬁﬁl rise to a
given proeucleatide pat displaying o labels. whjch Iabels ey . as shown ndhe faue - be
different ffom one another. The User can then iuminate the Sample as needed 10 VISUAlZa or
otherwisetodztatibe fobd:adricotde hais:.drddbed @hdquokeetidegimayle joined by ligases. In some

embodiments, ”ﬂ%@oﬁ“aﬁ’@ﬁ@i@%&(&é’ &Bﬁl&ﬁﬁ@éﬁﬁﬂbﬁlﬁ&é&b@ Ad b oclaeugs, whish,gap can be

filled by a polymerase and a supply of nucleotides, which nucleotides may themselves be labeled.

Ligasc méguisdhserigsasaniojaihftsisrbeassopdtrehesgaprbsiag fileat Aisinaseieenaeictestibes.

Non-fluorgseg 3 P#h%%f@ﬁkﬂb@ugée@en cof@RELhT henysiermryarRfter cempirtingadirsigycle of
ollowe

probe-bindin binding of labeled nucleotides, begin a second cycle using probes that

W

consider RELERHLHOIHASGPREFARYE tAe e ede pamdgd Rple; Adirerpistiehdriave a
sequence A AGHE, @nd e tahalpdnpelpetidelsbatbindsiagiacknt doothe roheaiis Tabdlthapext cycle,
the user may take advantage qof t i§finfotrrt’(;|ation and yse robe that haslilse L‘Jint%e of AGGT, so as
to obtain AINSRAN S5 1ENEe RFAHEBAIAL QS BT Ao CHB0RS) THHBIRAPS SHEBE the
present invertidnl provideszmethodsvobohiaiizto streleturall sofaination Blobet anducldimadid biopolymer.
These meth it in e ntacting uble-stran iopalymer. with a nickin
endonucl%ﬁggg) és%? lgg@t@&?grg ?&%A%J?%’e %g)ségﬁgﬁsﬁ %a%%%%%%%%%%%%%% tﬁr{né’@;{y gtt“igea%%&%% r?i%king

sites withaaditst peddistiidevtoehiag 24ubrddasrmyabstineaye ©y3) syephemovitigotides syt
nucleotidg;, (g Hwpingd ﬁ&ﬁg%ldw@@agm@@.d@?ﬁm@wrﬁ% 50-ReddBlRMIREHRe PRSNGSR O relative

positions of the first nucleotide; (c) contacting the at least two nicking sites with a second nucleotide
bearing abeireliehinabelagclsd nucleotides. Non-fiuorescent probes may be used.

[6061] The user may, after completing a first cycle of probe-binding followed by
binding of labeled nucleotides, begin a second cycle using probes that consider the sequence
information learned in the first cycle. For exampie, a first probe may have a sequence of AAGG,
and the labeled nucleotide that binds adjacent to the probe is T. In the next cycle, the user may
take advantage of this information and use a probe that has a sequence of AGGT, s0 as to obtain
additional sequence information, as described above,

[8662] 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 doubie-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-



WO 2010/059731PCT/US2009/064996 (e.g., Cy5) and (0 removing excess second nucleotide. The
user suitably illuminates double-stranded biopolymer so as to determine the presence or relative
positions of the second nucleotide. [0063] The user suitably contacts at least two nicking sites with
a third nuclegi%%obﬂé%ﬁ%sd a fluorescent label C (e.g., Alexa 405); removed eXEEEEHIE Hucleotide; ()
illuminates the double-stranded biopolymer so as to determine the presence or relative positions of the
third nucléotid €yPhanthéiheasaisosinchsdectgdonniaoting thecatsieasitably fickingsite®ubith a fourth

nuc'eoﬂd%tmagwgi@pﬂ%%@?g@g; 1ghelDni 9&@%@5&%@&&%&@;ﬁéfﬁé%%tiﬂg'se%ﬂd(m> llluminating

the double-stranded biopolymer so as to deterniine the presence or relative positions of the first

nucleotid&ucleofidge4] In this way, the nickase "opens" the double-stranded sample so as to make

available a nuclegiich adigcens QARBACAIRRWNRIR G, HRkARehINdSHT heuaendies;iroduces the

first labeled nucleqgtide (e.g., cytosine), and assays the biopolymer to determine whether and where
that nucldSRHREANREVEBOERY. THigis e fdpEatEPvRtFIREs btk AtklRaiied (GhumiRctyrosine,
adenosing) fRiMNRG e irtroshiciien of RackiatwhichibevserassaistHvia dlmainasion) farbinding of
each newly-introduced nucleotide. . [0065] The preceding steps (identified as (b) through (m)) may
then be r8 8%%1 '%’oﬁlagI fgeél]ﬁo I‘§§ﬂ@ﬁ£’§? @o%%%%ﬁ%ﬁ%aﬁ%gﬁu8&38}%ﬁ1§ﬁ&ﬁ%ﬁﬁ% addition of
each succeskivedabsledgwiieotident 1abd DG drhevillyranadidioats astldatidy esthblishes the relative
positions e e | leotides. At least a partion. of the sample bearing two or
more Iabéﬁl %Hgﬁ%%%}ggliﬁge%%é{%?géﬁéb %%gi%gs%%%rﬁsé (Jﬂg%e%ret en ﬁéﬁé’%’ﬁ?ﬁ’gg ?ﬁé%%g ‘coégg%ré%ween the
two or métethgeféaunrgEatides residing within the linearized portion of the double-stranded

biopolymer. Thegéliptances may, thenibe.usedinarmive alidbaraods larine sAmplgnder analysis.

[0067] In some variations, the user may induce a second nicking site adjacent to the tetmnator
nucleotidé“fatiaing Haketiisedirderigasine Jorsionahsthdhsipeontabindth el be ssad e kg s swith a
firs:] nUﬂ&gﬁdﬁs:ﬁﬁafeé[&bﬁuﬂlwﬁg{?@.J%?@Jsﬂaeyyﬁhlldaaéﬁ?gﬂﬂz'ﬁﬂﬁ}?@ﬂ%‘i‘ Qﬁﬂlﬁié}ﬂaﬁ%&ﬂ{&ﬁ&eﬁﬁabd B,
with a third nucleotide bearing a fluorescent label.C, and wit qurth nucleotide bearing a fluorescent
abel D, AT NG HE BHOOTRCIHA RSB HeteFBERS 15 0 FHG THE F8ULRRc mucleotide
incorporatghainth eysedonddinking sifellowin) 068hhis dd shefreacin JFighiieh kRBe Asshawn {nithat figure,
two nickag mole%cul)e bf'jnd to a double-stranded DNA sa &lgrand effect a nicking site at their ends,
R e

HImnatse ~Din O cach_pewly-inirgduced nucle . .
shown by the oxed In igure. The tser then introduces labeled nucleotides in sequence. As

shown in the figl#863HdehbseciatingrodneEddinst etk HindstoghéT)lovatdutohathr@NA strand
OPPOSIte ¢nable the user to obtain additional sequence information with the addition of cach successive
labeled nucleotide.

[0066] The illumination also suitably establishes the relative positions of one or more
of the labeled nucleotides. At least a portion of the sample bearing two or more labels is suitably
linearized for this analysis. The user then determines the distances between the two or more
labeled nucleotides residing within the linearized portion of the double-stranded biopolymer.
These distances may then be used to arrive at a barcode for the sample under analysis.

[0067] In some variations, the user may induce a second nicking site adjacent to the
terminator nucleotide residing at the first nicking site. The user suitably 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
50 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 iocated on the DNA strand opposite
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-11- WO 2010/059731PCT/US2009/064996 the left-hand probe. Because there is an adenosine
opposite to the right hand probe, the labeled adnensine does not bind at that site, and an "X" signifies

that there was no binding upon introduction of the first labeled base. Additional nickases and labeled
bases are inttQRIEE AN the user is able to sequence the biopolymer ta?ﬁ@flw(@gaﬁ"é’ﬁfal addition of

labeled bases following by illumination of the labeled sample. The sequence information gleaned from
the methaictdafir thed fpetusditteudetigr prabedethatrtsioppospatt cutarche Guehpehenwhichipiobes can

then be uged 10,,03rc0ds: ﬁrﬁf\é‘?[}bﬁaﬁ?ﬁ% ﬁﬁu%h%rﬁ;ﬁé %S{%%I%O‘%Hs C&l?cﬁnig 1%989““9 the relative

distances between two or more | propes on a sample tot Istance the correspondlng

labeled piotsedietica affferdhist-ldicburiest- sadipimal nicbass rrHebivedhtien atsdnprsiess X for

performmgarwérﬂ@é%@@twammt@@ bidpe %ﬁg@aég)xefqr@édﬁm%@omym&ﬁm bykddization probes.
Each of the probes IS suita R&?Of a different color or responds to a different excitation wavelength. The

kits also SoHasN g iHws! aafah&lféﬁlaﬁﬁmea{faaé%qw@rIﬂfegémma%ﬁ%%és toa
nucleic a@ﬁtﬁamhetﬁaf Baagd@zmg&hgrilgbﬂ@ﬁmmm@t@ﬁ@faﬁlum&gm@sl%ﬁtp@%@&gh@nhybrldlzed

nucleic acjds. In so iments, the user jm or more. br|d| robes so as to
etermind LHISERES BEIOEN R 0 BIOEE (P E A BB S e T BROBE 100701
Dependmglm@mnmmdm@mﬁhﬁmmma;ehﬂgmm theadinturarhidpalyinetisegian fogtween

adjacent nlckl?}gisées nggegbel%gqnucleg e%tTh'S IS 5tab| a compllshed when the nicking sites

COLICS Or COniro
are comparative {656 10 ore anoth der illumination, bloﬂ’ofymer regions that bear at least some

labeled nucleotlﬁw%]re Ebmpm‘weF}l%bmymid@gkéiﬁﬁnhmrmmmmmmﬁw@%mparatlvely
dark. Thegger, ktﬂtQ\Q{SVa%’iv'HﬁY {HORE ﬁk%ﬁ%ﬁkeam%ﬂm%@aeﬂ fromasbaih hrighiandidark regions.

100711 So-called bright regions provide sequence information, as the user can illuminate the region

with the esteiekiin Al AVERERIHR Thak SoPraSp dh 6 e srelAipose! Fie ofire kiHialiesed within the

region. Inqmﬁ@[ﬁﬂﬂ@%mﬁmcﬁbﬁm@aﬁﬂﬁn%ﬁ@t@f@w@aﬂtﬂaee%!}aﬁ%mmg%shww@g@ns (or
even nucleg des) th nk a dar reg on, assess vav&fﬂer the dark region - by virtue of its size --

compnseg% \‘?ﬁ?Fé%fBﬁ RORE SPom ey A TP S A SR OPS Yol I e lctural
informatiarnéait becgleanaﬂnfer@mﬁwtthQ hhancdaikgadionsr morfdbZLiincggndambadiments, the

user may C{elect &I%z({ebpa! ascs | téréatﬂpeaveoblpoq?m 5 seque a%ﬁ% com) Olgm)?%j t\(vt?o a rB %_glon on the
blopolymer samp at'is of particular nte n this way, Ser can efficien |$ ain sequence
in.foxuiation for BYA{habPrepgicinirregivnsyhelibued tecbecohyreptestdistéreshiordrmopriance.

region between adjacent nicking sites with labeled nucleotides. This is suitably accomplished
when the nicking sites are comparatively close to one another. Under illumination, bicpolymer
regions that bear at least some labeled nucleotides are comparatively bright; regions that lack
labeled nucleotides are comparatively dark. The user, however, may nonetheless glean
information from both bright and dark regions.

[0071] So-called bright regions provide sequence mformation, as the user can
illuminate the region with the excitation wavelengths that correspond to the various labeied
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.

[6072] In some embodiments, the user may elect to utilize nickases that have binding
sequences complementary to a region on the biopolymer sampie 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 [0073] The user may also suitably determine the sequence
of at least a portion of the biopolymer sample by correlating the ord.er of fluorophores visible under
illumination to the nucleotides to which one or more of the fluorophores correspond. 100741 Additional
Dislosure [Ob‘%fqm%?ﬁﬁ’ techniques [0076] Several techniques |mprc})\%” &3 ¥et8lution in
fluorescent imaging by at least one order of magnitude. Application of these imaging techniques to
single molecule [DNA] an"ﬂlRMémwazlymswm&ly deceleratds: thewpplicdtibhssdspagsedodbove.

[00771 O éfﬁ%lé{ag Jgﬂ%‘iﬁﬁn HRISRES PSR H?Qe‘é"Uﬂ@QS%txl}L ANPMEIRIRGHAGY (FIONA),

mvolvest e lo zatlo ngle organic quorophores fitting a di ution function to the light
collected W@&ﬁ%ﬂtﬂbﬁpﬂb@ee?ﬁ@@@rﬁ%ﬁheﬂmhﬁﬁé@%ﬁw%e localized with 1.5 nm precision.
FIONA has beefyysgd 1 sliygythaiansipcation of molecular motors or to measure small distances.
[0078] Extensmns of this techniqgue include Single molecule-High Resolution Imaging with
Photobleaching [S8ZRIMPYRRIRE HFEUEYEY0 resolve adjacent fluorophores of the same color with about

10 nm feSO|Utlomﬁ@N6&%M@m@@Id§ﬁd&wm|%lﬁﬁﬁﬁi@@m@daﬁtﬂ@£§iﬂgm¢dt k:dst

I I lutj localizati SHREC). U htf Cy3 and
8 tyoHE AR GBI rOPTRCAIRTCH Aycs CAIPSY SBNER o B LSRR DR, Al

useful is a{mmmjyeésmadtlwlmemmw;qptmbreabmmmmmlcroscopy (STORM), which allows
combinatorial pefgm:}g of rl%%f&%% %%% % tn{e}lg ﬁPL e(r)%g gng ggtlflﬁlqﬁlvzgjtégn,]egtgparse subsets of

these probes all oca Ization wit Rometer accuracy. 1007 enome mapping methods
[0080] StrwestuzinAEREthE Pleyzovéhy insporatienroisinslhoreanih8antepidcCOITINTERTI diseases,

These vagigliansiaiaelirhas NaiRgangertham B Bu-RsRiteISIL{fBPON NG 0ton

genome-wide a&proaches for detecting copy number variations (CNNTS) are indirect, defpendlng on

signal intéAgidy MFBiErcadhbivEBREsHipled é@@%&%ﬁ'@fé’?&%m@ﬂ%%ﬁ?%%&ﬁéﬁ Such
approachggtharefate:provids dimited guantidativecssignal and posmonal information, and cannot detect

balanced event versions, and tr Slocat cr rra bas latforms
including SNP a L?%]Oh %{6 é%%\‘/ 8&?811%}5?5 ‘Fo’ﬁ“{ h%@ %‘;“FEI; arrays
are the maithtklohwoiseesior @?IHICIM@} watthtionsldiscavelye Nﬁnwmlﬁ‘mmpiemgmespmfmw and

probe densnﬁl %f ttﬁ%e %f&ri }sogft Wﬁ%dhto %onfl icti.n %r sultse en C|'%r{1ﬁ|(()zlentlcal sam les. This

SO WO CO
qualltatlve measuremen requires further cod‘?lrméltlon gy OWt roug pu dete met S, such as

PCR andFEi8edl singe-molecule high-resolution colocalization (SHREC). Users might, for example
colocalize Cy3 and Cy5 dyes as close together as 10nm, which dyes can be attached at the ends
of a short DNA. Also useful is 2 method of multicolor stochastic optical reconstruction
microscopy {STORM), which allows combinatorial pairing of reporters and activators. Iterative,
color-specific activation of sparse subsets of these probes allows localization with nanometer
4CCUTacy.

[0079] Genome mapping methods

IG088)  Stroctural variations plav a vory important role w hman health and common
diseases. These vartations are defined as being longer than 1kb. But despite their importance,
most genome-wide approaches for detecting copy murnber variations {CNVs) are mdireot,
depending on signal inienstty differences between samples and controls fo predict regions of
variation. Such approaches therefore provide lumited quantiiative signal and posttional
informaton. and cannot detect balanced events such as inversions and trapslocations. For
example, 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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WO 2010/059731PCT/US2009/064996 [0081] Optical mapping 100821 The single molecule
techniques described above are well suited for studying structural variations. However, due to the
optical nature of the mapping, they are limited in their ability to resolve motifs that are closer than
about -1 kbpwgié‘ﬁfffﬁ%?ﬁgg greater mapping efficiency can be achieved by’ fgggﬁ?ﬂ?ﬁ%ﬁﬁﬁes less than
100 bp apart. In turn, this substantially improves our ability to identify structural variations in native,
tong genomic DN#8ijoléepiirs]l mapp@B31 A suitable mapping scheme is based on the labeling of
3o generaled Pt danydeasRR A IGd cadenelgase v Ire e gcagriion

sequence wilt, on average, geferate a 1 Ical map across the whole genome. Baséd on in silico
whole gefowBHaBpRIgTa. |AFge Portidne ¢ Sicephiakipriusites fadimainminc 00D b dtwitichiothedr, which
distance whigh £ARGAL P Rsolred.Withcanyentional optics. ShisifRdMees Fap 6‘%}?%%0” and makes

s (mo

map assembly more difficult. 0084i An example is the recognltlon sequence ifs) for two

commerciii§ERAISHEhrRITGIdRtREas &Ry iats Wite 508 % BastdBEGHRIGH ERBE. An
algﬁrithmifq;i;aaas@hhxtaeimﬂ'gemﬁ@tﬁb@mglt?@iaﬁmamrﬁémm&@gﬁwm\m&x dﬁ&ﬁ@&ﬁ&;h | [2085]
In the case of e Nt.BstNBI (5 base motif GACTC), there are, 2.1x106 sites across whole human
genone, wiich HiRices 3 A0S g U1a S Kb SURED ORE  h ) M HBEHSE 7 base moti
GCTCllgikinerendwe22axc1 0% micking sitessdparatad atfiavérage:bychbild peduepeineiplepthe nicking
sites using the 5 base motif are resolvable with conventional optics(--1.kbp), but in silico analysis
evealod Do B A b b R S R PR sl B AL

indisting Lﬂ?@h@m@m@i@q@ énmm@rﬁmsﬂfqmﬁcb@@eﬁmaﬁﬁlo@éah%waaghe}ib@ra nidnsber of sites.
As discusged Relowihisdeads RehalleRassdnLnitsaboprRPing & fAgment ot ONALIPARE] Improved
resolution in DNA mappin [00871 In silico mapping was used to determine the percentage of DNA
fragmentdeH&s 82 BEStRRuE maibhettbased on currently available nicking enzymes and our existing
optical detection@ssiEMan cxAAPREE g wrepNiabRWS Be:EesHitw oy thawicking-ensanuclease
Nt.BstNBI (5 base matif). fi@ 1000 bp opticalv}zll%ﬁol%tion onl¥ about 12% of fragments can be uniquely
identified WHHES RIUKIHBESHO BRIE StHEM B toPAthiRve 1t B5 FRlioR BB oVRAGPHEIER {Re
frggmen_ts;ﬁpaurﬂiﬂt_iﬁcﬁigsebs @@ﬁf@@ﬁﬁhﬁgﬁt@@p@mme@eqw@@aﬂnformation and their
distributions are pigyie. Fyithermore, with aply S.iakied stes, one erely feeds .12 (s fiagment (on

l‘) . e(‘}zt)ﬁne
average) to enable Unique mapping of the fragm he'reference genome:
across whole human genome, which produces an average of 1.5 kb between nicks. For enzyme

Nt.BspQ1 (7 base motif GCTCTTC), there are 2.2 x 10° nicking sites separated on average by 15

kbp. In principle, the nicking sites using the 5 base motif are resolvable with conventional optics
(~1 kbp), but 1n silico analysis revealed that almost half the nicking sites fall within Ikbp of each
other, rendering them indistinguishable from one another. Using the 7 base motif, one can
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] [n 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 endonucicase Nt.BstNBI (5 base
motif). For 1000 bp optical resolution, only about 2% 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/US20091064996 [0089] The nicking map for enzyme Nt.BspQI (7 base
motif) (Fig. 1B) shows that by improving the resolution to 100 bp, one gains very little because fewer
Nt.BspQI nicking sites fall within Ikbp of each other. On average 8 consegutive Nt BstOl nicking sites
are needed Y fa{?é?ﬁhentify a DNA fragment using this enzyme but th%ggl)\ﬁ]esrzla}ll’ége%sﬁf%ﬁof fragments
is about 120 kb. There are significant regions of the genome (-30%) that cannot be mapped due to the
lack of consecL{¥8%icKihg sitein gvithinfer lemgytheol OXMhat bans beiddSem iy rvachaditwith existing

methods,, JARHMIBRHEREIN RINEhIn AN sirgle lbeani someAdvasiagesialilfiaflaimed

invention can be Tdentified. First, much more information about a DNA fragment is available when
resolvingfelbwalyspeleef nicking1efieSnprHeragsifyaeseniuely Ma Anddpisiittothecgdstbite is vastly

imp_rO_Ve%niqudf}qgédt@g%ﬁ;xvﬂﬂ%ﬁmmmg figselution. speraaydRselvednagasmallas stsatural
variations than is currently possible with optical methods, FIr‘fJ /, iImproved resol%tlbéo’rlg t%Ist helps us

identify 1aRfeRc A8 e SR SPRETSRIO ORI BT AT AaP BA BRIERRG 093] In Fig.
IC is shoyBasF exampte oha fragmenthavinglen iR bpinskitiom Sucessshljycmappihg tthe fragment
(and thus identi%i&%%tq? location of the insertion within the genome), can use a contiguous set of 8
nicking sTESHHEEENTS the insertion. With limited optical resolution, this necessitates large (>300 kbp)
genomic fragmdeo T h&sehare ifficinotodgeneratis glitthstan dardeRitansxtracticke stotoed|s. In contrast,

with 100 bp resoluti v employ 2 pigkingisite, gl @nggﬁj%ﬁgﬁfgadggﬂﬁgkonly slightly
larger th&lrﬁ?\nél?r?s%iﬁ%%q%%l%é ;%a%%ﬁ%%r%eﬁﬁﬂ %@94]9% need for high throughput digital

profiling ofteiterselivestetnsstripterp nickifgoosp AR H Y EerigR iy AREN S EAHRIE AR Featly benefit

from imp%%\{lgglmgppggg iﬁﬂ%@@&ty is alternative splicing of RNA. During pre-RNA splicing, introns are
removed, and exons are joined together to form mature RNA. Alternative splicgg [ the){g ocess by

which a single JAR%Aly FarRAGiPYRcIBETANHFE SRR AR R RIAS TFRISSAHE § proditon of protein

isoforms withglive ragnanduenar ppsegpRistin funttioretiRece Fisilidiessbovdaddietdangésproteomic
complexig/ and d{ﬁ\{ers'ty are achieved with a limited number of genes. In human genome, -75% of

human g&Res BXIEI t@frﬁgﬁ\(}g%gﬁﬁfﬁlﬁ%ﬁﬁgﬁ%‘human genome contains 25,000 genes, it can
produce severalfisngreddtnisean dseierenh dympe shofifigatens through alternative splicing. [0096]

Alternative splicjpg, yarignis, of spanyages dae a.lfical mpaehanallaiAseesinaf cell biology.
including cell cycle control, §popt05|s and more. Aberrant plicing ha
Successfully mapping the fragment (and thus identifying the location of the insertion within the
genome), can use a contiguous set of § nicking sites adjacent to the insertion, With limited
optical resotution, this necessitates large (>300 kbp) genomic fragments. These are difficult to
generate with standard DNA extraction protocols. In contrast, with 100 bp resolution, one may
employ a dense nicking site distribution using a fragment only slightly larger than the insertion
to uniquely map the fragment.
[0094] The need for high throughput digital profiling of alternative franseriptome
[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
-15-



-15- WO 2010/059731PCT/US2009/064996 been found to be associated with various diseases,
including cancer, and recent studies suggest that rnRNAs are more frequently alternatively spliced in
cancerous tissues than in normal ones. Other examples include the significant reduction of the

full-length trY R MEHIBTEHe conductance regulator (CFTR) gene due to adérFAmt2&%eif thtiusion and

inclusion which gives rise to atypical fornis of Cystic Fibrosis. Another example is the microtubule
associatdetqrdteid Tabe @ebabTtigewah MART dssceguinad fdirth eapotynaedizateon simtlestatgfibgtof microtub

I I | t ' : lici , I t
o oo D R e vk beorr

develope@tisguantifzRicudp eirigeviirantsc@issioniigtedididanatl aashbabusicanrfayettsve been
used for glabally. detegingGeRs SRIGRMALRRS: (HRWR VK RERAUSESMA LITRIMENS LIIILRNA

transcripts are interrogated one at a time in array technology, only one splicing event (two exons at a
time) canf@dsfdcrsicdiieiite AR Cred i the HissrRH AR ATRRA KB E A& R4 G8Ed or
excludeddgene\spetificrsplisiagyarianb] hudhemoarednessspe cifieyhisizationcainiesulidn many
false positives which require fgrther confirmation. [f%O%] ﬁeﬁcﬁ‘?ﬁ?d’ re I-tiTe PCIt? .an obtain splicing
infonla:lidHBP AR BRASG Sorie S8R RSB AL S HiFFE8 bR 1§ %?etgeo%?g’? gert f&action conditions, low
throughputuentdughranstdibbicd, areatied TiBRE generation sequencing technologies have been

employed in digj ne, expression profiling and could, he used.in profilj e[native splicin
variants. Howe\jgp!9 t%fey%ﬁﬁﬁgregre?y tgg@% ‘ug?@Vgr%%eélqdfgﬁ%)g ?(23% ugﬁgéyﬁg{ﬁ%fggﬁsgéﬁg %m_l{%ia%ons as
microarrdyisstyith gegastsie fulhddrhaRiAxsam ples. been [0eddpretibaliy deeige cormprivhdnexisting

transcriptomesfocusceliechnelodies s (RaLARR & GAPRRIR 9f.MoRIRIIRg;FAmAnAtoRS of alternatively

spliced exons, as they occur within individual transcripts. Under existing methods, exon exclusion is
hard to cofiAR ANRICKPREIMBENRIH FakE BRER SISAISFER SRR GENS) cqp bo P Brdeprbti&ienormous

importange, of altemative:spleng:to ammaliaroaioledcauire ok seiutiRas i tlesiphadng thisproblem
face challenges. Indeed, little is known about how alternative splicing is regulated and.coordinated
through thE B cTOBTHRRIEsPAGe BRI P B BISHRE PREAHB RS qEIAARy IO S e Ents,

101011 Imprieyiogh fegeiition beyond conventional optical limitations

[0098] Second, real-time PCR can obtain splicing information by quantifying one exon
junction at a time but is limited by stringent reaction conditions, low throughput, and high cost.
Third, so-called next generation sequencing technologies have been employed in digital gene
expression profiling and could be used in profiling alternative splicing variants. However, they
are largely based on short sequence reads and have the same limitations as microarrays with
regards to fuli-iength RNA samples.

[0099] A disadvantage common to existing transcriptome-focused technologies is that
none is capable of monitoring combinations of alternatively spliced exons, as they occur within
individual transeripts. Under existing methods, exon exclusion is hard to confirm, which may
result in false exclusion of certain exons.

[6100] Despite the enormous importance of alternative splicing to mammalian biology,
current soiutions 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.

[6161] Improving resclution beyvond conventional optical limitations

{0162] 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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[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 microtubulcs as well as axonal transport WO _
2010/05973MOCHRIESBH9/064996 in neurons. Aberrant splicing of Tau exoR TOTBARE S the
development of neurodegenerative disease such as dementia FTDP-17. [0103] An exemplary RNA
barcodingnscheme id shrownsiifing & TdweeoexXdrisa®, 8 tandetOpiminA Pimirendegipe aave undergo

alternativg %ngi&%h %Xﬁnn?e dﬁ;ﬁg@fvare always spliced together. Thus, six different MAPT
transcriptsiscan be g’e%e?ate%%y alternative splicing. The MAPT gene structure is shown in Fig. 2A.

[0104] All six pd§3fBE afteyatiasp oy harfeding shemiiedrer 2o fi222- 101X @&(§; dnd the
length of gachhexpRispndicalgshio &wu@r&%&%m{a@%hgp&@hﬁ%ﬁ%mrém@h&é@ldzi@qiminate

labels associated with different exons. If the Rposition of the exons could be resolved, the measured

distance HAFE4ALHRCTabRIS Wil TERERF MMeh SPARASHRIS AENPREsPRrann &Y SIS rRYSIRG a barcode.
[0105] TorfQliniapricadeicthis Bxamplenfpigr 2xon specific oligo probes could be designed to

specifically hybridjze to exon 1 (Cy3-green),.exon 7(Cy5-red), exon 11(Cy5-red), (Cy3-green)
respectively, as[é%)%!/n ﬁlér%oegﬁ}{é 3%8@%”8\?\@%%% T Iggllé%gl%l%\é %iéiﬁ(/\%ezgé%ri&él ﬁa?bels can be

used to idenjifynd/Hieheuatiarteshrasaris aﬁﬁlcmeidmIEﬁgs_éauéimsc(m)@}(eeticﬂeMGm@W indicates
the presence of.a ! “'%]f%% Jsg.an rl'}i?% nfH0SE NG, AiIseiosed RRIGOdINg.SCREME, [F L35y

multiplexed. HTB% or example, e same two colors (e.g., green and red) with four different
probes wesselysédito magsaraifbstancy bpieveatblotabslusticd eaibredestlfed Tariiisibarticular gene
that is diffgrent fronythat of e, MARJ.gene, The sequence of color can thus be used to define the
specific gene and the distance between the labels of that color sequence determine the individual
splicing variant Bt she&me gerecafctndhinexeaBle. fou-proberapiiodidsy Biehes sreid betg different
color sequensas i ipRimanieib-diffeienkosnes sinutaneously wib-urfinited pawes-tedsplicing
variants. If 4 COl(\)@Y f 8 different probes %rpg used 46;655?6 gifferent.g%ne Ea[h?e lnvegtigated
simultan G WHICHERS ThFSRF She B oLy AR B JRS a1 B3 T G T his
approachbhas:three iatpirtanbadvantadgésinies ticrentiexprgssiont prdfifieg tbotwglegiedfor
interrogating RNA splicing: (i) By.mapping the distributi f.exons within, a;si nt
concun-etg51 f:’ndngdggﬁga%%%errifﬁlélﬁﬁ%%%g?fgﬁbs Iﬁ%%%%%%%&?ﬁﬁ%‘é%%ﬁi alt%l\k/%%%ég%g%?%%%g s within
the samettremesaripsclidii®hecdigiivabnéitple ot the barcoding scheme means not only can one quantify

the individual spligigg variant.ang.CatALARY IheIRIRlgenefXpr g IR PaddnaR g all the

splicing variants. (iif) The barcoding scheme will provide maximum multiplex detection capability.

Realizinglisbse wervaredrig s iebfssniedaririifgteermetb gy dattepsd bl BiE{FalFexceeds
conventional.QRLGRIAPREARERBS that of the MAPT gene. The sequence of color can thus be used to

define the specific gene and the distance between the labels of that color sequence determine the
individual splicing variant of that specific gene. In this two-color, four-probe approach, there are
2% = 16 different color sequences to interrogate 16 different genes simultancousty with uniimited
power for splicing variants. If 4 colors of 8 different probes were used, 4565536 different
genes can be investigated simultaneousty, which is more than the entire human transcriptome
(figure 2C).

[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 muitiple
alternatively spliced exons within the same transcript. (if) 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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--17- WO 2010/059731PCT/US2009/064996 101081 The need for low cost and high throughput
whole genome sequencing 101091 The success of the Human Genome Project (HOP) is largely

due to the continuous development of Sanger sequencing method throu qt_]ﬁ(}arallelization, automation,
miniaturizati$f HE#EFCRbmistry and irfformatics. As the workhorse of the FUMWAHEASHE Project,
Sanger sequencing method has dominated the DNA sequencing field for nearly three decades, and its

800 Q20 base rgad8endhdnsidrificamt.cost 464 HighTtheseghpwiyvhiole rngnsesuaroiriggechnologies

can be grouped,| wo.-cate eresib?% %9-300'[ egdet_egcppn m mog 158 }q?ngi% eglher by ensemble
detection or by éﬁtgf} molécu é:%atoectf%n.} ince' mu ffﬁlé'ﬁﬁﬁﬁcdi‘ji ssargkﬁévedleggingnsemble

detectiongethtiyenetieviritomeationSsuch mlkr@giawé@@tm'm%pﬁﬁﬁéigﬁi@m%%ﬁa@ﬂng the
process. }%Qihpu&%’d&%@Q@Péfh%kﬂg;lt‘ffﬂ%‘%ﬁﬁlﬁm?ﬂf‘s?tm;EIE?\M{P%@@@5@1&%‘%%51@@@1%6‘38 information,

the read length of current single molécule sequencing method (e.qg., Helicos tSMS) is 50 bp or less,
which is FRFOSHOr A ETA AR NG RV AR R B GO BIPRA B AN S v S SNPE I i a8 Wit the
predecesgel.3angel sequenengmethedacrticakganatigdnformation such as haplotypes and RNA
splicing pattern is still difficult to gbtain with these "next ggneration" sequencing technologies. The

present inventiot? 1AM ontf GihBF HGLC s BRIAISR HTBRRIRY IR ATt oS BB o111
Sequencifgebyrhylrigidatiohdsleamednknemvsdm ethochthal emhploysmicnbbr trybssedhybsidization

assays to dstenig the sequence ot fuelRis agd malecules: Notmally,shart ligas vt kpown
sequence (< mer) constructed on a microarray are used to capture l.e., ny rIdIZG) and interrogate

the targetmoiestites sTiestiapbarmeyeas Says produgeatist of lalit siubsedbentessef Wibhidized oligos
found at 'E@lo%ftehﬁggg él’?z’ é%%f@?ﬂ&%&ﬂ@%%@éom erpibelistdoesanbineakitadosatinns.ef the

sequences oligos or nor does the list provide the number of the times an otigo may be
present ol$rEtARjetrBleEnE: THE PrsseAtmoBIsTBATRS ete HIISRARNALH Fidmeatss. whiqp112)

Figure 3 @Q%m@ﬁeﬁt%ﬁrﬁh@gm?lﬁksai%&ﬁqwﬂagx&ﬁx@smerr@u@,- afiv@iugleotides in length)
oligos with 5' end labeled with different colar fluorgphores;.4 nucleoti%@tgpin tors labeled wijth

diferent dBIBFFRIOTB AR A THRA M CFA G T BIA WEEHELOBP RIS Sebanded
DNA moleglilesswitticpaidisd ssDNAIgapsbiain (QhlBE&kigne 4ahesalibesdhecficaicyclamoloaexemplary
sequencing reaction. After the first cycle, each hybridization and incorporation events are recorded
and Iocalize%par%ﬁ%p heanzed BRI %/%%fref:%flegsb ’kﬁg%cf‘t@iﬁgi‘?ﬁ%ﬁﬁﬁ%%i nr’ﬁ%h%‘@i’%@%'robes are then
washed away. Iithd heRtgyaleing mdrebbidireriprobes AGT0M AGTGTHAGTEIGsantMGTET are
niroduced 30 NAHAARANNG RIS IRFAIGNS a8 RIS RiRhes AU AlaIC NG ARG,

sequences as previous probes. A polymerase then incorporates the nucleotide terminators (Figure 5).
- 18- oligos with known sequence {<100mer) constructed on a microarray are used to capture (L.e.,

hybridize) and interrogate the target molecules. The 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 S-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 sharc the same sequences as

previous probes. A polymerase then incorporates the nucleotide terminators (Figure 5).
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WO 2010/059731PCT/US2009/064996 [0114] This process is adapted to be multiplexed (using
labels of different colors) and to produce large number of sequences read during one cycle (Figure 6).
Also developed are algorithms to prioritize the sequential addition of 5-mer probes. The super imaging
techniques J@Q&W@f@gﬁﬂuded SHRIMP, SHREC, STORM. EXAMPLES PCT{B348}/%i#fe-molecule
high resolution co-localization (SHREC) and single-molecule high-resolution imaging with
photobleaching [BHRIMP)imetirogds halsptbé antdavelopeddd(maasiate distaiftasheti@eniio
fluorophore t.are closer than-Rayleigh limit (a,250 nm for visible excitation). 0116] Combining
the two e e e T ol e 88 o of
distancesttgsuithpe terniaiytize tesoivediny) usitiipseléraldiuprdphols sfdifferegingdtehsigach having

multiple rugég%g;gig&ag@lgmm%wlglq@l@iﬁanded DNA was stretched on a Polyacrylic acid
and Polyallylamine coated surface, making the DNA relatively straight. To test SHRIMP, a DNA

construct FQ§$/vith a biotin followed by three Cy-3's at positions 475 bp, 172 bp, and 94 bp,
correspo  distances between Cy3 of 32nm, 58nm, and 90nm (figure 7B). [0117] Additional
detail is providefbifl HigumgAn@Ohe RORprisenmasciabelgd-aid €itREith ay8sandethestivdr primer
was phosphorelated at 5' end. After reaction, .end of cy3 protect that strand from digestion
by tambot Ao s S e R R S I
single-strardedDhtmeldetieswere fhenerhoed, hrimer dstensionRedctibnswelres performed to
introducle%B{gggg%ﬁﬁs at each specific sequence positions. In this case, two short oligos with cy3

at theirs' end were hybridized respectively at 94 bp and 256 bp from one end. Another short oligo with

a biotin at its 5' &hd (lasCypbiaine dhat etS heneief tHéssimgflecstiarasigndmipanewafter extension by
polymeragg,ihesingieaiandeddemalats was.cuvetird iR-douhle stapded B%xsg]@@&ﬁﬁs and two

cy3 dye molecules were introduced at specific locations. 101181 Distances of 27 nrn, 61m, and 95

nrn were fieseheds pf dileirehtalgresrbhtving thetek wembeistin earl v b tde i iuRaRisusly
SHRIMP angh&dREG, axSivedh slased ripesilinnzere Bpe e eyds abnesitien4 hpqand position

1725 i ek Pesons Bessuned g el s Mg sten T sinces eeen
between Gy8xCy¥ pairstat besbons 4ith p Sl Mtrbexperiddp(figure@ndihe tagieamentwaseaxcellent.
Claims ¢35 m, 58nm, and 90nm (figure 7B).
[0117] Additional detail is provided in Figure 7A. One PCR primer was labeled at 5°
end with ¢y3 and the other primer was phosphorelated at 5" end. After PCR reaction, the 57 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 37 end of the single stranded template. After extension by polymerase, the single stranded
template was converted to double stranded DNA molecules and two ¢y3 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 simultaneously 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-Cy3 pairs were 3743 nm (32 nm
expected) and 91:£5 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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1. A method of assaying for the relative position of one or more exons, comprising: labeling a
biopolyrner sample at a plurality of locations with a plurality of labels, wherein said labels are
separated from one another by 30 base pairs to 1000 pairs on said biopolymer; said plurality of
labels including at least a first and second label located, respectively, at first and second locations on a
biopolymer sample, such that the first and second labels flanlc a first region of the biopolymer sample
that includes at least one constant exon; determining the distance between the first and second labels;
and cortaating 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. 2. The method of claim 1,
wherein correlating the tgiséaégce between the first and second labels to the presence, absence, or

relative position of S3RF SRt BRDIELIRE HatiA 8% BREBb Y BYIARRY tABRISEHce between the
first and second lab@islpreseinpdnntbeshigpoly mplusdinpléltedhedictancabatweeniaiels that flank the

first region of fb bionalvinat kpowunekia.saniaindieialtenalive.exon. 2 He methad gf claim 1,
wherein the correlating comprises comparing the distance between the first and-second Tabels to the
distance betWRSIN A first and second locations on a biopolymer lacking the alternative exon between

the first and seconddidgatietis: oA bbieimneitiad afielaimtsfuihet cempesingineatizing atleast a
portion of the, %@pﬁ{g%%gméﬁg\%%r&@ ggﬁ Ilne(;%%ﬁ% %%gqga{)&]gh% Stglao‘%s!g{%% I%ngpsple comprises at

least two labels. 5. The metho claim 1, further comprising correlating the relative order of two or
more probed!toAe B mtre skl chiraiRkiracteriamis dtahdpiviselpierssammpleonstant exon

determining the distance between the first and second labels; 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.

2. The method of claim 1, wherein correlating the distance between the first and second
labels to the presence, absence, or relative position of said 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 the alternative exon.

3. 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 oha

biopotymer lacking the alternative exon between the first and second locations.

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

biopolymer sample wherein the linearized portion of the biopolymer sample comprises at

least two labels.

5. 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.



6. The method of claim 1, wherein the biopolymer comprises DNA complementary to an mRNA. 7.
The method of claim 1, wherein the first and second labels comprise the same fiuorophore. 8. The
method of claim 1, wherein the first and second labels comprise different fluorophores. 9. The method
of claim 1, wherein the plurality of labels includes at least a third label located at a third location on the
biopolymer sample. 10. The method of claim 9, wherein the third label comprises the same
fluorophore as the first label, the second label, or both. 11. The method of claim 9, wherein each of
the first, second anththirethapefsccdm prisdsraigifie rappflimraplrorerisasD N ecamstivagodelaim 9, further
comprising garsglating the distance between the first and the third labels, the distance between the
second and the third labels, or both, to the presence, absence, or relative position of an alternative
exon disposed between the first and the third labels, an alternative exon disposed between the second
and the third labelsttsr othnd 18, diernhetibd i dheinfirst witereinrddbeliviy theubiopohgnsemsample
comprises cgptasting the biopolymer sample with a nicking endonuclease. 14. The method of claim
13, wherein labeling the biopolymer sample comprises incorporating one or more dye-labeled
nucleotides at two or more nicking sites effected by the nicking endonuclease.

8. The method of claim 1, wherein the first and second labels comprise different
fluorophores.
9. The method of claim 1, wherein the plurality of labels includes at least a third label

located at a third location on the biopolymer sample.

10. The method of claim 9, wherein the third label comprises the same fluorophore as the

firgt label, the second label, or both.

11. The method of claim 9, wherein each of the first, second and third labels comprises a

different ﬂuo%ophore.

12. The method of claim 9, further comprising correlating the distance between the first
and the third labels, the distance between the second and the third labels, or both, to the
presence, absence, or relative position of an alternative exon disposed between the first and

the third labels, an alternative exon disposed between the second and the third labels, or both.

13 The method of claim 1, wherein labeling the biopolymer sample comprises contacting

the biopolymer sample with a nicking endonuclease.

14. 'The method of claim 13, wherein labeling the biopolymer sample comprises

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

the nicking endonuciease.



