SYSTEMS AND METHODS FOR ASSESSI NG Bl OMOLECULE CHARACTERI STI CS GOVERNMENT
Rl GHTS [ 0001] This work was supported by National Institutes of
Heal t h greio20R2R4413804199- 03- NI H NHGRI ; by Nati onal | nst ipCutuS2afi/oStiahdar ds
and Technol ogy grant 70NANB7H7027N NI ST- ATP 2007; and by Nati onal
Institutes of Health grant 1R43H®X04817-01 NI H DHHS. The governnent has
certain rights in this disclosure. RELATED APPLI CATI ONS [ 0002] The

present application cl ajygrEMg ANDIMETAOPRIREE ASEASSNICAPP! i cat i on

61/ 407, 302, "Nanoanal yzer gfeygbersarCiVeR hedsrisTicked on Cctober 27, 2010;
United States Application 61/394, 915, "DNA Danmage Detection in Nanochannel

Array," filed on Qctober 20, 2010; United States Application 61/407, 182,
"Singl e Mol ecul e DNA Nanochannel Analysis for Genomic Studies,” filed on
Oct ober 27, 2010; and United States Application 61/418,516, "DNA Damage
Det ect i O@O\mﬁ@\ﬁgm@@h Array," filed on Decenber 1, 2010. These

applications are |ncorporated herein in their enti ret| es for any and all
pur poses. TECIHHWUALTHRY wpik was suppoftgDia3Natimel pstewienef Riaklebvsure rel ates to

the fiel f dt
1 11 g Y il B A R, S0
of ! i Vi ngOSAYBIHIOB7IANSS TAAS 24T, Ia}adbleail@lal m@mtuemﬂg@&tblg@nand

oIy AP R S R ALLRRS RO B3R 1% B FRIGHEL © genoni ¢
sites can lea anges 1 n nucl e seque ecul'es can be

damaged i n nunerous ways, including (a) msmatches arising during DNA
repl i cat REAATED) ABRIHEGEIOBSUl ting frominstability of DNA nolecul es, such

as | neor por at [y ot it A&kl ARAT Akl ok bashs. lERULhTRLAgN and

depyri m di nat o environ or exanpl e,
i oni zi ng 6it/Aa7,302, (f)Naqn)laIIHiImESySmn(*Iahd Mbtl’@dséﬁledrmd Ck'ltqbanw RO KakKinitcd$ratet )V

radi atio |0 1neg]ia IE—‘Q oth h roducts.
Exompl ar o PR N RERL ooty ot DR RpBRbRNRRN . o lpa BIBLABL
20, 2010; United States Application 61/407,182, “Single Molecule DNA Nanochannel
Analysis for Genomic Studies,” filed on October 27, 2010; and United States Application
61/418,516, “DNA Damage Detection in Nanochannel Array,” filed on December 1, 2010.

These applications are incorporated herein in their entireties for any and all purposes.

TECHNICAL FIELD
[0003] The present disclosure relates to the field of nucleic acid analysis, to the field

of nanofluidics, and to the field of optical instrumentation.

BACKGROUND

[0004] The genomes of living organisms are constantly at risk for endogenous and
environmentally induced DNA alterations. DNA lesions at specific genomic sites can lead to
changes in nucleotide sequence. DNA molecules can be damaged in numerous ways,
including (a) mismatches arising during DNA replication; (b) damage resulting from
instability of DNA molecules, such as incorporation of uracil, deamination of bases,
depurination and depyrimidination; (c) damage due to environmental factors. For example,
ionizing radiation produces modified bases and strand breaks, and UV radiation produces
cyclobutane pyrimidine dimers and other photoproducts. Exemplary DNA damage scenarios
are illustrated in Figure 1.

[0005] The consequences of DNA damage result in DNA fragmentation (double
strand DNA breaks), single stranded DNA breaks and modified bases. Currently, there is

-1-



[ 0005] The consequences of DNA danmage result in DNA fragnmentation (double
strand DNA breaks), single stranded DNA breaks and nodified bases.
Current | ywotzhevws4i3s | i mted avail abl e hi gh-throughput amrdTasasiitsMes net hods
to detect these events w thout the need of DNA anplification, which
anplification could conceal those nodifications. Accordingly, there is a
need in the art for nmethods and systens for detection of polynucleotide
damage. SLUMVRMilable high E0Rbuf dﬂd@&%&iv@%em&@s féﬁa%fé&' tﬁ@s@! el L engese the
present disclosure first provides nethods, the nethods including converting

a first §P%@ﬁéﬁwhmﬁﬂﬂ¥ﬁﬁ@bé@#ﬁdémbﬁaﬁWﬂF@@@CWﬁWﬁﬂ?“%ﬁ@@@F%K@$ supporti ng
pol ymer a%%cc?réﬁlgﬂsﬂh% is aialfleifeﬁ G B Grt 8RR 40 Bn Ay st i€ fcfr'd@t%&tmﬁ%'f ﬁBMmﬁ‘Peo%e to

incorporate a first label at or proximate to the first site; linearizing a
portion d#migse pol ynucl eotide that includes the first |abel; and imaging
the first | abel. [ 0007] The disclosure also provides anal ysis

systens, sihpvakst ens suitably including a sanple stage configured to
receive a fluidic chip that conprises one or nore nanochannels having a
char act eri st i W08¢Inelngiasting the deseribegregellenpest the presem iselosuap Bigt preBdesnm  an

L1 um na%@g@ dﬁ&h&u@nﬁa@ﬂ{op?nfvaﬂhghmggur@ﬁ@p q@té@‘ﬁ?s‘?%o‘f@t hin the

fluidic c an 1 nage ector con ect an ge of an
i 1 um natedbsafpippoding polyadran ¢xitinnion;fetting cdtcpsiomitghe first moiey30@8jo Al so

provi dedtlﬁ%rﬁo ﬁgtahf‘?gtslabel orgchger ? ?gkﬁgél%gh&(aﬂ%%g&gﬁl neoft;lj'r st

single-s reak 1N a de" W't osphatase SO as
to gi ve polysudatide ﬂlatr1s¢lud'ﬂsnlmtfi,rstdaq:ealahé1mﬁg1@ubqaﬁlrsthab‘ﬂg poI yrrerase ext ensi on;
contacting th so as to
“ncorpor ace al0er 4t e SRES SRR Sufirba Rl Pt Tufiy ifidag; &
portion @fsarhﬂile stpgﬂ sonfigiredtoi rekeiveyn ﬂmﬁé t}rip ﬂgt tdmeprisesr @ik of mbed namdhh\mnelsa
nanochan magl ng the f.irst ab Ad i onal | rovi ded are
ot hode. TEYe fEHSTE b g IB ARG b ST RAYSYSED i b bR o

pol ynucl eQrtdRn AgNProRMNAEE aS8mpla dispehedwithid the 16%i0 Bhi] 2@1@31& igdel Vity so as
to convert the non- extendable si ngl e sfrand break into

pol yer aSellestor epidighied gqlleet-an dmpeehign i %n%edmwml&yﬁwge@matha flgidicapel ed
deoxynuckggtide so as to incorporate a |abel into the polynuclotide.
[ 0010] The discl osure al so ErOV|des met hods, the net hods i ncl uding

di sposing a p@YHuchisopiodidcharginiogn theyaeheds draluding qoRfapting Harowreldmt ri x

mat eri al stk bl Q&l&ﬁ%l&@&&@ﬂ?é&ﬂkdhﬁ@pﬂﬁsg ta%@ s@&s‘%@'glv@%s@ﬁ)t@ﬁﬂs@ SO as to
covert the abasic site to a single strand break in the pol ynucleotide, so

as to compty capallp ﬁ@%p@tmmymrwthensmm@ovmtylﬁGﬂ@l ragiety dathtagoody repsass | e
strand bpg (ﬂéélabél &ﬁlﬁle‘aﬁhé’ gﬁk&%%&a Q2P Ik, thgp&\é/@gtoh o%dé'qﬂgir?zl trand

break in 't po ynucl eot i ub e strand e pol ynucleoti de,
or bot h, atleasha portien 9f thapeliphuslegfide by confining the first label within a nanochannel; and

imaging the first label.

[0009] Additionally provided are methods, the methods including applying to
a single-strand break in a polynucleotide a DNA polymerase having 3’ to 5° exonuclease
activity so as to convert the non-extendable single strand break into a polymerase-extendable
sites; and applying a DNA polymerase and a labeled deoxynucleotide so as to incorporate a
label into the polynuclotide.

[0010] The disclosure also provides methods, the methods including disposing a
polynucleotide having an abasic site within a porous matrix material; contacting the
polynucleotide with an alkaline material so as to covert the abasic site to a single strand break
in the polynucleotide, so as to convert a single strand break in the polynucleotide to a double
strand break in the polynucleotide, or both; converting a single strand break in the

polynucleotide, a double strand break in the polynucleotide, or both, to a moiety capable of
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supporting polynerase extension; and contacting the noiety with a

pol ynerase and a | abel ed nucl eotide so as to incorporate one or nore |abels
i nto the wolzyruskset i de. [ 0011] Further discl ose@#Cans2adastiidnal

met hods, these nethods including disposing a polynucleotide within a porous
matrix material; converting a first site on a polynucleotide to a first

noi ety capabl e of supporting pol ynerase extension; effecting extension at

the firstymiRbpoSmeSe &ﬁeﬂsﬁﬁ%@%%&m@ tifd &&Etylvﬁ@leal po?}tmé?iseﬁﬁ@ﬁ(laﬁate@ to the
first site; linearizing at |east a portion of ﬁci;a‘r;luc eoti de by
10111

confi ni nguctlméldﬁ B¢ &t to [inghEvorajg QWuOﬁH@M&%@ﬁ@ﬁh@polyw gi ng the first
| 'abel . %Z]Flfrﬂ{&t(f]?cﬁosgd %h&’(ﬁ@&la%&h tﬁlesetrﬂéhéﬂstmctldd I dis 8519 a

guantity of an ysosyl ase; gquantity o anaurlnlc/aé Infc
| ysase, apglynmméhwdh@gtp@ms@atrmm@@maﬂb copvayiiEan Ilstysﬂgfonapp hyaieatidety, and a

quanti t yaq’frst ﬂlo g?lge Qy&hg&{lhggoly%g'gs]eae]xteﬂlBﬁ in e§t(3n é&lcitlﬂ%efﬂstquant ity of

an al kal f'ne mat er i an apurinic/apyrimdinic |lysase,
- phos phwditest @rtageprporatezois; lakzl euaptaxinatofo the ot mlmazgezmaatdeaat guantity

g;s?elrrgbgjll% ) Bf] t(f’le P&(Y,llmc Geotlde%%ongiﬁglt%ﬁ]e ﬁAr‘Iftslgaéegw?m a%gno% a?r%n% cF 1%1Sa§m-§lg_hese
pol ymeraﬁeﬁrstbabeh quantity of a |abel ed nucleoti de and (c) a quantity of

one or nore o i nj.c/a i.ni.c I a 3. dleterase or

Endonucl ease IO\(}?{] ﬂ@”&?rtdl%éqs%ars tﬂb?d“ttqbry ﬁﬁ%eq“\?&ftpﬂ%ga@gﬁ&sgs Yifeder, the

sanpl e i qageity mﬁppmrmmg)yamﬁ(ﬁﬂipll}aa@t agep}@@[ﬂmHEQieﬁaﬁb engaige qotidthy af £ | ui di c

chip that jncludes, one qr rp) % pg neI s, an illum nation source capable
Hwgtefiebgle

of opti cRPYRSHNGANEALTAY ?Oél i sposed Wi t hi n a nanochannel of the

f1uidic chip, o8] nRigemsOdiiEiaEINde Capakjuenty ofAl diedihé MgteARl; b fRAGHQF an
il lum nated sanpl e di sposed wi thin the nanochannel [ 0015] O her

met hods pR BRHY’(S‘@@PHEW&“HC Piee LS RhesRbadiEsserass. of Botly GHansity of apolxmfiRsEeot i de

t hat i nclaﬁtgéa@ua%tyloga%egagua@g@ﬁg the | abel having been incorporated into
t he pol ynucl eot i deefbﬁjl ynmerase extension, the polymerase extension being

performed on HORYi ebko Plﬁé{de@\ﬁ@ Syoiee e syitems sntablly arglude gikitdhat sncliday| e
strand bfaﬁ%l&uargfty Qpi&lym?rase ﬁ B p Qﬂagllty%q'léﬂef%ﬁ%{wl%fd@oﬂﬁ (S'a%hrgﬁfgf fgrein

i ncl ude 1 ncor por at i or pr oxi mate to a sit arrage on a
pol ynucl epmprgedt ap ﬁm@mw/apmgldanw bfgﬁtsem ?ofphmrélomtgrmcme%tdpmwle@mw ithel udes

the | abel; @1'3 aaa%glt@&ls%gg {tl‘?ggal que gnaﬁer gﬂ le pEo%%pq'g}nlgqlsﬁl% Qsure al so

provi des syst tens in bas |gure 0 receive a
fluidic stggpadapmdid dngwgenaﬂmﬂm(blnfchlgmlnaédlctudes ¢ﬂewnmwest®neph|@mieifsnmcl eoti de

Parml €, AR, e LB AN RSB SUAGAR oo 0 o
fl ui di ¢ a@imophannel of the fluidic chip, an image collector capable of collecting an image of an
illuminated sample disposed within the nanochannel.

[0015] Other methods provided herein include linearizing a region of a
polynucleotide that includes at least one label, the label having been incorporated into the
polynucleotide by polymerase extension, the polymerase extension being performed on a
moiety that was converted from an abasic site, a single strand break, or both.

[0016] Additional methods disclosed herein include incorporating a label at or
proximate to a site of damage on a polynucleotide; linearizing a region of the polynucleotide
that includes the label; and imaging the label.

[0017] The present disclosure also provides systems, the systems including a base
configured to receive a fluidic chip; an illuminator configured to illuminate a polynucleotide
sample disposed within the fluidic chip; and an image collector configured to collect an image

from the polynucleotide sample disposed within the fluidic chip.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] The sunmmary, as well as the
follow ng detailed description, is further understood when read in

conj unct WO 20iA15413Re appended draw ngs. For the purposePaofi/uskénssTiasi ng t he
invention, there are shown in the draw ngs exenpl ary enbodi nents of the

i nvention; however, the invention is not limted to the specific nethods,
conpositions, and devices disclosed. In addition, the draw ngs are not

necessarily drawn to scale. In the draw ngs: [0019] Figure 1
illustrates exenpl ary DNA | esions that may result from DNA damage, which
| esi ons include sin strand breaks (SSBs), double strand breaks (DSBs),

and nodi PREEE PESER! IONOFFH@QB}A WilEe 1 illustrates an exanpl e of the

types and quapolis)t i g% s@hnfaV ad R8I ANGe foBSWnsidR@iI1Ed @R HBRSUTehef DNA to
ionizing radiation in the formof gamma rays generated from Cesi um 137

(137Cs) ; understoodvglpp 192dip gepywnction Wlﬂmmeraame@éedadfawngﬁsﬁqr&te@um%ﬁ‘c@fss accor di ng

to the p'ilﬁx%@é[ﬁ g%esl%éﬁ%b!ﬁ Qhér'e,séu@thN?rQihX&O&X&ﬁlé@éceﬁlﬁlabﬁ&%ahﬁ&tsl’dfttﬁéiV' ol et
( - damaged bases and al so oxi dative damaged bases, followed by

f | uor escéenticapeewaygr, 8fc inveatigNA neidirpitpd te theepecific methoc{smwpsw@um@ 3
H Tustr ?‘?ggce%"&% "Yn §dd$t| SondHng LRI ARt Réceg%ﬁﬁzgi %@{;ﬁg@q ¢ Oihgurified from

t hree di rent purification protocols Ceritra Pure Gene kit
(Q agen) draggsCel | Gentra Pure Gene kit (Q agen); S3: Easy DNA kit

| nvi t : | sed
fiotd oot ol o0 rkdt s (RbidEedhBbl BN RS IR B FRE R AP P o v
hi st ogr adamegs, ghkiak ieafoedintlode dilnge seamd biohls (§SB¥))l dauibfd suamdbrbahs@lu@]hs)aaud i maged

in a nanocgﬁngg array (mddle panel of figure), quantification of DNA mass
greater HW&h"“106Kbp in length as a ratio to DNA mass |ess than 100Kbp is

provided in t[0620]i gl’ﬁb}ehlalﬂldstpmsah gxample of thOQRS] anfFiqganit@ied of DN[A lﬁﬁdﬁel )
illustrates the size ans. f.or subj.ected t

sUbS equUORETYTE TBTEE b LAY RN FERy s E B Er BRe S e
Endonuc| easeésium confdngt i on wi th Vent (exo-) pol ynerase and fl uorescent

nucl eoti des, and the bottom panel illustrates an exenplary 5| ngl e strand
ni cki ng densi 002Ys Elagﬁ?al?wew USRS asForde tethp s disgigre uve

exposur eu§1ﬁ@gfe‘éi¥]cf0§}q£§e§)to re QiQQuﬂllam&et ([I)JN\2 darﬁz%gaﬂlsefmgl%ﬂs% Ridtigsent s
exenpl ary size histograns tor fosm cted to UV damage and then
cont act ed2mpgen bsss, mg@weé&auﬂm@mmkeheaaBﬁaél\%AaéaénngSléﬁﬁd UVDE, with

Vent (exo-) PpojoysRr qsigur@@QIlflétﬂa%%W&ry@ﬁ@hﬁﬁ’ﬂﬂl@&ﬁ’of human en&rggaﬁ\llAF' gure 6
presents exenplary srze histogranms f fosm d DNA sub %ed t o hydrogen

per oxi de Ppgzyony Hiescref ferprd %ﬁwﬁr@h@n Browadlp:edt Baccame Pueedfagne kinzy mes
End | d
ndonuc ggﬁg n;)\ébe@gu @8 Ot | Rk if (idﬁ%g%lﬁggg st Bavent @I%B?Qenpofc}wrer ase an

fluoresc | ed nuc treatnent of fosm d DNA ranged
fromoO - rQatB/e pizd/istributions were assayed using pulsed field gel electrophoresis (PFGE, left-

hand panel of figure) while a size histogram was generated for the same DNA samples flowed
through and imaged in a nanochannel array (middle panel of figure), quantification of DNA
mass greater than 100Kbp in length as a ratio to DNA mass less than 100Kbp is provided in
the right-hand panel;

[0023] Figure 4 (top panel) illustrates the size histograms for fosmid DNA subjected
to UV damage and subsequently subjected to DNA repair enzymes EndonucleaselV and T4
EndonucleaseV in conjunction with Vent(exo-) polymerase and fluorescent nucleotides, and
the bottom panel illustrates an exemplary single strand nicking density of fosmid DNA as a
function of UVC exposure, where UVC exposure ranged from 0 — 5,000 J/m?;

[0024] Figure 5 presents exemplary size histograms for fosmid DNA subjected to
UV damage and then contacted with to DNA repair enzymes Endonuclease IV and UVDE,

with Vent(exo-) polymerase and fluorescent nucleotides;
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[0026] Figure 7 presents an alternative DNA danage assessnent assay t hat

i ncl udes di sposing cells in a porous matrix; [0027] Figure 8 presents
data fromvoropldisesse hunman cell sanples subjected to 0O pCNIUS2011H801H. M
hydr ogen peroxi de and processed using the alternative cell-based DNA damage
assay presented in Figure 7. Figure 8A illustrates size histograns of human
genom ¢ DNA foll owi ng hydrogen peroxide (H202) treatnment of human B cells.

The cells verg o%]befdgﬁ@@p&sag@&@ﬁl?la%nﬁzé Hg6dami R FAWRADRA @bjaki fe
treatment before bel%%ﬁ%@é ect ed DNA repair_enzyme Endonucl ease |V

i n conj uREdPEH nRFaxklc PLr apd Pupseuakly shidcted (pdPR4 éamstr cATEIE ot | des
before PEﬂ?éé%@%@se W96 Eh&b’ﬁgaéasé ﬂ?al%ﬁg% byitR 'vléﬂr%exo FigihRr88aid ﬂdbg%e?\h?s the

average no | engt h and average Tabel density (labels/10
[ 0028] Filapalee ngclmtllders thedt26X tepatmangypicfosraid dBNA eani fy@m@ —oF5 uM;

fluorescent| y[ok)gie'}ﬁgufrch DB 0 1R RO N ANAR ggﬁae([i %%%’ ) %‘Ls Angh, SHARRIUENt

data anal ysis deronstrate |1 ncrease enS|ty I'n a
dose- depdnpentg asinmerpoarnnd nragduiced nol ecul ar si ze for hunan genom ¢ DNA

et il B R R AT T R R N
(PFCGE) geb. 50CuM lordragoh perukide arsi prodegsed asipathic abernatas cslﬂ}bmd DINA deendge gur e;

[ 0029] Figure 10 cts Process. at.h for detecting oxidati damage
o D | POBSBE R R 7 ReE PR oLaRe b hSbarth RE Ay S TRLPNR: om Dia
proc essecﬂolwlcgrlmdftgeﬁ perb)h&e pmeb)rtteadm&cd)frllsm& B cells. Th¢ &8 blercFinghdtidedl 2
presents.a co existing illu tion syste

i 11 um natl BATSY & ﬂ gﬁﬁ §Q¥ MHF@?%HP“U?%%F§§H$§mJCmdtn%fgﬁgﬁ] Figure 13
depi ct's pak besy@el B&ad@ﬁucﬁaaseamlﬁmgm&usywﬁ VcHBS@- ) pdlyinkteasd kSl QE&ders Y St €N5;

[ 0033] Flgure 14 illustrates external and internal views of a system

accor di n§%4 %Ptlf‘ﬁ“ebeﬁ?ré%‘ﬁ%mﬁ digepii pfghe cell plugs riagyse §B diugtiptes thgaqugﬁst rates an
i nternal noi@Wedngth @M%@ﬁ@&%@a&sﬁg(m&lgﬁm@k@r esent disclosure; [ 0035]

Figure 16 illustrates an internal view of a system according to the present
di scl osure; alf§28] Figure9 illustrates a single molecule imaging of fluorescently-labeled DNA
within a nanochannel array (A) and subsequent data analysis (B), which demonstrate
increased labeling density in a dose-dependent manner and reduced molecular size for human
genomic DNA treated with UV C radiation. The UVC-treated samples analyzed in the
nanochannel array were also run on a pulsed field gel electrophoresis (PFGE) gel (C) for
molecular sizing comparison, as shown in the figure;
[0029] Figure 10 depicts a processing path for detecting oxidative damage to DNA;
[0030] Figure 11 illustrates an exemplary mapping of data from DNA processed
according to the present disclosure;
[0031] Figure 12 presents a comparison between existing illumination systems and
illumination systems used in the present disclosure;
[0032] Figure 13 depicts a schematic of an autofocus system used in the disclosed
systems;
[0033] Figure 14 illustrates external and internal views of a system according to the
present disclosure;
[0034] Figure 15 illustrates an internal view of a system according to the present
disclosure;
[0035] Figure 16 illustrates an internal view of a system according to the present

disclosure; and



[0036] Figure 17 presents an illustrative inmagi ng workflow according to the
present disclosure. DETAILED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS

[ 0037] Thwopne#smt3si nventi on may be under st ood nore rea®Ciryusbyr1/&fies ence to
the follow ng detail ed description taken in connection with the

acconpanyi ng figures and exanples, which forma part of this disclosure. It
is to be understood that this invention is not limted to the specific

devi ces, nethpgy §6C] anphrk ¢RplcQS: anqm%ttl\l’eqﬁﬁgﬁ%wBﬁJff%W%@Jr&nQ?cﬁ%E pRegand/ or
shown herein, that the term nol ogy used herein is for the purpose of
descri bi di§clesre.i cul ar enbodi ments by way of exanple only and is not
intended to be limting of the clainmed invention. Also, as used in the
speci fi caTon Ep@rsdirvTidNeORPPENSERA ChA BRBODSIEN Ul ar forms "a, " "an,”
and "the" include the plural, and reference to a particul ar nunerical val ue
i ncl udes at | W431l tﬂmpriﬁamtm\@ml%m%lpwderawp@g@retrﬁ@ﬂwmr@fﬂen@t@éhfq y

di ct at es fQfReHMcEfled I&@nﬁtfo'h%keﬁhﬂ%o%é&ﬁén w1tﬁ$het!a§€<ﬂnﬂl n%ﬁ%ﬁgm@éeﬁ{as nore than
one. Wen a range of values is expressed, another e i ment includes from
the one p¥miilesuhich faimupepagd iy disdosure Tt Felpe ydestoedsthat thipanvygationss aptl ar | y,
V\,hen val edent
about - e e R S B B A e
enbod|nenmﬂmmhbwnhmgmsmanmnﬂmﬁhnsmﬂeaamdﬂﬁmﬂmwﬁhb%epunxwe0fdﬁ©ﬁ®8g It isto
be appreg] tal h for
ol ar iy, Pae0 bRl RRLE iy PRSI b G W BB ey et s
be provi dednddincotitn. nalse,anused uathmsptg[f&amrhodudmglthﬁ aﬁomﬂahﬂamy the/arl ous

features of t i nventign t, are cr| d in ont ext
of " s; noREEE denenad BT i8OS bRy B s EREE bR Hrulyigeof
subconbi ralue ﬁnnlud&uat lelaﬁrthat pﬁﬁaﬂmmelmﬂesatheesms;ttateedy tiotarea DEheBViba cﬂhade each
and every Va‘llil I (5& %@3 and % documeE S ci.ted in this
appl i cat 19N AFENH, 6%‘58 Fep fﬂ %F“r‘?r% an Qe MESR & THIEC PR EH YOS dhPPrstdes.

[ 0039] | Bn@hdricmbbdiagsaadludek RBmARESRPartRUBE DSLnd/opEOMb 8@sr pieddapds. These

met hods may be used, for exanple, to assess the presen type, and extent
of damag&aiihatmiaLy-Bdhcp v elues e @wreaseﬂ&ﬁ@?mw%fe%eby e of the PHEAIT  The met hods
sui t abl 'y <hyagl YR Qi1 BOYRIEE 100 tRt Thi hEticHht R IR TorsRAOMAUGIRMAE AlPradgdsi I St

noi ety capabl e of supportl ng pol ynerase extension; effecting extension at
the firsercipfledye e cesbipgblincorporate a first | abel at or proxi mate to the

first site; |jops@r 'h’-lsQ&b@aﬂb@écﬁa!té&ﬁhﬁ%e&i"ﬁfe@%éé%Pﬁlle%%h% Wikad ark¥5 udes the
first |abel; and imaging t first | abel [0 E Llnear|2|ng may be

ef f ect ed clarityadesgriftsdrersin lmlgesconﬂent Srepagatberahadiments, m% alsp heprovidedhi | s
ef fect ed cpﬁ{b ggtﬂ)fnllf?%l Wdgle \eﬁ-ntogdlﬂleﬁt o Q&WQ ouls @ea%ﬁéstdf 19\ffen{191? hat are,

pol ynucl eotide tha des the |rst i tabl'e nanochannél s are
descr i bedbribrevisyi cteefdlbsﬂ atths cquaaxenff a apghé ¢mlatd|1m¢nt rmoaytrdso b@@)ﬁ%@%dzgﬁratﬁmw

gr ant ed ncar I A t channel
used to ﬁp%ea glgoé"&gl&%% Oqlolr}?l%gér{urgf%%lf ?I g’agltr%lgﬁatﬁ{l]iln rh?%egﬂl urd g%c o 8\?%9 | ess
t han abouwtlu@%@hinnhat kamgs Aimamndaatﬂoioturﬁ@ﬁbmwdm thissstpplicatiloredmutco@Bﬁtedm | ess

t han abOIIJI qu{ g} %% gs t han about 50 nm The nanochannel may have
a trench d&PtH efl%em eﬁreﬁlre 36Ut 200 nm |ess than about 150 nm |ess than
about 100 nm [0039]6\/16!2 fadn@qiectzt}mrpsresaihehsalameb@mled msthbdsalhyschashals

characteris nS|o th, width e range of  from1l nm
o pobt Mg e fised. (U PR oot B s Ptk st it st ek DY Rk T Des
vari ous ypayé&toh ababhridtatii®ig such nanochannel s and nanochannel arrays.

[ 0042] The napachannel s may th ves be enclosed, either in whole or in
part, and mayl [0l Tﬁ@%ﬂrthqslﬁﬁv@ggﬁ%@u@fcoew THESHE A1 2 RV BRLRAiH R | n

United Stiak aidpdpmie ambff)&aﬁg MlyrkdrhR3Qichdch; ctBRing Bk efi@dyat @fc tMYi ch 1's

incorporated herein b erence. The nanochannel s may al so include posts,
pi | | ar s, moictpidpsito %@@a@re@sﬁ@da@é atQ PRy atodhe ﬁ@t Piasncgazipg a portion of
pol ynucl %tﬁo%ﬁclédtﬂ@%%kﬁges%é ﬁfsﬂlaBé]%nﬁ%Q@ﬁ@t@@%!rs% lab&S described in United
St at es patent” application 11/ . The nanochannel may be of sufficient
| ength to cont04#H dtingagizing H&ymﬁffﬁ%ﬁi 1@16 nppbenyd Wby clnepe pakodiment, thhe | abel ed
gfg;bgn gfleatrlgﬁlgpsoéf%@féﬁ lo?%ﬂfﬁilﬁlg' ®1tﬁ1H'atn§PAc}{aﬁ’1‘fef Q'pQrtltoﬁ'gf &99619&0%&15‘69‘[hat

-6 -



[0043] The first site of the polynucleotide is suitably a damaged site, and
may be a single-strand break in the pol ynucl eotide, or even a doubl e-strand
break i n wbeopalsyrsacl eotide. First sites suitable for tireTdiSsaliiosads met hods
al so include cycl obut ane-pyrim di ne di ners, photoproducts (e.g., 6-4

phot oproducts), thym ne diners, oxidized pyrimdines, abasic sites (e.g.,
apurinic sites, apyrimdinic sites). Valence isoners of the foregoing and
Dewar vakRNn@es e areladelolSyfdife ﬁasasaaﬁﬁer@ar@aec%eaqn Sl PRhiSs pASear e

conbi nati ons of any of these sites. [ 0044] Conversion of the first
site sui ﬁ@l&c?tlellW%’err1%@412837&??W335§/fﬂ?4ﬁné|1%00§?%%e hereim pyiFafeipnce di te, a

si ngl e- strand A eakcrhsi heﬁwhﬂbqnz%&@%%&)eon@ésuﬁ QRN BRb i Ro OF

t hese. The converting may be effected contactin e first site with an
enzyme t heas thay ehaot 30amm. dess dporbait éO%nmelessrﬂg@nrabbb}tzlé@ n@nlewwn ahodi IW0c site,

or both. ' ,rSt site
with an ﬁ¥b§f%g£§ d%épggﬁﬁipﬁgllné%%g#gH?gﬂmyg?%%egﬂgﬁfﬁﬁl%gﬁﬁhhh

[ 0045] AavamB@Imnd&wd@mpbmndéonmybbehMSEdmd§0NngbyeesyhmeésmuHhcluding
endonuol SaREm g lhGRR e G aRRGe thomar g RSy S8 Vil phbt RS o O™
Cbnblnatﬁmnslmﬁt@ﬂmmﬂnmdmlﬂmywbéumsedwhmq@ﬁ&mcmlmemwknskmmmeswnmus[0046] I n
one enbodi ne the first site abasic site, which abasic site is
cont act edons i GaubT hdiafudT o Mt GaPRERSs ot kal | no mmteri al s (6.0,
a basi c sol utjoos] Tmhabehused. ma?hﬁaenadelvaé lber@lclaseédeélﬂek intwiee &Uh pabl y
converts the abasic site to S|n Rﬁﬁ%@ﬂThls as ect of the

di scl osed® %@E%bq o unjfprgyer t"e‘alq 50*71 ¢ fed ﬁ@ﬁ?ﬁ@ M ustrates the

conver si applichtichn 1838378, tBd érﬁrettpoﬁwlﬁtm@ |11ﬁ:0§)tofa3émlebeﬁl€95krefer§§5 Thdy
application of an al kal'ine treatment. An al kal i ne treatment may al so be
used to AKRIpelsmay alyp ickidp aavk. Biaskorhes OpRisiRS 80 g%tpmulﬁfeéawasmpch

conver si gpdipnilchGsd GenPYrtCOPlRE %Herﬁgnachemasrwldesc%é@iadm@@%te%at@mt he
al kaline solution so as to effect conversion to a double strand break.

[0047] Aspplisptiapalyl/ Bad T heFhansnechernchman basl wificigsylengih i emigpuatiledsd site, or
a singl epé&%ﬁ@fjth%@l?fﬁwﬁe%ﬂhé R de %&e&ﬁ&ﬁ@ﬂ'bﬂh@bolyﬁfele‘%ﬁ&é’ﬁs‘é‘ﬁﬁaﬂly%thm
apurinic/apyrimdinic |ysase, phosphodi est erase, or any conbi nation

t her eof Hrdesiocbarsdongytcils conS|dered an especially suitable |ysase for

t hi s purpose, h : ot
limted to) A@h:ﬂdgﬁ%q}rggggg%ﬁ&%&%&%gﬁﬁag%%ggedbdghﬁ%}desgtg erb% ? pgtrbfﬁi c or
apyr|n1dshgbﬁumdeumynnﬂ@umbmedeEMéapevmni@mbhsapyﬂnmmdnﬁwqumaﬂmndbj
endonucl []] h ndon

endonucl gggelte%ﬁita&? %QW%BVedﬁmgH d&’s)%sﬁi%&de C?Ichbu?a %miéﬂl f adjl%grg’c\j/onucl ease
[11, maypbdtsodetsys. gd 6- 4 photoprodﬁ@%ﬁkmﬁ@ dﬂiﬁﬁ&rolxhhz@d p&rlrlheia‘[esgrabam sitehe
polynucleotlde nnét d % ﬁ rS|on of (?ﬁ}geature uﬁ% a S|te capabl e
of 1 abel ‘THcEMPOF {?So?PyrlFﬂ R ?%E?Cﬁésr?fné’rs OBy & LR ed by
usi ngl a ﬁd%ogiemmﬂ;elfalegolh@are@mu%tab? Basecdnitittiancdrany gﬂﬂhese?nésl ggr gtl ons
capable o orati Thi s conversion ma e effecte y

i ncubating a t@f‘ Y IS ‘Qn\Rfﬁ’ﬁﬁéStB‘éq %‘/‘H?J@Yeﬁfﬁrdsé?to%?@’“lnﬂé‘fﬁ‘?%a‘? esults in
conver si @puriiic i/ BgRde-ENAd BASE (JuRily Ath-ahaslivle T)(d)r seme c@ﬁMﬁmwn@/faiéyerl m di ni c)
site. This conversion é?occur by cl eavage o ycosyl bond between a

nucl eot i d8¢ SUYEIng AWYY Ba slectedpy contastinedhifdniiie @va@ém ﬁﬁvn%eﬁlé*ﬁ hkﬁ%m]é(ié‘iﬂ ed to

convert aﬂelnﬁbﬁ@l 1% ?c!l)t'z%s b ridhi R XA LRGN EXALARBH R, Myl 1R acRURRRAMENT
application of ynmerase and a fluorescent deoxynucl eotide then

results Ph C?Iﬁ%cé‘ﬂ%&eiﬁtéﬁe with an Nighoadtsernn alglae materiphe eypr withpothnA damage.
[ 0049] A user I cconpl i shed by
, MW%G AbghePxt cg!m%)%ﬁhdl@ Wl BE A ;%TgIBNAM% NBNcIRfing

application o f or mam dopyri m di ne ycos ase) so as to
convert &ndawridiszdd, BUEnd@euqlmeVaEnd@b@maee Y{lf altravipdet DX endapualdsers apply an
abasic ( / I I i
endonuclggggm#%ngh@g%gﬁgﬁgb%%ghg%ag??gnggtgagﬁnﬁkmg%¢§%£gggﬁg%gable site.
The useruﬂﬂyOBﬁ@maawgbwnDNA pol ynmerase and a quorescent nucl eotide (or
deoxynucl eot i ich in e nt e rigina
DNA oxi dat i veﬂ)g)éﬂa\é@.oge embodn'fll rg,c}ge(‘)ﬁ" 1%{& e aglebg%n agatg C.S Gte wkhlccp abtaglc gjte 15) also be
| abel ed. cdihacsed weitlsan dlleathihy maedelm Vaﬁieezcbflaycahmmhatemls @rn., cafbaﬁmstﬂmunb ease [,
Endonucl ease VIII, or both so as to-gonvert oxidized pyrimdine into an
abasic site. The user may then apply an abasic (i.e.,



-8- apurinic/apyrimdic) endonucl ease so as to convert an abasic site into
a pol yneraseextendable site. The site may then be | abel ed by application of
DNA pol ymwoase/os13s a fl uorescent deoxynucl eoti de. PCrAB2d1f/0SI1ng) | e
strand breaks and abasic sites may al so be | abeled. This is acconplished by
usi ng an abasi c endonucl ease to non-extendabl e single strand breaks and
abasic sites into pol ynerase-extendable sites. The user may then apply DNA

pol ymer agfy 80dsdil HAE SREOBRIMAS al BLR QLMD %oﬁ\%ﬁﬁfhﬁ%as@teé?ﬁélw&'ﬁh%@—%ﬂrﬂﬁs to I abel
t he pol yner ase- extendabl e site. 52] Extension of

pol ynucl &tsek.dBhif aspsefiof dis|djsciaerdangshads el ugiipted dmEigetei lnyhich digpsliwitieeeot i de
Wi th a pelYIRIRs6h m@l a@asEHJs% ?cP& élﬁ’@e ét!rdﬁﬁ IbHe‘Ak p@s@”%%}sn%bﬁeﬁ ddashbat

i ncludes the first |abel. | uorophore radi oacti ve

parti cl efreaimdntt Ha dllakiae treminsntmmlsp R@g uwéyo @@Va@@@mglelswéldbrw tppdeibly a

f1 uor escemhaRkaRayhith Ansthh Wkl SRLULRIRL 1R A ANMGhaAN de- The probe
i ncl ude ortron't ortion of

oI|gonuch&@@m@eun@md)%heeﬁ@mcmnﬁymmﬁwad@mhxp@sébmﬂe conplimentary portion

of the ol i gontﬁ% ﬁOt e Th%urlt %pce nta an abgs%: ane(%els a ur%lc)bsne ortaascnh d directly

to the nucleo é ReY nticl et ‘de g@ﬁ?’ et ?hat t hen

bi nds tOSﬁmﬂl#@meﬁmEMyh@nsnanMﬂ@heﬂmﬂQQMpmenmnhﬁmpwmnm&mywmham.|s bound to

t he fl uorpphore. 0053]. The first suita one t hat

Capabl o BRNaTEstershg” Bt SRapular deicahe PRt Ty hgterty SUSpa o 1
t hi s way suitabR 14436y forthys paipjoky, atthtelgn@{hyﬂ@)ﬁcaﬂai AB dyshab @lctdingybiuteot llndﬁedOI’
nucleothﬁs SO as kﬁqlnco te t bel abel s. at 05 nearby to the

p l
site of {H&TFgue ee&‘a;?SEaﬂ eWrB%"é“ %%eci?P““&tCOcSFPBHE%lf* BY'to the first

site, whigedkysbdiclefhet(aufinke @F ﬁ@ﬁfﬁﬁﬂh@l&) t célnéndo@scidabOmI, phagkiT@ 0! ynucl eot i de
damage or Ie5|on) The | abel e at the site of the anage or be within

1, 5, 10¢ndpguclesse, Migrocegeug pgsys y&(ﬁnﬂ%’é@%@r BhnsttrPN ' @hephpmengsiiage

[ 0054] Tﬂ%s@%ﬁ‘dX@EgYeﬂdBﬁ’ﬁblea@@Hﬁ%?félsg’ﬁgusfé@re' n, linearize a portion of the
pol ynucl éotide that includes the | abel and i mage or otherwi se visualize the

| abel . This n948e féﬁ:@f‘é%ﬂqeiisarfé%tmwfrhemehmu@ﬁm@emélq@élle@hnéweltﬂoa@fwthu n a
nanochanpgly eat%f:/ inf §§1‘Eé ctasgolce&ﬁ@y@pﬁ{cs?aﬁ{l&a Min sIéheenmoaﬁ%tSthﬁqnw al so be

acconpl i shed affixing a portion (e.g., an end 1gwlynucleotlde to
a subst r atcemphshed he psiag o Ngglydongass tpermved a base inthe Cb@myad tsr@m 4tiges by

appl i Cat'%ﬂﬁ% &rl \Aﬁ?o@%%lo‘h%ﬁﬁ cél?\/egm n A 5! SRLEA 6 incx% ﬁgé gQt). or even by

al | owi ng he pol ynucl eot’ide I'S s s en to evaporate so
as to el glfygeﬂyélSdz Weh poblymustdogide. | Thes inyuracrtﬂubmm@bn‘tehmorad‘\damegerdg)m bagel ui d

front of 1nt$1 0 99 I(lle1 IaRurmlé/gpgg%ildlmnfm at}%ls cgmfeﬁ llé)nnrg%; oec%u eav% & t ide is

suitably I'hag ed I'n a-hanochanne fi s
i magi ng nglpctoegl ttohébmweesn d cleotdt sagarayld basleem adas&p@ﬂeldlcmasetﬂmz then be

polynucleotlg sQ enabl e t%er a
ar 1 cul aredBisorTaPlR o die o T pdim SRS o FEBhS HOTREED For
exanpl e, of hPNUsgilym@ysciand & ddoe@er ROBMDacIEhRE tichuguRsmascogtoraionayel engt h at
560nmto the poI L g nucl? d ere the probe is conplinentary to a
speci fi c IBysend éﬁ pidee stfe g%%‘%@%@% is not detected at the inmging step,
the user wi Il [0phgn ARgehiy abdl dxhdiedphEnSRREHET Thie aal BE eccopguargsy for the
probe was not  present on the polyoligonucl eotide

application of FPG (formamidopyrimidine [fapy]-DNA glycosylase) $0 as to convert an

oxidized purine into an abasic site. The user may then apply an abasic (i.c.,

apurinic/apyrimidic) endonuclease or other abasic endonuclease to convert the abasic site into

a polymerase-extendable site. The user may then apply DNA polymerase and a fluorescent

nucleotide (or deoxynucleotide), which in turn fluorescently labels the site of original DNA

oxidative damage.

[0050] Oxidized pyrimidine damage may also be labeled. This is suitably

accomplished by application of Endonuclease I1I, Endonuclease VIII, or both so as to convert

oxidized pyrimidine into an abasic site. The user may then apply an abasic (i.c.,
-8 -



[ 0056] The user may suitably characterize at |east one structural feature

of the polynucl eotide, wich as |ocating the position of at |east one | abel
on t he powgnoclmsetssde, determ ning the rel ative positi oR€TafS2e405T15 Nor e

| abel s on the pol ynucl eotide, cal culating the nunber of labels in a |length
of the polynucleotide, or even determ ning the nunber of |abels present in
a sanple that contains the pol ynucl eoti de. [ 0057] The user may al so

corr el at gy g/ BRRNO®n@nubR&R L AhoRbnich@infabdsid sitt &REh pbI9mBragd r uct ur al
characteristic Of the polynucleotide, or even correIaFlng t he presence or

| ocat i one¥endeils sse- Hhsrsete madies be dpbaled by pitigition of AV arelensrate veithot  t he

pol ynucl eQtj.d€nt ASxRRE&x@Mpl e, the user may process a pol ynucl eotide
accordi ng to the d?@%ﬁgsgg met hods. Detecting the presence of a | abel

i ndi cates to 088lluswengle pizand brreksanidyrhared siot indealsmbielebadsdantibitait i on cont ai ns
sone da . i | Lo, the 0
poIynucrggﬁFQQQ%?F#ﬂ?ﬁ%?ﬁ%%gpggk%kggﬁggﬂﬂﬁﬁ%ﬁhgﬁgﬂﬁgﬁégéhﬁg%d%gﬁgrred at a
part i cul abaslcoget inrpolyinidnsa-cktaedapllsiteny dihe otdr dey tieorapghy A eolymbesamdr nmay
determ ne t hat | apel .resi within a region.of the polynu ot | de that
cor r espoldt R dor ARFG RN irRafiel FRET 1R ol B e UEOERLE SOb) et s
ability to ex@szs Ehatsiopaf thepulyauclgeide israiyabiyeaccompplishetbyoconalkctiey thel.

[ 0058] The, user .. .also determ ne that the presence of |tiple |abels is
suggest | PV BITatRy R apouet Y 4 EER s g dLESTvalctealde bt or ent 1 abel s
(e.qg., fidchideatnd figsetbed Af labd hap b b ekorophire,a rdibetivd gatidle ahditha lidef fer from
one another .in.ternms of structure or. even in ter of their excitation

and/ or erd§d1b5HNERIEP TGP RR! S.lclechﬁ’ '?lﬂﬁqlgg ﬁlﬁﬁ?resccﬁ%t p{é@ﬁo s iah At ef er ent

| abel st ehedilibicRBtidd. 0GB Snafy@rclude a\Pofioh Wk BBPBmERMYAS a Pbrtion of

pol ymer ase/ nucl eot i de %ﬁglicatlon) and then assay the pol ynucl eotide for

t he presdéifdicgiuclepdde andBapser mpp agthe exnpegthe sopeplincarenmesftigktfdhsi ne t hat

there is fameBoiic. TH fab8lnBedidi ﬁ@ce%@ri@rﬂé%té[dﬂ@&:hi@&ﬂ% d8the nucleotidd, QO] A user
may construct a data set based on the i maged pol yoligonucl eotide within the

nanochanfetleadide gy fterliaingndorremeiatihataisa s fede iabel ¢ dhpmiesitheg, t he _

pol ynucl eghh e dtdy QRE@) thafis D6Endab 1RARBINpEGdat a val ues. This information
may i ncl ude i nf or Hat i on regardi ng presence of |abels, the spacing between

| abel s, the sE§BEncEhedirstindiety & synabihenogbityotapgdnoiciupprriieienolymddasche | i ke.
The user 1 h 3 i t I I et of
o g e T R
spaci ng [rbtlee evcléctide bsnuckratidea s e astogmotm@irate thie sabalng dabalpat or iearba t¢ thosital "

i ndi vi du S hat the - 10 - 1 ndiVvi possesses. a nutation in
theit genb BAPRER WAy Eros o peb RELPHE! yBLERER R R 2 el oo
det er m neottrdspdnds hethpicestemad tlefpopantle@ide dambghye lcsiopasTlejges mdy boatttlee | abel s’

abeence) sk 67 e 5o AIE S, o o SRR LT !

exanpl e, dagsagghown in Figure 2, a user may test a polynucleotide for the
presence of UV-_and_oxi dative-caused. d e...The user .may. incorporate a
first |abel dl?P?‘ﬂgd{JPd‘é‘a%*}Yﬁ Clp S -f&aﬁg%g’&’ et il Sabsong | abel (t hat
di ffers polyBuddotiad iheindlnghs @c 1866 &5 @A HatREWRE vELdlEs thend). thes hiysd | abel )
during processing of . oxidation-danaqed sites. By assaying for the presence
of both PEPEPEshet f ligeseringdly nebarlfetie vihe preeeeierrl.ndecobatdSHIgE Uv- and
oxi dat i oRsdAMEUE dn&ikilRg nsa? alsh 8e PROWRHH8 8} bffRing a portionl(©864d edd) oS@EE

enbodi ments, at |east part of the nethods (e.g., conversion of the first
site, creaynicosie torfeupsipirapd thragloneatiaggpertion ok themslysrglcatiiebper f or med whil e
the pol ygugl -&od #6Srddfat fé)?ce‘%.%bhrpel tRAf gﬁéieﬂﬁfﬁ k¥en BUGIOWRS F0R @S€ Or

pol yacrylam de. For exanple, The polynucleotide may ‘reside in cells that

ar e t henséiohdke mhlwpolsetelews suspandediie cpenomissaratte plengalitbe paitusloatide ye | ysed,
and the | - i resLding within the matrix - may be
processegag%ggggsg%hgﬁéfﬁgﬁ%%%%vggégq%%thods. Alternatively, the

pol ynucl eot i d#¥55tayTisdabeldoalengettd pelygucledtiyie Isygitably) infagahmdmbdrgedfidmt hen

di sposed within th [ OuS rix. By . processi h | ynucl egtides within
the por ot T Aol RRRY S It SRR BT ERE LSkl AR T F B
associ at pdlymaddotideplniaging atsb embdn dheatsbretd dpiemties vbgherwipagiculht labd ihandl i ng may
i ntroduce shear forces that can damage the pol ynucl eoti des bei ng anal yzed.
A user may digest (using a restriction enzyne) a polynucl eoti de as part of
t he di scl osed net hods.



[0062] In enbodi nents where the user enploys a matrix, the user may affix
at least part of the polynucleotide to the matrix, though this is not a
requi r emewo.20iRiss73say be effected by a biotin-avidin paPCIrug20ipsaA15
receptor-ligand reaction, by an antibody-antigen reaction, and the |iKke.
[0063] Imaging the | abel may be effected by illumnating the Iabel. In the

case of a fluorophore | abel, the user may image the label by illum nating
the | abeloMirtdand dnlth@@ 1@9&&&@%@%& @ﬁn{ﬂw%qea%a% 1§tr&fﬁ@é ﬂﬁironﬁHat\,’\ﬁvel ength
and then collecting illTumnnation reflected fromthe |abel wWth an i mge

col | ect oﬂuorgﬁf@hata@swaézew 8t 5 Omngo a@@pkyehgonucleotldm@mq thypeobpisesent

di scl osugemahiuRy B eSSyt elfenclNes, SU6LSTB: @itcleall o iiliidgpa sampl e
stage configured to recelve a IC c% onpri ses one or nore

nanoc hantieluserivallitheg uad@ﬁalrdatb@téhq spe¢ific dapﬁ@n sqqmrnw rﬁorttlhﬁeorﬁl@n@@ nof presedin 1 nmt o
about 25 ! 1.hation source configured to illum nate a sanple

di sposedge\,imtgl 11%%1111?]]@3&11% c chip; and an inmage -11- collector configured to
collect an i nﬂlQé6]oleamse':rlmayrﬁimdﬂsedlamtqjlz@atdéa@pnsetiuqﬁilralrﬁefnmteWéth%I ui di c chip.
[ 0065] In i,hcl ude det ect.or bl e

et oot i nge iAo STE SRR b ink IR Ph BTt 4 B dEE RS PARTE lasPBR Spose

W t hi n t detefnbiniing ke relhiiye. poSuoﬂns deveot @os labais obehm]grrmalmrchsqalcfuMag thpl ane

, devyi ., ph i od hat odi od
R S R T e S R S e Sl

exenpl ar pres¢nt angepid thaitsosbiawheipdlyfrigeutige. 13, which fi gur e illustrates an
exenpl ary autgf ocus systemin which illum nati n IS eredfroman
i Il um nation @8gﬁce ThegiseriRayaiinsrBClardhq RIETRE B ‘E?R“‘?“r ét b %, and

col | ect egiridyur@ithhraBrg®stic OF 1he pb9hucicbiige, l@eémllc@ﬂel@tﬁngtth@p@@eﬁpé@fmwowf turn be
adj usted in response to the position of the reflected illum nation on the

i mage cofVeetsere %&ﬁSé%ﬁﬂC&w chyragteiriic of heBelypusigtids: patrsstempithcat i on
PCT/ U5203,Q4; ?%ﬁ%ess ag%glnﬁagotﬁechxﬁ;ukgx@Shfagcld?g@ﬁ%G%sD@je%cﬁh%a&I on O Sanple

Spatial Oientation nam c Repositioning," fil 2010, the
entir ety PeFenghphlapd mdflr@tﬂs fothg gy thﬂéﬂlénoﬁlywlq%lfi@u@%@ammm@%C@ﬁ%er ety. The

Syst em Maymd H‘ﬁﬁa&é@ eLS’&hﬁQ{hQ 'iab%ﬁ?ﬂﬁh ﬁleq’atrgg%B@tg)Etl of %e%%zn@&édtfdk i3 mﬁfcatfe' rst and

second beans of lum nation reflected”froma sanpl e di sposed wth t he
f1 ui di c &hthpusar thasthc Harapdsdds pasnired atiaipertisylar lopatinp plithisthe prlywiclepiides beams of
illum na t - - it

lutdl - Sy Bahfle BEuBHRY Berermipe el RS T RER s rbilh B nd By kRO

t ransl at ¢hat tr&resmoeagemiarpart'@gbog@e vioclaingogisuggeats dfat thhsulfjeat stabllbe'am of

illumnatjon refle d fromthe s osed within the fluidic chip. As
descri bed & Scs)\t/heatp%rﬁéeuefagr%erbe nﬁ%’ﬁ/beblmp??%lnosrlag?r%@{ in response to the |ocation of

illumnation [095$]ecT}&d1sérrrmy| didoeleanink ¢hat rhepfaeencera’gmumplellmetsosr suggdrave

controlle rra use ut t he di st rst and econd
Coal 1§ ongl ke 4R A Rab R i O R R G BT B S AR St on
refl ect Eﬂuf)lfoplliﬁ_r&sh@hb‘sﬁliﬂbﬂ@uléis Bposelffarior thetaRethéd iblkeding oCdtiupture or even ih0067]

Systens according to the esent. di scl os i ncl ude one or_ nore optical
filters. te§i‘}éH%FI?F’@P%“?WH{%e‘BP%‘%’éWﬁthﬁ‘g Shﬁ%%‘”%é‘?lusﬁrrmﬁtaﬁ’@ry devi ce
capabl e @fffeedd@n@eInG differchtilbdagbnst(Bal viaSudcBssPleaé@ds dhgvlfrhdris®mubleotidel ters are
suitably di sposed within the illumnation path between the source of

i 11 uni naﬁpﬁiﬁawalt%%e%sw the pRlumctentde fopde prepenss ohlisseibelis ythisovaih t er t he

wavel engify Qér rhdyl défBrrﬂﬁ% QR thRFeQY aﬂﬁgetaplnmhsle%ﬁéﬁmnea fiyResadicw thin the
fluidic chip, or, alternatively, filter illumnation reflected fromthe

sanpl e. (0068680 ussy des HRNSHHSH %%@l SGH@SW the iggngedpolgdliganyptnotds our ces of
LT um nagi@p e, H%ﬁlo&ﬂahhgps@%%%ﬁal?&%&ﬂﬁlﬁé@fegﬁre cBmpfising &Epéliynﬂ(lfi&ﬁﬁ%scem

bul bs, ultraviol et sources, and system may I nc
nore) sowblews: sef of] iobseuvedriataivehies. HEts afemeignf guinelddg infopmandndegardingini nat i on

of di T e /0l LBY AN UeNBacioetPde Bt e Mgl LRt SPLSOY fi€S Of - 12 -

polyoligonucleotide, and the like. The user can then characterize the polynucleotide based on
this set of observed data values. As one example, the user may determine that the spacing

between labels that are a certain distance apart in a “normal” individual suggests that the
-10 -



illumnation, or by using illumnation filters, a user may apply
illumnation of nultiple wavel engths to a sanple, which in turn provides
the abiliwg20r/stB5t e | abel s having di fferent excitati oRCrasedigngtins.

[ 0069] Systens may al so include a beam expander disposed in an illum nation
path between the illum nation source and the sanple. Keplerian beam
expanders, Galilean beam expanders, and the like are all suitable for this
pur pose. ingifAPh&Rs QARG IaGRltattANPMRRRES B¥RWech eAbEEDRASBHhDIARL 18el: Thd hor | abs
(www. t hor | abs. con) and Newport (A orw nevvrpoiteon). The beam expander acts
t o spreadseExey ek defamipgthat thepiesonpreofeppriigudar fabgls dasgioposcd e thelebela'si on of t he
beam pr oyj E i 1 I ich allows for uniformexcitation of
the fl uo\rﬂ())%ﬁ%g g{gk{aﬁg Eﬂﬁgwfslﬁglkgg% fag?%w\)v. [ 0070] The system may i ncl ude
a source of el0868lr Rifisrenplabrdy miebgused feriadisaie thye pfasericd of differenskiedsrofi gured to

notivate ui e.J Wit Ri : L.di.c. chip.
Such a f idéréaéehggr %%mgieé%sasp ?‘gn |%%6J%2?§%S%{/%r %%tgaé&%h%‘g&ﬁdtﬁgﬁg}%%%hg%y be

conf i gur efiUVeampplidativ reauisededathage. Tlvaseragueiscorpdrate hdiry dabel dwingut omat i cal |y
Fheh | el LU LETLSRRLLR LA LBl iR B b LSy B0 Bl? R Tt
di posed theimeaiticsSiminthie Mokt ¢ibal) deyngdyeodeadigpafesidatiormdmmgediiphaBypwayiog t ext ,

and the L.ike. The chi al so include i.ndjcia that are the ves a shape
ot ho- cRirg rrgpeeca SRTRDE; e Srs s d8Era M e vy bl p SRR T &1 o
or ot her opidaiohtumiaped Wea@dthe pol9fiuctidtiidhie chi p. The system may include a

reader or other device that j.s adapted to nfigure the system.n
accordance W _ﬁ)ﬂmgn nd?mﬁf)‘?‘éo “ﬁ‘Eﬂt%ia_ leﬁtg?ﬂ’b%ége @ﬁt%aés_f(?@i’a?‘b e'&??ﬂnﬁ.f_ﬂ’fgo_r

exanpl e, figst G, Breffy of Bl islety Asddab bhfpuht aktehsiehg ¥rePerfoebdGitale tiikat i ndi cat e
that the chip contains a sanple that. is to be assessed for the presence of

UV damag@OBPucdeodepreda Hatn ROl PalEdy IHe RSpat ¥IYbdc Y B ds d95 LV damage.
The syst emanipay, tﬂé’bo‘iﬂﬁh&e@tﬁl'efrﬁa?(?&fidegh'Eﬁls'tﬁht hRIRANIK e Asdoldli Kitn 83 the chip so
as to, for exanple, apply illTum nation of the wavel engths that correspond
to the ereibampiaN. Wavedllemsy s Ixsed. pndide ophiarceotideset Sillirpiedingyithinde i nto t he
pol ynucl ﬁ%wﬁmﬁﬁmr%cééwd'a@&r@ﬁg fol 1BE diRIQCEFRINGG:. AlternativiiQOf2] The di scl osed

systens may | nclude various el efents. Descriptions of exe ary enbodi nents

of thesepelyewrkantidesanay Yorrenpivered (il i Ipiies) iftomuellnand then Beneselesithin the [ 0073]
The syst Hi%u%f{tri'x.”%k?%é&%%ﬁeﬁ%o@ydukl‘e&fﬂe@%thmhé[fcir s matS GluberSN66] Of
. acC S Int

di ffering wavel engt rce my urn uorescéently excite
f | uor escértfluyemding stepditlat exiamgcisied etithampl heatiae st ¢thdripewesstasbrch fhmly be of

the sane, ordifferent type Lncl udi ng di d.solid state |agsers and
i ode | abQioufl bl it XBER st Sl 0E RN IRE SR pelhs bl g, 25
Non- | asemuses ouy desstsutiy aesthiatignsenayroke) oo nedeotdk sopdreofulsedschsedxci t at i on
sour ces fog fluorescent imging. Miultiple wavel engths can be used to

i 11 uni naf®"1°%8bel s or tags that fluoresce or are otherwise visible at

di 1; f erent V\B.Vﬂ)klel]gtlhﬁmfgbdiﬂieﬁlﬁalhaﬂ&:ﬂﬁdlﬁér. eél:ﬁﬂéysﬁmﬁi,ehe @plphh}c:&ﬁkaﬂeacbsf (it
radi ation at_ 300 nm and 500 nm w e e the user to ] ocate probes (i
any) thaP?f P{fg? B@X@Cglotl%ent@ thym tﬁﬁ’stgo‘\ﬁg\%f@ﬂﬁl hiequifeneph; sy b4 he user can
apply di tfteft@rdy amwveal-angh Bsirih® b3 ase¥ploelitMdaeicasd, Yy detanaiipentideet her a
particul ar probe (e. g., a probe attached to an adenosi de base) is present
or not pFss aislihe B sanpl e or even at a particular |ocation. By attaching

di fferent profpggs|t Onfibfhk@camc Ry 8BS effdcha by SBImiahetieRbdl! ik Bat 6 4 he
sanpl e appropriately to determne the |ocation (or absence) of particular

bases t h&totoporelebel, thayscs sy imagedhq b Py drusmivating the lebel with flgimination
having the fluorophore’s excitation wavelength and then collecting illumination reflected
from the label with an image collector, such as a CCD or CMOS device.
[0064] The present disclosure also provides systems. These systems suitably include
a sample stage configured to receive a fluidic chip that comprises one or more nanochannels
having a characteristic dimension in the range of from 1 nm to about 250 nm, an illumination

source configured to illuminate a sample disposed within the fluidic chip; and an image
S 11 -



[0074] Figure 9 shows single nolecule imaging of fluorescently-1abel ed DNA
wi thin a nanochannel array (A) and subsequent data analysis (B). These
denonst r ave 2arv/isusseased | abeling density in a dose-depeadarstommsnes and a
reduced nol ecul ar size for human genomic DNA that was irradiated with U/C
radi ati on. The UVC-treated sanples anal yzed in the nanochannel array were
also run on a pulsed field gel electrophoresis (PFGE) gel (panel C) for

mol ecul agofichl BhEARRAS é&l@&’an%ag%rw\ﬁﬁ'llluﬂnﬁ'ﬁt% sfahlglércﬁ'spoé@mvﬁﬁnf th@HhRicShows
dose-dependent si zing data. Beam shapi ng and hi gh magnification

[0075] Té&hiachi eve illunination of a broad area of the nanochannel array,
the systems mped SQ bAELUAGIAGAMIRXPABAHRMAPLE LSeiliRafRAT kIR A et er
of the Iasern@é}aﬂI an nor e urlli ormi yQIﬁF}ﬁ&m nat e tﬁc fla%%d of ev{;.'tev‘(\g/ Bot h
Kepl er i afirshernGef il hamatidnaafiectodfome e pampadisirecdyihio yhedluidig phipabuckx pansi on
factors ﬁ&g&& ag'l’SIe IoeD RS ol pREE AT GO RERIN hﬂb%a‘?&&ek %ﬁ &alade

i npl emente or applications I’qul ring "high Taser tens Beam scanni ng
may be pexraixsrpredmbyersmgrdnwm}, FMOCssCChb, NG, a‘radﬂnshmhomdbdﬁs bmhtﬂm defl ection
systens tQ thpose of ordi nary.

epi-ill uflfnpn 1ileoer)fempglry arrafl%%]?%lf ,&no léerll 8% ?{ir“gnccl)l?tr%m 1W1§Ira o | rrents of the
di scl os edxesmﬂirgm;tofosustdyetemsmwhfch\nlihdmminoelmdeapered frbmrmmlannmmoheomml stently

[ fl t I I I | e i i1

appl i cat BTG, ORA iR BPRar vEPIett SR e efaaere JLeay B

i magi ng. of e SMﬁ@e fha$ 0h@iMELe adﬁﬁtedaﬂﬁes@n@d tb @il poRitibh gihthe Edfle¢tk@Blutnh@ationagi ng
hat permts only a . spmall fraction of the light to

pl ane at a
penet r at 8“9’& %GrFQ IE%WpI"*éleéF‘é‘Blary 8y tem“[@f‘@%“i‘ﬂed}il%‘ﬁ‘é SHI8 of the TIRF

appr oach pcg/wdmat 0/088288 i ‘@evicty R EReihydd Fd @yﬂami@lﬂetdﬂﬂlna’udﬁh of bargAS SFakiat hat i s
distal to the imging pl.ane (nore than 100 nm away) is not excited and wl|

t her ef or OTKBEIULHEG Pm%c EFRPSISIQEII%&r SRIM bndP10, ! the entirety qFodE8)s TI RF syst ens

are conplR¥rafttdcfdid Gitcterdn@e ﬁllllsgzﬂtn‘%%r r?Hetslyytem%YanyPdTﬁ(fe%{ectoﬁ&pable of
epi-illum nation system does not rely on the incidence angle t he

exci t at i defestingfihe popidonssofcisag gegont Peaapaif diunipatigh ireflecigd froms stﬁmlpke st abl e.
The disc 'dﬁﬁﬁed %«Ytﬁﬁﬁﬂ@ﬂlm% RhiySh s8dh %}n}fﬂoﬁlrﬁfﬁgr BRSPS EWR or idee tAhIUe

nat ur e of nanochannel array. e nanochannel array confines nol ecul es
and r eagehtlymingtigefsithesaoflc100 nm or | ess, which obviates the need for TIRF

illum nation. t 3 h

stabl e opt | cal0Bglce MetahLE M flke PR AP EHTLHSAAI DNEEHET oFe
mol ecul e tldeseonfiguredvip tramlpte ﬂlhetag@iedeSbomse(t@mpd)smonM tlmﬂrwoeam bf ati on
danpeni n%lurr-lma{t%rl resﬂe eg ?X ?ﬁ‘tgéa S sedu 19th%r1)fu 1c|cI lil% f%esgr%e&hg Ve

perform ng si ecul'e de N and |s ena € nanochannel
array tedten:hipag@y be'lffmﬂetpd inl Ihimmenathedmasms0hﬂummaﬂ1me~sﬂa:taalsfmmthe illum nate

e e R e R P STL I A

exenpl ar ynd Iebummtlbﬁnbfsclamne &f thd findSdrisadoBd bedisFif Glingindtidn rﬁ&c&b(ﬁwm in the
n a JJRF system only objects within the

g\egﬁresgg %lsﬁli%fg e:ﬂl%gﬁsgalg‘g&nttgﬁ Ui n turn reduces the background signal
from ot her objoe6t]s $yR@knsAERrdiROOfRY prEdedtiidiBuR vMYasG&R ot bEMEretopti@come
excited. filters. Such filters may be present in a filter wheel or other device capable of changing the

filter that is in place. The filter or filters are suitably disposed within the illumination path

between the source of illumination and the sample such that the filter may be used to alter the

wavelength of illumination provided to the sample disposed within the fluidic chip, or,

alternatively, to filter illumination reflected from the sample.

[0068] Systems may include one, two, or even more sources of illumination. The
illumination sources may be lasers, LEDs, incandescent bulbs, ultraviolet sources, and the

like. A system may include two (or more) sources of illumination that are configured to

provide illumination of different wavelengths. By using such different sources of
- 12 -



[ 0080] The discl osed systens may, however, utilize standard w de-field
illum nation. Because fluorescent objects (e.g., fluorescent | abels
attached wo 2plopm1s§| eot i des) are constrai ned cl ose to tireTaIsed1a067105 t he
chip or stage, there is very little background signal from other sanple
material in the vicinity of the specific nol ecul e under analysis. As shown
in the bottom panel of the figure (which figure is a head-on view of a

hanochan ﬂﬁimlﬁe&foﬁyortbkl abing ANhAMIIRN BREY NUGLEERLY %lyslﬁ{ﬁ’ﬁin@ﬁan offdigabannel s act
to constrain the sanple polyoligonucl eotides cl'ose to the surface of the

chip or 3tugenctifiea sdgmeeyhichiajurparoyidaeths RO S¥El lmﬁthawnégilf%@bmmdat e a
single p%ié{ﬂa{f&l\%\lelquth Aut of ocus system [0081] An autof ocus system
may enploy a separate |nfrared | aser coupled with a multi-position sensor
to nonitor thW0RIstanises ey wse molude albnﬁgﬁxrgnd@rdgsp@mdllrmelllslam@ll@mlﬂane The
System IS cAheIRARHEIY AL Olde SRAR EOMRANGALS. BlndRoANShYMANT Can
performprimary focusin € co rect ocus position track
the focusxypodirs, |ao¢hth@rh1d;ea1fe@llmuﬁ1ablbrfer Bispugvse Hvitalk eptad] costporentsmay bd a

preci si O”ur%flase&} M2l e e 91“8” 'esthorlabs%%ﬁianﬁt\g@gﬂgﬁ%&%@ ?1'{' is not a
require E‘C%SI on "00 ven i table.

Fr equencbeesn afpahmsm tmespreiﬂ)@xdﬂznc(rﬂl@t oveb thekdntire 211t ,viehO Ekfgansion ofetshen 5o0r 1
Hz) are suit abl eC| nts are achi eved.usi

b 200t Bt Bouitey Bt oL Ra ST CUREY bF o G S GO R R iaPhoretgi ng

| ens. Thé @etfielleeuswsyst em may be adapted to work with - 15 - the
nanochannel t he specifi eonetr f t he results_i n

opti cal respof%’Zg]t hee Sﬁﬂ%‘ﬁ“l%l i‘tdgﬁﬁﬁ‘éfé‘? WW%Q%U?&‘ d’é‘?f%ur@rﬁell&h%b- 100
nm f eat UfEHNAERNOIMIHEC TR 2hPlAnfoQe Wsthifa RAGIhakdeebThOfuidic@Wpe Zicibe

mai nt ai ned by dynam cal I%/ noving the array above the objective | ens while

i magi ng atickdapryihes static dig dcﬁraivarym fieky Thsgysteyp mpghe pondippicd eaphathe The

aut of OCU%emﬁﬁh%%cﬁe@l@k@@ uf&bof ﬁ%rﬁaﬂcﬁl%béh%ﬁ tHaMRO kNG hlibIMI @Rk i S of a
sanple. An exemplary systemis set forth in patent application

PCT/ US20 flojdoadmsts placgdepiodkesyaisa Met hods For Dynanic Deternination Of Sanple

Spatial Oi en@%i]onﬁlﬁﬁ@h?mém&hﬁ@Bf?é&r%&@iﬂaﬂma dl%ésle@%e%ﬂ d&h igfidP, and

incorporated herein in its entirety [0 schematic view of a

sui t abl e matibebweedss.gpsgemipipnehericitranditipiile. T3 ciig mebioln inchude fraicid i gure, a

sanmpl e i en

reflects al#%‘)lj% eaggs(rjrap%ﬂep éﬁl S coﬁ)lr a%g)?i o e 1gde’rxa0 ?gtp al/é)e}tég{éﬁc@)rﬁ?

CCD or Odethcrcm?truS‘bhéomgeétnem cmetb!e ¢thie nTlmcsmammlab'hmhlldwaead@norofthet he

reflect eqevqgeatﬁﬁtqgl cfa t%flgeéo?lﬁ ure s sher%lheaclcgr%gﬁcle(\)vq ne%hlg r%e 015 H% osed

corresponds to % faf "% nd ther ove the sanp S age accordi ngly

so that bhe ﬂlueﬂid c&m dtbr beamld, |aeh1p01myt1hcéudeoqattlomhr owdex blendielaekat mdmtaﬂaat

corresponds..to .optimal focus. Milti-colo or escen tection

00837 THar b S B R R P e b S O ERAR SRpHER R 11 er 1 ng

wavel engkdifiple thaids bireqdd Sbdn Rocehiedlv Spaed Vi dantage. Tﬂ’ﬁ:&@itelﬁhia@\m tufnogelf-

di scrim narﬁl on .of multi plg”% ﬂ% 10) fluyorescent coI %qwal | ows for

mul ti pl eSPHEUNRFASPAIE fndifi op HFhiss O fo: fgiestm E*@Bﬂﬁf %té)c‘}of cl udi ng

or gani ¢ fylabQEaRanR SorrapeHatt Medtitutiokl GaeHIdnyRE Sf ﬂﬁdrulﬂfoe@@@m inb&@psleteand

metallic dots. The system can deliver sensitivity at the single fluorophore

| evel : tﬁéoglﬁtppwgvcl%lﬂ? PR ALY B SRl PTEesSEM on the nature of the

| uor escent NRio®i]y ﬂfédiﬁcfb@eds%r%ﬂnﬁﬁﬂ?ﬂfcﬁd@@aﬁdﬁ@e@ﬁé% DRtiptigRabl es the
user, in sonme enbodinents, to detect the presence of a single |abel (e. g.,
a f | uor opaniary erkedimers af hesselemests gredueyited n a sanple. High sensitivity

camera mgé@nﬁﬂﬁﬁlaﬁg§§§ﬂ_@e®y al so include a canera to record inmages
of i ndi vi dual uorescent nol ecul es. An electron nmultiplying CCD canera

wi th high qual0Hh efifcisgitencyaceldé myltpkdllenmptie (esi, dstrorousgeetra of

fl uoresc r Al t hough
ot hor &y erny Sl ARl HAD S A ALRRGHY BRI AR B0 e

per f or rraldrf@rlagl sbeefrdl |Chareq1wtlsmmserssnay'lﬂweof tlerrema ondit)felahistmpdsemclodlhgdlotiel ow
room t enper h m eI ectron
noi se. umgérdgstoﬁcrl Eetgteo Sersn}l&@oaezlgse ”?%8&% atvgleli%%%&a@%g e’ t}lgéjé& % cool the
caner a. Eﬂ‘rar@lp}ibnmen somsed shelt asdaepd and S Eibsramalsalge usad aimacnatfoh voures dent
sensitivity, detectors w thout electron nultiplying capability are

sui tabl e. These include conventional CCDs, CMOS detectors, photomultipliers
and phot odi odes. The



- 16 - system can include photon-counting capability, which capability is
useful for certain single nolecule analysis applications. Suppliers of

sui t abl e woch12deyi3ses i ncl ude Princeton Instrunments CaseauaS2Hamarms su

| magEM Andor i Xon and Neo SCMOS, Stage [ 0085] The system suitably
i ncl udes a XY stage capabl e of sub-100nm preci si on when novi ng from one
field of viewto the next, although precisions in the range of | Gs of nm
100s of mrewenﬁﬁﬁgang%l 1@fwaoab@g&1% c’ﬁh‘bé a&h@oﬂmﬁm&tlm sapeonmodat e a
nanochannel array Dlarl ng data collection, the stag In sone

enbodi rreﬁlw)esce)@é@r@pé@r\@sq ‘é!%lblérat didfarentwarelengthy fremege mﬂ@ﬁ Rohexaigdschannel

array i sqfReeH Jriadiiio BaPiOO'n’ih M6 A llte'nQJlé’tHe%QfQ‘%élo%é‘pR%es anfrted so as

to address an entire array of nanochannels. These inmages are then stitched

t oget her thabﬂgéeﬁ@mtt%ﬁe@f&]@mwemgtm éwh@ﬁfwat}héleelmrlcmea by differeMhe preci si on of
t he stag ggag [ i mages al | ow
det ecti ogvg |H§§% ec d; an z;l%{glle% i ?djbefé\g \?\/FO%Je e. 1MB

f ragnment atdch@NA, anAcheresaéw’mS_a)rly plemanger 10 pehamvon thn s#ngapecved at agrraduldii gur e
shows a YI asltlilo% B?/ aRac%}sngz@Ef?é[ el:n? pl:loﬁes to Qlefféa en?%gs[clc?heolfs rvc%r I Olr'llsillummaﬁl On vari ous

regi ons of A nuc vari ous ynuc e segnen S may, for
exanpl e, soeplt hm)rqqrrmtbuctbsietefmme diegmtloro(r@r ﬁseﬂid&}&ohﬁl‘t}tﬂhﬁbz&@ﬁﬂhd&he sach segnent
may then. be aslﬁﬁssed for tthe sence or absence of various types of damage
by i nspel#i 958 Oemﬁ?rB%r&?é%a@ nt for the presence or absence of |abels

that correspod74jo Hif@e dishdversaile nylpage mfagd@nﬁg&ores'Ehﬁl}UIiBé’led’TBMAtvhﬂﬂn
assenbl e the vari ous nments into.,a co e f the entiire
pol ynucl éé‘f“?oﬁgannﬁ}tﬁ”@ﬁ%‘gg di SH@FW@E@F%@E‘P (;ﬂ‘a gfrdofn%%{’falteoaﬂs‘nﬁ?as?q}e vari ous

types of |fhamaRniifybn @@bééfdéﬁbrﬁl@ﬁtl A BB d Bmcm&%ﬂeﬁ size for hump®@&Bmidi gur e
11 is an _exenplary screenshot that illustrates application of the disclosed

syst ens &N et wisdgadivtad v § M Bljatiemd hapyérirradsapplenarbigd s e 1ol ders

i cons 11Q3:n0@hdn9¥‘l’a‘f'1§§%reta@sosr§ﬁ sﬁt&p@gga fisRd f%?gleé/t?ffph&’ésﬁs fPECES obi8pshel CJ €f erence
files or sanple data files). The middl e three stacked WII’I§OWS 1103 adj acent

to the " Kepnolesuter Hiaing eomparpt @s eowvndh hpriveyre; which hrwg shayvslospderdest sequence
motifs, e.@odafdi CKing enzynmes, restriction endonucl eases, honi ng enzynes,
nmet hyl transferases, or even the specific sequence notif itself, such as
CTCCAGC or ot Beam shaningandhich magnifigiog7] The horizontal bar 1105 with

vertical greypy Il e ic of
the target ge on§ cpfreozagc'}l%n E hﬁ%%lgchiy d1b afelk ?e |%€fﬁ%@%%%§§§? )ggfr%%g&%mﬁt a
t heor et i magrby ivbak beatmaemanmorr @ﬁlb@totwcngldtﬂhﬁedlwtctmftﬂmiaseobeatﬂmldrrmgc on,

dar ker of her . nd the k A toggl e
region ﬂﬁgor% elfll hed 8%1?& fﬂh b{we %?@kg%ﬁe\?/lgr [ ca?m%élr%s%m%angers S}alnbtf al ong

t he regi employed Fryp1b:£1 e&psamaloefuctmmdgwfrdﬂnimtmB@(tﬁggéededs beatmsdannihgie Wi ndow
bel ow. A user utton war ds

backwar ASERGHEEY S S YR B R S PRe e, S SR, nput
speci f i c bbpatorpes by scainind mirfdre hestomirgors 6t othdi@cdre géfeotidrosybems kewwn @nd
expanded i n I er w.ndow 1116. [ 0088] The three horizontal |ines
(1107, 1igse 0 %ﬂ?ﬂ%‘ﬂ ﬁ‘rﬁ'/?afencl ude dots (including colored dots) or other
i cons, whi ch od sfidd eﬂlqmnﬁmahﬁw the predicted | abeling/cutting sites would
distribute thr ou(%hout the region, if one were to select these individual

enzymes/ sequel¥0lnppigther fogturqef spng geRedimsnly f thadisplgredugemy s fiewisa 97, 1108,
and 1109 yaaendidégambtihiRso éolé@tem%lﬂqiage A06 ekt diZin gRABH c@flcs MR %ﬁ‘l@lebe used
to display the nunber of |abels on the sanple, so as to allow %,he user to
assess t Hwlqcalgsdmpgine thpHeitioys. rﬁOtﬂlhéte@aH‘sﬂ%CUOFbTIR&W%lS us¢d fopnagdigr were to
click Onhpé{fch%chjeﬁé%mhé}ﬁ eJ;J"t%m\M 1?%1@%11@&%91 LR IpYe bt aﬁl%lg'?ﬂa't ghhed genom c
regi on show ng where the labels that correspénd to that Button are. Such

| abel s rraylymépxalé§r@¢t10ntqﬁéller1@bm0tpemtrateabt@Itlilerﬁgmplf@man| cking enzyne Nb. Novcl .

By cIickingo ot . . / : ispalize
| abel i ng der| r%%;nesg%%h&%ég%dﬁ RF aBM%LC?g%%%fJ. allﬁrégl?? %lgagglqgmy%ﬁ? {sj 1114
r epr esenin dbcta&@l) thdi igidisiat wdhclmagingetrar aned thand ) nmeges) ohot eabieetdemd sanpl e.
The system n tterns of different segnments of the
sanpl e, N {ﬁaegﬁ‘engtco}ltrgutg gyo@dergrgmgaasa%n?gnrrent wi th each other. Reference
bar 1115 may t hen show this conbi ned napped information. Alternatively,

t hese visual "nano-contigs" could cap forma consensus conti guous
positional signature pattern that reflects true structural information of
the genomic region. This may al so provide a reference map for sequencing in
the case of de novo sequencing, in that there are no reference sequence
files to upload or conpare against in the first instance. Touch screen
interface with user friendly control software




[ 0090] The system may include a graphical user interface. Such an interface
may conply with 1 SO 13485 and FDA 12 CFR 11 gui deli nes, depending on the
user's newo12fise7ssnt erf ace may support separate user | ecelusbagion711iA
graphic user interface nay be used to mnimze user interaction and to
sinplify run recipe setup. Aresistive touch screen may be used to

transl ate user input for run reci pe setup paraneters. Run recipes and
operations argoysierrigefsaa gc andpicamdRgricai b%@ﬁl c&@ercﬂ§ p§9 tédtasiexper i ment s
or applications allow ng for easy conparison of results fromsimlar runs.
Run resukpisliemimatien yptamdeesnos relhemthe instdepen aagle o thsexeiiager light ardk ar chi val

or detai 'c&ge(ﬁ@ﬂwéis% i FRPRRAHEAMIRHL BLcIIQh KA Blle (HSHAM

m crocontrol l'er for h™t hr oughput i mage acquisition at run-t

[0091] Acpigprehdeeaus erﬂafcmmue@atlueerof tizorenehaere] arrayt Ahenanpehpnigd alumed for
Tanag! NG oA HIRANANE GafY BN SERBIH ¥ QL AILPRLSAGSH: 1TBAS, Cant ure.
The contro act to nchroni ze the th the canera exposure
and ensuf&’&F tlhatlnatlhe ]ﬁndomanctwher\eih tmmtofb)’astsml rtesyystanl hasmmetdblabetiopl af t er
égtee:, ggg%)g/slte[s%ga%gble OF reh%b-[ gehverlrEéhnl% gpre(?)ci 51%%1 Imtofeg]llgr &%aloal%ﬁthog%egegg ggm;ggs
provi de §<&mpinelex0f Imalg}ewbraadn mgnm:nmgj THiORS key Mntag@a‘ummgepmldmrnatmnd | aser

I ti dur at mb d the.like. On-board
Comput er WPt B RE e o e B TRBlen pE S Al Fuabe app i cat i on

may be r wh@lodn meelhxciaﬁrdm@@csﬁxysteﬂh ena¥ldsh dsheo dpplih@abidofeteacdgheas a nmast er
to the mcrocontroller slave. The custom soft a tion transl ates
user run“#ect tfﬂi'Fpﬁﬁfnplﬂ’ ngcgé?t%todﬁ§1°§&e§n}9§11 F%@Eg’g{‘ﬁ}‘ ﬁ%@}} gelea conduit
for diregtecgtibassenbly conponent interactions. The software application may
suitably be conpliant with I SO 13485 and 21 CFR 11, dependi nghon the user's
needs. El ect r B§&lbuhiiremaingy dyapsiiar 1dAme sritlpgried mFlgure[léo SFhowi i one

| NSt anceshe HRAPRRARP Rkt ﬁ?%%) lPa m&esryyt@fnr oty R &HItRA tfcaRaddRACk1d W resul ts.
An el ectrode bundl e may be used to mtigate and control sanple reservoir
evapor at egfited. This in tp@lagdqcess@hbwgroambmgwé&@@ other ebie¢iethpieseiopdirdeon] ong with
run buff %{esevér%s&‘hfﬁéi& tor’g%k&ﬁéjéﬁlt&ﬁadl ng of nanochannels. An electric field
is used to load the sanples as they carry an electric potential, positive
or negative. [P&0]el Brtdisclosdd ebtgms avplleowepaditiige itendarputdeipld he user as part
of the r ldﬂm{ﬁaq BeB@(palq ect?l{yrgsgénlt agee%% (e%??lume%eﬂpl {4 aLl?erd 'O, Folgﬁlﬁhegu!i ?d' n?h

paraneters can be eit her posi t negati vely charged I ctat

net charge ooﬁst@me@ lesdteitiregutfacedd the C‘ﬁlpecsetag¢ gher¢ iy szrmtlﬁdmbgpurmlmgnni zed in
0.1 VDC Ifr% ?hrg%rs]én% le %a%e 191uﬁqlefvllcrf1? { rf‘?l?eos!pgélh ofrgé(l Ede%gr?a(?'sis.q%sl i tionis
a function of sa &t , sa nol ecul ar ' imake- up, and
t he user imty beteim pqmeboffthecﬁ@}ré (jvéhcdl ﬂigtmmjls ageqmaasravm ef sndnochaged larrappthecul ar

speci es as_desired st ens be confi red to add additional buffer
oF S0t hor STBFIE P RAR RS hen Ty SOB iRt SR eve & parti col ar
fluid copb@alﬁgo\tmdléuurdesidl&esyﬂlheﬁnfacbnftheehlprasbgdg'errﬁrhbchatnhas alagbtr odes are
supporteg Tefl on bl ock that nests or ot hgB W, se engages with the
fluidic H’i‘%sm jsuchbat hoypogepmetiint Yosgrdyapckatfe net ween the el ectrodes
and chi p resepuRrdcss §d@inh serves to mnimze interaction with the
surrounding environment. In this way, evaporative |oss to the environment

i's nininized. O8PHC AR Rutefognsgysiery max cplyiasepasje fiared lasgrecouplsdeitiad in t he

sanmpl e i RRW-p&RtbnQbtBEo M&itSthe Hfa{ah@e%twe%n%w ﬂfnﬁgln% 1APRAd B sdnip1d fiend ange of
0.1-100 V over fixed tines that can range from s to several mnutes.

St andar d Thpsyatepsruay artepoausly frapsilhothas somennerty af the systanpandgsae pefared by a
m cr Oconbﬁf-ﬁhlly%cusmg (ie. find the correct focus position) and track the focus position once found.

The system can make adjustments with a precision of 10nm at frequencies of 100Hz, although
such precision is not a requirement, as precision of 100 nm, or even 1000 or 5000 nm is
suitable. Frequencies of less than 100 Hz (e.g., 50 Hz, 20 Hz, 10 Hz, or even 5 or 1 Hz) are
suitable. Such precise adjustments are achieved using a piezoelectric drive that precisely

controls motion of the main imaging lens. The autofocus system may be adapted to work with
- 15 -



Wde-field illumnation for single nolecule inmging of non-tethered

nol ecul es [ 0095] Existing single nolecule inmaging approaches rely on
total intwonal2/asef3section (TIRF) to achi eve single nol eealr@sgensstiivity. In
this configuration, excitation light is incident at an angle (TlIRF angle)
resulting in an evanescent el ectromagnetic field near the surface of the

i magi ng plane. This evanescent field typically extends 100nm above the

i Magi N9 pcafaRochAMhY drtyQriRSGHeatc BRINRly % t14RAP RultsQn hibStichi BIpdn@ tRat
fluorescently excited, thus producing emtted |ight than can be detected
usi ng anmapidreaseqramedated by testueaiecuy erie Subrl 00 pmferterscenpoloBpermen. 3hepi de of
the randul of AR AAYBRESER bd heh ikl By BfanfRuhly bRAIRMAL SAYSNCR RO
contribute to the background fluorescent” signal. [ 0096] TIRF,

however , obiggfivedsne malile thagahsd aapdgre satesrif ds 10, 20,4, optOp demagy/eccerdhdhe i ve to

al i gnmen i QG | i W ae]! . tathe correct
angl e, o:awgfrg\?\n&s a%%l%g%ﬁéﬁég%leﬂkf @?éllﬁg%l%]%%ﬁgﬁ ({hgéﬁglégﬁy%lg@é%d% A the limted
vol ume wiexdmparykysedm sbgtdottls ingatenbapptetties PEW/ EF20N032G8 ‘Desiceshand t he obj ect s
be tethe to.t surface t.o pr nt m from m. gr at | away fromthe
"magi g D EbaSyRc Bl frRL B ek B G BN PRI che cal or
physi cal Repdsiteninggy fiteckanil & 12810, and incorpO@Rd herthnen itk swlraged syst ens operate

wi t h nanochan arrays to perm.t t use.of standard wi.de-fiel.d imaging
for st g e moldsal o siemeds B Srh e AsRRaRhe S EP Sy s i st dimary ach
f | uor esceldwn(i@thadfip@t, d @ampleadilumagidibgTomearedtlight (0., an@gi) nehigh dse. Because

of this, there is little possibility of. hackground fl esc from ot her
noi et i es?e’{%ﬁtﬁ E‘OBHU? %?P@ie qnds ?Péléﬁe# "c‘)%/a edggon %ﬁ“ﬁg‘?-g’r 'ﬁ& rH @Fﬁggw ng a

si npl er apdcd/PTE: Skl fayaRéd Gdlpafeithd BBAtiohWF thl @§THRIce bedi@ GiRthS Aetbbier WM ecul es
are restricted fromdiffusing away fromthe i magi ng plane, the fluorescent
noi et i es 1§dosEen pldBeibeas hat %E?W@?‘édo PRIE docgyy ?If“g‘E%V. then move thegpgale A f ur t her
feature ofgd RRodingH! BIRA IRWSARIR bedR li&An the 0BAidnHRAARERLK @t Of an

aut of ocus System capabl e of working w th nanochannel devices and arrays, as
sanpl es &PECSPopsly Eonsimat fpsussyst em  The aut of ocus system uses an additi onal

| aser which i gaRkdibRRFsMithydilofral N excitation |asers. This allows for
integration of Thi's sub-systemwitih the nain inmagi ng conponents.
Furthernore, 0883lauthsfspeien issdesigned trdgte¢idlugisecsint signalsiof ddferigawdvaleangther k wi t h
nanochan r 1 ay i I i nse h aut of ocus
Syat oo, A muBaloRiSy [h Qe AT BMUANE o AEHERRILP AR RTR: GEAID Sibetrate
and wi | | flgoresvent cobitrs, dihichtlpwys fontalfipdetxegwMiahy diffaent fhomgosne mostiencantbe syst em
or cannot_ac a nanost ruct rf ugh a of ;a
nanochantet SATEHE e MBIRRE GhAT LB B RAS TloRR b WgsBar 1

di scl osethesyist dois The @ seapablddivef scacidoingno datsinyde fhiogéphspdedt];ititagitingl wi t h
single nmol ecul e sensitivjt The fi.lt whee| , .caner, XY. st age d | asers
o 6 v m P eBe S SRR A L s Lo SRR oG g g RRSeRRS, 5;
even nor asshy. amiSenpleés tB€ 6N scbd dnsfdld Enchitsa@atedr the prédintad asifaloiabel €. 9. ,
Aerotech, Physik In trﬁmenge, and Applied Scientific Inmaging. Suitable
filter wReBlSomgphoreufedin Base} iSRSt 2 a8p{S or | nstrument Conpany, Fi nger
Lakes | nstrumgphatis@ivity @iderdppl i ed Scientific I maging. Suitable |asers may
be purchased from e.g., Cobolt AB, Crystal Laser, and ot her vendors of
optical equi pHERtl. HiceYLsRawy gfso el pigamee disrord dVrece ohagiviigale oor di nat ed
by a m chaeeRchiahdisduldshat cie@ReRAESy R e TRt RS RPBLREIANM SEiAG t he

i magi ng routine. In one enbodinent, to acquire an inage, the XY stage noves
to the ficeycangthegniigcafssionspqcts of Brorgieent Rtapepid dtch s conddared nagticulaglser i s
fired angui’éaﬂ%. AfRGsf other @?és dr UmdrIBHA dRetnelicQban 1Rb Be L Shlodd¥Pe
sequence I's repeated until the entire nanochannel array has been | maged.

[ 0100] Therformapgersgd sifisedey wifferse hhacqamstagdayiliorpetchelcd belovrae el tompadiuig

sequence. e Bgﬁi] i I at t s for

t he sarrpltoelﬂg]?rh?g%}%?{gg%%? f%fgl%%;i(arrp igl, 9%%8?%1% n? geo%%%g'%{dtr% Oig%&\ltl)ﬁgéghe
sanpl e i & 4boadd0 Cmay beecdap cagl thercapremp doanpbeatiooy thatrraglesrglenifhdéing madi ng
sequence c t hen be r.epea fte ach, | i-ng. scan, in turn allow ng for
and dal ShTu e AN ERE U Vb R R R R SBeu L SR o "t
acqui si t iToeseriafhels cowpnésehCChg ANOS detict@ pphoemuitmiatsend phatodigied. TINA can be
achi eved. The automati on and aut onompus sequenci ng of events provides for
an easy to use platformrequiring mninmal user intervention and m ni nmal

mai nt enance. The system al so acconmodat es aut omat ed | oadi ng of nanochannel
arrays and aut omat ed di spensing of sanple. This allows integration with
robotic systens, further inproving throughput and overall speed of

anal ysis. Variety of Sanples Accommvdat ed




[0101] The systens are al so designed as an open platformin the sense that
a broad range of sanple types can be accommopdat ed. Suitabl e sanples include
bi ol ogi caWvo=armisesssuch as DNA, RNA, proteins, biopolymecs/uSand/ostingr

conpl exes that include such species. O her nmacronol ecul es such as pol yners,
dendriners, oligoners, and the like can al so be anal yzed. Wen a sanple or
sanpl e analysis nmay require particular environnental conditions such as
heat i ng @fst&ﬁ)@inllﬂaudesdﬂ%nrc@ﬁmng%%em GAhhsBilRg isaccRMmPaakedipgcording to
the sanple type and specific reg]&grerrents as heaters, coolers, and

f1 ui d/ ga@l%ﬂh@@@y%@a&ppma@@ns@egup ¥ pfomHghicsuch ey igoh ancids Brineséan syst ens.

[ 0102] Ay G AERAL 6ok BhibiSy RIRINL WAL 8F End oo dBOST T Qur e shows (upper
panel ) an exterior view of e system which exterior view includes the
cabi net (whi chtage 21 - encl oses the various systemnmodules and units) and a
touch screen Vv to the
system and al @g%]oo{)ﬂreggsét%t gdtgl ergégﬂyée%ﬁgib% 6f‘1§b lfé(ﬁlrmbl@&%]fm%] The
| ower pamékn obvﬁg@unmniﬁemroésemts t@mexhald‘rqug)h pm:lelvmsah tltdren@xaérmd adry system
As Shomnhlp}]édg orfnm 0T, e’ven OSstrErr?grlergg ab'lemi"ile sqe ama%/aac a‘?eqae whi ch stage
engages W a nhanochannel-'bear| ng I'p'or o Hers The stage may
be rmvealnhr@channel%rpy)n]sp IDmmgelfaiaeotlaﬂon It]haﬂmgaamlsomeémbommhﬁs)mmmlt@ a The

system may. i ncl ud bar cad eader ich reader read i nf ion from
=Y bar codbtist G Hafnf AT s BEREe R A& FRar ERYRSSAReR, PRl ar on
may be useghet Mag OGS sOBRQo OddréR AL cREP efdySofaibndchgns STIRRR inBigedaras

il lum nation velen%th The system.na Q/f50|nclude neflel }i[i)robe arm
whi ch pr d158 stiehgd étQﬁfé‘éFa‘te& RYIHONE B BHF Ayl s ROl  d to a
sanpl e dbﬁ@@@ﬁ@hem §th¢mngt¢gethérwfdieqm§§uspSt(tafedhrﬁagég aWvi fecsionpf € i nto the
chip). One or nore |lasers ﬁ% be used to %&)Iy the illum nation to the

sanpl e, aigrokerics tgser g ringlyiclieol yiese ¢ d ME [hgpeniphPNéd Asrexrepliect ed

T um naghoR.is HiGnGRARRLA 13CkRich ﬁ%r@r@ LRt Viduh e Rahiafbn beht pelae. o emtted
fromthe sanple. A card cage con ns various processing and control units.
[0104] Aviyigue bdels payats aqgmnﬁ efa pdymuckentige. phhewagious oGS pagaepisbel |, or,

in some c syst em

r eads thqe‘}ﬁgglr%zz%)!aglplelntﬁ&glg?Fogggéeéﬁﬂ%%u o?fttgé;%(tr%ﬂucgbﬁde tE\/\Alél)nese%ﬁlr ﬁlttd?fieyechl p has
al ready WHwahe aseded on the pidserick of ﬂéemqlorivars)uelé'@p@qféldmagﬁ byuppeetingghparti cul ar
assay. ] i of: onents
of an exgrocfsz;?dyieg%lgltﬁgﬁh&w &ﬁées‘hrg“%%?’gﬁfg &lsﬁg%tgbﬂr&ﬂ%%drtg\éﬁe {1%%9;&@3%?2 IS
shown t wof daser.sTHGRE may hndasddtsbla e VaﬁMSegmmhwmgithi\ampnﬁtthenandat ory,
f"‘”d a us%nhr%%’l He& okﬁser ?chorrrlapqgch c{es It}lel:]gcn"tlgl?grq Satidis oqqﬁ g e% of
i |1 umi natiORCFrom the lasers MTrors and 7%i% mrrors,
and may klmnmsheepblyﬂmckautme rmyheamtéfepﬂnder A illustrative 14x beam expander

is shown, alt h ot her . beam expander f. course bhe .use A peri scope
rror s useRIBE JRREET 1 RRE TR ARORD SRR B A BT B Sabpl

whi ch saaptiesddSypasd dndaneithdabimeis tvieey, eHaju@pdrilafecdrid $wo ﬂletfuﬂaers ias11mmy be
used to carry illunination toward the E ra sho ower right
of the f PG Bers toselect it Gl SR G BEF TG TSP OB 8 A1k oSy be
used to Rfi@ié theceQbkledGAEAN 102 YGhRAGH IS \Papt’ DRttEANBE AeprdsBitengall | ng t he
canmera to i mag& visyalize, or even djscrimnate between different |abels.

The filt&rthiA aWﬁyﬁﬁéeqﬁmcsm%deg@maémgsn%fﬁ%w%ﬁrﬂ%lﬁpand@agqlﬁsm ng of one

or nore Lbﬁﬂngreﬁzynﬁbstlh@thﬁﬂ&ﬂs?@z{seg bAEwn @fe F@t@ﬁcsééaﬁ&ﬁé mb&f IRRR, fefad i M ting
exanpl e, filter wheel may include a multi-position rotary wheel driven by

a steppefC TRSASTC o athersprticsl encoder. Typical filters woul d include
dielectric COFM) gflf'%sh%n%n%{'bgﬂ n9s %th%ﬁwﬁ%?&%ﬁﬁes i VIRRRSpel RF th@éegh pass

filteri n% | uorescence illum natl on. ypl cal center wave engt are in
t he - uttons, is a schematic of the target genomic region (uploaded file in the upper left corner)

with a theoretic grey scale barcode reflecting the GC content of the region, darker of higher
GC content, lighter more AT rich, and the like. A toggle region 1106 (defined by the two
thicker vertical bars) may be slid along the region, with the area enclosed within the toggle

shown in the window below. A user may also use control buttons 1113 to more forwards or
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vi si bl e spectrum (400-700 nm), but are not limted to this range. In the
case of bandpass filters, typical bandwidth is 30-60 nm but nay be of

ot her ramnyO2012/054735 [0107] Figure 16 provi des an alteroaitise@ 1osaws of t he
system shown in Figure 15. At the right side of the figure is shown the 532
nm | aser head. The | aser head lies behind (in this view) the EMCCD canera.
The canera is in optical communication with a filter wheel. [0108]

In this %a&%m-m&@m%%&aé&m% bbifig SRR Ak ugé}%aly%isro ifiRpg spebide vade t he

figure, the objectrve |ens being positioned abové the stage. The stage is
sui t abl y PAaitlieres te tré the regionsiothe shovaoarndsxpandpl dergervendamplé. i nto focus
for imaging. ﬁmsﬂesg{e tﬂ%gh@rﬁz%ﬁéﬁﬂ%{eg(ﬂﬁﬁeﬂlﬁé; hi¢1 mtiudgfdotrshe stage is
sui tably nodul at a control whi'ch controller actuates the stage
based on(laﬁu@ug @)(fl@f@dléotswm ICOHS Whlch dpe pogpnsakowhiemcdieted he | eft hand si de
of Figur i i ned to

di rect ﬁb /&altn I'G ‘r%llt%’gﬁ‘ggtlﬁ(?cshgt?igﬁt?tél%{)]%glgﬁtrtgéml%?ﬁg 1g%1{’@ ‘%%QEOOS%%E{ t}é%JStg of ocus
sensor. Ihlevm'hlal enrymay/fequengs adtifsnn thhewl@djmsfabws Hatﬂmtdwﬂerimss hé@y, Hé8i n t he
|nfraredr n | | ust b r..unit prese in.the

aut of ocud cfrgfc?@ ake tﬁﬁe&'butltqns lﬁﬁ(}a??lolné{ncf hei2 each gis vx?hlch cant be%seed% HlsP]]a%Flﬁenat i on

usi ng ot Inembmﬁﬁlbelmgnh&smayleﬂbamtdmalowsbduseﬁi@as&sﬂthé %elmgpfenmmoml;e di rect
illum nati on sensor or on the

| ocat | on BB SRIMHEL e P B el aeh ! 9ubers ibdSe ke R byer ecr o
t he syst amhmmgn@&geﬂohﬁc ®gehdvangwiatcaibelsphaoGi@pond o tHk B@entake sanpl e

into opti cus. As desgcribed_ jn,.e.g., atent a i.catj o

PCT/ U820§g%b1315‘%51§ay ‘e@‘é?%‘?né& r?ﬁHﬁ Oﬁjé{’]%‘&é%ﬁb‘il %W‘E‘Q%J@tl\ﬁ’rvﬁi ?ng‘ih&lﬁm@f Sanpl e
Spati al ©hbedihabush @gd bRydraril ¢), ReROS inkdyGiubigse latlelih@aeriVey frdf.enARd0
(incorporated herein by reference in its entirety), the autofocus system
may recoPdP@l r ef er ence spot on the detector that corresponds to the

iI'l'um nation [@ﬁé]eoﬁ%%atkéa%érhﬁltssﬁlm|r&)re"§%nt%ﬁ1hlr@é1t1£éa%§wgeﬁ&ge(ﬁ hem adj usts
the position of the stage so as to maintain the reflected illum nation at

t hat ref épggaseefl lgbsded sample. The sysemmpy wigm thscagnsruee pattgens g€ differgritegpsitem nay
determ ngfﬁ@@&m ‘?ﬁ‘to"‘?al%ﬁﬁﬁ?haﬁ ol\/érla'pglal%h‘lemltﬁ &%H%thela I&?&%ﬂc@fbaﬂ 15 k,au on
generated from | aser and reflected fromthe sanple strikes

aut of ocushedeh@w:th@rcoafomeé@alpp@nnﬁormatgpm Allternagvely, tgspriswee Swnagontighe beam
strikes tc&ﬁd gzﬁlttgﬁltlg'&\?&nsh?go%ttllé@ 5)15851 1&1%1 i%ﬁﬁlrégﬁﬁeﬁlnﬂlﬂqgﬂeus%gls@ﬁc?ur&lhe stage
upwar ds or downwar ven the sta so as to return

beam st r ilKernlagombf tbogowmidhegidet €kt oray tabo rioyidgla reference map i[of)s_em@nC‘ﬁlgen Vi ew
shown inFi gur | sQ il n Ly stube | ens

( shown atthetc%é‘le Qg SFSO\% etnﬁlng,f %ll{h%r e?re%ﬁen%o ref%ren{é1 968 %ncg % 1% 1ﬁolé/ald|03m nation
from an lcdn‘npxm m@ﬂredmshamﬁl‘stenstmcbhe filter V\/neel and EI\/CCD device. A
periscope mr Ol parrangenent . 2nd sed t? .o rect illumnation fromthe
tube lens to th et Whee Ott—¢ 2EVCCD caner a. [0113]
Figure 17 ill gavejatEs sgmerﬁnamoaw a%@ﬂﬂi&ﬂhﬁeﬂﬁteﬁ@@l’ @hc}onsmaﬁfa@rrdayng to the

present discl os sh fi may begin b adi ng a
nanochanﬁ‘érpplé{t”‘f@)lg@é%gs “?1%%22 é@?rlnl gglﬂ?ﬂlm@% Pq 6‘8 o thedfy rpq)nqe%t (ﬁ’ﬁn

anal yzer ifip$dce ay Tippos a8t weylcldaspihen bopriedsd stbdrbhy baufdus d form
into the nanochannels. An el ectrode bundl e may then engage to Ioad t he

sanpl e | ﬁtnanwéw%frlmsvctl@e@é&%mabﬁyma%@sﬁmsA ERRUKRIOBFHLCEFSY MBY biray

i ncl ude QRA 1O fral Mt EUEHRAPAFEr Hh Pééﬂ)%’setﬁipﬁirhrﬁéteﬂs%tﬁfec@& o8l 8pdritidas hicel d may
act to load the sanple Iinto the channe The i magi ng conponents of the
syst em aterslginagls apd cychestaidpreshfos speridic sapasinents 95 ppicetivas allivgpre N sasiret hods
descri bed,herRbdor s ﬁ%ﬁﬁmrmcﬁﬁtﬂ%g{ﬂﬂs E‘al{)@éﬁ%z&ﬂﬁﬂ Bl drQka can be

PCT/ U82010/ 35253, or by other sultable autofocus nmethods known to those of
ordi nary exykairtiedl far Ia,rcﬁlhf@l exrdetailed analysis on a separate computer workstation.

Custom microcontroller for high throughput image acquisition at run-time

[0091] A separate microcontroller, acting as a slave, may be used for managing and
synchronizing events necessary for high speed image capture. The controller may act to

synchronize the laser with the camera exposure and ensures that the filter wheel and XY stage
- 18 -



[0114] An illum nation source (e.g., a laser) is then used to generate
fluorescence fromone or nore |abels, which is then collected by an i mage

col | ect orwOThe/stmge, illum nation source, or both, myPChars20mwe7istich t hat
a different portion of the stage and a different sanple are illum nated,
and the systemgathers information fromthis next sanple. The system may
image any or all fields of view of a given sanple. [0115] The present

di scl osurg ard%hréafategt ek tﬂaeﬁﬂa@daeaphb@d ”ﬁkhﬂ%c&rﬂ&héﬂh@&r&?ﬁh@&%eﬂg a first

singl e- strand break i'n a polynucleotide with an al kaline phosphatase so as
to gi ve ppaacters caterqdbythawspiainty acapieprecfsreaitbissominggdp dhssspagendxt ensi on;
contacti Bﬂ)vﬁd%%a b &b ¥ dalling 9:911%}1%rl@s%?s&lﬁglc@ogﬁp%dﬂsé?Bﬁl%@f?ﬁllade So as to
incorporate a |abel into the ol i gonucl eot i I nearizing at |east a

portion dfratipns, vemymﬂ@K@GMHﬁguby%thman|ng the first label within a

nanOChannel 6 %0&%9&1 eII @n&fs{o COIII 9].%' ftware [0116] A Vari ety Of

al kal i ne phos pEara§e§—ﬁ%ylga—uga§£—§ﬁrrwp—ark | i ne phosphatase is

consi der ed esw@EZ]aIAyofmrt gipllieatfoo matytpe rgi wmldmarmiomd@r,v&hrthabl e

li neari ZI n 1caat ac 1n%as dlqna{r? ! Eootgg ?crrg 0918‘81?61‘ sllajwe Tﬁe Fus ont ﬁ%‘tware a‘_g)gpcatl-grrl1 e user

may al so? escCri josure, “Corre ence or
| ocati on tmrﬁslettdsselsd:rablefeeqbe mpat ot (ﬂﬁdEaI(aI}/ISIS peilaticfelseant] ahelidesla nmnlhecﬁdrldders) to a

structural aracteristic, of nucl eo e. ) 117] Additiona
et hods. St abBEoRbpah i TR OicRSa g rueab e GhalEl | s
pol ynucl eathilse 1a4J3NAd RO ICFRErNagehdng nigthdusei'@ nbédsexonucl ease activity so as
to convert th-Anon‘%xt nd bIe srnole erand break into a

pol ymer ase- e 23 e H'ng a DNA pol ynerase and a | abel ed

deoxynucl eot i Fmgo @Sohe 1ﬂsﬁﬁ&‘é F}ﬁﬁ&ih@nn%l $ad@d reboddr dvlSorRQInyaN Ghiki €.
Sui tabl e labels are described el sewhere herein, and include fl uor ophores

(e.g., fruBiedasicatrodedypasic may ke umddo mifiggterand cpitrobyampipiesey@Ehni que can be
used to kabglitipen-O+ 3" nodifications. A variety of fluorophores are
avai l abl e from Fi sher and Sigma chem cal suppliers, as well as from

Mol ecul ar ProB@gﬂ(W%mmﬁ@@@ﬂ&%@ﬁﬁﬂ@6@§ﬁ§6ﬁfsaWW%WﬁbﬂwﬁEﬁQ§é36ﬁxthe di scl osed
met hods 'nﬁ)le%Hfgl g o@HBlo'cﬁ&n@@%ﬂélé&Jlé fl(el&[%u"s&ﬁt ifn‘?a?% nBles be BBy Qa1 eot i des
or even free deoxynucl eoti des is disclosure also provides
addi t i onah eleestihpelentiahios hvemstihgatise. fﬂretelretrrquwbil sagieledoasipiegs mguidy the user

pol ynucl i: £ 1 X i I
contacti ﬁgﬁ%’ﬁ‘gfﬂg%% 2%&% e@g??ﬁgﬂo\%ﬁw tgl%ma#rE%F{Fﬁ%&%? g@ ilgﬁ%{é ggﬁ %egsréc?gvert t he
abasi c sbt eltlteopwtsrelrygir@egttuvalmdh&rgﬁa&wiawdforrdlepmt gl of eamde beisploadedt o

convert %P%sea & Shleands B br 1zeé1 mbé [‘?/D%Olnéfr@%&'%tli%h%eghtf%eﬁego At % St .and

break in nucleo conv ran break in
t he pol yoswl élptmnizenormsdd‘uniﬂnen sf saaptt der eakgel smntplhaelemlh ymodleatdrdeke-ap, bot h,

to a nnret capable of s OLt.i nMer ase. ext ensj o cont act,i ng,t he

o oty it g BBE R oo BRSO PR R AR G AR e PR RIS one
olr rr\DNr] e Iraﬁa}ssems ey Hel‘(tenﬁg@rk@dﬁﬁ @cﬂ(Eﬂiditfd)iﬁal blifer M%ﬁigr payticnk ﬁzﬂien @eﬁ:ddmasr bed

el sewhere herein, e or.o se | ocate or det ct t ne or. nore

| abel s. © mamta[”()off@l]“e‘%'atﬂ?“loﬁgf ﬁ}l‘ﬁ‘fc{%‘?tﬁ‘ﬁt"w ! the ystany %ar’%@ﬁér ‘correl ate

t he preseRre®des b egipbiebyod TEMA bick M festsalteriee EhgBlck Wﬂllﬂﬁeaﬂluldlc
characterjstic of the polynucleotide, as described el sewhere herein. A user

may furt R&ip- This festing aﬁrontpmylf&r a8¢2h Befiyespethp plagrades andchiprgservoisiab at e t he
struct ur gdrvisnd iRl deQite@EtidnRGPAL Yitbah&0E blgohRed. HANRABy ShAoRatRE even a

di sease state. [0120] The pol ynucl eotide nmay, in sone enbodi nents, be
di sposed 14 torhmenyireenent istRwirgiard. Hegrg field men bpapnlipd byiclserodes imsnarseger at e t he
pol ynucl g, denp1d [ifu 456 lon BB AIPULake 6B AHE) ﬁ%éh Ree fHogesjo ¥ he

pol ynucl eoti de,” or any regoi ng. The cCe e pol ynucl eoti de, or
bot h, mayvédixed 3@9@5@@%1’411%&@1111@ Ip@p@@r@ralrmmuts@ Handard ep- amBony eietlithg a
single S I y be acconplished by contacting
t he sing%@ﬁgﬁFgﬁﬁg%ﬁgg rygmOq{ﬁ%[]enll]‘gnuc ggg% havi ng 3' phosphodi est er ase
activity.
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[0121] The user may at |least partially deconpose the matrix material so as
to liberate the polynuclotide. The pol ynucl eoti de nay be processed while it
resi des wohwre/asissporous nmatri x, or it may be processe@Comsgidesaiist he
matri Xx. As described el sewhere herein, the use of the porous matrix can
reduce or even elimnate fluid handling steps that give rise to shear
forces that can in turn danage the pol ynucl eotide. Al so as descri bed

el sewhere herein, the user nay i nage one or nore |abels and correl ate the

i maged | abel to a structural characterlstlc of t he polynucleotlde It
shoul d be und¥®ide-ldil fet§ing aile imgging efRgn :

depi ction of fggs) p%%ﬁh&g 'sﬁgfe'n@&eaamﬁlaglﬂg%@féacﬁ e %%&Lﬁb[t@&aﬂ@ﬂ@cﬂ@?m tor or
ot her devi ces for the usSer "to vi ew % gern1 i mgi ng" shoul d be
under st o6HREFtorashieye tiegle ioleede avgitivity. Unrihirsgon Bgurptis exsitetibndigheinincidsat f r om a
! abel . la{{ atnha%[ﬁle‘e"f%eﬁ% epgesﬁ %fﬂaatn egﬁle%] ﬁtte%%tromggﬁ:tlc ﬁEldn tl[;bastuhg& an

i nclude constructio or ot s a user to view
the | abeIthe|mnaglogpltaneoﬁ"hmmvmeeceptﬂwdnypicelm ¢deds 100nm abp@qrb@}m@mlarwet hods

provi ded herﬂ%| n_include di s(ge%{oqﬁs%eﬁ alreytrpuc eottl de .wi F ROr0us matri x

mat eri al ; on\(}rél’?ctemmme“efs RS O0R A oOresce lgofmtgd e proq 'St noi ety

capabl e emn&dmgmmhmngnbeﬂ@a&aﬁs&g@nhpmspmmeﬂmﬁ&eaﬁﬂmgaemFﬁmsxﬁmtat t he
first noi i ncorn rate a fi abel .at o Xi mat t he
first oreged Pl b Rnihat oheh e abiribme B el s pRLay boTriungy

conf i ni ng thbeadkkfosihd fladredcetisichiln @ nanochannel ; and i magi ng the first

| abel . As descrj he sewher e, her ei a_user rrelate the. |naged | abel
to a structur @Pb@hgp%t Repyeyes Easéfvelrﬂéhsﬁ%‘fa?ﬁ%?n%ftr g‘@"ptb‘is AP 19 damage
or di seasBgrsicat. erh@fnctdhﬁt 1at Mﬂtﬂ@ﬂlﬁﬁgd Qﬁn%eﬁi@mpre at the @oak Y bekwisknomay be
di sposed wwthin a cel |l d and may al so be d| sposed

within t ﬁ‘éansﬁsfﬁlei@ldreﬁtﬂrheprodpﬁ@ aeend, ﬁ%ﬁ, 1@%\1@&@%@@ y&@hph@ﬁé &Mbeso as to

|'i ber at e gtB&ePOHAMREBPIhARe oljE0ks BBhELY (H8E Lurfibe B prev@hit thélR fBRI Ynucl eot i de,
(c) digest the polynucleotide, or even some conbination of the foregoing.
The user nhgyting &y dkon Ba gnagigrlang i theraabdbiosien. (T raquites additonas to |i berat e
t he polygmgﬁaﬂbgﬁnmgguéhgﬁﬁ (ﬁhgﬁﬁﬁpted by heat, light, chem cal exposure,

m cr owaves, ot her nethods useful in deconposing matrix materials.

[ 0123] Conver tﬂiﬂﬂ’éj tHe disclosed syptems npeyatpwith hreshangelpyragsotatpanii hg usehd fi r st
site wt [ el sewhere
her ei n. E&@%ﬁ@?%%ﬁ%%@ﬂtgﬁggggﬂfk (E&gﬁ%ye%%ﬁfﬁ%??ﬁgmﬁﬁgdpgﬁ %ﬁ%%ﬂ%tlde wth
a pol ymelcetsealarﬁhoasqﬂrudloeotherdéoed:e(dhmmegcsrtgaltﬂoeheflmagmg IpbzbeIBec'rase dﬁbtsrl bed

el sewher ?hepeelr ﬂtfé‘ 111 O?Bacrlzg%Unc? ﬁuo? nacl ?ro?a 0?‘1113? oﬁetle S[%15 a ﬁ;[ e the
presence oOf on one I'abe o a structural’ haracterlstlc
of the pcandrfucTI@rE‘tmﬂgng, in turn al[c@z’hﬂgla sitiptes alaCioore diably optical kyatopr. esent

di sclosure_suitable in uant it S0S uantity of an
apurt ot oF TThar Py et 4 festmv%%@%%ﬁifggwéraggﬁmlar HOERMEa quanti ty
of a pol plﬁiﬁé,&ﬁeﬁﬂuo@é’sd@n@.nﬂwﬁﬁdddf}bt ﬁéedao bakelead tathesedicede. [ 0125]
Sui t abl e agen crj bed re herein. The reagents. of the kit may
be di sposed V\Jt@?l %ﬁ@@’kgé‘[&re{fg Otgf)d Sé’ﬁﬁﬁ‘@éy s i the IB&W(E@IO&%%I e of

ef fecti ngutdfosmgtaﬁllc@@bwofmlﬂg wiR héhoBhanhflRlckibds a9d bRAGERLBmpIASar@Ne

exanpl e, .the kit may iInclude pouches of the foregoing agents, and the kit

may t heniBeged q8 diesytiem Tlmaawéocy%%ie@é}seﬁn addigions) dysginwy 19& BI5oingar Wéthej ver

bei ng cogfel fiif @&uat@orﬁ%tsymg@mrfer R Falflgn SR QRE-LRteh WAMER nSéh as to apply
the appropriate reagent to a sanple ‘% kit may include entrance and exit

ports, wHPEMSGROMPEneEy Figheraers, th@aut@ﬁe@w@@ag@y spegHieeldy dligned orvaslit of t he
kits. with nLQJcﬁanelqr 8L bethd &a@f&&{ b H@clB&dts%‘%enl%r éﬁr%PEutgﬂoé&'s9§%§aran' ude a

quantity of an al kal I ne materi a quantity’ of an apurinic/apyrimdinic
| ysase, gcBrallyrlogpieddo @Qlkevﬁsﬁeaf@reldgbglhss sabsdrgterinil twil egfheangol rase; and a

quantity nﬁégr:ﬂe Lv‘?th %J[h%pco%{)%hgﬁst fnqﬁe syltjal%so? ce!ﬁlnt(@acmmg&te a ga@lostructured

surface such as that of a nanochannel array.
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used to performthe nethods described el sewhere herein, which nethods

i nclude the formation of pol ynerase-extendabl e sites on danaged

pol ynucl ew0i2029054735 [0127] Alternative systens are alPso/yseaviosads her ein.
These systens suitably include a kit that includes (a) a quantity of a

pol ynmerase, (b) a quantity of a |abeled nucleotide, and (c) a quantity of
one or nore of an apurinic/apyrimdinic |ysase, a 3' - phosphodi esterase, or

Endonucl ease {1\ gpb&l AhtbmBel DFeragi@Pt ed to engage with a sanple inmager, the
sanpl e i mager conprising a sanple stage adapted to engage with a fluidic

chip that inclW%s Bielisstoseriatemapis chzeblsalf gccogrnqdptingiighhtpeeshinggiiece capabl e
of OPtI caliinSRITEANIERI SRR GRARhE UaiRpe Y swae*ah&nagerme%a@@nel of the
fluidic chip, an 1 mage col I ector capabl e’ of collecting an | nage of an
illum na@@@bt@ieﬁmﬁlcenfcﬁusqdd@e@mm ltnlaglng 2hid, %ﬁ@c@r@mm@more frames pe{r@@@@}l Addi ti onal
met hods I cI i Iy qi

pol ynucl gglt%%%ll a’f‘g% ﬂglaﬁdé b]geﬁz) =r ?ggﬁecgn%%%bﬂtﬁgwﬁt Ag)?h%a@(?er?gﬁgeen

i ncor por aneging. r&tmablhéltgovlwnh@tmaﬂadb@ fioym cd. yﬂmﬁabsnmmemmpﬂny Fihger

pol ymer a eS8 nsion.bei n con ed from an
hbasi ¢ ST e, 3 "“memf‘“ons%‘“cp‘%@ﬁ‘ﬁd gmquﬁcqmb%lfl% Skt lasf‘iif?@{] ePHECo?SSEér ation and
conver si ﬁmnapgr @abdiesza(E@stdleI%m :limldatlmlr sewloarod optmaeeqmmni’dne Tretshadofmay al so

i ncl ude i Llne be acconpl i shed by
Lo ot e rnde Bt Sr Bt miaR ok R auir R B R ek sSSP Lo
conf i ni ngpdrigonk &gh@r’th@fmagm@()bmﬁhﬂqh%& edleodimadt, t@@muab as irddge] haXty @wipe | abel
wi thin a nanochan The ser then. c reI at.e or | ocation
of one oF‘OPf‘BSrtBHP a{[geici %f‘i“ﬁ’vﬁ tceFeﬁtcatt @&hpeﬁléﬁ’ﬁ(?f‘@?aflglf aéeréﬁpﬁrf‘ﬁ d;C)tgizynucl eoti de.
The user cibyta &l sSOfof Riidge h@fulitloAETIRE &gt@n@}se QkuénR€ atrbatc@hntinge dntieel s or even
t he structural characteristic of the polynucleotide to a di sease or danage

state of "PHEhHEPNARGE hardiepyianaged. [0130] This disclosure also provides
met hods, the [iﬁ@(b]()dﬁhe'lﬁﬁﬁélﬁgkﬂ%gd [sEQrREsIAE WP 1R alBRBlcd MadR s &[u@ffdenat etoa
site of damage on a polynucleotide; linearizing a region of th

e

pol ynucl é@%bﬂqd@yﬂhmqleqtrﬁé@ brendls. Uniag priseittatearpifagendeyi thpample afaperst (e user may
det er m ngy 1 g E’a{n%ﬁl%rifo?n -3¥Ra6 LFB‘%V) Qhe sgﬁltpﬂ:’ is R)radef]d"ﬁ?to%e AR &n hRP&honahr t he
pol ynucl eot i de he user may then correlate t resence or |ocation of one
or nore lngels Tholoadigg paguenge gin hprabaicptddsfteiceaglf imagmgpedny mugingdpivihg. The
user may cal 3 £gven the
atruct s & g SAE bALBAE, A0, Bl G e b A e D Bt e
state of rattd:se‘emedemmgcdpeoﬂi@m per minute qﬂﬂm%}d DM edn berpehiepwmlr Abd romomfsmsw tably
acconpl | %thdut b%m%ﬁsf‘é’e i nC{ of Qveen%' L& 8% (ATRaS Hﬁgﬂaf[%n%tré( ?%}% o
supportlng ext énsr on. e conver5|on I"ude Conver |ng t he
site of deamgﬁvetmoaand mirgmnafentigtence Hheispdtan abdacabmmoﬂatesmutamaﬂegbw tably
gglnzﬁlrs? 220@8%‘%? gﬁa&%é%rrrlgélgg%sea%ﬁ altltgm%teg dg}))énes'\i% 0? saél ap el. q"hgfallosvl&lso i%%rg;[altigg

with robotic systems, further improving throughput and overall speed of analysis.

Variety of Samples Accommodated

[0101] The systems are also designed as an open platform in the sense that a broad
range of sample types can be accommodated. Suitable samples include biological samples
such as DNA, RNA, proteins, biopolymers, and other complexes that include such species.
Other macromolecules such as polymers, dendrimers, oligomers, and the like can also be
analyzed. When a sample or sample analysis may require particular environmental conditions
such as heating or cooling, such requirements can also be accommodated according to the
sample type and specific requirements, as heaters, coolers, and fluid/gas sources can also be
incorporated into the disclosed systems.

[0102] An exemplary system is shown in Figure 14. That figure shows (upper

panel) an exterior view of the system, which exterior view includes the cabinet (which
-0l -



[0132] Alternative systens are al so provided by the present disclosure.
These systens suitably include a base configured to receive a fluidic chip;
an il umwetor2/oserssi gured to illum nate a pol ynucl eot i decsarspdig/osiisposed
within the fluidic chip; and an i nage collector configured to collect an

i mge fromthe polynucl eoti de sanple disposed within the fluidic chip.

[ 0133] These systens (and the other systens discl osed herein) may include
an opti cahciRding %r@ch@@j/s&gn ﬁlb@ulbsl Anurﬁhﬂ@taﬂd a toﬁmps&&hlc&a{ou@p WRRIgAteon Wi th a
sanpl e di sposed within the fluidic c optical medium nay be a fiber,
a | ens, #sadity proivide apey ntpwtewlthwefstemrsa@d §kﬁ§t0el?f?%§/£ﬁll gadherd dy dpesysa®- or nor e
filters that migyCanRlbeehndBARgLRdaHRRHOXEHRAGH \Qfof{hUe%Hl ion
suppl i ed by tﬁg ﬂllunlna?g%nto t%g % Y eotid 2 ]ﬂﬁ& [0134]

Syst ens fpjenal Aoshope i thet \ae\grthfdsyeﬁfrm rs@updedecaammleest&gﬁ, w:l@Matﬁe@agagng with
the pol yquglGatd AR AARLR: 0if OGRS MLN ThOGald it AleGnGRkRe inTBGofeadi ent
source nmay inc € a sourtce pressure, a So ctr|ca potentlal

a sour ce tofefleued @nninagomtagndteisempleeTe sotenceyy orludnybaandbisadend whichher eof
-I[ng:’ll lt g?%aagrtn%y r]eacy 1n%rnr}agtll_0§1%§ m Parcocg oig| ot?ler 1{1!110 & ressé)n"fr C?heq{uldlc %hlp,c\xé ﬁ(% : gﬂr ed
to apply mfblimmnmmhy bawuset td mﬁgme 0E € mmeipectgbh&e 'sy:stetrﬂ) euqhozls ylhudheohi de

sanpl e, ri.hed el sewhere rein, The, di scl osure thus

o ov1 des MRS HF uSuB EbY A R A gald prohsialm RH RSO SIEERRE uae

correl at ufd td ednect et eiDippldanageid feld ter sgiplel digpo@ld vt AuidNAshpased on
success Qr f |Iur in ﬁ gwstreanlseqienC|n assqﬁ Thlﬁﬂﬁssessnent may be
ef f ect ed 3?’ 5) fENPa A1 O PIOFS Ipssryaybe usp AP o umggRetoang t ypes
of | abel s s@hplkhaddanReedeDNAy u@d@a t@ﬂl@ér)ﬁﬁ}blﬁzdtoﬂrelﬂbﬁed Alelinapb®f Thee of

control DNA. For exanple .a user are the | abel profile of a DNA

sanpl e (Fagera aginogolea) i blgh%?@@a}ef{eete H‘éenb‘ teft frpra thersamipleo it Gl cagt AdtRged) DNA

sanpl e t Q. 6lek priatNB WL HeL] 1€ sanpl e DNA contai ns any damaged | ocati ons.
[0136] The user may al so assess the quality (including the degree of DNA

darmage) of geWdMlc Ahercedonmey he@palpqdégaﬁblp by sy ehe ey lobdhe¥. 1ASYEYs. That
i ncl udes  fhe jmmasut LRty 6f e 'ffa{d?cf g ”@ﬁé& the k)fs?emalfseﬁfsgﬂ@%coﬁ'ezlﬁcan

distribution, fragnent size uniformty, brary DNA damage such
as doubl detstnring dorisrerails,, (alsWighes thetchiprigs mlrff@ﬂ:sbeeabla@i ends(by ddhe dhagsie | esi ons,

DNA adduggﬁ%gﬁkﬂggﬁgt ?ﬂg?ﬁﬂgga y assessnent (for adaptor ligation, vector

| i gation, e user may assess the quality of a library or
i ndi vi dual cl 9488, bgure b pebats adytalad aicdear itheadmppmismt as exempdpriackbone

| abel i ng ste | :_gtgtﬁgé per r1gﬁtﬁ12‘1%?ogi§9 g/téﬁ)rélls sh wg?‘\%gger @‘Egln}cnla% §|7§ e | abeli ng

al ong t h&se Posed SYys ena Ie users to
identify anldThmaWZeéergﬁnlafe ok mlam@lc(rﬁlané anmsir asly (uee kgl,se,rs ENMjer dhumdnators as

si ngl e-mgl ecul e a nol ecul e basi s ar 28 -
orone. IRl Bei R AR R e RS R Bt b RE RS wit, o

whi ch i nnfayiba pewabthesgipe béot epacde:r. oA iLERhQUEx (eddtlexpaider appbivgat i ons in the
fields of |ife @plence research, .clinical research, dlaggostlc and

per sonal Pk atiFdicam expanders may [Oé‘i%’éﬂe beyiside 4t pecfﬁ?ﬁﬂeé‘%rr Yirddo 4t conposed

of mul ti peqilen@icReA AR INM thEashiplt, FWthi Adple i€ PSXOISOIRVE 82 obpBge from
hundr eds of thousands to hundreds _of m.llions of base pairs in |ength.

These mol@Eufdecat Y beanrapriar iiraenatian wamid the 5%%1%%@%%%0W@F %let hat
f orm bal igydr kight' RREABuESI | s i n sol ution when extracted fromcells.

[0106] A filter wheel and periscope mirrors may be used to provide only certain
wavelengths to the camera, thus enabling the camera to image, visualize, or even discriminate
between different labels. The filter wheel may be motorized so as to enable rapid positioning
of one or more filters in the optical train of the system. As one non-limiting example, a filter
wheel may include a multi-position rotary wheel driven by a stepper motor with optical
encoder. Typical filters would include dielectric coated glass providing either bandpass, low

pass, or high pass filtering of fluorescence illumination. Typical center wavelengths are in the
_02 .



[0139] The discl osed net hods, using nanochannels, can unravel, sort,

el ongate, and/or confine native state genom c DNA fragnents (and ot her

pol yrmeri cwoobeoshss) into an orderly, |inear format. ThecCraskelolosyys does
not require front-end anplification or shearing of the sanple DNA into
smal | fragnments, and thus preserves clinically val uable genom c structura
i nformati on such as copy nunber variations (CNVs), bal anced | esions, or

ot her suGRibHePHeEtm {4@@%@{1&? WeYrs n@rlﬁlm{e@% ﬂﬁserénge%qw@a@e fobahmﬁss
si ngl e-nol ecul'e anal ysis capability of the techhol ogy, only nminute

quant i t i Bdersftyrigahbredvadta iy Kool prechut way bhokebreygpt s a departure from ot her
genom ¢ analy ﬁ]'1§7 pl faréltrg h gﬁrov@é@%l@f&ﬂ@‘ﬁ% Ry Fy%tem shown i 1n F{gglje41 ] athe

follow ng are exenp ments of di scibsed methods an syst ens.
These errﬁ@dlgﬂrbﬂ@esofahfeﬁgum shovat ihvé%mh%satrma@hﬂm lasenbaadthies paband (znsthisi i t i ng

t he SCOD%leQ{) tﬁe@\/{@&ﬁ%@%rad'rﬁgéﬁe}’iﬁ %fcglccto n%tﬁ%ﬁ&er%ﬁ%” bution in

nano- channel arra systen1 sanpl es are
pr epar ed u3|nQIW&rﬂomgsDNW=5aﬁwkevmhmpasmbwunﬂwﬂﬁthMﬁmukw@mﬁ@gBmcwal swab

DNA usi n%l%]uecfe[{ve lena Ige%lg F%e%\(ﬁ'&l\/cll lébOVét Cu E)ﬁﬁeﬁ\?[g]% il§ U s%ly moggabfgl& (3 Pur eGeneTM

kit, and usi ng "The three
sanpl es QhﬂMﬂns@wﬁbghmeﬂﬁsdﬂ@ﬁnsmﬁmﬁe&awﬂgﬁ@eMmexﬂbaHﬂdwﬁmmﬂbumjdm on

pul se-fiel el . nd, .to an n t heo is, difference
P o5 7e Gtefiat iosarss atgPanpties i Bt Rhatug R act e 1 or m of
doubl e SE%@&NB&I@ﬂﬁﬁu&ﬁﬁﬁﬁ}ym&mrIfICatlon i nduced DSBs can be assessed by
anal yzing the_size distributi DNA thin nanochannel array,
as descri bed Bﬁéémng%%mwewé%ﬁﬁg S@%ﬂ%%ggﬁggmL??P@H bALBHOIHSshi fts in

t he cent @ichRfic MR&S pbANEEdtodditcoivaimiaion tBRGE Rflc@& Rofl @RIs@ABR td ih t he

per cent age of DNA nol ecul es above certain |ength, or even on a decrease in

the per catPigs srsopnBheilipapatiussinaertefosuscpmpenepis iy bsin heinfiared (Fi gur e
3). Dedogsit hsqnué?lfate[@lﬂ?tﬂ]quhs%r aiif FALnBh eRkSitdbSs tRJHY deiRehatibn is

nano- channel array WV radiation of DNA i nduces not only two of the
nost  abuRSETEIHISMEe AT Huamgtionyssieokhe warplenedsinayslsobe iyses The autofocus

cycl obut &R Hﬁé&'d%gﬁlﬁﬁnlgdtfgﬁ&éoxf@n%g??Mrgetéctor 29 - photoproducts (6-4PPs)

and their Dewar val ence iIsoners, such exposure may al so generate double
strand and si W31y SRasechen thikchiianai she rBfiestadg Burpihatiimunlthe aKafaeyd SENA dr eaks

causeghlb ottor Al %éﬁﬂray}agﬁa l{hﬁgﬁgggﬂh%ﬁﬂlgl{}p' EHO\% il glfedsgggl@l A ! ecul es

will t to’a shorter In turn-t strand
br eaks captithd fpquk.eAr debcrilbadm, DA daentrpiplication PCT/US2010/035253, “Devices And

Methods For Dynamic Determination Of Sample Spatial Orientation And Dynamic
Repositioning,” filed May 18, 2010 (incorporated herein by reference in its entirety), the
autofocus system may record a reference spot on the detector that corresponds to the
illumination reflected from the sample at optimal focus, and then adjusts the position of the
stage so as to maintain the reflected illumination at that reference spot.

[0111] For example, the user and system may determine that when a sample is in
optimal focus, a beam of IR radiation generated from the IR laser and reflected from the
sample strikes the autofocus detector at location x1, y1. If, during processing, the beam
strikes the detector at location x2, y2, the system may translate the stage upwards or
downwards (or may even tilt the stage) so as to return the beam-strike location on the detector
tox1, yl.

[0112] The view shown in Figure 16 also illustrates a mirror and an exemplary tube
lens (shown at the bottom of the figure) that are used to direct illumination from an

illuminated sample to the filter wheel and EMCCD device. A periscope mirror arrangement
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measurenents. Detection of single stranded breaks due to UV damage in

nano- channel array: [0144] Single strand DNA breaks caused by W

radi at i orwoani2ys4m@asur ed i n nanochannel arrays as desciPChas2@bovya1sS | n one
enbodi ment, one may incorporate fluorescent dye nucl eotides at these break
sites by action of DNA pol ynerase, which polynerase acts to incorporate the
| abel ed nucl eotides at the break site. The | abel ed DNA nol ecul es are then
el ongat eeha(®e Ysed t aﬁ&t 11]uﬁ§1?a'i101f1 A6Mhd MbAIRARIENRARP /e éRdh MG maN be

i ndi vi dual (g i mged using fluorescent m croscopy. By determ ning the

| ocat i onEMCEP camdze fluorescent |abels along the DNA backbone, the
distribution st hedens il SRecmbiglEqShiARILERIcLAMAE st abl i shed
wi th accuracy tection in uce cycl obut ane pyrim di ne diners
with T4 erﬁa@md@ﬂea@@ Ap ﬁlnwn\meih@ ﬁgtmeyqrr@ma@éy bqglrriahloadzmmmwdann@yrray

[ 0145] t dapt ., d

gt ot oxi L-Eak Telofifof FEAERE: R lnud APaiREL: FOUR SRL RSN BT,
photoproﬁud@t@@@mbﬁﬁ§muuthMh®nhe wdmmwéiéhuéumsdﬂbmdb iy tEdogegs ease V,
however, %\Iegglrrsl 185t earro e@gusbag el’lueC ésocgn al hde %ﬂngw‘ﬁ%lu%ig C0i
recognlzes an ves pyri PSP R e EnzYy ne arge OhMEY IKUES e

gl ycosyl obmna chirgthgrofyps, ﬂphmnmdmﬂe1ﬂ&nmhﬁddnmpaaamdmﬂﬁ&sﬁmpmhﬂsﬂhodiester

bond, mhl h in turn results in B.in the Th ul ti nick site
Some i b bR Somonshs BPuC SR i BN ol o oG SlE P of her
pol yner ase aryodufidthbés des@ibell ﬁerbmpme pRfhdteddstrited @Slﬁ'aﬁeﬂﬁ amﬂh@:ﬁtﬁiﬁt [ des at the

nanochanBo & S0 878 e kY PHEGLH<I PG Che T EOR SPOTY o Be bR RCRSLcopy.

[ 0146] Bwn@ew@r m ning the Iocatlon of one or nore fluorescent | abel s al ong
t he DNA backbone, the dlstrlbutlon and_ t he den5|t%ﬁof UV-i ntroduced
cycl obut ane- pfiidh chmBlUATRREPS sQuEGs (B8~ & L erhisitamatediorRneIrlE (HAESFCNasi gur e 4) .

Addi ti onglolyonefof Ak 1RRRS walkd Qﬁ&ﬁcdme&e&@yﬁhﬁfag@é&réaw drRAge that are

converted to SSBs can beé neasured by generating a size distribution of
mol ecul elllvarpgties seureq aF lothy ymay shagi mevegpchsthate diffegentippiion ohthaseesadent was

made fo rd %n? %p@é:a{rg QIurnﬂnallt_%]éCa&ﬁtH@%teﬂyéatﬂe%ﬂ%ﬁ%nvﬂ&lbthm &Wled amage

endonucl ease) (Figure 5) I's distribution denponstrates dose response to
damage |ﬁh@éﬁﬁﬁlmﬁywm@e@uh@aﬁﬁkéhofvwwrﬁageﬁm$¥mﬂq shoul d be under st ood

that fluor escﬁ)gi 5) ”ﬁ%‘p‘?&eﬁt}s@%&g& Bf‘oagi’é% thé!ﬁ}{eth th@dsrmgl{l(ﬁ n%' de may be

det ect ed. Nucl eot'i des oactlve terial, such
as an iso@ﬁg@ngWNM$hmghdﬁmaﬂnﬁwennaobnmémnmaynhmlﬂhﬂmcmbmmhuammedswnd

| ocat ed e%se %0 aeﬁ nturﬁmggtc!#%%le 0?‘%1@%%3%&%2 g%'é%% gxten%o éo%ta%tn}% tRe? m\é !EIC| eoti de

sanpl e. ["Gorescent especi a Danmaged
bases re@m@mumedmamdamnbbb@dhhywﬁmﬁﬁmwsh&m&ﬁpmwwandeanh@olynerase and

detected in nanog n arra [ eas ap act on a
Var ety F VB RALRGRe Dl pnoa porina RSk ST bEET e il
apurlnlCM@BMWMﬁhdhﬂkﬁhfﬁEﬁmﬁmd@@uﬁﬂegﬁﬁlﬂﬁat anIdhydrolyEe intact AP sites
in DNA. AP si are cl eav the first 0s est on Is5to
a | esion, Ieahﬁi@ Pf%ﬁﬁ%?(% %P%Blﬁsﬁlfat"lsi’?emg)'%et ?‘ﬁl %115?61 g%sé’gwqebose 5

- phosp hast@nﬁaerémp&lalty%ﬁmmr thE AR cRREHIRh Rk S Qulhl@fe IRedizing Ml SeigHLase

activity and can rel ease phos ogl oaldehyde i ntact deoxyri hose
5- phosph gﬂteéhogﬁ%re BF%gbqgaql%wp?rS %Plteﬁle @e UgEH &1%]@ SPHNIA described in this disclosure,

correlate the presence or location of the labeled nucleotide (or multiple labeled nucleotides) to
a structural characteristic of the polynucleotide.

[0117] Additional methods disclosed herein include applying to a single-strand break
in a polynucleotide a DNA polymerase having 3’ to 5° exonuclease activity so as to convert
the non-extendable single strand break into a polymerase-extendable sites; and applying a
DNA polymerase and a labeled deoxynucleotide so as to incorporate a label into the
polynuclotide. Suitable labels are described elsewhere herein, and include fluorophores (e.g.,

fluorescein, YOYO, Texas Red, and the like). This technique can be used to label non-OH-3’
_24 -



Danmaged bases recogni zed and | abel ed by Formam dopyri m di ne DNA gl ycocyl ase
(FPG and vent polynerase, and detected in nano-channel array.

[ 0149] Fowoeni2spissi m di ne DNA gl ycocyl ase is a nenber @CTiUseobASHIBXCI Sion
repair (BER) pathway of DNA repair enzynmes. FPG functions as both an

N- gl ycosyl ase and AP-|yase. FPG recogni zes and exci ses damaged bases from
doubl e- stranded DNA and hydrol yses the N-glycosyl bond creating an

apuri ni chpyichindi & v(aﬂ@@/ o8 ﬂa&ophms%rmafym B AUBS ahl glg%la abdical

phosphodi est er bonds AP sites producing a ggg in the DNA | eaving 3' and
5' - phos pRepEens s iwerias frFPMpla@mruPﬁ@t@g (E¥Y- RAGEY Obﬁaﬁvnhﬂefppb/@etﬁégeg with
nut ageni ?henf?stcﬁ)@%d ﬁéthb%% Hﬂ'aﬁlg aplﬁleg)é%gﬁ’tﬂamf APthe gbs%ff&adil%é Réoleotides or even

f or mam dopyri m di nes (FapyA, "~ FapyG nethyl-fapy-guani ne, aflatoxin

Bi - f apy- @@aquw)ucle@ﬂ%ﬁdr oxy-cyt osi ne, 5- hydr oxy-uracil and ring-opened N-7
guani ne adducfyi14;”- Ranm r and

| abel ed by Endon clﬁigx{l&d&%ﬁ%%vﬁ%es ag 1yrrergl§g0@sa§vgﬁgélfe gg)tgggﬁﬁgr

nano- chameéide dispeyng a polynucleot[ctelﬁﬁ]lg En@tmsm @it@wslan k Ipbrous mamixMaagdriatosyl ase
capableo n rlmdlne sions .fo.cr.e eate AP sites:
urea, 5. %nt%i:%ﬁ%ﬁ}e 19/{1};]560‘[1%6 wit ﬁr}}rgr%kn ne qlaterlall so OHov(ﬂ’t C‘gﬁe abgsw 51% yI hydant on,

ur aci | gbmgkalstrarﬂ Hngedinmmysp&ynﬁclchnhelrsohhtomone:rvaermlngmmhyh b&alt rnotheyl ur ea.

1 or o5cEnE AL cAE Ea SR ML ub DR etttk B el R fmmge as

wel | as Sﬂrdrﬂ%r&ﬁﬂﬁlhﬁbbl@@u(ﬁﬁotlﬂd: I’aglb@blsttfaﬁhﬂ@rdakﬁﬁﬂhépélﬁﬁ%btldmdr both, to a
apurlnlc/aprlmq QJQ Sit s al ong the DNA bacgt%one. %det rmnlngthe
fl uor esc &t Y%ﬁ@é‘?%oﬁﬁ “P%O BRI LEIEBYAY corpding g molelyvith Aol RS HC and t he
density aihd fKbéltZagideyad 6 dihmsorpaatcRBe eshaRklliveRasto Wit Jd@usadtidaC THE acy
(Figure 6b). Additionally, frank DSBs and DSBs due to cl ustered oxidized
pyrim di HET e ssievraibibelsphesdseein imagser ribaRUracHs Or<ielret B Qi dbut i on of
nmol ecul e|gh@bdis (Figure 6a). Use of al kaline treatnent of DNA
enbedded gel 0[1}1%5 to enhance sensitivity to danaged bases, in the form of
abasi c sites, chWeth fhet iémpieon; heaeeiimedurlivg coraties &6 PEyeEa gbPRIEIcBase | V
and vent P%&M@%ﬁbel?@da s%&tﬁﬁﬁ &Qrde&n@t‘%‘cﬁ't%%%ble@tﬁfe% descrlbed [0151] In an
alternative cel ased damage assay (Figure 7), alkaline solutions may
be used tlbewlpny/kartindAmagrandyrfuiiiessd iaprysifehesdiscdased EBod qigyseenay + eoniglay eak s
(o) ot G PARTEA N I SRENERIe o Flrhile ke 238 ARLLNAML O

al kal i ne-converte asic site as wel e majorit of frank SSBs s),
however, may HBZO]beTlaIm@ylgcleottdeHdabheomsyerpbﬂd}mensabeéwpoﬁsd wehinfagell.h

elsewher n nucl ease .| M ho iester ctivity,
whi ch actpr ihv?efne ™ ml%urgl% lé’se&aoa%t%gtﬁl&%?gl%z)%%%?é%m@?' i |Sgralﬁ§ prpgp t%l on of
non- extepdlablllodaeoﬁaisshgmttt]re Plyrnokloctkleng agy ofiths fdregoangnd]hymta]me ext endabl e ni ck

pol yrrer age ERFiehlr opboh R8T dsbe gt et nlPRERET SR he ot foct
of convesingRGralddselkyn sppoBdudSitge imay 0c oBspNihad bpc@itacehk fuk kinpRduard
denaturatio t he, DNA backbong to a more sensitive assay for

det ect i nb gﬁ‘&bé“?‘?‘ﬂ%ﬁ%%?sﬁ 10(oj] 51?&‘ ﬂ@%?%%?ﬁ@cwﬁg&) Enbedding cells in

agarose to yi R)llﬂl]pmﬂefds@dnwle@itlpmn@ﬂﬁ e&ompeRthdigattiQ aRSia P9 &l Mcede W t h
di rect handling as. pipetting, that. can | ead to fragnmentation,

permitti H§ HOWPG%Q?DEF@? é@ijxnaﬂe%ﬂew@eagmﬁ@ Vhitit saidey wigre AeReiogh.

Addi ti onglabik, of 1 BaP BE PléSes@Ql oulleldf ¥neathd t3¥SA DUsEded RKENRNGRCrEIR, 1BE AR T O
facilitat e appropriate buffer conditions necessary for subsequent enzymatic

react i on8f hePPiows marizicRarednes of eecchievitate flyd frnglipgsteps that gaeirisg osWeproxi dat i ve
assay i s fenuns bofh Gt Wik AARGIDRIOH oM 1desaRsctibes QiR dlige agent.

W,
The raw DNA size histogranms ( %5 ure treated vs. untreatéd cells,
denonst r ates snay ivpgsame ghinpre labslsomd coreqlate thaglmﬂd lahicklos sfroetuphhapsgiciifticed from

hydr ogen .eat I &0 I The
ver age. o BE DU ARIGHER PRl teTmBOTBAI Gt 1l OBL A RRH, GO ace TR
af ter hydr agenicpietioxifdes palwativetitc wderongysyiabedigllead oox ndnattor\ne Otilamage

detecti Oiaewces tforeihéc %%mo%lewD$§e%n%e §§Bsﬁmagen§é; ﬁ&hg Eé Yriderstood to refer to

collecting illumination reflected or emitted from a label. Further processing of that collected
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[0153] Figure 10 illustrates an exenplary anal ysis pathway for assessing
oxi dati ve damage. | n oxidative damage, the nost significant consequence of
t he oxi dawDwe12tsuBsSs i s thought to be the DNA nodifi cat ipcmgiS2ehioshiiEan
cause nmutations and genomc instability. Oxidation products formed in DNA
i ncl ude strand breaks, base-less sugars or AP (apuriniciapyrimdinic)

sites, and oxidized bases. As shown in the figure, labels (e.g., - 32 -

f 1 uor escaNimih@RRLS) inbRle &ﬁs&&ﬁ@ﬁ BOS All&brdthet Migs 'tHa?erﬁBleE Qese% da ke
damage, which |abels may be |ater inmaged. [0 shown, in one
oxi dat i vérbakirRgBtionaaehe pRJyruskeatid® ry, Endonucl ease I I I i s an N gl ycosyl ase

capabl e of COMNEAL | 08aKl iR bRl 85 (R ARY BTl AThnit Lt oo and

non- ext endabl e single stra breaks (SSBs onuclease IV is in turn used
to conveporOAPnsturlwsat@nu cmwrt@gtaé”miam en SpEynckotdstopdirg nytietapabable obk s

contai ni glg?% Sﬁm%?a?@‘&lt&s% ngé ?%%oﬁétttﬁé‘ﬁ#sf’@me %E ?Oslﬁg(g‘éérék&bel ed

nucl eot i en |ncorporate e site o

pol yner agiest @Iodl at pegexdmaictthihe firkieiteidincarzhngranhst apodipn |0ﬁthe pdignudetidebsur e DNA
damage b d d mol ecul e |l engt h.di st i,0 Addj tj onal

Mat eri al Yol th‘t ﬁrfgf%ﬁ’éil‘-”“% er” q‘amIeclfsaB?‘g“.%“gr%uﬁﬁp%el A s Tipid, ng patent
appl i cat ebmldamhﬂmmtas;seﬁamm@felamhemagsd labd o m@tmtued chamﬂem;nbysf thef erence in

|ts enti ret or..al | rpo e ation US2007/ 016408,

: Konomor PPusttiad ohe P8 3Rise b7 b Gise AR L RS Msetue S Aty o oul ar
Anal ysi s pdlyfiidieeldd thby bd @ispoR@Dwithipatceln twhaghiakil eay ibe Iysamﬂdlﬂ&m@&@%e? 1,
"Met hods O

( cr ecul ar Analysis Usin hann Arra ed March
28, 2008dISB%ISFI\/€Wft ‘é‘ﬁ{bﬁ PEELS] “Ef’ﬁ“’f? etb'é%’é@/fgﬁ@ag“%% C@BP%P%@IQ&W i di ¢
Anal ysi s pbIpMh RS dANTsh ARt sk dvlatmedlspolyﬁudlmdé yoeli&st tROPGymRRLEM, or
appli catl on PCT/ US2009/ 049244, "Met hods And DeVI ces For Sl ngl e- Mol ecul e

Whol e GeRYFRsOmA spYRination of thedpregeing By, usogpay: also-t st pawislly é%‘emePﬁet e

PCT/ US20Q408499% libePRd M U6y RS m@magge m&teﬁq%gemhg}g,che&ﬂcbﬁd November
19, 2009; patent application PCT/U52010/ 035253, "Devi ces And Met hods For

Dynani ¢ DEIOSHR HISTISHCSOPT S0tk ancéieds nseful @y dospmpesingrmatyie mpighalyi
Reposi {1 oni ngyiad)i | Eghfats 42 1rd WOma PRl efgcteamplcbﬁ%mgnleF%ﬁ%I/sIéé%Qﬂ%050362

"Nanochannel Arrays A ar-F m nati on Devi ces For Pol yner
Anal ysi s NagigicoRelasset e,S@IltIIIﬂéQ Nfgihe:OSyMsres @d dsepbasiralrewha herpipa dexteasidn pay bat

licati . . Si ngl
Vol ecut o AP BE Rl puly ML H0S A Dp DFl B YleR 0T B 200 e
di scl osedompianeshe frst kabelwtdbgcrlbmhﬁﬁwhh@ heiere thesterinmyt asgrpleined hlwvapl ecul ar
popul at %lno gorgel'ﬂej &e%?t encg orn‘f%gltwn%ﬁ)rlleoor}%o(?e } onéos!tr% u'a?§ha'rare RO annel

array enzynatic SpeciTiCc nuc eoti de
nDdlflcapobmmﬂﬁmﬂmgle strand breaks or chenlcal nndlflcatlons) on | ong
genom ¢ DNA ul u s or ot ed DNA
Tol ocul es. ar ot ein ' Pyikkormoadd BE PEYH FRg bRl sl R A g i 45 Rend 1 nmged
with hi glglys@wk@t Iacquaﬁﬂuyef ﬁs:q;eﬂﬁe/apymﬁﬁﬁmolpyase By3’ Ipaesphodtshgast| atdob@S cent

| abel s on the ckbone the stru tur &g$£$llon of the genone and

the di st AIBHERG adfo SRESF 0 2RIt eh el dual DNA nol ecul e can be
inferred w thpgesatSuresldb@mys ard fcribed elsewhere herein. The reagents of the kit may

be disposed within a package adapted to engage with a device capable of effecting
dispensation of one or more of the kit’s reagents. As one example, the kit may include
pouches of the foregoing agents, and the kit may then be insertable into a receiver of the
system, with the receiver being configured to apply pressure to the appropriate pouch so as to
apply the appropriate reagent to a sample. The kit may include entrance and exit ports, which
ports may be used for the passage of agents into or out of the kits.

[0126] Other kits according to the present disclosure include a quantity of an
alkaline material; a quantity of an apurinic/apyrimidinic lysase, a 3’-phosphodiesterase, or

both; a quantity of a polymerase; and a quantity of a labeled nucleotide. These kits may be
- 26 -



m ni aturi zed nanoarray device together with the flexible and efficient

| abel i ng chem stry enabl es direct imagi ng anal ysis of whol e genone at

si ngl e nowecui2skssel . [ 0157] Certai n DNA damage PCamshé1o0.ok71DNA
pol ynerase progression, in turn affecting PCR efficiency. Specific DNA

| esions also affect the fidelity of polynerase incorporation with

m si ncorporation resulting in nutations. For exanple, in the presence of

8- oxo- 7, ﬁséaltw&f&m?@e HeA3KAMANBS él@ev&(h%re%%ﬂr@whlc_ﬁ%ﬂg%n{ém&%r ase inserted
dCWP and to a | esser extent dAMP, In another case, the presence of a single

8- oxo- 7, &raehgreigolmegseryiaeiehlssitereon da@aqudwbw@gotldé? a cis-syn thynidine
di mer dramat i pabhy KAdHsed Bh! I GRY ORI hGhe ke systoms wuik@}58] Many

sequenci ng technol ogies require the construction of sequencing library from
genomi ¢ DiAde atii slat abildis @) anentiersd mpolyersraes eéntaturgiy de kbetbde the fi nal

sequenci I | S;-det erm ned by
t he qual Fl?c&éo?@%‘gaé%&%l%gﬁﬁ&fo&xt ﬁInO hbgra g?@“@%ﬁ%& rgﬂlcdtu?éﬂr%sf o%%asses The

di scl oseghorphdibaieraio om@ndcmacleas avi thy kit bejug adapRCR engalge aith despld bederabove,
all ow the user, to assess. | i imed: 1. A
met hod, glorrpr Ple 1m%ger comprlslng a sgm’ple s%aé éap?ed t? enéa%é/ with V\Huldlgl C;W%ﬁeo tide to a
first rmure:wles:meaah) h@r@fﬁansmapm:erlst, bin dlupddayioe s ase oagatb@m‘“ opncal communiedtioect i ng

extension.at the first so.as orate a flrst at or
o oxi mat &0 ege 1P EE SPE PR RuE P BHBREPofh G ohe R RLct eot | e
t hat i nckagdsls of b(ﬂlef:ﬂnfga‘dn 1h1&§kﬁ(bf analllldmhzif&gSalﬁg)leI digokddngithih b@knochahnelThe net hod
of claim 1, Wﬂﬁ&ﬁl 1t10na metﬁoclszdllsrg?oséds he?glrfl Sl(s:g 1en(cjlu8g llr(l:e(a)qugllng Ia ?e 10nvgf Elhl na

polynucleotide that includes at least one label, the label having been incorporated into the

polynucleotide by polymerase extension, the polymerase extension being performed on a

moiety that was converted from an abasic site, a single strand break, or both.

[0129] Incorporation and conversion approaches are described elsewhere herein.

The methods may also include imaging the at least one label. Linearizing may be

accomplished by the other methods presented in this disclosure, which methods include

confining the region of a polynucleotide that contains at least one label within a nanochannel.

The user may then correlate the presence or location of one or more labels to a structural

characteristic of the polynucleotide. The user may also correlate the presence or location of

the labels or even the structural characteristic of the polynucleotide to a disease or damage

state of the polynucleotide.

[0130] This disclosure also provides methods, the methods including incorporating a
label at or proximate to a site of damage on a polynucleotide; linearizing a region of the
polynucleotide that includes the label; and imaging the label. The user may determine the
presence, spacing, or both, or two or more labels on the polynucleotide. The user may then
correlate the presence or location of one or more labels to a structural characteristic of the
polynucleotide. The user may also correlate the presence or location of the labels or even the
structural characteristic of the polynucleotide to a disease or damage state of the
polynucleotide.

[0131] Label incorporation is suitably accomplished by converting the site of
damage to a moiety capable of supporting polymerase extension. The conversion may include
converting the site of damage to an intermediate. The intermediate is in turn suitably

converted by one or more steps to the moiety capable of supporting polymerase extension.
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nanochannel , a portion of the polynucleotide that includes the first |abel.
3. The nmethod of claim1l, wherein the first site conprises a single-strand
break i n wbeopalsyrsacl eoti de, a doubl e-strand break in tireTaskymostiedti de, a
cycl obut ane-pyri m di ne diner, a 6-4 photoproduct, a thym ne diner, an

oxi di zed pyrimdine, an abasic site, a val ence isoner of any of the
foregoing, a Dewar valence isonmer of any of the foregoing, or any

combi nation t [pREROT Altdnatil B8y sMRIshRAIQS prétidddByline YaG&NLIILISNR. aaByerting gives
rise to an apyrimdic site, an apurinic site, a non-extendable

si ngl e- stysimes syHaAkinclyde abdpe sorfisured e Brciy hefluigic chiy; aThlampstas senfigured| aj m 1,
wher ei n m‘ﬂuﬁlﬂm&rﬁomgd%&m%rsblﬁ;tﬁlé dﬁﬁ&%@%thi’ﬂghé fGdik chpt arﬁ'ah%nx\getciau@c@orenzyﬁe

t hat hydrol yzes an dpurinic si lyzes an apyrimdinic site, or both.
6. The neeHtredfto eqlhctmnsmawfeqr@thﬁpp audarive sanimgdisopd Wilds thedhtdiet i ng the
first si % 8WI th a N-glycosylase, an alkaline treatnent, or both. 7. The

nmet hod o laim®6, wherein the N-glycosyl ase conprises Endonucl ease I, T4
[0133] These systems (and the other systems disclosed herein) may include an

optical medium placing the illuminator into optical communication with a sample disposed
within the fluidic chip. The optical medium may be a fiber, a lens, a mirror, and the like. The
system may also include one or more filters that are capable of changing the wavelength of
illumination supplied by the illuminator to the polynucleotide sample.

[0134] Systems may also include a gradient source capable of communicating with
the polynucleotide sample disposed within the fluidic chip. The gradient source may include
a source of pressure, a source of electrical potential, a source of current, a magnetic field
source, or any combination thereof. The illuminator may be a laser, a LED, or other source
of illumination known to those of ordinary skill in the art. The system may be configured to
apply illumination of two or more wavelengths to the polynucleotide sample, as described
elsewhere herein.

[0135] The disclosure thus provides methods of assessing DNA damage. These
methods also include correlating detected DNA damage to the quality of genomic DNA based
on success or failure in downstream sequencing assays. This assessment may be effected by
comparing the label profile (i.e., location of labels and types of labels) of the damaged DNA
under analysis to the label profile of control DNA. For example, a user may compare the
label profile of a DNA sample (i.e., possibly damaged) to the profile of a control (undamaged)
DNA sample to determine whether the sample DNA contains any damaged locations.

[0136] The user may also assess the quality (including the degree of DNA damage)
of genomic and cDNA libraries for sequencing or other assays. That includes the
measurement of library insert size, fragment size distribution, fragment size uniformity, as
well as library DNA damage such as double strand breaks, single strand nicks, abasic sites,
base lesions, DNA adducts, fragment end quality assessment (for adaptor ligation, vector
ligation, and the like). The user may assess the quality of a library or individual clones, by
correlating data derived from measuring backbone labeling of library DNA fragments, and/or
DNA damage specific site labeling along these fragments.

[0137] The disclosed systems enable users to identify and analyze small biological

samples (e.g., DNA) on a single-molecule and on a molecule-by-molecule basis, in parallel
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Endonucl ease V, Endonucl ease VIII, ultraviolet DNA endonucl ease,

f or mam dopyri m di ne DNA gl ycosyl ase, or any conbination thereof WO

2012/ 054 \86RQIR/0383811/ 057115 8. The nethod of cl ai m 3, pamarsedm/oshes fir st
site conprises an abasic site and wherein the abasic site is contacted with
an al kaline solution so as to convert the abasic site to a single-strand
break. 9. The nethod of claim3, wherein the first site conprises a single

strand brgalk aRdsWRET SbNdésherSieRdh®nShiged obﬁﬁ@tsmbl%aq&ntvﬁ% @ th an
al kaline solution so as to convert the single strand break to a doubl e

strand beedies perfomanreof pampions GRd aevalapplicatipniyin Herfickls wp Hfesrinpcedeiseiat i ng t he
apyrim d'cﬁnlédl}e%ear&hﬁlag)%éﬁ snhﬂH @kstoﬁahzaﬂﬁleﬁli@fﬂe ext endabl e singl e-strand break,

or both, wth an apurini c? apyrimdinic |ysase, a phosphodi esterase, or any
conbi nat i on tWéi‘%onyplcﬂl Cdﬁméexmm‘)@ anf canepd ofmulmm@d@hmmmnqlme

conpri s e%aﬁﬂ%’ Pkﬂﬁgl%ﬂg) okdme cajn%an npﬁ}nla%q Qif th&]ls%dptc}‘hun\gfb%a ‘3f IS

extension Is effected by contacty t he po ynucleotide wth a polynerase
and a nuef kst pds it bmpthi “s’lnemgmtot@eulés crasfoe kalveptualizéBas stme flasblabebpofynetsai m 1,

wherein f| e |et conpr cture capabl e of supporting
palyrer abd: Brp At R hRbdh ESTRL AR i 8, RET cormr s Si g

characteri zi n[§139] Imghscmml mtthoist wsirg) nah@hbuitess, i unkeclpalry nloagaent | de.
and/or confine native state genomic DNA fragments (and other polymeric molecules) into an
orderly, linear format. The technology does not require front-end amplification or shearing of
the sample DNA into small fragments, and thus preserves clinically valuable genomic
structural information such as copy number variations (CNVs), balanced lesions, or other such
genomic rearrangements and features. Because of the single-molecule analysis capability of
the technology, only minute quantities of sample are required, which represents a departure
from other genomic analysis platforms.

Exemplary Embodiments

[0140] The following are exemplary embodiments of the disclosed methods and
systems. These embodiments are illustrative only and should not be read as limiting the scope
of the present disclosure.

Detection of DNA size distribution in nano-channel array

[0141] In one model system, DNA samples are prepared using various DNA sample
preparation kits, including Buccal swab DNA using Gentra PureGene™ kit, cultured cell
DNA using Gentra PureGene™ kit, and cultured cell DNA using Easy DNA™ kit.

[0142] The three samples shown in Figure 3 demonstrate a different size distribution
on pulse-field gel. Without being bound to any single theory, this difference in size
distribution is due to purification-induced damage in the form of double strand breaks (DSBs).
Purification-induced DSBs can be assessed by analyzing the size distribution of DNA imaged
within a nanochannel array, as described elsewhere herein. DSBs can be quantified based on
shifts in the center of mass toward a lower DNA length, on a decrease in the percentage of
DNA molecules above certain length, or even on a decrease in the percentage of DNA
molecules between a certain range of lengths (Figure 3).

Detection of DNA double strand breaks due to UV damage in nano-channel array.

[0143] UV radiation of DNA induces not only two of the most abundant mutagenic

and cytotoxic DNA lesions such as cyclobutane—pyrimidine dimers (CPDs) and 64
-09 .



15. The method of claim 14, wherein the characterizing conprises |ocating
the position of at | east one | abel on the pol ynucleotide. 16. The nethod
of cl ai mw®,20faunse136r conpri sing determ ning the rel ati vecpaseeitoss1df two
or nore | abels on the polynucleotide. 17. The nethod of claim 14, further
conprising calculating the nunber of labels in a length of the

pol ynucl eotide. 18. The nethod of claim1, further conprising determning
the numbeoi@frodiRRek Sappk RHAMeidl Hevihr SARRIGsohRAL silefRkRIsMS Q1B elydmie! eoti de.
WO 2012/ 054735PCT/ US2011/ 057115 19. The nethod of claim 1, wherein the
first | adeubleyipd prisingde firangd Pohbreeks. Bogpuserpfalople bernd $¥NA begple cpuseflyr t her

conpr i si BYUVIGHa 8{%!1&%&%i§t§g§{b‘i{oﬁ9§ﬂag&?DﬁA n{m%ﬁieg%lﬁs}ﬁﬂt&ahi%oﬁé{ st site.

21. The nethod of clai m20, rein the first and second | abels differ from
one anot aethi gndgn ture theramounty douthestrpad higaksen be wiferred fromBYAdength he fir st
and secopd,label s fluoresce at different wavel engths of illum nation.

Detection of single stranded breaks due to UV damage in nano-channel array:

[0144] Single strand DNA breaks caused by UV radiation can be measured in
nanochannel arrays as described above. In one embodiment, one may incorporate fluorescent
dye nucleotides at these break sites by action of DNA polymerase, which polymerase acts to
incorporate the labeled nucleotides at the break site. The labeled DNA molecules are then
elongated (e.g., into linear form) in a nanochannel array and can be individually imaged using
fluorescent microscopy. By determining the location(s) of these fluorescent labels along the
DNA backbone, the distribution and the density of the single strand breaks can be established
with accuracy.

Detection of UV-induced cyclobutane pyrimidine dimers with T4 endonuclease V
and vent polymerase in nano-channel array.

[0145] UV radiation induces two of the most abundant mutagenic and cytotoxic
DNA lesions: cyclobutane—pyrimidine dimers (CPDs) and 64 photoproducts (6-4PPs) and
their Dewar valence isomers. T4 Endonuclease V, however, functions as part of the base-
excision repair pathway and recognizes and removes pyrimidine dimers. The enzyme then
cleaves the glycosyl bond of the 5* pyrimidine of the dimer and the 3° phosphodiester bond,
which in turn results in an SSB in the DNA. The resulting nick site contains a free OH group
at 3’ end of DNA molecules, and a Vent (or other) polymerase may then be used to
incorporate fluorescent nucleotides at the break site. The labeled DNA molecules are then
elongated within nanochannels and are then imaged using multicolor fluorescent microscopy.

[0146] By determining the location of one or more fluorescent labels along the DNA
backbone, the distribution and the density of UV-introduced cyclobutane—pyrimidine dimers
can be established with accuracy (Figure 4). Additionally, frank DSBs and DSBs due to
clustered UV damage that are converted to SSBs can be measured by generating a size
distribution of molecule lengths (Figure 4). A similar size distribution assessment was made
for DNA subjected to UVC damage but incubated with UVDE (UV damage endonuclease)
(Figure 5). This distribution demonstrates a dose response to damage in terms of molecule

size.
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23. The nethod of claim1l, wherein at |east one of the converting or
effecting takes place while the polynucl eotide resides within a porous
matri x. W0.20Is4138t hod of claim 23, wherein the matri X PCOsee130S71aH
agarose gel. 25. The method of claim23, further conprising at |east
partially deconposing the matrix so as to |iberate the polynuclotide. 26.
The nmethod of claim23, further conprising affixing a | east a portion of

t he pol ynucl ePtlllﬂe iU} Qlohmeoe%ﬁérb%od th%@uo@@@enf@ﬁa@ﬁ% iPhot Bhetinty) W& inWhgdei n the

affixing is effected bi oti n-avidin reaction, by a receptor-I|igand
react i onanpglecdide any |b5é@r9ct%thtlé@aw 6% be&beEﬁWI@WIMEIV%Wa&eﬂ@r eof 28.

The net h%hcﬁg afy is@foﬁé thléﬁ*}%sécﬁvé Hl@teflﬂ%yrlg tLﬁﬁ’P(pElei ﬁéi a'nh lld*égi‘eﬁlgftér% t h:

pol ynucl eotide with one or nore wavel engths o m nat i on.
met hod ofud¢aiderhas bepyincorepratsd mpe t@upnlg/ne@mﬂéb samme Elh@req@p@sm@eg tsr | ocati on
of the firstilabel.. Shpuctural characteristic of the pol ynucleotide.
30. The net L d ?A lltd g further conprising correlating the presence or
| ocati on of tmmogedrbases recageizal aid labedddriydindp ek clalsallaan&vangpolpmatisd he
pol ynucl ?11919dg’ectedzma%oocjhanne%AJBSPCT/ US2011/ 057115
[0148] Endonuclease I'V can act on a variety of oxidative damage in DNA. The
enzyme is characterized as an apurinic/apyrimidinic (AP) endonuclease that will hydrolyse
intact AP sites in DNA. AP sites are cleaved at the first phosphodiester bond that is 5" to a
lesion, leaving a hydroxyl group at the 3" terminus and a deoxyribose 5'-phosphate at the 5°
terminus. The enzyme also has a 3" -diesterease activity and can release
phosphoglycoaldehyde, intact deoxyribose 5-phosphate and phosphate from the 3" end of
DNA.
Damaged bases recognized and labeled by Formamidopyrimidine DNA glycocylase
(FPG) and vent polymerase, and detected in nano-channel array.
[0149] Formamidopyrimidine DNA glycocylase is a member of the base-excision
repair (BER) pathway of DNA repair enzymes. FPG functions as both an N-glycosylase and
AP-lyase. FPG recognizes and excises damaged bases from double-stranded DNA and
hydrolyses the N-glycosyl bond creating an apurinic/apyrimidic (AP) site. This enzyme
cleaves the 3’ and 5° phosphodiester bonds of AP sites producing a gap in the DNA leaving 3’
and 5’-phosphate termini. FPG identifies and removes many modified bases with mutagenic
potential including: 8-oxoguanine, 8-oxoadenine, formamidopyrimidines (FapyA, FapyG,
methyl-fapy-guanine, aflatoxin B;-fapy-guanine), 5-hydroxy-cytosine, 5-hydroxy-uracil and
ring-opened N-7 guanine adducts (7-methylguanine).
Damaged bases recognized and labeled by Endonuclease III and vent polymerase,
and detected in nano-channel array.
[0150] Endonuclease II1 is an N-glycosylase capable of removing the following
pyrimidine lesions to create AP sites: urea, 5, 6 dihydroxythymine, thymine glycol, 5-
hydroxy-5 methylhydanton, uracil glycol, 6-hydroxy-5, 6-dihdrothimine and
methyltartronylurea. Endonuclease III combined with Endonuclease IV, Vent(exo-)
polymerase and fluorescent nucleotides can label sites of oxidized pyrimidine damage as well
as sites consisting of single strand breaks (SSBs) and apurinic/apyrimidic (AP) sites along the

DNA backbone. By determining the fluorescent labels along the DNA backbone, the
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31. An analysis system conprising: a sanple stage configured to receive a
fluidic chip that conprises one or nore nanochannel s having a
char act erwetor2/dit38nsi on in the range of from1 nmto alpPoutus2&0/08TS

an illumnation source configured to illum nate a sanple disposed within
the fluidic chip; and an i mage col |l ector configured to collect an
i mage of an illum nated sanple disposed within the fluidic chip. 32. The

syst em ofyisglration Al thd antibesr o%Rl'iHéEi ??ﬂnﬂﬂnﬁs galRCh@plishaPalh Bredfacligiget i ng a
first beamof illum nation ref froma sanpl e disposed within the

fluidic €Heye 6bB$ddvW@alby§@@1ﬁDSBs t1ddpyRs3iuc t9 ¢lpttered oddiapst PEITHENG det ect or
capabl e gfgde % Bt SKBsRAT b hl%ﬁre@fby ik ﬁfstr%ﬁ W&uﬁqg{ﬁh gfrl gure

iI'lumnation reflected froma sanple dispose t he I C chip. 34.
The systém of claim 32, further conprising a controller configured to

translate theyss (?«g,%alh P@EJ),QQF@&@A Qpr,}?é)iglz} %é?gl §tot¢9z aizée{s%iésiﬁ;g% of

|IIumnat|onref romthe sanple dis Idic chip.
35. The dymugmhbotescinahafodB of ibusichyées, wbivhrcus theg ba ramgmlzm drdrlalebafbygur ed to

translat?},thejtaegﬁ/ln re nse to ‘ﬂ‘g?e&‘tt .on of ,the first beam of

. . donu ven erase an ed in nang-changiel ar
i | | uni nation reftect€d ¥r a I'spose WA e fluidic chi p.

36. The syst e[@1sf] clhahn Mtéx‘ﬁativwaar basad DNeA dmmge mdsh3e(|F1g1mé)L Mleaimeaslumnsl nput,
t he di stance bet enflr t and second. positijons,of a t he
First or MESBBO-POanR B PTG ABh R or Bl e PRI LIS BPtposed
W t hi n t beopktatiblbLeneithftic activity. SSBs derived from alkaline-converted abasic sites (as well

as the majority of frank SSBs), however, may not be always extendable by polymerases. As

set forth elsewhere herein, Endonuclease IV possesses 3’-phosphodiesterase activity, which

activity in turn permits conversion of a significant proportion of non-extendable SSBs with 3’

blocking groups into polymerase-extendable nick sites that can be fluorescently labeled with

fluorescent nucleotides during polymerase extension.

[0152] Alkaline treatment also has the effect of converting closely spaced SSBs into

DSBs via local alkali-induced denaturation of the DNA backbone—Ileading to a more

sensitive assay for detecting damage-induced double strand breaks (DSBs). Embedding cells

in agarose to yield purified DNA eliminates shearing forces associated with direct handling of

DNA, such as pipetting, that can lead to fragmentation, permitting improved detection of true

damage-induced fragmentation. Additionally, the porous gel matrix allows buffer exchange

in order to facilitate appropriate buffer conditions necessary for subsequent enzymatic

reactions following alkaline treatment. In Figure 8, a cell-based oxidative assay is

demonstrated with hydrogen peroxide as the oxidative damage agent. The raw DNA size

histograms (Figure 8A) of treated vs. untreated cells, demonstrates a clear shift to smaller

fragment sizes for DNA purified from hydrogen peroxide-treated cells compared to the

untreated control. The average size of the DNA and the label incorporation density (Figure

8B) after hydrogen peroxide treatment demonstrate clear oxidative damage detection in the

form of DSBs and SSBs, respectively.

[0153] Figure 10 illustrates an exemplary analysis pathway for assessing oxidative

damage. In oxidative damage, the most significant consequence of the oxidative stress is

thought to be the DNA modifications, which can cause mutations and genomic instability.

Oxidation products formed in DNA include strand breaks, base-less sugars or AP

(apuriniciapyrimidinic) sites, and oxidized bases. As shown in the figure, labels (e.g.,
-3



37. The systemof claim 31, further conprising at |least one filter capable
of being disposed in the illumnation path so as to alter the wavel ength of
i Il um natworzoprasyidded to the sanpl e di sposed within thePCraisdig/oship. WO
2012/ 054735PCT/ US2011/ 057115 38. The system of claim 31, wherein the system
conprises two or nore sources of illumnation. 39. The system of claim 38,
wherein at |east two sources of illumnation are configured provide
i1 um natﬂh&@sc@ﬁt 168 clsh RlaBE lﬂe@eﬁ@}aeeagt 18 site éthe %&tlsyaw@eo&m@ﬁ RbiR Ady further
conprising a beam expander disposed in an illum nation path betmeen t he
i | | um nabf Bierésigcde and the sanple. 41. The system of claim40, wherein
the beam expafifies) COMBLIASS ofic KGRIRE hafl RN AXARRAGY, EfFRILLERM, beam
expander, Eﬁ ] Theos sten1o? cagglm??%g< furt ° ﬁ%S|na a filter
wheel coaf N@y@@ylm capdbteecrf cpmwettmgmatdmd palplpldnr@@l ntt@anyrmn@c K@E:)tsetels gdom t he
sampl & pfiRen ey SBLET Al ELAL HL, WIBKEIAN! R SYRRPIAAMRLGPRPA SOU CF
tie ure PUid sa

of electric to nDt ‘vate a e Into a nanochanne
of the fbitdsdn¢ n«x(hq:)@endable SSBs into single strand breaks containing a 3 -OH capable of

polymerase extension. Fluorescentlylabeled nucleotides are then incorporated at the site of

base damage by DNA polymerase and imaged within the nano-channel array in order to

measure DNA damage by label density and molecule length distribution.

Additional Material

[0155] Further disclosure is found in the following patent application documents,
cach of which is incorporated herein by reference in its entirety for all purposes. Patent
application PCT/US2007/016408, “Nanonozzle Device Arrays: Their Preparation And Use
For Macromolecular Analysis,” filed July 19, 2007; patent application PCT/US2008/058671,
“Methods Of Macromolecular Analysis Using Nanochannel Arrays,” filed March 28, 2008;
patent application PCT/US2009/046427, “Integrated Nanofluidic Analysis Devices And
Related Methods,” filed June 5, 2009; patent application PCT/US2009/049244, “Methods
And Devices For Single-Molecule Whole Genome Analysis,” filed June 30, 2009; patent
application PCT/US2009/064996, “Polynucleotide Mapping And Sequencing,” filed
November 19, 2009; patent application PCT/US2010/035253, “Devices And Methods For
Dynamic Determination Of Sample Spatial Orientation And Dynamic Repositioning,” filed
May 18, 2010; patent application PCT/US2010/050362, “Nanochannel Arrays And Near-
Field Illumination Devices For Polymer Analysis And Related Methods,” filed September 27,
2010; and patent application PCT/US2010/053513, “Methods And Related Devices For
Single Molecule Whole Genome Analysis,” filed October 21, 2010.

[0156] The disclosed assays can directly image the size distribution of the molecular
population and nucleotide modifications of DNA molecules in nano-channel array. The assay
may begin with enzymatic labeling of specific nucleotide modifications (single strand breaks
or chemical modifications) on long genomic DNA molecules with fluorophores or other
labels. The labeled DNA molecules are then linearized (e.g., inside a nanochannel array) and
imaged with high resolution fluorescence microscopy. By localizing fluorescent labels on the
DNA backbone, the structural information of the genome and the distribution of modified

nucleotides on individual DNA molecule can be inferred with great accuracy. The
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44. The system of claim 31, further conprising a reader configured to
configure the systemin accordance with one or nore indicia disposed on a
fluidic cwNOpR012/04%735A net hod, conpri sing: cont act POE/UB2611/051115
single-strand break in a polynucleotide with an al kal i ne phosphatase so as
to give rise to a first noiety capabl e of supporting pol ynerase extension;
contacting the moiety with a polynmerase and a | abel ed nucl eotide so as to

i ncor por %ﬁﬁaﬁn&e@bﬁhodﬁa& ae\tlmog&ﬁeyqllﬂhmﬂ&m@&ﬂd@ﬁmm labehngl dh&%@ ZI ng at
| east a portion of the polynucleotide by confining t first within a

nanochan#edbles diectimegiarpatyne of whele genpms|at smgAeH@@mlP@ml?ss PCT/ u52011/ 057115
46. The methog;8) cb&@h¥Ra &ﬁﬁgg@daﬁ ﬁieo*aﬁD%L ﬁélyrﬂé‘ra hSRERIASH nRMPr | ses

shrinp alkallne phosphatase nmet hod of c a|n145 further
conpri si aeatiog PERatfiqieney hepgsified g desons o affdcoihe diflelith of pwatrest nucl eot i de

to a str Hﬁ%f‘b’b?altioﬁ Q/‘?tfl ﬂ%il%oirﬁotreitﬁ)n%suftigg nplgll%ﬁ(l;h%l fot éxqglple, in the presence of
8-0x0-7,8-dihydro-20-deoxyguanosine (8-0x0dG), Taq DNA polymerase inserted dCMP and
to a lesser extent JAAMP. In another case, the presence of a single 8-0x0-7,8-dihydro-2-
deoxyadenosine, abasic sites, or a cis-syn thymidine dimer dramatically reduced amplification
efficiency.

[0158] Many sequencing technologies require the construction of sequencing library
from genomic DNA, whose quality and genome representation determine the final sequencing
results. The quality of the sequencing library is determined by the quality of genomic DNA
and the library construction processes. The disclosed methods do not necessarily require PCR

and, as described above, allow the user to assess the quality of a library.
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48. The nethod of claim47, further conprising correlating the presence or
| ocation of two or nore |abels to a structural characteristic of the

pol ynucl ew0i2de/054788. A net hod, conpri sing appl yi mgTIUS2@1/057115
single-strand break in a polynucl eoti de a DNA pol ynerase having 3' to 5
exonucl ease activity so as to convert the non-extendable single strand
break into a pol ynerase-extendabl e sites; and appl ying a DNA

pol yrer asenAaRdcaihapel ed deoxynucl eotide so as to incorporate a | abel into
t he polynuclotide. 50. The nethod of claim49, wherein the | abel conprises
a fluorophore,, a qgioactive noi ety, or any conbination thereof 51. The
met hod of- cl ai @é?’ﬁﬁ@P%$W9the pol ymerase is applied essentially in the
absence of free deoxynucl eotides, 52. A nmethod, conprising: disposing a

pol ynucl eoti de_havi ng.an .abasi c,sif.e W thj or ous trix terial;
Contacting ¢ e barbhe SRLsR Be SO Coeh s PP SR PP covert the
abasi ¢ spblgnmtmsacxsinsighe strand break in the pol ynucl eotide, so as to
convert a single strand break in the polynucleotide to a double strand
break in the polynucl eotide, or both; converting a single strand
break in the gficynuecitastondethe arstoalstesosts tamdorberemia first labiebatpobsprinwiteot i de,

or both,u%%e%mggkpty capabl e of supporting pol ynerase extension,;

linearizing a portion of the polynucleotide that includes the first label; and
imaging the first label.

2. The method of claim 1, wherein the linearizing is effected by confining, within a

nanochannel, a portion of the polynucleotide that includes the first label.

3. The method of claim 1, wherein the first site comprises a single-strand break in the
polynucleotide, a double-strand break in the polynucleotide, a cyclobutane-pyrimidine dimer,
a 6-4 photoproduct, a thymine dimer, an oxidized pyrimidine, an abasic site, a valence isomer
of any of the foregoing, a Dewar valence isomer of any of the foregoing, or any combination

thereof.

4. The method of claim 1, wherein the converting gives rise to an apyrimidic site, an

apurinic site, a non-extendable single-strand break, or any combination thereof.

5. The method of claim 1, wherein the converting comprises contacting the first site with

an enzyme that hydrolyzes an apurinic site, hydrolyzes an apyrimidinic site, or both.

6. The method of claim 5, wherein the converting comprises contacting the first site with

a N-glycosylase, an alkaline treatment, or both.

7. The method of claim 6, wherein the N-glycosylase comprises Endonuclease 111, T4
Endonuclease V, Endonuclease VIII, ultraviolet DNA endonuclease, formamidopyrimidine

DNA glycosylase, or any combination thereof.
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contacting the noiety with a polynerase and a | abel ed nucl eotide so as to

i ncorporate one or nore |labels into the polynucleotide. 53. The nethod of
cl ai m 52, woetrerdisu73she pol ynucl eotide is di sposed w t hi nPaTase11/05845 The
met hod of claim52, further conmprising lysing the cell so as to |iberate

t he pol ynucl eoti de, anplifying the pol ynucl eoti de, digesting the

pol ynucl eoti de, or any conbination thereof 55. The nethod of claimb52,
wher ei n_gonvetfd A&héd S G, %ér@mhéoﬁ@taslf«teb&nm%s apmégwgllte%hkﬂﬁre@@ﬂﬁprl ses
contacting the single strand break with an endonucl ease havi ng 3'
phosphodpeasicaita seoneetpd it an albgine Tplatipfetore do esmvelt Bic 4P site tfr & Hegle-conpri si ng
at | east (paytyal! y deconposing the matrix so as to liberate the
polynuclotlg 57. The nethod of claim52, further conprising inmgi ng one
or nore of the | abel s and correl ating the inaged | abel to a structural

char act epi st i ¢hohethiEoRMUiMBUGhESTItklfirs©&e c&nﬁ@s%@@ﬁngl@@%ﬂ'@éaﬁgnd di sposing a
polynucleotlde within a porous matri x materi converting a first
site on ¥hgwinthusngdsstrand bfe@kas Jopteeted wigh ap 91k&1a)§é91ﬂ1801bff0 B DHIVET H§ pol yner ase
ext ensi OQingle strand br&kft&& bl &xhehIhiEN at the first nmoiety so as to
incorporate a first label at or proximate to the first site;

linearizing at | east a portion of the polynucleotide by confining the first

| abel Wi tipi n BhdROBENSUNMEN;4, AiBler comprising contacting the apyrimidic site, the apurinic
site, the non-extendable single-strand break, or both, with an apurinic/apyrimidinic lysase, a

phosphodiesterase, or any combination thereof.
11. The method of claim 10, wherein the lysase comprises Endonuclease 1V.

12. The method of claim 1, wherein the extension is effected by contacting the

polynucleotide with a polymerase and a nucleotide comprising the first label.

13. The method of claim 1, wherein the first moiety comprises a 3’-OH structure capable

of supporting polymerase extension.

14. The method of claim 1, further comprising characterizing at least one structural feature
of the polynucleotide.
15. The method of claim 14, wherein the characterizing comprises locating the position of

at least one label on the polynucleotide.

16. The method of claim 15, further comprising determining the relative positions of two

or more labels on the polynucleotide.

17. The method of claim 14, further comprising calculating the number of labels in a

length of the polynucleotide.

18. The method of claim 1, further comprising determining the number of labels present in

a sample that contains the polynucleotide.
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imaging the first |abel. 59.The nethod of claim58, wherein the

pol ynucl eotide is disposed within a cell. WD 2012/ 054735PCT/ US2011/ 057115
60. The meOhlo/wB#736] ai m 59, wherein the cell is di spose#Chiuskémn/oshes porous
matrix material. 61. The nethod of claim60, wherein the cell is |ysed so

as to liberate the pol ynucleotide. 62. The nmethod of claim58, further
conprising (a) lysing the cell so as to liberate the polynucleotide, (b)
anpl i fying th@heol%t}iéw&ﬂc@ﬂﬂl'ld%heréﬁ)théjﬁrgﬁ%élB&n 'Hs@s PRhNHMRtEOt | de, or any
conbi nati on thereof 63. The nethod of claim58, further conprising at

| east partially deconposing the matrix so as to |iberate the pol ynucl otide.
64. The net hothohetbbPofvldd,1, MidEdomptikiag GRBeRtihgsdcondEhbeat &@d by
contacting the fi Séﬁ%SI te with an N-gl ycosyl ase. 65. The nethod of claim
64, wher 8?%@%@%‘&? 5Y%8n is effected by contacting the polynucl eotide with
a polynerase and a nucl eotide conprising the first |abel.

21. The method of claim 20, wherein the first and second labels differ from one another in
structure.
22. The method of claim 21, wherein the first and second labels fluoresce at different

wavelengths of illumination.

23. The method of claim 1, wherein at least one of the converting or effecting takes place

while the polynucleotide resides within a porous matrix.

24, The method of claim 23, wherein the matrix comprises an agarose gel.

25. The method of claim 23, further comprising at least partially decomposing the matrix

so as to liberate the polynuclotide.

26. The method of claim 23, further comprising affixing a least a portion of the

polynucleotide to the matrix.

27. The method of claim 26, wherein the affixing is effected by a biotin-avidin reaction,

by a receptor-ligand reaction, by an antibody-antigen reaction, or any combination thereof.

28. The method of claim 1, wherein the imaging comprises illuminating the

polynucleotide with one or more wavelengths of illumination.

29. The method of claim 1, further comprising correlating the presence or location of the

first label to a structural characteristic of the polynucleotide.

30. The method of claim 29, further comprising correlating the presence or location of two

or more labels to a structural characteristic of the polynucleotide.
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66. The nethod of claim58, further conprising correlating the presence or

| ocation of the first |abel to a structural characteristic of the

pol ynucl ew0i202/054B8F. The net hod of claim 66, further compTitskoig/osans el ati ng
the presence or location of two or nore labels to a structural
characteristic of the polynucleotide. 68. A Kkit, conprising: a quantity of
an N-glysosylase; a quantity of an apurinic/apyrimdinic |ysase, a

3' - phosphodi egt ghaAvR sy@embQntpris@gduant i ty of a pol ymerase; and a quantity
of a | abeled nucleotide. WO 201%/054735PCT/U82011/057115 69. The kit of
claim 68, wherein the kit is disposed within a package configured to engage

with a devi cea cagabitgeebnfful&cb irdtgive b SRRISED Bt DpaRe odE ommsre of the kit's
e T suth B Eleamension n e Tutde S BB i & BOU TR, ™ ©

an illumination source configured to illuminate a sample disposed within the fluidic

chip; and

an image collector configured to collect an image of an illuminated sample disposed

within the fluidic chip.

32.  The system of claim 31, further comprising a detector capable of detecting a first beam

of illumination reflected from a sample disposed within the fluidic chip.

33.  The system of claim 31, further comprising a detector capable of detecting the
positions of first and second beams of illumination reflected from a sample disposed within

the fluidic chip.

34.  The system of claim 32, further comprising a controller configured to translate the
stage in response to a position of the first beam of illumination reflected from the sample

disposed within the fluidic chip.

35.  The system of claim 33, further comprising a controller configured to translate the
stage in response to a position of the first beam of illumination reflected from the sample

disposed within the fluidic chip.

36. The system of claim 35, wherein the controller receives, as an input, the distance
between first and second positions of at least one of the first or second beams of illumination

reflected from the sample disposed within the fluidic chip.

37.  The system of claim 31, further comprising at least one filter capable of being
disposed in the illumination path so as to alter the wavelength of illumination provided to the

sample disposed within the fluidic chip.
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71. A kit, conprising: a quantity of an alkaline material; a quantity of an
apurinic/apyrimdinic |ysase, a 3'-phosphodi esterase, or both; a quantity
of a pol ywenapas4Bad a quantity of a | abel ed nucl eoti dePCTAB201A0S3E em
conpri si ng: a kit that includes (a) a quantity of a polynerase, (b)
a quantity of a | abel ed nucleotide, and (c) a quantity of one or nore of an
apurinic/apyrimdinic |ysase, a 3'-phosphodi esterase, or Endonuel ease 1V,

the kit Bbgi ngradaptRds EQH@@'E@Q@E‘M 1B AR Risb BV more sources $1€ sanpl e
i mager conprising a sanple stage adapted to engage with a fluidic chip that

i ncl udesilBwWEngionnpr e nanochannel s, an illum nation source capabl e of
optical communication with a sanple di sposed within a nanochannel of the
fluidic chip e coIIe tor capabl e col | ecting mage of
an il unPhat eahw%m&?aka%égéﬂwww st e Sﬂ%ﬁ&#&ﬁaﬂavaﬂon e Coldined

provide illumination of different wavelengths.

40. The system of claim 31, further comprising a beam expander disposed in an

illumination path between the illumination source and the sample.

41.  The system of claim 40, wherein the beam expander comprises a Keplerian beam

expander, a Galilean beam expander, or both.

42.  The system of claim 31, further comprising a filter wheel configured to filter

illumination applied to or reflected from the sample.

43.  The system of claim 31, wherein the system comprises a source of electric field

configured to motivate a fluid sample into a nanochannel of the fluidic chip.

44.  The system of claim 31, further comprising a reader configured to configure the

system in accordance with one or more indicia disposed on a fluidic chip.
45. A method, comprising:

contacting a first single-strand break in a polynucleotide with an alkaline phosphatase

s0 as to give rise to a first moiety capable of supporting polymerase extension;

contacting the moiety with a polymerase and a labeled nucleotide so as to incorporate

a label into the polyoligonucleotide;

linearizing at least a portion of the polynucleotide by confining the first label within a

nanochannel; and

imaging the first label.
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73. A nethod, conprising: linearizing a region of a polynucleotide that

i ncludes at | east one | abel, the | abel having been incorporated into the
pol ynucl ew0i2de/d5y73p0l yner ase ext ensi on, t he pol yreraseoieosamnsi on
being performed on a noiety that was converted froman abasic site, a
single strand break, or both. 74. The nethod of claim 73, further
conprising imaging the at | east one label. 75. The nmethod of claim73,

wherein yhe abashhsd @f%@ﬁﬁ%%%‘&n% ARURE PoSptitds €eoriitis8PMFinFlatlaBhE Site,
or both. 76. The nethod of claim 73, wherein the linearizing is effected

by confi Rhetghatate. r egi on of a pol ynucl eotide that contains at |east one
| abel within a nanochannel. 77. The nmethod of claim 73, further conprising

correlating the pr senc tion of the |abel to a structural

char act efifst i Ehcetipho ialwécﬁ?lg TicHRPTISIHRCOTFRENE e REACISE O o8 NPT thet ur t her
conpri si NeR@hh@ AL Rtk dMeuR BHeRERsQ of (RCFIIRBIOidt WO or nore |abels to a
structural characteristic of the pol ynucl eoti de.

48. The method of claim 47, further comprising correlating the presence or location of two

or more labels to a structural characteristic of the polynucleotide.
49. A method, comprising

applying to a single-strand break in a polynucleotide a DNA polymerase having 3’ to
5’ exonuclease activity so as to convert the non-extendable single strand break into a

polymerase-extendable sites; and

applying a DNA polymerase and a labeled deoxynucleotide so as to incorporate a label

into the polynuclotide.

50.  The method of claim 49, wherein the label comprises a fluorophore, a radioactive

moiety, or any combination thereof.

51. The method of claim 49, wherein the polymerase is applied essentially in the absence

of free deoxynucleotides,
52. A method, comprising:
disposing a polynucleotide having an abasic site within a porous matrix material;

contacting the polynucleotide with an alkaline material so as to covert the abasic site
to a single strand break in the polynucleotide, so as to convert a single strand break in the

polynucleotide to a double strand break in the polynucleotide, or both;

converting a single strand break in the polynucleotide, a double strand break in the

polynucleotide, or both, to a moiety capable of supporting polymerase extension;
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79. A nmethod, conprising: incorporating a | abel at or proximate to a site
of damage on a pol ynucl eotide; linearizing a region of the pol ynucl eotide
t hat i nclwoesi1zdse7ssabel ; and i magi ng the [ abel. 80. Thecwatshad/osfiiEl ai m
79, further conprising determ ning the presence, spacing, or both, or two
or nore | abels on the polynucleotide. 81. The nethod of claim 79, wherein
the incorporating conprises converting the site of danage to a noiety

capabl e of sugpektihd@c ARINRIRS goﬁf%ﬁ%ﬂrﬁr&-labe\/é@nucleotide $0 as to incorporate
2012/ 054735PCT/ US2011/ 057115 82. The net hod of claim 81, wherein the

convert i ABC $TUPQrRdabels gHp i Pelynedensidet i ng the site of damage to an
internmediate, which internediate is converted by one or nore steps to the

noi ety capabl e of supporting pol ynerase extension. 83.. The thod of claim
81, furtRér CB%m?tg?@ﬁ@f e \aleqrﬁaﬂ%ew&%ﬁpé%%éﬂ WOPYCHNHHCDE the |abel to

a structural characteristic of the polynucleotide. 84. The method of claim
83, further c risi orrel ating the .presence or | ocat.jon of two or nore
Pabel ot o%n cTMORe AR ERE s Shb i epinatup FRECES cOh i RaBibaRe Uss "R Ssfom
conpri si pglynacldodse amplifyirguhepsblimicleotid Wigeding theipdiyouditide, or any

combination thereof.

55.  The method of claim 52, wherein converting a single strand break in the
polynucleotide comprises contacting the single strand break with an endonuclease having 3’

phosphodiesterase activity.

56. The method of claim 52, further comprising at least partially decomposing the matrix

so as to liberate the polynuclotide.

57. The method of claim 52, further comprising imaging one or more of the labels and

correlating the imaged label to a structural characteristic of the polynucleotide.
58. A method, comprising:
disposing a polynucleotide within a porous matrix material;

converting a first site on a polynucleotide to a first moiety capable of supporting

polymerase extension;

effecting extension at the first moiety so as to incorporate a first label at or proximate

to the first site;

linearizing at least a portion of the polynucleotide by confining the first label within a

nanochannel; and
imaging the first label.

59.  The method of claim 58, wherein the polynucleotide is disposed within a cell.
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an illumnator configured to illumnate a pol ynucl eoti de sanpl e di sposed
within the fluidic chip; and an i mage collector configured to
col | ect awoi2omgs4f350m t he pol ynucl eoti de sanpl e di spose@Cmituském/oshes fl ui di c
chip. 86. The systemof claim85, further conprising an optical nedium
placing the illum nator into optical communication with a sanple di sposed
within the fluidic chip 87. The systemof claim86, wherein the optical

medi um c@pPr i $RSm@hbd HRMaim&9! @ﬁ&@m el §sQispoid A HE FBloRahh@R t her eof
88The system of claim 85, further conprising one or nore filters capabl e of

changi ng™af&iahavel ength of illumination supplied by the illuninator to the
pol ynucl eoti de sanple. 89. The systemof claim85, further conprising a
gradi ent source capabl e of co ni cati g with the @Pﬂ nucl otlde anpl e

di sposed®W t hi bf P O Pl SO H gein thygell yfused go psinl b ol rein the
gradi ent source conprises a source of pressure a source of electrlca

PRt SR B b JRAA ) L DRSS Sy ool nati on

polynucleotide, (b) amplifying the polynucleotide, (¢) digesting the polynucleotide, or any

combination thereof.

63.  The method of claim 58, further comprising at least partially decomposing the matrix

so as to liberate the polynuclotide.

64.  The method of claim 58, wherein the converting is effected by contacting the first site
with an N-glycosylase.

65.  The method of claim 64, wherein the extension is effected by contacting the

polynucleotide with a polymerase and a nucleotide comprising the first label.

66. The method of claim 58, further comprising correlating the presence or location of the

first label to a structural characteristic of the polynucleotide.

67. The method of claim 66, further comprising correlating the presence or location of two

or more labels to a structural characteristic of the polynucleotide.

68. A kit, comprising:
a quantity of an N-glysosylase;
a quantity of an apurinic/apyrimidinic lysase, a 3’-phosphodiesterase, or both;
a quantity of a polymerase; and

a quantity of a labeled nucleotide.
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91. The system of claim85, wherein the illum nator conprises a |aser.
The system of claim85, wherein the systemis configured to apply
i1 um natworrofossise or nore wavel engths to the pol ynucl ectriuseoizasphie.

69. The kit of claim 68, wherein the kit is disposed within a package configured to engage

with a device capable of effecting dispensation of one or more of the kit’s reagents.

70.  The kit of claim 68, wherein the apurinic/apyrimidinic lysase comprises Endonuclease
Iv.

71. A kit, comprising:

a quantity of an alkaline material;

a quantity of an apurinic/apyrimidinic lysase, a 3’-phosphodiesterase, or both;

a quantity of a polymerase; and

a quantity of a labeled nucleotide.

72. A system, comprising:

a kit that includes (a) a quantity of a polymerase, (b) a quantity of a labeled nucleotide,
and (c) a quantity of one or more of an apurinic/apyrimidinic lysase, a 3’-phosphodiesterase,

or Endonuclease 1V,

the kit being adapted to engage with a sample imager,

the sample imager comprising a sample stage adapted to engage with a fluidic chip

that includes one or more nanochannels,

an illumination source capable of optical communication with a sample disposed

within a nanochannel of the fluidic chip,

an image collector capable of collecting an image of an illuminated sample disposed

within the nanochannel.

73. A method, comprising:
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linearizing a region of a polynucleotide that includes at least one label,

the label having been incorporated into the polynucleotide by polymerase extension,

the polymerase extension being performed on a moiety that was converted from an

abasic site, a single strand break, or both.

74.  The method of claim 73, further comprising imaging the at least one label.

75.  The method of claim 73, wherein the abasic site comprises an apurinic site, an

apyrimidinic site, or both.

76. The method of claim 73, wherein the linearizing is effected by confining the region of

a polynucleotide that contains at least one label within a nanochannel.

77. The method of claim 73, further comprising correlating the presence or location of the

label to a structural characteristic of the polynucleotide.

78. The method of claim 77, further comprising correlating the presence or location of two

or more labels to a structural characteristic of the polynucleotide.

79. A method, comprising:

incorporating a label at or proximate to a site of damage on a polynucleotide;

linearizing a region of the polynucleotide that includes the label; and

imaging the label.

80. The method of claim 79, further comprising determining the presence, spacing, or

both, or two or more labels on the polynucleotide.

81.  The method of claim 79, wherein the incorporating comprises converting the site of

damage to a moiety capable of supporting polymerase extension.
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82. The method of claim 81, wherein the converting further comprises converting the site
of damage to an intermediate, which intermediate is converted by one or more steps to the

moiety capable of supporting polymerase extension.

83. The method of claim 81, further comprising correlating the presence or location of the

label to a structural characteristic of the polynucleotide.

84. The method of claim 83, further comprising correlating the presence or location of two

or more labels to a structural characteristic of the polynucleotide.

35. A system, comprising:

a base configured to receive a fluidic chip;

an illuminator configured to illuminate a polynucleotide sample disposed within the

fluidic chip; and

an image collector configured to collect an image from the polynucleotide sample

disposed within the fluidic chip.

86.  The system of claim 85, further comprising an optical medium placing the illuminator

into optical communication with a sample disposed within the fluidic chip

87.  The system of claim 86, wherein the optical medium comprises a fiber, a lens, a

mirror, or any combination thereof.

88 The system of claim 85, further comprising one or more filters capable of changing the

wavelength of illumination supplied by the illuminator to the polynucleotide sample.

89.  The system of claim 85, further comprising a gradient source capable of

communicating with the polynucleotide sample disposed within the fluidic chip.

90.  The system of claim 89, wherein the gradient source comprises a source of pressure, a
source of electrical potential, a source of current, a magnetic field source, or any combination

thereof.
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91.  The system of claim 85, wherein the illuminator comprises a laser.

92.  The system of claim 85, wherein the system is configured to apply illumination of two

or more wavelengths to the polynucleotide sample.
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