METHODS FOR | NCREASI NG ACCURACY OF NUCLEI C ACI D

SEQUENCI NG Technical Field of the Invention [0001] The
wo Dshidzen generally relates to nmethods for i neeEasiongoos

accuracy in nucleic acid synthesis reactions.

Background of the Invention [0002] In vitro nucleic

acid synthesis is a foundati on of many fundanent al

research and di agnostic tools, such as nucleic acid

anplification and sequencing. In a tenpl at edependent

nucl eic acid synthesis reaction, the sequentia

addition of nucleotides is catal yzed by a nucleic acid

pol ynmerase. Dependi ng on the tenplate and the nature

of the reaction, the nucleic acid polynerase nay be a

DNA pol ymerase, an RNA pol ynerase, or a reverse

transcri ptase. [0003] The accuracy of

t enpl at e- dependent nucl eic acid synthesis depends in

part on the ability of the polynerase to discrimnate

bet ween conpl enentary and nonconpl enent ary

nucl eotides. Normally, the confornmation of the
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conplenentar¥ nucleqtide. However, there is still an

€BYOR si ncor poration that depends

upon factors such as | ocal sequence and the base to be
094 o1 por alinversirmgengAlly felates tymethgds fordREIFRANSRF RS in
nuzlikc 8¢idkygbesissteadtions. | abel ed nucl eotides, tend to be

i ncorporated into a priner |ess efficiently t han
Bavkigdowid of theduvéntiveh nucl eot i des. The reduced

ef ficiency with which the unconventi onal nucl eoti des
[00023 | ncorlpovitad edclbig achicsyptieyiniy afmndativraafusargefupdamental research
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e end upon faith I ncor porati on of
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dual nuclel aci d nol ecul in order to
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arkverse ngiseripseecul e t echni ques, a nucleic acid fragrrent
is attached to a solid support such that at |east a
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incorporated.
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[0004] Synthetic or modified nucleotides and analogs, such as labeled nucleotides,
tend to be incorporated into a primer less efficiently than naturally-occurring nucleotides.
The reduced efficiency with which the unconventional nucleotides are incorporated by the
polymerase can adversely affect the performance of sequencing techniques that depend

upon faithful incorporation of such unconventional nucleotides.

[0005] Single molecule sequencing techniques allow the evaluation of individual
nucleic acid molecules in order to identify changes and/or differences affecting genomic
function. In single molecule techniques, a nucleic acid fragment is attached to a solid

support such that at least a portion of the nucleic acid fragment is individually optically-



nol ecul e techni ques do not rely on ensenbl e averagi ng
as do bul k techniques, errors due to m sincorporation
we adslodsey a significant del eterious effect on pdEUS2007/009151
sequencing results. The incorporation of a nucleotide
that is incorrectly paired, under standard Watson and
Crick base-pairing, with a correspondi ng tenpl ate
nucl eoti de during primer extension nmay result in
sequencing errors. Furthernore, where the tenplate
bei ng sequenced is present in only one or a few copies
in the sanple (a rare tenplate), m sincorporations can
have a great inpact on the sequence obtai ned because
fewer sequences are obtained with which to conpare to
each other or with a reference sequence. (0006] There
is, therefore, a need in the art for inproved nethods

far i ovi ng. t he accuracy. of nucleic acjd nthesis .
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the tenplate, it is added to the priner by the -
Inyemtionjded nucl eotide is detected and the

reaction is then repeated at |east once. Thus, the
[0%,7] mer i sThedpysniion ipproyise theracayrpey of Rycleie peid sequencing reactions.
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such that a |l east sone of exes are o
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comprising a detectable label. If the nucleotide is complementary to the next nucleotide in

the template, it is added to the primer by the polymerase. The added nucleotide is detected
and the reaction is then repeated at least once. Thus, the primer is extended by one or more
nucleotides corresponding to sequence that is complementary to at least a portion of the

template. The template is removed from the duplex, leaving the extended primer.



Uni ncor por at ed | abel ed nucl eotides are optionally
washed away. The incorporation of the | abel ed
wobsseishgle is detected, thereby identifying therad@hedoooist
nucl eoti de and the conplenentary tenplate nucl eoti de.
Base addition, washing, and identification steps can
be serially repeated in the presence of detectably
| abel ed nucl eoti de that corresponds to each of the
ot her nucl eotide species. As a result, the priner is
ext ended by the added nucl eoti des. The added
nucl eoti des correspond to sequence that is
conplementary to at least a portion of the tenplate.
(0010) After one or nore primer extension steps, the
tenplate is renoved fromthe duplex. The tenplate can
be renoved by any suitable neans, for exanple by
rai sing the tenperature of the surface or the flo
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termnus o en nodi fied by addition
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primer, suitapl e enzyne can be used. For exanpl e,
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polgeexyitidnaattioadtindink ohrhdsiricas Fhé JUtefminus of the primer is then
modified by addition of a short polynuclectide. The polynucleotide is added to the primer
by enzymatic catalysis. A preferred enzyme is a ligase or a polymerase. Suitable ligases
include, for example, T4 DNA ligase and T4 RNA ligase (such ligases are available
commercially, from New England BioLabs (on the World Wide Web at NEB.com) and
others capable of adding nucleotides to the 3’ terminus of the primer. In a preferred
embodiment, a dephosphorylated polynucleotide is added to the primer. Methods for using

ligases and dephosphorylating oligonucleotides are well known in the art.



and the |like are useful. The pol ynmerases can be used

according to the manufacturer's instructions. [0013)
wdBaosgk3been nodi fied as descri bed above, the pei/a8f001/609151

then used as a tenplate for tenpl at e-dependent

sequepci ng- by-synt hesi s as descri bed generally above.

[0014] The pol ynucl eoti de added to the prinmer is

chosen such that it is conplenentary to a new priner

(or at least a portion thereof). In a preferred

enbodi nent, the pol ynucl eotide is a honopol yner, such

as oligo(dA), and the corresponding priner includes an

ol i go(dT) sequence. The conpl enentary sequences are of

a length suitable for hybridization. The added

pol ynucl eotide and its conpl enentary new priner can be

about 10 to about 100 nucleotides in | ength, and

referabl about ' SO nucl eotides in length. The added

l"ﬁb?lynucl eHinolamerizatinn js wied te add pelypuclegtidesio @aﬁetemmus of the
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the helyeuclwlds, is g Flperewbrme(,u sueh as vlemiﬂd) ang ﬂyanmmndmg primer
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to a refererice sequence. In
is ew&ea imthstart to pdiusterrimerclensthiapar plieweleptideileasth th eptimize
hyBAdRai&d to the sequence obtained fromthe new
tenpl ate. [0018] Sequenci ng net hods of.the invention

[oqusgf er ablqme@rﬁa,nyrﬁele‘oﬁaaisameéwfd e 3’ entpdbLike philre ARdla hew primer
sedhohtd -3 Briols B Bl mIUELERE GF BB BRIRGeA R LRBIaRBLRR e

erabl'y
seqyen¢ingiblyysyriesis isgsinduttgd on thesprirnerio the @nmwteémnon of the

origfM@Bdequencing reaction (i.e., toward to surface to which the primer is bound).

[0016] After conducting the sequencing reaction back toward to the surface, the
“new” extended primer can be melted off, leaving a template having the complementary
sequence as the original template for optional resequencing in the 3’ to 5’ direction (1.e.,

toward the surface).

[0017] Sequencing and/or resequencing at least a portion of the complement of the
original template increases the accuracy of the sequence information obtained from a given

template by providing more than one set of sequence information to combare, for example,



Each nucl eoti de species can conprise a
different.|label, or can conprise the sane label. In a
wdb®keidgzed enbodi nent, each duplex is individugdt/¥s2007/009151

optically resolvable in order to facilitate single

nol ecul e sequence di scrimnation. The choice of a

surface for attachnment of dupl ex depends upon the
detecti on nethod enpl oyed. Preferred surfaces for

met hods of the invention include epoxide surfaces and

pol yel ectrolyte nultil ayer surfaces, such as those
described in Braslavsky, et al., supra. Surfaces
preferably are deposited on a substrate that is

anmenabl e to optical detection of the surface

chem stry, such as glass or silica. [0019] Nucleotides
useful in the invention include any nucl eoti de or

nucl eoti de anal o whet her naturall y- occurrln% or .
tasy refefengecseadicee E’hﬁ‘tﬂ"éﬁf ehodiupet the Srauspgs initially gblainpd can be
coipfpd & the e6duehée Stained SovaiideaswiempRaOXycyti di ne,
deoxyguanosi ne, deoxyt hym di ne, adenosi ne, cytidi ne,
[oQu8INOSi N ese@ndcmginekim@ds df@ﬂe?&kerﬁmnwfekm@scdiﬁﬁw ternplate/primer
d%pgexa%$a\ég%4 4 X a? a;:(/:% Il'lijngin%g alr}'llilxgi ehgea él%cé%d dgo + sng%‘;?cf cgrﬁ]pg ea
d«aemm bel flare@rahbr@lnsmtllcd@-dﬂatttdge !abeh speh awgr fluorescent label.

EM%RWI&%&E RempARLES bifffeként I&fen P Eard airgﬁﬂsewéa%&xabel In

acid nmer ase an NA msr ase, reverse
a Pfemrq"&toggeemo?aca omlent Vi ptes By Wﬁ‘tlra‘élﬁy’ Qfder to

fakhligaté &hg@ﬁhdﬂgctﬂa ae@anwsadcmﬁaﬁﬁml ek dHdicRIWE adsnpacd fod fattachmem

ottJ]ue ee nrgi n g}étege(ete()qoo%hl l 4’?‘3 Qm‘f‘%’g? e Irrsetitjs aéef%r methods of

lh¢'mtyenffwamcl-ih‘dg cpaxide siifaces and polﬂg]@qﬁtfcdyteﬁnumwm surfaces, such as
thygé“egérmedQH %r&ﬁ@kyeata‘ t H)pr rmtzél/_%%f ﬁﬁy a@' de%t)sned ona

Descri ption of Dr awi n L ure shows a
substrpte it ts W%éﬂ?&f’?f’d [etsrtighel ﬁﬁ‘&f&cﬁ'é? EMESITYt $heh as glass or
sifi¢esent invention.Detail ed Description [0022] The

i nvention provides nethods and conpositions for
[0018)r ovi ngNibdieotiles usefolyinahe invehorcinelude any nucleotide or nucleotide

mﬁﬁgg%%a%a@{mﬁy-%ﬁﬁ%g of Fﬁ&ﬁé&” Fol YxdrfipIE, ?E&E&P Rlciotides

ortion ate nuclelc acl
'"‘é!ﬁﬁﬁ phasphate egiens f| @eg@@emm degxyRyifline, deexyewonesinegn

debfythgmidifd) haédoginés&ftitind, RuSiRiRCiddiHddhd. h singl e
nol ecul e sequenci ng net hods. According to the

- [oé2myenti o rpol;«heraﬁeatdgeﬂs ncmapﬁ{veaﬁoﬁ hehﬁieaag nacréme»cpqsdly.gerase
caBatﬁe gl‘ catal 1”%% Itesr}l nlgtegd ! e:@;enﬁ a&?xg (())l% oP Ruc] rr%de or nucleotlde analog to
a primer. Depending on the charactenstxcs of the target nuclelc acid, a DNA polymerase,
an RNA polymerase, a reverse transcripfase, or a mutant or altered form of any of the
foregoing can be used. According to one aspect of the invention, a thermophilic
polymerase is used, such as ThermoSequenaseQ, 9"N"', Therminator™, Taq, Tne, Tma,

Pfu, Tfl, Tth, Tli, Stoffel fragment, Vent™ and Deep Vent™ DNA polymerase.

Brief Description of the Drawing

{0021} The Figure shows a schematic representation of one embodiment of the

present invention.



conprising a detectable |abel under conditions
sufficient for tenpl ate-dependent nucl eoti de addition
wo Sooklogs3ps i mer. I n one enbodi ment, the tenplateci/gs2007/009151

i ndividually optically resol vabl e. Any uni ncor por at ed

| abel ed nucl eotide is optionally washed way. Any

nucl eotide incorporated into the priner is identified

by detecting the | abel associated with the

i ncor porated nucl eotide. The steps of exposing dupl ex

to pol ynerase and anot her nucl eotide conprising a

det ectabl e | abel and pol yneri zi ng, optional washi ng,

and identification are repeated, thereby determning a
nucl eoti de sequence. As a result of the exposing and

pol yneri zing steps, the prinmer is extended by the

addi tion of one or nore nucleotides that are

| ementary to the corresponding positions of the

Qﬁﬁgﬁﬂdﬂﬁﬁﬂﬂﬂsﬂtenplate is then rempoved fromthe
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rlner rlner n.s

| st'%? 't’cg]al%rg 12 %r ?’galjp ex™ %"Se?'&)cslgﬁ f?" templatf'd%e"?g'g

nghebtide addition tothe prnedre dn pueernbedimest, thy tamdutetstlatbmiua"y

odtﬁgﬁ* resHﬂgﬁl{e %‘Hﬁuntﬂji& r§tlé£l fléb%l%rﬂucregﬂde is optionally washed way.

at e- dependént nucl eot 1 d tion said priner.
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wiihl tHeSfédrplératedidicatias.y TROWSSE deb&HbQﬁg Blli]ﬁea_p td ﬁfﬂ&meﬁse and another
S a

o EeHES bormEriTing 3 PRF bR Jars] Bl pREisrriner op el i dna

idergifieapiomiredepdates; disyetacittangining amnldommeagtnoure Asa reqdt of the

ex?BéxHE Bnd Bol?m%ﬁ%%@&%s qu EHQEP Is J)Werﬁ 12,1 by ﬂ{kdadﬁgld?lrbf ote or more

ure resul re eating th

""ﬁk&&é%‘s‘ha‘taéﬁﬁ?‘ai’l@"@em Enbe Pa'ffﬁsweérﬂé ﬁ&@t'%s °§ R éFd%Réa‘e The
te:hmatehe thni rermbved\ﬁbﬁ.rthé Beplex aessng theextenasd pament & polynacleotide

is at%?eldrtg gaerbu qprmngus ? met{ Exe e:Etg rg)l ! %1elrsth£re 'go\f‘?rgmgg a modified
ended priner n-step
pr@erg The mﬁu‘hdemmeres used assthawmlatp ornhebmp@mﬁe@mmnﬁmtwn&
[0@%3&t ge 3 Tl'{e@tfl BhidysSa lﬁ&)eﬁlattlc d&%@s“eﬁfaﬁ@ﬂ’b@gné Eﬂb@(ﬁlﬁiéhpélﬁhy
. adde ate Cco enent ar uence
Rl o UGG f RGP 3 IR BB BLP A PUBRD 2. A frmplate, 1.
is bytejlied ta ﬁmprrmer &apoig @ tepdplistgdpringkir Ziuplgxt dn step A, the template
dB'cbbkisi :
S A
deﬁfe!ayl?é%%@nds’éw@etmg spiftcigmy &raﬁ@alafﬂ:éffvéa@m @ualﬁa"de addition to
said QPR (3hé HecleStde’iS dompleaftnta®¥ td thERémplGte!fiRRoti@PRAhEGIately -
do»lilnsl.l;tpe%m of the primer, a nucleotide is added to the primer. Afier identifying nucleotide
incorporated into the primer, the process is repeated, thereby adding a second nucleotide to
the pnmer in a template dependent manner, and so on. As shown in the Figure, as a result
of repeating the process, template complementary sequence, 4, is added to the primer.
After the process has been repeated the desired number of times, the template is removed

as shown in step B, leaving the extended primer. In step C, a polynucleotide, 6, is added to



the nodified extended prinmer as a tenplate, as shown
in step E, thereby sequencing the tenplate

w6 8Bl eBNt ary sequence 4, 8. As a result, thep@rius®b7/009151
6, is extended by the addition of sequence 8 that
corresponds to at least a portion of the origina
tenplate, 1. The extended priner (6, 8) can be
renoved, F, and the tenplate can be resequenced, as
descri bed above. [0024] In a preferred enbodi nent of
the invention, direct amne attachment is used to
attach prinmer or tenplate to an epoxi de surface. The
prinmer or the tenplate can conprise an
optically-detectable |abel in order to determ ne the
| ocation of duplex on the surface. At |least a portion
of the duplex is optically resol vable from ot her

dupl exes on the surface. The surface i refera
BB eR  hec ORI AP D T 2L URGP B RLY Bded template

cohMerﬁwt&@Cseqﬁéiﬂ&) mrghig a s eniplyre $sri seqienoing ih thropposide direction.

aSSIV rea ing a
lncﬁ:gslgra?aq ewéatp gﬂ%? htlggJ E:tc%mn&,e addede rform g
templatéprirset duplex, @d e mww-wimnaf petyPRlyfEEse detecting

lnédxﬂ&ra%ﬁ%g%udg'%&iﬂ% thé ddsfied nafmberdt irfiésid theh repeated using

presenting one .or nore [abel ed nucleotld? i.n the o th
themedifirdeximdsd pompriat ateERRriGG® SEBIR;T FoR - TIFATYSFanTrEs e
teﬁﬁﬁ%ﬂ &m;g&aen% uérite @[ somtalrefull thet;hﬁncm 6.8 extehdedzby the
referred e I nent, on t
safigbnctstauite A1 paeseSid 8 4 fafia frliplBr pBehehuf|flpine. 1.
Theaekergite priafet 6F, 82 aohbé reomvpdrBtand thaipuiplate gangbe resequenced, as
de%&ﬁ,%d Sv€i ther neutralized without renoval or renpved

rom i ncorporated nucl eotides. After t d
[0824)r edet dinrfs prefermd spbpdigrent 961h§én%ﬂnﬂsasﬂ§'eamnr?ﬂe€h‘“ I}Hﬁ"é“ s use
to |att£?&f3g5nxﬁ&%*&%ﬁlatb&b&nfe@bxﬂaehfaded iThie ghuidrier oo (Heaxmpkate can

g%é%%gpte%e 4 ge%'lc?ab?: gg%l 1BhP§er & S?tMHL ﬁ@ lgcert% of duplex on the

gnment as di scussed bel ow.
(faﬂﬂ%t least ggpoticrl of the éwla:e nscqvapw gselyablg o eibsr dynlexes on the

su*fﬁt&d ”f‘lgsugfarzﬁ %tpr@ﬁhﬁ?y ﬁ'&s&@ﬁwm @feaéé?rm&t)e&ples pomons of the

prinmers Amne attachmagg he.termn ts clude
S“tfé‘FPpﬂha'c @‘%&bﬁ?'}t passiAPRHlasesce s &‘El?r‘.ﬁ?ﬁs’s"ﬁga" ﬁesaugﬁ in
aﬂxﬁéﬁbﬁ@dphhtﬁeaWSfeﬁrsaﬂﬁes, Betengentsyahd 6theesagents that reduce native or

ac%ﬁ%{xlgg;\gs %‘frk% ﬁ?es&atﬂ%ﬁg?gklesé ?lg 1.1» 9\6{1 g@ﬁ%ﬁﬁé 9‘{ presentmg one or
morefabeledmmelcatidn rds s’msynqemf@cn?éuYTE?@S%@Wéﬁ%’?dﬁ'gO'&f‘h%f promote

YA {h LagioRi @ﬁﬁ: rﬂi r @ﬁﬁgb&é}e&m&n%dl&hﬁt one basc at a
cogﬁy red aLl#engt hcgﬁfpo : er

tlr@]@gr eYrde) dégflqeélcpnﬂwaﬁgt@? Sél e lgbni ﬁﬁf% 1S a step after each
ddi’ﬁdthﬁori Sydle,ahd the lasemsmges netapzﬂesé mithdut rnnuvelmmqneved from

dat b cles
mcoar‘poara f:F %F Vlcﬁghal?}?et u%bl&tﬂﬁl il’u{ r@&&ertnhﬁéd E&HB&'&%S’ les of

an I ni be a serjes
basgf aqqn@qn thelénegn seauenpggiata for each mdlvndual duplex is compiled. Numerous

algorithms are available for sequence compilation and alignment as discussed below.
{0025] In general, epoxide-coated glass surfaces are used for direct amine
attachment of templates, primers, or bdth. Amine attachment to the termini of template
and primer molecules is accomplished using terminal transferase. Primer molecules can be
custom-synthesized to hybridize to templates for duplex formation.

[0026] ' A.full-cycle is conducted as many times as necessary to co_mplete

sequencing of a desired length of template, or resequencing of the desired length of the



coordi nates, corresponding to whether a base was
i ncorporated in any given cycle. For exanple, if the
wo fpbake® sequence was TACGTACG and nucl eot i degscmes®07/009151
presented in the order CAGJT), then the duplex would
be "dark" (i.e., no detectable signal) for the first
cycle (presentation of C, but would show signal in
the second cycle (presentation of A which is
conplenmentary to the first T in the tenplate
sequence). The sane dupl ex woul d produce signal upon
presentation of the G as.that nucleotide is
conpl ementary to the next avail able base in the
tenplate, C. Upon the next cycle (presentation of U),
the duplex woul d be dark, as the next base in the
terrpl ate is G Upon presentation of numerous cycl es,
IR S ey S ELooR Bt ombgt ol it e, e
regnlt ail 3 gmitr ofamadesswretyenle@m ooeripiter dadgse nEtprrrglch spot@ngdhe surface

taPORdifith LDl 1£H1¥ﬁu§19&}£,?&0 hﬁﬂe Bl bdPsdried %?i: 59( zﬁ‘:%rdaﬁi image

nucl eoti des I ncorporated Info the primer.
CRardigpisE coOpSTRANAINESR WW“&'&M%\Q‘%WC?W@@‘%’@W&VM@e For

emmaayfﬁays&&ﬁﬁhtemt;ua{oewwa&mfkm aid nudlédumw%tecmeamed in the
C ice at J, §. cati

o RO PR e il B "RER b Mo o Ratie el s e vt

cyChretentationnSCH. bullwold shopciighal anthe atcex\d[c@@lzajaresentatlon of A,

wNéﬁ' f& Jngn&ﬁ‘f%' it Bost il d@t%n%@ﬂé XJ%QQ.FB& Clrfk Qarﬂ& fplex would

ri‘bonucl ei c. aci d t& ucl éi ¢ acid

P‘Pé\‘ﬁ?l sagr@l Hmreew%awfk}ée Bs#n: f'ef&whoaﬁﬁ & reRleRERiary to the next
a\&ﬂmk ea.eaat:m m:ngata @2aUpBh YheGexDéudd (p@é&tﬂﬁﬁeﬁ bsm StHE Quplex

rot S _and non- pl ate nucl ei
wREIE I i, BF ey sk e ths Gl 5 Ot sty 4higmerons
cyaley, the Iséqjieaq:e mﬁhe téraplateoiiudd be tuiftruprthesughitheramagestagkt The
selfgtES &“’% ARt il Mgl 8 0 Rtogl bBlow Yol Al fiEncing, o are
cqmmlee r dg 'roa'lo %amcmge%s the linearprdes ohpuglentislgs fncgmoyatedjnto the
privaéreri al . Nucl eic aC| d tenpl ate nol ecul es may be

[Og%al n.ed | reCt Lry S ? m an o‘P lf)%;?gclti%m o?(hc mtgergtl%n can be any system
| ogi ca & ot om an organi sm e.qg.

th#trmmiﬂtmdﬁc-gw lhemlmpewmmncmguncfaccs@m rnagmﬁi:a}looj,such that

su%?éhb!@resc%%ﬁnﬁi&ui%&%b@?&ohb&sue Any tissue or body
ui d_speci men may be used as a source for nucleic

Generef GasidsEiqnt the invention. Nucleic acid tenplate
nmol ecul eszvmyzcai‘s.ompmal ated fromcul tured cells,

03461 25 NHLESEN EELLGUANIE S G5 0 B
ribghueieigagid (RNA). Nucleic acid template molecules can be isolated from a blologncal
sample containing a variety of other components, such as proteins, lipids and non-template
nucleic acids. Nucleic acid template molecules can be obtained from any cellular material,
obtained from an animal, plant, bacterium, fungus, or any other cellular organism..
Biological samples for use in the invention also include viral paﬁicles or samples prepared
from viral material. Nucleic acid templaté molecules may be obtained directly from an
organism or from a biological sample obtained from an organism, e.g., from blood, urine,
cerebrospinal fluid, seminal fluid, saliva, sputum, stool and tissue. Any tissue or body

fluid specimen may be used as a source for nucleic acid for use in the invention. Nucleic

acid template molecules may also be isolated from cultured cells, such as a primary cell



can be infected with a virus or other intracellular
pat hogen. A sanple can also be total RNA extracted

wo b@Blo#s3b9 ol ogi cal specimen, a cDNA library, vpeBUS2001/009151
genom ¢ DNA. [0029] Nucleic acid obtained from
bi ol ogi cal sanples typically is fragnented to produce
sui table fragnents for analysis. In one enbodi nent,
nucleic acid froma biological sanple is fragnented by
soni cation. Nucleic acid tenplate nol ecul es can be
obt ai ned as described in U S. Patent Application
2002/ 0190663 Al, published Cctober 9, 2003, the
teachi ngs of which are incorporated herein in their
entirety. Cenerally, nucleic acid can be extracted
froma biological sanple by a variety of techni ques
such as those described by Maniatis, et al. Nblecular
Cl oning: A Laboratory Manual, Cold Spring Fhrbor

cypre ogacelpling. [Bugells s fissugs fipm whish fsraeiate walsr%%d%w gbtained

cAnfinBdcfdWIe & VIr@S of sthebdtrhé it kpeul.bgé. b&&&&pfe&aﬁ kdtbe total
Ré&%ﬁbrgcl\l AB‘HB a)loqgglc Oslb)g?%legts ? gﬁﬁ'&j‘ leﬂafyis' n, glra S})rr gaeql%?nqé DNA.
[omagl e- st mnlémhcicegbtaﬁmd(ﬁfom biekapiqal eampieetypically is fragmented to
pr gt?pe S tagl%t ts f(op nga(&ﬁqé‘ Qxl o%leqam gﬁima?rm}cﬁn@ac‘cnd

descri bed he el n nmay onogeni zed or fractionate M
biplagiqal sarepie és Figracnied by gentieation. Nncleie i templpig molecules can be

oiRnES B &kl mfusShpakdht Ap ﬁﬁho:h DodA61 Jvek3 Al Hﬁl)‘hsh@d October 9,
about 0.05%t ? b ut 10. 0% ﬁ conceptration g$ .

20 e gBith s o0 BT AP EarPOrRIG RS iE, B RFE: GfogEHly: nucleic

adi®&an B\Se)ﬂﬁlcwhlfﬁ)m a bi&leglsﬂl sdinpleby 4 varietpoftecliniguks such as those

d%gblged nelglta_hl_\?{ %ﬁ et a E%?anﬁggni 1{ Eg (g'glto% gﬁghall glc‘ S)}mng

etvvee 't er ent, artrcu
Harbat,IN| Yorpe- ?%?81 él%ahd efienamliy, individnalawelejcpacid template molecules

can®eUfirh 'ag&ttj&sMbﬁut ¥k’ gem&c HEY rhSled 1Y faPbe single-

noni onj c. f noni onj ents Jjncl ude
stSppech UL, RESHBIT GHRTTIF ¥OEIG Syt G (for example,
stetm1aHl Ibofdstruétotdd). ( OCH 2- CH2) OH, x= 9 10, Triton(r) X-
R Tri
838 oy o0 AFFERE bl T e ittt i ME T ez oy
ﬁmggge@m t}npmgwc ?f(ﬂ W@?‘Pt@ﬁ é“@?‘-’)’%{ The concentration of the detergent
in TG fYdr RSl e ;@‘og{ O‘@QW!B%@&' Ftﬁo%b%a%}centranon of the detergent can

n- dodecyl - bet ol ye
R ‘g‘ﬁzﬁé "Séefu% ?%%‘% - Jppgperred
enﬂmdlimélanthmmhaatnm opmlelddmnois betwebndlet%lto about 2%. The

deh-F Cd%mé& ﬁn{dmh twné%en&nﬁhgm%nx& BebXhiR% ifd &mple.

C12 oct aeth ene l'yco dodecy
Diferiue FeaY)be ipgig z?ét"ﬁ?’Pé'r?e gﬁ’saem'e% ﬁenw"tcé’cefeamwﬂ“de triton, such
as hd TR (OhBRAK CBries (TeitoH® bet ed hoegt:uw@camzyj‘e}( xe9yl0, Triton® X-

IOF)HI 9g+on%9§| Idl% x—g-r bctE{mllug side, pQﬁ',oQ tM)qXXe?§ﬁ¥| er}? cl.;l’lg.r, digitonin,
IGEPAL® CA630 octylphenyl polyethylene glycol, n-octyl-beta-D-glucopyranoside
(betaOG), n-dodecyl-beta, Tween® 20 polyethylene glycol sorbitan monolaurate, Tween®
80 polyethylene glycot sorbitan monooleate, polidocanol, n-dodecyl beta-D-maltoside
(DDM), NP-40 nonylpheny! polyethylene glycol, C12ES8 (octacthylene glycol n-dodecyl
monoether), hexaethyleneglycol mono-n-tetradecyl ether (C14EQO6), octyl-beta-
thioglucopyranoside (octyl thioglucoside, OTG), Emulgen, and polyoxyethylene 10 lauryl
ether (C l2ElO). Examples of ionic detergents (anionic or cationic) include deoxycholate,

sodium dodecyl sulfate (SDS), N-lauroylsarcosine, and cetyltrimethylammoniumbromide



ether (Cl2E10). Exanples of ionic detergents (anionic
or cationic) include deoxychol ate, sodi um dodecyl
wothgaic@od SDS), N-| auroyl sarcosi ne, and PCT/US2007/009151
cetyltrinmethyl ammoni unbrom de(CTAB). A zwitterionic
reagent may al so be used in the purification schenes
of the present invention, such as Chaps, zwitterion
3-14, and 3-[(3-
chol am dopr opyl ) di net hyl anr noni o] - | - pr opanesul f - onat e.
It is contenplated al so that urea may be added wth or
W t hout anot her detergent or surfactant. [0031 ) Lysis
or honogeni zation solutions may further contain other
agents, such as reducing agents. Exanples of such
reduci ng agents include dithiothreitol (DTT), b-
nmer capt oet hanol , DTE, GSH, cysteine cyst eam ne,
tricarboxyethyl phosphine (TCEP), salts of
(GHAB) rA gwitteriogic Bagenl maemlsoomsu% tl)BQl]e puficatinn sghemes of the

prufe%t HJveht'ian B&cH &veﬁudsoamhenwgﬂ 424ha fg@l eot i de or
nucl eoti de anal}gg whet her natural y-occurrin

chelpmifepeY) BETe s smpeBiol P Ies Faletee bt F AR Rlatghalo tha
urp:hﬁﬁp batadd&bswith or afmdeoa«y;mée deietgeat okaofayaut i di ne,

g ulgxy gu anlgsslvp S“ hon?g Xe¥|1 za}/l?f lut?dms xﬁ?ﬁﬁ%@? ¢onqy+. p‘lep ggents such as

nosi ne, nuc es use
rediping pgents |Exmrudmﬁ ssneh aaniuarde Reents incjudeslithiothrgitel (D), B-

m&’@é(ﬂlbaﬁmhﬁsﬁrsac&ﬂ“ EhitBiRe UystR X2 Atk yethyl phosphine (TCEP), or
br onour aci |, 2-ami nopuri ne, deoxyi nosi ne,  or

Sah‘%?fﬁH %Wo& ne, such as 5-nethyl cytosine, and
NA- et hoxyderesydest osi ne. Al so included are bases of

[Oggil]y nucl efgttx Ilgxgitigé}qxeﬁéelj{aﬁnﬂl\lﬁg Pn%gm?dc’n dig%%g% F.rﬁt glgclgol{n e%r %ucleotlde
anplogi Wheuerpmriau:rongmﬁeg or axnthhslc [Foc anwgmrefeered ougleotides

in@4k ﬁgﬁrﬁtg @gtel%td'f %BWaaaneea%xtyQ%dlﬁé rlie@)@}guanosme

subst ke a nucl eotide or base, for %
degyythyRiding Pﬂ@“ﬁﬁ'é?eaﬁh’p'l“‘e grRaste 3rdiiding nQthsy "wa des useful in
thé)aﬁemdrhaﬁnmfseuh adénib®/yassirNeuzainet, diyniiee hasec apaithine of
Se-.c0 ment ar y, Lncor p orati o
hyBREFU RIS SR AN, AUSRRBRIRE ey BnE G il atcd cxiosine, such
as é-rsgibxzﬁcyioelnnumdehiﬁmmh@pé@wYtOFmteh @yJsasingluded are bases of

GHBEsE dch)ﬁs%étﬂylﬁt@& Hﬁ&tﬂcta@xcﬁt e éeﬂ'stt)-rﬂé}ﬁRNA peptide

gﬁﬁa 0033 Nucl eoqt

ase ucl eot i des, ic aci equenc

nugletceis ‘6'°f’tf dipsPhifls BYRITE ﬁ°'ﬂf é?%!iﬁgbﬂ“ﬁlebco?fb‘f"i add ‘agy otitr structural
malety alidt b actl sabgthntidibt likesa icleoGtit pr Base] fot ex@aple)by exhibiting base-

co%&kﬁ&h?ﬁt? aréﬁ)lro%fe rn?(q? Ibﬁ Itl'?ht Q&L li'lgj ;bb%A or RNA and/or being capable

of b#saoglp@mftm%gtggwwfamw@écreqwdqsgb@rlste#%{egﬁgégmms A
nuélE&l(ﬂ:QIonle Jfﬂﬁd@do b @pecific nucleotide species if they share base-complementarity
wi rggp%gt m do Cadt orie ot h| ocyanat ost i | bene-

(0033] Nucleotides for nucleic acid sequencing accordihg to the invention
preferably comprise a detectable label that is directly or indirectly detectable. Preferred
labels include optically-detectable labels, such as ﬂuor&e;:ent labels. Examples of
fluorescent labels include, but are not limited to, 4-acetamido-4'-isothiocyanatostilbene-
2,2disulfonic acid; acridine and derivatives: acridine, acridine isothiocyanate; 5-(2"-
aminoethyl)aminonaphthalene-1 -sulfonic acid (EDANS); 4-amino-N-[3-
vinylsulfonyl)pheny]]naphthalimide-3,5 disulfonate; N-(4-anilino-1-naphthyl)maleimide;

anthranilamide; BODIPY; Brilliant Yellow; coumarin and derivatives, coumarin, 7-amino-
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2,2 disulfonic acid; acridine and derivatives:
acridine, acridine isothiocyanate; 5-(2-

W@ Pd0RAES3y | ) am nonapht hal ene-1 -sul fonic aci d p&HddE7/009151
4-am no- N-[ 3- vinyl sul fonyl ) pheny] ] napht hal i m de-3,5
di sul fonate; N-(4-anilino-I-naphthyl)maleimde;
ant hrani |l am de; BCDI PY; Brilliant Yellow, coumarin and
derivatives; counmarin, 7-am no4-nethylcoumarin (AMC,
Coumarin 120), 7-am no-4-trifluoronethyl coul uarin
(Coumar an 151); cyani ne dyes; cyanosine;

4' , 6-di am ni di no- 2- phenylindole (DAPI); 5 "' 5"-

di br onopyr ogal | ol - sul f onapht hal ei n (Bronmopyr ogal | ol
Red); 7-diethylamno-3-(4 -

I sot hi ocyanat ophenyl ) - 4- et hyl coumarin; diethyle
petriam ne pentaacetate; 4,4'-

di i sot hi ocyanat odi hydro-stil bene-2, 2' -di sul foni c acjd;

4-shethiylagiinaon{AMEG oFeiraatin | Hnéamigo-4- taﬂg‘eerHrYéC%'é?ad‘" (Coumaran

152 Bﬁ%hﬁiﬁé Byé@ n@ph'tdladaﬁﬂﬂdmlr SphéryMiydors tbarnges’ s -
dansyl ¢ l ol 1 diethylamino-3-(4'-

dﬂzromonmﬂl%lm%faamwafémnwmga oL Beh Jediathylee

isdtAB)ahlophedyl)-A- radtilyldevneib; diethyleagts amjnegegiaacetate; 4,4™

duéot% hly?.r%( a(p g‘%&b—sﬂt%/ ISI‘Q EZ%'&U%“)G%LA 3%hﬁ§§hlo€§¥ﬁmsqmeﬂe-2,2'

ocyana e, I um | uorescein
diswigniteacid; St [dimethyBmine Jnanhyhalens-dswidiony| ghigyde (DNS,

daﬁsﬁc‘h|§n&E)Cth%&hyiaﬂﬁthh%n¥||a}@dneﬁﬂtd'uwtmseﬁnate( DSAE)TC) eosin
di met hoxy- ' | oro- 6-car bogw‘l uqr esc 'ﬂrosm B,

ang |dgriy e §osiny ¥ é%‘?,"éﬁ"ﬁy‘f’?lﬁ’ RPAM9RR AP
erﬁmsm)smlﬁbctﬁhﬂﬁﬁamm flbdrestéin bl d&%;xvmlsa@k#q::e{ﬂuorescem

(F%\@e ( -%hlrlgréﬁggzq;l 1%&9&%%%6‘1"1{1%" 9”P’qutngﬁxoxy-4'5'
solpht ; yrosi ne; pararosanil.ine; Phenol
di¢ddero-Bparhoxsdhupréscein; ﬂeorpmenmfhmﬂsa@hwémwé'ﬁe QERC, (XRITC);

ﬂu@%sk:%ﬂfnb"ﬁ@l44pmﬁﬂ%; r\m&&ne d}uéd/{sah&)cyﬁm&ml m dyI
pyrene; butyrate dots; Reactive Re

gt R AR N1 SN PHSEA S I  RRIS ReHEo a ime: Penol Reds B-
th&fdrjﬂﬂﬁhV esphtiaidialdehyde; Ypyrévad and nieriyaRQ)eF:, pyrene, pyrene butyrate,

hod rillian
succ1 arl?{(})&yé%rlce)rou?;rﬂal eyraﬁ%'%l@lt’unl a&%ﬁq{%‘)@gvé ﬁgﬁa%nﬁcﬁn’l‘M Brilliant Red

am ne od am ne
3& m thadaméne| @l derivativas: ﬁ@a»bowwfﬁh% ), 6-carboxyrhodamine

(RgéP fl%ﬁﬁﬂg%é&nﬁne Sul;\flﬁfm%ﬂmﬁﬂﬁ rlxeaamgig , rthodamine B,
ari1 de. der| va Su no e
magaont L. ehrdaiier robio b g han aaﬁ]“‘ﬁ‘s*’g%l Sakit: 101,
sulfeiyl aﬁbhldy derivavamf netfomeﬂaramt h@/ll (Tleheﬁj&‘rﬁ N 'tetramethyl-6-
ca.l!'b%g b@& Zﬁ‘ﬂl\&ﬁb -I;Qrmnét'hpplfhbaﬂrhﬁle feaRking1 ﬂﬁ*idmme

ium chel ate eer&tIVGS %11 % VC% s; CS
rsorl@eeyanme (ABETCY. sbogvir msghe a‘aﬂt ey Ehelpteer s 5% oy
Cy3aR; UyTAIRD Yo, iR socPrlafS nmraezgué ;| phitiabs cyminel ahxishaomaéo cyanine.

nLne e

Pr?%iag# Eu%rre%ceggﬁsgl%pafe ?yaamgl'? A gyag nlgeff lt. 3y Jti'l#‘qgﬁ'f’ fifd¥escent

e e I nventi on,
labpistaze capemplatddbydbe emtcabbe» inglyging other omm"efr%e%?h!c labels.

Pol XTI aarcteic Acid Polymerases

| - {0034} - Nucleic acid polymerases generally useful in the invention include DNA

polymerases, RNA polymerases, reverse transcriptases, and mutant or altered forms of any
of the foregoing. DNA polymerases and their properties are described in detail in, among
other places, DNA Replication 2nd edition, Komberg and Baker, W. H. Freeman, New
York, N.Y. (1991). Known conventional DNA polymerases useful in the invention
include, but are not limited to, Pyrococcus furiosué (Pfu) DNA polymerase (Lundberg et
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[ 00341 Nucleic acid polynerases generally useful in
the invention include DNA pol ynerases, RNA
wo o dBzases, reverse transcriptases, and nut apdT/052007/009151
altered fornms of any of the foregoing. DNA pol ynerases
and their properties are described in detail in, anong
ot her places, DNA Replication 2nd edition, Konberg and
Baker, W H. Freenman, New York, N. Y. (1991 ). Known
conventional DNA pol ynerases useful in the invention
i nclude, but are not limted to, Pyrococcus furiosus
(Pfu) DNA polynerase (Lundberg etal., 1991, Cene, 108:
1, Stratagene), Pyrococcus woesei (Pwo) DNA pol ynerase
(H nni sdael s et al., 1996, Biotechniques, 20:186-8,
Boehri nger Mannheim, Thernus thepnophilus (Tth) DNA
pol ynerase (Myers and Gel fand 1991, Biochem stry
30: 7661), Bacillus stearothernophilus DNA pol ynerase
al(, 3P KismeaHIB: Vi Si5aiagene) PrrocopruseHpere PN AN A polymerase

(}Mlﬁs&%)s, et Anergvac Qmw.{;tqlk@ ltrmlcnsf»s{ Bﬂ)ehl Mrmkmm@s E'lhermus
al s 0 .as \Ven r.i.e
bR b B fo ier Br vy RSBy TESESFoniGRib) S6cor,
B@ngismmhmm)lps DN¥ polymieNée (Steyesbraad M¢Gewarkl §7 &itiochim
fql
F&%ﬁé&g’iﬁ%ﬁ}f%@%@%{?lﬁ %ﬁmﬁ%ﬁ‘%ﬁ%ﬁ%ﬁ'”@:m to as
By Pelymesisel Garillo et alr 1991 oRlyimslsatidss Ress 38 4
r%‘ﬂlﬁ‘lr?ggiﬁ g), b BNIA H3 tyn{t Wase [NER HipkihdIBilVRibs), BRTfel fragment,
i cUS
T Gbisg RIS HALEYS ol Ja8) RS RAHIELA® By Englana
Bipbs)iFhermentoga/madiixns (Fmkp Dildapaigmerase KQI3z BhA Sabino, 1998 Braz J

?
%f) %ﬁﬁfﬁégﬁﬁ%’ ﬁ&jaﬁ‘gﬁys (%%ABNABﬁieyF?SE%\é (({:mn et al., 1976, J.

B@FF@P%&GZCL%S%@N&DPJE“‘”P% mocafqusﬂ@aflfaa?ﬁanOD DNA
Q&B&Ss%?()rakigi 08100093, ABp1DEAVIEE. Miciobidl D63 :y50ey) ARF-§ DINA

erre s_Deep Vent (t ol rase, '
SH e SRSl ! e TPuBR YR ARG wo onzsgg, Porococces
GBMPB@Q%@NBI milaberpse (@IsprrafeDid ap BegpienS ¥ DN Agelymerase,
JuhddRs @9&&4 & alh eﬁmm&ecmadeu 188200N% BfilanetBiolébs), 1&9&3 DNA
Braz J. Res Aglled Bi 0s sterrs%g rg‘lz
P°M’ﬁ9|<9ﬁ§?‘£§€“‘(ﬁ*\"6rﬁ"ﬁﬁé?‘ﬂ§%6’é& may BiazAng Sagine, fendaraz J. Med.
Reb3 1612899 PEBA sif1fea ernngs&)ns) L goCONIA ﬁmy&nmhg/(mmaﬂemhococcus
econt e 198 0 e
so 30 R 2ROMBR AR, BNV RS oy s
DOBbblday,OI?ém P@w@uﬂgs Regiid: 7épéh F3DNpmolymepse Gloadstrom et al.,

198R 1881 8Ckerh| 246312 e&ndadmhae&%ﬁlyﬁﬁﬂbml@bblyﬂmc I5@ann et al.,
USA 95: 14250- %% y 035 \Whi | e nesophilic pol ynerases

1928, é’"&‘oﬁf‘glﬁﬂaﬁt Atgﬁe 4270shitk on, preferred
[0038) yner awmlmesdphardmhnbnasns afdneamuphiateid@ywmvemion. preferred

poﬂmeyﬁgg %Qﬁe%ﬁhﬂﬁe ’ﬁg%oﬁ'ﬁﬁc BRiA polymerases include, but are not
limited to, ThermoSequenaseO, 9°Nm™, Therminator™, Taq, Tne, Tma, Pfu, Tfl, Tth, Tli,
Stoffel fragment, Vent™ and Deep Vent™ DNA polymerase, KOD DNA polymerase,
Tgo, JDF-3, and mutants, variants and derivatives thereof. '
[{0036] Reverse transcriptases useful in the invention include, but are not limited to,
reverse transcriptases from HIV, HTLV-1, HTLV-1I, FelLV, FIV, SIV, AMV, MMTV,
MoMuLV and other retroviruses (see Levin, Cell 88:5-8 (1997); Verma, Biochim Biophys
Acta. 473:1-38 (1977); Wu et al.,, CRC Crit Rev Biochem. 3:289—347(1975)).

D. Surfaces
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limted to, ThernpSequenase , 9Nm(tm,
Therm nator(tm, Taq, Tne, Tma, Pfu, Tfl, Tth, Tli,
wdok@bhfBed ragment, Vent (tnm) and Deep Vent (tn) gdNhUS2007/009151
pol ymer ase, KOD DNA pol ynerase, Tgo, JDF-3, and
nmut ants, variants and derivatives thereof. (0036]
Reverse transcri ptases useful in the invention
include, but are not limted to, reverse
transcriptases fromH'V, HTLV- 1, HTLV-I1, FelLV, FlV,
SIv, AW, MMIV, MoMILV and other retroviruses (see
Levin, Cell 88:5-8 (1997); Vemna, Bi ochi m Bi ophys
Acta. 473:1-38 (1977); Wi et al., CRC Cit Rev
Bi ochem 3:289-347(1975)). D. Surfaces(0037] In a
preferred enbodi nent, nucleic acid tenplate nol ecul es
are attached to a substrate (also referred to herein

as a surface) and, su cted to analysis.b NCi n
1061 { o o RGP RPPEERG trgle e B ip Y I acf ghached to
a sﬂlbdh&fﬂ(@d;otrefei'ﬂ&& t6 Herecas ssneface)aid shbjectednp Iaaalzdlpby muencmg as
ta u§H§'|n exes I\Puc elc ac:d\‘cr {ehr)(olgahl‘:g gjc a%aéh%aQ%Yﬁebéugface such that the

rates e I nvention can
temmme@rmmnpleam#reamav@anﬂx opifally seselyablm a$"b§¥5?tﬁ=a8-‘é use in the

invenfion ch Kl &% 05 't}hg&}hlﬂénsﬁﬁlﬁl PATe| &B%ﬁ%ﬂsé\a%‘l&?ﬁl’ safRe (ap., a glass
i ncl ude gl ass controlblgf P I as i §2’1) CPGY)),

sligg) aF £an beythaped.- cA(%'BttrPt&gawF Blash r eRpeelisd £ore gless

quais] piﬂsﬁ@(sﬁ&ﬁ%p&ﬂyﬁﬂyﬁﬂle [Ulahwy Groys-ilesd, anrldi!gh‘:abhsahalt@ polystyrene),

PR E BT po S o8 nd i TV ARG Y hdey i EbMfer,
pokylaklah:eslhpm,an@a]dgg @kw@g{olg@f@)’wa@@q ggl@sgcllqmeoﬁylon latex,

de)kt@é’neécl sk (28, sﬂﬁ‘:h g8B! pd1yackSledh, or &dry &ﬁeﬂel )
in, O nposites. [0038 uj t

qug yacrol e r &b b
10038} ce- di SEHable me-gmgﬁrwb?hsmﬁ ludefor gxampie,spheres,
miGPPAtiERs, HEhaY, dRaibrakdse slidebaflaes, migrdmahésd daipsdmc:s (e.g.

ca;{) {l%'éssaiesm G oma rrt1uecqoﬁu1d{?:.I a:lé? eglm{r?elg ﬁ‘lte&ﬁ gl‘ L:L)a(;txer structure

FEF e i Cro evi C8s anne
suifablet for snchoring nymstemailm@t smree caninciusecplansr agﬂwrmﬁgces

ca&bﬁ%h@bﬁg@@bgns &dpﬁlfcﬁﬁ‘é%p@laﬁoﬂm tetelBlal) Mibidic aélﬂs?lylspnmers.
or matrices capable of havin i ons that_includ

Ex#yBpigt mcmﬁmsmlsﬁﬁﬁaw%& endpolystvigne 5}’1’?%?%““"““
maBiaiElides; IpBDjsb}d&ld’]Qﬁﬁ&JMtﬂ@Od&thﬂ@id glpcbl GiP@ thartike.

(00991 ystyr ?.P&éé&@g«%g.eﬂ@ alsxest.,;a g&@s L w lokgﬁﬁm optical

pol ystyrene W't h et hy ene
procgssing gnd @xsgqe-q arid pgachmsol | Mratea f@uﬁsw ﬁteenv@t'ea&ﬁ% als0 be

trested R &@N&c‘lﬁkkg’d%@ ptek&a 1a1ey QGRE4 MgluaBdpaiats afid arivhtized
achment, % Irat ulie |tn thedlgﬂ ntéu%cecanalsobe

cPades (B8 - A HHONS DARTHIE SHE T BRI B o

treat@hiol impsovientbt pdstiepiog iofl @szchad dudeiciagitsi(z.gd nep'@)e agedtemplate

mo{e%ulgs pri JE rl;r%elﬁhﬁgé Igg leﬁ)?llllllleg duﬁﬂgps)éﬁr analysis. As such, a surface

strep it avi e sur ace can al so
according to the invention can be treated with one or more charge layers (e.g., a negative

charge) to repel a charged molecule (e.g., a negatively charged labeled nucleotide). For
example, a substrate according to the invention can be treated with polyallylamine
followed by polyacrylic acid to form a polyelectrolyte multilayer. The carboxyl groups of
the polyacrylic acid layer are negatively charged and thus repel negatively charged labeled
nucleotides, improving the positioning of the label for detection. Coatings or films applied

to the substrate should be able to withstand subsequent treatment steps (e.g.,
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treated to inprove the positioning of attached nucleic

acids {e.g., nucleic acid tenplate nol ecul es, priners,
w®booke@bat e nol ecul e/ prinmer dupl exes) for anapysius2009609151

such, a surface according to the invention can be

treated with one or nore charge |layers {e.g., a

negati ve charge) to repel a charged nolecule {e.g., a

negati vely charged | abel ed nucl eotide). For exanple, a

substrate according to the invention can be treated

wi th polyallylamne foll owed by polyacrylic acid to

forma polyelectrolyte nmultilayer. The carboxyl groups

of the polyacrylic acid | ayer are negatively charged

and thus repel negatively charged | abel ed nucl eoti des,

I mproving the positioning of the | abel for detection.

Coatings or filnms applied to the substrate shoul d be

able to withstand subsequent treatnent steps .
phatogxposinet e ling dakieg, Sakingig wapmldeteggent-gaRtiaiigng liquids. and the
hgﬁtsg{tlgcﬁ?%%lfs%hgi dHoRfhatibfl Bk dﬁassaagu&hﬁo.lnl th& dubdrhieout

%@ ation or disassociation fromthe
[0048k t r at e Expyples pf substplecoatingsdngluds. Xpporglhass eRpdings of 3-
mﬁﬁpmlm%mxyﬂmeaﬂﬁhb@ @sglds shide products, for example, from

]\'&Tﬁ’dﬁ% l trl g‘e ; hoxésbfﬁwlwbh%cﬁf g?lne%yﬁtﬁo Ei%?xyéroplhoblc substrate

cEtingy aad ﬁlmmﬂ mf the iniforrh distwltglitionad hydeopbilig| rhgiecules on the substrate
SJ}Ya@ pﬂ@,,g;r&nﬁy b5 tak %mﬁggm&gss%ﬁng .Jv!el.m aweﬁ,puos, fa@bsme

un| Istri’bution o | ecul es on the

caatings prfilnss thefogatings qrrfﬂmSttbmtare;ﬁubP‘ﬁmﬂﬂb's@“e%@PHé fYig: primer

ea?_fznéickl’ﬁaﬂcﬂdb%ﬁxbﬁ Btepbade pREfRIey. Aubiiohalys itGe i}t'dfékgﬁleﬂﬁat any coatings
nms, {.he copatin s or subst.ant i

o PP BT PR BIre S PRIPreseE REp Bl BRE b e substrae

o:shepsstadcenqlrsets&mﬁ@uy irAgalir ténagplatelbynding. i s preferabl e

t any Q%Lﬁm&hgﬁﬁ é'inl l;g':‘us@@ RJ !Lrﬁ:ﬂont & .H}ﬁotﬁﬂbéﬁk %E%r to the
e|t i ncrease te ate nol| ecul e binding t

susfage pf ﬁ’leé“b?"ateatn?ee‘&gf'°b‘ﬂéa"r?6tca§ b gff*aﬁ‘ﬁda‘mvgh ﬁ‘f.fﬁ?tr“ indirect
by @itRe Rirfilde.NThe bORWAE cifdbd BriSovaRinh BifiageaSebFous exhl.,

t f
A{lﬁgﬂgﬂi% ?crhgfnésu'yﬂw Aé ¥g‘ljl lBS? g‘érorrl?ar es ,béle "ac r a%g 19£7-l 555,
1996; andjKhatidjisui Mok BipRepetl: lﬁbrli [ nlg’86o A mfemﬂfaae@mem és direct

a.tnﬂg @Bﬂ&ng 3fa beﬁ-mEﬂal RAVIBOERY of th@l_%?_rgﬁate §?ﬁwe t@ bin @boxndc

Anal yt1 cal Bi ochem stry_247: Cros ar

intgeratedpn the sprfas U bpndipe afsosn bfé@@"s'ana"m‘éﬂa}‘ '%ase For
:dh(hipleBIbmnnR&&pta&h& OTaylorldd al. 1.9 FGiys. 0. 4l ePiye.(24:1443, 1991) and

dl%(tngnagnq nen f’ cf%&xelgémgfgr?ﬁh ij}d ISggngeI 2?3 i f{) an@ig are cod'nmon

e or the p
tophtfetgmhe@hwame agids f%%éfacwdmrﬁile#g /hllt%ate‘@n‘v b‘tﬁ attachment

cag %;&U&Gvf&w fxﬁ'ﬁa}n@@ﬁ h_%i_diﬂ&tﬂ&ﬁe ;:IF;Q)P g aflmd':‘monolayer or bnlayer Other
1 Ol I re a el a
b os o e g J s etk plepies 1 sutsiRis atso can be

1mamt|-d|gOX|gen|n (Smith etal., Science 253:1 122,

1992). ar epSOmN
[0042] Any detection method may be used that is suitable for the type of label
employed. Thus, exemplary detection methods include radioactive detection, optical
absorbance dett\’.ction, e.g., UV-visible absorbance detection, optical emission detection,
e.g., fluorescence or chemiluminescence. For example, extended primers can be detected
on a substrate by scanning all or portions of each substrate simultaneously or serially,

depending~ on the scanning method used. For fluorescence labeling, selected regions on a
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tools for anchoring nucleic acids to surfaces and
parallels. Alternatively, the attachnent can be

w@ sk AYasM by anchoring a hydrophobi ¢ chai n i ntgcgukiopt/ehoist
nonol ayer or bilayer. Ot her methods for known in the
art for attaching nucleic acid nolecules to substrates
al so can be used. E. Detection [0042] Any detection
nmet hod may be used that is suitable for the type of
| abel enpl oyed. Thus, exenplary detection nethods
i ncl ude radioactive detection, optical absorbance
detection, e.g., UWV-visible absorbance detection,
optical em ssion detection, e.g., fluorescence or
chem | um nescence. For exanple, extended priners can
be detected on a substrate by scanning all or portions
of each substrate sinultaneously or serially,
dependi ng on the scanni ng nmet hod used. For

subjtrate pwy de seritiiihaganpeyl orcPeReer PEGPYHY giing & flroresserse

miBRYschfe sfpatathd, ¥udta HERE-KUagn FBdeN@). S Pate Ny, S(4ns, 933) mga Mathies

o B L e S 105 RS a A0L s Sih ARrER g snate
mﬁleculé ihchudeRabmiihg NoneBp®Sicré&dpe (siM)iand shmpam %rqy rhicroscope
IV ﬁm{ HASIGREGE. ng&égc?m% J@J@& B Lidsdri €8., Model

unnel INg m cCroscope and the atom ¢

TS lﬂﬁErBlsmﬁ!ﬂ.ﬂ airnentsy Frentony Nt bﬁ“b&‘t‘f“@?‘?@’tﬁa? loem, in
Fl%é&eh?mﬁﬁﬁﬂﬂﬁ@sé&h Pibbés 16%%%&A(:ﬁ‘vﬂy Mabx]dl.G. Ed., Academic
CCD512SF, Pri ncegyon }Lns n%fdt Trl(lant on, %Jo )N% cha Sci.
Prﬁffr Fanson. BRitl-L L (993 ahe f’?] R Gt A R D < RN
93919]B€($9§6)[ oBnay bgimagedAnt TV intighitvEingn FoilraGioaEllve signals, a

em c Pre Lan h
85% nbaéar de\§ %eer 3%%195%{1 (ﬂfmstgslgluk (lﬁggfgphoéyﬁ 13a|§§6 1990;
D@@amg ecal(, myopheresmy3 6661988 PIBY) Pthersommsreilgupplises of
m{ag loQAGhinYétsSind il GenBrald BOSRINY lnHQWatéi'@Wxﬂ ML8bnRe World

Wil o B core) e FrBRREs (31ei: Oflgad, Ctes, on the

Wolta avide Wietk stcdonkocailipgrh), and AppliedBrpcisipn Inst Suq:teq‘}ﬁtsctlon methods

ncl. ' ; &itempl
art RS R o P e Cous S aiig bEMGIpAAREch Bt emplate
nuel#&t@moo Ontario, Canada; on the Wrld Wde Wb at

[0643)f oc al A anbe%ﬂapﬁﬁﬁch@ﬁcaﬁrﬁéﬁhlsd @déiedt incousdiation of
ar

det ect t
gt o e Bl B el P 8 e O B S
in¢ludd mdac-fiatd stannin@Grisioscopy frdicldcdnfaeg) muarokeapye widebeld epi-
11]%31‘3“&9 !%SS ?&attteh OJaPP Ei@ltdl rgﬁr&ﬁog)} BHB&%&W@H:% sﬂﬁi‘é £ &/or

eot’i |nto SI ng nucl ei’¢ acid nol ecul e.
ml@ph@alp e:scetaggg, spectral wavelength discrimination, fluorophore identification,

evanescent wave illumination, and total intemnal reflection fluorescence (TIRF)
microscopy. In general, certain methods invol.ve detection of laser-activated fluorescence
using a microscope equipped with a camera. Suitable photon detection systems include,
but are not limited to, photodiodes and intensified CCD cameras. For example, an
intensified charge couple device (ICCD) camera can be used. The use of an ICCD camera
to image individual fluorescent dye molecules in a fluid near a surface provides numerous
advantages. For example, with an ICCD optical setup, it is pdssiblc to acquire a sequence
of images (movies) of fluorophores.

[0044]) Some embodiments of the present invention use TIRF microscopy for two-

dimensional imaging.- TIRF microscopy uses totally internally reflected excitation light
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i ncl ude near-field scanning m croscopy, far-field
confbcal m croscopy, wde-field epiillumnation, |ight
w6 s@klgisbng, dark field mcroscopy, photoconvepsi/g82007/009151
single and/or nultiphoton excitation, spectra
wavel ength di scrimnation, fluorophore identification,
evanescent wave illum nation, and total interna
reflection fluorescence (TIRJF) mcroscopy. In
general, certain nmethods invol ve detection of
| aser-activated fl uorescence using a m croscope
equi pped with a canera. Suitable photon detection
systens include, but are not limted to, photodi odes
and intensified CCD caneras. For exanple, an
intensified charge couple device (I CCD) canera can be
used. The use of an I CCD canera to inage individua
fluorescent dye nolecules in a fluid near a_surface
angt iswelbknawrnisrthe arta Soanagbe Wl Wide Wsbeat nifonyy g

.dsGQQeQQt,bﬁﬁé/ wﬂﬁdudt&/txfﬁsfﬂsﬁi éﬂrﬁxﬂ@nlﬁfdﬁhbﬁtﬁ ditection is cammed
seguence of WW es g IfI uor EF r?s 0044 ce
E’e??ﬁﬂﬁﬂcﬁ%‘ﬁi’% gl atop ARE M1t B R Gy SEUi ‘U&
nmremxpgowx évanesbmdig)ie fsidanalbeisang atghe shrfake rfpccmuﬂpyo image

ﬂllilg’r%gce::n yq lleYecf nuc? 1 cnd olgcgl &Ct\ﬁﬂeneg(ﬁk r%teb@r]F ddthN pe@lgcted at the

Khown
inygrfacgtbetywden @ lmqr gmbzngq:]nd substrate (e g a glass) the excitation hght beam .

pérRAaRE LRRAELHIHQARMERR ihid the H§RG: T*h@ opfédl Hel does not end abruptly at
enbodi nents, detection is 1c rried out u,ﬁ g’g?]evanes e‘q of

R GReGUIVe (RIFHaRS: BH T iEenBtLfalF REEREReTFE digfance. This surface

ekbmﬁmen (ﬁeld:rbﬂleﬂane PyvandszenanesS cantselecively bxatedlwaescent

mP eculees in &ezﬁ%l/u neéu- ﬁme&g&rfa ef: theefﬁﬂ{‘PJaﬁFé: lgl] dg%gweld at the interface

uorescent nuc eic acird no
piioiigs 1dye haskgsoundtanH |fycilitates g detectiontofi single raplegiles with high signal-

mb.%,y@.%noatwsmaa@a&@msol id substrate {e.g., a
the excitatign |ight heam penetra

03 ass) e? Eqdy a y
(@43t i s F R eeErED: g P il a8t HUSERFE Y- 1306l pofisgtides upon
t}ﬁﬁhn(ﬁﬂﬁbrab&tumd Qheattaé}hﬁ té:&f)ia&(lﬁmme- donipdexf imaBe pigéndetof a

I nt %‘li'et '¥1:>tai'5l nLemaq reﬂ?c)éapn%]gl éltf):f%c F‘[M.{:j,ﬂf% ,19“1%% usgcmoswsuahze

romagneti evanescent
thwavedhedcanpls@rmw\ﬂwae@vé(qréhtf ingerpemtasucipstides il single-
mbleuleirddndidacar the interface. The thin evanescent
optical field at the interface provides |ow background
and faci | '4P¥E the detection of single nolecul es with
[00i6)n Si gnAlipomentcingfor catniplatidn of ssiisnee waults ebtgined from the image

st%ﬁ(?(géﬁldu-gg(? aﬁe%/@i:g%blg rfﬂeﬁlagoaé Rifed ﬂ)olkrﬂigtgbles that take into account

rescent nucl eoti des upon their
paspiblsy ﬁ@svwre%mnafsddpﬁee &t ORI "OWAkigns: @Fdr Epgeptially, sequencing
re&ﬂﬁﬂib@&iné&ﬁd&r{ﬂeﬁ&ﬁ%@ aftf comnRAIBRINSSIG up Tyieabible that contains all

p E@r refl ect ancpﬁ gu05§scence m croscopy is then

°ﬁ§ € er?ﬂcgﬁﬁﬂeﬂ‘ées & &P ACAES % pl at e/ pri mer dupl ex

[084)/ or t hie reseqoerming tagatefiered embodiewnifor seqiengg &lignment compares
sequences obtained to a database of reference sequences of the same length, or within 1 or
2 bases of the same length, from the initially obtained sequence or the target sequence
contained in-a look-up table format. In a preferred embodiment, the lookfup table contains
exact matches with respect to the reference sequence and sequences of the prescribed
length or lengths that have one or two errors (e.g., 9-mers with all possible 1-base or 2-
base errors). The obtained sequences are then matched to the sequences on the look-up

table and given a score that reflects the uniqueness of the match to sequence(s) in the table.
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nol ecul e resolution. / *. Analysis [0046] Alignment
and/ or conpilation of sequence results obtai ned from
wo besioigage stacks produced as general ly descripegusdwovenoisi
utilizes | ook-up tables that take into account
possi bl e sequences changes (due, e.g., to errors,
mut ati ons, etc.). Essentially, sequencing results
obt ai ned as descri bed herein are conpared to a | ook-up
type table that contains all possible reference
sequences plus 1 or 2 base errors. [0047] In
resequenci ng, a preferred enbodi nent for sequence
al i gnnent conpares sequences obtained to a database of
ref erence sequences of the sanme |length, or within lor
2 bases of the sanme length, fromthe initially
obt ai ned sequence or the target sequence contained in
a |l ook-up table format. In a preferred enbodj nent

TheRhtaigpd f"élb‘P'é"eé gt ten aligned e theietarence teqayfrre bedp P?’bg’e position
atiWificH Sk @beieal Wms:aﬁdcmqwﬁ@eonﬁe t&meﬁceaaqneﬂmed More

| epgt | engt hs t hat have e or rrars (e.qg.
deée'ﬂg'? E’e\ﬁ EATET PrRETE ro‘"J".je'l?)asé"’vo'r" ‘ég\ﬁﬁ Cerrors).
The Biarapleed sequences are then matched to the

1 aagu encesydlz3496lafal ge.t&né &f B8 ﬁa&w@gbage MGG 118RALs

| ects the uniqueness of the match to _se nce
seapRnce} BFiBE Wé‘%?‘&ﬂ'ﬂéd“%’é?ﬂ&éﬁ dssinygriony, @H“%Ff’gsh'éﬁ(ief'b"‘“ded viral
Mt bl_ﬁpi eEeiomme E!)Nﬁmnbﬁﬁﬁ&gllﬂiwl Ethl@.n@ 853140 I’A;ﬁﬁ'ommately 2S5 ug

ai ned sequence.best natc r

ol L5 oy BB o R SR g TEL GRS R4 Sl 1 v
EnglotidBivlabs) for 30 mtigdteb ot 3 G nDigestehRNA | fegi€nbsipgsevere estimated
byl IQQA%% 2h RfiqdSb? il GloBRicon IRixBRD O pQ&aLmnmahg (TQEH?:G?) 10%

was sequenced using singl e nolecul e nethods of

Poﬂmrxlﬁvmsebﬂ%wm andptaining gyith SYBR {ald (pvitmeepMelsrudar
Prgwspmme DNAs#\R8i gabtemgeﬁdnfcme firgédihioughal YIiRK O ultrafiltration

SPQ{/)%} age @Hﬁ égﬁ?‘) rselg'ioé' eomidﬁ%el% ton P ® 5&65%%‘&1&031’%% %(N‘et
Apprgximatel BR0O bHM pf ﬂmﬁlmedﬁmaseelsdla@st Yas thenfjohyaderyjatedxith

tedniAATERAL fefds€ G8coMiing t6 Rho WA hitthdd¥ (REFENoNSMAD, @Lm&wm RO{980,
the digestion mxture on afprecast denaturin

Te(ws’el R RS I O P Fhddom Rt clsefidgg ey d 5 iRkpT DNA. Methods
EnZimblies 0 )izt 4p. SRR aterdage ahnmn ienggenad\ii+e Sulhueleolided EBeyminal

oo AR P R B s S o
pi co unmm

terrrem;véwm-cieodvyégt(ale«n agdeddiginggeimeioal tmf?r%fsb uifhgeesplting
fm@ﬁﬂﬁ&“é@%&&ﬁ ﬁatgrleWith meuftialﬂtﬁ{tﬂﬂ sbi¥asourhn €& &ﬁﬁive free
nucleon er;eagd stor ecpd\ﬁ %t at —284’ Eh
{0049} ‘ Epoxide-coated glass slides were prepared for oligo attachment. Epoxide-
functionalized 40 mm diameter #1.5 glass cover slips (slides) were obtained from Erie
Scientific (Salem, NH). The slides were preconditioned by soaking in 3xSSC for 15
minutes at 37° C. Next, a SO0 pM aliquot of 5° aminated polydT(50) primer
(polythymidine of 50 nucleotides in length with a 5' terminal amine) is incubated with each
slide for 30 minutes at room témperature in a volume of 80 ml. The fesulting slides have
primer attached by direct amine linkage to the epoxide. The slides are thgn treated with
phosphate (1 M) for 4 hours at room temperature in order to passivate the surface. Slides

re then stored in polymerase rinse buffer (20 mM Trnis, 100 mM NaCl, 0.001% Tnton X-
100, pH 8.0) until they are used for sequencing.
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term nal transferase according to known nethods
(Roychoudhury, R and Wi, R 1980, Term nal

wo b@gaigvase- cat al yzed additi on of nucl eoti desptputingro091s1
3" termni of DNA. Methods Enzynol. 65(1):43-62.). The
average dA tail length was 50+/ -5 nucl eoti des.
Term nal transferase was then used to | abel the
fragnents with Cy3-dUTP. Fragments were then
term nated with di deoxyTTP (al so added using termn nal
transferase). The resulting fragnents were again
filtered with a YMOultrafiltration spin colum to
renove free nucleotides and stored in ddH20 at -20 C
[ 0049] Epoxi de-coated glass slides were prepared for
ol igo attachnent. Epoxidefunctionalized 40 nmm di aneter
#1.5 gl ass cover slips (slides) were obtained from

_Erie Scientific (Salem- NH). The slides were
[995Mcondi tFUseaengingetheishiges #7e plagedin o modfied E(§%.Gow cell

(Bioptéehs)] I\gﬂ(ﬁe’r PA HaEhP Mselunthadk gdsk&' TRefeatct lpﬁiaydﬂ'c(rt_)‘))novable
oS RPN R TS ORI il Pl
TBR000 invteed microsope cavippediwith @ thtal mterpilupBeation EOIRY objective.
ThEMBidE R5MbD hngeds\utﬁ BEPRRVS, Y Wi I@imm& by 'una;fsted toa

am ne |1 nkage to the epoxide. slides are.t
tewgamowqw pn@s%lﬁaweof(rwiy(% S?Hﬁmal%ﬁrpéa%t‘ in 8‘6rﬂ°“’ cell and
inbudARAGRItHE SliddfoP Il § Bfinhites. PARSH Hﬂﬁlﬁhﬁohﬁth‘é Wloha€etl is Binkelewith

e HER AN oA B AR SRS U Pl A e e o
to anﬂ fluieabrésithe Bquwarli Mhe f&0Bis fide cg&tqmerIZhgmpthhe’aner duplex.
'ﬂ% t?rg opJg@ QI J:erl‘l x@ tmqjeﬁﬁ&g t& §$2Cftlbp¥¥q9€xumg and the objective

) using a SO urn thick gasket
is IBW@@F%“PVS“‘F}P%QSUCGH a novabl e stage that is

|0g_ﬂl]|t of &Jalsgﬁueﬁléﬁ,g%,g}gig% fﬂplﬂei&;ﬂﬁf‘ete BGAhidiNB Ghippsphesé, abenine
ui aro - i nvert ed 0 .
tng P{ﬁ] aﬂat"PE?%haﬁenfae gﬁ-glvmlgeaftf I Oér:l Iragéf(?g tge 7-deaza position
fooATB@nd ﬁ'él" P Frigeatshe @6 ppsitipihder CTH mum(neﬂ@m:@em fafecgtored
%&A:Qnyl.g BuheM MGhi ng% rﬁﬂrfl’rhé-bl"@t ﬁﬁ stsp 19 .mm?sen UoamNf

al i ﬁuot 0 E ( T5031 ﬁt) S‘Ef? aced |l
(Nﬁgsg‘,,oww tgnaXo 0Q, lF W £X0  polymerase
(Nm\l)use@enéfr&QfmdﬁﬂymlﬁWs t he fI ow cel | is rinsed

h I xS EPES/ 0. 196DS f

[0&4 i X %qstl IHIES{ 1malgar{%xs usgA Jo q'{nt? e MFEE?? N‘?sqmd lex on the

sive vacdum a S IS use urd 0SS
epo:née surbmecdhe Cﬁﬁeberl etadhed ey the M§2 l%'ﬂiﬂ?‘&? FFS"'WB"‘B"Y excitation

using rﬁmaﬁ} RiInkl kd'852 ARth@Ation Werﬁﬁmw r@oHetertac{ S% Clara, CA)
cel l ‘?g]en rqduced to {l g quenc. e&fa}nde € tecules
in L AR RBT R B Cor AL S AR BT
lmééHaﬁﬁ]tthelfep&fﬂqtmmcddn gmagirigadiin@rporated ospleatidss as described below is
mp |sgzl-:<ﬂ?y I:)Eénl?aﬁ&? BFQE?M:@@? GS{Q ﬁsmg a 635 nm radiation laser (Coherent).
5 uM CySCTP is placed into the flow cell and exposed to the slide for 2 minutes. After
incubation, the slide is rinsed in 1xSSC/15 mM HEPES/0.1% SDS/pH 7.0
(“SSC/HEPES/SDS™) (15 times in 60 ul volumes each, followed by 150 mM HEPES/150
mM NaCVlpH 7.0 (“HEPES/NaCl”) (10 times at 60 ul volumes). An oxygen scavenger
containing 30% acetonitrile and scavenger buffer (134 ul HEPES/NaCl, 24 ul 100 mM
Trolox in MES, pH6.1, 10 ul DABCO in MES, pH6.1, 8 ul 2M glucose, 20 ul Nal (50 mM
stock in water), and 4 ul glucose oxidase) is next added. The slide is then imaged (500

frames) for 0.2 seconds using an Inova301K laser (Coherent) at 647 nm, followed by green
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tri phosphate, and uracil triphosphate, each having a
cyani ne-5 | abel (at the 7-deaza position for ATP and

wédfsaigdont the C5 position for CTP and UTP  pC1/US2007/009151
(PerkinElner)) are stored separately in buffer
containing 20 piMTris-HO, pH 8.8, 10 nM MgS&4, 10 mM
(NHU) 2SO, 10 MM HA, and 0.1% Triton X-100, and | OQU
Kl enow exo pol ynerase (NEN). Sequenci ng proceeds as
follows. (0052] First, initial imaging is used to
determ ne the positions of duplex on the epoxide
surface. The Cy3 | abel attached to the M 3 tenpl ates
is imaged by excitation using a |laser tuned to 532 nm
radi ation (Verdi V-2 Laser, Coherent, Inc., Santa
Cara, CA) in order to establish duplex position. For
each slide only single fluorescent nol ecul es 1 maged in
thi's step are counted. |nmagi ng _of incorporated

imaginecwith aderdiyV ddaser (Geberert) ate32m rSnseerdida cpyfirm duplex
pc%iﬁ‘dnt AHePdsiBonahHHRE HEectabld YRiokstdige arefx350rﬁaal r Aftefinhaping, the

AeRRF iteas p S0y <pth o SRTHEFESELS v Baf PR oo .

Nextcihb alyarong-5tldbel &l dlehyed offf inoerporatead (l:’b'dSBﬂu’.tﬁ:denon mto the flow cell

0 5 ) t w )
oL Sop S o S TR g
SSEEHEPES(PDS @6q ulNMW/NyC{( uﬂ ge rallnag)@pgmucleoude is capped
w9 50 M JiodoABet RIBr S GRiYIBREY Es1idwatby ritishifg Bliffes each with

sSTRPEPS ol ad Bl Ot ‘%“U#‘v'eag%?:%%a ain in the
makigr descBbed alitiviegandctbe 8lid@3 aghinNNmbg¢dto deidrmtnscthe ieffectiveness of the
cl%%!aa ste glddtol'fbermfy ﬁgﬁ Qn%&i@t%ﬁ )ﬂubw Bbj@gge d The

de 1Is hen |nage franes) for .
(o ﬁéfrlng an Thﬁﬂfa%'rre Ms@l»ed( WAYEiLHEY C%*tdue&f? lr%nM CySdATP,

fofl&béd)w HodYMOC SRIG TR, GindJinally soa nNECﬂdeVFﬁ. ras ﬁfocedure (expose to

nu%@ ren} at esgzs nmafvor e% i?rla en Conn remcadpuD nsc scavenger,
58t 08T FENS FaviTNG S dEt &t abie T u6rascence

firal enawa csrrdmtedﬁénaeﬂy asdercriged fonA TR, @WR; ehd UTP ¢xcapiethiats
C}S‘d@q{i’ S dibdled ?or%s.q Aﬁéﬁé@&ﬁofﬁﬂnﬁdtés &B‘H‘d HEPsE%/el}'@.gtead of

O ul). Next, the cyanine-5 is cleaved

of f
T‘Wﬁbé‘l“ﬁ ér'%tqe'&e Eepthy e EyolbeL ‘F ofr@m%c‘? AEthF PETiticR PPTRATlY
ocagmedvlaﬂ' Helndthyl groulp BUTKyEmidald teiphoidphaib, thieturhiag/eed TTP fnto
P b8
A SRS PRI ST, SER s M e prcesing
pamigraPh60 nM i odoacet ami de for 5 minutes foll owed by
[0634)Si NQ i)rtclcqﬁesd&m nm'ntbg &@cﬁgwog%tég(a\thr)la ck data (i.e.,

HEP S/ (60 ul). e scavenger [

i TR I S RORk A GTNS) Jror i PHEoS TR e g G bre aligned
to thee &3l rdferenkat sequence. (The imhgeddta vbtaged cart be bempressed to collapse
hoﬂ E@l};ﬁfs ﬁéPeg%%osnﬁﬂdeQe&&%Eé‘fdAmrté NGAERRERk&Fhs “TCAGC” in

cent
the data tags used for alllgnment Similarly, homopolymeric regions in the reference

sequence are collapsed for alignment.
[0055] The alignment algorithm matches sequences obtained as described above

with the actual M13 linear sequence. Placement of obtained sequence on M13 is based
upon the best match between the obtained sequence and a portion of M13 of the same
length, taking into consideration O, 1, or 2 possible errors. All obtained 9-mers with 0

errors (meaning that they exactly match a 9-mer in the M 13 reference sequence) are first
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[ 0053] The procedure described above is then conducted
100 nM Cy5dATP, followed by 100 nM CySdGIP, and

wo bi¥slokasod00 nM Cy5dUTP. The procedure (exposep¢Bus2007/009151
nucl eoti de, pol ynerase, rinse, scavenger, image,
rinse, cleave, rinse, cap, rinse, scavenger, fina
image) is repeated exactly as described for ATP, GIP,
and UTP except that Cy5dUTP is incubated for 5 minutes
instead of 2 minutes. Widine is used instead of
Thym di ne due to the fact that the Cy5 | abel is
i ncorporated at the position normally occupied by the
nmet hyl group in Thym di ne triphosphate, thus turning
the dTTP into dUTP. In all 64 cycles (C, AL G U are
conducted as described in this and the precedi ng
par agraph. [0054] Once the desired nunber of cycles

are conpleted, the i mge stack data (i.e., the single
AR B M LD FBAEE . b 3th ZIMEFOHth Rt e ate aligned. Finally, al

lﬁme&aﬁ@&wndmdopi Q;X}IZ_I:%% ak hﬂgﬁﬂ tobt he Md 3
erenc e | na obt ai ne
10BE01or cos ot BHENT ABERCHS ABIETTAES PE MIBY Bidhe [perature of the
flavheclbatmpve Mméﬁwramse ofithe dgghk{etdigaby YSI@ADE the femplate
ttﬁegﬁu é)??g f]ﬂé ﬁ%lalt 1pld e% aresjemok'ai erm the flow cell by

orm 0 nmeric re 10oNsS 1IN erence sequence are
W@bﬂgab% ewicsH, for |°§‘Hﬁ®'ﬁt‘he {1% sefl cambe HpsedrmibRes each with
SST/BEPES/SD IS CH anS BEPESASLCIQBO ahned as descri bed

th th t ML3 .| {
0F 050 o) e RURTE A mIg 1 RGP G ap SR ence to the
3’ retnitusind theeprimeh e Tistdigoserisegleencdified grimepoare thon ugéd as the
te.Mlﬁte% s&&%qﬁéﬁ%olﬁ'f@lzguoﬁ %Ki:tﬁﬂns' & &rﬂﬂéﬁ Apait bPHy@udnzmg to the

1, or possi errors tained 9-ners wt
adgded ¢jjsonpelgatide s added totthe flow est apg inpypatsd an@fﬁevd'flﬂn% fyéficient to
anw:i.ybﬁaﬁa@m BetGRan! afecaaaecamegcfnu&&bahe Po1€idn Of the tédiplate and the free

1 [»)
prfeF o AR inchyti Ry he e BT kink R 1SR BBy vesps ptowee
by HERES/NgChr Eheatesgitiod slidgm&{insTtempiaterprintee daplaxpyorhese the
terififte csm\aeés Jw oh@maﬁa.%g.ghmfg MATRER Bl & Ieﬁ'l@rﬁarfyl s8fliences
above the tln tenperature o ﬁé
ad‘ﬁﬁ‘éf‘%‘BSP 3 '@aé'ﬁﬁg “t‘Wé"t‘EWﬁF‘é‘i‘?‘fq‘ag"'ﬁ'éﬁ?@P?‘F%‘ﬁ? ¢lfhe flow cell is
thefltpdéad o 3THE fbr 2quéreiny fidake abﬁcﬁmis\bmhgbt inied Edneack MaIN the
cel mashi he fl.ow ¢ exanple t

ol I BRERe Letbeia BluERblos, Aibri BB e i ot g
ringsl, \;leaml rHERRSP NAC, {c80engiey, finpbisage) iepeat¢dnsideserbed above
[0058FN MOAIOnce theesRedlhitiber d?ewey&l RAip1éled, IRSlInIe 8takR data (i.c.,

the 3* termnus of the gélner l liened
‘heogl"fgé%ﬂ‘l‘.? culsiseaReeEtPy e EPF‘&BF § a’é?‘és Prefe-hawy dpley are align
to the M 13 reference sequence and/or are aligned to the sequence initially obtained as
described above. The image data obtained can be compressed to collapse homopolymeric
regions as described above.

-[0059] The invention may be émbodied in other specific forms without departing
from the spirit or essential characteristics thereof. The foregoing embodiments are
therefore to be considered in all respects illustrative rather than limiting on the invention
described herein. Scope of the invention is thus indicated by the appended claims rather
than by the foregoing description, and all changes which come within the meaning and

range of equivalency of the claims are therefore intended to be embraced therein.
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tenpl ate in subsequent polynerization reactions. Free
pri mer capable of hybridizing to the added
w®bdog01ysed eoti de is added to the flow cell andpct/us2007/009151
i ncubat ed under conditions sufficient to allow
hybri di zati on between the added ol i gonucl eoti de
portion of the tenplate and the free priner. After
i ncubation, the flowcell is rinsed with
| xSSC/ HEPES/ 0. 1%8DS f ol | owed by HEPES/ NaCl . The
resulting slide contains tenplate/primnmer duplexes
where the tenplate conprises the original priner
having M 3 tenpl ate conpl enentary sequences added
thereto and nodified with an oligonucl eotide. The

tenperature of the flowcell is then reduced to 37 C

for sequencing and the objective is brought into

contact with the flow cell. The procedure (expose to
Chimscot i de, pol ynerase, rinse, scavenger, inage,

rinse, cleave, rinse, cap, rinse, scavenger, fina
WelBrgfty): |1 S repeated as descri bed above. [0058] Once the

deS|red of cycles is co
Lt s eReEod of e aring e Ryl PRE s oL it s ma s
f r onedriyerisyag theseps of:f ace- bound dupl ex) are allgned to
the ML3 reference sequence and/or are aligned to the
Seq U@”ge é)ﬁioginé |a|djlpmt&|nf' ]:ﬁﬂm’;i,sa tdﬂﬁﬁié afth pidméeto alpdymerase and
i mge data o talne a res
hormpol y NS o o lc {] de %oénsp L‘g) a é& ctabCie ?:%thngerfﬂndmons
i nvent i onsufﬁylemefoewbm!atediepwd@tlmclegpée Mdlt;mﬁ tsr said primer,
wi thout dgpati A &mmté mn&.mcruany BptiaRS S Able;

characteristics thereof. The f oregO|ng enbodlnents are

t her fore to. con red in e

il t r at 0Fa &i‘lg Féf’ﬁgﬁ Wwfﬁofa '"E) s%)‘g mlnr?{/’ent i on

descri bed herein. Scope of the |nvent|on is thus

i ndiQat edeBSRNE Sterp ALY thersbydetenmining ¢ RYFeptide frguence;
foregoi ng description, and all changes which cone

wi t in t hemorngithe)temate frogethefprieten of stepky of t he

clains are therefore intended to be enbraced

t hergyi n. GdaingEa plyslclédiide 1o a A’ taiig obthel pHi&@adistep d) to form a
accuracy of E@CIeIC aci d sequencing, the nethod
conpr|3|n P >steps of: a) exposing a duplex

conprising a _tenplate and a priner to a polyngerase

one fr ntﬁ"é°ﬂﬂ%¥"€d?‘i“8@‘%%‘b"rﬂ Qi PEMECEALDLP xbé'&&'"g to said
under corudidéd polgmsdiédtideite idbmi empnaeaphﬁieedvatﬂp:e.rada répeating steps
nucl eot i d% u%gd t%)qgu%_‘ﬁe%% g F%%me%:%?: % vﬁ?ek‘gn a least a portion

tenplate s In Y op 'y reso
of the sequence obtained is complementary to the nucleonde sequence of c),

thereby increasing the accuracy of nucleic acid sequencing.

2. The method of claim 1, wherein the sequence obtained in c) is corhpared with a

complement of the sequence obtained in f).

3. The method of claim 1, further comprising repeating steps d) and f).

4, The method of claim 1, wherein said label is an optically-detectable label.

5. The method of claim 4, wherein said opticaily-detectable label is a fluorescent
label.
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b) identifying nucleotide incorporated into said
primer; c) repeating steps a) and b), thereby
woleogigsm ng a nucl eoti de sequence; d) renovi ngci/82007/009151
tenplate fromthe prinmer of step c); e) adding a
pol ynucl eotide to a 3 ' termnus of the prinmer of step
d) to forma tenplate; 0 exposing the tenplate of step
e) to a primer capable of hybridizing to said added
pol ynucl eotide to formtenpl ate/ prinmer dupl ex, and
repeating steps a) through c) to sequence a portion of
the tenplate, wherein a | east a portion of the
sequence obtained is conplenentary to the nucl eotide
sequence of c), thereby increasing the accuracy of
nucl ei ¢ acid sequencing. 2. The nmethod of claiml1,
wherein the sequence obtained in c) is conpared with a
conpl enent of the sequence obtained in 3. The
6iret hdhe grethqdgfiplaim $,yhergip sig fypreseeny '?béljééﬂeﬁ?j‘d%pg‘e group
d) apehsistingdf NhBFesEEANEdHHinG| Fakind, Cy$)€ys| BODIPY, alexa, and
| abel, i.s an gptically-detectable |abel. 5. The nethod
of cPEYR" ‘Xes\%ﬁ%ei”gi n said optically-detectable |abel is
a fluorescent |abel.6. The nethod of claimsS, wherein
7sai dThe methesafislaimah avherein sad duplex 15 3trhechie auntage-
consi sting of fluorescein, rhodam ne, cyani ne, Cy5,
8.Cy 3, TB&ble¥d ofictsim, 1, avhdrahe sdid ptiimee is dtfachaiab a sirfaddie
met hod of claim1l, wherein said duplex is attached to
a surface. 8. The nethod of claim1, wherein said
primer is attached to a surface.
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