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SYSTEMS AND METHODS OF ANALYZI NG NUCLEI C ACI D POLYMERS
AND RELATED COMPONENTS Rel ated Applications This

wa@p@bioc®wds on clains priority under 35 U. S. C 1BO(/8%2009024979

U S. Provisional Patent Application Serial No.
60/ 587,997, which was filed on July 14, 2004, and is
i ncor por at ed hereln by reference Field of the

| VERELAND Sk 4B %%Jfrﬁf 2l AL PHLPUERS AND
et action. g@;ﬂkﬁﬂc ENTS ©

det ecti on, and nDre erfrearty to systens and
nmet hods of identifying, sequencing and/or detecting,
nucl ei c acid pol ymer usRdigledApglidatiélse (e. g., el ectron)

beam__as as related co t d .of

e R AP AP A1 FOGRATEEyS Saf-rhei KBRS by, Provitonal Pten
ARSI S8iaNE:1681587,867, Ghvhilthl vesz l1&Bon Jllys14920022kddyis incorporated
compn net hods have been based on chemi cal (e.qg.,

heesimhy BRI bert sequencing) or enzymatic (e.g.

Sanger di deoxy sequenci ng and exonucl ease- based

sequenci ng) reactions that create specific truncated

nucl ei ¢ aci d nol ecul es litldof thednvenion separated by

el ec R mﬁﬁ%ﬂ &la{e'vga{&aﬂlg(%é nlﬁd']elp 5(9@ Pol&l‘ﬁ@l‘jiﬁfrﬁﬁ' '&tﬂﬁ §e|a§énrcmg

relatlve I eng re récently,

anidfop defbgsion, arecntme speeidiclbie srﬁéfms @éw@ﬂmde df udntﬁlfwdgngquencmg
q ,

é??éfog g%@&iﬁ%‘lgdﬁ[é% aféLhdp %n?%ygih é&?ﬁ‘i‘é géﬁlr?&ng)#ﬁg%g{‘ s well as related

dvoweuarts. t he cost and speed of nucl ei ¢ aci d sequenci ng

shoul d be inproved to facilitate w despread genone

sequenci ng (useful in nolecular nedicine and

phar nacogenoni cs, foBad@@nmﬂefﬂﬂﬂdwmhher uses of

RN ST TR AR A—

%oNﬂﬂ@Mﬂﬁﬂb%s&hﬁﬁﬂ)déﬁ Basad aﬁxlél?e&ge%u eNE eMaﬁeMS neNGiltkatseqiRasSing) or
ase-gpecitlcC atom [.abel | ng
DEERRY R EriSRIESS g@ﬁ‘%‘y SqEHSINAZ AL ml%@?ﬁw‘?ad%deseg'é%m@ reactions

bttt spbeifd Httalobifudifiabeill flolRBleOthalé BeR sdépatatdd by electrophoretlc
bondi ng. bet ween the nucleic acid being sequenced and

teeiméqueriingpades fo desgrndne theierelofiyalensth. oserecetly, ppdggntially higher
tﬂﬂﬁklﬁﬁft te‘éﬁﬁque@ Hhve He@ﬁ ﬁ@f@loﬁé@m@l@&ﬁg pWoIsQ@iéhth §nd hybr1d1zat10n-
nmerizable units from wh a nucl ei ¢ aci d nolecul e
sauenaine methiols Fees u‘{lths}mmvweal}tymsaﬂi mefbedss heyegvag the cost and
%a%d;cilf;n%%lgﬁ%md%gﬁﬁg&gg BR8R%e ril'ﬁbl%‘ilé&’ Rl ecieR lﬁli&’espr-gg'd"g‘enohl@
sequencing (useful in molccu’lar medicine and pharmacogenomics, for example) and other

uses of nucleic acid sequencing.

U.S. Patent Applicetion Publication Nos. 2002/0086317 and 2004/0038261
(Nagayama) disclose a DNA sequencer system that uses base-specific heavy-atom labeling
for imaging via electron microscopy. The Nagayama technique uses a single-stranded DNA
that relies on Watson-Crick bonding between the nucleic acid being sequenced and labeled
bases. Also, the Nagayama bases are not nucleotides, but, rather are bases without the
polymeriz‘éble units from which a nucleic acid molecule can be made. This results in heavy-
atom labels being held to the intended bases relatively weakly. Thus, in Nagayama’s method,

the labeled bases are susceptible to displacement from the original single strand by the
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the | abel ed bases are susceptible to displacenent from
the original single strand by theel ectron beam bei ng
waig@d/oiwn3 i nagi ng, whi ch reduces or elim nat esPCT/US2005/024979

meani ngf ul data applicable to sequencing efforts.
Nagayama's technique also may2be limted inits

ability to archive nucleic acids in a manner ot her

dlévaron dsanil bghg aded datimagiig gdydimadired ecdhiniicais maavingfubdata

[ [ only on the basis of relative signa

%%BgWEﬁPﬁ?“%EQ@% 5 in the Nagayanma techni que,

(rj'es 0 |Nﬁghﬁﬁ%d’f§it)éclﬂlﬂiuﬁ RO Riag e ﬁﬂﬁk@? ) itsloibgﬁj? o dﬂ&h’ﬂ&hnucleic acids in a
i stances between heavy ato of a |abel, or the )

BAERPHeT hanaﬁs:ﬁgﬁa@%%tﬁ%ﬁ%ﬁm%@wgi;vynv YGirEm3giRgeonly on the basis

Yo 1RV sidiRl nRsitye MResRE, $a the N&E@aﬁﬁ@é&niq&e, ResOR@ON fdY not be

i nmproved net hods and systens_that can determ ne

Kgleenough cdetprming distrness bsiepen hestyr eomee & labgh exthg paftesn of

ﬁfaﬁ?&ﬁén‘f BlaVinb RARyY RIBR G Wit flcl1aRla vagidods and

systenms. Sunmmary”of the Invention The invention )

pr ovildws thetesis @ recddpimpeavad hsthefls andesystphs thakcan determine nucleic
. p |

B Rl VBl B bR Bkl Bethods

addystémas.| i ke). According to one aspect of the

i nvention, nethods of determ ning the sequence of a

nucl eic acid polynmer are provided. The nethods include

form ng a conpl enrent afymsbryarfichedhvdnbien nucl ei ¢ aci d

ol r.and.i dent.i.f yi a se nce .of cleotides in
Phe’ sy Riorravin e aRareod R Mttt eaiiig pivor
&tdcdnginueddingridipgianérs,cls evell@aralatdédcobgohaits(e s olebiraes) tssfiware and
_éhﬁ nucl ei c acid polymer and/or the conpl enentary

PAkAd is DNA or RNA. In other enbodi ments, the
nucl eAcoriGgto PR ¥t ofhe identidnSmeboR ddeRinihingShd @Eknce of a

is formed by a nucleic acid pol rase enzyne, such as
RHSIH PRI 2SPreYidi The setiogh InebeRjorming fogiplsnieagy sirand of
BIRRILIEBAY PolybBeandUddnBBingdekq@incd Bnuble6Tids n @6 nfleic acid

pol ymer and/or the conplenentary strand are nodified
ROy Ings @ndfgein thgeamplenmniarastepnfl Psipha PAEpE PR e speci fi c

for qRebdiy BRLRHmEHS HRULIER aciliBlynRP S BordRcdnid ik ary strand is
one or nore atons, preferably three or fewer atons,

BNAfs R -yIngpthsr pgbedimemsintha mickisrasidyrobfnegr aadfor its complementary
i t L hRNduE A€ i

SARO Rty IR RS T E1 H A40E

padiba(PER). enbodi nents the atons have an atom c nunber,

al on ' [ , t [ I

o AP a5 P Rl

complementary strand are modified to include labels. Preferably the labels are specific for

each type of nucleotide. The labels can include one or more atoms, preferably three or fewer
atoms, preferably a single atom. In some preferred embodiments, the atoms have an atomic
number, alone or in aggregate, of greater than 55, while in other preferred embodiments the
atoms have an atomic number, alone or in aggregate, of les$ than or equal to 55. In some
embodiments, the atoms are halogen atoms.

Preferably nucleotide 'speciﬁc labels are incorporated in the nucleic acid polymer
and/or the complementary strand during formation of the nucleic acid polymer and/or the

complementary strand. In other embodiments, nucleotide specific labels are bonded to the
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Preferably nucl eotide specific |abels are incorporated
in the nucleic acid polyner and/or the conpl enentary

wa@reoatooadiri ng formati on of the nucleic acid ppCTIBE2005/024979

and/ or the conplenentary strand. In other enbodi nents,

nucl eoti de specific | abels aré@-bonded to

t henucl eoti des of the nucleic acid polyner and/or the

mhgokideseid tigrmyiclsicraatdchoyiniee bnd/@rtheddngilenddntdri strand @lted formation of
ci d .pol yner, and/ or the conplepentary strand. In

8 PR adBoRMSE AL tromRTBIBRE SEEM pol yner and/ or

the ca ffmﬂ%ﬁaﬂb@ﬁﬁﬂelﬁi P[lw}ﬁlc&[c%caffﬁoil%ﬁ!ﬂ ahd)orthé& bdisplédéary strand
andﬁorlor to the s i dent fIC

#aefiaet iafeubyalt. A PfﬂRflt%YhE sigg phid ﬁlvﬁféqn téﬁavcéwlfi?ssof the nucleic
1ARE HhaoY 1t§&dnﬂﬂ€iné%ﬁa@¥] SibHAQ bRNbAMILY RIVES frbih @KY substrate,

the substrate | abel s of the | abel ed

lsadng the labels °§th|I%Ed%01ﬁﬂ@3%ﬁﬁ§‘iq’tﬁﬂl@ supsiragg. i | | ot her

embodi, REMber R dFh&Rs, Bk sted %Ffdblflﬁ/ﬂlﬂg a@eqﬁﬁﬂ&%’f%ﬁcl@gndes includes
nucl eoti des i ncl udes generatlng particle beam

&prl@@nm partiele hersn exposagithy pslojanasid pohanesand/aethe complementary
&%e L toeti{? PglrﬁElx bedn %ﬂ{i‘ 1&&1%{?12 t uUeS‘Jufe REAR) chglrdgterlstlc changes to

ng the Hucl eot i etocaracterls

b aatiels b@a)n t Prsfepablyt the nucléngides offthesfusteadyicid pdhemer and/or the

' f I [ 0
ORI Pt s e R o e PRIl o
@entifping ehepuetbetideb ingluklbredesdctng dfaractiestd dhynges td the particle beam. In

| ud tectl t .
R B T VP B PR bR sam
pﬂﬂﬁmohemmean1is a | epton beam nore preferably the
ectran hea r enbodi nents

t eam an e In
the. NOETET M ARSES PSS A SOV g bR SRBR (PR ar stand are
ﬁﬁkémd aatisstrafel The dudldic acl@ pélgéraing/or theomprhhtaryathsl can be

nd/ or the conpl enentary strand can be affi xed
ffﬁ &Gttt ae ol of B augsic afi Pﬂlé!E’Ie’éﬁﬂ@%éél?eoCOB’dj’ lepeatary strand,
AMGHndd HEhS ARRIERNEAIMerShi/BN e cathplBRtaSREendDind/di8t a

nucl ei c_acid pol ymer and/ or the conpl enentar strand,

el o caions elsmtietlgass of e Bcleitast bpligeran of @ gomplamentary
dggnucl ei ¢ acid polyner and/or the conplenmentary

strand. In certain enbodi ments, the nucleic acid

pol y e eertaiigrapodiments Siegluelsiseeidmyplyster arfforghecomplementary strand

SHRHARGAB s ]gﬁtteﬁ IQQ)% E)Q@%l&i@)fﬂé?félets ugﬁjc% ?l“effé?laﬂg tl‘%nﬁclelc acid

sequence. "Prefera

pdbenereng/bete n@raplymsmtararsﬁarairaee sitaightenbd bhﬂdldlﬂovw, hng wore preferably
A fd wid f. i ncl o

it o TRAGE ARACEE Bl Pl oy ih Pt R BB, s, gases

phaspsiods porgbmﬁm,n qndnas?ehl omezmbodinient} the nudldéie a@d polyiner and/or the

SQ enbo ucl |c acid

ErEBRY uP0 o kR R WPt G S B R PP it o e
fid doghd elﬂ@ﬂuayotialym:amrezatabhml t thetshiestrbteui d fl ow to

ol gci g(llt%)nta Smb odtlrggntts eesteapto‘fad%n glng?het J]uecle%g esétlr{ t%e nucleic acid

polymer and/or its complementary strand includes interpreting changes in the particle beam

resulting from interactions with the nucleotides to detect the nucleotides in the nucleic acid
polymer and/or its complementary strand, whereby the sequence of the nucleic acid polymer
is determined. Preferably the nucleotides are labeled. The changes in the particle beam

include changes in absorbance, reflection, deflection, energy or direction. The changes in the
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I n addi tional enbodi ments, the step of identifying the
nucl eotides in the nucleic acid polynmer and/or its

wa@omplogavent ary strand i ncludes interpreting cheemes200$024979

the particle beamresulting frominteractions with the

nucl eoti des to detect the nuecleotides in the nucleic

acid polynmer and/or its conplenentary strand, whereby

pivécls bepne allscecanfbetchmgﬁuml acspatiah pattdrip ddryem@nple.sa one dimensional pattern,

ﬁternlned 1 raqg% hl% gug{eog des are | abel ed.

t Oéﬂ?ﬂﬂ@?’P CFH% f e BQAH? htl ude changes in

abS or Indugiesr eﬁleédlﬁl@ﬁtb ,.ahe mdﬁa‘x:] dled ﬂnolndesaftedb hing thdlé complementary strand
ion, .The. changes in thep e, beam al sa can be |

& ?fg}é%m}"}?‘caacédp%‘% £y QF‘ELéF?’?e ?r&‘%erag’i aippikac Qe’e}ﬁ%gy ucie acid

dqierbsispédatic AEbE@Eswhigh bMer&blyEre Sligdnaticatel ETnbtiRr pReferred the

t hree di pensj onal pattern In further enbodi nents, .the

A kEE isfledtizat fopaeddeattaghminh goints dhat g seigRGsIgRypecific. The
@&Iﬁ§‘QIQGIﬁM ls@4ndtaR€ optikslaBY the Aéi6c BAH )581?&16? @hn%e%ﬁgb?&dl aftRe

erably the attachnent is by nucleic acid

sbgtidn dea Flratteine Praderably rd@ssubsmedwlmeéﬁ &arhon thingfilan.
ol i goRuplLAhboERents rﬂh@stté'bq{f 1@hﬁfﬁl{gr thsdqhiéncs Hpﬁfc'lé;&l@es ifcludes

derivatized to provide attachment points that
perfrainge mwality 9é sdans @f therpsleioanid rotenerand/osthe sprplamentary strand
n I E
ﬁltéé @g @%I{tl%ﬁg:bgﬁn H%ke?e{b‘fy QLQ%?tt @r@rr]ﬁﬂ&g&ucfféé‘é}g E‘Feﬁt %%ﬁlggﬁl &h.
subst Aatoechmmwlauctbsr aapm;aoﬁibmmtvmtlnn,fmettmds lofi dgtetmaning the sequence of
f i dentifyi t e o
e PR by mils BhERed ThoMed fhclfte D PAANE Rudlc aci
pélymbieandioc ite can@Eanchtpyp lsu]zmdmsmg mbbeled tlbenuctamdleemim ary

Bt ot 8l s R el i s R B e o Sl RO gy g

tepxgritdnneleothispdiche picldihaid pblyiﬁérl aﬁﬂl/pr neddngpdanafary strand using a

det ning the s en of . a i c, aci ol ar e
T Bt Ve ihog Fone f hisisaidy RS ShhoRieoits Bhén
aﬁb@oﬁwdyme naéleic a&id ipbBmeP Al & e Bérap¥meithrRetands hieGdentifiable

| abel ed ri bonucl eoti de and/ or deoxyri bonucl eoti de
pringthe apHele &8am-ang i dentifying | abeled ribonucleotides

and/ ofy gRAX ¥nboRALG, R ﬂdé% dot¥l folEndRdRd/6l the @&hﬂementary strand is
Eplyner and/or its conplenentary strand using

dINA p Bgther gpbpdimenisibe nuglriG acid qumﬁ@efl/@bﬁ eRazplementary

AR Y s %@gsyeﬁlb?%%eﬂeﬁ%fd%ﬁymeM9 an'yﬂl% OfubR b Al ﬁo‘i}yrﬁe'i’é’se chain
nuclelc aci d polymer and/or its conpl enentary st rand

eeeetiandBER)-f i abl e using the particle beam In certain

enbo e /

conp Fﬂgﬁ%@e}dyeﬂsbt%g e glcs {hE Bﬂ%}s Qre%%:\ﬁ or Qa[&q e Jridfcleotide. The
ihle dimineinds, ong loematecitans peefirably thirgerns rfevem dioms preforably a Single
gtgﬁp ﬁﬁ@éﬁg%n‘% &ﬁ‘%%nhﬁnt? mtapo%?s' }Fa%jinp é‘coﬁlcqllﬂl&b% gloﬁg or in
am&gateomf gr@lf?R)hanISﬁ whidf ie rotlEdeefehedi BIﬂ’&delment!; the atoa’rséiase an atomic

A er PESte or L gg%rreggtgc q‘lesg Bn 81]f eqr&glcto%gt in soime em%od1ments the atoms

are halogen atoms.

Preferably, the labels are incorporated in the ribonucleotide and/or
deoxyribonucleotide triphosphates used in synthesis of the nucleic acid polymer and/or the
complementary strand. In other embodiments, nucleotide specific labels are bonded to the

nucleotides of the nucleic acid polymer and/or the complementary strand after incorporation
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| abel s can include one or nore atons, preferably three
or fewer atons, preferably a single atom In sone

wee@boresl enbodi nents, the atons have an at onmPCT/US2005/024979

nunber, alone or in aggregate, of greater than 55,

while in other preferred enboedi-nents the atons have an

atom ¢ nunber, alone or in aggregate, of |ess than or

ef{ﬂha hbd)mucEzStideI and@od@)xgnﬁnmd'clmﬁhbsr,ipHoMaas om®s thamecleic acid polymer
ably, the | abels are incorporated

er,
(J/?rqg © §9 Z%eélf faﬁlg and/ or deoxyri bonucl eoti de
t ri phiasphiss: esbodiments, hesytdt dteddnsifyirg thé Rbeled tibonuiclactidés and/or

ol ynme nd/ | enent ar, trand. |n_othe .
B e PR el et s S P e Parargoshg MBcHglet ol polymer
biEthe bethSehérif$ s@dndlth thepafticRi teard Cdnd 1mhwthaﬂwrmalebﬁ&s and/or
conpl, emgl%%{%%gt rand after, incorporationof

FearsHRRIM YA cFradREG Fiapashie Fedeitisle beam. Prefersbly the sep

Ef da%&ﬁﬁ@!ﬁ@trlﬁ%dcfébﬂdets RRd/BMEoRirfboREd16btiIREY M EBdes ABRE R chBBcteristic
onpl ementary strand. In further enbodi ments, the step

%ang%féﬁ themgiticly bepra. Ingeédie ampe it |tasgartinkesbeghis 8 jepton beam;

Hl%wsfeﬁgrw&é féf%h g&sn 1sRaleides &%ﬁaer ating a particle
beam expdsing the nucleic acid polynmer and the

conpl larpgher embodimenisthe mucleip ecig aplymer andfse diey copptementary strand are
gﬁ]ﬁg& fof ys'uﬂsgraf hﬁ’l Jelat?iﬂ %&%B&&%h@,ﬁﬁ'loﬁ%%g §tep of identification t{le

onucl eot Ue 16 cHaracteriStre ¢ anges 1o
tlh@luplaotudee b/ gralgoxyribpmicirotitidsyof theeusleispcidipotjstee etd/ orgts
E&%l&%&?ﬁg %t{ra%%t 'reds%%st%nr}?i{ reértlrjo%g%< %oml%ﬁ asgl]l%setrsa?t Il d?xﬁl% the labels of the
pahelbd Gbanubleatives hnd/@eiebmrmommmoddmfﬁﬁd td the sydatrate.cThe nucleic

PaC B Br St P SRR Rl b Ao L e g ERd of e

ﬁlmldc ﬁlxgd ydlﬁﬁeradﬂd//oﬁfhetchlﬁpbﬁaﬁmh@m&ﬁlﬁ(ﬁ m}fooﬂ%li dSIﬁll df @e Qucleic acid

affi xe rate. In, certain nt.s,
PYVRGndbE R 5P BERE B LAE GV it - PREURUE Bt iredone the lengt
andé piclde iy polpaaumb Roihe dempRhehths sited. €i ¢ aci d

pol yner and/or jts conplepentary strand are
substisestar FI}}L‘PC{QHE% dhepusieictaqid nolimagr pad/er the eopnlprgeniary strand

hraR@dstntdilyt agigh@h&l fibr id i@@rﬁﬁ’ﬁh@ Qfe'hﬂﬁ&d Qﬂgﬂ&[eotlde_lghand/or

deoxyri bonuc| eoti des_affi xed he substrate

WV@WH%I@W% oirgierblydhenesieig Wéd E‘é}i‘ﬁ?r@ﬁé/ﬁf e gogplempaupfary strand

£2Rchgn@fehi 'b§ eQlid Bov? aRY QI%I’J Iﬁ’&i@raﬁfy 8,8 AWl e molecular
nucl erc_aci d pol yneér and/or the conplenmentary stran

eambieg. WTherfliéd esn indiederpne plem@reemms,pgmseﬁmsea ti2 eemipinagion thereof.
F-%HJe %{B‘BH& eMts Stﬁé ﬁlﬂﬁjﬁm Mé&{'lp@rtaﬁ@/op he'l fél%%efﬁ strfmd are

ocat i ons a nucl el
attadiicalrto o h@bs@@nphdamghmnyd by hybhmidization iodlnet fhiidh flow to ohgonucleotldes

%ﬁpa? A&E%H%dstotﬁe'kﬁbs@éd?' eic acid polymer and/or the

conpl enen PARa" are substantial y straightened
pri orIntaddltloimlh Emqulmg‘ltﬂ Iokee dt@b}fhdbdtlfylrigclmm.idmhﬂdes the nucleic acid

B R RGP 551 P s SR
resulting from interactions with the nucleotides to detect the ribonucleotides and/or
deoxyribonucleotides in the nucleic acid polymer and/or its ;:omplementary strand, whereby
the sequence of the nucleic acid polymer is determined. Preferably the nucleotides are
labeled. The changes in the particle beam include changes in absorbance, reflection,

deflection, energy or direction. The changes in the particle beam also can be changes in a
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are straightened by fluid flow, and nore preferably
the fluid flow includes nol ecul ar conbing. The fluid

wa@anmeiomebzide one or nore |iquids, gases, phaseBCDUSH05/024979

conmbi nation thereof. In sonme enbodi nents, the nucleic

acid polyner and/or the conpl-érentary strand are

attached to a substrate and strai ghtened by

lsmua] mhiterat fooexantpld, hend dimedsidrabpatteen, altivg difieatiead patesn or a three
1 Wﬁ tached to the substrate. In additiona

ﬁ%@ﬂl REE™t he step of identifying the nucl eotides

I n t hKh ﬁhtﬂl&ir einBodiists g3 niemed ARsincludéstagiachigrhe omidlahdntary strand
Iude inter n the particle

reting chang
ShIPIofaiq s RLERATE SHOSEHLP oS Bl REACHTENdoPY Bileic acid

bqueet 8pdcifid1Boleduk@NWEILE Bickedbly A8 dlifdnucleotides. In other preferred the
deoxyr i onucleotldes in the nucleic acid pol yner

SHYEIr P 15 ded Ve BRbloaRRAdcAtipchargnl RN Hib preIsyaUeRRs noatbrsifice The
Smp1BRerirS k@ird 88 bald‘ﬁgﬁyfﬁe ﬁuél&c qéaa Eslsnn@%n b%’raﬁﬁc%@w the

t he nucl eoti des are | abel ed anges 1 n

pedsirate ine gridknsiteiic Predesaldn &wge&strm lacﬁwﬁ bawrben thm film.

refl egt [
Chan Sﬁéso'tlfég e?ﬁgfulngﬂr%% Itl%nste g{efzc#]ggfﬁ{g tg% %eﬁgédcg Ef nuUé%tldes includes

pey framing)a pharelits |0ﬁ scangof teocauvisliceacidpdymerdindfentse omaplementary strand
r

LB Pl SRS} Rl D000 s s g oo

met hodiccatding uoraobthd@speat Qfabﬁhlnlﬂ@tllohﬁmﬂhnﬂs Ioédﬁﬂ‘hﬂmyg the sequence of
EPARLY P Phe? A p R oGty Bl el iy b enary
siqu efithe nsgiec did polmleransuﬁgdsbelemihohuMcﬁﬁe triphbsphate €or

nucl eqt | [ n ot ed the substrate is
PO B S Bioa g el e fie o S g e e
seiplenatary sifend RS kiftisate, BaBstAGIENY Qitkaing thd MRRGe fﬁ)ﬂgpolymer
tionally the nucleic acid pal yner can be attach

Lo iR omPIAmEN aFy S FringmpleBifY CoPPIREFABIAYNY fBarticle beam,
&ipasihg the uélBie beid @5y e AR dniiléndukdrstrdnd tOhB Bbrticle beam through
enbodi nents, the step of identifying the sequence of

the crmplemariay |SH%1}dlm!é§e POptrass. dnch iteaprgiing diapgey inthe gertiplg beam
RbultiNer o §lt&thGiods Wwih Bﬁlnﬁ@l@&uc@ﬁ‘fy d%’EecE e laﬁbE’l@@ h@d]%ﬁ & ¥ the

strand using the particle beam Preferab

eqeplemcitasy strand swharebyithieseapnceof 4 wcmlchmew@mmmg
t o anotBRiingas Qﬁcﬁﬁergﬁ)e&m th HEDtbE rfnetmts Bpgﬁecgp%/ the presence

determning t ence of a nucleic acl
mdésy |1¢9@nylﬁg'rﬂeiuﬁi§t0w@m@0ﬂ}mdr attepreyidadn g4 miethgdsinclude forming a

‘fogr%%ng%ﬂ?}% gtfa\‘ld ) {h@ﬂgﬂ«%{: ta&ﬁ gﬂlgﬂl% %ﬁ&chﬁ%ltﬁe &%;X&Eentary sd¥8a and,

t
@éi@m}lbi the muglglg ;@g gellytnler ohcepdtatepand detactindihe gresdvee and/or
1&%"[ ﬁ;‘ h% Bh%?})lglpfggxlemﬁé s{r c? én% tthe quglg c gaﬁ?l HB’ &l ¥ﬂ§é A ganxgcle beam.
n u c I dh sorae erdquxhlhm thea;na@/odi rdehﬁ@u@dﬁﬂhhc&ﬁﬁreh@rmg ﬁh‘eﬂ@igdl or
SSRGS AL Bl Sl M i

mdyadrenentary strand to the particle beamthrough

In ceftain embodiments, the nucleic acid polymer and/or its complementary strand is
DNA or RNA. In other embodiments, the nucleic acid polymer and/or its complementary
strand is formed by a nucleic acid polymerase enzyme, e.g., using polymerase chain reaction

(PCR); preferably the nucleic acid polymerése enzyme is a DNA-dependent DNA
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the conpl enentary strand on the substrate, and
interpreting changes in the particle beamresulting

wo papai01999&r acti ons with the nucl eoti des to detRPCt/US1065/024979

| abel ed nucl eotides in the conplenentary strand,

wher eby the sequence of a nucl7eic acid polyner is

determ ned. According to another aspect of the

pm\ymatals@ a Rmmblmﬂsembmaepceﬁherm dr AR NI -AsRnadnt RNGY lﬂﬂymerase

i dent ucl ei e provided. The

met hoﬁs%ﬂi%gwﬁa@m%ﬁs ?1’@““ OE@%&}E g}%ﬁ%aw%ppkmr e

DolfplementA§isthariodry i Hifie@tc iActhde18bdlN &n HRI A réﬁﬂbb@iﬁﬁénts the labels
ptionally, the nucleic acid polyne

t d,
S5845 04 Bt Corh RSN LRI { Pl Hhedean s i g more aloms. prefesably
tlﬂ%r'f&yér%ﬂ)rﬁshﬁrefe@dﬁy £EERNE %hﬁ $h E(ﬁﬁ@pt@ﬁ%@émwﬁnents the atoms

nucl eic acid ymer using a particle beam In sone
BRSGai2tAEHE §um€ Healanedp iregregaint offeyaatey thané P.umileile in other preferred

BRBSHMERY tHe RfonlsHAGLE !1}1 KmAGLEHE 5‘155‘69 %ﬁ?ﬁ?‘e R thd e equal to

sequence of the conpl ementar stran
Atrcinspme gmbeadipgnty.the atomp are b QWHH@nbodlnents the

n u cl %&fe%&@oﬁ&@#ﬁaﬁg aﬁgs %%?nc%%it?ﬁ Ql?]eq‘({:l.?élee?ccacgdrc]poéymer
p!td/qrrthfr commdnygntary strand dptiegornation of theandeic scifl @olyettr inyd/a@ the

I ' I
Qﬁg&lﬁﬂu?né tsﬁj%rﬁlo (I%@r rae§neoog?rée\rﬁabll‘nv?etoﬂ%é ?{%‘2‘#‘1‘2 ?a(t’) g 8%@&)%53&:3(16’[0 the
p@lqamécmeheanmgemmdq)o@/nﬁh%ncdﬁﬁhmdemﬁlem btydi@ raftSteforndation of

RNA- dependent  RNA
BSHHEP SR8 Pobmebe s HTRERemAES SBRE nucl cot | des. of

t h e nIlu(ﬂuﬁle@ eﬁbd)dimlamk yineestepaoTdEttingliie SrostRt A ﬂl'eMtlfymg of the
d.to incluyde |abels. In preferred

W?’qur{? §tranﬂ d/fe)lél%‘g puclee @Clg pel¥mey ‘tsnfg@rpaét%betaW@lB‘#eS
g’dﬂﬁfaﬁﬁg h gﬁ'tlcl'é'lbeanh aREdsieGRINuicEd d6HEpdNIBerQhd/BPhE céﬁhﬂ@iﬁentary

ref er three or fewer atonms, preferably a singl
Bieio P pLHE bprre e ASe AR of We calasoHaY el and/or

ik Ald1sic RHUABEK meAdRNE cH’JradtéﬂlsﬁcQQfaE%tt@ theQhrtidle®RiRI T han
55, while in other preferred enbodi nents the atons

have lB§ome smbedimeris dhe nuglepiides of the quelejg peid aplymendndfas ghe
éd?l@}ii‘etﬁ’éntaﬁﬂ Windbe r§§d1ﬁécf‘to &4HRRdippE L), tﬂe@?&lp%!f Q%Bcting the

are hal ogen atons. Prefer § nucleotlgeyspe
llﬂméplgotaieéand&r@pwlhowlephdqs eeludge ﬂ@mngghanacmisymnges to the

1956 He“fn &9@91' itn%'f&é L E%ggleg e e nl%ﬁ&{]%a Qﬁm?e preferably

nucl e ¢ acl d yner an
tb@i@&tmi beam lsmdmctremb@am ment s, nucl eoti de speci f| c

| abel ucl des
aci d I% S?r;i/a?n nggoqigrﬂ%nﬁté) tt}}?rhuclelc a101 r;r)g r}/tmaelr ﬁmg?r tgen%)ngg?néein?ary strand
dro Buhatahiduilycsfrallghteneﬂil,prioe tcxldamrf}dng)thb yeqRencdn Btedrablii ¢he nucleic acid
stran furt the ste
R CIAACT e T RMEMTLC T T WA I

the ﬂpﬂdelmmhanyessﬁcnamr eoralding. THeevidIcdnGhdudng oPRbMTRIdS, gases,
ysing a gagt cl % ?nilnclud%
phasesOr a combination thereof. In some embodiments, the nucleic acid polymer and/or the
complementary strand are attached toa substrate and straightened by hybridization in the
fluid flow to oligonucleotiéieé that are attached to the substrate.

In additional embodiments, the step of identifying the nucleotides in the nucleic acid

polymer and/or its complementary strand includes interpreting changes in the particle beam

resulting from interactions with the nucleotides to detect the nucleotides in the nucleic acid
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generating a particle beam exposing the nucleic acid
pol ynmer and/or the conplenentary strand to the

w@arobiocdoes beam and detecting the nucl eoti des PET/UR05/024979

conpl enentary strand and/ or the nucleic acid polymner

due to characteristic changes8t-o the particle beam In
sonme enbodi nents, the nucl eotides of the nucleic acid
palypeandan d4 complereentappiradewhaety the praseicasfthematidic &id polymer

0yl | s. . Preferably.the P, 0 tecti .
L A B B o O TR B s
labeledidBe dietges in theg patide dedneinckitie chaggang assotbandehfflection,

...the partjcle

tji.cle beam .In.certain emhodi nents, ' _
Bkl SorRlaiis e e HEnER IR Lredriisispee e P brchaaasnin
bptialpagéraClor exanipéR Bond dimeavidral putebDe el dBikietisiodadBattern or a three
g.ucl eic.acid polymer and/or the conplenentary strand
menSomd Paliff-al |y strai ghtened prior to identifying

the saqueReemb&riabeasak Methhtealiabigis aB&dhéheiRd ¥ lementary strand
and/ or the co% enentary strand are strai ghtened b

pirerdhe pusiic agHtPabeRes D Bibataln| Rreferabl the piéachmenyis by Rucleic acid
bdqféreel8secii! ebdudls, WRIEPhRErabl e Biié;ingcggﬁtmeé. Nl MRS pRASred the

or nore |iquids, gases, phasés or I nation

fUhetFaip R derivptizerhie peqidschtiaehmest pairte thatiare s¢quengeingn-spdcifive The
I

S R Ry S hAAE a3l PR BE st e fro he

subsrate mlaggridipetieni Grefureile teisdestate efudas e caberaib et o

th . o . P i
he SHBSHE 8 O IR T Bnd U550
pohplereantaay sitand ahd/sr tho npdl@earid polymet r and i ncl udes

i nter I [ he par.ticle beamresultin
fr om o s e RS Bk R R b e ROt e pes
swhettatothatde subistantidily tanspaghttoagiadio! beam) andi@tieic acidgpolymer binding
cpnBI erregat ary., st rg@% wher eby the presence of the
e PAF UTEET §F BOPYPREFC s deterni ned and/or the nucl eic
aci d Ipebyeranbidimerfieit kdbsegle isRuBdtAtialD} YadspRet¥S AL Deam.
@fr% I g{bﬁl eq). The anges in t E’f particle beamincl ude

RS sthe SHosils MG dess carbontiip {iBn, def | ection, ener gy
or dilh ekt @bodihents; RRMIGESe Al ﬁqaadd%%rshff)}fdrﬁhm@mb%&ﬁuy
can be changes jn-a spatial pattern, Tor exanple, a
téqﬁ‘épaﬂ?qtr%l?ag%{?b%-ter n, a two dimensional pattern or
a t hiregredblFRRsSduBSiake DR BRN5 nhhibkh &6 bre&¥RAG 8BMES2 nm thick,
t he nethod al so includes attaching the conplenentary
gillagie preffurtdy lepribam e pj thick@nd ygongreprefareplnlesuiban Fhnw, thick.

Pr ef g, fakyert iRt 261 'ﬁﬁalEic lhSid %}Tyglﬁplglﬁalg% ?ig?{g l‘%e fgrrnéed at

sequence-speci fi c nol ecul es, pre
wedetroninetl eetiliane on thersufedsaf thersubstratecprefetablysinlbgrid peigern.sIn
J Lz i- . A i are.
REh CARLARE LR R RTINS L Bls 3 ey
digpiusieatilss. Thethenepibeilimeatsi tie pudlsicresid pelpmbebiadih@sites dretnot

kate in a grid pattern. Preferably the
SR SHRSLER

rate 1'ncludes a carbon thin film
In further embodiments, the device also includes one or more nucleic acid polymers

affixed to the nucleic acid polymer binding sites. Preferably the one or more nucleic acid
polymers are modified to include labels.
According to another aspect of the invention, methods for making a device are

provided. The methods include obtaining a substrate that is substantially transparent to a
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In other enbodi nents, the nethod al so includes
guantifying the anount of the conplenentary strand

wa@pabor99he nucl eic acid polymer. Accordi ng toPErnUs1ve5/024979

aspect of the invention, a device is provided that

includes a substrate that is-9ubstantially transparent

to a particle beam and nucleic acid pol yner binding

pitiels beam,ang (orhingeuoleictde® st bmti'mg sites amansBrface of the substrate.
rent

nbod; bst t trans
o, annap Bt Brbi SRl frale S A En ANk uprsb LB AR R G beam.
Bre(faaﬂjy)ﬂletshbsnaﬁelnhdmdek A cabbiethingHROo dih Hepnd éinbddhﬁerﬁe?bﬂefiﬁclelc acid

T Ce i L A R AT —
ﬁm%iﬂlﬁh&grﬁlﬂaeaﬁ than 5 nmthick, nore preferably
nor e eferably | ess t han

less %8%80 g‘%@g‘ie IH?}L%J fﬂi‘»Oelfl%lP Pijaqhingdo theapbstrate arfpport

ﬂﬁtn@lsubsiaﬂtlmyhfahs;ﬁ[’éh@ﬁi argﬁmo‘fe béafte nucleic acid pol ymer
bi nding_ sites are predet erm ned positions on

t he sUFEROY e Sltbﬁféat% ﬁggsﬁ F@pé nnpﬂl@kem@zmpyef@rﬁbla legs thn 2 nm thick,
ﬁﬂt h6fe Proférbl§ Rt b 1 STRPRIIENIS et hhiE pRHG: %119% Ges@Biafl 1.1 nm thick.

pol ymer binding sites are sequ nce spec
pr ef dn&BIt3in embestments. dls uglsis acidpobintes bindins sitesasnsayuerich epecific,

ﬁléfélreﬁ)'l}pol%%h&l&ghélmﬁ oftk nﬂgﬁ(ﬁbglﬁénkeﬁle ﬂ[l(ﬁ%lgg(}lg gggﬁgg&gdmg sites

speci f I'n further e nts, _
Wﬁ@DUﬁ@yn@hﬁm@ﬁCnore nucleic acid polynmers affixed to

the n[H% iff bﬁxelae(flll d&ge!ngsrgﬁlr npeltlp)qg N8y 1%'01218? afﬁg{ngfogé ce)llib 18Xre nuglelc acid

one or nNore nuc ners are no
poigherd o thabellsc add pazi]ynielrigndmg dtent Preferabbyp detonebr b nucleic acid

ods klng a device are provided.
#ﬂéﬁ Phnigqﬁﬁg thw%%@%lnlng a substrate that is

subs tAambrdaﬂgi ty anGtMSaQ&becrﬂthet iavenfiar, tsyﬂérﬁs deeighed @rddtect the presence

| bi ndj ng. es on
SRR et BB e <SR afiydulenes mdded. The
s/slesik irgtiueled eSsaﬁllph:Sdhalﬁbd:raé baﬁlélé BasP@hemtor hocike@Was teMRamber; a

P comiorg s AL RO I G R BRI i PR prethercn the

i, MlerBpdsRondd i@ thedhaRBerals eﬁﬁ&gﬁ&)%rﬂﬂtm&&%ehér%é bPthe
the surface of the substrate, preferably in
PG Iebgym HCHGTBEOH@FUIE%W%W@OHM@N%flﬁd)émélesh?am and the

donfpldnst@trittaB & indd dbRcbhSnSHRE 84 eréﬂlgé&‘ E)%mct LR@LIebiam

substantially transparent to a particle
PeeseAigbihy interactionpstrate is | ess than 5 nmthick, nore

pref gf ahhy. erhlﬁﬁlﬁnérﬁﬁfhe%ygtéﬁ? aksd) Ln%lﬁﬁless Iéel JJBISS module operative to

preferably less t
Tecdvecand Bhalyzeestanals igm the detﬂmrt Rieddrably the data analy51s module is

operative to analyze signals related to absorbance, reflection, deflection, energy or direction.
In other embodiments, the data analysis module is operative to analyze pattern recognition
techniques to analyze the signals.

In further embodiments, the system also includes a user interface operative to control
a display of information received and/or generated by the data analysis module.

In preferred embodiments, the particle beam generator is an electron beam generator.

The system in other embodiments also includes a feedback module designed to

calibrate the system based on nucleic acid polymer data.
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In certain enbodi nents, the nucleic acid polymer
bi nding sites are sequence specific, preferably

wWo@bkiogomees eoti des. I n other enbodi ments, the nPCT/E8205/024979

acid polymer binding sites are not sequence specific.

In still other enbodi ments, the-nmethods al so include

affi xing one or nore nucleic acid polyners to the

nucl eAccoddihgltopmbiiereispdat atthe @vSﬂtioﬁﬁsystElh@ﬂ&[g’.ﬁbdi ¥ detddethe presence

or .nore nucl ei .are dified to
B BT e st encR ot AR U S e LR a6 Prpyided. The
wRtihdide: § YHiRd@hath®sr; g?@t@ick‘beaﬁﬁ b&fetatdrhiSsoblaR8 SAHahOEhamber; a
gntern1ne t he sequence of and/qr 1dentify a nucleic

BrdoFonssied a?%arfﬂngw fa&allect pratidly Beaghipepintaficy anteraetion between
SRPafRI.IANRL 4 saﬁ‘n;ﬂ@é&ﬁ;ﬁlsﬁgQl‘i‘é“ﬁc&?&h%[@o@fme?%ﬁ@&‘ Al Bhlementary

with the chanber; a sanple conprising | abel ed
steang 0& the mpelely agid paliener @ datasnelyss module éeswp«}/weamalyze signals related

WNBE BirfcIt Bens §PLE0 JMRERINP Q&bﬁﬂaﬁ&?fézld’c& th t&f‘e rﬁlgl%{zb&%fd’ po'lﬁner and

exposed to a particle beam generated by t particle
b &erbagk madule designed i @Eihhgitﬁ the aystembasechert the mf@*erlamm t he

o L fsSmBSABARGyG e SRIR BIRRLAidbeRU CAAMHer it Atrand of o

det ector constructe arranged to co
hecdaie sqppépélpweraf t er the interaction. In some

enbOdfn'pét%lﬁ e B(I;cﬁm 1¥£§ ttl?enl}eglb%& 1111 llé‘l 1Csledem ne9§ cal%ra&1 tylg Is Sstem
7e's )

nodul ‘'@ ‘oper a receive and aha
b:h;ed dieg bzlsb{base d?srtaafce phibe yudl¢ie addip@lymaral Iy sthsr esrmlo:halliments the

d.t bsor b
Bk ot R BRRRES sRRLE s bies bR EPReERh g he
emnﬁdmmtnﬂ@nmthe dat a anaIyS|s nmodul e is operatlve to

anal y attern recg niti, n techni ques. to ana
o1 ook Bo BRidR e Sen i Ratife P nelbOiys P 4 el for
cm&aulelga pamula ®kanh fiseithés eTB@ﬁembds\&ﬁcm& d@@mhﬁg)hat@related toa

a i nfor on r celved and/ gr gener at ed g
PW@O SR dapeiwa?rygq ratinesthe U WREY Based an Biisatd: Fesierably the data is
toliRedr8 bbbl RsPERIN BV HeHublkicia8idPBlyRlef Cln'sBi e BRBHiments, the
generator, The systemin other énbodi nents al so

¢alibrating @ChldF%@Hbfa@kg e ingiremend bpsgA oa kpeyvieggomsiries ef the aucleic acid
potshem based on nucleic acid polymer data. According to

anot her aspect of the invention, systens designed to

det echcopringdp aaeiher @spsrt ofdls iventian systemsasg provided fir detecting,

%gérﬁfng Hent 1d£1¥1fﬁgg?ﬁh<ﬁé18 aafi g%&%er | o@aﬁld@é Qe\éhds%g%%s detected

ystens I NC a sa > artic
@efn gatentart the particle hean snmehretsrhieng:fmn‘@eposma od etsauploromprising a

R P S OB B L BRI S oms

mnddeaa éama@ssomﬂulesapn@uvh‘e reagdle@ne oxamolcd s;gnhly nﬁam the detector, the
Nt f th
gnel (!I‘ ?nore ména(ﬁ'fprfe%*es; L1R gyt)éle garﬁ% a F%n g)gg 65 ﬁlg@ dg%egﬁ 8?(&171%06 and/or

ﬁlblg:l’f& ItIR nueleitaeid polymer and/or its complementary strand comprised in the sample

based at least in part on the received one or more signals. Preferably the nucleic acid
polymer and/or its complementary strand is labeled.

In some embodunents the partlcle beam species has one or more of the following
propertles absorbance, 1eflect10n deflection, energy and direction, and the data analysis
module is operative to analyze the one or more signals to determine values of the one or more

properties.
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to the particle beam species to detepnine information
related to the nucleic acid polyner; and a feedback

woadloedesi gned to calibrate the system basedPOrnUs1ves/024979

informati on. In sone enbodi nents, the sanpl e includes

a | abel ed conpl enentary strand -of a nucleic acid

polymer. In certain enbodi nents, the feedback nodul e

i s demiogiResmbaligeélts, fealag dnhigsis ydtEBidPSRLVOR adcess a data resource

base: base dj stance of. the nucleic acid pol

HHEIsIg e aIc e Pelymen i graatiph e datsdeiodrcr é“%‘@éqggan‘ié’@ jirycture
RedVirl gy [ﬂhl@l1ﬁy|'b$e§tﬁ§§ 840h RAG L Shebify KO RBIMERATEIOUT LRsiRttiveicleic acid
nucl ei ¢ aci CFE ynmer. Also provided in accordance with

BHYPHEFIUE e clbly e daiAAADFISMosHlS i5 SReFdle i Raptially sequence the

&ﬁ;'léléi’éc,@d bdlPmét HA%dtdn%eeorE%@Hiokens?%ﬂaﬁnﬁ@ Wata 1RG4 %G&lﬁ’éﬁlrther
include acquiring data related to a nucleic acid

pronyisEg: a eqvebieing module farpmbine thyrartial sedvendsagiaeaieneing
%ﬁ;l’gl'atlg)l{ @fft%[ @Ei&c etchfpoqiﬁﬁeq a!: ssreﬁ b%fnetge iQa ?esgtﬁ‘éee IH %ﬁe?erred

I stance o € nuclelc aCI I'n sone

- embiinerdnths date healyséd méstulet lnﬁgdqs ra@bmd@sﬁon alodle apératgyetth eompare

%aﬁ%&&ergﬁiﬁoﬁﬂ}}g &%Vq} nff arlé i %he Lfo%@&*o%%ﬁéc%e% by one or

ccor 0 ano
mnmeifttheahta stystierentr@s. ePrpfembil}dthd cémparxslen module, operatlve to use

%a%t%u grre]gclrgﬂglé)??egbclillguegg(g Qmotnh f }e{eCt:Hg 1Sn%o atl lC():I%eI el‘glci:l’lle% f(%)g{ %18 f)m?, Oor more
tipealarhd mfoemttemmpemfmdi b@rsher @rir tnor:gthé dﬂmstﬁ)cpﬁs atdesof a

compl BART BPbP e e S i e g odue o

disglhyBiormatiat racea«balay@/bﬁgdﬁadtéh &y fRatatianyigsik Motigle & ¥/ 6ser.
nore s det ect.or, the one or

h
g |n S n a[Irng‘“fﬂE—?b F‘Eé‘gﬂ%?lﬁﬁthte 8&1‘%15 %F"}”?: Fovhigh e spaelp ésseXp%ﬁ‘?gos[ ggnerated

si;ezs piticle MY EHERIGANM BHfe datheblvEiY mobEle MeGlded £ fed@adk module
ynmer and/or its conplenentary strand conprised in

?R?éat% fRpPTa Vi QRePT &Ore Eea@haclf Pt o thpaptirde besmageparatoppl/or the

QltediB} Be ShRBhcte FRUBER g@mlysﬂeagnﬁyﬁk&ﬂnﬁn&me@krﬁﬁiea BBEast in part
and/or its conpl enentary stran | abel ed. In sone

o dlen onsor Bora signalsaeaeivefl Eomdhndaigséai Beeforaldy igeone pr meree
%Ec%ﬁa@l‘? sibdid ﬁ%ﬁ@mﬁ)‘hﬂ@tﬁfn dfblecsahbﬁg SOME 2%‘6@];3 bfeﬁ'ﬁ ?@fe}e{t&n In preferred

[ ection, energ rection,
emxlidjrg¢nss tﬂm&@ﬂhﬂCk moclple AEAPeIAE Ve @n@raty #he anhor ware fogdback signals

BRELarSLINR rt%f? Fﬁﬁ e%eﬁ]g@%eé’@%ﬂﬂ@ ﬁuc?{;lc Iug %l%exo rTh@‘&Etﬁ analysis

properties. I'ment's anal
modué pref@abdvjpmphﬂerwtdmgean@hk@paradm ® staes m@rmatlon recelved and/or

T e

of erh rsoms embahhemmhe yansyfie incfudesgplunafigrafetol @nleabiadama nucleic
AT Ig)cﬁ?rtmierva(;’;d}?)lr'I 1% goingplearrcl:eingary strand, and a plurality of particle beam species results
from exposure of the plurality of molecules of the sample to the particle beam, the one or
more signals representing the plurality of particle beam species, wherein the data analysis
module is operative to partially sequence the nucleic acid polymer based on a first of the
plurality of molecules to produce a first partiai sequence, and to partially sequence the
nucleic acid polymer based on a second of the plurality of molecules to produce a second

partial sequence, and wherein the data processing module further includes a combining

module to combine the first and second partial sequences.
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pol ynmer sequence. Preferably the data anal ysis nodul e
is operative to partially sequence the nucleic acid

w@ologerobased on the one or nore signals, thePdEUS2005/024979

anal ysis nodul e further conprising: a conbining nodul e
to conbine the partial sequene with sequencing
informati on of the nucleic acid polynmer accessed from

t he dedcardifpSo dhdRer abpeciureeahveton m@ﬁbﬁfeme@ddbhﬂn&ﬂﬁrﬁl is
anal ysi s, nodul e i ncl udes a_ conpari son nodul e operative

Erawé%&%mg CRPBiETEAiad %Féxa@rsrﬁrwéaerﬁ%ﬁh?tt%Enwgrwowhaé asa

&btgﬁﬁ*b‘émg @xéc’ﬂ%d'b? f@p tbrO Bordie b tbd t@ryto E%M a pro¢eSs &f
the data structure entries. Preferabl e conpari son

FRRSLIN® spauergieg andfoy ddenbiyingea nygleicaeid mé@@fg Rpser 6R partlcle beam
$RGHNIAHLRS HyQ CRERR ”cl?e gahife1d &Bﬁrsg%ésq&uﬁ&fg%m &&Bsd‘ré G’FQ sample
the one or hore signals to the Information specif
toynprisiag emucleic apid pelymepangarats semplementary stiend teg. palltlﬁle beam The
%E&%g 1n@fﬁﬁ&d %e@go%‘g I'L?gr rﬁi@rg gmg ?h&ﬁ'tﬁ’e J@&wr ethé Q&el dl“iirﬁ)‘?e gnals

Ser interface mbdul e to i'spl ay information recelve
gpighentingytha padicke ety spaeiss;cat detestmyssiigennind ah&ort iderdifying the

E f

%%&é%aciﬁ%olﬁéérqgé/ofé@%g{ 1T egﬁr}; ﬂl%mﬁ) Qgrkér?sag bnqﬁggglﬁé)?? bas?d at least
ingarnog ﬁwefewi\@d onamdnorh eigdas. aPrafeaibjgsdls nuelel hcad poiyﬂneldaad/or its
a f E‘%‘g ck tm)gliﬂ & egglter ative to provide one or nore
VR r%fa‘w %S li? he particle beam generator and/or
t he detent enbodihentgiie partichaieemfspetts dakorsl g AtlrSof the following

ecl.fyi i nfornpat i on erm ned at | east
PBeHics Pt TR AL e R paces U et R hct of detecting,
slgti@eing bnd/BY igé@itAbE Wclubes MAHZiAE tHehe of Bedkaakls 5 @hdnte values
i nclude informati.on for calibrating the particle beam
bt mor OPTH%er red enbodi ments the feedback
nmodulig other GREYdRhINE tHeQcOTABEAIR, dhferR@ aRl/ofMRERIfying includes
f eedback signal s based at I east in part on known
YyewFag pidata respuic eompyising nuclgisiagidpelyes informationy dheata resource
ﬁaahmg b YatdRP e Gre Héﬁﬁgea[ ﬂmal/ity' Jrehiide Sach e%Er? E}?&ﬁyﬁ{g Sbrenation
operative to store I nformation received
Penter wensatipynuelss asaltmlymsgqyﬁwemmr@lbthe act of detectmg, sequencing
SRR ey EAARNCS pARA Fuching HERUERRACIBOR b bl on the one or
morg|sigingls écprddyse layasial ssaeknor; apaessingopagticd sespyeroeynfomeating of the
) f

@{(&%ggaﬁﬁ e;&br oﬁ%%rt%n%e 8& Hs&ﬁr@ QE@{Béagbglﬁﬁg i fpaxtﬁﬁtﬂe ﬁenc{ Rt the
Itamtletl b@lugmenmfotmatlbaam prtﬂaee(bﬁtm’bodnnﬂmme aat gﬁ@t@tmg, sequencmg

;e%)E' é thlrtyhngqlacah%s angra%n 11¥form t1 1(1e delt%nné%eéir a({mn% 8 oPe or mc)re signals
tpaliet mﬂhhytm@get&ﬁmdebytdme oﬂmoieejfdleamtr(és phi spmerof thesedantodingents, the

. I ur al | . pf roduce st

ash b essingd SuRac Y | B PR Py Bl it ippfetn ERimition
ﬁ&ﬁﬁ@b@toaﬁmﬂa@ @heyiARIm dnedtefingd 66 (ﬂﬁ&blﬁfor tldge signals to the

,pi ur al cules to Qduce a second parti al
@uﬁlﬂé pe%{;@n%g? G Pr RS g“é‘i‘%f processi ng nodul e
f ur t Ne furihB£émbiRIEm et £ ARk d¥eGurther includes displaying information

determined from the one or more received signals to a user.

In other embodiments the particle beam to which the sample is exposed is generated
by a particle beam generator, and the process further includes providing one or more

feedback signals to the particle beam generator and/or the detector, the one or more feedback
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nodul e to conmbine the first and second parti al
sequences. Accordi ng to anot her aspect of the

WO povefot199eh, a conput er-readabl e medi um i s provPdBEUS2005/024979

havi ng conput er-readabl e signals stored thereon that
define instructions that, as 1@-result of being
executed by a conputer, control the conputer to

ﬂgafais@pm@@r@@ﬁﬁa&loﬁfdeﬁﬂﬁlﬁed at flkgtst ifs &Ky 668 thgor@dl hdie signals
identifying a nucleic based on particle

Kedvddpar e deigee cl’tr%faragv the %P%Rf%ﬂmg {15 dﬁ%PrPV’é‘l"é OBg gnore

£hRRaLeS gla®SHAtindNdeliARIMRHR a5 hBorngdhé 1€ bé‘a%ﬂ@ernbﬁto? 9In some
a nuclelc acid palynmer and/or its conplenentary strand

erebod it the precesa Airtherrneludns gerasaling kg Qs moFicls byplnggnals based
st p maﬁm%‘ﬁfgebﬁle{rfe%m@ﬁu&&é £4d PdiyméHe one or more

signal s representing the particle beam speci es; and
det edn gt enslagiresnss thepraaess Sirthediapiuddsysionige ifernration détermine from

@Qbﬁ&%a{gﬁ asegorﬁaﬁu%irqmlgmg@lhﬁry strand conprised

e san'p east 1n part on the received
one dn furtheeerghagifra¢rgs thPsamipde mblugestarpdurality [of moleguliesiof a same nucleic

&%;?J n%‘{fg‘{%%gg/ﬁ@% c{c(’)tmsﬁ)tlﬁiﬁ)e%g?{lﬁ% And 2 Blu urreﬂ oh?adl ?&!a%‘% eél& result

ecles as on
EXp):dsulb loEtht: cpllira:l!/w n@mplemb@srdf ﬂ&ssamabS@t’rb @atiele beam, the one or
| ect.

t
By e i Bes g et e O Ry PG SHefiER e D Bt obiBSiing
SeqanungncaaaHmnfyigg tnhladesnﬁrtmny sRjuenciighahscldioacid polymer based

det e val yes .of the one perties .
r‘FB“oQJPr 1y1of molqeules oy prey “"%‘J g? BSEP‘?rﬂa ey tfe H%‘?‘H‘by sequencing
taa dﬁ@élc hel@pdly iy baged dncd d4ck@l oR GeRREAIRY oBmIRbEed 18 PEIILELa second

ri sing nucleic acid polynmer information, the data
Wégaga?%l@lqen@r@af%t g figst pagd Sff?qﬁidiamaésmgmcrasg a plurality

Of ertthdr@SpecBa&hbdAithdnys shAE&aitfrdd dT8hd iV REBR WilPPecdie Uppafent from
espective nucl ei ¢ acid pol ymer sequence. Preferably

i Bl lwinggietsled deseripign of B isetionghendrayidarefeRicpriynaiigh with the
dc@&hﬁ%?ﬁ RAFWAAl THe 8QBHPAIINY %ug% a%h&haﬁlcaaﬁﬂ dreRfol ﬁﬁfé‘ﬁfled to be

ase on the one Or nore SI ro uce a partla
dravyutoreele. Hcthe Seirpy eprridangira s@qu@m@aliwmrlmm@ﬂne@f that is

1"11!}%%&‘&% %rﬁ)ug ﬁ%ﬁie?ﬁ!ﬂ%/ g@xrea eEéﬁFthbg% sﬂ@ie%uﬁfe?&ﬁ F ﬁ(ﬁatlo%rtglough not
I Ni ng artia uence Wit
@ww@ nEce PUTPDEﬂS wétlaoty, ndtigvesy edrapanent i hybddql meavey figoes. abor is
#Sc Sﬁéni‘ ea??l?%&ﬂﬁh of‘ﬁkg L 0?1 ﬂ&!v{. YR ihGEHIeS ot
a he one or nore

rrng ormat on determ ne
mcgsaatyﬁ;o atlhnW( theselorﬁ Polimagy skdlh lnsthﬂam foi lmder’stynd)the inventivmr elbfatent

adpgfca? Psnaéﬁ p%tgrdta érﬁzg{pr%a?eéln r}l?y rggo ?nc? e ﬁncorrﬁo&qg%q,%regfrence in
theie bntilerg. Iisiasgofivahfiier, ﬂlerpeasag@pdciﬁmudremmdmeﬁﬁhmons will control.
conpare the information determ ned fromthe one or

nore signals to the information specified by the one

or nore entries. f er .enbodi nent.s, the process
further includes d@ﬂ%@emwnmot ?.ﬁfﬁlwé?&

FIG. 1 is a nucleic acid polymer identification, sequencing and/or detection system

according to one embodiment of the invention. ,

FIG. 2 shows a double stranded portion of a nucleic acid molecule.

FIG. 3 shows a single stranded portion of the nucleic acid molecule, with detail
showing unpaired nucleotides.

FIG. 4 shows a randomly ordered mixture of labeled ANTP's prior to polymerization
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determ ned fromthe one or nore received signals to a
user. In other enbodinents the particle beamto which

WO b@odamd e i s exposed is generated by a parti BCEURB®AN024979

generator, and the process further includes providing
one or nore feedback signals-140 the particle beam
generator and/or the detector, the one or nore

&gedb@m@&ggaﬂis specifying infornation determ ned at
least_in part fromthe one or rece

f r om e’ aia“eé#eoq“glw Snglp émryle@ %%fcq%mfs%? hae ed
EdME1 @ SarP oAt qﬁaqao%er@audmf& a8 BRGk witHenehs hélhat

i nclude information for callbratlng the particle beam
epematigy that pusbie@Bnbodi ment s the process further

i ncl ydese Q%Q&%ra%hﬁlg st 2R ﬁa%sd‘f@(‘i ﬁoﬁ%%ﬁ:ﬁ%mﬁ 'lzgféﬁli ANTP's onto
based at | east ;Wgart on known geonetries of

nefeand ihat aledady brsilghetsr(for clariby, Bhorwnawioyt the heli qon@npaméhaé would
&ﬁﬂ{her includes storing informati on determ ne from

e one or nore signals on a conputer-readabl e nedi um
I n f UilEGheshosistierdieiits sersorntation thapiveulil reshit e labefridudonble styands,
| r.
Qfﬂetﬁr&}%eﬁéﬁlltbg)?h &IaP@s a?é‘lIE‘Sel@&* Cth?e pq%séﬁ 1{} o‘%‘i’éo}Sﬂl‘g an@Q&valgBAe %%wn.
S pec | Fé@ 84 aml §B qumttleedpdsmaetopfvﬂvsmldpl curssdsectipnal fview of a strand

e iy B, SEMBIERd P FrBRA AR AFl9R0t paricl o

beam KG8cdesand %&spd@ﬁvaﬁ §ho®if a ﬁpbﬁwtandg craseegeeingl Rgw localized
ﬁ g/or identify ﬂ%:udes rglally sequenci ng the
1o l“@.SEeSé‘EﬁaageﬂdW s‘e‘&“"b 4% rst of the plurality

of rrtﬂlecm @f@w& @ucmraqﬁateawa 1dyer ®tmgpdviet ﬁban&:‘pﬁﬂd}tﬁz{lﬁﬁstrate
e nucleic acid ased on

parti uen
a se gml i bRk %P%f RIysiraie FhsruUERip ath §Y<§¥eﬁ} gefing, and/or

§ﬁ&ﬁﬁﬁg@a®®ﬂﬁhﬁﬁﬁﬁ@@ﬁ&ﬁmc@Q&EM?M&Q the first and
second parti al sequences er aspects, enbodi nents

and a4t 4 ie & bigek diggranhillasitatipga aﬁr}eral Beee%?éoalﬁbfﬁlf yitem.
f r ompifer § @lolveWisidehgd dﬁfs?énll Stthdgsefal Pl F@s@ cQIfnpﬁtE‘Iesystem of Fig. 12.

i nvention when considered in conjunction with

accorféniA ing caraehiargisTosTrk skavdagd hgleh BN iﬁ'@fl@a as %ﬂserlbed in
Eﬁﬁﬁﬁ?@ic and are not intended to be drawn to scale.

I'n the figures, each identical, or substantially

simlar conmponent that is |IIustrated in various
figures may be represenged oSiidg! € nuneral or
not ati on (though not al pur poses of clarity,

not eSyetems emhpethedstof |sequleabm ai&nmﬁymg\aed/yr dateptingnudioe adié
e er t of e |nvent

é/rs V\Eﬁpa%rfﬁ]?l ’us% Pr§t9fla s nﬁ%ﬁ@cﬁrs] é;%nelnvélve usl%g mrﬁcﬁe beam, such
etsh&n&kacmcﬁn Ioeaoh] tmajbyalm klifdrfnatmm fepardiap thetlmclumdteidqumbrt Ba example,

t ent nd t .
3 RN A b piren e BrriiE e S SBingBE Bt Srpmrepypine from
inefRtienwih the shiiple ina@ Torint £pattern whictasm tefinte@rekdd t6 providaehe
@resent eC|f|catlon |nclud%?%%def|n|t|ons

’Emzpp n. Ipsomg exwggpen&, p o#tigle nsrument éesg an evl\g:cltrlon microscope)

can be used to directly view samples of DNA. The samples may be labeled (e.g., using atoms
or molecules attached to a strand of DNA) to facilitate detection and identification of
nucleotides of the sample. As described further below, the methods can enable nucleic acid
sequencing, identifying and/or detection at high speeds, low costs, and high accuracy,

amongst other advantages.
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FIG 1 is a nucleic acid polymer identification,
sequenci ng and/ or detection system according to one

wepniwoaigyent of the invention. FIG 2 shows a dp@iblUg2005/024979

stranded portion of a nucleic acid nolecule. FIG 3
shows a single stranded portirdh-of the nucleic acid
nol ecul e, with detail show ng unpaired nucl eoti des.
FI G HGHohswsa syaooldl fyr dedtdyieg sa@uehungamf/orldataedl@dquclelc acid

t
gp@:ﬁe a@%dr&’ Bg% oerB%lrn?én?l#gz attJ tlgenquge gf’? hﬁtbeesag}%rﬂ dlilcilf%s & glilaanber 12
mowhich b eargplel 14 Hskpekleohedo Iﬂ’pihisrmmoaimens 2] Wﬁcﬁﬂnﬂﬁrr]@’ 22 is assoc1ated
' t t the hel
BB Db bl T B B hoh S5l B
sba. apartitlabednageneaso |16 @ileﬁlgﬁéﬂ tp @bneRRE & Férﬂéle b@dﬂf:‘ | 83dAs shown, one
onto a str dy has | abel s

Al breler Mrnimey s SR ORiCk e Hsfios 4 SRR driat Tt Jagses) is used to

et end/@Soidus khe datticle teamtWhe dabiPidNed Hote @I APRRIHORAEM in the
that, woul d result from | abel ed doubl e strands, whethe

BT ol S sl deara Rec et therpigragéiieyqen the Rofticle beam

bRDIE BGn A Cbﬁ‘d&fr\fﬁcﬁ‘g leh$ arh@¥ent$ 3 (Ran B pBiGL R betweel} the sample or
res ectively show a top view and a cross-sectio

tpandithe f‘?t%ﬁw 2¢ie exnand the paticls e aprciea R6 pnto the detector 24. As
§Hd'vﬁ1' gblueRas: Iﬁﬁ‘}dbé ﬁ)sﬁ()ﬁm%ﬁgatﬁ fPle §a V\l;ﬂp & doro"ﬁg& bednh gﬁmegﬁansmlﬁed

d 9B respecti'vely show a top
éwwé theesemplsn dlhe d¢tecw>r1 tw@amtsz@@:tm@hsjgms rsprewstative eﬁtgfed)llected

b&n@spg&kgto Q%{a%ﬁgl?/%?wgcgﬁy 9§t A?&e%(:rllfefi %u‘thepggls u,\é@? ﬁag? %na?ysw

protectlve ayer over
miogule mpy be cenfighusd ko idieagetahe ddtd (e, rfaxt dengting) smuanmh@arﬂfor

n d ar. Seguencin .
PR Ia aEh AL B B O PR B Rpmg nseer o
diitengrsaqnendd angtor a;lenufg thee rgpele&raaid pmﬂmms e conp ﬁt er I
syst é St a% em of the gepera
pur pglglehog ign%fd]tn errStg‘ilciQ@% %?m?:? fe i e“t’lQP @ay fave %‘9 ey iy
ofnfigumii@rsdiffeagh thah m@m ih geehtddibNAi striend as
descri bed in Ex ed Description
and rRERBH B GO IS e HEIS (T i e Brieg 1 determne th
iéqtlemé arrdgorl’pwsblﬁle of @GidleiP&diY P8Iy Her. I Gé}ta%?'er@%unéﬁse 1t is preferred
ded. Th OEods can i nvol ve using Fartl cl
éﬁ? Sa§1§%‘3nbea?§ PBGPTBeTe SeBplFmeRary Efr%lf}dﬁ of the @P‘P‘l@l@ e¢id polymer.
Ihegas einbelitbifs, MRl i i BB bne 67%horE %R 85 the nucleic acid
polymer along with or separate from the complementary strand.

Conventional techniques may be used to form a complementary strand of a nucleic
acid polymer and/or the polymer itself. Typically, the first step in forming the
complementary strand is to obtain a single strand of a nucleic acid polymer. Any suitable
technique may be used to obtain a single strand. In some embodiments, a single strand may
be obtained by separating a first strand 40A from a second strand 40B in a double-stranded
structure 42 as shown in FIG. 2. Standard denaturing processes (e.g., thermal, enzymatic)
which break the hydrogen bonding between the strands may be used. In other embodiments,
a single strand can be created by synthesizing it from a template. For example, polymerase
chain reaction (PCR) or reverse transcriptase processes that are well known in the art may be

used. In other embodiments, a single strand may be chemically synthesized one nucleotide at
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a sanple of DNA can be exposed to a particle beam and
changes in the beamresulting frominteraction with

wWo b@odsad e may forma pattern which can be i nPEr/psm&024979
to provide the information. In sone enbodinents, a
particle beaminstrunent (e.ge¢,- an el ectron
m croscope) can be used to directly view sanples of

zQNﬁe fJJb%aﬁﬁréPﬁ%ﬁ oﬁ'gdhu@l@oticﬁ Q?ﬁtﬁ&ls(;ﬁocﬁss JuSh BahtiREiO PRoc&kes are

mol ecul es attached to a strand DNA) to facilitate
et enomingm therset and et berautomatedn ligs alﬁ@ ppssiblei taebtatsra singde strand by

?%{1 ert rl?’%ﬁ AeGhi sgl%ge fSWeH R&hng p&%'tr%edm ngtnhzgﬁss @d’i‘ﬁbmatlons of

ucleic acid sequen0|ng dentifying a

thefc@momr(a@d othrgietisde ey todlgse @%&ksll mafh@arﬁ.ag;n chin b6 used. FIG. 3
Shlw St ORI S aﬁh{;&? BfScfkG 1 shows a
Sys ying, seq

nti uenci ng and/ or detecting
n u cl e\ conademdentarly ymmldgf aamcdml acng pelymonendrigtsdiciom the single

stv\ﬁ%nd Hsr%r\é/\gegrltgl sgﬁtable ¢ %vgﬂ{%ﬁeﬁ q’%? n)?z}:rﬁﬁ@'!?%ﬁ r&‘ﬁ n%tﬂ%rlzatlon
tectmigues muyr’pe 22d nr&hﬂsgcp«:»lyatewe mhalmreactt@nc(P@Rb(erg tstandard PCR, long

fi t I
g@%mo?%alsg% Irt%r)h%glﬂ? aera emv V%%)&%OSI@? témeg élgl% sttrglillcp tP 51{1 excess of
i lebBded elﬁdi@mlﬁﬁlbrblﬁer gatmadordidonsa Mhe ﬁh(ﬂedmdemmd.}Sbe 1Aiseled, as

hown, .ope. or ns ar.ran whi ch
Fel B o Br e nslTR, Fod 0 SSRGS o Bich g P plitiments, snge
Slinh86ple poldmerasd @eyiBied MCugeatd facilititdrRadtions Fdﬁﬁnﬁ@d&}éh@meﬁ\ include
detector 24 is positioned in the c %ﬂber to co t
IB%If‘\r4e€F®eBTé%Nﬁ§BQ€}°é3§esz(@°&‘ﬂt“§rthﬁtrﬁéSt? t ERZATC B B% feen
SdrEndadeS, '@&-dg‘&eﬂﬁérﬁm& hysanRk e. 2 QR Ger Y trakBrBtdseyy §1|1d RNA-
e

arr angement s can be position bet ween the sanpl e
@pe@a@étpelymsw dn giberembodingnts; epzymenpegd npbe used (e.g., in

ﬁS El'léﬂlu@ah Qﬁﬁﬁ@s%ﬁ) e@ﬂh@ﬁsu%@ol@éﬂn%otngﬁs @eé %EEBtld%Aprmﬁ% other

t det ect or be p03|t|one beneat h
gamptesuelbacrsimases amﬂetawi/ ikq) sy atsooe aresentt Fd 5tSh@%%@ﬁrumlée 46
RABLE co @@mgﬁ&‘g%ﬁﬁ] vélﬁfﬁ'?n&lﬁde%ﬁ?ﬁﬁéléc? 8l de3b A frther below,

repreSentative ted beam species to a dat
emdéd/oifsstsband 49A28. As descri bed further bel ow, the

?ﬁt ac}? @%L%%e%n@%%cﬁ&%ymﬁﬁre%g %aé/%lfrfeqq}oﬁnosﬁu@%lfé & iﬁtFIG. 2 in that
e ata (e. g., or etec uenci n or
¢otkgrinh dnyary gfrand d# eiay bamods@ed &mniblude o:thﬂwamomdntstthat avould not

wn i bra erns |n or der
BNk PG P4 PR e Aok PR o iy en Y e may be
mh«nﬂbcﬁtobﬁclwmamst (6gd duufvaf oraftsit fersatioh) mhlefaalmmenhteoﬂibnrmyl
ave. a.var of confj gur ons diffe t hat
SRt nielrBu ot i b eatom 1SR & s it qtecuts
&Hetri pbdd & ﬁpﬁrﬁ@lb b&nf @edr tHaddctemByC ﬁl@tl(ﬂéﬂbﬁayisﬁéécléﬁhat may be
ermne. t a

S S e S B o glen o5 5t Bagace
dheddihdie, (BARPIS RRIbRdRE lﬁ(ﬁlc%ﬁ&?b}ﬂcfn amm @cglmiseire ntaGHr).

strands of" the nucleic acid

SiFpledy tknrusleiq 3eid Rodymyir slspggn %emf)dsf 169 I%Cfludéd@e&r Thisr e
slhARER D istddRe BHHoRY RS o the nucleic acid, for example using PCR, which

typically results in the synthesis of both strands (i.e., the nucleic acid polymer and its
complementary strand). However, in certain embodiments of the invention labels are not
utilized.

When labels are present, it may be preferable to attach the labels to nucleotides of the
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pol ynmer along with or separate fromthe conpl enentary
strand. Conventional techniques nay be used to forma

wa@omplogavent ary strand of a nucleic acid pol ynmePCEHOS1005/024979

the polyner itself. Typically, the first step in

formng the conplenentary styBhd is to obtain a single
strand of a nucleic acid polyner. Any suitable

taniiehengry seandalyus.ed ad hodhtiRFIG. a) s th gb&h s&hidad thelndcleic acid

onme enbodi nmen ngl e stra may be obt by
B R A e e abel i BP ra e pants Bt Parla Mess
tdinRerlid) erdtioanded., 4ings bikgle rdhdd @ﬁP@H}J&ﬁo bbthkdriads 8f the
St andar d denat uring processes t her mal

id ©)2-\WEing Ve PRRe PR, 9@% &l asshev i 1t (e dp certain
ERodBh &) g&cffﬁ)fyﬁé@ oHRBé ard @gﬁ&t%[y £ABRd 1 OBRE %ype %f nucleotide

S|ngle strand can be create ynthesizing it froma

é"pﬁb"é’ﬁ‘@e triphpsphig el ®); afi?@P%PPﬁéﬂH&%D%@aﬁT P)éhrslmne irighogpte
Pt) %Y&ql%ﬁpﬁo@a&%&mm ?ﬁ@no@fn@ m&sﬁla{efa@trggmsnoeﬁdlénahy @1%

art usée I n ot her 'enbod S, a sin
sqdea)ﬁdesmylcmowf@awlywgyldmvé@uh:e @ire@q:ferrmf@lbe!@tsmgée letter, e.g.,

Ae &1y Yor . Gor 1&6&115’%DNA' 9%&%‘@%@8 agﬁ iSHAERNAI § first
ro ar V\E nown I n

pt ocess. Such synthétic €sseés
nuekeotide typ@- &, Mpa wgormﬁmpe&f labet isiafachbd o amgscmdbiueleotﬁle type

Q4 a2, AL o labN R ME LG clebidd O @ A A o fourth

rce,” suc single’s ran
Qoerbf Inlzt iscrschefl td ehﬁauf'tb nagmtudg t}@a (. 0GRy, Thwes,he dssckbwiviiarther

kil l
et REBe s 7oy 1P st BB Pl G R Megi e om-
@etiraly or a’ty;ﬁm’nﬁht&fﬂsﬁlﬁcﬂﬂ’oyid&tal@mdn b¢ usad i oMhédhaheledsek, sugars or
ner can be cr t he smlesran%msm

oVt i Sen it et eregtiaY bpisal Ay ourting

SicRitlads (de POInyART,IG atdna))! ek BXWOFM ifr8odks @ dnuclelc acids, which
égcludl g%nerase chai n reaction

IR telRigAcut wheat %slbonvﬁleoseieclﬁ leaféégtween the 2°-

S Aldl tb{e p méﬂioﬁ%tc@ri%ﬁﬂﬁi DRlethPeneSiri0 MixfikdsdR thelfBre@ing can be
excess of nucl eotides under the proper reaction

epplevediip s iInvPREOMuC| eot i des may be | abel ed, as
d es crit Sedidie utl&grEtB@cf thehWed A¥in %%ﬁﬂe@tﬁfge Gﬁﬁl%r%@é 4 YitrbSenous

FIG 4. I'n some enbodi nents, single or
brse, mmml@nkms degraribpse in PNAS Hbask in I&Né) o jopmere (typically

gg* %ﬂn@{ ?Eg%% 5?1%84 P ﬂg %A g@f&gﬂgﬁfzé%tﬁes su cﬁweOUde
Tiabosphyits rs'eq’oaa@ gytosirpIkiptieypbatd estefeDisd tpaioyereAaissed héreinga |
‘pn%?{l%s?@e”tcgﬁ E hﬂﬁﬁggﬁlngﬂg @%@QFH&%&& ay@éscrdbed aPo‘ﬁr but no

Yer ases enzZynes nee
lirdaxg greupg .As used héréino ‘(blamcombrlsey thhl@germ)ls b#Se,Het not the sugar

sui t abl onp ﬁé

By T R PERE, ke e SpRBH PREHER irugte an o

iwseirtd inkd £nuckeis fvddgolgmad but@tnucleosdds or Ibﬁslewdmﬁg As described
onpl.epent ary, stran 44““191021 Lt? IS

BB M A Tttt B et b ol i Sh el tavets

may be attached to nucleotides, which may be polymerized into nucleic acid polymer, as

opposed to nucleic acid bases. Note, however, that a “base pair” is conventionally used to

denote pairs of nucleotides that are bound in a sequence specific manner, e.g., Watson-Crick

pairing such as A-T and C-G, in a double stranded nucleic acid polymer. However, this term

also can refer to pairings of nucleosides or bases, which by definition are not part of nucleic
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It should be understood that structure 46 may differ
fromstructure 42 in FIG 2 in that conpl enentary

wa@reoawddl may be nodi fied to include other coP@DOS2WS024979

that woul d not otherw se be present in a DNA strand.
For exanpl e, the conpl enentarig-strand may be nodified
to include | abels (e.g., during or after fornmation)
4d&gmﬁﬁ§glltate detectlon and identification of
nucleotldes in methods of the invention. Labels

at omOT5r0 His|28RAEES OMREHE BIHAUEBIROULS e PaRITEA léﬂ%@i?hei is that

Sl eatife16 R@RACKET ik Bddded RAILIIFIE sRReiPe AREGIVE SoB aﬁtewauon as to
be - detected and identified using the s¥stens

\r»ileﬁlhﬁe@d BEIVER BUGleRidR s Qprinay be r@qw;reqi | Labstinggach /pe of nucleotide
g ®owt R sé)rﬁ@ﬁéﬁﬁhﬁ“ﬁ 'd?cgﬁﬂtg'?x%taﬁf)ﬁ s @Qh%&eeﬁurtié’ identified

an asterisk (e.g . Siml anﬁy
triaet edch nmimﬂldp@ﬂ lmeede@ﬂrz and hereppivoingeleetisle perl ha&Pepalr which

PP i) BAYARARE QU odet RN A G SN BRRDS! ©
t ypi dabthyr engwdinants;, each naclegtide psi(sg.0€, Aok.RJ, $Drimadiyen strand
lSe rs% 2y dul %&“&h‘%ﬁeﬁa&% & t@é’ L%Eﬁ% f’i‘&‘&ie lq ere(ﬁ?n?lkig I Y
, Inhcertarn erb s of e
acmmpﬂtshmb}l whel dsffeaem seto bf labdldd rmetd:otld& ansehwlﬁhBP@R gycles, or other
SR8l SPGB TSR ) b b o

teiogsn in FIG 5) or to both strands of the nucleic

S0 e SaD BRSNS LB RS B bt Mg, i

tERENLESRIAL BipEs Gl )N, AN hi¢ 14HR1ed and theifL@thde g, TY hsfilrﬂa(b'dréd, then
of PCR) or to both g ands of the nucleic acjd (e.

e labgIsd o PeBAR e hersi g tedee (i Epusts nle .Wpe#% G). The

Fkitioh Bf h€ LhidbdledMRREHidR BhiSbe fiRkAel from dbYReioRbf thaRetances

are respectively attached to each type of nucleotide

hebvegn labgled gugleptides. gy shighdy 1(6@11@:) spacipgeefgwrigatides in nucleic acid
Hoifi Sﬁ%ﬁ{e?elﬁle&_ﬁ}lentﬁ RYFIRE of thi RRASHIB HDel Pﬁzﬂe 1aHE18E  Hor

tr'i phosphate (UTP), guanosi ne triphosphate ( _@g
eonvlent liishist phsequrasias defe mapbe aensrates! WicBiopwelgptéds types dpbeled

('@gc lcCin§ afA Lol REMs %cfueﬁ&ﬁ Haﬁé {?15%89 odn@rald VchStPQ GHh&r two
ttér, e.g., A C 10 . For~exanple, for
nuabetidq/rgpdeﬂﬂbeleé (€81 E1GX Hoth ¢fta $etsyady bepregessed beprovide enformation
%%%&Fgﬁg%h ﬂ§g£ype (e.g., CIP); a second type of

g.

to a second nucl eotide type (e.
ATP) Alarrtatlverlyi byygeliog onlpbed nuckoadd.‘sécgled Cborabctt]ln streahds ofa

r}ug%‘lbclea%fd;p% %ptﬁ %fqtlglcg g E]%}E snraﬁ 1,64 ane%:ﬁxllil rrec% ﬁ%tg ?l(e seauence of the

dHdPstranth Fer examptbe sit abdledladeninthiarond stkamd/of o delbdodtiadéed nucleic

types may . jdentified b i.denti f artlcu a

R BB bR bR Pt oBposit vy RRathRE i Watson

Orikk releltebﬁies'ouﬁiufgqu&anme stsedatidnbfeh hddhideba obasmm allows one to
eties can be differen

sugars or phaosphate no
ipfiB e SrisaiR o\ YL COETRAPAE POURR s ghr Stand of a double
JidRdcARhbIBi8 il e THe posﬁtﬂ)né‘\of @er@ucl%tﬁl@ﬁca@)hkeﬁ%@ b& dERl; fead or
of this is "locked" nucleic acjds, iC
inferred from observing a double stranded nucleic acid that incorporates only two nucleotide-
specific labels.

The labels may be attached to nucleotides in a variety of different locations. In some

embodiments, labels are attached to the nucleotides on, or within, the nitrogenous base (e.g.,
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for exanple can be a bicyclic nucleic acid where a
ri bonucl eoside is |inked between the T - oxygen and

W0 b@ed199ear bon atons with a nethylene unit. M RCT/UER08624979

the foregoing can be enployed in the invention. It

shoul d be understood that, asl@sed herein, a

“nucl eotide" conprises a nitrogenous base, a sugar
H@@Iﬂdg@n(rle, tgymlnd,elywmhu&el)i Rorladmple, indisese érmbddiAgntd Mebels may

i nki n oups, (e. g.., )
os D h ac[né carp é‘ﬂ{ﬁfa gy r"}é 1‘{{/‘5 2 3516 °h HI(SI? é%ﬁﬁca Earpén %fq“trogen atoms in
Ithmdiamtlh Othet émmﬂﬁ@mta@els ar¢Clftach®d €ythe ﬁlhdll@tlﬂéd despitah,8he sugar

as re rred to "nucl eosi de”

B‘b"ﬂFﬁP L8 doiF ?ﬁf@s %4 eseaﬁg)@)s d@aﬁhemwmf‘@w lpbels are

deshed &ﬁ‘ dr @bﬁm SlinkBigteréis bf MK nGcledided) For A& %eh%e@d Hay be
rlses a nitrogenous base, but not the

§w§?‘? ?fb P’é‘éfl} ig, phopRhgle; livking eeanp. The lakels maype @%?@b@i to oxygen

S¥RMs { ubastufhiqE 8N ﬁ@)ﬁa substiuiel %ﬁ’&s#)ﬁiﬁes(: EY) c;??nay replace the
pol ynerized into a nucleic acid yner,

RERSPRYQYSAOTD At qsHlE SBennot . As descrlbed further bel ow,
one’ ag\pkia gl%b&flm@l% tRd BL&he Q&JEEEH 1) t%r dfcté@ti&'s 8% SHValent

invention is that |abels my attac

h@!‘cﬁlltgotASd’@écrlbﬂ#l fugtherhelovt QOWW hmdlmgemowdﬁszstrmt@clunent between
?a‘Bblg am%f%{ldes%1@asg§%let 18bé“é&°4a§1h1%s ?ocﬂ!v%s%ﬁﬁ %onsxll\%tt? telatively

however IS cohventl on
bigh @@@Cb@ﬁfﬂs eesfrzinuElge gt Qatbe ¢han thUt é@ &V tﬁmm@;tmm beams, for example

SAALERES PR o B BN P i

paitgstethe teelovigues |d§:sct1bndsb}¢Mergayamasmvcdmattaelﬁneg labels pgihg Wagsn-Crick
defjiniti

cl.eqsi des h n ar
BondHSYRA0 RGeS Rl P 7o A E 408 rapy mot be
hiﬂvtornglﬂsmoﬂl suvhlighadldctten baapeerdeasidsi Ng a u3| que | abel i ﬁ
t hat m .a single "data read" is needed to ain the )
Lo ot RS IS B e masind RIS e Bftsheg utelobides prior
&tthamcble@nges\te:mmgmb e@hpléﬁeﬂltﬁry(%ﬂar[w(ﬁncb& doBfs! bf 186 first strand of the
| eotide uniquely al so al

h
el%%%%mﬁ?fg%? tb%ithw elinhg@él?%tsut?ﬁ labgly Bavbg WF?CtBQ?Oé’a‘EPPS as

@@S@oeﬂ&hﬁhek BelbW etﬁ&tld%lnagprtewn@myﬁaﬁié rBAEbRAhA S e
identified direct] there are two nucl eoti des per

eRRaRleTpentary stigar fand (9(691?1@%@ therfirstranchef the pslgicoacid palymery Thus, in

el @k NBS Sordflerhdiarfl 8t AAd rl@@[;elélﬂﬂlrﬁg MG, N Ot her
enbodlnents each nucl eoti d C A T, U,

O i rHeweyry émothereabadimentssit may, gq: dasised talagthch Inloetls toimacleotides after
foﬁgﬁioﬁ of ﬂletcgﬁlgf%%%rafsﬂéﬁf%n%leco% hels oﬂh@?irrﬁt t-gﬂd%g BRNuPBic acid

acco i shed by usi erent 'sets o
ggt Jndlsse capes @Gd@ﬁbﬂ@es P@Rha\;edieesmodiﬁed)(ﬁner to formation of the

t as.
T e N
aniteble nttashinedti site whish carobe ladund, puctrebly icoenldnyipeas araleﬁfédtlabel type.
Rﬁelj f@l@faﬁgg thé: Rle1ef acncpstrahd(ls) may be exposed to the labels which attach to the

sites.

Methods of the invention may use any suitable label. In general, the label should be
selected from types that are more easily detectable and identifiable than nucleotides,
themselves, using methods of the invention that utilize a particle beam. In some

embodiments, the labels comprise a combination of atoms which may be the same type or
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three nucleotide types (e.g., C A T) are | abeled and
the fourth (e.g., G is unlabeled, then each

wO avbalwbed” type may readily be identified asPCTEs2005/024979

fourth nucleotide type (e.g., G. The position of the
unl abel ed nucl eoti des can be-2mferred from observati on
of the distances between |abel ed nucleotides, given

tﬂw ba |dqrar¢m EypeLwith SRl gheupat.gn uel s ﬂndﬁﬁl) i n{hlbeE (pirdferable in

n er. enbodi nents, two of the
Solae %ﬂg?ﬁ s ﬂ%%f‘ﬁléeis tﬁﬁeﬂnﬁréseﬁgg%welass apps a@ﬁdﬁﬁ?f@e cages; p piggle atom.
Saitabld atc06l e MR iHhd, PRYirdift qmea ﬂ)t ed Bgl t, bwz)bdAu 1th, Fe, Pt,
a Secon se

nucl eoti de types | abel ed (e.q.
5 LE G G Lt Ay DS §ihBba s 8arpoiing R Tingn sty may be
Bfé‘fér&@tlﬂl eRtalyRes. IPRelcshto8intnis, thoud@not A0 lgﬁetlﬁne?}eﬁa%e an

may be processed to provide infornation reé;rdlng t he

aiei¢ winaley (oreer ingegtaera dhessaler they 56 abmpthads ditheyinyengon.
ARGHEML indﬁl%r ERbSHiments, irhayP: O;?%ﬁb t5aRd ﬁb&g tothal¥ glll Sbic

acid polymer, the sequence e|t er strand can
nmbfrrroébﬁsmmltqqealé@gwme opin aghreggehes., $7Hand. For

exanp . Q
PR Bh e PSSR, L 5 Ay gom s
strandite smarsinghecoppposintagy gtandacshown a\dmﬂnnsiased @s thietsimple. The
ucleotld rul es
haP el s ) e B R Rk S pauring
'tenhlaquds lieg. ebhemtaemn@nﬂftlc)a Afiey sepaeation, thd@rsCarahé $a9 beldid¢hrded, or

ﬁﬁs n_of E gﬁother trand of a doubl e stranded
¢ %Fsmg%Vﬁ OTRE 08Pt i ons of other nucl eotides can

| i kevinsemb easds, seikdtisn bedighe OF the Rb@plefdnthfyGiaabaa rsihh}ﬂﬂy detection
ucl eic acid th I ncor.,porates on

randed a
P BE A PO S i i reliuishs T bl Srigmiggiments, the
&Srﬁ]ﬂ&hﬁﬁary QtrdHdGne eel fHQStrhdd afe N sbRitafed hndthé H&IRNtranded structure
| ocations. |n sone enbodinents, |labels are attached to

{sHEedas @ sappicde the ditectinn apdliopidgntificaonstensogenous base

(e.g. Ln%@ﬁzﬁh BRbodikait, Rehen Eﬂ'é)é@]n@%meﬁﬁéﬁ%ﬂaﬂ@ls séﬂa‘f"&éc{ ftom the first
For exanple, in t hese enbodi nents, Iabels

nmay
sirand.cthe eoreRicraentas siramidds wed As # iemglatd ta croais apetber s@\anchuylch may be
[8RLRCENiE @efnb:?é’éteoef dd%bfersggﬁcﬁd e Which R IRRS F&ro 1B dé& B8hds (i.e.,

enbodi nents, | abels are attached to the nucl eoti
Eﬁlﬁ CO@PIGW@@W@H&M@@@W sighdergdted frem ghe comiplrpwataynstrand) as

0 iR EIEIRO%Y Eérﬁﬁ?ﬁjeth&s%doulklﬁ sﬁ{inﬂ?lﬁ %tﬁ.!zﬁigg [sTEQ e%’thef sample in

| abel s are attac or wt rou
ﬁhdﬂnQUm@m@bdéyﬂﬁEdmm@kaﬂpIe the | abels may be

bl Aetedte (R iptlabih ey BvBRORRARE S sk o M cBitin
Smltlﬂ,mon(ptﬁng:ntar}edu}ah@atﬁijhsﬁstrhmﬂ, ecnplbmsphqisemd aﬁt&he@ fstrarRly, or
PR B SE RO e G510 Bl S hh e s
muy betht sairs(iby based ah ﬂ]ﬂtsarb@m:lufﬂ@e) Adiftese. infRderhl fHeREBstrate
%lg)l{,l@g’g ﬁ&i?%ﬁel f%p éxpggurr]g ‘éon gpapt ?e bear%S Ir? Eznrﬂ%]a%mg}tg %Cvrv]hqcehnlgartlcle beam
species transmitted through the sample are detected, the substrate should permit sufficient
transmission of the particle beam.

The substrate is generally thin to enable sufficient particle beam transmission
therethrough. For example, the substrate may be less than 5 nanometers (nm); in some cases,

less than 2 nm; or, even less than 1.5 or 1.1 nm. The substrate may be formed of a single

:.,
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| abel s and nucl eoti des which can enabl e | abel ed
sanples to withstand exposure to relatively high

W@ a00biotd9e3 beam energi es (e.g., greater than abpCr/USBHO&NL4979

for electron beans, for exanple about 80-120 kV) that

may be inportant to detection2bnd/ or identification of
nucleic acids. In contrast, the techni ques descri bed
Weﬂ\l&gﬁaymmlaiyﬁvolmc&rtalhtcmhitlitglai/éi@)éinSy béhﬂg; linked. Conventional

di IS erall nificantly,
DA T ot B BRY B HAES N ROE RERS CRRp b AT QLD Milling
albspst @hatk.t hst and such high el ectron beamenergies. In
odi nent s, is preferable that the | abels

t
e attabRat G R Bl Bloot of Hin hcrced cabisclude
tabdh @G, PR BAIR) %%@ﬁ@ﬂiém%h(‘l)aﬁ&oﬁ ﬁ‘lﬂ‘i’dec(é ﬁﬁ’dlﬁ%’ a Qlbid f8icture),

first. strand of t hese

e nucl eic aci
el R PEHBISI (e JOROMN AR (o foypad, Tagther
sapsdihmbed tdiubliffe D &l:RWH of Jﬁ%gdﬁfb rHQcErlaﬁg ¥EL o hligld natural protein

pol ynerase reactions that formth conpl enent
St yameq Ao rThe sphstrste afatariabmpy besdopsql with ghesfiicalsy éor example, to

B l‘ﬁikclaﬁ:?é & B BIMARE Mtac 1%15@ 'oF J:hg s%ﬁ@é bs &e@?r%? fJnJEh%{ below.

conpl enentary strand 1s or na
I—bmev%inplqsnnmm@tta@n@ tsothersubssigate by chvaycalﬂe boebng :Edleatstca portion of

{:ﬂats oatpg Ll)?/osér%r 'a%ﬁ Pan%fﬂg‘%lue%f eelEnofw%rto olsé) nf s%l]t int hhe art. For

conp or- copi es of
stampted mofectlhepnasent @i the awtade pithy sréast)rate (ere. tmes;asm@sae part of the

T T N TR S

mbhcdlesrmay Ist makeit afd del]lt&ncmspleﬁﬂc maticalep@| gy, MlEInucRotides). In other
i ncl yude .a %ylt bl e att nt, site.,which can he hound,

6 P SuRyRE bR i b ARV AR plodine M fhment pits i 4 sequence
ﬁ(m’-spamﬁanln dileg cives; leRLRicAThstgs hqﬁﬂ Bel (el t6VBdid BR sBMPIe$SMhe substrate
to.the_ | abel s mhlch ttach to the sites. Methods of

TS e REReRERP §§> Hhesamples eag be spapsd ppary ip agesdetermined

pﬁﬁnﬂgﬁﬁbsggﬁwbﬂnﬁgmggyected fromtypes that are nore
eashg% det ect abl e and |dent|f|able t han nucl eoti des,

t hemg®PUEEN, of 8PHgnsyat hesawlona breatiaphpd ie the subskate. In some cases,
lbﬂtl'l biAd& Bf the RARDIE @é £, Wménfhrﬁ&%d g&ﬁg‘s@n{éﬁﬁﬁsﬁaﬁ@% first strand,

| abel s conprlse nbi nati on of
¢omp legugptary stpad @FW seand) maychettachedpia othehpases, f)@ly wneend of the

QEPWndyPoelhttactleh] 1§1|s15’:‘1{'léI PastE %ﬁ%/ drmort hodTB¥d Jb@tlcﬁzﬁ gfoﬁé ﬂ’x@ll%gth of the

I N Sone cases, for to conprise
Jagple maydhesatiaghed. The @@n@n@mgﬁhe eral(gion glloEg the dmlg‘thSlflﬂtmbblc acid

%l@é@e(ﬁ)@an lb%?a%&d?&jpgrh%%\}éqe% lg&h.dlﬁé &tﬂg E”Clélg] qcu? %Jo 1ng'%nthes1s
1@ leo@ips ca@rbleAd foring\Mwnddvvith FRb sutSgateRa, Ba, and Sr.
Hal o fer cas
soms i REEE hef o BRSO} bl aBleBaRReS Wl o
showntroayi e lm)me’d end ét&i/@ln €ethinintetifogy bEYa irepntivh @\Foeﬁat s@bstantially
nventi qn. t hou
PR Brn R T E: 1Peled ARyl SRR AP 15 QG P A aftashment
tb chehsabgragn Thisaah facﬂltate detection and/or identification. FIGS. 8A and 8B show a
labeled double strand 48 that has been substantially straightened and is attached to a substrate
50. The labeled double strand may be attached to the substrate, for example, via a linking
bond to a bonding site as described further below. Conventional techniques may be used to

straighten the sample. For example, a sample may be straightened using fluid flow (e.g.,
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nunber of |less than or equal to 55 (alone or in
aggregate), e.g., 17-55. In certain nmethods of the

w0 pwefi9903, the conpl enentary strand i s separ aP€rius2005024979

first strand to forma single conplenentary strand as
shown which is used as the sa@pl e. The conpl enentary
strand may be separated fromthe first strand using
folecalat ¢oadbadg) dehafluid img cbiapriuaiog el esm e liguids,tdasssnalcombinations

n i ato_thefrttran be . .
ﬁ}g%’gaf‘j‘l a"&,th%f{}m Sginﬁ ds %}ﬁlahqg!(qq Isv\ﬁ% fite g@g%\}y)r 1zat10n in

8 AR AP DligHRIBROGdds @n:s@m dn 4R QusktrateRErfER MM @RI YagdsYelectrical
strand can. si nﬁl ify detectign and/or identification jn

Selgs Bgy Bryser! srdméheerﬁ%sensﬂ o Hidgiew, opalepshio promote sample

SRS RS embOBmERIT @lﬂ@fﬂ&@feﬁha?ltcfné BenHe e atttﬁﬁleﬁ 't(f &b substrate, it
strand are not separated, and the doubl e-stranded

g1y e pigfeareyl for gadhanpledo ba ahaned pubstnfially pewdeljto Anagngthsy to
Ta@ﬁfﬂatté %}%)%ﬁﬁé NhSHERS - Fok @xaglgy'lé aj Bl ETRAY| b %echl‘ﬁﬁﬁég nldye used

ntary strand is separated fromthe firs
Blt@ﬁlﬁh dliganheleetisiep Presrbairaie surgeesafditable inederulas cambleapﬂedumues

b e HebifdeScrtaa ggxﬁ%ﬁa Ieafﬁ%é"ﬁﬁééiﬁ 6 %?’ 5)6601J Igﬁ gnal %Hﬂng Publication

can create a stran st’ru ure I nc
NeaoWGaé2 1939, sthicrats 1n(corperatedthh1em:hyrrpfemmemt ar y strand
I erren ar

and t Zeltgl erﬁgéﬁrﬁ%?ﬁgr edu?fdce qf [0 su %%rage( 4 Malo dl g/ ek ¢ substrate

strand)as s ncertarn
slofab¢ arestis Bond@gnaitsr Ictheseenibsdinsed, salbstiilhmllﬁ ﬂtmh&rmsnrfztah@f the

SFSER B ARPROF St SBh A E68Rar RIS bl v
exabqliers) tl&rs)dbﬁlhfe’c’iﬂdude@ d¥pdcEinelotalizyd Sirfaadsitea fieht fire lesdable of

trand e ntar trand an new , or re .
Bondiadh & SO B e Sl Binitts Shie Heiomies i
ﬁ’iﬁ:ﬂ(ﬁldu&stﬁtdiiﬁd%%ﬂowﬁiﬂ@l@@%'aﬁd%y be the sanme (i.

ased on the sane sequence or different

the stiss¥oogsserteheahing henustsic ack srapd(s) t@i’(‘}i’o%‘bfi“@%tcén se performed

Bigdet vith @bbIg @M ady cANMBE PaFRNY ﬁlcluaecwsu by &ididel eIag@Mter two
species transmtted throu%h the sanpl e are detected,

gaies, SR tRAE BPehRfUrkelsEs ﬁquwlmaéqieéiﬁ@ labeLihe piread{spon be
Lsrparticle beam The substrate is generally thin to
enabl e sufficient particle beamtransm ssion

t her eicliowingtihe spehragod ppihe strands), sueest solutiontehgretiempeds The

Ed%@t?at@oﬁ%ﬁ&elggéaﬁ%é v&(agl{ai'to feHlo%’ u?lﬂ s, less than 2 nm

or, even han 1. e substrate may be
f or neld sofhe methiody hsl ralyletc amd rmnerrtail phebt yeved from threwamalenwhile

{‘e"f}eﬁ]ﬁﬁ% thb li]a%efs %X&L (el‘clfg th l%sggt]@ Cf: (())r 1&1{)1@ ktgg ?uc?%] 4§48 }nla‘%ﬂgi may be

ues can use
renmlve:ﬂbyn@sswb/mg; emtgp)amaﬂly drgeamg, eﬁflaﬁbramﬂg (e1gg by aevdneigs pressure
ri.al s

dZosr e1ncr as1n§ elnrpefaﬁuru)h g:ﬁ{ng é?rirgj aﬁlemhc(??arcpea 1?eV\Qeam9 When the

nuclelc acid is etched, a mask may be optionally used to protect the labels.

In certain embodiments of the invention, it may be preferred to further stabilize the
sample(s) on the substrate. For example, a stabilizing layer of material may be provided over
the sample(s). The stabilizing layer can be formed of any suitable material which should be
sufficiently transparent to the particle beam. Suitable materials include the substrate
materials described above. The stabilizing layer may be provided over the sample(s) by

mechanically positioning or depositing (e.g., chemically or lithographically). FIG. 10 shows
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carbon (e.g., pure carbon, graphene, dianond), boron
nitride (e.g., having a cubic structure), alum num and

W@ eobailr0pol yneric resins (e.g., FORWAR(r) (ppCTus109$/024979

formal)). In other enbodi ments, the substrate is
formed of an organic nateriat83such as a lipid,
natural protein or synthetic protein. The substrate

sechermretective ey cforredd avet msmﬁe@allab,eleﬂ doutdxstrant @8). tThe

%S’iﬁﬁgé gtggr JL%%;/%E@C 351?% thg[gl @l%c éll e%%\ll%le%yw% gegﬁ%tgygo&gssmg steps
which shrebr importins foridetifanes sdmmem:ln@’and@k Hgtedﬂmg dﬂ“ﬂgstailhzmg layer
Lﬂ@@ﬁlta ?rogleretaln%ﬂle thblé H’l%te ‘?1% Eﬁclﬁlgmtg = 8’F aglalnpqlequ}?s {¢ydabels

techni ques™ ar
gﬁqr rermmal aXbempiceic avid 1eoleti8es) fur e&@@é afiiort Bseqikdnl Aealy B

t he jat ( existin art of the
su bsfﬁr}I gt?’e S IPY%\RPI}]E’ g‘@? PXPRERE &81‘0 ¢ praticle beam. In certain
smlm;hmattsa)t mptyfehed thaetle partible Bebrk & atlﬁﬁoﬁ?éiﬂi $ich 348 electron beam.
cul es éy ? nucl ei ¢ aci d sequence specific
€ aatlc e

mﬂt R Gy t RRgeHLRe B R Bem. Whenandection beam is used,

bdam genbrator &6 eanBelsingie tdMPseBedi@leled@bil Kaﬁ:%s(:&bﬁ% Qv ltlgﬁsmlsswn
%t t achnent B}%I s that are sequence non-speci
el

PiOR Muge¥e) BETRiOE 49 P@H%ﬁ@ébmhqy@&ﬁs@@rqdovoﬂmmhmle for
aanpleccdnetghites g b0 &ee.g UEE- @@(ﬁkV E&e@ﬁl&%@ NaBRy. RRLAL (?]ergles

for the sanples can be spaced apart redet érm ne

#af figcton %fdf’eﬂl voltage aydicyrrent. Fhebasar quagnt tﬁplmblwtraxtge$ ba@ween 5 to 25
PRI FréfBABly befwedn § @ﬁ@l?uﬂaﬁ“hg%t E‘i‘i‘g ﬁ%ﬂ? gl}e'f%%lh eBgnds IP gart, on the

substraté, In sone cases
fPecifjc anadys Wﬁ’le’élﬁ@ﬂltfmdstrand corrpl errent ary strand and

firstyshdRrsh 1n€ﬂ@%1%€§§;f@&}§m§ttﬁ y mon neW tl{sﬁ%d lens

be attached; in ot ases one
ag@ﬁgﬁn@nﬁ@)knb@n & thagshd dkilliimths @rte Metisods mayJ BBO Oiclud® b @alibration

R i LR ST A S T

infermatiendifont lhelenma:cllcbmoleadesdn ﬂ’ﬁl s&nﬁpllle Q{uﬁh a€lfdwdBnolecular geometries

i.n the nucleic
@St fing b FeelBRl 15, EPYspemalse fhinined i pgheiFingeid sample
Usingds elm:trdn ‘ttehlm nsayhﬁctlﬁcai ifternbiCotidé (&.b. M&’Irfagél)‘«‘@ist@n&?l A?ﬁged

nf ti abel ed doubl e strand_ 48 whi
HEfe At ‘wﬁ% eé’gfl%%ﬁ‘%ceéﬁg“ °dis %ﬁ‘d’gof@@mt BHClFOte lr?é%lgl cg strand to
thdmijacmtelntlb@fde ibAdeGh MR sambsitAa! Walile YheShieAuBRbER cf@ar@es of, for
ubl e strand) prior to, during,

: Hq@ e 1§ bel ed d

5¢ eanls ‘ﬁ%éqle"“ FegHarefly keqyvn, the intetmyeleatide dlswampfsm@am given

sfuﬁplb Iraly abecoeiRad e Qél‘féfa‘l’l?r kh&lentishh&abt %u Qﬁ%béA
as

altf gsr}]éﬁgzalabeled doubl e strand 48 t hat een
substratiallyt ngfrny withing sgmplerse affixadita assubstrates harticularlaa sample that has
beemmhighicBeD 0.0, PP BedRMBR! B ARl G cc‘Jlﬁkfﬁggquﬂ{g n% ods Tlﬁlé after

tt ached to the substrate, for exanpl €,
(gIing aflate eerhen hivel amples vatioye aspbesiofthe sylsem dae Ibe‘ﬂahbrated or

a@ﬁé’cﬁﬁhﬁﬂgﬁd@édhﬁ@@wﬂtrgf“@eﬁa?Pp&a}ﬁéﬁdk&o%lﬂc’ Hh H?eg}% fleo 1He

or exa be str
d%ap?f’@ pﬁmutsd’eerdb@k/ rélevayt toribttsmglthtrpactmmmra@)and “ﬁhﬁeﬁlbnﬂoﬂ the

SJWIMC fé%@é{ostﬁe Bﬂﬁclggegﬁ)’rae | [ QUI ds, gases, or

conbi nat |
Though systems of the invention may include several components similar to that of a

conventional transmission electron microscope (e.g., beam generator, lens, etc.), certain

systems of the invention may be more simple than typical conventional TEMs. For example,
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thereof. In certain enbodi nents, the sanple is
attached and strai ghtened by hybridization in a fluid

WO b@w/010d! | gonucl eoti des present on the substPEL/ES2005/024979
surface. In sone cases, electrical fields may be used
(either in the presence of fJd24i-d flow, or alone) to
pronote sanple straightening. In enbodinents in which

iAB6@e bMBAiMBRs, St gybiemb Sre atni;ﬂi(f Bedy Ilﬁ)uttrig&hémb@ﬁﬂi@h&n rahge,
be pr ferred far eac | e

to be
SEHerid Y ees maredmricy Begh AT tRERTI Akt aagest othe
RMPRSUABO! RoblBgs RAAMN to EfHeriN aB&taBon i0dh@sHabRA TEMEIhSYDe

t echni ques (¥ be used to align aligonucleotides on
lTWash PEAlEagiod BK BN (77t HEIGCMeR A BIPH SeE Hipig! operating

{REHBhIE e BRYEn been described, for exanple, in US

patent 6, 303, 296 or Internatlonal Pat ent Publ i cation

No \Whaosferisies of thampigiple dean pigchangss abemths dpa mitgsgets with the
R G @xazﬂ , 6fed ér%&e e ?dlMnghaltaE'@rlsctféE bege pQ‘thlE B&m may
Sstrate r’a majority of the substrate surface

cdaaw) eiesgyh dinengiemdbsorbange, rﬁbs@oreaﬂdcﬁdﬂmm .sSuch changes may result

f%ﬁ? ?ﬁta‘%t oﬁL L%fw{;%lethgg%is 1€ %\‘H Jrﬂq?oae%gtttd&%d ?&%Leroﬂ&e% fag 8Lscribed

maj orl e sur
athondr 3@011'50 types aﬁplbeés mdmprodlhre ispesifivont |Chaafmtgrst1t blanges. Thus, a label
@ﬁrg ltle;sr%%ggc Nfcidd | u \@18816‘5 1S a\ltflche Crgelgl bzelelgerﬁ 5% rec%nltlzelﬁg the

#B@ﬁbbﬂﬂﬂnbﬁﬂdmﬂgm&mhﬁ@eﬁZ may be arranged |n agrid

pat t at e. as sho ip F] GS 9A .and 9B. .

The. proedeed sriestsPutliohs o sbthop ol BEpr ARV S pgparicl

bam Hdbistaapr. a8 dh&t@&yﬁ@ll@r&dll@kdﬂ%&m spécid’ thad h@lebeen transmitted
i ncl uded or not

Ire i nclu artral
@gédamplﬁ "g%hla & co[1 beapa shecies fat g r‘ﬁ%ﬁé @%%rss cattered.
'Pl{e deflek faf iR 1RlY BSRALEMubkd ﬂsﬂ@eﬁ(GGD)l ghelcbhaay directly convert

strand(s). on the substrate. Follow ng the attachnent

®f bearesnetipainiy dsital mfermgtion oTashnalegies) ot dhap &gy lsghnofggy may be

SHPRS doRl &t MR beRNHebi¥s MRNdibiR WASHRE R, And 88BMEnded to fall within the
inmpurities. In some nethods, the nucl eic acid materi al

wape Wehe isMedied from the sanple, while retaining the
| abels hafndest Eethlé"&:aﬁiéQ%Eﬂbﬁtﬁc sdr:lﬁﬂe %mﬁa%h ock ity movement of

nuclerg acl’d material may be renoved di ssol vi ng,

t@g hm{qla@ap to)/th@ﬁ;agggq, bW glovenens of @p pmpl@ geleglve tqpae beam, or both.
%Fha@tﬂ?&rlﬁx?‘o?{?% il b'E%aHlCJC?(%§ H{é%a @@Eﬁhﬁ?&ﬁ

I ng m cal or partic n the
n ucI e Eeedimick ldog n@b/dah @skd ta optirsice na*ﬁormencmpﬁn glditidnyto thedekdback

IO(r)R/ Hes?ﬁbe%tabg\{re in ré-}B% %0 in e?n €0 d&lt @st? ? o egmtlﬁtggﬁfate sgrgple

erre
infoemstdonpdagiest fmm $ohm11n;g,l1lhs sangitle witkren elextenyiieen reading device for

Sk BB o TR or L ey be proyided over i

sui t adofeedmk &ob @hn Wusedtosibldesk chelpath of the molecule(s) on the substrate,
which can be used to reduce the number of pixels in the CCD that need to be read to just
those capturing data in vicinity of molecule(s) of interest, thereby increasing number of data
reads per second for substantially faster data analysis. This type of feedback loop can also be
used to determine need to re-sample or over-sample data and/or to determine when the
analysis of a particular sample is finished and/or when the machine is ready to move to next

sample/molecule(s).



10

15

20

25

30

sufficiently transparent to the particle beam
Suitable materials include the substrate naterials

wale®eio1desl above. The stabilizing |ayer may beP@r/osiods 4979

over the sanple(s) by nmechanically positioning or
depositing (e.g., chemcally.-gg-I|ithographically).
FIG 10 showssuch a protective |layer 56 forned over a

sanpl & bk lodhs) RisePtoIpBmSAepafteknft@de. IAR&dition to the feedback

stabilizing layer may enable using high electron
ko dgicaibed °§®l§‘§é]dﬂ‘§ﬁf> ipre pdeaside gisenesssongisar Hitegsaie waple

iIRRLatia bathQEd &8 Reanhirih B salﬁﬁlg YRMGINREARIDAM reading dev1ce for
detecting. The stabilizing layer also nay provide

adstidonat fgpdbacklepps i al for archiving the nucleic aci d
ol ecﬂlfgeﬁbg%rlodpa&ﬁ log u&‘iﬂt@f 66 TR B Sfthd ﬁ%le&ﬂ?{/ﬁéﬁh@&ibgtrate

nmol ecul es) torage and or subsequent ana
which sersbeotised Freredype diretiuorbei ofipdielsan thed s gt nded e bamhdto just
; . X i X .
UL Bl i Al M SERARY DR, BREbncielidne pugber of
dza smadseper s¢aoomh fdp sd:rstanhailyd’a%rdataaselssls t Hes pae of ﬁebdabaﬁelanp can
g‘ei% lr)ﬁ useeﬁe 2 s te{na Ifgaenaegd togg sam a0 e?V%f tsa{n? %gaz é%{ t? ag’[eﬂmne when
Eﬂe&milysmofm mammtam Wnp(lﬂsg'mshéd adgmwhsn thie nelckiat isaBady to move to
0S erator 16 produces a beam having a
8‘3‘2?1‘%@6/%? 5lggg]mh| ch, for exanple, can be greater
t h an mGokYem@o@mentsOf (B0 kaﬁﬁonpz; ﬁfcﬁicﬁ&dxd’;lacﬁﬂnéﬁﬁhygﬁé- detected,
m energies . are a. fynction o th vol tage an
Qréﬁquen%#@nf 5&#@% &ped £y prrile %9&“? ahegles dejeatsgilarp dstector
te. Ahe delectdtdRbcibabitbvOePARRR bBarRRfkcled MM restilt @roﬁp@(?bg‘ukecofa
ana

beam ener gy depends _in part, on the specific Si s
%cwﬁmmc ewﬂ@eyn@awd/%% &d@pbm@g@v styandde agalﬁgle beam
f( ml B&nt fiRh §@£H341&tﬂd§ b%)a The H§clé1£ R S&STBBJ an%r its
nown othoseo skill in the art. Methods may al so
povenlivepatasy stean praybp dﬂbelgd asing tephniquies deseribeddiersin. Sueh a method may
[ 0
B D e B R R R Bl o be
fesoutedas ratationto RS- dtul ar geometries and structures)

usin @‘r fl?ﬁdﬁg&{{ éﬂ ng%?a?n ﬂ@%atlﬁgMaﬁggéj&taaSB/&Q%%b 'i}grddefec@ﬂg and/or

a nu C el ¢ acl
saquéngthg andioeidenid)ieg b inddeif ecng polyingt lmst(hduelba)'tlcde lsﬂ:aampecses detected

s 0,4 ot de di st an
072 20 Bl s oo BBl MG BB LS bR E el Pimarsre
mﬂtjleascaa:m polvetreantiiod gs mmmentatyrwraﬁmm muicm‘ﬂahamWSyhtEmtm ds

Bt e SPb e AT SR e E P SotPains andrr
ﬂbﬁtfﬁiﬁg @ nucleid Ayid @olyaier basPbrea particle béant PetieSQubsrtbdty atdactor,

§5§f'ﬁl‘9‘¥%f 33%&?@%&%@ m%ﬁlt“é?vnmgl ' @%Qrd@pkﬂwéan pfsucha

S\t sudl &, fd?@kzlmpléllvaﬁiﬂbnéloﬁﬁ%ﬂn%ot fapodidke NAQR intended to fall
st r.ai ght ened ,. by treatnment using nol ecul ar

WERHB] }P‘ngcﬁi?eqftIPFe‘nYFé‘f‘H’bds Thus, after obtaining a data

read THe part@lMRBmIBEIb 8xpdée e QtapId SR O gerffatdd ¥y Symhic@deam
can be calibrated or.
generator, for example, as described above. Further, as described above, this particle beam

may be a lepton beam such as, for example, an electron beam, and the nucleic acid polymer
and/or its complimentary strand may be labeled.

The data'_.analysis module 71 may employ techniques similar to, or the same as,
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adj usted using a feedback control system For exanpl e,
knowi ng the internucl eotide distances permts feedback

WO 200608993t 0 f ocusi ng the particle beam and nORENERL008624979

the sanple relative to the particle beam Though

systens of the invention may-26cl ude several

conponents simlar to that of a conventi onal

teCRiiQUEs 8B pRNedchyEiaiona mathme Oﬁibﬁ Bﬁste(nﬁs (@.g,, nkeRifies that can “see”) such

erator, |ens, st ens
RO OB RN EPToa o R B gt st
TEMs. Syt 60aaPinelutldanyWTEpaf ot aSmeh 6! ; SMSdLENES; sffevare
sinplified by limting the rra%qnlflcatlon range,

apabisisanoviend’ WW%gﬁésnetw%@é ta7eqUETe 865 athER OfIPPRTHLS; or any
andbiR 38MbRatdn@fti foick¥ing. AMRNGSiclOb AR indtRBlHI &FandAeRStor 68 may

grobl ens related to spherical aberration in
phean BIPS HascripEMer ey be |inited, or elininated, by

USi Ngpd, heiisth S RNOATRR bel ddafigr&d BrEefglont B mB%Qig‘ﬁé!E 70 from

oper at | n% conditions for the system Characteristics
é¢teqt¢re68p he ped @ e pigralemashegnigeaht eharticle fhean speries resultmg from

%}ﬁ)tgﬁl;r@? tﬁeg\ﬂ grh Jﬁ%ﬂ‘ﬁﬂl In Lefé%&d?fé%k Qnd/c%qg cgﬁlgfﬁﬁélﬁa strand

oW n aract | CS cle
hm)mgembedmegg‘z of thie nmnmcum databsbfstsamdele Hleind dcﬂeqztolrﬁ&m&:lde ona

ga%{ {/\(/%gn t d th%%%?}m%?%n%oeam 10 %l%gl‘”efe sfiggn;e)l[nactﬂa Slge ac}neve%s[hrough
imgachad bodes gl @herdemmcmdmd Iredybaremb&timents] modugpElsandfdetector 68 may

d f h teristij h .
BB ROHER BRSO ey EMREECLG bR PRzt 7
inby bstratsinitedladjosymyetwerkicdent i fi ed by recogni zi ng the

specific or characterist. cha te

col | oSyt B s PO e AEERe AR P piaghle 7+ 0 receve the one
brith 66 3igha1970. braﬁmenacqmﬁn&ambmé fap eamrﬂﬂgdreﬂ lhearg@mP R one or
The det ect or typ caIIy coI cts, be m speci es t hat have

BeETet A stenele B/ erapBii gHet roe%auggwc iglgs-c i ghould be
SrdcREdd tRAJM 5086 RS theftAignl ﬁo&e@&iégee&mﬂ%@@ alls®Mmay be employed by

scattered. The det.ector may inclu arge coupl ed
@‘é@?té@or(@CD) The CCD may directly convert the beam

Specigg, érmﬁlsqh&iuieah ﬂlasf&rceﬁﬁg&m to Ee@&raah/aggeeﬁeﬂeé Ql'?cf/or identify

t han CCD t echnol ogy be used to convert the
glp@mles-z agigh p@olymluegmnmrlw dravamplerbasedrid leastan part @hfdj@ decm@ed one or

{gle e sighth lts B nF&hE%arﬁgl% PRodl &ma}L Eﬁv&%hgﬂ'gd F?Tﬁépfoﬁﬁh f%rengﬁﬁctlons

amis scann f0ss the s occC
atoligaremtime$. Thee isbis anay be k:atﬁgmdtt@dtttm a gpetpit esnd pglymer for a given

%gaﬁé“éﬁ‘& th 1{ %otnglguﬂiﬁ HR*e?en{lg oaslehl}(e%cé ;? ﬁ&cli]ebc Qc?c? 1 I%r fgffi]nlgther (or

7ogs
Ehamphé givgh ’saumble, and nmﬁiguﬁdfdefﬁaddmlg lyel agoin tnu},enlnfg austhd (bothe same)

OGBSI RN R s A P s Rt e
cbnﬂiumm&)ﬂﬁof deretirpasequérictgrand/er amti)iag at different times. Configuring
module 71 may be performed by: hard-coding software elements of module 71; setting values
for configurable parameters manually or through software; electronically programming
firmware elements of module 71; employing other known programming techniques or any
suitable combination of the foregoing. Further, data analysis module 71 may be configured
to identify one or more properties of a particle beam species represented by the one or more

signals 70 and perform one or more of detecting, sequencing and identifying based on the



10

15

20

25

30

i nformati on gathered from scanning the sanple with an
el ectron beam readi ng device for additional feedback

wo o@ps19988 f eedback | oop can be used to foll ow PEEUREINF024979

of the nolecul e(s) on the substrate, which can be used

to reduce the nunber of pixelg7in the CCD that need to

be read to just those capturing data in vicinity of

fiddnefied @Oserty0 fThitris, elieasgieratibh etrrﬁ&mlé TIChP5d digh-fdpaR@ht, Of

dat a ads.per second for su i’ ﬁ{]tlaH faster dat a

anal yiﬁ%pmt‘ﬁ‘? éeath%ClS?rePr@%ﬁ&E?g K thecip OF BAreyang speay Jigggiany of the
1l okt Lpropertesh @Bbriiafcd; Peffeaiia, Geﬂél‘:tl&lv @ﬁd‘%}a ARL&iof a&tﬁer properties;
and/ or tbie det erni ne_when t he anal ysi s particul ar

Shify witatle ¢qminatien obthe fupeaitte Dataaniysic madelei 4 maydgponfigured to
AR Ezelthe HR%E MR REEY Rt e e (@&etetﬁﬂe%ﬁ@@&ﬂ‘a‘t lléag’c%nggey g., all) of

be used to optim ze pertormance. dition to
thecws at;ttlowdvéfgpe&egc?trtiea a3 Beod abowe,rthq @qta oAy beevaluated to determine

'tﬁ'étlﬁés@h&laﬁ@%sgﬁce%'fgg)%ﬁl@§ or Ad6hs SR 61@% n%%uﬁlﬁggjc#wﬁnolecules

i nformati on gat her from scanni ng t e sa
eresent.rseqienessahnpelaetideg oress erirs fironuckedicid molatulése ldpths &f nucleic

(I%?Qt éecﬁn%%ﬁ{gﬁsﬁggegokmel andltﬂgle gd to follow the path

(s) on t e su ate whi ch can be used
t o r ebsome embodineite of b lrplﬁlxteinsdatmartat}msﬁi@ﬁutewatls ﬂmmlve @ access

t it
U888k 004 U3 BR bR Mol Bl rbfpeprins o
ofe ndeleia amdepdbynme inferemoonds s a)fd/cﬁ tHestaantdoalck )8|6 hﬁ@ttl)ae rdlsﬂ@ded
al f f so be u
P bl RS B R R B BRI 1. P
axmﬂpﬂ)er at leasti@ bartioh oRthwhan rdshgcama) hsths GﬁlﬁBa’ilkmafabésé UkIdEh is
machi ne i s rea

i.s finished and/.or, when th to
BBtV e e i el Copter on Becbn e radien (NCBD),
ahich hepublivie atdeSble 8 tﬁ&@dt@bﬁﬁlmglo@tméaxmlom &/ www.ncbi.gov.
g tected, and/aqr sequenced and/ or entified based on

s PRE & MR RATEpRS G dYoratier B& map he aecersedem the Gengank database.,
Fﬁ}ﬁleﬂ he 6t Abre§RRPIS HEHIRRRYF)SS BRAOF dftd £sAPARARE & e on a same

result from exposure-of a sanple conprising-a
ﬁ‘fYéqeeaP@oéﬁlie& pol ymer and/or its corrpl imentary strand

to a Iﬂ‘tﬁﬂ&é 5&1@ @ﬁﬂ@? 1ﬁﬁ>r19atlon688|n‘?a?7 P@%‘Ef A1 r%clll?t{% a data

el ectron he nucl eic aCI

attmﬁtrfr welﬁfhag ¢ pétradmn elf myesne wheqhetaddermusn@;lﬁee dinfimgpdies about a

LSRR 0 1 000 Bl AL EIROA o o,
the GepBéankivaigbsde. now be descri bed in rel at ion to FIG

1 B R L S A A5 Sy SRR o
fhdeng orfryorn glgaalmmddmutthanucdelp adiy pElymbeasmdr s cqpplimeitay strand to
g’n%%ml ﬁece o{d 1n£‘ormat1c9n accessed from information 88 of data resource 86. For
example, module 71 may include a comparison module 78 configured to make such
comparisons. In some embodiments of the invention, the comparison module 78 may be
configured to use pattern recognition techniques to compare the information determined from
the one or' more signals to information specified by one or more entries of the nucleic acid
polymer 88. For example, module 78 may be configured to compare information gleaned
from the one or more signals to known data Apatterns corresponding to individual nucleotides

having specific labels, individual base pairs of labeled nucleotides, distinct alleles, and
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by a detector, the particle beam species resulting
from exposure of a sanple conprising a nucleic acid

w@ologoerooand/ or its conplinentary strand to a Per/UBZ0&024979

beam System 60 is nmerely an illustrative enbodi nent

of a system for detecting, and®er sequencing and/or
identifying a nucleic acid polymer based on a particle
gEanst SPEEIOBS (Cefo toBHISER, tPpetitiodeindusion of ahnetniasseqadnce, etc.).
Reneedo § i . .he invention. her

e ode 78 Al oL LRl B el e P sl frech-
fiipble seffveare for sgrgpasimg Gaiteras, endraswbddpeintnd far rtidilse ased
tcélmga_?ilsé)ns%e{t Qfe%oﬁ«ﬂx tedCOPE of the invention. The

particle beamused to expose the sanple may be
gener 4 edednaboge, rasdnexdnebod imaemtsg e it edtion, faQéedBa@UI%pﬁ_s employed
this

cri bed above

ﬁﬁcag&%ﬂ’%‘%@%rﬁ%%‘%l%‘ggﬁgﬁt@g{% ﬁxaa%g) © gs&é A0 5ngrf @cieic acid molecule

partic . .
gsoanepliecs andhihe elnetiresamdeemplex@nd nbdléc BE hRICuRE | Fby example, data
e

: it [ ] t t d b
e A R N S —
beativleduas istiinb@r64! Ceeddbel MEIUIATEal @S mAPEWhANRS to provide
1%93%8%18 | bﬁt.knq%vmdnachl ne vi sion systeris (e. g, _
mechHT NES T PRA 4R detegar §8 and(on other componaenisafishessystems tiesrbed

leevein | Baligack TBAn(E80R 6X m@p hRRIRL |
Syst em 6 may iEﬂnc Lej%ee dgﬁ;&gﬁ mErs cpmRpRgnts of

ssachusetts.
c&égaarﬁ?cfuﬁes‘?lr ey Hgys bega deternpipeddgisedsat flanntein paraoithy siesor more

1817 add/or ARtMRIGKe S : , a 4 esour 6;
Sﬁ%;{I?)er ,g ongl;)_nent s;O o@%gﬁsﬁidﬁ%ﬁgpogg’? rin}]té iag ngg ? Yxample,
fg agdnivgnations2 maytherecrijedmiigistorupenthetfid @ik nucleic acid

pakgtnﬁe@b@tain@@fr&%u%c%ﬁid%‘aﬁ/&g RSorfiGRGl 4Ped herein. Data
analnﬁ,l s nodule .7 1 may he contiguret'to receive one
or wms; egpgtisnenty of therindaties koowbB forfibgorabe Ul nudRiEicid

i S rt.icle beam speci es, )
p?é?%ﬂfgn’g%ﬁcg%%ag ggcgl{ljertlgesg antlﬁ &0 Bﬁl&? gltﬁ eﬂ.ﬁﬂlin}agpp‘ eetgrmlned from
thi Qe o BroEecsighalsJ0yordetechriblor sdqtience amgbr 1BEHRERE Hucklid #polymer
iﬂc‘ﬂl&?fﬂet gﬁ%g’% enLs, ofl the invention, data anal ysis
modul & nd ‘defettior %88 O BePFemBrests Of fa gralysisanodule 71
g/ partialy mmrism hoatleio _Bci?ﬁ)otyhljer %ﬂﬁe @[npﬂ@jfa@iclﬁ;éngﬁél)& of rfiBRY signals
e [ OU I Nt er na ses ana ot ner
ot %‘gﬁgl?o‘{}%“so"? USRS RBIRST seRjeRse enay be seqgnced from
nd_é@ie etid polgRentaforigtionessnt 8|, fromaBaE Bk Q%@a@@h T8k Q&Fbigﬂxg
m? lfﬂ];%ent bde(\é{lﬁces, such that the one or nor€ signals
8 Sy may be confignred to combine d.s., asserablolth pgtial sBxuence determined
framathey sriesor FRALYighats 7D N8 Yhel paftlat Guchcd @ét@mﬂﬁegllﬁso%]gmle%%gic acid

dul.e.74 to receive the one or nore sign
p‘gg‘i“%“ ! @&B?fﬁntgigoﬁowélmhéhwlwmmywmw b dletotpd iahy/or
sdghencengnda idBRfifed, Qg RRIcR %ir%mgp HelimePBP kY 124543 the gaps

. known . si gnal processing tec
mﬁgﬁwﬁ Afwenceisterined Gom e ane of moteesignakT0ynay be advantageous. For

AR f M GndtRCHRISUE SuRbSDF gﬁ%’os@r@s c?frggllng%se &L %sulting data reads
(e.g., reception of one or more signals 70) necessary to detect, and/or sequence and/or
identify a nucleic acid polymer within a sample.

In other embodiments of the invention, the data analysis module (e.g., through
feedback information 62 from feedback module 72) may be configured to use information

obtained about the presence, sequence and/or identity of one or more nucleic acid polymer
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the detector 68. Data analysis nodule 7 1 may be
configured to detect and/or sequence and/or identify

W0 b@sooebei ¢ aci d pol yner conprised in the sanptBEURBHS®024979
at least in part on the received one or nore signals
70. For exanple, nodule 7 1-1ay be configured to
performdifferent functions at different tines. That

Ihéiecullés tdSTf&)ﬁtI’@Bthé pattitlg Ué@dmtsmrd@ii 6< tvith réspedt @ iadiaiziual nucleic acid
yoer or a

t hen con
“&‘?chf“éﬁis Spg/pythe w%gféﬁa@«ﬁc %ﬁma rgposttion;the sy ?@FF&P rgag,information
B0 BBferdnPposttda of A GIaKE uch aER H-fereal 1&1&1’3&10@}' reshay be
differently yet again to |dent|félanot (or the

degirabje tgicowipl Sgrpprtisle begrp ipEHmeRfdR HisRaIngs g BRI lo fediioe the

cﬂ%yangf%r 685G &bbln REShafion Mhif dng Wedhes ©UBRIM RS A8Sofhe
detecting, sequencing and/or identifying at different

ingtwent. Conf i guring nodule 7 1 may be performed by:

hard C%gﬁglpg%ﬁlgﬁ)gﬁf\f@fe %e?ﬂé SRR SNt 8f RAR LS InbiliduahbleQ\es can be

val ues I gurab parameters manual |y or through
Cboé,tfomxemp]@l tectduonthe ampyntiof srgeneaithagistdeternvaed lalsement s

lﬂ S mZ&ule ?PB'ag Mé %&g gEéJQ‘E f_) n% éﬁEi‘ﬂg PB%FE%&HQ after determining

ni qués or an
dn@r zegmwrgof tﬁmseqhm]m, sukzh:aa 1ﬁhapgigmslswb@m¢tgisﬁc of ﬂmyeqyence of the

e v

1Sfogﬂﬁtlo$1 8B0afeen dvhivh teddentionef the sequenee oiby Hedaertnimg, based on the
enci ng and identifying based on theidentified
%EgﬁPVm That' is, the operation of mbdule 7 1 may be
d at aﬂiﬁbfm@'ﬁh& instkr@erd @h Larcheecongaliodyp.es ihesugh éptrastiont @dluded in

e e L T D PG R s ok .

AplrpGhd RRuen8ME oYY portlbk 6Lthé ﬂlﬁblel@éd’@ﬁolﬂhﬁﬂﬁélédlﬁ Paticle beam
‘any suitable conbination of the foregoing

inyieamest &4 meen stcted iporRtoddticyar legatios g lg%‘lct i polymer

ﬂﬁ] sRHucHBE T‘h%ciﬁdy\’r%@oﬁé S}nﬂlﬁchIQnJ\@m@ﬁtcﬁ' KHE 08 b2 by Ssteclile data
east one the one or nore

avebypiarfpr @@mplﬁu ﬂiareeafnalyag medtled | Ay deternmippmaging insigyetioas by
1ﬁ‘éé?11a'd€ﬁ B IR ffda Y tl&rs%&feﬂf?@thgﬂg d@%@ﬁ% Bhfirmed and

or atons wthin | ecul es), nber of
urfwlrm@tm@owmdmwal mém@@ay&form ﬁ)@lp@ﬁtondl@é ispprrplyebeing

5t AP LA AR iy PRI USRS o
dmmpbm%ftee netmdlcnrrgrthcsﬁlcf IQOhmcleMQ of omicladeacad priphgrsths data

L. t
JEES Ry o PRREPLRY e DT B il R340 P e
aver its qird length, eqf., Hyhecognnzing |a@1rmtar dr jedticalsequentoinrivfbrnaation

S0 RS2 5 BT B B3 . oo
6fad 7 Bedleuy sad fedbsRovBrodtiofri6g to Iiai:ticld:brrarrﬁnﬁfm{eﬁt 64 findicating
b Rk 8y ik oo EGUSLE PO A AR R ey
donfith tRQedRhded Mahlks hfeSarticOlarlPustfia Gin Bielif@ishng hobigblledio nucleic
acli\c|1CsBelquénces. Controlling the particle beam instrument 64 in the foregoing manner may be
carried out independently (e.g., automatically) by data analysis module72 (e.g., module 72
may be configured to do so without human intervention), or may be performed optionally in

response to user input. For example, user interface module 82 may be configured to report
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which is publicly accessible at the date of filing of
this application at http://ww. ncbi.gov. Thus, one or

wOoee/0pn3 i ons of information 88 may be accessPAI/URINS/024979

t he GenBank dat abase. Further, one or nore portions of
informati on 88 and/or data re¥purce 86 may reside on a
sane device as nodule 71. Nucleic acid pol yner
infifrovatien toche &Br ssaselamtpar 8@ RAEcESe RBEUGIbNY fshh %le& as a user
datﬁ%structure including a plurality of entries, in

rch each entry specifies information about a

I es peCdritdinguld i@étfundat lfélalﬂ% V)rﬂﬂé’ subktte @XBRRbA, f§&Mple, to

ry. my be an entr aﬁ record fromthe GenBan
E?g %BE@XO%P Seﬁ‘n‘Fé‘F%/ Ernived2And/opths apeuroé deteqtipa apdfor
Geniratator tRAQE bRkt 9R RSP d0.f 1Bk Qﬁlbe&lﬁleﬁ’t% dﬁ%ﬁ wish to
signal s_70-about the nhucleic acid polymer and/or g

DG bhE sHbGetof pughde acdd Briemes presre oprl@@e@trewe For example, i a
lﬁfaﬁwgégpr@%%%sﬁgseﬁf RAhd é’ﬁfbg’cfa@ﬂl' nﬁ)é i é{igt ?‘mlcroarray) one

resource For exanp e,
@Wlwhe RerdtiAng ory @eééwl‘ﬂ@ mlitaé GIOII’QSPWHQ ogly@isubset ofthe gene

p8bda rI'hﬁglﬂa%fnbg éﬂrlcs e SRedh TBMife f?xfe ¥%S}CL§ Bygeli]ttain a%ré{les (NG are

conparis 78 may be confi g
indiceiiiigiof p oarticdaihdisegeees setof dqusasr dfthh subsnﬁﬁa Icmwlmsmuclelc acid

?(ﬁ%rﬁérgnfr[]ﬁ% sfuéﬁ (EE g&gens that rgos{lsepegtleg th Vmig éelsceg?m P?f‘éiltlon then

ornmati on peci nore en
thesubsirge aui ek qramined for8183 prﬁxenceemd ambent oﬁm@h]ﬂleac'l(ﬁpm)delb ghat

f L
SR B SR B0 L i
therlcmﬂilt&mﬂhﬁ)lr dtagmdseopurﬂmls mgﬂileWn(ﬁﬁ@ﬁisﬁqbﬁsuk@bﬁg Sonte math1sh to
apbel e I St NnC

ndLVId b nucleotl
GBI AT PR e B S U1 SO Sl collevted o
suggst ihht thelsubjeathas sucamalméorﬁhm,ramk whHRH BBRE &lec®i Hants of the
uter nodul.e 7 be. confi gured using existing

SETE Gh 4F Pyt s b sion ee) | MARPRETE: algtionasmas ixsrpected

ia egrandifign)pat t erns, and may be optim zed for
i ari sons that are conducted. As

partlc | ar data co
ote %B@é&e aPl?{e%g@ hatoamserrbedigrents b laaghseme pepacts of the
ﬁlﬁ&ﬁbﬁﬁiﬂ dbsRARed 1R rAR rS’l){t@(gl tbQatq @hdlpéiﬁh@dtﬂ@ﬁ fn%l)é ﬁﬁ)‘ff’é&ented on

instrument 64, for exanple, based known n
PREP bramdetisienictimdetediard s andlon %be@pmmmemseﬁ systat 60.

conphg¥fse éhflbcfdﬂﬁén% & tl?eclh%nﬂprll Lgal% le egg gﬁaﬁtggh% cl%I géa?n

‘anal ysi s nodul e I nc
infamept gy idelgds %Elamémfmﬁlwhabf Eom&zymemffnaclbm atid pbbr&m.

AGSHSATE Ry SRSl AR Sy i

igfletrationindiGtize of tbe omet dIenom:mnbaﬂemtAss aorfesu:hh theyis biewBre signals 70

S35 R RFAH BRSO U BTB L S, e

amgplsis mo&uli map te mmﬁgh&d o’ dim&mmédﬁbﬂmtfmﬁdb&m&%rﬂ&y be@slkcules

art of the. one
ﬂom #28%he &' mord Signals 76), an uSG%’lIS information to detect, and/or sequence and/or

identify a nucleic acid polymer contained within the sample. For example, the data analysis
module may produce a plurality of partial sequences by partially sequencing two or more of
the plurality of molecules. The combining modules 76 may be configured to combine the
partial sequence to detect, and/or sequence and/or identify the nucleic acid polymer.

In combining partial sequences determined from different molecules, the molecules



10

15

20

25

30

signals 70 and/or one or nore pieces of nucleic acid
pol ynmer information 88. For exanple, feedback

WO pdoe/on®@ds on 62 may be generated using known gROTES2008624979

of the nucleic acid polynmer obtained fromnucleic acid
pol ymer information 88. In sone enbodi nents of the
i nvention, known information about a nucleic acid

pay ﬁéTE\ValL{a%dg)asedl&%e&ﬁét%ﬁr%ﬁ Euifd@ e iter dﬁr@t%@xorp afr Bfample, some
conbined with informati on determ ned fromthe one or

mrolegules ildiage fayorable gaeraetty, fonsritptrbasserfire huienca fra oders. Asan
éﬁﬁﬂ)‘lé fne E@sﬁ&fsl & 'nﬁcl@cﬁfdgs RAIYEEL abidGbiisle Qeliﬂn%)bl?e Cfthtgned favorably

or exanpl e, one or nore conponents
arrrmfwra@we@meetwhejplwayf hasetisainte pf e gaaple er the powtien of the

partide Qéb!ny e an%thet ‘?en‘ﬁl lﬂlgﬁ@guc‘?éqc &h@ BaEu1d ?f‘H?J $ime type that

signals 70. Furt trons o e nuc
ale |ae|al¥7@ﬂmrea@efqluen c@'tamgprtm cﬁ@qde@tubsjaﬁd/@mmuch@ jaxe favorably

g& p@#eg/a%s%_h tﬂé gl n_{r;g%n lth%rgu§s§ 8&%? 91.? éaogl{lgﬂn %1I tﬁ Bz%ae %eam The

base i ng no
$equ@mmfmrma(10n ef thesagaiirik mpletiies qeabe Dbthlns@qased]methe favorable

t he on
BRIBPT NS AT 45 BB ErBeT S RD Tt AP compe
ﬁqhgneofmaﬁmMmaammnmﬁﬁukéron1mhlch the nucleic acid

et te .and/ qr _sequenced and/ or
P GentrTI 2Ok A ey e® BERgE ABAIHER sraF HepeFmsghercor,
ﬂhﬁ)y bé ¢dnkigiired toevayap snfoiniutivh Getﬂﬂﬁﬁddairorﬁ fHwae ﬁlemore signals 70 to

ern1 ed fron1th one or nD e signal 70 ma
g gienoqgpd ?&ﬁ%‘i’fé“(’l?ct“ S ag%%w%hua Ze@uﬂe@da number of

ﬁibl&&ﬂés ;Qéseﬁtxé’ QFMERS 0PhucTRTI RS bR %af&ﬁi%@u&lbﬁgtcﬁ@ﬁ(ﬁecules lengths
reads (e.g., reception of one or nore signals 7

?fé’é‘é‘g%ﬂ?‘ mpQlecyies éB‘i‘ shapesf Brcleie acid mokeculss using p thcf fgchgiques

AHEHERH GbAG! TR YAND of W tikthihaBos BIIRAIE wlthin 9 -
enbodi ment s gf {%gglnventlon °t he datgtaﬁafggﬁgrﬁggﬁ%nMS7o

qrezeperated fip gh of e germpdachta pbiasanabisis adfileSnayduistorsd in data
M%e%ﬂ%} ef%ﬁolp s ﬁé?pcgf' BN RE ] R ‘fyrﬁé};ﬁgm‘t 38 Sto&ge module

obt'ai ned about the presence, sequerce
Hkmayee eonfigngedion dmr IGJI‘BOSQCFWT{@D lagyref the indoralatign tnoluded within the

SR ﬁke sﬁ%ﬁéﬁ@&tde&lrrﬁmgg %d?ltles%f' 8;\% %Qatlise rR(?a%e 71 may

to I ndivi nucleic a es an
baudisplayad er qthergise comnmuihigated w qne plommtel users béparseftisérrigtogloutput 80.

% bl 1%9&1@%5 hD bt £ Al ﬂ%g 5@58%25 It 'og)n on the

ate as’ a eren [t may
be déystemHi0ant compmentothetdof nrmgrbta |1mplemb1&edmsmgsdnlywﬁe Rériety of

B TRARBE bBar T APt P o BB eruEREl Haravare

(elat, ahoif hamapisiRatidn-dpbéifit ﬁﬁdgfaﬂémdﬂcultmv@ré (e eldeRically-
article beam.instru nt 64 relative to indvidua

S LR BEaUEO A LRI (e o o7 Ch b Cqpnents of

s@rmrﬁb nly rSﬁdﬂmﬁngﬂé’léﬁwde%e gled &fnﬁﬁuﬁ’&}j or bt sFMBRe components may
odi nents, nodul e 7 be conflgured to stop

rgg qu{@teocgg_:]rfg@ feyjies. aFlfrglpr @Qhé:pmpﬁql%may be distributed across

multiple devices, and one or more of the devices may be interconnected.

Further, on each of the one or more devices that include one or more components of
system 60, each of the components may reside in one or more locations on the system. For
example, different portions of the components of these systems may reside in different areas

of memory (e.g., RAM, ROM, disk, etc.) on the device. Each of such one or more devices
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only a portion of the sequence, such as if the portion
is characteristic of the sequence of the whole nucleic

wa@ediodopobyner. This may be determ ned by quer yPemyUs1v65/024979

nucl eic acid polymer information 88, after which the
identity of the sequence may-3®e determ ned based on
the partial sequence. Optionally, the instrunent 64
maYl mmde,meh@ bthedcofigpogents, b plugdlgfiof iSivh LeinpetstsisBEH 44dRE or more

back i nformati 0 Hﬁk to nove to a distal part
%r]pc?sF]Oés RIRgmgry sg&qna ﬂﬁﬁlﬂﬁ eﬁﬁt%lﬂng or 1@0@ net\gqgk mﬁrf@ges and one
drheors GagseNsriofgr therﬁal R uat@h lﬁlﬁ@ln%nﬁéc%ngﬁie‘i/arlous
ol | ecu Particle beam i nstrunent
?%@%’PE}E% g’ﬁ’S‘iﬁH‘ cegpepeptithereoli may hedmplemsnted nsmmcomputer
$Yeehtiueh &Ghal IBRYBEEFIBR B 86ME16E 02 aﬂi'l? may be done
by physical novenent of the beam or by selective data

anal y&1e<r nyogs ofdhefugtions magthodspar yiets theraofl deserited abpregyin relation to
SelRr a0l AR VIRYE S HoBREdnHGhl 9%{1@(5'1&‘?&%9 Fatide tﬁetpods and these

i'nformation about a portion o e sequence 't
at8s individually prein combinptiangd may e lefinod hytdngputexyeadabl lnignals tangibly

h
QD63 %}1 ;g%&t 1o %01‘?1 r-lfe metnmﬁhep &r e!xe?mgpa%: é‘lat f)faﬂg I‘f(‘ﬁ)édlng

current ei ng seq nce as b
‘Q?@lz altfegratbd sicatitaweniory ekmanils [20):) nokabldatsmalmexsf Coaputer readable
I des

i the first 100 | eQt
B & o PRSP RR Bhr arh S St o b7,
mndylodlanmtmmrrmhm teialiabld hedaimbyn adm;irme c@ﬁbutﬂfstoriig’t&n@la and

PR By PR Ghose i oot et fotacl? removabie
antd hoom- rmtdvalbie mdxaslslplémfememmymam@u E&En&%b B goragef Jfom
ack rnodul e

Qrmat i on 88)
Do T B sl e s b AU or i ptibles or
dttes duth. nebmp»mtarﬁtorﬁga mé&ﬁin@l@ﬂésn&tﬁﬁﬁft liknfR8d toNRIARME WM BéprOM,

Skl t o_anot her part(s) of the nuclei ¢ acid
5 Pl o BB TEBRP e ATHBOE b ersetf disks ) VB or other

apelEd] lsl@tﬂgélfrh né’t&QfabHettésnmg%% ib %H'rﬁﬁh&ﬂ: 0N Ga (}r%ltﬂgggl agnetio

nucl ei ¢ aci d sequences ntrolli the part
SporRge g vigstt other t}’l??stoﬁéo pde é‘gibiqlig"oi?élﬂﬁmmmyanb@ﬂ@ametliam which

canlbe hsed ePead %tdeMrJdEinﬂrmatﬁﬁgﬁ{@H?g ald Q/c): ?é/d lgﬁ% &)mLPuter and any

anal ysi s nodul e72 (e.

%%W%Rf%ﬂ@W%wm@@heﬁm%@ﬁglnterventlon) or may be

f E
by SrtenRREAR ¥plolty GIRANS fohRult ElacbBtruericts g
streqiares, prigommapiues argthch data wmamla:ueﬁedatmgmu tucB@s a &ddfler wave
of 8@1@1’ t}laﬁféoﬁﬁ{l%cﬁ&ﬁlérﬁg d lfncl?lﬁ%stalﬂg a(?r?r{?ggqs geehtvus T n?]:j}&tteé%

ntro e I nstrunen
“mad;ulmed dan sgn'c’ﬂ’blmeam arsjgnel, thdt hay @@ e Mot iR Tmatﬁlételﬁhcs set or

th et er and/ or the unt of
ot LT o Gt PSRl i e cBY Frew it samolsyand
nbtrienmylsn eomGifnichtiorsiaeda RIBTaaEH viEIdtBediOdeh BRY witeERetiv6rk or direct-
subset of nucl ei ¢id pol yners present

wgrﬁg m?{gl% tf?gs%}rg[;sg meﬁl&s‘l@l}(%ﬁﬁﬁf”@ 10,(:1}.Fa épfrared and other wireless media,

other types of communication media, and any suitable combination of the foregoing.
Computer-readable signals embodied on one or more computer-readable media may

define instructions, for example, as part of one or more programs, that, as a result of being

executed by a computer, instruct the computer to perform one or more of the functions

described herein (e.g., in relation to system 60), and/or various embodiments, variations and
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plurality of gene probes are present on the substrate

inagrid pattern (e.g., a mcroarray), one may
wWe@rionm®os he positions on the substrate that cPCT/ESWOF024979

to only a subset of the gene probes. This may be done,

for exanple, to exam ne the-p¥esence of certain genes

that are indicative of a particular di sease or set of
cothbigasas thetebf. t $ueh snshrsdtioas may batveitersinoy bfd plusditydof programming

olymers fro subj ect . g, pati.en h I8 .
BT R PP Re hq 8 8t B Ce GARR G ok oo Bl Basi,
COBTL, e&tl, @r G@Moflaeagxa ot eabifiaions fherepf. éRero@panereadablentedia on

of nucleic acid pol % rs that corr esEond tf exB{ essitor% h
WfehgurhengB R eESeIipded O BT 4 W QF ORMP R CiHATPORFIS OF cither
of QstehR 68%€ bR citcld BErefi) RRY bE B&buled berdisa@B osinbee of such

purposes. |If the condition is not suspected, one may

cQBoNeRis, and Ay b HEsition T etV o8- substrate grid of

geneTR QRGmidtidadhblE RRME had Bk Fahspokaid Sk Bt 1he istIGRES stored
that the subject has a certain condition, after which

thsrdearcar b loaded pnigeany SomputeTySiEmIsEOREE b iEplenisat Bs asepia gf the
pﬁe%nt GRRAITRLL QB h&eil: %]n écfditfog,eit %ﬁgdqﬁlsd?%m%d g{aggk instructions

genes is expected Iin the condition). shoul : i
stppradheaccaputdracadalilomedive, desprdidsbaresare apt linaizagito insfractions

o ) . i oD Adhor 1
FEPEEA 55T AT pI OB PR NnFRCh ' B0 SRPERP R, te
instpétéome nizg e embgtiedtds @hetype afcdmiter aedsrie-g6 doftveee etomigrocode)

68 and/ or ot her conponent .

RSB S-SR RS IR shl EREMER AP ok B8Req spects of he
pkdientpafehtic@l. € beam i nstrument may include a plurality

08 Rt Gl B abt B b PGl PR

cEMPERNRGT h BEmpAETRY feipir €xaniph, theicomputaredystom destdibedini rletion to
of the one or. nofe.nolec

. | es aresult, t one ,or
Fagsy LL-43, élﬁépgrfoml t i}ln?tgxaf agsgﬂl’t)ecj]fal%feél} ?ﬁgtsble (gﬁﬁeéxsa& cangidered as one
o IdFedontrif116§ thaloREHs8&h fuh&tiohsl CTheasid @elndEdosirolldiecat at a

anal ysi s, nodul e may be_confi gur.ed

. , 0 deternjne )
implepenad }ndwngwg wags, ,§qlq1}|a§ |V\ilfgl)fleglf:atﬁ.{)ﬁlaé(g\ﬁqr% gl;g/ ?rJHPlt“ﬁée: using a
pPORssBF thAMS ProglaBiddddSisifl mi@BEbdd DL sdffiase dopedbridRiht Bihctibhs recited

detect, and/or sequence and/or identify a nucleic acid

abeveyareny didtablacorabingtioniaf thefpisedagml e. For exanple, the

dat a_\/@fl&lsyeﬁllb%dﬁﬁéqjtéla@cdfr(ﬁﬂ R RO1G RN PAaS*!b@'iﬂl%ﬂEm@ﬁted on one or more
partial sequences by par%l ally sequenci n% WO Or nore

computhesyplems alhasy compuiisegens siay Proronpipl sRperrbawpes
b@%pﬁ%%é esg%l a%glﬁ%# G880 hﬂel%ﬂﬁ'lﬁl@[-t{yl?i@%@@ésgdr,aﬂdoﬁ)?&b’ BH&&PC, Sun

or sequence and/ o ntity the nucleic
Gloh$PARC, yHewlett-Packard - RISEhprpeassdralany efop eanigyf processors available

et rrrine(fiMfro i ff t g@ l.es, SRY

18 BOTRElp Bt (RN or By Gt B of pREefy JFMoGRTE
appitcein@d etadbrean mokoof any aypplo€ corsmne spsiéne oal bs usadltd inyFeraent

favorabl gg%eongﬁjrgy f o cer tain base pairs but not for
VEPA ORIy O RIGINERUY e hosi tions of nucl eotides in

a nuel @inérabpirposd Quip et ¥9btens admydibgtoadne gméodifantaf el iyvention is
configured to perform one or more of the functions described above. It should be appreciated
that the system may perform other functions and the invention is not limited to having any
particular function or set of functions.

For example, various aspects of the invention may be implemented as specialized
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or unfavorably relative to the plain of the substrate
of the sanple or the position of the particle beam As

war@bloeroexanpl e, the nultiple nucleic acid noPEUSHS5/024979

of the same type that are anal yzed may each have a
certain portion of nucleotidesgand/ or |abels that are
favorably positioned relative to the plain of the

Safblrd eleBut@ly if B@elﬁﬁhﬁﬂphﬂ?@ﬁ Rfnptilee S}R@H d(dudh Qsetﬁﬁ‘ shdWin Fig. 12.

sequence i nformati on t hese mul tlp e nol ecul es can
e easanues sysiem 2@ prap Hciude a PEogesaIidecoprssiedito pre Qsfmase mgmory

Qéwée@% e & didCdrfe RERSY! cﬁ%the?@é%@erﬁnst%ﬂiga gie Mdrory 98 is

ovi de a conpl ex sequence of the nucl el
Jfoﬁmca,%nu%@é forAsormépmrwé datp Huringsangrasing pl/de somper sgstem 90.

%ﬁts%@orﬂﬁut&% Kerfi 9TRAY SO LS ﬁé?leory ﬂflntemnept? mechanism 96,
/ { K P

conFlgure to evaluate I nfornmati on erm ned
vhish oray imnledeoing namere bOssto(edmtbetreen eommepts d&éare ant@gnated within a

?aprﬁaerﬂgc?n ; clr% es p{eor é)%{\&pe@ﬁ C(\)’\rnn onennts% FSln 8? ééé)flraae (Bscrete

number o uence o

maclbm)a Tim 1nisrcmmemumi mé¢chadsn @6 amibms labmmunicalt@ts tESg odata,

nucl | ec s and sha es of nyc eic
PRirEares

OV e Somrated! by s Stpmpuer system
ﬂbﬂm‘:‘mclﬁdfstdh& o1 mafa:)dnmj‘t déhes Onffor mtnlp&[la keyobardadowt [ thickball,

re signhals 70 or ratig ffroman of . .
o it PSest M Seare e 2 T SqpyDlgen printing
Sdvivepdispliy staden, §p%{@1hl rig @ddiflon, tOHpRAANRER 90 AfayRBAthin®he or more
f he_nucl ei yner i nformation 88. St or age

{nisatarss (aok s ﬁ%‘yn% (at EW?tgem@aterr Fetepri0do p gppmaBicatipg ek (in

a’llfdhhdﬁforbbﬁl AIRFR G R InleRGhMAAGh WeéRhRm!idse one or nore
signal 70 or determ ned by a{%of t he nodul es of data

anal yHiestaigggsydeny 140, ﬁ%@wrb@ ek Hetpidin BE. b1 Harically dncludes a
SOMPIHR r&RA12E ad OB L O oVl Q&%fcﬁngatﬁeﬂﬁ)tﬁtl 02n Mgigﬁ signals are

i nput/out put 80. User interface nodule
orad thgtidedipe porogtam & mww@é by yespre¢ass Oam@armhm@m gn or in

B8R 1048Y bpﬁrﬁg‘fg&! ﬁ?%ﬂa{ﬁl’. P[%? g{%{uﬁ‘r %Qy, @e&%ﬁle%‘e a disk or

t echnol ogi es, war e
fash semerry. aTwﬂy,nappmtmh@p eok§ssotranstndate tC(ln?: rgad fran e

ﬁny{r;rﬁv\g{élg é&?gd‘ﬂégc{%‘g\?rgé?‘? ?1%5 zﬁoﬁl& &%ﬁg%iltgg%a% ows) ttor %a‘stgr Vcess to
the mformatipioby thh eraeedsor tﬁmadores tlﬂmreelumf 104h &hisangaoerg 1106 isafpically a
resi de on, e device ., a .
TG PP BYest REES 01 & SR M ELnTRS g pRAMD or sa
merpmya(SEAMjl ﬁonaythe lﬁhatelddles:oragmfytshﬁf 100e@0Ghown, P Qﬂlﬂ&hory system
be dis rlbuted ross mul t| ces one
ol o b ptbiebe AR e bPlfes KBl sl e
‘atbryoB, 106ena fien @6pisdhe dad@tU tﬁ@ﬁle&hhﬁﬂ 1f04 @ﬁéﬂ#ﬂ@ce% i9 Eompleted
re copponents -of m 60, of the conponents
“g‘é@; Iy af 1gecha s are &Pg"ﬁ% £ MABREiE ‘%‘FPS“BY?‘%@H@%‘V%@&H medjpm 104
i agihegratbdlcheiiememp9eldnRABoN T 04, A8 HQMRRAGHH S n&1inkiRa K ereto.
systens nmay reside in di fferent areas
The invention 1s'not limited to a particular memory system 98 or storage system 100.

The computer system may include spemally—programmed, special-purpose hardware,
for example, an application-specific integrated circuit (ASIC). Aspects of the invention may
be implemented in software, hardware or firmware, or any combination thereof, Further,
such methods, acts, systems, system elements and components thereof may be implemented

as part of the computer system described above or as an independent component.
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of menory (e.g., RAM ROM disk, etc.) on the device.
Each of such one or nore devicesmay include, anong

wotwen1w®enponents, a plurality of known conponkOl/ESEO&R4979

as one or nore processors, a nenory system a disk
storage system one or nore ngfwork |nterfaces,_and
one or nore busses or other internal conmunication

| i nksAjthdugh @&ﬁﬂﬁ@ﬂs‘yﬁ&n@b@s Shwh oag va§ @F&&Hﬁ)‘l‘eta% onS¥pk %momputer
60 and conponents t hereof enent ed u5|n%
[

EotRBuTRAD Whjch BHPSRSReARO L btV IR magga PBetissd; if should
Eﬁﬂr@éldtmhﬁtodsféc@%f thedn@iHorlate n@]ﬁm%d 18 BEifg f?lflpgé &tegi on the

functions, methods, and acts thereof destri ove
FompUitT Ay S as ghosyidn EIe.40, Variensapactsied theribsatiemes beprecticed on
Iﬁﬁf{j (IBr\?nltlerQ n@ft%r% Hﬁl‘f‘gc% ngtﬁ%g%?%ﬁteaﬁlte%’ g&n@&%ﬁ{s} E\%‘? En}a}?s%)&/n in FIG.
¢dnput er -readabl e signal s tanglbly enbodi ed on one or
mor e @ rgsgfstglﬁ @g ﬁgk%e gl!le?al pfup os& %%riRl Geef‘ S¥stemt tis

non-vo recor tegrate rcu
p@mnyneéleammgtasmgle}evei commuembgramnmﬂﬁamhge Conmputes Bystem 90

di.a.can. be _any, avail ab nedi.a t hat
LSRR b e inR S AT R Ba e s Dol pefBerd o
bomputatsysmeml 90, cpmnetser 94 Bayindillle aedin@rcialy a@ﬂlﬁbfel rﬁs@:essor such as the

ut er .storage nedi a and ni.cati.o
ERRHE U BITES Hfr o AN EIG T i JptorRpiation. Many other
pmﬂ?s%rﬁhﬂdagallabﬁmudbé @ro@d@ﬁbr R 1§ ﬁk@lﬁﬁb b@?ﬁ‘@ﬁint@ system wh1ch may
enent e | or eC nol ogy () Or
bivRorrenanp ern b "B B e SoMARIer LD Wit 2000

getndowi™ MEY bf W%ldo%@)ﬁf’%ﬁérﬁiﬂ%yﬁtémg) hvahbI8 frofAthéMicrosoft
Comput.er stora medi a 1 ncl udes, but is not limted

CErPORARE: Mo OSSRk 2F4ilskls fieahdprle Gomphiee therfoksis Pperating
SR D9Me H6R BEWicsEkdnd 1.38% slilabig ﬁ@hﬁ%ﬁoﬁs@\é@ce?& UNIX

ot her optical storage, nagnetic cassettes, magnetic
pepfleble fragrietipes saisks. Sinrod geasty of ¢fher opeighieg fystems oresge used.
devi AR prlefRr aﬁdycﬁ)r%e 9{% r%ﬁf\%k%%étﬁer ﬂgﬁneerhgész)énéﬁ{e?majcfgrm for which

nennry any ot her can to st
atplication ipragtRmsin bigheleveb progriciiving bhgwaes aic veigem dit houll be

?ﬁg&éw&ﬁ that ﬁ%gnv%ﬂﬁonslg b?@gﬁl?edgg E'JBJ%IH@\EIA ﬁ%fn@)ﬁteﬁ}%’gm eplatforrn

pmnqssmsrpera@ag astem, ionsdtwondt iAdsos jt sbkaﬂchbesappancenum ¢ise skilled in the art

BRE FOTRANL S5 L S 20 B BB L Bt B compuc

syeteimamdsthmamér ambmﬂ%pragiymmﬁﬁgdaﬁ’@hgcﬁ andl ethenvappiopiie cémputer
ated data signal" neans a signal that

Th "
ﬁg%ﬁ%ﬁéﬂﬁpﬁﬁﬁ$gwgf its characteristics set or changed

i N sute i@ nieep@TtioBSOf R o@ﬂ@@t@ﬁsﬁsﬁéﬁ%fs&id didiributed &¥foss one or more
i imtation

signal. B f. examl and not

TR SYSIEasdROt FBeE ORRPd pacomyMgisatipngin o hese gpmputer
Wsted aRE A bk g@{erdl’-lpﬁ@@i,é/ﬂohﬁ)dte@ SRRARE! IF8Mexa iﬂ?fee{fa§§§s aspects of the
medi a such as acoustic, RF, infrared and o

iRy FIEioR 812y b distiibutsd mmeng gRecs more eI SERIAPNfigipdlo provide a
RBHcABY., S4tv &b 8nE TR Lidr? BorRutdr B ®r tP5R0h 38 overall task as part of

a distributed system. For example, various aspects of the invention may be performed on a
client-server system that includes components distributed among one or more server systems
that perform various functions according to various embodiments of the invention. These

components may be executable, intermediate (e.g., IL) or interpreted (e.g., Java) code which
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Comput er -r eadabl e signal s enbodi ed on one or nore
conput er-readabl e nedi a may define instructions, for
wex@api®ps as part of one or nore prograns, thaPCT/aS2085/024979

result of being executed by a conputer, instruct the

conputer to performone or -dbre of the functions

descri bed herein (e.g., inrelation to system 60),
coalmdﬁlmate\oaén aosnamindoment stk (w.gs fhafitoms!) S5ag o pUNTERICSIE

t her gﬁﬁlnstructlons may be witten in any of a
Pr‘ﬁi‘P?ﬂl $t1§/ progranm ng | anguages, for exanple, Java,

J#, 1\dhewlalbe Bagédatedhat@he inoentiGit 1s, noFbmitedatm exRagiogbn any particular

Eiffel, Ba or .an
svgems mae ohysererg o et L PUR M AL Sl giribued

arHHeGire SHERok NS dobigtunRBSorasretoedtbodi ed may resi de on one
or nore of the corrponents aof ei.t her

00 Bsiers SeHee o ey BRSO K ED e AbPbiect

e CRAPRRRENESas SRAITARY Jde, Ji U-Bhaps Ct-+0Mda, or C# (C-
Orgﬁgggmgéat%v\gle% gﬁée%econpﬁst er - ;[g%abl e n

SharmpnOPsr obiptterisnfeh PIOBERITYREANFBLTS B agfpgbegisng g'al?ematwely,
ﬁlﬁ&ﬁ)ﬁﬁo&rlﬁﬁﬁk Qf?d/{ﬂég@éi pRid Ry 1&1@&%@5 fay By ﬁieﬂmv arious aspects of

resoufc t he aspects of the present
the nwaﬂtanomaydqesmnb@é@te% By a0 Prograrmad ePEHnmERt (¢ fo HPymsats

crofl&y § (i-h%f d}gl\élglaqtr o{hla hﬂécttﬁeh' GiHeR r\‘/few%ﬁ (?1{ £¢ifBwidTa browser

onput er - di'um described above, are not
prbiraint edddr (aspentstof a gtaphm@-uemnimf@a (ﬁyl)gﬁ perfesm efper functions).

| icat.i EQgr I - d
Vﬁgc{)uﬁ aypect gthlgns r uct | ns 1%1691%m@d E@;g%&gma%gtog%n r)?%rgmme
elaﬁerﬁ@ k’ﬂpm}ﬁfombnﬂeor( thegof, andhtrv\mrwuswmbﬁ&un@mb@fé)le inMeption may be

LU AT SR M .
I't death@e@@@ﬁ@dibgtceﬂam hatenanyd siethgieoflsberipuension isghat

coll ection of ti.pl e. conpo S of .a .
L N T
Th&high §RBdsAd btes featlides bBihe iihe@itiqaesifch naredhesdfsample nengpulation

descri bed herei n can be .generi ca I

kiR nesa o RSP g8 EHERT BT PP ISR PR S o Sduction

inARE R of RELarfaBRLs! ‘Thﬁse cf%teﬁﬁ An® Methdd tedineehtion niay meake pmctical
ways, such as wth

cat ed hardwar e aa/ r fl:}gﬂ/\@i al
oloigmmg campkemggwantlﬂ@pm%s PresararH e rdie e fRiotyigical uses
(e S}ﬁxgw X8 0 gz:gpﬂgnesﬂ& 5@ af URedsh msephgniqt 61chradiovie) 4t

e nbination of the foregaing, Various
resedrglispe(etes pa@rmp@lpgigaltr@eqrﬁlé r¢sparehinig ol@g al%ocesses and research

1ntgrﬁ)16 %{B?c%ttceag 130es? B?d@eras%}) r&lfs@ QiR l?erpo?iéi@l% Q5Bg ecrhB&BMents of the

Brems, may or exang/(1 gener a| -pu ose
1rwemmmtte p@rfqmnomc!aw acliosay b agidystadentifing nuplcigacids 5@0 their

gﬁ?{?\’ Egcel'%{gé g& kl"f‘ I-yif %ﬁ?pﬁ’%duﬁ%@ll%ftaﬁ%%aﬁgﬁ Thls will provide a

rocessors fa variety
daﬁﬂemlrmdastsmha:g aftmiv ditsinet deflofangighnadiferent. cr o Devi ces

( ANDz)ne erzxa?n%}{e oqlth efroreng?xg 150516 PlQF 8R 30 hods HeshB B idifin

conducting microarray-type analysis of gene expression. Similar to conventional

microarrays, grids of oligonucleotides (i.e., probes for specific genes or alleles) are provided
ona substrate as described above. Nucleic acids that are labeled as described herein are
prepared and contacted with the oligonucleotide grid to capture labeled nucleic acid

molecules having specific sequences. In these embodiments, the need for labeling each
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appreci ated that one or nore of any type of conputer
system may be used to inplenent various enbodi nents of
Wo b@sciomvent i on. A general - pur pose conput er sysPENUS2005/024979
according to one enbodi nent of the invention is
configured to performone or3hore of the functions
descri bed above. It should be appreciated that the
diffestnemcimyidpeith o pniqot label if lessenddon sliminated Hhscause tgtdpigread is not
is not limt th|n i
sy cplftsSr SRt AR, RRUEEy B oUMIRHOIO put simply
chrbeeddhéopiedIveish de&rmnmi@hemﬁmlmbr aﬁmsbeldcsa:}qumét!mﬁp@wﬁi& e

oﬁéo%ﬁﬁ%«%tﬂ% I%‘%ﬁ ?ﬁ %%gf%? nglxgl%[ oa%?d Cpo? IR e&nd?%t%ét%% gglﬁzﬁjeclgngth of
tHeak R @cid poly@ee asidént the cmnﬂelc aad pblymarl eTIwrap;mcraeomreﬂbq: methods

devi ces 98, such as a di k drj ar 0
of ienint> SBPHG ok s ARt RO Bl R Slon getes
ithSYovarhés iRgpde asd %\Iﬁﬁtlﬂ@ﬁoﬁi ah Ro,dluE itd1he apiéityed icount alfdl\tldhfal nucleic
conputer system9

f st
aﬁiﬂw%@uk@éhwnéao@w&b?tfﬁﬁt BF ERRLORTDN Srotoh GHE S G Ble, Without
hﬁ&uﬁﬂhér&gﬂ HEBAIAP§ nfdfe ABRIBIiFHE ST e gxpremmaem

conmponents that are i nt egr at ed mnthlnﬁghsane gﬁ
and/ Systensradvstheds ef te VBRI AORRIAENS 1o i de

%‘g Cﬁl SR fte discrete machines). The inter connectl on
ani sm 96 enabl es conmuni cati ons (e.q.
i nst Thesyisoms pnd mebedexfdhainyration Beyalke p@gﬁsoﬁléwchwe vast amounts
%renF erﬂltcrc’elcogmdsgé?me%% 34a wﬁﬁgwév@sf fo§%1§§e?\mt189 opée%@tlc data for
I nput devi ces for exanple,
fiayehrefaretce mdwgﬂﬁcatlpackbal |, mcrophone, touch scr een

and r
N0 Qe LT UL B RB l h RHRIPE 105
a0 bﬁsranﬁ)}es fe ra‘xﬁﬁblemyma:plm missible heedeterminsrsequeneadatniten a single

n(gggot shown) that connect conputer system90 to a
i cati on net wor k (in addition or as an

al t emp@filM@irg@xhiiples art @resamsicfot proposeeafitmtstiodigut afimet intended
stora e system 100, shown in greater detail in FIG

taBe limiiigigcal |y incl udes a conputer readabl e and

writeable nonvol atile recordlng medi um 104 i n which
signals are stored that E programto be

executed by the processor mati on stored on or

in thﬁls@%ﬂgﬁé&ﬁbés(ih@ﬁep@raﬁ&%gﬁﬁb tbyhakbfabéléd)DNa\m The
medi um may, for exanp be a disk or fl @Fﬁ%@%

Typi Eapmplaryi pocsee A2t rmkmgtlh‘éelﬁslr%féé% by el I
be read fromthe nonvol atile recordi ng nedium 104 into

anot her nmenory 106 that allows for faster access to
1. he desirkd remplatowasymplified by pel¥msrese ehaindeaster (RGR withgtangprd

mgﬁneghh§ngaﬂﬂ{¥h 06 is typically a volatile, random
access nmenoty as a dynani ¢ random access menory

Rdagédd: or statl c menory (SRAM. It nay be located in

ST QL ABRASYRIEMd Wew RR g BAPLEI S INTE), BEVERYMRY B4t88) # MO267)
dNTPs: 5mM each dNTPs, 20 mM total NTP concentration (NEB, catalog #N0447)
NEB supplied buffers, ultra-pure water.
PCR primers, ZSDp200F (TTATCAATTCACGAAACTGC; SEQ ID NO:1) and
ZSDp200R (AATGCACCTTCTAATAATAC; SEQ ID NO:2), 50 uM stock

concentration. Primers were produced by Operon Biotechnologies, Huntsville AL
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98, not shown. The processor 94 generally mani pul ates

the data within the integrated circuit nenory 98, 106
war@etm®n3 copi es the data to the nedi um 104 af PEF/US2005/024979

processing is conpleted. A variety of mechanisns are

known for managi ng data noverng®it between the nmedi um

104 and the integrated circuit nenory el enent 98, 106,

andZ8Pp200R\ERB836:000) and@SDpIRY6T33d00091.0. The

invention is not limted to a particular nmenory system

98 or storage system 100. The conputer system nmay

Notk: o e phrinyenpy AGMARTEEE of BOR ?haalers%@&s%& The combination of
ES{)d ge, ng) (g(ﬁ}arrpl e, an_ applica |on-sEeC| fic
8%}?’ {286 28 PPEIRyigldes) acy200 kg perdust (SEQUREN@RY emplifisd from an
BlylaftercheRqBAREL Bfothé psiadch WAF GeldBRs VRN Lf maar e,
or any con‘gi nation thep?legfpﬁFﬁret her, su?ﬁ%r%c{uh%ds,
acts, systens, systemelenents and conponents thereof
PER doRditiBR SBh&d “ASDRAbE d‘*ﬂ%? sgypput er system
descri bed above or as an i ndepen &t
conpon®Hl Al t hough conput er40yt em 90 is shown by way
of exappt¢ P pe of csodrﬁ)luter syst em upon whi ch
vari ous as?)@iuts g\flﬁ]%()he invention nmay be practiced, it
shoul o B eashdddPat ed t hat 2dbect s of the invention
are n Lmt.ed to being i ment ed on the conputer
syst e?nﬁoa{lgh@ gl\;ﬁ%ri n Fl G 12m)§ri ous aspects of the
i nventRearserpsgimbe practi ced ldnulone or nore conputers

havi ngNé\BePa{ﬁ,a&%natase?rzch&ﬁ&Wée or conponents that

that shown I'n r system 90 nay be a
gener alenulatpGdengad@MNA)er sysitgm that is progranmmabl e
usi ng a high-1level conputer J@r?%r ami ng | anguage.
Conput er system 90 al so may fd! i velvasnstireagiong

sp&hé atolvy mdt WEy RABEGp 1630 RLAIRW BHEPASEAALEWRDRIA, bl PCR
cogﬁgter system 90, processor 94 is typically a
coMMEPES WEF 5ot 341 ST isagiiopd scpaiatedibes: as t he

wel | - known Pentium cl ass processor available fromthe
Intel Corporation. Many other processors are

avai Midrescard) (Walthapy M sehsequesiliasaqyireidediio®addmboratories of
OPHERTes) €A YT CEIoWrmBI (TR : i
Wndows(r)AQ’QS, W_ndovvs(‘!r'r/)e 5%%1\1/3\%%90}5%@@ ’%)f?ﬁmngcydmg
W trEditiens ) The@ouealing isanoers(urg mysheed to by opdinvis(drbadéd on differences in
 OPSliRhidNDLRY RS, RHAE LAk ! of by

Cor pggr at| oln , ﬁltlI\/AC 3 %ﬁ?@%ﬁoﬂg gv\%{ag} qﬁjgﬁﬁlgegld? érgﬁﬁswrﬂ]ingrs'
Conputl&r S min8586| ari s Operating System avail able from
Sun Msgf 0 o~ Ll 5aaeai | abl.e from vari ous sources
or UNI X a&gi%f%zgfec’%?g%%ar |’c1)LlJnsm)ggu¢Les. Any of a

vari etly - @iminf7A% operating systens may be used. The
processor and operating systemtogether define a
computer platformfor which application prograns in
2hiPgR-fireduets yeropssedravad: Jpan@Uages raheyeMuifets@Rd nhdleotides; the

e, under stood . that the invention is not |limted
@%‘ngg r?(fdlusttﬁaisre Wbt er system pl atform

Reagents:
Two methods were used

A: Homemade spin columns were made using Sephadex G75-50 Superfine (GE

Healthcare, formerly Amersham Biosciences/Pharmacia Biotech). The PCR mixture was
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processor, operating system or network. Also, it
shoul d be apparent to those skilled in the art that

WO b@ofprmsent i nvention is not limted to a sperCT/U82005/024979

progranmm ng | anguage or conputer system and that
ot her appropriate programm ng39anguages and ot her
appropriate conputer systens could al so be used. One

or attowed tpcabsarlmnm 1hé rdshefoe® saoui [ thslygiuﬁ HrE8Ysed¥Rds at 5, ooo rpmina
uter systenms (

di st.ri but e 0SS .one or (no

Sh b ERE Gyt TSR B s bt FSHST oIt Piepagbl, the sals,

comspute;sranaylsacmmai thén ARYeibRiGenakiAéd RWdRSE conput er

systggs For Eﬂ}nple vari ous aspects of the invention

QipetyroBimsayeR R logRmo s nigisplides @R bittEr agspis feqm PCR

co Ipfddgbtﬁ esllotvingth@piotRoBnSIBddivith tﬁ@klﬁ (QLAGRHMEES s ?ctﬁﬂ Kit
n?re client conputers, or to perfarman overa :

ta§% é%)part of a distributed system For exanple,

vari ous aspects of the invention may be perfornmed on a

client-server stem that includes conponents
Hi 59 parprarelabed ]fjA@ﬁé “gandars’ ®NAarthesamplestt éhispdiftatas divided into

r ti C rious
tgﬁ)b r{g:@»l:' I‘n%R’n f&é&t S. aHleenlvvg%fsleo e%gﬁglhglgr és%bg\% h evernigfl tgmplate was
i eeqater amcentratlnn&onréeknale 8, ¢rdy gue, cyb]c)ofBCRJWHselbm ©tobthin DNA

er a
BBIGk on o B A SRR e 28 et i ng a
comuni cati on protocol (e.g., TCP/IP) It should be

apg&g@iqted that the inventign iﬁ%not limted to

systaedard dEMlH ntitgis abdve) i Nvent AGBrnbGvetNTH hiX tbelo)any
net wor k, or

r r di trlbuted architecture,

nﬁ%ﬁ#&%?ﬁ %?%tocol Var | BEET OB YRS of t he
prﬂsdmﬁ&rnventlon may be progmasgmd usi ng an
bj ect ori ented programm ng | anguage, such as
Sn]&rI"Pﬁ*él k, Java, J# (J-Sharpfimetis  Ada, or C
(CSharp). O her object ori ented progranmm ng Ianguages
-@P al so _be used.. Alternatively, functional,

EWWB ?ﬁ@TPQHﬁKG?mH%@W%%ﬂcﬁﬁﬁé'aﬁh1ng | anguages may be
Sﬂ&%ﬂcﬁaif HOPS MRS RECBat S mANGCH PREEIE 'tl%rktcﬁﬁl‘lctff is ZQOmM

i npl enented in a non-progranmed environment
caBect#ions The digmative mixHyaeombinationrof stdard dAFPrertd dGHER together

R s L
n@t?lh%ﬁlﬂdefttmla,qph@ingt)alog\?arq ousnagpbotveildfe.t he | nvent| on may
be i npl emented as progranmed or non-progranmed

el enents, -or any conbi nation thereof. Further, various
SelordCHBNt s of the invention may be inpl enmented using

sehLGr T.techn gy available from M crosoft
dLrElEé(%ra B&‘Ahd % O'élﬁ’t%g e provided by certain systens

Panucﬁ@mhmmSI&%lthe invention is that nucleic acid
sequenci ng, detection and/or identification can be
done at extrenely high speeds.

5-Iodo-dUTP

Producer: Trilink BioTechnologies, San Diego, CA
Product Name: DUTP Iodinated

4. After amplification, the PCR products were passed over a new spin column to remove salt,
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The hi gh speeds and other features of the invention,
such as reduced sanpl e nmani pul ati on and reduced need

wo oro6per9ddr m ng chem stry on sanpl es, al so canP¢CHaES2005024979

significant reduction in the cost of such analysis.

Thus, systens and net hods of -#he i nventi on may make
practical obtaining conplete or substantial portions
oRingupetaes! mofledtivks, \firithead astinisrems aave. THel sainRb pas§iBS through the

g&ugn“@gﬁfﬁgﬁcgg qﬁ?ﬁé di agnostics such as di séase

susceptl nosi s) and research uses (e.g.
pharnacologlcal research, research into biologica

grgc Sses é<§?§5 Esearch to t he blolo$|cal process of
Seadedysr 7Y+t ﬁﬁ’g’ﬁ Tingedags pee ayailably whittoere sempatible with

DINA ;hfkymm@@ bhddanthe 1@6&9‘0&1‘%&1‘ iR PR Srodifekd TH§S§ ﬂ*)éﬁxde Bfpha sulfur
nucl eic acids, but also their

t f
% §ﬂ‘fsi 03 %&T’P (éﬂt EAEP%%& Apqtherivarigion opitherabave praeedinisito label both

§tfa|nh§ 119§ p@HBibRI td AN the HdkBosde thplﬂfsglsldgéjﬁqaﬁ)gg Gl A1 48 cgrcles of PCR
Egerstandlng of how di stinct cel uncti-on

PRR 1Sy 10.coxtdchexanfone wish a cobingticagdidAgPi$ and 2 ladselCTP,
OfTH hia ge|atphods descri bed herein in conducting
m croarray-type anal ysis of gene expression. Simlar
to conventional mcroarrays, grids of oligonucleotides
(i.e., probes for specific genes or alleles) are
provi ded on a substrate as descri bed above. Nucleic
acids that are | abel ed as Edadrlibh2d herein are

prep th otld rid
to cgglt%ﬁef{ gﬁﬁlae%ewﬁ%%p lé)lné) g’& 'gb ﬁ%?%&‘ﬂ'f‘f%é GENTY ﬁ@guc}elc acid
Bpelsito e pseguednolstatel n t hese enbodlnents t he need for

a uni que

| abel hdi f f I d
o1 RS Foafleo Bl e bl s D B es 1 79T Suppter
TEdtPeHa des s8Reddinge GAG %fbeﬁist\/&ildaﬁecﬁ@cﬂi@ﬂﬂ@théﬂhht% R sb®tion of
ut sinply can be

Spe ied he o ucleot|des)

BBk Strelite oG b IF R Stene DR MseAnestrompm deassiove o
rhmuMndSsm w@teﬁ IUElﬁId dainG abdtdRAOMEHERES €48d RIr Q0 Blehhin steps.
dete&} c aC|d pol ynmers), and/or detefrmning
the [&iIFg E«‘ ARIF @1dplasmadrepist jorsrmingtes. Rt yastdegerated

b@u@bl@ing a&@g}@oﬁﬁék RPllse {0 REY Vab@tinh - @Forlt a8 tﬂ%ﬁ%@ and

the invention to microarray-type analysis
d&ffﬂﬁ‘i‘ PRUfRIZE] BiFregte afiydeopbilis serdise siithgitalegyingghosrehendemeath.

Pl3mapeed aRds AL éléﬂlﬁéﬁlf Mro&fﬁ!l%%ha Mg to the ability

to count 1 ndividual nucleic ecul es bound to
t he $RBKieqihese speriesiehytiory greupsithat tanerearly redet Wigh 8 silane

pPRIROEa gWist J@&E‘ ﬁmlﬁg@éd fol ?ﬂ'ﬁﬁu‘&% inh Iaﬁﬁtg lrS)é/lu{J ! O\g\;g)? ggBﬁ4 by mass in

nore accurate picture of gene expression i
ethpral o FEidawarerthantitdted ofi tQmEf aj 3|M/Hﬁ1ﬂ acmh scrim}onab samplé«a\ﬂhdll e

USSR bt ) SR
R O T ST TR
1w@g bgtmmﬂ h:girqu (F@Hmbmeatammmomccm@oﬁ éffplence data

whi ¢ r.eseryvation enetic data for

Fut oo RS Rl B BT P g et 67 19-15 Seconds,then
floated upon'a 2% in acetone solution of vinyltriethoxysilane (VTS). Presumably the VTS
reacted with the -OH termination to leave a vinylsilane attached via a Si-O-C bond to the
surface of the grid.

After removing unreacted VTS with another acetone immersion, a drop of (conc.)

atomically labeled DNA in water was placed on the grid and allowed to evaporate,
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Systens and nethods of the invention may al so
advant ageously use very snmall anpunts of sanple, for

wezxaapl®ps it may be possible to determ ne sequeCi/ESIas/eR4979

froma single nolecule. The followi ng exanpl es are
presented for purposes of ilidistration but are not
intended to be imting. EXAMPLE 1 This exanpl e

ﬁl@ﬁﬁlﬁdibt}&&uilﬂgccﬁ%tﬁﬂ@th?fm@h ﬂﬁ&g@dhirféntb csfl tlliﬁéd(%nNiXallD}elgBéi%MA to the
ary pr.ocedure for abel e e
§1i“§'é‘/ etk P Yinphgeupang iilfég'i’%%?“f BRIPIQP of thg droplet edge

APl thEONBoRAY TRIcasE SFaR dop.€action (PCR) with
standard m xture of dNTPs, 30 cycles. Reagents: Taq

DNA pol ynmer ase (New Engl and Bi ol abs (NEB), Beverly,
MA, catal og # MO267) dNTPs: 5mM each dNTPs, 20 nmM
total NTP concentrati on (NEB, catal og #N0447) NEB
suppl i ed buffers, ultra-pEXANMBEERE. PCR priners,

%gg g%g{élé l%‘&ﬁ %@%@%\%‘%w %E%ﬂlo%cl}l\% %ilﬂ)g aﬁf@ectron beam

mkem;oncentratl on. Prinmers were produced by q:)eron
Bi ot echnol ogi es, Huntsville AL[ZSDp200F (52-336-000)
and ZSDp200R (52-336-000)]. Note: In different
éxperAtmindally &btled bd/ehasdeen syhthBCRdpri mers were used.

I e L A A SRR b e v

al WipkRsEly 9pnerane taenesic ldBRt her priner pai r yi el ded a
-1000 bp product. PCR Conditions for Prine
« Zdiipogomicaliy lpbelod g bivall gyeies. zreatwgﬁpuﬁleﬁér%ad By igpwhich

(N%@st@n@séﬂnta%ﬁ%lﬁl%%{bn@wﬂa 2.0 M Forward primer 1.0
m Reverse E;l mer 1.0 nl . NEB Taq Pol ynerase 0.5 ni

Tehgingatemcaliy lageled dhi)'mﬁ) inhellasitwaeyclps reatiog aImixtgre pfdouble
pe{traﬁ@e%%ﬂlgnn which half of the molecules are labeled in both strands and half are

labeled in a single strand.

2. Images of atomically labeled DNA molecules of sufficient resolution and contrast to
count and measure molecules have been obtained using an electron beam instrument (TEM):
e From molecules in which both strands are labeled; and

¢ From molecules in which only one strand is labeled

A representative image of atomically labeled DNA molecules is shown in FIG. 14.

On the image, the atomically labeled DNA molecules are generally circular.
The foregoing were performed with the following instrument:

Instrument:

Manufacturer: JEOL

Headquarters Location: 1-2 Musashino 3-chome Akishima Tokyo 196-8558 Japan
Model: 100S
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The above m x was scaled up 10X to allow for greater
anounts of DNA, but PCR volunes were set at 50 ml per

WO e@6iwn3 i N separate tubes. An M) Research (V&CT/082005/024979

MA, subsequently acquired by Bi o-Rad Laboratories of

Hercul es, CA) PTC- 200 thepnal4zycler was used to

performthe follow ng cycling conditions. The

gaﬁﬁ :ing tenperature may need to be optim zed based
ferences in oligonucleotide prinmers. These

éﬁﬁ&ﬂ@F@ﬁ@ﬂﬁéﬁéoéﬂtln1zed for these primers. Ix - 5

mhgét%aggﬁ}wg@ﬁ 40[)&5}“%@50/ 95 0C, 40 sec/55 0C, 1 min/72
0C] Ix - 7 mn/72C 2. PCR products were passed over a

$pfahMeagifieation (Scophandamers) e #82,800dimesc| eot i des; the DNA
B%IQ@?Q%%@@‘@@?S;Rf\@l“?ﬁne@g%&ﬂtS Two net hods wer e

used A I n columms re made using Sephadex
Gr5-50 Superfine (GE Heal thcare, fornerly Amersham

i frmaci a Biotech). The PCR m xture
V%ggg}n ik éédﬁpe% sorb into the resin for 5 seconds,
Standard Alignrhat pBcskitondsb Manﬁa,l ﬁlﬁ}ﬂ IComiénsoraperture of 2 selected;

' ntrlf eat omte ture.. The flow
Db e it ot SeiBlied: 2SRRIl st pGo b R By g obbter
BinhleStigtation pﬂnfohﬁed:m&maﬁﬁ, witnEl Th@dst IPouridtrae fori) ofBimage shown on

S We ed to renpve nucl eoti des and

' col um
%@&épaﬁeﬁé’ﬁw&reﬁl’v&ﬁﬁ APEESEEE™f ol | owi ng t he prot ocol
included with the kit. (Q Aquick Gel Extraction Kit

704). 3. To conpare | abel ed DNA and "standard" DNA,
Se at this point was. divided into two new PCR
SEAS1E WeNSrepar@l iR a btodR Sol§RIn df R0 EBSPOR iamplillcaAon BRAUE,

however the tenplate was in greater concentration. For

Bagsgmeleovas gaprpxigisteli JAnga Log! Igncked RNA BER symshesistvwasrpertiumed

Wﬁp%tﬁ@ i6db-@Ep %drﬁﬁgo-gw %chegbrfbg&'é%@e é\ﬁ 5 e?a eling
bel ow). Sanple 1 Sanple 2 Standard ? b)

AP eGP @NI‘PPT lm@lne(swabﬁé@dde vvat er t o ad j ust

T‘l‘&! HBB AL £l ex f)&e@w 1H§ftpré/sgu1g %31‘?19 o 195{{0];: %9d1%9m118{$f Js%oted above.

pr I Mers prinme
A08to 1.0 uL drop was placed on the treated substrate, and was allowed to evaporate at

room temperature and pressure, as described above.

Having thus described several aspects of at least one embodiment of this invention, it
is to be appreciated various alterations, modifications, and improvements will readily occur to
those skilled in the art. Such alterations, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the spirit and scope of the invention.
Accordingly, the foregoing descripﬁon and drawings are by way of example only.

What is claimed is:
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Al ternative dNTP m x: (exanple with dCTP + dUTP) Stock
dCTP + dUTP m x was set at 5 mM each because the stock

we a1 ®o20OrM concentrati on. The alternative nmP&I/US2085/024979

conbi nati on of standard dATP and dGTP together wth
5-1odo dUTP replacing dTTP, apy. 5-10odo dCTP repl aci ng
the standard dCTP. These nucl eosi de tri phophate
anal ogs are commercially avgiA@pde. 5-1odo-dCTP
Producer: Sigma-Aldrich, St Lours, MO Product Nunber
1- 8361 5-1o0do-dUTP Producer: Trilink Bi oTechnol ogi es,
an
R T S R L e
spi n feoninen complemaony sg@nd ofilg mbtqmrctmﬂsenbr and
nucl t. vV, e
pass el i o S FRE ¢ At delal s Bhenu R W plict BB e
NonEemehtary stipand usihg o phiticlelbeany - aton1dNTP anal ogs are
avai |l abl e which are conpati ble with DNA pol yner ases
and can be incorporated into PCR products. These
2.ncl ube mdtiphlofslairh 0y wheeeis ittenmiclefc adidpBlyiner ¢ DNAAT RAS). .
Anot her variation on the above procedure is to | abe
both strands. It is possible to include the nucl eoside
3.ri phtigphalicl drRim gswhdteiakie dRpyhas, dhndPERNE o8 REAN
in FIG 10, which was done with a conbi nati on of
dATPaS and 2-1o0do-dCTP, dTTP and dGTP. EXAMPLE 2 This

£xanprR o fRReR A WhdraR tRfnutlBR aéid%tyrr@'i 8nldts complementary
attachment. of a nucleic acid sanple to the prepared

digpd i5fgred bxfgWplsis s ldpebisrase 638Y8E- copper gri ds
(Product Number 01822 or 01822-F Supplier: Ted Pella,
[ nc. of Redding were first cleaned by dipping
¥-hem Theteptizpdd Phtm énwlwem thetepaplsmentagcsteathef thhauclegaacid
B mets RAHESu MY g%)lﬁné?%g cRlin feaRGSPERIN MOI ecul ar - si eve
to renpbve nost he sanme acetohe sol uti on was
used for all cleaning steps. Gids were then dried in
ir t
%e ne ?irahtq é'ng!ﬂ@r{)g st n)?/?nvglgeéélﬁ Ehe%ugl"géltve}grcg é‘i:tht? J‘ll]?é ?(y\@ gol}/mer and/or the
apngpdemantery sirand retmetifieslrtp 1r3;huileﬂdbelsp ower and duration
optim zed to create a hydrophilic surface w thout
destroying the grid underneat h.

7. The method of claim 6, wherein the labels are specific for each type of nucleotide.
8. The method of claim 6, wherein the labels comprise one or more atoms.
9. The method of claim 6, wherein the labels comprise three or fewer atoms.

10.  The method of claim 9, wherein the labels comprise a single atom.

11. The method of claim 6, wherein the atoms have an atomic number, alone or in

aggregate, of greater than 55.

12. The method of claim 6, wherein the atoms have an atomic number, alone or in

aggregate, of less than or equal to 55.
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Pl asma treated grids showed significant hydrophilic
character. To reduce these species to hydroxy groups

W b@b/ocend readily react with a silane precur sSOPCT/ES2005/024979

grids were imersed for 5 mnutes in a dilute solution
of 5% NaBH4 by mass in ethanodd- Gids were then
floated on top of a SMHCO acid solution to conplete

t he di ssoci ation of the borane internediate fromthe

id [ mai ni n actant, |eaving
g%hi nﬁggnﬂgog#oﬁi/al %d“—'E%?lgSh aﬁoa{?seage gﬁﬁeﬁﬁ&?g"car bon
film Gri ds were cl eaned agai n by di ppi ng i n anhydrous
et ope nds then flo pon.a 2%in
iz}get g%e B Oljit(‘iq(ﬂl? %?PPP‘?I%‘F BRRFSHIC ﬂ@ﬂ(arﬁr@?omopated in the

Iﬁtck’ﬁm{mblbglymhem%&hé eaapledembhrd Rirdd¥duri fdr%&ﬂ&xf‘(ﬁ{théjﬂhcte% acid
silane attached via a Si-O-C bond to the

%OE\“P%f@Ed/&%ﬁ@nﬁlFl?‘ama‘Xﬁr@}d renovi ng unreacted VTS with

anot her acetone i mersion, a drop of (cone.)
eled DNA in water was placed on the grid

ically |
’gﬁ[n 3 mélﬁ‘? E%g claira forhgren ﬁv%@}ﬁﬁmeylﬁg dabslsiate oodesl taghe
il lcOtidl of’ﬂl@ nﬂél&@ %HH?BEIH@I aﬂdyb(? th%t &fﬂpﬁe‘nﬁéﬁoﬁgﬁg %%e %aﬁon of

o the grid reacti on wth Vi
%B‘é‘éﬁ%%‘i qué@@s@ﬂ@hthéfcomhlémgmt@tm Sérﬁn%dge aligning the
DNA towards the center of the drop. EXAVPLE 3 Sanple
preparati on and anal ysis of nucleic acid nol ecul es
]t§S| nd'hamediod of porofistaans 6-|hé,twluzmmthe nmclelAiaampoB!Meyand/or the

glggeln‘g:gta%n@%e Qﬁﬁ(@ % %&@?ﬁ" Sc% & }reéem 81?%'2? ﬁﬁ d&aa &tj éegtlﬁcatlon
tgq nugtpgtidespiithe] rmclﬁhlacild polyimer amléorsts rcalmﬂlelmaﬁta@ts&mhcﬁare substantlally

call el al I
r%?}g‘geltdlfrr? “p%o %sggtg’{??aan eg Eﬁﬁ ﬁgﬁ% B “g?s Tothe
soostratzi n | abel i ng atons; and Using atomically | abel ed

dNTPs in the last two cycles, creating a m xture of
doubl e stranded DNA in which half of the nolecules are

I7abelTadmiethob of ¢aigd I, &d‘hﬂﬁ:nﬁﬁé ste@bff idextiByih@B 8 @ehck Bf ﬁ‘ucleotldes
atom cal ly | abel e

t
C%P‘g%eg ﬂ%‘?';%%gwf‘lﬁlf&f&q’a%? qXB%Sé‘}&}P? Bwlem%miym@rsmdmthe

complameﬂta@z SFRABIANR: FHRi bR aﬂiﬁ&&at@ﬁﬁ%th@ *ﬂh&b&ﬁ@s i+hg
aﬂ?‘ﬁ?{‘ ectron beam i nstrument rom nol ecul €s i n

SHo Fhpngesta thearicls heamel ed and From nol ecul es in
which only one strand is | abel ed

18.  The method of claim 17, wherein the nucleotides of the nucleic acid polymer and/or

the complementary strand are modified to include labels.

19.  The method of claim 17 or 18, wherein the step of identifying the nucleotides

comprises detecting characteristic changes to the particle beam.
20.  The method of claim 1 or 19, wherein the particle beam is a lepton beam.
21.  The method of claim 20, wherein the lepton beam is an electron beam.

22, The method of claim 1, wherein the nucleic acid polymer and/or the complementary
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A representative image of atom cally | abel ed DNA
nmol ecules is shown in FIG 14. On the inage, the
watwaiocwbld y | abel ed DNA nol ecul es are gener al | RCT/US2005/024979

circular. The foregoing were performed with the

followi ng instrunment: Instrumént; Manufacturer: JEOL

Headquarters Location: 1-2 Miusashi no 3-chone AKki shina

stiaky sre 2868 BbBsubatpad) Model : | OOSSet ti ngs: Accel erating

Vol tage: 80 kV Direct Magnification: 40,000 tines

Total Magnification (Scope and Canera) : 482,000 tines

ﬁam? IThe SYBod B 3R S heRiEthe AMdleiCadie b@lyﬁiﬁémﬂfﬁr the complementary
nment Procedures: Standard Altegg t proto oI from

sEra B VR AT Ero oS s Re 1 g pohapgrapq/giihe
dRiphaidntaey dpaat ure of 2 sel ected; Focus performned
manual |y rather than with H V. Wbbler. Final
Stigmation performed manual ly, with FFT (Fast Fourier

2-|er ansietdhoafor b ARYS3, S @0 nﬁ‘tﬁ&& i pélgﬁgleacndﬁff‘ RleWoRPlementary
th-AMI canera system Method Ste anpl e was

qma@tb@ne effixed ima sbsirate st bt cnds efithextuciiriacishpbaper and/or the

£ ' product. The sanpl e was approxi nately
(%g%é/lﬁnétn&%%étﬁg%el ed DNA. PCR synthesis was perforned
with both 5-iodo-dCTP and 5-iodo-dUTP, as descri bed

%b ov ePhe Bl %'f Oinfo3 Iv{f‘g{) tlhgf?&!léllﬁ gci(’glh@%?ﬁ{n&%\?&ﬁfc@%&)fementary

yrim | nes are
smmpd)&e dffb@d tcm/\sqbsmaira@hphlag nBlotasionsamegethe length of the nucleic acid

hé ‘i/ gl 3’1?} tedtaove A 0.8to 1.0 nL drop
erslag g g Ko gm?r}%tsé%? Substrate, and was al | owed
to evaporate at roomtenperature and pressure, as
de cribed ahoye th descr sever a
e GG i I ORISR E51F REREL BHor A PEblegrentary

dﬁ@ncﬁﬁﬁ cEsstantifl MaighRb& ok ey idértidyisg theReleheat i ons, and
inprovenents will readily occur to those skilled in

the art. Such alterations, nodifications, and

A70Pr a%e FRAoA oRERink D4, Q\Vh@% thOnigeiPadid p&ZmEIhdnﬂ/or the complementary
di sclosure, and are intended to be wthin the spirit

siiapd @reélgs@glgpneflrl% fuifa¥ti on. Accordingly, the foregoing

description and drawi ngs are by way of exanple only.

28.  The method of claim 27, wherein the fluid flow comprises molecular combing.

29.  The method of claim 27, wherein the fluid comprises one or more liquids, gases,

phases or a combination thereof.

30.  The method of claim 27, wherein the nucleic acid polymer and/or the complementary
strand are attached to a substrate and straightened by hybridization in the fluid flow to

oligonucleotides that are attached to the substrate.

31.  The method of claim 1, wherein the step of identifying the nucleotides in the nucleic
acid polymer and/or its complementary strand comprises interpreting changes in the particle
beam resulting from interactions with the nucleotides to detect the nucleotides in the nucleic

acid polymer and/or its complementary strand, whereby the sequence of the nucleic acid
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What is clained is: CLAIMS 1. A nethod of determ ning
t he sequence of a nucleic acid polyner, conprising

wo orogiongon conpl enentary strand of the nucl ei cPEDUS2005/024979

pol ymer and identifying a sequence of nucleotides in
the nucleic acid polynmer and/4f-in the conplenentary
strand using a particle beam 2. The nethod of claim
folyminds @éterntifiedd. nucl ei ¢ acid polynmer is DNA or RNA. 3.
The nmethod of claim| 9wherein the conpl enentary
strand is DNA or RNA. 4. The nmethod of claim 1,
sher eThe mdiiodrfelagh G 1 AGhetki e YTBIECtAOEIA Tabkfed.
conpl ementary strand is forned by a nucleic acid
pol ymerase enzynme. 5. The nethod of claim1l, wherein
$he CrHIRheENBRINIlaln ST vaekiPthe hfgBia iR far@Gd geaﬂpziré! E‘Iﬁﬁges in
i s formed_usjing olynerase chaln reaction (P
FhserbaeersHection, c,quFCrHOQ’ engrg oefliFectipe nucl eot | des of t he
nucl ei ¢ acid polymer and/or the conplenmentary strand
are nodified to include |abels. 7. The nethod of claim
¥ whideangthadind claipd1l.gvherein the shdngpscin fthsr pagticdthbeayyree dfanges ina
DHGh19kdge. 8. The nethod of claim®6, wherein the
["abel's conprise one or nore atons. 9. The nethod of
claim®6, wherein the | abels conprise three or fewer
3’5'5t onf’]{hse ér%tho-gl%? ﬁgﬁ 99 QVh%Ieilﬂhg%;?r?gglh%aﬂq r%ase | %;’)]net cP gjleﬂsil%lal pattern, a
Welrum:nslomhlaaaatmwsa ﬂamedlmnnsinmhrbar,temunber alone or in
aggregate, of greater than 55. 12. The nethod of claim
6, wherein the atons have an atom c nunber, al one or
3, ag@e egétod of olhinh &SfrthdlaomprisiOpt@thifOthd 5@Iﬂlﬁem$1|i‘c@ry strand and/or
@E W@ ofdc aim 8, m@greln the atons are hal ogen

¥ Byeic 4od polRner i SURFTBIE ) ai m 7, wherein nucl eoti de
specific Iabels are incorporated in the nucleic acid

ol ymer and/or. the_conpl enentary strand durin
f’or rr;ﬁlF Bﬁ‘t of plat, |‘&p’&?lfhféf> aﬁﬁﬁgm?ﬁé? by ledst acgdq@quence -specific
wesplenmentary strand. 15. The nmethod of claim?7,

wher ei n_nucl eoti de specific |abels are bonded to the
nucl eoti des of the nucleic acid polyner and/or the

BOND |Tﬁgﬁféﬁr%ﬂ ¥t Shinasg v@lfefe?rfthé Qﬁcr@& @D sefierdch! @g&ﬁ?gﬁ&%ﬂes are

aC|d gner and/ or ‘the conpl enentary ‘stran
qlgpmistsotidlesany of clai ns 6-15, wherein the nucleic acid
pol ymer and/or the conplenentary strand are affixed to

a substrate and wherein prior to the step of
3% entlh¢ metpil oficlaim 36, wherein the substrate is der1vat1zed to provide attachment

points that are sequence non-specific.

40.  The method of claim 36, wherein the complementary strand and optionally the nucleic

acid polymer are attached to the substrate in a grid pattern.
41.  The method of claim 36, wherein the substrate comprises a carbon thin film.
42.  The method of claim 1, wherein the step of identifying the sequence of nucleotides

comprises performing a plurality of scans of the nucleic acid polymer and/or the

complementary strand using the particle beam.
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the nucl eotides of the nucleic acid polynmer and/or its
conpl enentary strand are substantially renoved from

WO b@oduIst rate, | eaving the | abels of the | abeP@rus2005/024979

nucl eoti des affixed to the substrate. 17. The net hod
of claim1l, wherein the step-4f-identifying a sequence
of nucl eotides conprises generating a particle beam
exposi ng the nucl eic acid polyner and/or the

Fhian: TR iarotriing: BEL MG aF R erined in cach sean.

changes to the particle beam 18. The nethod of claim

%%' erﬁhg ghe nucl egti des of the nucleic acid

ly PEfetermning s seqmente ¢ nuglpis Agid gplymep gpmpising

to i r@hﬂi@@mh@ﬁh& hcleid Bcid pHIgmEBAnARA 1@501&151@1&15%&1‘} sﬁ’zﬁndltémg labeled
erelng%he St of ident]f t he nucl eoti d

g (FPBFIF%t apdip ?‘W&”EFFA?%’@? g'mhgqgh@te% Bahges to t he
parti 16é1ﬁ1f}hﬁgﬂﬁbelgd)mbo-ﬁh@e6fﬁfeb%/&fde&lyﬁbgﬂu%legﬁde%9n th_?_ ucleic acid
wherein the particle beamis a |lepton beam he
PRIYRE dnd/pr it antﬂmﬁfa@ﬁ Hsinge parégle beanbeam i s an
el ectyRf; Ibﬁ@rfab 1%8
ruel o 611 4 Ogye g %?ﬁlghegﬁ&ég %g%/&f de%%%‘flﬂgh Vﬁlag; When %Elcgrporated
inrtke ncleioasiyl podyneer sudett ltsaloelpleZ@ntawanéaﬂao@bnuﬁatdé aanng the particle
¥dm. Wherein the nucleic acid polynmer and/or the
conplementary strand are affixed to a substrate at one
end of the nucleic acid polynmer and/or the

npl r e 3
ﬁﬁerrﬁﬁ%?%edﬁag%@?%gggmgml&Fy ﬁﬂgp V”?%@tﬂthfRNA‘
conpl ementary strand are afflxed to a substrate at

t h.ends ,of e. nycl nmer and/or. the
ég')g p l"lglm? i< %ha Idy glfi%%g .WFI"]f?ln t%ﬁ 801‘&@Frﬁ%ar8 ]str:tqd‘ﬂf mezglclelc acid
mieneziinDNAer RINA.ei ¢ aci d pol yner and/or the

conplementary strand are affixed to a substrate at a
plurality of |ocations along the Iength of the nucleic

&cid T;he hy:fﬂbﬂ oB8ElginD44, WhereG PP h@IBOAA Yol$hErddd/or 8 conlfimentary
H; % m 23, wherein the nucleic acid polyner

SHA ’Slsyllt 12¢ Lﬁb?%‘l‘ﬁéﬂ?%ﬁ PRy MR AEENG ubst ant i al |y

straightened prior to identifying the sequence. 27.

The met hod of claim 26, wherein the nucleic acid

4301 y rHBF msthad of clained4 Bty hnpusisjc aid¢ pelmenaad/or its complementary
S&Eﬁcﬂis ghRRedd &’sﬁfné ﬂo‘l‘}rﬁ‘erﬁe%ﬂém fBction (P @Rzgt hod of claim

27, wherein the Tluid flow conprises | ecul ar
conblng 29. The nethod of claim 27, wherein the fluid

499NPTh S BRthBASE Qhind B, ShbleBUhSRbe1 92 Specific for each type of nucleotide.

50.  The method of claim 49, wherein the labels comprise one or more atoms.
51.  The method of claim 49, wherein the labels comprise three or fewer atoms.
52.  The method of claim 51, wherein the labels comprise a single atom.

53. The method of claim 50, wherein the atoms have an atomic number, alone or in

aggregate, of greater than 55.
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phases or a conbination thereof. 30. The nethod of

claim 27, wherein the nucleic acid polynmer and/or the
waeoomplogavent ary strand are attached to a subst rBCEUS2005/024979

strai ghtened by hybridization in the fluid flowto

ol i gonucl eotides that are attgghed to the substrate.

31. The nethod of claim1l, wherein the step of

identifying the nucleotides in the nucleic acid

r / or s _conpl enentary strand conpri ses
t e;t@if’é?‘itﬁ‘ﬁ‘ < ﬁ%ﬁ@é@ Phereim the At hay eanydemricrusbes plage or in
igg@dgatenéﬂésaeﬁah@nqum folsst he nucl eotides to detect the
nucl eotides in the nucleic acid polyner and/or its
conpl ementary strand, whereby the sequence of the

saicl erre ndghARALMIE S0 'Vﬁlepe@ﬁﬁlémo%%e l?ﬁgo%eﬂ_gl% ethod of
ape

claim 31, wherein the nucl eoti des are ed. 33. The
nmet hod of claim 31, wherein the changes in the

PArtigeenARAMr ALk 89 ?ﬂ%?e?n B 1BBR g%gﬂéﬁfﬁdratec? e rlﬂ)(}nubleotlde

def | ecti on, enen% I rection.
andir ﬁecg(yrlbmie@m t[lpl@sp,ltama gessl in myrithesis rn)ﬁt}temoi:lelc laeid poBirer

SRARERS ohBlefh gpattern. 35. The nethod of claim
34, %ﬁe?g'ﬁ eﬁe spa |alipattern is a one di nensiona

pattern, a two di mensional pattern or a three

Mens| ter 6.
't rd AR AL . i NP DS LR e iophdad ot
ralnkibbmies bftme nucitie amd pcllydlepzﬁidwffﬂ’fe dompienferiast ftiah@ afte? Tntgzorporatlon

f c 36, wh rein ttachnent is by
o35 B e bl Gt epiefeon oheleSoges vk a0 polymer
amdfoh the complemantaty3ifandiher ei n t he nucl eic acid

sequence-speci fic nol ecul es are oligonucl eotides. 39.
The net hod of claim 36, wherein the substrate is

Sder i Tat mee@d boclpindy, d@edtd BE RPatid gﬁﬁgﬁthte ﬁh%i:le@hgonucleotides
fﬂﬁ@ Ence non- speC|f|c 40. The net ho claim3
F dSonyHBueletidesrAmrises seaerrtingn paTErlobramo pobipg theaucleic acid

pﬁlyi‘aie@hﬂd @6 b@tmnahmﬁp si%ﬁ t@tﬂe%nﬁféi}e téh%%éﬁii%@? in

grid pattern. 41. The nethod of
rtbﬁ%u%qmgﬁaaé/@r wmbosle@e@dead@dﬁ chaiuaqnerfsm changd to THegarticle
veghhod of claim1, wherein the step of identifying the
sequence of nucl eotides conprises performng a
plurality of scans of the nucleic acid polyner and/ or

he . t t art
'Di'he %‘g@@%ﬁ% ?f %{1%% 5%, @{E}Qm‘@ér %l%n fgi te? Ing | %l lgﬁlugleoudes and/or
deeryribertvclteddes cempriren tétédtiag charactaistic deages to the particle beam.

60.  The method of claim 44 or 58, wherein the particle beam is a lepton beam.
61.  The method of claim 60, wherein the lepton beam is an electron beam.

62.  The method of claim 44, wherein the nucleic acid polymer and/or the complementary

strand are affixed to a substrate.

63.  The method of claim 62, wherein prior to the step of identification the ribonucleotides

and/or deoxyribonucleotides of the nucleic acid polymer and/or its complementary strand are
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44. A nethod of determ ning the sequence of a nucleic
acid pol ynmer, conprising synthesizing the nucleic acid
w@oedogoegooand/ or its conpl enentary strand usi ngP¢EDS1008024979

ri bonucl eoti de and/ or deoxyri bonucl eoti de

tri phosphates, and identifyrfy-1abel ed ribonucl eoti des

and/ or deoxyri bonucl eotides in the nucleic acid

syitayitiaty ramdyedrfrdnt the sabsprhtenteaviy thie bibelantithe fabelgd sbonucleotides
rtjcle.beam wher.ein.the |.abel ed ribonucl eotides

a‘g‘ﬁﬁr/ciff’xﬂg’8?'§ﬁq‘lroﬁl§h?‘ﬁfgﬁ’ée {9 B“gg?bs\?lﬁggh i ncorporated in the

nucl ei c acid polynmer and/or its conplenentary strand

are jdentifiaple using the pariicle beam 45  The

Gt hBEE BFEY A, Y B Rl 5 T g OB Spppplementary
strnd@NABke DA subkBrate Bhenc vt O the @ficiit atihpdhmerhielr@itie t he
conpl enentary strand of the nucleic acid polyner is
copplegentiiNAradly  The net hod of claim 44, wherein the

nucl eic acid polymer and/or its conplenmentary strand

I's synthesized by a hucleic acid pol ynerase enzyne.

638, Themadeholrlam 6 wherpinahe Rislsicaici Rabangy gag/ef G gempjementary

sﬁ’ﬁldya'ir@gfﬁ?MO QAlsubdirateGPRh AR BHedhuskicasi Z[JOE/I&Y atdA&she ed

usi ng pol ynerase chain reaction (PCR). 49. The net hod

cohplemgntarystrandaher ei n the | abel s are specific for each

type of nucleotide. 50. The nethod of claim49,

wherein the | abels conprise one or nore atons. 51. The

6fiet hGble method af ¢laiti)2, whereiithe nusteid asisbpalyaey@pd/oside complementary
r fe atons. ., 52 ; . LD ' P

i e 83urr s L BRI Bl R L en R BE B Bycicic acid

polyaienuimllor thd@neilementeey sitaods have an at omi ¢ nunber

alone or in aggregate, of greater than 55.54. The

met hod of claim50, wherein the atons have an atomc

6MuUNb&he mathot ef @4im 62, ateremake micledd acidsdyhdrand/or the quraplementary

to 55. 55. The nethod of. claim.50 in.the ato

st e ey sirgengse PrngloRuiHBd e Bielf rhea e RhERE ppgor
deberibahirledtigdse | ncorporated in the ribonucl eoti de

and/ or deoxyri bonucl eotide triphosphates used in
synthesis of the nucleic acid polyner and/or the

680 NPROBRINGA ¥ QhifPd7d whéréin tHRuchER R méilaail/Bt th complementary
wher ei.n nucl eotide specific |abels are bonded to the
stend aso$tradghiengd by ﬂ@ldrﬁﬁ&"l' eic acid pol yner and/or the

conpl ementary strand after incorporation of the

ri bonucl eoti de and/ or deoxyri bonucl eoti de .

60r i pAbspltheé of ¢lpimbS; wéerﬂinézeeﬂ@d Hewopprisaatolecular combing.

70.  The method of claim 68, wherein the fluid comprises one or more liquids, gases,

phases or a combination thereof.

71.  The method of claim 68, wherein the nucleic acid polymer and/or the complementary
strand are attached to a substrate and straightened by hybridization in a fluid flow to

oligonucleotides that are attached to the substrate.

72.  The method of claim 44, wherein the step of identifying the labeled ribonucleotide

and/or deoxyribonucleotide phosphates in the nucleic acid polymer and/or its complementary
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and/ or the conplenentary strand. 58. The nethod of
claim44, wherein the step of identifying the | abel ed

wo 2iweoubeot i des and/ or deoxyri bonucl eoti des CRPOPUSRES024979

generating a particle beam exposing the nucleic acid

pol ymer and the conpl enentarysestrand to the particle

beam and identifying the ribonucl eoti des and/ or

stenid yoriPiasas i@ pietiftechaiss it Be GRAEIBGEMN keslilkifig SHRANBCRcHEs with
he particle bea agg. The nmet hod of claim58, wherein )
8“@?‘&1&1@ fo dgeris | ged Heonmelgeilg and/at deguyribonuglentide phosphates in

the axMEit BOBYEIyRRf RS i FRpILBEHard ikl WAGeby the sequence of the

characteristic changes to the particle beam 60. The

Wﬁﬁﬁbﬁmgwﬂﬂpﬁﬂﬁﬁﬂﬂm%ﬁﬂ%S, wherein the particle beamis

a |l epton beam 61. The nethod of claim 60, wherein the

| epton beamis an el ectron beam 62. The nethod of

@ ai ihgmethgdet slagin B.avheirin Bie shangpwingles nantinle baay ave changes in
fREERhA% £ F I 0 a substrate. 63.
%ﬁg%%ret hogg%lfxn’cl g?dr?nglé’g{ngr 81; g’%{%ﬂ(ﬁé'i or to the step of
identification the ribonucl eotides and/ or
OX Vifle RO [ . | ei.c acid.pol ymer .

Sl e AR Sl 93, Hordl e LS B Beictboe changes na
pefiad weiteri.r om t he substrate, |eaving the |abels of the

| abel ed ri bonucl eoti des and/ or deoxyri bonucl eoti des
affixed to the substrate. 64. The nethod of claim 62,
Wher eiha ntettedrticlaim C5,adietkiphb yiagial fafenas a bitedimensional pattern, a
‘&pgglgpent@rﬁ straﬂg qge affixed to a substrate at one
end BT IR Rt Sr & Mg gt US4/ or t he

conpl ementary strand. 65. The method of claim 62,

erein the nuc] ei ci.d polyper and/or _ the

| onpffélﬁ&?fmgf‘ﬂ g‘{%ﬁ‘a Togiher ameariing afiaphingsihe arepderaensgry strand
dnatop iR mdslei@facidpolyee tord substked POl yner and/or the

conpl ementary strand. 66. The nmethod of claim 62,

wherein the nucleic acid polynmer and/or the
BONP ITRY R YF & irfthe | - ; —Speci
plurality of | o%glta?gr@ Elglugtﬁéght}(aﬁgml&gﬁﬁg}shﬂgg H{%Eeaesﬁg‘gﬁng? ?:pemﬁc
MRIFYSol ymer and/ or the conpl enentary strand. 67. The

met hod of claim 62, wherein the nucleic acid polyner

and/ or the conplenentary strand are substantially
8t r ailgpmethed opelrior 78 ovhergirthé fyclaigadiheeqhetvelspatific molecules are
| .e2Qti des and/ or deoxyri bonucl eotides . 68. The
(%%?ﬁ%§8%%Qb|ain167, wherein the nucl eic acid polyner
and/or the conplenentary strand are strai ghtened by

dol ui q‘hé ln%%ﬂ'od of claim 77, wherein the substrate is derivatized to provide attachment

points that are sequence non-specific.

81.  The method of claim 77, wherein the complementary strand and optionally the nucleic

acid polymer are attached to the substrate in a grid pattern.
82.  The method of claim 77, wherein the substrate comprises a carbon thin film.

83.  The method of claim 44, wherein the step of identifying labeled ribonucleotide and/or

deoxyribonucleotide phosphates comprises performing a plurality of scans of the nucleic acid
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69. The nethod of claim68, wherein the fluid flow
conprises nol ecul ar conbing. 70. The nethod of claim

w®3oenimnei n the fluid conprises one or nore | POUUSRN5/024979

gases, phases or a conbination thereof. 71. The net hod

of claim68, wherein the nuclgic acid polynmer and/or

the conplenentary strand are attached to a substrate

é@l?méxta{na}ogﬁk%ﬁgle%mﬁwl‘aﬁd dsiit (ROpdrfic1@bddnt!i d flow to

ol 1 gonucl eoti des that "are attached to the substrate.

72. The nethod of claim 44, wherein the step of
RzgentTl{eXhaﬂoc\tJf%lallrgk‘)@lmr& baByE! (Rmul (16t ?(qulenuﬁed in each scan.
deoxyr 1 bonucl eot | hosp ates 1n the nucleic

pol ymer and/or its conplenentarystrand conprlses

pht er 29 esul ti .

b om T RELL S SAARARG IR shotenBrh o e OGO BRE shopne

| abel sydthesifingacoragemegarg sidndrof deonyleiclaoidpolyaat usieg labeled

t n _t.h u ol r.and/or its
ARSI E b oo BHG G h B P8 WTEIARE of 1 he
n Iu CI eittactend Kﬂe pmdlglll‘mdﬁd pslgﬂext i roe ﬂﬁd:ﬁmﬁl@meﬂ'ﬂaﬁj &ﬂ)iﬁikl)@m sobstrate,
cl ai erei.n.the changes ip the particle beam are
C han bt Gl £ BRAEad Sod iRl ot s fomglap i strand
amngm@w@nmaembmg, The met hod of claim 73, wherein the

changes in t rtlcle beam are changes in a spatia
patte%eﬂerat?@aﬂaﬁ'% "R%Mod of claim 75, wherein the

spat i&podiitth€hitldiSadd PE19meH B ARl PRPlenRatalyeiAnd & th¥Barticle beam
gjnen3|onal pattern or a three dimensional pattern.
ough fis cappleBnigry stiand on tha substigterief conpri si ng .
at t aGhieAgetind %h&@mb%@&weybe%&r@ﬁ@t@%nprm& Hﬂ@iﬂ?{h@
acid polynmer to a substrate. 78. The met hod P clarm
ueleotififstefigiedt His laheledamplepiides in tb@/cqw&m%ametmd whereby the
The net hod of claim

§€ﬂ5§ﬂg&@ﬁ%E%EERQMEﬁgﬁgygc IIlsegquence specific
nol ecul es are oligonucl eoti des. 80. The net hod of

ai r v ze
%dr oV %é@gl{)%{\gg% Ft‘écﬁPé Elglp?#g’?cte ﬁﬁ‘(ﬁ/gr 1d§nt1$¢ {Clél g&clelc 9015 polymer,
qomprisingci fic. 81. The met hod of claim 77, mhereln t he

corml g Sl S RBUESRH Pl bBE L § 1

pol ached

pat t attmchn&?che ddwepleraéritog siednd @hdyioptidnally whemeldic 4di@polymer to a
SEQ@I conprises a carbon thin film 83. The nethod
or° 44, wherein the step of identifying |abeled

ri bomatébtﬁigtthcdpreﬁlﬁéﬂ &d/or identifying the complementary strand and/or the nucleic

acid polymer using a particle beam.
87.  The method of claim 86, wherein the step of identifying comprises measuring the
length or determining at least a partial sequence of the complementary strand and/or the

nucleic acid polymer.

88.  The method of claim 86, wherein the nucleic acid polymer and/or its complementary
strand is DNA or RNA.

89.  The method of claim 86, wherein the nucleic acid polymer and/or its complementary
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deoxyri bonucl eoti de phosphates conprises performng a
plurality of scans of the nucleic acidpol yner and/or

WO b@sooyps enentary strand using the particl e bremUSB4Y5/024979

The nethod of claim 73, wherein at |east 100

nucl eoti des are identified inseach scan. 85. A nethod
of determ ning the sequence of a nucleic acid polyner,
SRR il B HBRE #id1®lingaeRhamRNt ary strand of the
nucl ei c acid polymer using |abeled ribonucl eotide

tri phosphates or deoxyribonucl eotide triphosphates,

9(5 t actlenfethdiRorRtsh 8D GriRtedifl tH%Ql'UME‘i% lacidpelyHerdst @nzymc is a DNA-
onpl enentary strand to a substrate, substanti all

éfmeadeghwm maseserA RN Ardependens DRGA pekymerpseipigy RNAedependent RNA
sapmLgoentary strand using nol ecul ar combi ng,
generating a particle beam exposing the nucleic acid

pol ymer and the conplenentary strand to the particle
5’f3am 'Pkl%rn%f% 03’ IEﬁ‘mﬁ %B‘RM%?SH hah clgcstfd@pgf tﬂ? Jclljeqc acid polymer and/or
substrat e, I'nter’preti ng changes in fe partlg?é
@@aqmpbmammwmgmﬂhmﬂnmdﬁbdamndmhéﬂmmr1the nucl eoti des
to detect the | abeled nucleotides in the conpl enentary
strand, whereby the sequence of a nucleic acid polyner
9% derhemmatineichf cBEn 9B wietrdinthe ddbed eteespbdifigfor bachpy gsemaeeotide.
and/ or identifying a nucleic acid polyner, conprising
form ng a conpl enmentary strand of the nucleic acid
g0l y riEte, maliddagbiatig 91, Wehetamide &P Rcamristohd BEmaRtitoms.
optionally, the nucleic acid polymer to a substrate,

and detecting the presence and/or identifying the
e | BB/ S0 g vaReiothe 1dbelsRbsbiicGhd€ bbfeRe! MRS

using a particle beam 87. The nethod of clai m 86,
wherein the step of identifying conprises neasuring
630e I'BRGdhRIOrdRIg DMWHeRSn Ak ldbeﬁ%Bm?n&%rsﬁﬂ at§gauence

of the conpl enentary strand and/or the nucleic acid

pol ymer. 88. The method of claim86, wherein the
WCl et n?e@ﬁda of Qfamf v@fé?ynp{he afoﬁls R PG AuhbSt 5131[1’5:j I 1n

DNA or RNA. The net hod of clai m 86, eréin

mtﬁgéfﬁcofzgtﬁatﬁr ﬁ@h?ﬁer and/ or | t s conpl ementarystr and i s
formed by a nucleic acid pol ynmerase enzyne. 90. The

met hod of claim 89, wherein the nucleic acid
Yol y e asthodivf ylain P vehediidie plomd @rethabiiin golnjcmemndse aloae or in

ﬁ%ﬁ@ﬂ%ﬂﬁ@%@ﬁ&nQNQmQﬂ£gg?rase or a RNA-dependent RNA

98.  The method of claim 93, wherein the atoms are halogen atoms.

99.  The method of claim 92, wherein nucleotide specific labels are incorporated in the
nucleic acid polymer and/or the complementary strand during formation of the nucleic acid

polymer and/or the complementary strand.

100.  The method of claim 92, wherein nucleotide specific labels are bonded to the
nucleotides of the nucleic acid polyrnef and/or the complementary strand after formation of

the nucleic acid polymer and/or the complementary strand.
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pol ymerase. 91. The nethod of claim 86, wherein the
nucl eoti des of the nucleic acid polyner and/or the
waeeovploeavent ary strand are nodi fied to include pebebm05/024979

92. The nethod of claim91, wherein the | abels are

specific for each type of nucizeotide. 93. The nethod

of claim9l, wherein the | abels conprise one or nore

B10 I'TBThe%tlho-Hhﬂ clith B@,dvh@fenﬂiha isﬁp Qﬂ-detél&f]lﬁg the rprr]dsglﬁeltaﬂbleﬂ identifying

conp ise three or fewer The net hod of cl ai m
ReRtarhgrang B@W& t&%Wtﬁlqlg %cugp@yrﬁan usingiadticlsepeamyggmprises

gea&ﬂaﬁﬁg Sharfidl@béhnd) %xpdé’ﬁ‘lg R duclelticRl RIFEndl aN@orhe @(Sr@ﬂbrﬁentary

al one or gg gregate, of greater than
shgad wbﬁ Bariige beAmiand ectma theampleetifies af Bergoraplemeniary sizgnd and/or
@k ﬁﬁ@l&c Q&S@@l&me@du@ & cl%?acke?ls@cg&fa %@tt@the ggrtllﬂ%%garﬁ han or
equal 5 . The net hod aim9 wherein the
atons are halogen atons. 99. The nmet hod of claim92,
i’%ﬂ%e e rﬁ%d%?k ?1[3 Skt 4]\ ﬁ‘llfb%o%idgsr ot tﬁe%gfeﬁoarc )f%ﬂ/rﬁé? and/or
the nucleic acid ynmer an or the conpl enentar
the cemplementiupy gtr @rrdrmmpdlﬁedafo lnﬂedeli&bﬁl$| c acid pol yner
and/ or the conplenmentary strand. 100. The net hod of
cl ai m 92, wherein nucleotide specific |abels are
H3ndekheneetlidderf nlaith é0k ord@3, veliertih éhersteplo detecing thepoiclgntides
and/ or e.co ta St a formati on of the
%?am“é?sccfeﬂ%ﬁ% 81"“’%%8?5}“’ CE%V%F {O%He par{ﬁ F%arrpé ntary
strand. 101. The nethod of cIa|n186 mhereln the step

ecting th nd/ i dent f t he
B iy TSR RS SheTeRa R D beoticf §leBismypaE
using a particle bean1conpr|ses generatlng a partlcle
bean1 ex 05|n t he_ nucleic mer and/ or_ the
oot sl Ot W&e&ewetﬁﬁ%w%ﬁ%ﬁ Beaiflechppjbeam.
detectlng the nucl eoti des of the conpl enentary strand
and/or the nucleic acid polymer due to characteristic

H9andlds meghadied claim 8¢avhsreipthifnuciejo acidpelymet ad@r e complementary
+9kd aﬁé@ﬁﬁs@dnﬂaﬁ}r@ra&ﬂféh@@ﬁsﬁdi’ eSddctihPheRelfilefideC aci d

pol ynmer and/or the co enentary Strand are nodified
to include | abels. 103 The net hod of claim 101 or

92 T’M@%{e@ﬁ otf@ﬁm‘?tl@do v@greﬂl%gﬁﬁéléwactuﬂg 1915‘191] &8kl ﬁl%s

conprises detecting ¢haracteristic changes to t
qeanplénagingary sfeand al_‘f.:@iralgl’ﬁheedrh?/tﬂmﬂw claim 86 or 103,
wherein the particle beamis a |l epton beam 105. The

nmet hod of claim 104, wherein the | epton beamis an

Hi8e c tThe mdttedrof ctalhd 107T mdengat the fluid fllow caimpriS&s mol¢vatae combing.
the nucleic acid polyner and/or the conpl enentary

109. The method of claim 107, wherein the fluid comprises one or more liquids, gases,

phases or a combination thereof.

110. The method of claim 107, wherein the nucleic acid polymer and/or the
complementary strand are attached to a substrate and straightened by hybridization in a fluid

flow to oligonucleotides that are attached to the substrate.

111.  The method of claim 86, wherein the step of identifying the nucleotides in the nucleic

acid polymer and/or its complementary strand comprises interpreting changes in the particle



10

15

20

25

30

strand are substantially straightened prior to
detecting the sequence. 107. The nethod of claim 106,

wob@em19903 he nucl ei c acid pol ynmer and/ or the PCT/US2005/024979

conpl enentary strand are straightened by fluid flow.
108. The nethod of claim107,;54herein the fluid flow
conpri ses nol ecul ar conbing. 109. The nethod of cl aim

B&tn reﬁﬁ’lﬂllri]gefr&n iteradtlods ﬁgn ﬂmmbls&ﬁiﬁ@ﬁﬁiegct 1K gﬁcléd'ﬁiqw i€l $he nucleic
ases, phases_ or a conbinatiaon thereof. 110. The

R HRJHmBT A PropIem IRy SR WReTHRICRG PieSERES, dengEh pAkaF sequence

andé Riicldib 8ci€ PAPMEINE Bbteriinglt r and are attached to a

substrate and strai ghtened by hybridization in a fluid

flow to oligonucleotides that are attached to the

$EDSUTR fRethddldrclallg 1 IBRIHRGh B nGlidiiS8he 18080481 N the

step of identifying the nucleotides in the nucleic

acid polynmer and/or its conplenentary strand conprises

er : Ihaten | [ .
| T B el B e A bl Afgtanges n
shyotbeurtei wdsction, delflectipncéneigy oadirebtipnl ymer and/or its
conpl ementary strand, whereby the presence, length
and/ or sequence of the nucleic acid polyner is
tiet er hemeethodldf2]aifiHé1, ivdtetedrdthe thanled imthielphytiokhignmi ane tHaages in a
pgﬁae%&&des are | abel ed. 113. The nethod of claim 111,
erdrnthe changes in the particle beam are changes
i n absorbance, reflection, deflection, energy or

jrectrion.. 1 Th thod of clajm 111, wherein.th
B ot emadel cplp i Erieii e sruf g ate PiF dmemsamapatiern, a
Pt digkibionhLfatiert® anthdichendioral patinl 14, wherein the

spatial pattern is a one dinensional pattern, a two
di mensi onal pattern or a three dinensional pattern.

15. TikendmiduTdlaah 86 fa#ther 86mprisivel ATBkinE I¥RGINDIeR@ntary strand and
aff|X|n% the conplenentary strand and optionally the

PRitonalicthe pydeinafid Aelymetgo & sekshater ate. 117. The net hod
of claim 116, wherein the nucleic acid polynmer and/or
the conplenentary strand are affixed by nucleic acid

5lqueMheandipscqfcjagm dbf, evhgreéisthe nudeic F4ié pplgmpioandr thel ai m
| . T .. r

e el SRS RS SRR bl

claim 117, wherein the nucleic acid sequence-specific

ITH;'. eolhﬁeqr?etﬁféfeof %faﬁﬂli s f’fj thgréﬁi tf‘ly Qﬁctlé'@écgclij ?égg%?—ﬁg&gﬁﬁ?réolga?es are

nucl ei ¢ acid sequencé-specific no

otgohedeatifles| ai m 117, wherein the nucleic acid
sequence-specific nol ecules are

119.  The method of claim 117, wherein the nucleic acid sequence-specific molecules are

affixed to a substrate at one end of the nucleic acid sequence-specific molecules.

120.  The method of claim 117, wherein the nucleic acid sequence-specific molecules are -

affixed to a substrate at both ends of the nucleic acid sequence-specific molecules.

121.  The method of claim 117, wherein the nucleic acid sequence-specific molecules are
affixed to a substrate at a plurality of locations along the length of the nucleic acid sequence-

specific molecules.
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affixed to a substrate at both ends of the nucleic
aci d sequence-specific nolecules. 121. The net hod of

w@b@eindpdy, wherein the nucleic aci d sequence- BEBEUBI08024979

nol ecul es are affixed to a substrate at a plurality of
| ocations along the |l ength ofssthe nucleic acid
sequencespeci fic nol ecul es. 122. The nethod of cl aim
121, wherein the conplenentary strand and optionally

t he nuclelc aci d éner are attached to the substrate

{7%- a Qweine thélaﬂn 11 3herefetheaempplemetary stggnh apg pptionally the
nhesieidu ﬁ&ﬁn&%?@&tfa@ﬁe% 1§ MRRABHER ifla GAI PARAL. NI N film

124. The nethod of claim 86, further conprising

quanti fying the anmount of the conplenentary strand

BN/ Ofnet 8 AURICRIR 186 WheRA HTBIbstrdte éomltﬁtsgf?’&affﬁon thin film,
conprising a substrate that Is substa

transparent to a particle beam and nucleic aC|d

S e s 1 S BBt i IO &
¢candenbetam straak lagd/or thesypdaieadid paymer. el ect r on beanr 121
The device of claim 125, wherein the substrate
conprises a carbon thin film 128. The device of claim

25, A devidesrompasipgi Si ng a support that is

subst anti al | a to a art beam .129. The
cov: gy touid SORBRTE rarofeBnE0 bpGeR BN ed o
t han rucleinacid pokymet Bidding Bikesd@\a sufadefof EHeasubRtR9, wher ei n
the substrate is less than 2 nmthick. 131. The device
of claim 130, wherein the substrate is less than 1.5
16, t e Knettodf cibligs 8y whEeiathetuBittelis fubstth@lISitAnédaknt to an
substrate is less than 1.1 nmthick. 133. The device
PeCUOREPHR125, wherein the nucleic acid pol ymer binding
sites are in a grid pattern. 134. The'device of claim
125, wherein the nucleic acid polymner blndln% sites
Rie Jhgderieeelsiinsl2s, whesgn thyjsubsiaigicemprises & carban thawfilm.
wherei n the sequence specific nucleic acid polymer
bi.nding sites are oligonucleotides. 136. The device of
1:28a| rhe Zgyicowienlaamr] 26 Herthay epraprisingd sippert thetis siistadiially transparent
g§m%ﬂ%]90t sequence specific. 137. The device of
further conprising one or nore nucleic acid
polyners affi xed to the nucleic acid pol yner binding

1%9? €Srhe device of claim 125, wherein the substrate is less than 5 nm thick.
130. Tha device of claim 129, wherein the substrate is less than 2 nm thick.
131. The device of claim 130, wherein the substrate is less than 1.5 nm thick.
132.  The device of claim 131, wherein the substrate is less than 1.1 nm thick.

133.  The device of claim 125, wherein the nucleic acid pt)lymer binding sites are in a grid

pattern.

134.  The device of claim 125, wherein the nucleic acid polymer binding sites are sequence
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138. The device of claim 137, wherein the one or nore
nucl eic acid polyners are nodified to include |abels.

wa3®s/0Mnet hod for maki ng a device conpri sing BPOL/ABIV0FIOR4979

a substrate that is substantially transparent to a
particle beam and form ng nusd.eic acid polyner
bi nding sites on a surface of the substrate. 140. The
spetifiod of clainms 139, wherein the substrate is
substantially transparent to an el ectron beam 141 .
The nethod of claim 139, wherein the binding sites are
{31 meghealeviBé SEGLIRN 17 Jets i id &G indi
the substrate, %ﬁaﬁmgﬁgﬁﬁgﬁﬁggﬂgﬁcc g%ﬁ?ngﬁéaﬁi?giﬁerMnmng
fitsears 9Hgeuskeatidespri ses a carbon thin film 143. The
met hod of claim 139, further conprising attaching to
the substrate a support that is substantially
136ansihadeyiee eielaimpas + wherein Beaweleit44id polymenbinhiog sitds are not

' wherein the substrate is less than 5 nm
%ﬁ?%ﬁ%%%%gg The met hod of claim 139, wherein the
substrate is less than 2 nmthick.146. The net hod of

ai . rej ubstrate is less than 1. m
B b gy Glidon 5B OShbRierdsd or Rl AR ool hers
alikstt to dtemurlsiclagslpotynaen bihdihgpitest hi ck. 148. The net hod
of claim 139, wherein the nucleic acid polyner binding
sites are formed in a grid pattern. 149. The net hod of
138ai rihi A8vicanbrelinr 37 heherdic theiofie aiChcre POLIVIOREId @b?ﬁiei‘s&re modified
th s, are sequence specific. 150. The nethod of claim
TE&f“ﬁﬁgngn t he sequence specific nucleic acid
pol ymer binding sites are oligonucleotides. 151. The

thod of c¢laim 139, wherein the nucleic acid pol yner
Eﬁnd#ﬁ@e@nggn@#@gﬁékv§%aﬂﬁﬂ@8%specific. 152. The
et hQBtafingd fibbialed@at if SUbsHLEaIG FAREaRhiNG aBhtlcl H38mONR

or more nucleic acid polynmers’to the nucleic acid

pol yHming msicitacid pabyner byrlingsifes orea pisficol the substrats 2,
wherein the one or nore nucleic acid polyners are
nodified to include |abels. 154. A system designed to
148t edbe migthog pélaimisd 38 whetkin thersitbsrateliesubstgutiatiy ¢ransparent to an
AdbRbednfentify a nucleic acid polynmer, conprising:

141.  The method of claim 139, wherein the binding sites are formed at predetermined

positions on the surface of the substrate.
142.  The method of claim 139, wherein the substrate comprises a carbon thin film.

143. The method of claim 139, further comprising attaching to the substrate a support that

is substantially transparent to a particle beam.
144.  The method of claim 139, wherein the substrate is less than 5 nm thick.

145.  The method of claim 139, wherein the substrate is less than 2 nm thick.
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a sanple chanber; a particle beam generator associ ated

Wi th the chanber; a sanple conprising a | abel ed
waeomplogavent ary strand of a nucleic acid pol ynmePCT/US2005/024979

wherei n the sanple, when positioned in the chanber, is

exposed to a particle beam gesierated by the particle

beam generator resulting in an interaction between the

p&d.t | ThembBaMAMEmtING, viRrdh ek iSkésand 1. 906 tick.

detector constructed and arranged to collect particle

beam species after the interaction.155. The system of

¢4l MTHAfethdd 6N 189 WHekath flhg s@bsHate & [REaha#SI, ﬁnmﬁuk e

operative to receive and anal yze signals fromthe

detector. 156. The system of claim 155, wherein the

928 2 ARahURIForBRAM 189, wheRREMBHLMEC ta&d?ggln)élzﬁn&hg BiddsSre formed

related to absorbance, reflection, ction ner gy

ora giidpageinon. 157. The system of cIa|n1155 wherein

the data anal ysis nodule is operative to anal yze

pattern recognition techniques to anal yze the signals.

148, Theenghat efivlaph 139,avherelbthe nficleit heid polymer bisding sites are

ace operative to control a display of

%%ﬁ%%ha%gg% recei ved and/ or generated by the data

anal ysi s nodul e. 159. The system of claim 154, wherein

Ot Bleghih g PHATETUELRY o Seefin ot iRl potymer binding

siegprel digtvgickofiésdback nmodul e designed to calibrate the

system based on nucl eic acid polyner data. 161. A

system designed to detect the presence of, determ ne

1516 SHRUEAER &ffclaa dA9whett&itht hycléic Beie IpSIIyﬁleﬁlﬁh&in sites are not

pol yner, conpr|5|ng a sanpl e chanber; a partlc%e beam

ﬁ@H@WSFﬁ*‘HSSOC|ated with the chanber; a detector

constructed and arranged to coll ect particle beam

species after interaction between the particle beam

alhgamgshad of iy 139 gy then eomprising afiiseg enepsinarppucleic acid

?'1418% t@th@ﬁﬂ&?&@&@%@i&bﬁeﬁ&ﬁ& 51€éfs the nucleic acid
a data anal ysi s nodul e designed to anal yze

S|gnals related to the particle beam species to

e o R0 9 1 B L s
mhdifisq totingtudsalgleads. on t he i nf or mati on.

154. A system designed to detect the presence of, determine the sequence of and/or
identify a nucleic acid polymer, comprising:

a sample chamber;

a particle beam generator associated with the chamber;

a sample comprising a labeled complementary strand of a nucleic acid polymer,
wherein the sample, when positioned in the chamber, is exposed to a particle beam generated
by the particle beam generator resulting in an interaction between the particle beam and the
complementary strand; and

a detector constructed and arranged to collect particle beam species after the

interaction.
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162. The system of claim 161, wherein the sanple
conprises a | abel ed conplenentary strand of a nucleic

wa@eoodopobymer. 163. The system of claim 161, WPET/E52005/024979

t he feedback nodule is designed to calibrate thesystem

based on a base-base di stancesgaf the nucleic acid

pol yner. 164. The system of claim 161, wherein the

fgedbagk ﬁ&ﬂ%f@lalﬁlﬂem&%nipﬂsﬁébH%@ﬁﬁyiﬂﬁoeﬁﬂ§&&iﬁtwe to

based on known geonetries of the nucleic acid polynmer.

reggve %dﬁéﬁlbi%?oﬁlgftﬁs%?hﬁl‘@??t??g a particle beam

i nstrunent, conpri SI ng acquiring data related to a

nucl ei c acid pol ynme and calibrating the instrunent

b¥s edlhsisystera ofielpian 15§6Whemhéh@n@ﬁm@1}’91ﬁ noduleris Q@Btive to analyze

stance of

eqsﬁjﬁ%feg?%a]%g{b de e@ﬁééi?h %%g%&lo%&@%& Egﬁdg%g hcI aim

165, wherein the cal i brating conprises calibrating the

i Astr L on..k - onet ri . | el
L U RSP G DR OREIEH 5 B ab 05 BUELELE
atte/naecdgdeioh itdchmingesao matyizethe sipphld. pol yner based on
particle beam speci es detected by a detector, the

particle beam species resulting fromexposure of a
B8Pl Eheaostian oS tlaigh B55nfvether compeikitlg p abey irgerfzan dpedstivietts control a

R o e Bt e BTt B Bkl vampge

recei ve one or nore signals fromthe detector, the one
or nmpre signals re resentlng the particle bea

Beci'ds sysiem of elaigbet ¥etvhersig Jiraneis! ea‘?f‘&?“cﬁen?ra@htslaf’)?leﬂ’i@l beam

guaelafrC acid polyner and/or its conplenmentary strand
conprised in the sanple based at least in part on the
recei ved one or nore S|gnals 169. The system of claim

168, MR]Y&ELN oFEl@inf‘Hﬂ' Ritfierdp] rlgﬁé)(?&ﬁba%ﬁ%{o%le'dkﬁgned to calibrate
conpl ementary strand is | abele . The systent of

Be aystam bsed mwlﬁaoﬂmlﬁmﬁd@@l e beam speC| es has one
or nore of the follow ng properties: absorbance,
reflection, deflection, energy and direction, and

Ifer et systerededigned tardateyishepmssded of, deteroyieerthe segaerice of and/or

ﬂ%ﬁf%gguglggaaggolg&eper r%n{;;énal s to deternine val ues of

171. The system of claim
168, asampkichamba; dat a anal yS| s nmodule is operative to

access adat.a resource co n clelc aci d pol yner
i nf or &L ebea{nhgeen%{attor asfc’esour‘@léh &ﬁgﬁ n’g a data
str ucatdfzteetoh astistrgeted quidarrandet! yo aflleetpiatticksheamapitiesntieyinteraction

P R AR Bl BB SR U el
complementary strand of the nucleic ac1d polymer;

a data analysis module designed to analyze signals related to the particle beam species
to determine ‘information related to the nucleic acid polymer; and

a feedback module designed to calibrate the system based on the information.

162.  The system of claim 161, wherein the sample comprises a labeled complementary

strand of a nucleic acid polymer.

163.  The system of claim 161, wherein the feedback module is designed to calibrate the
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172. The systemof claim 171, wherein the data
anal ysis nodule is operative to partially sequence the
woe@beiwonci d pol ynmer based on the one or nor ePCT/YRENT)24979
the data anal ysis nodul e further conprising: a
conmbi ni ng nodul e to conbi ne-the partial sequence with
sequenci ng i nformation of the nucleic acid polyner
spedebaedoi i basetbae diaine bEheundec adid Bolyfike syst em of
claim 171, wherein the data anal ysis nodul e conpri ses
a conparison nodul e operative to conpare information
16et errd §8@ml dremirh 161, 3eredf theReabak grodlis id desighed to calibrate the
i nformati on specified b%/ one qQr n&r} of the data
syt basgd @n kpavyn gegmetyips of the puclgic el @Vmeﬁ- ai m 173,
wherein the conparison nodule is operative to use
pattern recognition techni ques to conpare the
1phf oArragtheshiogealibrating a gartiele Rpanh BSEHBSTECORBFIENE| gnal s to
the | i | £ ng,gor nore the data
str u%t ?%ﬁ???@&gﬁ%@c@h@%ﬁ@gﬁ %lfd cl ai m 168,
wher edlibrating thednsrument Basidontpeidate conpri ses a user
interface nodule to display information received
and/ or generated by the data analysis nodule to a
166.er Thd méthod hclsipstednwhdreis ithei datalie slatedhieadise-ase distance of the
alr.ti cil e peaelm to which the sanple is exposed is
ng%ﬁl&a‘éfié)a ygly ‘a particle beam generator, and wherein

the data anal ysis nodul e conprises a feedback nodul e

erafive,.t rovi ope .or. nor.e _f.ee Si :
1B’ Rl weepdoEuan B3 ShaeBinRlFar G Saf R b
i@ mefit bisydeonfl@edh gednaiigndlie mpleriatidipotymenf or mat i on
determined at |least in part fromthe one or nore
signals received fromthe detector. 177. The system of
1682 M L éBm foh@iRiing, sbpeuigy Hid/orideatifyidimckicsicgnalysner based
conprise information for calibrat ilﬂg S?he gﬁarti cl ejf.begm
ofericle Rspm spepes detreied Dt dircstr: TP RRHFlE PFam oRegice U iR rom
kf&RAT] TR EmpSsiPERRIiVRid SOlERGhLEI dbaPRinddtary strand to a

nore feedback signals based at least in part on known
pgeistedicpmethe sYstanheOnpRisingi ¢ aci d pol ynmer. 179. The

syst i Qfanfl @ ModBophIRE & RcditCorldl thofd\AdnaS fonir B Wbctor, the

conprises a storage nodul e operative to store

dng bometetsignalsrersesenting thgnppridnle bramespaeies anltodgigctggeayence and/or

i i i i he sample
/5% PudREHE p O GATTP ) nPIERUTS) iRt ich i he samp
tasqull at keadtiin parbén tire reseivedeneor merssignalsnucl ei ¢ aci d

pol ynmer and/or its conplenentary strand, and a

plurality of particle beam

169. The system of claim 168, wherein the nucleic acid polymer and/or its complementary

strand is labeled.

170.  The system of claim 168, wherein the particle beam species has one or more of the
following properties: absorbance, reflection, deflection, energy and direction, and
wherein the data analysis module is operative to analyze the one or more signals to

determine values of the one or more properties.

171.  The system of claim 168, wherein the data analysis module is operative to access a
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species results fromexposure of the plurality of
nmol ecul es of the sanple to the particle beam the one

wW@rIOIWOZi gnal s representing the plurality of POERUB2005/624979

beam speci es, wherein the data analysis nodule is
operative to partially sequengge-.the nucleic acid
pol yner based on a first of the plurality of nolecules
H&a %s%%&nﬂ)rifsinﬁﬁﬁclﬁé bl %blyﬁﬁﬂfﬁ%ﬁtlorﬁﬂg dafd rBRbick ‘?ﬁclldﬁmg a data
sequence the nu€leic acid polymer baséd on a second
ﬁtn@um: hﬁvmg ) @lur@fltymé Peities. eachtepiry redifides infaymetiemiaout 2 ieamectlve
@@&& i n the data processing nodul e
urt 8d2% i's g conbi ni ng nodul e to conbi ne the
first and second partial sequences. 181. A
I = d .
SPnal S HERLE Oy, PR LMl B SRTRH R AP ORR g g parciatly
mualcr: dﬁuiublemfacidqxotyglee kased be thelope ar manepignes,, thedatd amalysis module
El £ u}gr to performa process of detecting,
é% Iﬁé &nd/ or identifying a nucleic acid pol yner
baseda mmtmng mothde resmbieatd estid stqeiicedvithysequetleihg iferimation of
ﬁge article bean1§Pﬂ£%es re g{tlngifron1exposure of a
8‘°88‘ PhaIchgFeesHL Bt 8P6Fymer and/or its
conplenentary strand to a particle beam the process
conprisin ceJV|n ne, oy nore signals fromthe
HE ecthsisyste et Ak b ﬁ@?rélnéF@%Q Dapyshmllicomgriteé comparison

RrthlE ﬁb&at%m&ﬁ}ﬁ% Rformaiich @@kl RYm RESHER ¢ldMsignals to the
and/or. identifying the nucleic acid polynmer and/or its

TR EpRTReeifigd ?r&rﬂa MOsPrthe dage $tw<>tuhf‘een§raerfp| e based at

| east in part on the received one or nore signals.

182. The conputer readabl e-medi um of claim 181,

Wer eThe sysiemefielrian L73awhercigchs erstpagiprdyroedule ig operative to use pattern
lljtt?dglfc%hg a(ll(yi‘ itﬁ) & 'cgii Ehr?: 1%1?3}1?%{1# rmi &ﬁ%%n? glwnone or more signals

f@athq infirmatierngpesi fethietbe hagsoranese the dmarsefu@ﬁreteh@m ol I owi ng

properties: absorbance, reflection, deflection, energy

and direction, and wherein the act of detecting,

§8qucheispgiemfitloim 1abewherkini thgdatoarplyiss as)daha;bmpﬁwg atuler interface

mogul 1[.0 (H? 1 rytlnfogma%l 3 igc%ﬁvggge%%gerata &I;l é%gqg%rﬂ@ aﬁglﬁ?lﬁ %oglfle toa

mha|n1181 wherein the act of detecting, sequencing
and/or identifying conprises accessing a data resource
conprising nucleic acid polynmer information, the data

[BS0 UTffé%yétElﬁ lobélaing1 68, HaéBinghd puetidlé Bealhats iwhgchah®$auipdd is byposed is
of entries, ch entrgangec fying information about a

geé@i%eétqy\?é’aﬁlff RepR ggpgr mer sequence.

wherein the data analysis module comprises a feedback module operative to provide
one or more feedback signals to the particle beam generator and/or the detector, the one or
more feedback signals specifying information determined at least in part from the one or

more signals received from the detector.

177.  The system of claim 176, wherein the one or more feedback signals comprise

information for calibrating the particle beam generator.

178.  The system of claim 177, wherein the feedback module is operative to generate the
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185. The conputer-readabl e nedi um of cl aim 184,
wherein the act of detecting, sequencing and/or
WO d@aidys ng conprises partially sequenci ng t heCTust0e$/624979
acid polyner based on the one or nore signals to
produce a partial sequence; -&tcessing partial sequence
i nformati on of the nucleic acid polyner fromthe data
ohesomoedeedamdt signatsbaied gt ledst inarttondnowe gersrrdesgif the nuplgic acid
pgrtlal sequence i nformation. 186. The
Ut er - readabl e medi um of clai m 185, wherein the act
of detectlng sequenC|ng and/ or identifying conprises

d f t
14 ? 9 ng’FL!% 9}8’@5{]@{% qnﬁflgg ﬁag}ered hrgnéigtg IaPaI%sgsm%oglu%e g&llgprggs m&gpre
rﬁ&ﬁleﬂﬁbfatlﬁéto stoBe” mfoTiﬁetlcﬁﬂﬁmﬁedraﬂd/eamedamdlwdilnajiuta)afnalysw module
cl ai m 186, bfreﬂg the act of detecting, sequencing

ORAFPBIPUiCHEAL] SMFg" Bonpri ses using pattern recognition
techni ques to conpare the information deternlned from

the one or nore signals to the infopnation
15 1 HBS Biftsnop! imd B TR the FEBPIe THBPBtHp BB Wanfiules of

STRELHRiOhci& b&&ﬁbﬁl&@/or wo %ﬁﬁl&nérﬁeﬁ‘y Bl SHR af;ﬂﬁﬂah@ fof partlcle beam
conpri ses displaying information deternj ned fro

scmesaﬁsuﬁbﬁemreéww thei plrality of Boleclesef thegplety éhe particle beam,
tﬁé) Lgr or{)ﬁgr% A gﬁéjﬂﬁb Bfuréﬁt}ad)frﬁag&ie be\ﬂﬁ%b&iuﬁ t he

ch the sanple i s exposed
g one rw:kmm thy data plleSlSdh@uﬂfela npqg@trv@ﬁ%lpmal SesnaueRpRine Heleic acid

GEE eg%ﬁ aff #%P@E% Héﬁﬁolg 20610 bR u Qe paftiil & ((j:luence and

e particle be m generator an
tb |p63rt1dk].5t B:qttemcg: thie lmacloln @cid polymeebdsedotba sseonrd (gfﬁm plurality of molecules
i nf tion d%aern1ned at least in part

eci fyi
tPEBOr‘illu‘f%ae SEot B3t la brie Si'gnal s received fromthe
det ecvtmfem th® Qata plreessimpmutdele-furtted edrhpriseeal cambinihg olodilmto
e n the f providing conprises providing
‘iﬁ’ﬁ% %a@é%%@w@]saﬁ 't hat conprise i nformation
for callbratlng t he partlcle beam generator. 191. The
conput er -readabl e ne m 190

cla th
1&1 oc s comppigrieadabl PPﬁali“ Vﬁlg ﬁgpqgltltfarnrgaQall?yqsbg{lgis gtoredethereon that
daqd Q{%ﬁ&ti@hﬂ%ﬁﬁi ﬁs dl@ﬁﬂlﬁ)f @bink ea&ltetl fﬁy paoimhpwer, kenmohthe computer to
eonetries o e nucl el c ac r
R Brocs s QA4 86 o0 ol B HFIBTS FFIY pelymer based

& REEISvdab HpBAES &&Uﬁﬂ b$ 8 YetBbtr, tHGaitifetenish&ies resulting from
determ ne from the. one or nore signals

SOAPIR efra qa@alga;@m@rlﬁﬁgjg pwgleic acid polymer and/or gcs complementary strand to a
particle beam, the process comprising:

receiving one or more signals from the detector, the one or more signals representing
the particle beam species; and
detecting, sequencing and/or identifying the nucleic acid polymer and/or its

compleméntary strand comprised in the sample based at least in part on the received one or

more signals.

182. The computer readable-medium of claim 181, wherein the nucleic acid polymer

and/or its complementary strand is labeled.
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193. The conputer-readabl e nedi um of claim 181,
wherein the sanple conprises a plurality of nolecul es

wo@bRooa/os®ne nucl eic acid polynmer and/or its PCT/US2005/024979

conpl ementary strand, and a plurality of particle beam
species result from exposure-gf-the plurality of
nol ecul es of the sanple to the particle beam the one

083, NOTIR ohipiRt-Feall @I RSE M IoR Blatnh) €8 1D WHERIN thy pAHicle B&dn leSies has
beam speci es, and wherein the act of detecting

g‘é“q‘i’fé‘i’ﬂf? Hﬁt & friloging Hﬂ%ﬁ‘?fti‘qsy F‘W@rk@é‘f\”pﬁ@@é‘m %e@moaw ¢qgrey and
RN GhAg the nucleic acid polymer based on a first

of the plurality of nolecules to produce a first )

par t i Bheraia fisencef defsating @ﬁquwcwqué)zmdﬁlglfvm compiissh analyzing the
Bt &n&% ¥igtedls t%@%féﬂniﬂ@ vAuSSE ARG br ﬁlgﬁ Jéﬁéﬁ?ejs.' ty of

nol ecul es"t o produce a second parti uence;

conmbining the first and second parti al

I g o= N L S e S

MMWB@nMd%MfE@m%mﬁgam@:emm@ 8o PAMPADORic acid
<151>. 20Q4- Q7- 14

AP i s s 00 ioctielhy S avipg g g of i,

dach iehire spatifyd@P i form2@@rabolit ayespective aiicldie apilipoBimerdddiencd.

ttatcaattc acgaaactgc 20 <210> 2 <211> 20 <212> DNA

185.  The computer-readable medium of claim 184, wherein the act of detecting,
sequencing and/or identifying comprises

partially sequencing the nucleic acid polymer based on the one or more signals to
produce a partial sequence;

accessing partial sequence information of the nucleic acid polymer from the data
resource; and

combining the partial sequence with the partial sequence information.

186. The computer-readable medium of claim 185, wherein the act of detecting,
sequencing and/or identifying comprises corﬁparing information determined from the one or

more signals to the information specified by one or more of the entries.

187.  The computer-readable medium of claim 186, wherein the act of detecting,
sequencing and/or identifying comprises using pattern recognition techniques to compare the
information determined from the one or more signals to the information specified by the one

or more entries.

188.  The computer-readable medium of claim 181, wherein the process further comprises

displaying information determined from the one or more received signals to a user.

189.  The computer-readable medium of claim 181, wherein the particle beam to which the

sample is exposed is generated by a particle beam generator, and wherein the process further



10

15

20

25

<213> Artificial <220> <223> ol igonucl eotide priner
<400> 2 aatgcacctt ctaataatac 20 <210> 3 <211> 200

WE 2081 PNA <213> Unknown <220> <223> PCR anpl i PCT/EE10051024979

product <400> 3 ttatcaattc acgaaactgc atggggattg
gctagatatg catctatttg tcaacaaaht 60 agattagttc
caattgttga acctgaaatt ttagctgatg gaccacactc aattgaagtt
tabptigt gcagtt g taactcaaaa agttttatca tgtgtattta

. tgcatt 200
aagct }tortO\e}l %lg% éagla I%E)I%%ed% sggnafs to ‘}h grtlglg%galg generator and/or the
detector, the one or more feedback signals specifying information determined at least in part

from the one or more signals received from the detector.

190.  The computer-readable medium of claim 189, wherein the act of providing comprises
providing one or more feedback signals that comprise information for calibrating the particle

beam generator.

191.  The computer-readable medium of claim 190, wherein the process further comprises
generating the one or more feedback signals based at least in part on known geometries of the

nucleic acid polymer.

192.  The computer-readable medium of claim 181, wherein the process further comprises

storing information determine from the one or more signals on a computer-readable medium.

193.  The computer-readable medium of claim 181, wherein the sample comprises a
plurality of molecules of a same nucleic acid polymer and/or its complementary strand, and a
plurality of particle beam species result from exposure of the plurality of molecules of the
sample to the particle beam, the one or more signals representing the plurality of particle
beam species, and wherein the act of detecting, sequencing and/or identifying comprises:

partially sequencing the nucleic acid polymer based on a first of the plurality of
molecules to produce a first partial sequence;

partially sequencing the nucleic acid polymer based on a second of the plurality of
molecules to produce a second partial sequence;

combining the first and second partial sequences.



