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BRI

SYSTEMS APCP METHODS OF ANALYZI NG NUCLEI C AC POLYMERS
AND RELATED COMPONENTS Rel ated Applications This

wappbiocevs on clains priority under 35 U S. C.  18O(/8%2008024979

U S. Provisional Patent Application Serial No.

60/ 587,997, which was filed on July 14, 2004, and is

i ncorporated herein by reference. Field of the

| BVERENMIhATDeVIETHES Of ATeh B eINgaMeChELY ACIDMRCLEMERS AND
acid polyner identifREMNTED CHRMBONEINTE and/ or

detection, and nore specifically to systens and

nmet hods of identifying, se% nc}ng and/ or detecting,
nucl ei ¢ acid pol ynmer us i (e.g., electron)

Ibe am 1{1@5 apfﬁlsétmﬁ%la[xﬁé lﬁl&i@y @rmeppsﬂ@rg S. 1 15@%&9’ gun@vi@fonémtem
nventi on

4erfiratien %whﬂe 1 6@(%?’&987 d’Vhfﬁh \@%slﬁl@éon Hbs% .29% pRg,is incorporated
EREHDY riekheds have been based on chemnical (e.g.,

Maxam and G | bert sequencing) or enzymatic (e.g.

Sanger di deoxy sequenci ng and exonucl ease- based

sequenci ng) reactions HH%HO?&Q§&%HQQ€CIfIC truncated
nucl ei c acid nol ecul es separ at ed by
el ectTf@ph‘(ﬂn‘é@n 1slates ghirera}lyds nigleio peld polww]d@emt‘wamml sdgeencing

gl e t t
PRt e MREB G Y s B S e sgauencing
Wr‘ayds’ecm%nmcm mrﬂpdmb@rludmg atpaoickds.ed elsecpng heann gs well as related
nmet hod Even with inprovenents in such nethods,
%m%@nmls the cost and speed of nucleic acid sequencing
shoul d be inproved to facilitate w despread genone
sequenci ng (useful i ‘-Iec I.rm -dlclne and

phar macogenom cs, for€ PEHEr uses of

nucl erteredsd Qvﬁ%&ﬁﬁﬁdﬂﬁt@ls fch’ s&;uei?@lh@ﬁﬁcle‘?@iﬂld @0lcb@lBs. Historically,
Publlca%%q? Nos. 02/0086317 and 2004/ 0038261
9 Sdaag%lPeag asgd pRghegtenl énd e laga prhoHbes sequsaging) or

HR$REPRE, IShgeh @ﬁ&&w%&%ﬁh&ﬁ@ﬁ{d dXBmicRasd-PRE RGuitchg) reactions

el ectron ni_crosco Nagayama techni que uses a
félﬁfrfg‘?aée @F?lﬁﬁawawuqlﬁaﬁclﬁ mqle@glemaW@ them separaggd by electrophoretic

I it gc*u@gmk%ﬁ&éi\@@&btérﬁﬁwrih@} ﬁlaﬁv@féb&hbg/to@reéﬁﬂgeﬁb?&%aﬂ}nﬁigher

ed bases (gayana ases ar
thinwekiy feghaques heve been dryelopecbinpladiag pwiotshagncing and hybridization-

t d
SLIEGREAR UL SR B LS BoEnBLEE e
fpe¢dbfingclelsacidseqianiaok :ﬁlasldsbe iepravédtelfaciliteta Ml@ﬁspr‘éhﬂjganoma
bases ar.e suscept.ipl
e R L N R
dskieof Hucleic acid sequencmg

U.S. Patent Application 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
polymerizable 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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el ectron beam bei ng used for imaging, which reduces or
el i m nat es neani ngful data applicable to sequencing

wetdent®o3 Nagayana' s technique al so may be |i nPCEUSI005/024979

its ability to archive nucleie_acids in a manner other
than as digital data. Nagayama's technlque |nvolves

élé@t%h rl])ganq 'Bé k%ﬁgédtf&%mgglﬁg %i[]h%l}\ég&c%g L e%tmm £S. meamngﬁﬂ data

I nt ensi reove
ap@bcﬂbtlﬁtuo@mumgmgwfortse hi gh enough to determ ne

di st ances bet en_heav ao .of .a.l |, or,.the .. . .
pat { CHIESOS) VARGRERY R IE TG REVTRY laAehiigoeeic scids n
mériniel othérttRar amgnedddwsmgayamaTmshmqteﬁ@vdl@s andp@@tonPbn the basis

roved p Z\Ed syste hat can_determ ne
OB e e B Ea o e R A R REIo B A e oo gy not be
1ﬁ§1{ epplyel detdrnan dRERs&MHetvteAWeivl akihi TR Sy @B Pattern of

stens. . Su of the Invention The invention
8%?“6%%% mTE?%W&W&]S#@YWE@n &re lakpdsdtbassg)ng,

sequergs ereAR 8 hedd fehetedviel Qleﬂllégé ﬁid%y&&hgthgpda}{ '&@t%?mn@ﬁuclelc

wel | as related conponents gf substrat es,
agHPeRacys; %@é)ﬁmos&&%@f)m Chlg?kiYcﬁﬂéﬁ cetiyplydhangfresently available methods

dnAedhon, nethods of determ ning the sequence of a
nucl ei c acid polymer are provided. The nethods include
formng a conplementary strand of the nucleic acid

pol ymer and identifyi %ﬁaﬁg;ﬂﬁ%riﬁ\?enﬁ;n nucl eotides in
the nucleic acid poly conpl enent ary
st r arfdie usrlenitgmaorwaddswzdt@mlwdmethcrds ofidbtifping rsbqpatncivg tusd/or

Jg{é?%%ﬁ}cfehc[ﬁﬁ%cﬁo%%%m k1l %%n 1% X4 C::gglg)ali%‘i,?gsﬁl &% qﬁgatgs software and

theulghegi ¢ aci d pol ymsr and/or its conpl enent ary strand

is f aci d pol ras en such as
usi n 8“36‘35&5‘%%? RIYE aSBGf?g?frth? ‘é‘g?:“tq%&f%{%ﬁ%)"?d ’P‘ég Hiersggpence of a
nambmdtbidmlﬁner aRQréviddde The BRthod intlne PHEING |a%oﬁ§leﬂlenta strand of
anpd/ or t hg deP‘EDI enmentary strand, are
t eom?/ E‘*e %f&ﬂpcll%m%f |agd 1 V@ﬂ&ﬁ?‘iﬂe{l‘PPé’f |naﬁéq>t§16%¢méh%w@éqlq qeid
pbBimee asdiortiy B c@fnpféﬁféhﬁ srdlfd us xt% pad BeaAn | NCl ude
r

one or nore atans, erably ee or fewer atons,

pr ef &t SBipY cantorliments, e Bileir peid BAEMEK 28Hléor thsomplementary strand is
TR GARNRNE othb N A¥ %uélQlc %I:l@ \/li;vll%&fﬂgp SRe: ’"ﬁ %!)lﬁﬂlgmgﬁtary

in aggregate, of greatef than
sianskis Fqregd Byvh aukleie Aeid pQIM@eraﬁecﬁmﬁyrhweclms using nvlc’mnmm)@ham

rggcg&p(P@Rln aggregate, of |less than or equal to 55. In
sone enbg)dl ments, the atons are hal ogen atons.
Pr ef Bypibfeyredy erobasiments thepwcledtides bithe hecleic ecid palgmpodnatos the

cbﬂpl%pxgntg&csltrgﬁ&argﬁfoglf RY k(y H&lde 1abels. 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 less 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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and/or the conplenentary strand during formation of
the nucleic acid polyner and/or the conpl enentary

w@ a3 n ot her enbodi ments, nucl eoti de specPET/TS2005/024979

| abel s are bonded to the" ~ nucleotldes of the nucleic
acid polymer and/or the conplenentary strand after

ﬁ&ﬁ%ﬁaés%ﬂ%fnu%ﬁ% A o%) ‘Per %‘Ed/% Lﬁé)é&nn%%&nﬁ%/ﬁ gtgandtaﬁtgl formation of

conpl enentary stran her e
mg@h@mcaadpd@p@tyn%ntmnwmmmnwhamﬁnmpdenentary strand

are e bst a rior he st of

i denf}‘f(1 r)ﬁi ? emﬁ ‘flﬁgﬁiﬁth né%f 0&8@ nfei‘ié’m%ﬂrctﬁl% F(&mlﬁ gptary strand

pobifived lomruilbﬂfate tsd priovpd theetep af Meificatich tAE Bucleotides of the nucleic
ed fromthe supstrate, |eaving

ti t he
R BNl ] SRR Geniiert00 Fer SO R bbtemiayed i the Sabsrate,

1smsg ﬂhauabels bnthg ldbeled @tidiedtideydraeid MeSubdthg. st ep of
uence of nucl eoti des includes

|den ¥ % se
gen e thefher eﬁﬂ%ﬂg}n&qng Beaip oLy ing a seruersell andeatigesincludes
g&ﬁér}!ﬂ@’ a P10 bedint) SRR kl%@fe@ra}hd%ﬁfi‘l@ ah@ol 1€ ccgnLPeler{l%ntary

e bea and.identif he nucl eot des
Sjg‘ﬁ’é fad %P%r%‘ilgbea@h ardyidentifping H@ qyalﬁ@tici@rs dusieaharacteristic changes to
thé giresiabéam. t Mererivs) BOLI AL S ort %u@féfcl dcpogglll ? aROLVHET

and/ or the conplerentary strand are
ORelcmsataragend aremlﬁﬁért@ ingludé bbels)| ayldm‘mee piefepabbyf the step of

ihgei ?}Ilh% kA1t dRle Mglluﬁé%tdeféaﬁﬁ AGLY! S%Ic%ﬁ% BE! ior}€%partlcle beam. In

characteristic c anges to the par
cgeip ginhodinbeei thepardcle bdaem ipaddpianl h@aﬂnemmel ;sefarabl@mﬁsalepton beam is

DR, . Preferably the Iepton beamis an electron
ean1meJother enbodi ments the nucleic acid pol ymer

and/ &r Omﬂ@mdmieatslehﬁ mrcieicsteidapdlynadr andlf)ﬂ; ﬂ/h& e&nﬁhl@méntary strand are
nUC 0 . an r the
Bt TR Sl T AT en ks

afﬁ)@d énal sm»ﬁtra’tha dim ehdéoﬁlhﬁmictélmwpﬁfj’m@%ﬂﬁ@f the IE!Smplementary strand,
p&f the nucleic acid

ar at bot h ends
oE T8 R SRl i R o i fice L 4 oomiemaiars Hiangandior &
phiralit@bf loyatiohs 416@athe M%th@'fﬂl@%u&lgi@ a!nar;!)gtyme%né/&%h@éb‘&{p?én‘fentary
acid polynmer and/or the conplenentary strand
%Wtaln enbodi nents, the nucleic acid polyner and/or

the ﬁﬂféﬁhlﬁréﬁibb&mén@tth@ﬂ&le% KiEPIPha bRt i com lementary strand
stralghtened pri.or. to i.dentifyi ng the sequenc CB.

afsysupsniipily stiaightenge prerdo ientéfyive thererueane/ Riefetably the nucleic acid
pSI9RRE aﬁﬂ%?tt}férc)énﬂeﬁﬁ‘éﬁﬁr}a&ﬁ?(f %Il{e gﬁ%Pﬁtgrﬁg%g% OJ M4 Il lmoréa;?referably

and nore preferably th oW 1 n sy
thedlvif fieyv inphides moleerlargambing| Fhieflvideaminchde end orqnmrei Hquids, gases,

pRRSESa cBHl@ﬁﬁﬁo% erdof quérﬁ‘eaérﬁlg)r&nﬁ&{h? ngﬁlé],c ge %tpﬁg/mer and/or the

enbodi nent's nuclei ¢ aci
@@mnmmstmd ag¢ attackiddo e sitstrate hﬁﬁsttaigh&nsdlbyshybﬁlﬁﬁaﬁcnﬂin the

ARG b Rl S Bl TS e substr .

| n aldcdditiomea Iembcxbmdmtﬁmlm Sep df] Mknﬁfymg 8 niceftés i tHRGhubIBR acid
pcﬂ l'lrcr:u::r(:"a%%}o(f-j s corﬁlplél'llqgntanry gtlra%ld 1nc?udles 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, energ}l/'or direction. The changes in the
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pol ynmer and/or its conplenentary strand includes
interpreting changes in the particle beamresulting

wWo eapa0iaEr acti ons with the nucl eoti des to detRCTt/US1005/024979

nucl eotides in the nucleic aciyd polymer and/or its

conpl enmentary strand, whereby the sequence of the

MLIE bSanRRb SR B ek rably

Euc{c eotides are | Hg{e%e gladS%iﬁrl t%ﬁrgébsre%g& Pie pardﬁm%ﬂ signal pattern,
beemilimsasienibpatsangeshicn dabssipt patern.r ef | ect i on,

e hepe by oS M Gl AR MRS ISR, ffaptementary strand
gral/dreluﬁmucfemac&quhmh@ 10 asubsieateli mﬁsab@n@b a@@hﬁl@ﬂh b}andc‘mib acid
pattern.

|
TR AN I C AR LN

mbtsmmisraigmdmeemmmmﬁmnspdm@timaaﬁ@/s&{uﬁﬁda%to{i%ﬁéﬁﬁicctfrhe
e attachnen

aci ol ymer to subs Preferably
Pndﬁvg grand gp apt%akﬁéﬁe Budgieeqid pelymer @abe é@ach%ﬁ()éh\e

sﬂjbﬁf&r bl gfidattern] PEERAY ﬁl@tshlﬁﬁ&e 1ﬂc‘ihdé§ hesvid ﬁfneﬁlﬁ
t he siubst rate js derivatized to provide attachnment

poi nt'8 othgembadiments, theriée o éﬂ?n%%@@lﬂﬂq gquepheof nucleotides includes
mﬁﬁgﬁ@!@ﬁlﬁy of §c@ﬁkdofiil%u@ﬂc' a@ﬂ?ogbﬁ%ér Bfa/BUGL 961%1@%4&11@&3/ strand

ynmer can be attached to t rate in
lﬁa?tgttbef prrtiqhp bgagy. Jispigrablyeat éeaﬁslt)e atwdedtides avelslentifiedan baph scan.

thin Afdcbﬂalnglt{)‘ aﬁHtﬁb@ LP%M@'%E@ tn{}ﬁm b Spde?%rm ining the sequence of

identify t he sequence of nuc es |1 nc
apréwfe@r'cm ingslage prpyitlgd. ofhe sesghods miklutlh eynthesizigtheamicttic acid

18 1 L and
OF?H FaR B el ST R BRI B R BEs ar e
edeyriboficdaptidatriphotphates land deidyidg eled ribraikla6tided aR@6it

hod d h
ol R R AIBE03ER b g BB oD eken@b e wsine

partmuameemsymmsmameamnmleﬂuemnaw dedx%umue@mé Qf&hen

D B ] SRS oSl S b

uSﬁlglﬂtelﬁayticngbdaﬁybel ed ribonucl eoti des and/ or
deox rlbonucle fides in the nucleic acid polyne
and/ EE&?BHH&Q%WS Ayeleie pcid golmpiandépr ﬁ@repmle@en@mﬁtrand is

IM]&E)ERNAt he o{h@p&hlﬁﬂlrﬁér@s‘)ﬂié%h&(% e PR Md/or its com lﬁmentary
%{E{y“ bonucl eoti des, whe --- 1 ncorporat eo]I P

SHRd 18yt élﬁﬁdwwc %ﬁ*ﬁbpczh‘mfrrﬁ%@ DS, SYabras asipg BQIB’Iacld$e chain

rédcBor @eRYi fiabl e using the particle beam In certain

enbodi nents, the nucleic acid pol yner and/or the
conpltarieistrad gmeqdimerds. ithe g a0 spRYific farieadt tpe of nucleotide. The

l:ﬁ)@EQgﬁ FERAS ond JHndi¥ %Jox%'s Cpr&gljaﬁl RQLY vl aq% S Ip%e:f%alﬂ% p gingle

conpl ementary strand IS ‘synthesize

at@m ylméma% preéomed nmboci;mcmts,abe alsmm@vp @h ymﬁmenwh,aﬂdne or in
t.he | abel s

rneferred
S BRI L G kAT .
nmahen algreut én agpeegate, ofies tl&lh@ﬂBquaDifo@fSe T@kdnye dniBodBnddis, the atoms
preferably a single atom In sone
arﬁr \é\?o ?nraetgm%nbodl nments, the atons have an atomic
nunbBreferablyg et labield die 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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aggregate, of greater than 55, while in other
preferred enbodi nents the atons have an atom c nunber,

W@k@n®1903 i n aggregate, of |ess than or equal POI/BS2005/624979

some enbodi nents, the atons ake hal ogen atons.
Preferably, the |l abels are |ncorporated in the

{Ei; tlpé) ﬂb‘cguel%{u afg%n@/ﬂldée%t y&%ﬁ?ﬁé&s‘[ﬁg i ﬁmﬂqn'lafeg s %1]6 8u£§%1f, amd polymer

phosphat es used 1n’syn
prdl/qrrﬁmuompﬁah@ntar}h@ranmnpl enentary strand. In other

enbo nLs u tlde spec e_bo ded to
t he gfﬂc ndg Ig?n A S eiE’cq é#eg{lé&bjg%%gi}ﬁ% F?ﬂdef ppg/or
letmeflmﬂfdys mtlnmcgeﬁrhtﬁfg a paslidinaal ¢:pRshg EHé%uclelc acid polymer

nucl eot i r _deoxyri bonucl e ti
QE by 60 P Rtteemaany ngwgrth%%qna?le@tr@és and/or

dh@HW1lﬁJﬁﬁdlécﬁfﬁl¥s cﬁiert@ﬁllﬁiirackdihsﬁdléﬁaﬁ@s &L ekt DR B Sm. Pﬁ?erﬁﬂﬁfhe step
t he. | abel ed ri bonucl eoti des and/ o

dent
@é@i@ﬁ‘%&&b%@%@??&#@% apdir dgeregid @@W&Oﬁfl@sﬂ@d@%d@t?@@g@haracterlstlc

dh@ﬂg& tERP P&HEIE bEAME. [H Y& B SmBHdirHenRO 'tﬁé%ftw?c%’:a&h@a lepton beam;
onpl ementary strand to the particle beam and

fiﬂar@ wETerpbly ghetlprion hegaris an elsstrardsamnd/ or
deox\i binendidcaRhdntiaie Mgl &1&5@ rﬁ&Ia(ﬁH/‘oﬁ {hTe %81%?@9]?1%318{ sBand are

the particle beam Preferably t {,1
affpeedstp Bé‘i*h;i@ﬁtédtl iceréain embydiments @mynrnomlmm ofddentiBsation the

AL dRReIBURE W AGHENALRGH L AR fuGHBRATBall el Hfsar i

partlc n“certain e
doawianientagy $tapd an sm@mmtlalmmmomdeﬂ‘m thielsybstrhie, leﬁﬁﬁg)the daRof the

r e e nucleic .
LSS SO AP DRSSP Ol S b
agldf poioemr and/ar th&lbmmmahmtarj/ sirand rchidbdafdaid iasBbEhate 2P bheddnd of the
D5 kT Aty A RO i s
gomrwnnd/mﬁé Mmplémemmkemﬁmum ¥t SpIHARE ElRations along the length -
ngrl? ueII{élH 1rem)dZ t(lrom esubstrate | eavi ng the
9t Hirdugletsacidpalymen ardler thy oieRBYY dE@dand/ or
deoxyi ¢elmmwﬁib©aﬁneﬂasmahﬁdleﬁ@ elcil ol M@r RS tcofiplehdfitary strand
nuc ei Clgﬁm d yner. and/ or. _the conpl enentary st ran

A ff%m 4 F%@t?r@d grighfp éqepﬁfyélgébe ]@h@e%ﬁ#@nﬁﬁle‘ﬂﬁ’és and/or
destsshBbikucRetidbs P PRl ﬁfé%@lélctabﬁ EEB/FH& SRR é/om:‘ptlénﬁé;'lgary strand

at both ends of the nhucleic aci mer and/

apotvgicdieast B Juid fipwnand nagre prsierahly ﬁle Buigk vy ingludés molecular
cbl‘ﬁﬁﬁﬁ&' PRSn@RH eAPintN&e J)r%'wmre li 1ds %ﬁe éHfg]Jsg aac%h'nt%matlon thereof.

pol yrmer and/ or the conpl enent
e pveiemafeadinaents; the nieleic efid pakyimgr pIqurmlErcompdﬂnmntarylﬂrand are
i all I
a%%ﬁgé ﬁ){ﬁgﬁp ea%et | Ps@%ﬂ ted b?rlﬁg ﬁcﬁ%ﬁwn t%lu@ %12[1 gvté)glillgonucleotldes
tlmhdve@tta@e«bwm m‘t»m:m eotides. Preferably the nucleic

aci d dt.or t.tary strand are .

201 PRS0 e SRR eSO B ot i

pf)lymedan‘dVan\Ns bmﬂ)lendaﬁamtrﬁﬁluhaﬁde@ (imtrpfe:ﬂﬁg dhagdslib i@ paARle beam

€ _ane or nor, u ases o

s e Bt g th ihelegiites 2R HErem ciemdd sl

desyeibfukl¢diides itHé Micldib &cid poTphmermatoa ity co?ﬁ;ﬂékﬂéhtzﬁ'g/ Strand, whereby

the sequence of the nucleic acid polymer is determined. Preferably the nucleotides are

labeled. The changes in thq particle beam include changes in absorbance, reflection,

deflection, energy or direction. The éhanges in the particle beam also can be changes in a
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attached to a substrate and straightened by
hybri di zation in the fluid flow to oligonucl eoti des

WO bab/osg9e3 att ached to the substrate. | n additiPCEIUS2005/024979

enbodi ments, the step of identifying the nucleotides
in the nuclelc acid polymer and/or its conplenentary

en & nges.in.the.pa
B S P A A BRI 1 e BPL P s e
diedgemat pattiehe ri bonucl eoti des and/ or

and o "R R REMARS oS A JiinSides bty Sotpapratory srand

an‘d/dr Iti@ rrmubicemi patyingkr m)d, yulreiFatd. SPréﬁta@[ﬂh@ﬁ&chnﬁérﬁﬁs%ﬁMehélc acid

l b | ed. Th h th
segn.rletnc Fpec@l 15 e ?CH%r < 2 teﬁ&@gy qr% o].(ci:ﬁ?glg %gﬁ%g In other preferred the

smbittam:fs detwyatigkeifth Qﬁivicﬁ @ﬁa&lﬁ@h@bnﬁﬁ thell dr€6dgutte ndMl6pecific. The
cle beam al so can be changes in

Cé’&}?gﬁ%?eﬂa%%{aflg P&foﬂﬂaﬁal‘éfﬁhw%ew widprdymerren 8¢ afaghed to the

snBdtitaes in a gfid puseersli PRRRSILBNRL snﬂfé&&t@ flﬁlu‘aés e@catrwnetﬁm ﬁlm
pattern. In further enbodi nents,

di nensi onal
met hg%l @F%ﬂ%@lﬁ%&e@e &icp abiepritfying élle(,séwh@aﬁnmalﬁ«ytldes includes
peifoditg PRy a3 ld)? ﬂf%'nﬁcl@ﬁ' gldB Ind/& & dé?‘oliln etnge%ary strand

Pref erab the attachnment iIs e C ac
‘Jé’é‘éﬂ?r{@@ mf Pecferabla atileast lommtlmsareemamged ar eéach scan

oli g%lel&rhﬁg% 8B 8er ésﬁ}ecqtok‘ﬁfé 11Weﬁ{1<§‘{; 51%910 cf ﬁebs}ni}?gétﬁe sequence of

derivatized to provide attach
adwglgisraeisl pobimes pisirdviided. The methops mniﬁdldi Wnﬂleﬁkmgadomﬁl@mentary

ca attached to
SR Ll IO Bl B BT YR Bl gy Sl o
dg@b/grbplatcéotldﬂ:thphtfsphmsp&ttabmﬂg theinnclticlabid pbyniet A@¥or the
t he st of .identif t.he sequence of
CS’HE'I% ‘?E‘& Sgraﬁ‘&né’ |a&8'%5 ?‘?’Bt?‘?ﬂai‘ej ‘\é{ Eﬁlag fhe pugleic gpig pelymer
amd/ort the cclfml[dblﬁemar;a Gﬂrzﬁhdm@ing ifllecaRE{ibikd) %e&@z{fﬁlg %‘Fﬁﬂfcﬁrﬁéam-
beam Preferably | east

A
%’6 A FEY PPN § FF?f@Hlemﬁnt@é(éﬁa@ctaﬁhe pagticdy kiiamghrough
tHeQ:oﬁ:lplbhh:ﬁfar}aﬁlﬁﬁ@bn Bk siti@atk %ﬁnﬁté@f&lngﬂaﬂgﬁq ﬂfe artlcle beam

t he sequence of a nuclei¢ ac

reé}ll%lg 131I IIrl]t étl(ﬁléﬂhﬁ@&]ge nusteptidrs te Jeteds @ﬂqbe}e@ nacleotldes in the
h eXTRRH s Rdind, ﬁ/hél%ﬂh@geqhaﬁe %Pﬂﬂ?dléic QL% FotPRALY TR e MSh ]

Iabeled fi bonucl eot’i de tri
deoxyFICBORLCIBerhFTCREPeCE @fﬁh@mpﬁmoesnetmctsavé uetngmgmlm presence

KHAGH 18drBi fi3% FniRRiYAR] Ar Vst kand
at 0 é suggltggr alt1 e, lsubsch%?%rg ﬁﬁyrg\?td‘?d; Seeni Ods Hhﬁu ¢ forming a
CWF@%M&W@%@ theinieleigradidgolyntes aa@mnigahmmmlmnaﬁm sigand and,

optRh Y, mlrﬁﬁlgfc%ld mepgf dsglggﬁlli at IJI geﬁed:tlﬁg telp?eseencg%n /or

exposing t nuclerc aci

1dg)@ﬁﬁg;mg #mvpmpiﬁnsmaamﬂrand)altdfm tl}[r:anicleid aaldqm@nmdr fakiag @ PartibR beam.

co n th bst.r

"t an e b ALEER RO oriEnBli oflufs affrring decenegh o
defteraininggtdeaaict paties segutve ofithe RuRpRAEAESSrhR] SRR e dubRic acid
0nk;geled nucl eotides in the conpl enentary strand,
pSj ereby t he sequence of a nucleic acid polyner is

det dn mﬁ’m&dem%ﬂﬂﬁﬂﬁs 0@ nlubleRAOIIMRIynRS REGIr 1@fcoﬁ1bf%mentary strand is

0 t hods .of detecting the presence
DNA or T{E\}A nl’n other embodiments, the nuclelcgacnd polyEner and/or its complementary

strand is formed by a nucleic acid polymerase enzyme, €.g., using polymerase chain reaction

(PCR); preferably the nucleic acid polymeréée enzyme is a DNA-dependent DNA
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and/or identifying a nucleic acid polynmer are
provi ded. The nethods include formng a conpl enentary

waeaned t he nucl ei c acid pol yner, attachi ngP€1ES2005/024979

conpl enmentary strand and, optionally, the nucleic acid
pol yner to a substrate, and détect i ng the presence

n | enent a strand and/ or the
Al SOkl DB e R Pertia Pt BN tiont R e gy merace
enbodnmgnt spbddiaerss, €@ mtleb@Re bf hy nkdeit Q&H ¥8@er and/or the

rrea url n %thi?lﬁlélgeg% ﬂcgf%{ﬁ% %@Tﬁka%@prgﬁgfe@ggmbmg&g Itl?e! labels

nuelbeeiﬂz: facdath PRE YRIclcolid. CRfeldelt BARRMITBAYL S mdrD Stoms, preferably
aci d pol r and/or its conplenmentary stran é

|
f:g%% Bﬁll’ff%@r RN Pf?f%fggkyr?éﬂng@rﬁé% Heioms, prefprscdrnefiodinesntsc the atoms
ROL YiBoma W mMer, lalohe 6PMRLEABINL, JF Yredtef ML 55 Sl 'ixf@tﬂer efBred

nucl eic acid poI merase enzyme, e.d., using poly ase
ErRodpnsuELbs plgms bm@mp atqpie frerhlbgs] a}orteml; imagghegpte, afdésd than or equal to
0|1 B ASRL RAAUIL tHeSin IV AGR t DNApol yrerase, a

RNA- dependent DVA eo l'ymer aség o?ggﬁ&m dependenl RNA

pol yrrseferghly npeleeside épecé'rﬁtidmlmm tnsprpbllaeﬁdnmjﬂie @otltid @sid @blymer

ot DAL, S5k o0 Ly SO, T Bl b gt o
comiptsdientan strand.hln dthe embochments,pmclgétlde shavificlabdls 4ry Péndefl to the
| ude ne or m)r

i S can i n
PR b7 o186 00 B Pl e leEp By 5o o friion o
the wroleid mdspmmm'raﬁﬂ/ef thedorepibmenta®niisnd. t he at ons have an

at 0 nber ne,or in of greater than
mlv%f”l“ﬁ‘ W“&F%ﬁiﬂ SpiP&riEp PETR B e phsspicc STy g of he
cbmpEnﬁﬂta@t sovahd arthuriies nucRickiRBl lynhdd uSidgh BABER beth idcRRSs
or e t0,55. In some enbadi nents, the atons

S Pl e cherieg F A o AT P@’dmeﬁ@dé%élﬁ omplementary

stradieh $heq5aﬁ1dld1we@mpsa{d&1e%dnﬁgkh& H@cléﬂﬁ@ésedffih E%trand and/or
and/ npl ementary strand during for t| on

ﬂiﬁf&“’%&?&c&% RP? ; RS §us) b Shaapterisiig chingente tb@)mﬂl@@rb%trar y
st I affsonleenfolenB RO HidIBIBHSs of*?llrécd f%ﬁcj eg?d Iﬁvzﬁﬁér a{u?/or the

| abel s are bonded to the nucleotl
caEpPlemsepLy P Andgiel medified to inelngd ]éhféfht}%fﬁﬁr®tyrthﬂsieméﬁcbtectmg the

rlbeﬁdEﬁ:the@ér%tag{i/)c;f; &ﬁg%h&dl&t@% 1?1%198’4536%& d‘?gngl I%Ctel’lit]ﬁ gh%t{ggijto the
p@qtlng deanlp sgrtaihembprdénents theguadicterbernidns lepion ibgarfmdrb @referably

t}i%q.gﬂil)r?ﬂéaﬂltlggyelﬁ&pogrbgaﬁnd/ or the nucleic acid polyner

using a partic eam 1 ncl udes generating a particle

beanin @i pio sinbgditieats, rthmlht&ilemc avid pblm?r)aﬂﬁ/br the délﬁpleltnbx&ary strand
ar ticle be

th
oSSTRER bRk v S RE e Caoreiveaply el acid
palymienandton éhervotiphen@ani strapdary SRdigldetR d b9 FRRPIRE b8l hdtd pﬁeferably
¢ Bﬁ'f(g s to tdhemg]ﬁ | cle beagh én some” enbodi ment s,
g QY felndes HGewhing. Ahg Huid spn weldeeng/es momlequlds gases,
plmaeqﬁrarvambmﬁuorsﬂlé@m I@E(ﬁnd’@ﬁboﬁihﬁ&ﬁts% theinBElbd46idpBRRleF and/or the

%f erably the step of detecting t
complementary strand are attached to a substrate and straightened by hybridization in the

fluid flow to ohgonucleotldes 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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ri bonucl eoti des and/ or deoxyri bonucl eoti des i ncl udes
detecting characteristic changes to the particle beam
wo pooe@199e3 N enbodi nents, the particle beamis BCT/E§100$024979
beam nore preferably the | epton beamis an el ectron
beam |In certain enbodi nents, the nucleic acid polyner
r e. conpl ement ar tran e substanti al .
AR A LG STE ST bl PP e Bt acid potymer
Pdeftmniaty andtdn Q’hemude?i aidaolyehep &l i%dﬁﬁﬁe(g n%éﬁ]faiblﬁge ??cleotides are
ntary stryand.are stral ghtened, ul ow,
o lPE Shiiabe b Poiste bearingfa Spaen  Shawenes) lchan
dPRtioAgeneidyeor idirtdtdnC TRe EHAGEIIGELHE E@I‘ti@[@fb@' @(ﬁl 8lsh 'c%ed&anges ina
ereof. In sone

%g%gs, phe}_ses or . a conhination t ) S
APTRERISr expRgleng et irensiangl ReBeRngw o eRsioneheattern or a three
GRRRieRPMRfY Strand are attached to' a substrate and

strai ghtened by hybridization in the fluid flowto
ol i gdnfEthebepsimenintheanehogidadrrdeles attaching sheromplanentary strand
4/ R edidubeRabidRRAk: RN Bstrad _qlééfgt%lgly%e ét&@kg‘gnérft ¥ l{}/%ugfé% acid
nucl eotides in'the nucleic acid polymer and/or its
Eomprermspifiamplesylegrivhichnefadbly armeligopratatides. dhathgemeferred the
j ' j ions With. th

A BRI B ER R o ! Y AheRE R ftedin e
coiptipniarasrand A eptionally thompletmasit putymatcambelattaoheirte e

r. 4 t nycl eic .acid. pol.ymer .is determ ned
BRI R E6 Bl BRI B R R fiop S
Pr ef éu athbyenttodinmne, thetnsted aBb éncdhalbbeledtifyTipehe hange st the
Ctohe ar ai Csltr% (Eea(g ithI uizle ch n%’es i n absor bance,
omplemiepienystrapd prdenthe e AGIARITEReT i  ect i on. The
changesortingthenoits bipetiof bR ameatiGn a dancdis pfalRE Bt inBludes a
' for exanp one di nensi onal

spat j pattern, le, g nal, .
HB oo RSl BB OO Bt Ao B0 Fyleh acid polymer binding
sitbs@nsdue@ed offid duBkttite. | N further enbodi ments, _the

met hod al so i ncludes attaching the compl enmentary

st r ansoRoRiodinpats e subpteateis sepspaptigliyeranspsreat to Avslqctiprbeam.
HRsehBl R dbdhe iﬁ&lh@&lfa%fbbn kifin Ry Nucl ei ¢ acid

sequence-speci fic nol ecul es, which preferably are
ol i g&hetberestbiodiagnts) e geviceralsoriedledes @ duntpioy that rsubsiangialls

tA88aNat loaGHitlc® RaQYi de attachment points that are
sequence non-specific. The conpl enentary strand and

opt i Bredirably thesubsireteds lsssetbands o ithicke moraprefombit essahead® rino thick,
: ' ' Pr ef t .
S{Slfl.l] gmg?éﬁg’éfefa@ﬁ@rz%gha% 1% fng ’dgcggﬁ Eu?che‘rt] n??qe%gfe?aﬁi%llfﬁzgan 1.1 nm thick.

rate | es a car
enbott ethartembodinentsethbioatlcad sid poipherddsling des bk forngd the

. t he conpl enent a strand and/ or .t he .nucl ei
RPN pdsonS BB SIFRE BE e AUERAR sEEaRly b Sifaitem. in
cemtaig et balimers, deiuckid idgotnie bitding ttesl A sedthaiSe specific, preferably

UbStlrattde“tE?ﬂtthi S %uqtist%ntflal I é.tra sparent to a
OPaP P EPE e A T CRURFEF ANSTCIPIG ARSI RASYMES Dingpites qre got
sauencespéciface of the substrate. - In sonme enbodi nents
t he fuﬁsﬁrat IS substantially transparent to an
el ectyigrbgs & diments, the device alsoIncludes 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.

ot

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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Preferably the substrate includes a carbon thin film
In other enbodi nents, the device al so i ncludes a

WG aEpo19903 hat i s substantially transparent to BCT/US2005/024979

particle beam Preferably thegsubstrate is less than 5
nmthick, nore preferably Iess than 2 nmthick, still

PRAi Qe BLaT S AR ink 85 Sei- AR phrymPELARL e A0, XEL FRre

pr ef or aag{ y CF%S sm% han 1.1 h ?’nfy%?@}%&% nlll(egtoﬁ é r“’usface of the Substrate.

ermbodh st smbadirectivibk eitstrate iscbupsdnyinky trivispaaemao Si £1€8ron beam,
e surface

d er m.n . itions on,t L
PR TSP DAL AR R L B BabBrRt hRSRc
idymaibindéngaei arefirmed tthecdvieehizied patticts pe e Bad2ioR8icREbstrate,

1l re s nce specific, preferably
%F‘feggﬁﬁ%?%??%% " I'n other embodiments, the nucleic

aci d Ipothymerbolinfainthe Sidtied i endhales SOAMBEEEhS RSl § support
tLQ[isf lﬂl?)ttglﬁ'r egbodl rretnts, the device al so Includes one

or "hore gty F‘?:gp%ré?&oﬁg??%@r@a"éffi xed to the nucleic

aci d Ppaditryilp thelSubiiiatds Rkd @8n 5 Rhehiglk 3y pltebe?ab%nﬁ ﬁgar['?fuﬁ thick
ngclelc mg,lgol%/mers are nodified to Include Faes. ’
SHE SBF o RG" Fdbateh> B sligl. apd yatpors proferablyoless thast hbds thick.

for mmdertam cmbdavica®, E BudEioYdi ipglude .
o?g.t aélni Pg a substrate t%atl i.éggg%’?ygﬁ?ﬁé %]%gﬁre Se&uehlge specific,
Preierally aHEmucleetides sk qthar embedimenta e fusteir avid pripheibinding sites
aBCofl sddtneBBpectticndi ng sites on a surface of the
substrate. 1n sonme enbodi nents the substrate is
substiastliogher ymbedimena tesnmethedsatso dhodele affixileam or more nucleic acid
fl-Rr ] el udes, a carhon thin fil L

P g Mo ME o5 PR B e Puo B IR o B acid
pelymess azg modifedviedncudegatediet er ni ned positions on the

surf referably in a grid

et o OB T e R it Heerd etectth presence

of, deteumiastha seqmeticng andiortitlentisbmicleat zﬁzieﬂﬁ)cﬂjdg&%é protiabd. | Fhe
cle beam

t. pally transparent to.a parti ; i
S’%%g?%é‘?da?‘%‘ieya %%1@1%%&%%? é’aritlg%bs BRNTEOr S sIoRiater iviith therghamber; a
sauipeé emabisingladsmledkampRnichtaryt stefkof aStulelc 4RI flymer, wherein the
ol eff er abl itloesii ttﬂaﬂ1 1.b5 nni thick, and yet rnore

prier 3’1113%?%} {OBES IR FIAOET 1P PReE O 2 Paiticiebeagy generated by the

patitie téanegensrator RBuliibE irfdrnCinRfac ok WdrR ﬁhe%aﬁwl@&aﬁlida%ﬁ The
arlﬁ sequence specific, preferably oligonucleotides. 1In
cyt %?e“gﬂ%&aﬁn & defegier prpsirested aad ipransstl jnesileipadictegpeam

spetibesfien e imtethctgaquence specific. In still other
enbadi nents, the nmethods al so include affixing one or

mor &1 AYfBF enkodimens, ghsi system glsp dncludes mdat siatyszchalupoipenEse to

Qé.'ﬂdzllﬁgﬁlie Pr re ucl ei,c, .
D B! 16 0 O OIS
s A qnglygq)mg}qkﬂrh]@ted txpeobank, efietion\defledtion, ensigs o BRection.

Ind8Rk 8A6Mihtd RicGila atngl?sig ISate Soperative 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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of, determ ne the sequence of and/or identify a
nucl ei c acid polynmer are provided. The systens

WO pwb0t®03 a sanpl e chanber; a particle beam gePEr/ES05/024979

associ ated with the chanber; g}sanple conprising a
Iabeled conpl enentary strand of” a nucleic acid

po erein . the s when positioned, i

c ha ‘Fcor%% 8PSt ‘5%0 }b%‘l“f’ TEPR e %%F%Pé’&l@ﬁvh@ presence

bhectparihd @k @eqb@@abg@mwraasaﬁwmleﬁd 2@l Aoyt are provided. The
i nteraction be gﬁ % artléle beam and t he
%YSWB’ISé‘?ﬁi‘I‘ﬂEa"} ¥ @oeTah BATHC R Bk BATaEs EOF iaEL adth dbrrhamber;

Mt @86ktiubred Md Rehgddab LhldcEpPEANDSREGEES: At ﬁl‘feridi‘l%n between
interaction. |n sone enbodi ments, the %%ften1a SO

thaertigledeam aud aseapl speInsising disinacisisacidirolmer end/ercetopwlementary
andd apak xaaelé hga B&l?m&r Qi laﬁalgsf;é BE8R desgh&i Sraﬁglgi/e ﬁt@&s related

data anal ysis nodule iIs operati ve to an yze Si
fodheairasticle beanbiperitrdn determping indymiation rebiestdlte Bicinuelcic@nidmglymer; and

Qfeee%a%l@ foH P des e&’{mflbﬁgqﬁgég)g%g;atfaPedtJﬁe[hgﬂfo% @] ysis

dule is operative to analy ern recognition
t echrhgoes cmbodimerity the semplednduizh g labkled fempliveentary strand of a
Sihedi e é? rnelJhe systemal so includes a user interface
oper a v 0 control a display of information received
and/ dn cgmmeerabceidndmys tﬂedeeﬁﬂhacﬁ rasleyis Hssigimed td @libdate the system

e L e D e e R OB S PSR e
feedback nedils isalksigned e talidese the EReabBakd s RAemERIBEEK the

to Cal%@%ﬁte the system based on nucleic acid pol yner
dPg to another aspect of the invention,

sy St etlso plesideniadeddddMesd Rah atdiifr RERHVTER ifentiGiEle Er[&lﬂ)ﬁs for
%$e seguence of and/or identify a nucleic_acid polyner

1prafing? partide beprpinstyrmneahs Thednethess inchuds spqingdasaslaied taa
RRId el Epohafdn AAREIRARg. tﬁ@ﬁ@cﬁin?etnﬁgasw M‘th% bgta Cf’l%@@d]}/ th@ data is

det ect or constructed and arranged to collect partic
slaieehte p bescdaseafitiace phthe puddeir a¢id pelymes in soree prabadinenss, the

&ﬁ%l@ﬁcﬁd&%MrﬁnﬁQ@ﬁlkﬂn%t B'«ﬂgd Grﬁﬁ{o%;nc%e%btgley&} Cf}{gﬁ&clelc acid

[or” a conpl ementary strand o e nuclelc acl
mﬁW@%@r a data anal ysis nodul e desi gned to anal yze

sign a)ﬁlc%orrdﬁ‘f 2(# Q‘Iﬂ)tﬁe? asf)pgcec 4 Fl'léet \gahﬁmp ?ﬁs@n’?‘spa? C rS§1d£cP for detectmg,

determnel ormation re € nuc
solopaing andierddentifiseribauskeinaritlip@yrdeiagpded pamcleaiearh I’spd{o&es detected

bykodege\élso"r et[igsl?aﬁ qtgbeggm ! hc:ilesl rﬁsclﬁtmgaééonéeﬁpg%gf: 8§a sample comprising a
mokejsl ae inigrolyamey amd/qsratsatomblemenﬂagd striand @i prtfodd beamr The Bystems
.certain enb dine ts, the feedback nodul e .is _des
U PP BD BN comfusaS B8R o Bt pts B i tporon, the
onk ot iihererwghlaB Iréprﬁemtdlgnhﬂ paitidle bdath Pediey, arkd Géﬂeﬁeiﬁlﬁenc& Bei/or

i.S de3|gned to calibrate the sy

f eedb
lﬁei’glg‘/dt%g H“‘ﬂ?f‘é Wﬁg BBmET 4nes it porpplemepiary sfran éeinaﬂi?élﬂy%rsample

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 embod1ments the partlcle beam species has one or more of the following
propertles absorbance, reﬂectlon deflection, énergy 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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Al so provided in accordance with anot her aspect of the
invention are methods for calibrating a particle beam

w0 p®bowyent . The met hods include acqui ri ng datBCT/EEDHER4979

to a nucleic acid polyner; P calibrating the
i nstrunment based on the data. breferably the data is

rel ated to a, bas I St ance f the nucleic acid
pol yn@ et ﬁmg%(ﬁ%elgﬁﬁa%oqa’?f’eaﬁ’? S5 ”lééﬁ PEPEYT RGPaiet daagesource
cahpriBmatrutigictabid ponsier Hﬂ&ﬂia.tl&ﬁfﬂ%cha&fmiﬁﬂm«ﬂ&ﬁﬁ& ddt@ﬁructure

| eic acid Accordlng to anot

f.th
gaé/ﬂthg&e plgrléfgfrpg eNtHES ﬁ%q% %/ry g;;;:g]tff@% informay 91bg}qoa%rem§sptwe nucleic acid
play et sefincs THERAGIYIE: @é@@élﬁl’ysis denabicfiy bfieht@e fﬂa‘l&@lrt@ll seuence the

aC|d pol ymer based on particle beam species tec
BiFlede el eyt bagadeongh enecr eoedrnabiptieidals analua mpdvge further

édn?dﬂsﬁfgpé)&fﬁlﬁmﬁé nfdd SR BPL R TRE Hathifl e gﬂéé%ﬂf s%gr ‘ﬁblﬂfg o

pol'ymer and/or its conplenentary strand to a partic

BEamationnef thymclaimacidwalinks aecogwt oariht Jath sssomcul I preferred
ORSIRhdntEmt Bath G FEnONE BLLARG OI%P%%L I:hodélg %érfltﬁve to compare

det ect or, %e one€ or nore Si nals epr esen
w&mamredemesl frewi the pneanmandr @mgumisaothe isfoquativnepeuiiibddry one or

' [ | e nd/ . .

L R AT R

pattagitre¢agnipian tecbmqies ¢o congaie/hel indsrmation dadrgikid gidal the one or more
or its

P bl.y.t he.
e Ao e WO 1€ Mt
t he papthectmbdigadntshe diteanalds stRlcOhcli®s @ uedr iitB@ace module to

roperties:;, absorbance, reflect.ion,
S IR PonaR iy Saoiar i eraed pg e dafRaneliigs Batue to a user
anal ){ﬁ mtm&ﬂﬁcﬁllm@tﬁtﬂép@{ww Bedr@toaﬂﬁ&lyt%@ sdniie Q%ﬁp&éd is generated
nor e g&?ls to determ ne val ues of the one or nor

lﬁ’raolffé'i“t B gengieive ang o eSS mfide alﬁ{uée%mﬁ&ﬁcyog%module

d@ﬂi‘ﬁlv@td p?oﬁ@@&r@tdr Yiford @ecﬂﬁ@l@ﬁéna?s td ﬁ{eﬁ)aﬁf%?eodéﬁﬁegeﬁerator and/or the
ngﬁ|5|ng nucl ei ¢c_acid pol yrer information

rtBeoner M f#@db&dﬁaglz@l%apm@mgrléforrawmgie@npm@d @ulwsiym part
i?cfm BRRtdnk %ﬁmoﬁ%@ﬁal@ %c%ﬁ(/e&s H@rﬁ'tﬁeyde%to'r b RER @1@ #or@

respectlve nuclel c aci d mer sequence. Pre era
feerbagkatignaliringlydd isforration é’on Oahb}p@rrgatm patitlo bepm gdnatakoy. In preferred

enffAmink tﬁn{'ﬁe(ﬁ]ﬂ% ﬁg&%lé‘fsl gCIQRJ/ %néi’eﬂ? ﬁl% foue %mgre% (b signals

nore signals a anal'ysi s “nodu
tesadmt legbtrigy paraorclngnrgemgeummﬂ tiee mumleuoavinl prdyrhdre Thaddth analysis

Iﬁc?&gﬁ:eﬂ}gﬁram 1901&(?6‘3 91%{] o1 09, or%ulilK %rggrgttge 10 thgeolaﬁyggg}lqnﬂecelved and/or

rraccessed:
g@n@'ﬁted be dmeeiata@dalmmmsdlﬂdnm aledr@puieratadabls niedtit. €

| i of hEETE BRLAPIR RO R PG aouey ofBeESdbgHarsame guceic

at:idq)ollymieﬁ andb1 1€Srboﬁlpﬁﬁieﬁﬂa@¢t1bﬁd Qnea Plurdi®yf 6f patfticldRad @péties results
the conparisgon nodule is

uctureE@trg‘ﬁ t{efer?

PROPYEOf e BluEioae BRIFE 1o b HTEIA 1 e ARTE e, he one or
rﬁkﬂH’@l@ﬁﬁs tePRsénih® EHERiraiy SLhRHidIR B&ch dcpEéZiéQ %@refﬁr’rﬁe &ta analysis
no ignals to the information speci fied by the one
r@cf({ s apergiyede patialy ssauensedhe peglsieacid polymer based on a first of the

plurality of molecules to produce a first part1a1 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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In other enbodi nents the data anal ysis nodul e i ncl udes
a user interface nodule to display information

w0 eweiov®o3 and/ or generated by the data anal ysi BCHOS2008024979

to a user. In further enbodi npnts the particle beamto
whi ch the sanple is exposed 1S generated by a particle

beam at or nd the a anal ysi s nodul e incl udes
a1 oAl Gadl BT gpe Rt et 8P Ao gAbl g gl i
fneedbdih‘é(/l@ @ﬂ@h&r-&&diﬁl@s@@ﬁ skt EthbeamhgeReneimirudoi Mkt as a

qﬁﬁector ne or nore feedback signals
Eﬁ’ }“ﬁgf‘i?%lfeé SOBRUEE COFIR e gomputpida PErerm pprppess of

ﬁdtéﬁﬁhg @@q&ﬁ@n?énd@ﬁ&enﬁf}gﬂg@é @cfe@%ld’&‘ﬂyrﬁé%ﬁéeﬁ%ﬁ particle beam
detector. Preferably the one or nore feedback signals

SIREP ARE gty i< oR Roraricla bepmaspeies rewdingdonm efpesuseafa sample
&%gﬁfsﬁi%%"nuclkﬁ RIIPOBIntef FnPEIR Qbﬂﬁl@ﬁ rentht Erestrgﬁxet%l%%hwle beam. The

le’is operatlve to generate t e or no
Preesgbeludes: gpsailvingioas emere sigaals fromrihedatectaythi puamr more signals

& 1%5@?&1{1% e m?gxft cferb%arﬂggéc?e's ana%tg?tﬁ’xgl %Hggncknggﬁd/gxaldgn ifying the

al ysi U6 preferaply i ne rage
m}@@icaqcudfmlxr@ersmdfpem woihglameeniagnstraed ednrpiked nd‘lhe sample based at least

ﬁgﬂﬁ 0 ?'gr%q?%gvgg %ﬁ e&%&% %%gél%/ ?}f’rétgr??ggygtﬁg 8%?%@ ?ﬁlg p?lﬁlger and/or its
csambdnmntazm*stmiéglabqﬁdﬂ ality of nolecules of a sane

nucl r,its co Ienenta a

g ah St o RS T BieRbei S s U o it e Ppine

B isasr absmfbahhf; rqﬂedﬂi@l, téfiectidn, mkgﬁ‘dmﬂﬂﬁe@font 4 tBAdPbRdetecting,
to the ﬁ‘& 8Iﬁ%yean] t.he one or nore signals

FRISPELE ALY M THE BF B lifrsapalsring e one PremBE sienalp ddeksmine values
othiey @ledr o Sapertinal ysi s nodul e i's operative to

partial |y seqﬁgnce t he nuclelc acid pol yner based on a

firsth gy s theyiciot detgsting seauenting préjeridentifying jngtudes

ARadskihah dS8 %é@lﬁl@@eonﬂﬁﬁlﬂg%uﬂé%tabl@ |pl)D,(/m%1eHMﬁ‘Q1%ﬁ d, IR data resource
nucl eic acid polymer based on a sécond t%e

ipplging # lgra étrucﬁkm ingerspliglify ob enfeies, aacbe_ee@n aoepiéyinfg aiformation
a“b@ﬁ’tléq Qﬁ)%@tlv%'?lqcl% EISEUNS)] ?s 'ﬁ]én%e gﬁ@fé?a%? ng% tgcij]:ing, sequencing

further includes a co ul'e 't
gnfljos denfiiing dacdiigs p@i’ﬂ@lb’eﬂeql@e@}ngm ayclgic edd @Db'glet based on the one or

Iﬁ‘&ggﬂgﬁaﬁs Q)Sﬁ?&ﬁltce gé d;ft Eﬁeh&ﬁ@eﬂ taécg& ngﬁ)aﬁ%ﬁ%@%% fice 1n aa]? 190 of the

m1s ‘provi avr ng onpu rea e sl gn
ielgicadidtpobmes fromithe datefesmecd; ast qoubiningihe pirtibl, sequeenee with the

exe t he
Hafii ehnathce BB P R ROR Bt R apnine
aad/dl‘ Idbntlfyhki)m uncﬂqdleng)nqaangg inﬁormambditmimﬂﬁfonﬁas Gﬁbh&ﬁnore signals
r e_beam i es det ect tectof, the
Bitiot i BB IMeTRaEY BB PELGFe iy i repos o betsrenipodiments the
as%fplle’@om@nmquaicﬁ@ aﬁd/ﬂﬂﬁlblﬁifﬁmgpﬂe&rzﬂﬂ’ﬂ' EREesARMHoMattérh Secognition
nt ar particle beam The process
tFRE RS comtrte o sigresin gy Cine oy haioge pr mmesiegal to the

igRieaion kpectita bP MR (e oFRIOR chir@Ral S representing the
partlcle beam speci es; and detectin seqguenci ng

and/ 8t ﬁa%rr?mbwmwt e Progess @r@eh@plagqﬁalawimrrngamfeﬁm«tmnt s

deRAPIn SR Meors bof AR CUMAIsRARLs ok b€ sanpl e based at
l east in part on the received one or nore signals.

Pr ef 8y gbtrypmbrdiments|ths narticd kpap o yivish thersdmple 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



10

15

20

25

30

conpl enmentary strand is | abeled. In sone enbodi nents,
the particle beam species has one or nore of the

wo i0bovony) properties: absorbance, reflection, PCT/US2005/024979
defl ection, energy and direct |T,on and the act of

det ecti ng, sequenC|ng and/or |dent|fy|ng i ncl udes
ﬁ%ﬁ%@ée@%ing I foliation detemélln?c? at c%g 1ﬁ p%{t) ﬁgﬁttg%gq? méﬁ% giggala

nore prop
tebeveddtonothe dettaot iPngferabahent bﬂg‘oﬁﬂlﬁé AHcliddeprolldinzee or more

des essi data resource conpri sing nucleic
%%@B&W*&?%é atil ‘@ﬁ?mmtfwa@%{ﬁtglg st b ssugnatng In some
@n%ﬂtn&nﬁstthél@bwseﬁiﬂ@w ingudesRksbralnk ik Bk of Rofd £8dba8@Ghals based
entry S e0|%1|ng i nformation about a respective

7 lepdR parben PO SPABPrsEeanelcipicdd ertupty the act of

det eqh bifgh enBREHEME tHQ{)I@E@é QlrthbAgahde ¥foﬁgv tRGHAHES de ermlne from
gart|ally sequencing the nucleic acid pofyner base

heNEdH @157 Siglseonsd Wu@f@dﬁﬂ@m@éma partial sequenc e
access if@eRa
aci d pol yﬁer %gﬁrﬁnﬁsﬁ géjd ae 1'}15612% rqg)tldr‘%ﬁ% gf rgg%gulé%}la ¥ '%le nucleic
35t nofyamer g@&@reﬁ@equmntanesupm tahdib pedigerfparticle beam species result

fdif OF L 8ﬂ§1eé Bﬂra‘? (gtqﬁ(gl @gl}e%rg? g g%?@ %o the parﬁ(glF baaé)%, the one or

det ecti ng, uenci ng or I
D@@ﬁplanalﬁ@pxelsﬁn@ngrﬂte|pdmalagpﬁpanﬁmiebbaﬁ1rspmuésh endaﬂaea@bf tméc@mg,
YRR LS ORGSR 0 s

odatf&sttotf fig,pheaiy eﬁmblegulasﬁﬁ/pﬁfducsj@ﬁxtst faytian geqaéﬁeﬁ@@élw sequencing

des. attern rec nte nlqusto
S Rt B B e R B I R RiFRles i@ Prgruce a sccond
pantahsequ@nalcSmbmlﬂghﬁe finf ﬁfdﬂi&tdn a1$i@l%@ Jeh&;é by the one
WE i
re entries é‘n furth di nents, the process

F ur t RUET FRES B LOUMERY 491 g™t b Moot e epparent from

ti following derhifedesdiptien Bﬁﬁ@in\(/@ﬂmﬁ k&@l@l@b&aﬂd@reﬁ nyéﬁiunch& with the
ot her enbgdl ments the particle beamto
a%%‘ﬁ?@’éym% ré‘k’ﬁ‘é% elhs agoQaprEy e dguisy arg S?hﬁmatlé predl gye Bghintended to be

deenRab 8dad. . In ﬁ{éqigtut@ &Eﬁ)%ﬁ@caf ‘df §d%§€antia‘ﬂ lsfﬂﬂ e&%&o‘ﬁ%ﬁt‘tﬂaq is

one or nore feedback signals rtic
ilpstiatpdingarigysdisyres iy b&éﬂé@ﬂﬁ@tﬁd bI hémgin aumerahwmetation (though not

afvRS P FEKSIreRed §f cid? 'nt)V é\@% doﬂ‘fpgﬁém s I%Iegl% g‘ge&fl gure or is

| edst in part from or ‘nore gnal's
YD AOIPRACEHOf é@ﬂi@mboﬂ!ﬁ@hmfahﬂ ipvenien &hrlwn07(7he|mr iblustehiting is not

PSS B0 B0 O3 T AT e

a]génetncms end patanissioerep@atod béraia by sefererceproimesporhtdt bi @d’ference in

s 1P e oA b AR B bt gatg Wil contol
nuclelc acid polyner. In other enbodinents the process

further includes storing information determ ne from
t he one or nore siBrief Besatptin 0ot Dirgxingeadabl e medi um

In f er_ enbodi npnts th | e includes luralit
of é[lj ﬁﬁ ae%uc 4C gg@%ﬂiﬁ“ﬂd&nﬁﬁ&lon’ sequencl‘jng and%rpdetectlon syg/tem

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 dNTP's prior to polymerization
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acid polynmer and/or its conplenmentary strand, and a
plurality of particle beam species result from

wexpeswmoes of the plurality of nol ecul es of thePGHIP1085/024979

to the particle beam the one or nore signals
representing the plurality oTMparti cl e beam speci es,
and _the act OCL det ecti ng, sequencing and/or
?‘H%HF.W?%&@ cl udes partially sequencing the nucleic

aci d mol ysefvshiasatkiosieltistratde@hudihi€addd BoRbhlt ¥ndhbeled
rmlrﬁcul es to produce a first partial sequence;

BgIFaFY étéadlééﬂ%r m&mqﬁl@awdfc& iclarife ﬁlwwlyw&whﬁh%léﬁ on

@nmgﬂ&mgt@&ﬁdﬁgﬂgallty of nolecules to produce a
second partlal uéence; conblnlng the first

and
secondCpahavgia d@é@@ srpnddhat bpsayultad femmslymsnipivailabsied NTP's onto
@mna A sy ffs 152 fd?\él%ﬂ’éy g}gmw withoREHO B RRAREARon that would
fromthe follow ng etalled escription o
1epf@nt i on when considered in conjunction W|th the -

accorggny Elﬂ)gVé %%lp génfo&%o@ ﬁ%??&ﬂg ¥ésg19 ﬁghl%%e?eﬁ &Pﬁe strands,

schematic and are not I nten

whethdnoné pohotlesirandscarh labeledht Tlmﬂiosmlmhtysﬁ lhsipmgtandi bhirying is shown.
]:c’: gb ergg} %g gﬁgﬁ? Peté%ecp 961}{] §hoafv abtog %gegvat % a eczfor§ ﬁ%clpg]ilaq g}ew of a strand
thatthat bean s(bstemtigfhy mtgh@hMgAﬂ)ls aﬁ%@hedrlu a}@(ﬂ:&z&&teof cl ar | ty,

not ent eled in every figure. [

over ESTosb AU Gbeslity SREtiprate 58 frest UG Vi 106izea
isinding sidreinengddlinis pridpitRm orfa Avktrabecessary to al | ow

s eSS Pt B ey A & £

| NCOrm@nateablbed @hdrab YIIusehttzR CRarAHIE of Qﬁ@feﬁ%ﬁﬁeﬁ&uﬁ% and/or
reference in their entirety. In case of conflict

Prwseke aagedientityng %uclqlmqlwlwaerdef initions, will
cont rgG: 18k h%toc%ﬁgfamim%u&g gaﬁra%ﬂ%sré%mﬁat@ syltefns a

nucl eic acid pO yner | dentif I catl on, sequenci ng a / or
det ediBol? shows a Homee Brstef thogenemal purpese pmmtewstpm@f Fig. 12.

el a1 A o BaE B R BLIGTERE PR L Rlbgfin

Bemplcoh of the nucleic aC| d nol ecule, with detail
showi ng unpaired nucleotides. FIG 4 shows a randomy
ordered m xture of |abeled dNTP's prior to

pol yrreri zati ononto the Blﬂﬁmmm FIG 5 shows the

ori gi nde nucl ei
I abelsg’gl con‘p e%}é(?l sar i u?ncm idg tffgrng 616‘11/ Orréfecg%ﬁ 1?‘8231? 3l
p:olbamars yuchsty M, \ard grovitled: Hithe hn&lth@ds cmﬁmlfmismgm paftidle beam, such

sh t t hat
28 Sl HnsBl T RronRg rapUrE e anae 89 apler. ot exaumple,
aSdafPRCOITDINA caal Heaapse fisa pardkd Bealil Dl cBAnged inYthe SaMWBsulting from

W t hqut th?1 hel i x corf1forrmt| on that would result).
1nteract10n with the sample may form a pattern which can be interpreted to provide the

information. In some embodiments, a particle beam instrument (e.g., an electron 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 fuither 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 7 shows the helix conformati on that would result
from | abel ed doubl e strands, whether one or both

w@read®onr e | abel ed. The possibility of | oopi POI/ESIH05/024979

curving is shown. FIG 8A and;8B respectively show a
top view and a cross-secti onaf view of a strand that

has s I S nd | ched
a sugles}l?pét %&%?ﬁ%ﬂeﬁ 1 X)%OI 18&@@19% c@gilcq V%%f,nd?or% g‘lgtngﬁlelc acid
wolpmers pecoxding tvawe smbbdimaa|of ﬂleewehn@‘al leegstém tiiudgs a chamber 12
[ [ att on a_substrat FI G
B ASABAOEP Bl PBRHAGEn R, R B s
with theshipsbar ad maml%ngsufﬂﬂenﬂs leaw bicaoi (a]t:gélwss’iﬂihn about 10 torr) during
il an_ex stem for tectin
b e B R R BN B eBhiaBeld B aPorids erom He s shown, one
qsmhgmmns atrdr{gemiats 06 (whitl @EKin6uaYE SRk ldny 8f hakibRerRes) is used to
r uter system FIG 13 shows a
3R Bl i roro Fiisug ondlarmplar pobieckunpinmar ioystioshe
@Emﬁelgo cdli’ect parfwle Bhni @e@e%epfhg %t@?a&foﬂ%%%@n HROWRR beam

bel efl%ﬂ@ strand as describ
BN T o B{OF%]ﬁnW@PWnﬁr?@ capbhpepitioned between the sample or
@Bgtamumﬂs deltdents §/dxpan AR hBfic1d Séaglﬁ;i?ﬁl@s E‘éiﬂ%t& '31% d%ééctgr 24. As

olyners, such as DNA, are provid
AVS tb%dfiﬁ%qt%gnaaf bspesitiencd b@@ath thespotplets callect baot spemes transmltted

tﬁl%@@ﬂ the @am@h& airfe (‘le@écc%r BBhdOR eFe@Qﬁ?l%%%ls&%%sg&atlé% oﬂected

pol ymer. For exanple, a sanple
beamgpgsaaste & Heta peadypisameliug2gn g@sdesqmbbdh firthecivalove Shbi datd‘@alysw

pay, form a
r{l&f&g@ hﬂi?aﬁg%ﬁhg&g%wp}?% %%} o pr o d? ﬁg:%tn}gn?egﬁ?pﬁmg&ﬁd/ or
identi§omgnusidicoaids arddqr campae ﬁtlt@ h kndmalibranysif ﬂatﬁ?ﬁtten(sQn Grder to

R S

usi nglf showldbe ondenadoeicthet em@gstoﬁgﬁedv&ao@ma& ha%;i \@fletPUﬁ)m .
t| n_an entj.fication o
c&?f U%{On%lgitterefg‘i% Lhathoa it g i O Ky her bel ow,
t he regdneds saxple @M adth @ silitidlecbin Mgl Iﬁa}sl%jdﬁ@lg&ém «determine the
identif ) 8 and/ o de%ectl on_at h| gh spee
s%aélg{lc§ anéﬁa Iﬁﬁedlﬁe %f‘r:acrﬂp WCI t ndsteﬁtélln embodlments it is preferred
tia trbraple de Mrfned df SRRVMoRe SRy §Pindd S’fﬁlﬁé ﬁJoYélé‘&nd polymer.

and/ or detecting nucleic acid

sequen
In@ Srreﬂ?cbﬁgg‘?eé‘tsoﬂ’@ SHRRe HeHER go”@fﬁd efracioniners Sitltands OTHE nucleic acid
p8lyfleLMbhd itk Qﬁs%Fﬁat% HRFDAL c&gplérﬂer}gg}g G Sanpl e 14 is

posi tioned. In this enbodi nent acuum punp 22 is
as s oEPEEBHoNA tephnignss may htyered taform iasbmplemsnthfyi stiaeho aynuclelc

t.orr 1 n
SRR Sy ook 853t AN e 4 Byl ™
coaplementary strpyuk is i@liéalb& single 8trandof'g lnm/lm;: amd @ol@fnefm{@ suitable
técﬁrﬂ%%éﬁkgﬁﬁgmo%tzﬁrp la ‘s:tjf] n?a?[/n slorrh% elih odlmen{ ng su?gll: SGtrand may

nses
be obtained by separating a first strand 4OA 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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direct and/or focus the particle beamon the sanmple. A
detector 24 is positioned in the chanber to coll ect

WwW@2006i0c49e3 beam speci es 26 after the interacti oPChES2WeE0R4979

the particle beam and the sanE%1 One or nore | ens
arrangenents 20 can be positioned between the sanple

or. supstrate and the d tor 24 to expand the

BAFY; oF & @fnlrs%b%g@&uf%@tlgwaﬂxeﬁ%p@é@@écﬁ%ﬁh sypthetjegprocesses are

&J&Q\Miowﬁ hendat aetan bBBYtoReeP OB istd QNRiKE RLMidin h Qiﬁﬁle strand by
%l e to collect beam species transmtted throu t he

g it fyoqe 2 gaPRE FWFCer Push dhiinale Eranded RNA|frag elsy Sombinations of
ﬂ%ﬁf)t%@&ﬂé ghh Bﬁlepﬁleﬂib& 168Mh &sthed & @ﬁ[ﬁu?ﬁ’l% %ﬁ?ﬁs& &n%e ‘aQéda FIG. 3

anal yS| s_nodul e . As described further bel ow,

slprvg sepigd 4P gﬁwgmﬂr@%lyclg@nggwﬂmg@m@d to inter pr et

the datgny REndI&A

i dentifyi Egm%ﬁtgrygl ¢ aci gﬁgﬂer&gﬁl g)r E%ge?r%%d;% Q?%h%dﬁom the single
Rirerysing basaguyjtalge C@H/‘Fﬁl%\aﬁtﬁ@mmﬁi i Forgrateplet standatgotymerization

j I ot
SERAS AL A B U o AL g, v
RaReraoonds) i th/tedfnlqmn g¢1@mﬂ&hnv0h/$ egpdsing tiendingldstrant] bedn excess of

Bl o L
destébadiin éurthhebed@n wah slevarndiaiatipl B<Se FUE. 40fIn @orﬂélél‘;lﬁdc@m%nts single
referre

In certain drrents
St PR it e A Dartlp Pl n oottt ROwBPerasreings include
Bwpamﬁn@ht bNa pamﬁ@ms @adleligochyriREtablk BnAt28 kuch as Tag
Odl "?2%13 t he sam{g may be fornmed of one or nore
13? YRHGY Aepshdent a%lb"&}efﬁﬁﬂs;?%rreéi?fé‘fh‘@awrﬂma%@ and RNA-
8&RAdAt RNANRNmdRes ANRHRIBALRNerSd, émﬁxes GoRMRNbd RRA Ke ,in

techni ques may be used to forma conpl enentary stra
ifro ahweflﬂémh%ﬁéﬁ) dORT §Hitable serapasents (ee-pBicipatide prinesss, fother

Jﬁé@in@@éulcﬂ as ﬁxjﬂﬁasfeé bd the 1k rﬁeﬁf AL %ex#thﬁl@ RLGIERLRLYe 46

stiand |stoota|naS|n stra anuc el Cc acl

preluging complameripiystipndeAd \é@ﬁmnqluéesnagabﬁed, @s dectibeddintizer helow,
gon% g)lfg t%’ér Ag)Abl n sone enbodi nents, a single strand
may

taln separati ng a first strand 40A from
a sedbmubitheamderzlt@@ ihat srudowg 6 enaytdifferdieh stucticd 4% @ FQA. 2 in that

FAOR B e SN, HENAL LTRSSy

tibergiise e peson éma DNA standnEts exaypld) eherathlententady Sieihd may be
lg’lg?? c!:) gﬁgl %de 131%&5}(:3%' grsnﬁg;%% 8 8rma%8{1) tixg(tgtlﬁ%[jtéte detection and

ﬂaht;ﬁnmi(ﬂﬂﬂ‘ nuhecbtfaief imandthal of HERvedtiont €BEISE.g., atoms or molecules)
are.wel| known in the art

anscrl giase esses tg}5i
5 BROE & P CIe Pat BB UL PaétNéﬁ BrgMesPesiFshe mpype
Mecfdd%ﬁﬁ ﬁﬁhﬂlﬂed&iéfh@hlﬁbsdygt@ﬁis Qe EthEds 0 te Gy etich. tTn AR 1lltls‘ﬁrat1ve
exanpl e, n an oli gonucl eqt i de synt hesi a%g)r ocess.

QyhadiRet.d f‘p%f‘é%%% otides aggdnqicatediaran; asteristele g tA*a <é .G*)

mnaﬂ& QML@;&c dctd p&ytﬁér%go RASH ﬂ%cﬁﬁécﬁo R NaR1S TAG! ©
stran g%ypu“ it from a nat ur al source, sucC as

ajvagrgsoutly ege) LRNA synthapisos theqicleis mpidnter pxamplowsingRCR, which
fyPeAYAL RS (rﬁtﬂg sYHHREHs o étﬂ Qﬁiagldgggm@he?%clteg%éﬁ PRlynt bhd its

in the art) al so can e use
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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shows strand 40A. after separation, including nucleic
acids. A conplenentary strand of a nucleic acid

woolgeoran be created fromthe single strandPCBUS2P05/024979

any suitable conventi onal tecp/.pl que. For exanpl e,
standard pol yneri zati on techni‘ques may be used

HTE R B N TR X —

genesal Ia)postmymthm ahepiral labelin etep) d1@d BioSipbiaRchE RLARIN the
r reac

e B SR L5 e e B SPELR S35 s ot
slessts adne@.gl, sty By hiermbe reulids anelrs hmm sﬁmﬁﬁqilaf:@} 1Y cdrfhin

FIG .4. In sgne enb ments, single or multip
PRt épe&ﬁlprég ogkaé lageéssp@etwgzammes@%wba@@.oswscleonde

(%%l YEHREIRS ﬁ1pﬁ6§f)lﬁ£f€ %CTF)%CI&Q&H@\‘AP P) [ nine tr1phosphate

P rrerases (i ncludi ng t hernostabl e enzyfnes” such
é’¥ hegiehpte (RR). @speonie friphpmhats 6E Y rs@as@suqn@lhgthese

I{Lf‘e}é%ﬁéé% aE (RO ateﬁtu?é %ﬁélelé Qad RNRLEREN COL END bg g single lgttor, e.g.,

/s ynerases. I n other enbodi nents, enzymes ne
sled:(leord)); Fonexpimplep fag Ilﬁé’ﬁilm&DNéym fitsttype pf laig frenttached to a first

Ridlebad! t?}g&@%p %‘%’Etasse&&d%pe df e ﬁgtd#tgg cftro arggco n%lgcglde type

enzymnes rmases
(ngeféﬁft) a third3ypb oflabslds ataghadyc b thid n4l6leotnblt34m (B g., TTP); and a fourth

R S e o S S

Helovs moclbatidb éypandiey b¢ wlentificd by 1mntlﬂmtgwr1ﬁ1rt4kﬁlaifmbe1§1 Modified (non-

b R bl s? T bt e PR A eciaottewe

;thbq:thamh.dlﬂlel 80dn l@tdﬁﬂ‘érmtﬁﬁanbﬁosﬁ peSENin ﬂyﬁlcﬁ n%l@tdc@tﬁﬁn

FRe R TEL A e PRI S, TR R LS,

fohédamipRGWah bé abﬁyaﬁtlﬁ@kiccaeldmrd Aot tleli OfnkRA between the 22 — -
nucleotldes in methods of the invention. Labels (

Y S8 (herfb1caioan Beys R restipdesdito Mixtpees of & éor@&calitﬁgcan be

& 8 itihaReitRml Stic particle beam species that may
be detected and identified using the systens and
net hé’oﬁ@o‘éfl be Hedersiapdribat. o usqdrhereiig ai“npalestidet omprises a nitrogenous

@E@Qgﬁﬁﬁﬂltolecﬁlg ?e é a&%&ﬁ%o@éjﬁ @@A éﬁ?ﬁe %ﬁﬁ\hﬁ‘ﬂ]‘d%ﬁg ?ﬂm@é (typically

an asteri sk
Intdinking gmyml e@l p}mﬁqha@l mtld@n Adgpical diéleaide ioa muu;a‘:doudke

ri hesi

e, T S ORI BT U108 U
“nyqiqsqsaileT 9011111?3@5! a lstrogﬁnbtlﬁd)asg/mdheﬂg&r nm‘ledulmt ins d&seribied above, but no
ey A P o ST
malecmiet Ordnnklhg beup. Be@useoif th&ct tanzpeditioM\tiEfrdnadach ﬁucﬂd‘oﬁde can be

erabl e t aItach t he | abel
R ERER o R tieneichBrErat any el At o As deseribed
fﬁtﬂ&vd\lbelbw drle Gdvan)ag® bf édﬁtaiﬁ%fbo&ﬁﬂeﬁ@%tl’@fprds&ﬁ nﬁléﬁﬂl(ﬁ‘ll i§ that labels
acCl

S 8 s S R e et 258, o
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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conpl enmentary strand only (e.g., using a single round

of PCR) or to both strands of the nucleic acid (e.g.,
wWa@gi0ag1990® or nore rounds of PCR and as shown PCI/B$2805/024979

6). In certain enbodinents, sgemfl c types of | abel

are respectively attached to fach type of nucl eotide

% cytosine triphosphate (CTP), adenosine
ﬁlﬁlgﬂ%@ﬁﬁate (ATP), thymine triphosphate (TTP), uracil

trl phospitateadybitifes o kbR ShiEncldoiiOgphiBdaiing Slidlie label is that
hese nucl eotides as i ncor por at e into

nv ent onal |
}éﬁéﬁné ?ta r%fh Bageded to0htaip hesrqusacs %rest}/y a> e giegpretation as to

\Bich Sffande. giiiven ryﬁcle@ide% onlm® bddequife@l 18XH 'ﬂ?le@oh th ¥ of nucleotide
| abel i ng irst t%e of label is aftached to a

pRigusly q{mll@g@s ,f@éome §§le tyin, da‘@p;ﬁyrpreéat@@(;@ﬁgch lgﬂlg@pqglf is identified
ﬂv@&e badhudibbipehedetiica d?r@&@rr&gd e a‘?@ﬁv‘zcﬁ&d&ﬁﬂ@es %@r l%se pair, which
P); athird type of |abel is attac to athir
mwldewl igerma enatrplefopthe carminessenidhesdataoged andsygusnest
I abel 0 ert
.In% Sgéﬁlas %lst% ??(%eng‘ ng %é({ér@éc(%gl gng Eu%ll o& %&g’en strand
beﬁrseﬂsunw 4], ibeligtht labéledn thy oibdesitand eren‘.@fﬁaerpaﬂ“his cel by
Anegg él“i"siheél\@e)dﬁsfn{l cﬂfﬁ%‘%ﬁ%@%ﬁ%@%}ed 1§Pucle\‘r;\l'¥1 X(PSI i ?ehqéle g%@{ cycles, or other
symgmnemethoqlm aspiiatve forgiretdr esse mamadkéngdhé ftené rt whibla@mnucleotide
hose present in typical naturally occurring
lﬁﬂl‘?ﬂ gotides (e.g., in A C G T and U. One exanple
of t Hhsertfin eﬂlbmiﬁﬁehts ﬁdtﬁdll&iu@leét@ded:ﬁpes whddab bt Gibeled aPd eRample, if

R RSSO, CUESAS BSOS, St L BOMSLSOSAS e

GHER MBn el &pBBial YdaBilebdiidtificVaxihe &@ﬁthqfucrebtedefweqe Qi,00. The
ed. 1n the invention. It sho

can, be 0
Rpstion of @sal {aﬁ%{?dn lﬁou%é&awr igfegred érommbé%etom@éﬁhe distances
Eé@sﬁ&"nllﬁfé&:d%uf:‘le&t DI\%%%H shelhsy re%naluwmg@t Rfeibfidds 8n Bucleic-acid

deoxyri bose in bose in and one or nore
RALypsre aln| apher elg})oqlmﬁm@, 9glygre epte (ngclgotlde {5t planbelabeled. For
@ﬁﬁbledﬁirst &by, ﬁh&éﬁlxm@ Wgth %S/ i ede?at hﬂ% dcfegtlde types labeled

trlp Sp ate such as cy OSIn tr|
(€& & Ao and osegpesisst ofsequsseit fase miap | be aenemﬁsll \@dsnhd ether two

rogeq I .
T e T
ragarhiag di eptirepequsass. a nitr ogenous base, but not the

Sug arAl{E?Aa‘ta’%ig,etP/]ﬁ{l ﬂﬁggﬁl{) L el%tld 5. C auga(ﬁ‘sj%rééor%ﬁ Strands of a

conposition a nuc
Ipmle}(merd pdhnérnthe sequente bB¢ithendtiadd fmi berlﬁlferred)ﬂbmahe sequence of the

0S| or bas As descr. bed f rther b
GHE G A5 Sariie S FPOP hasnbRei g Heng o b e Sraffid Metei
aicmwhﬁmeiﬁvﬂl be bJSlﬁlH td ﬂ;bﬁlhrﬁ:s bR hed@petitt 8gdnddn bd@ordance with Watson-
(gr el eo E‘f}nﬁ% grol merj zed into nucleic
gkt 4P i adguing o 28 stranggligws one to
lhﬁy\ﬂl‘é emstehmxf adhynlﬁﬁéfh tR@ddirespond e PYSISH SR diderUB &M drQ double
denot e pairs, of nucleotides that are bound in a

megleisgeld; ihepoptioneef other gucleatides e lisevvisk bpdiractlyigead or

1ﬁféff‘rgd B8mAbIerfife a Gouble étﬁn@ed%b‘l@ic%cﬁttﬁeﬂ RSS! 0By I8 Shleotide-
pol. n}sLelS Howeveér, this term
specific la

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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al so can refer to pairings of nucl eosides or bases,
which by definition are not part of nucleicacid

woologlevss One of the advantages of having eacPhCT/US2005/024979

nucl eoti de type bearing a unlﬁye | abel is that only a
single 'data read" is needed to obtain the sequence

S inte retatL as to whi strand a
agclie\l}lgﬁ nﬁ%%ﬁ“%gge Tne 8136 H’lé%fﬂg SFCP‘ gé%ﬁll?,l% dn &E@aebeélpl?oﬁﬁn%lgc Jabels may
beymclca‘d 1o Uﬂb@ﬁmnd@nlﬂ’ngg iethy bk 8Omay fe@l&ﬁe éai’?ongcﬁ M@rogen atoms in
ac ase palr

XIbI ata reta

he Sirertt Pt iis. Bhelh o Gttt o FaeTap ks ans prag ity the sugar
ﬁhbre@uqé (eyg. Aitshst RERQA AdrRlcbWRibBLGH BRIA) IS otRE enlR8BnRR! fabels are
whi ch provides an internal control faor the correct ness

%}?aclﬁqﬁl@nda&‘ﬁlthl%d@kgﬁcgr%aa@h% Buclqotidest e cxarmdufiedahels may be
%@ﬁbd%c biegitifl & phyfhate Qmﬁmg gfoup AT hér Labéi’s g% bt Btoh t¥ ©%ygen

strand bears a uni que but the s ont

BHoHiHtes pRehas sulfig (8¢ plghawbstitaed Bh%ﬁhﬁt%e@?é@@: mlmpéme the

Mﬁﬁ&gth{&§£ﬁﬁhsﬁgts of | abel ed nucl eotides in
sequential PCR cycles, or other synthetic nethods, and

al | ovis ceigrin gmbediments aledabels are aitakhaslgo theausleptided by covalent
%{l&gl s'&g&#ﬁg& ﬁlgl elbo%lo%n Y5vale bpl%o%a{)g% b&e%gg&gngr—ao aéhrrlent between

nuc eot pes nee
ekdnpldeucieptides Méle:hrcan: brmbtel lateletlppeplef ©. vgithstafl e:xéposﬁlf): teareRtively

AR A0 5 LML U By S R

gbout §0R120UC) )aindt inchy bbyrpﬁor(aﬁt tg .dete@on ahiver jdestifichtish (ﬁfnutlﬁﬁ ac1ds In

f ed fro Ser.v
S TR S LI e et
Ednﬁln@ Iv@fdh}ds pegtiligrsiga fRentY0veakerihitl @04ilEMSSndiflg MICHHAE, Gnay not be

| n ot her enbodi pents, only two of the
%’Lft‘ioé?@ﬁﬁ %ggf‘i‘fﬁé‘éghﬁg%?tr%bqawﬁs For exanple, a first

_set gh caemansddigedattas ﬁ@féré%l% HATRS bbbl nt I8 nucleotldes prior-

nucl eoti de types | abel e a second set

fotthesugleatidss ARyming the qey lﬁéélﬁ'fé’ﬁ é‘i"%i’ldéépd)/ﬁftcﬁplﬁh@f the fikst strapgh of the
Imerélce&td ﬂﬁyrﬁéf?%tﬁ@@%@&&tﬁ@n@ the 1dbelsBha l%osteréceég S, as

be processe provi de informati dn regar
@ﬁ‘iriheé figthgulgies, thwdp @Pﬁﬁ@‘{evﬁ?o}'}’mﬂjgselr%‘@mﬁ@at cﬁwﬂwthc vvo

J@)Hﬁ)'l&l%ka §tra(1§( dfor Qopi&s)of B gts{}alﬁf et a%lcw&érn?érf Thus, in

acid e seguence O el ther stran
thwﬁ@asesd mplm@tagze@rmd(r,selal@ﬂedtdmengutthéxrmsmmnd For

exa Is ' trand_.of .a .
CRafc Ly S BRAERELGR, A0 906 SRR s e
formyation@$ the momhbmmpwtrami (snd/exmbplem ofihe firstl stremd ofiihic mucleic acid

t son- i ck al.eot
BRI s S TR R b bet SRS oo anaign of the
donfp&mentuey mains hﬁd]ﬁ:@copifes af thehgm :?ﬁndi of ﬂhg audl€it hetd peIRBler) & include
osi tion r strand, o ou
FEp Bhha g S B8 ot heRE Prosfly SovalamBietp Ao e el type.
Afitde ewinbiom) €hicRed elch dgu@adls)aayl BafeRpdsedtd the bR SAIcK ialfkhao the
doubl e stranded nuclei¢ acid that incorporates only

¥ nucl eoti despecific
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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| abel s. The | abels may be attached to nucleotides in a
variety of different |ocations. In sone enbodi nents,

wo 20969963 e attached to the nucl eot| des on, orP@U/UBIN5/024979

the nitrogenous base (e.g. %“ guani ne, thym ne,
cytosine, uracil). For exan'pT in t hese enbodi nents,

| abel s. beattcedtocrbonlltro r|nS|nthe

B0 B Bl P AR bt £t IReTR b R o FsTerabie, in

basecasdsnfootha ez[bel%ﬁ@ G@ihlb‘f% titfes drafi8 b®nRlaRd, 3k E(ﬂﬂé"@gest 9sihBI€ atom.
t he sugar rml ecul e

ucl eoti de g.
Gt RRbelR bl Pitbsset i ey €1 i loVriah Pbab, Ag, e, P
eredCoEn, ©d, Cabad, s.cane vt WaCREACOR,, T, ad Slh'tho en atoms may be
l'i nki ng groups of the nucleofides. For exanp The

Prafgied B &asep+ BB cavodigenty thwch notalky ﬁ@é@tmr@av have an
hibofld fR6ht8F QiRe of ﬁeagkﬁgﬁé)%f'gﬁ%tepﬁlaﬁlgg ﬁﬁﬂaﬁo&s%faféx%ﬂt on.

substitutes, such as sul a substitute
Alibaishan ether %r@;od@ne%y m@me@c@‘emwe fcptth%lpbﬂiﬁ* ousvatarmic

N S A e o e

descrlnlsetthif methnds oflikd ioventionwtiad emtpldmeamthiry girand msvsedmted from first

d
%gahg Ebgfggfx %%ﬁg&%ﬁﬁlagglte% stra]?l aes sﬁ?sﬁtg %Ngqu: ?Se‘%%g‘g gmﬁg san&ple hThe
caphA¢mangdry streng Imapantsepakaedﬁatmﬂﬂﬁ gt gtrﬁﬁl dsﬁlg@onvegﬁ@ratl &¢naturing

an ab 0 kV for electron be about
oI - e s msEOT i reRmeT et G Rag b Gpearded. or
mdebd tefamatanabathaﬁms@uﬁécm c acids. In contrast, the
techr} gues descri bed '¥ Nagg%arm i nvol ve attach i ng
| abel'8 SQBF FRFCNETPEGHO deyse B PP IGIRE IR Y SEangan Pléfmh@’ detection

sidgident Bedtiby invaBdeqiient Mathod SaY. thoRaH ehedthod ik, the

not be abl egﬁ{&lﬁwthst and such hle%h el ectron beam
%tﬁétlat%%ary gragd @ fiFst S areah eparared; andihedaublepiinded structure

tshadd a%'él@anu%)l@lﬁﬁﬂh@ d@eéﬁloﬁtahﬂsﬂﬁgﬁﬁ' @atfbﬂ%te%?t' des prior_ - _
to the nucleotides formng the conplenmentary strand

( and/1B Feréadpsraodgnents when the corgplemprianyfstrandels srperatiddiage the first
Qﬁh& Waompllé?rleﬁlﬁ?ysﬁraﬁmqgém@ térgglg!%% Ex%ﬁt@ laﬁ%ﬂ%BétrQ% Whl%h may be

sel ected from'types descr fur
labrleto t Thifrcap ereate pcsloyweﬁa@@ied siarsturowbich hstudestwe leteded strands (i.e.,

th i.rst
0P 0,000 ORGPl o e sgon
dawedn Flithé. bovephimmesthals ythtstdmdﬂdstm\déchsbmbmnb idusddrag thetssmple in

%%%SR?M/&;?‘?%\@?C i n.ot her enbodi nents, it may be

:iltloB ste
esire 2088t 0 nucl eot i des after
f or miMéthas of the reventhomheniandles attashingn shnifle (.rcoaPin®atary

he first stran f.the nucleic acid polynmer). In
Fired ool ol dort el o fraGlrb sBROME oY s, o
pntaltlwn on® sdn@leTad & Subsedte.t WheCRBR! tRARIME amplétsraata@hea Nneé Simple
trand of the nucleic ac

COo of the fir

@F f jamedts- ebiiben Ge wie sheacelor geéﬁwehtlnaeteéalmls gpstrate
shadld Be sivRdor &p&ufy BRIt RWR RN éfnbddﬁne%tsotﬁ%tlﬁ&ldpamcle beam
| abel type. After formation, the nucleic acid

@F“rl%m@e&mﬁwrwh Seronply argdetasted; the aybstraip phavldpermit gufiiigient

tkM8mission 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

t
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sites. Methods of the invention may use any suitable
| abel . In general, the |abel should be selected from

W pesi1hnt are nore easily detectable and i depeT/UbmbH/e24979

t han nucl eoti des, thensel ves, SI ng net hods of the
i nvention that ut|I|ze a part% cl e beam In sone
t he r| se i natjon
BB S et o e St e v PRl B iR epftventional
teylmﬁ@e‘ﬁ\/ﬁarﬂh; fsed 1 farngthe Siibs{r&e ginclubling ¥apsd HehodRibh Yhd FIB thilling,
referable, in some cases, for the |l abels to
@B 5@ I hr ee or less atons and, in sone cases, a
si ngl ui@ble Rubstt hakkBlsatommwhes thbé’et&iski'ﬁgn 't}{é%lrtlhq@ carPitlude
are not limted to: d, Br, 13U, Gs, Pb, Au, Ag, Fe,
gt onr__(e £ PEre cg@on |.g§aphg§?3 dl@xonc@nbor%mmgp (% hapyﬁng q.-@lblc@ucture)

838mirfeh andertah pol&'ﬁél‘ﬁgl%ﬂn%%dmv m@(pgggfna%rﬂnfl ). In other

certain cases. In sone e Odl nments, thou
eRRodiaws. Serralsihimistoanedelmmoreanismeriaisiuones olipidmatural protein

SIghReH ﬁ%te%{ ’I%é ?lﬁ;slf?éte Hé?eﬁﬁpfﬁa}} dEgE&Q/Rﬁ c&fn}l{zﬁsﬁg%} egample, o

I nventi on I n ot odi nent s,
ppsstlakdayices drdo fa@ﬂi@w attachmgent of tha vandnasdeseribed futhoebelof.

le.e; S ’ §a%${1};§ gﬁay%% ldﬁéch{:é)toﬁﬁe % eb39 (fhe{nﬁcaﬂ? E d%%t gie‘as ort1on of

ain he
the nth;dcr&arthas@stmw auittabls tcs:hmquataqufomm) fhiogesdf skillrlﬁthé atrto For

ngle canp s shown i i'S
0SS L e R B ohe AR S B o o
ssbgmt@mref‘dudwmgm&rhatdamms bf tht m.&fgdatel)sn@g)ea@m/@nﬁnm @he sample. The

naturi ng techni gues (e.qg., .Lher enzy t|c
R PP B o nee el Sl i, Co PUpawakeMss). In other
@Kes|THy sﬁlﬁtrﬁte b@Fiae tha Bel d@HABFNtS Brow e @ttadlﬁeﬁ%t@ﬁ%e sequence
separ afi on and use of the conplepentary strand can

WARPTG MOLher e355h crftipd ichargemey be wsatl fobing e supkle fuibnsubsirate
SEHOD A8 bR RBmeAY ﬂoh‘@#ﬂh thelsAn SIS Bin SERARENERSn aﬁa%etermlned

conpl enentary strand and the first strand are no
&agﬁlﬁlr%lcbasa&fr%ortfﬁ]ém%@bl e-stranded structure is used

as a Saiabe o rh&% gﬁfg{) % EEeQHa %ttgénheﬁ ﬁcﬂ'ﬂé EJHS ch' ome cases,

stes In cer alne COITp
both %mié of the supRly fetaacbompleimentaty stiand complesantaryt sltrend and ﬁrst strand,

R ol S0 RS R ARk RSBy ol BB e
sdoplsireaysteratinehed; is soructasesponetir gioré mml mﬂq:@rttom aloagthle éghgth of the
G T R

moleduldts) cbn bd faciticatddaif ldemtl,l’h}'dﬁqludﬂﬁg 81 thi@mfmle@e a&lid duih@dynthesis

ure ed. as the le jn the detection
nuﬁ%? © F%Péhltse 0? fé‘gﬂg} n@ﬁ%@%ﬁgﬂgﬁﬁk&s of the invention
may IESGO?Y Mestaitdsamhlldagcc&lf@*ﬁﬁﬁdbreoﬂaela@led doapp |s@£fﬁlm8aﬁlﬂch as
tran tran st strand
S A SRR et RIS —
s&aighleRing b Qarfpls (S ! 1AR &1 doVbIB BtrdHA) BridrRG&MufRE of 8VaRl fied, Sttachment

attached, the s | e
to the substrate. This can ’gglhtate 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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may be the sanme (i.e., based on the sane sequence) or
different. In general, the substrate should be

W@ iobakdoes f or exposure to a particle beam | n PCT/US2005/024979

enmbodi ments in which particle,beam species transnmtted
through the sanple are detect ‘ed, the substrate should

mt suffi nt ansm ssion of the particle beam. .
BREUbsSibinel T il BRSF IR A prgh e AR sfef g pinations
thateti. dh eclpg@embidansin, Sl sample RedtRt i braififEnca ¥a H}Z'd)rﬁl,lzatlon in

bstr e less than 5 nanoneters (nm;
%ﬁ%?@%@@ g?ﬂél%@gtt(ﬁaﬂre%nhﬂ%th&su BSgE AU 1y 98 OS2 cetrical
flelds M belyed skbstih HeSrevBite RE fhi@RY oPflom) & ﬁ%siea},xﬁﬁle
or nultiple layers. In certain cases, the layer(s

peighigug. I ﬁkwlm@ﬁwamlqhdﬁ%m thag ORR FIRS IS@EAchBRt @wbstrate it
ﬁ19y B@@[@feﬁe@ for RS thAbRSo bé‘aﬁigﬂé’d ABsHAPAY pI8RATH bl oRB ko

i ng, anpbngst others. Suitable substrate
f#ﬁﬂ@?q apesusg © thalesam. tFor erowle, Gnolswilaricomhingh techriquea mdy be used

Lg%ﬂ%&%oﬂgﬂe&ﬂép&ﬂugﬁr s & Sﬁ%%o%ol%ﬁg R§ing” techniques
i"akond) , boron nitride (e.g , having a cubic
kave beanudesdribed | formaxampte.ain &) Smtent 6,302 6yardntemati@s] Pasent Publication

I th
(et AR el 0, L,
mat erlh aérgairs erobodaserss, tiepindace néthersabstptedbed IﬂajOflty of the substrate
t het t t
S i ity ek B0 PR B ARyl R Srne
dubstfageclol b imajcgitpd tthcdubinte offatd)és apamn ef l@ﬁdlﬂg $C4 $aapte. In other

el it o Ry DA g e et et penaple of

Hon@ing aphenll® Ediexmmis Udo@li@d boudih@éee 50 8EhBE abaHBe@nt grid
known to thosz of ski,ll %‘%he art. For exanple,
RAFPIE R sukstigiea 0 shag ”Pﬁ@c% £at3Bof the substrate

( e. g ‘The @f&e@@fﬁﬁdcﬁﬂg% hdlelc 20fd sirhii(HUH e s@sacan be performed
ow n erivatization of the substrate) ?fi:clbe used
n

ql@elbwmlagﬂs plrredy mplyred, partiellnineladad s gotsy inglded, dn dedatter two
ASdsdorR QA HRREE pSRE EibEls Qre@ﬁbs%ﬁﬁ@nﬁ? a&d%dgo label the strand(s) on the
ollgonucleotldes) I'n other cases, the substrat
sybyifatce may be derivatized to prOV|de attachnent
poi n
ol cot ) Sofe iR ReaRICOTiR DARa(EP Bk Giuiblspirt KimdiBE e
subsirata dpsipnadlyesas by Washed toThmowst lmgtmﬁnt poi nts f or the
ng) lé.‘l? %orﬁe%ﬂetﬁgdss%@ 918(961@ Q(% &a{erlalamgyr B %ﬁﬁé@ fp thﬁ sarg]?le while
rptamungihsl,abdﬁ baldsditqihesubuyatdo § cmbkamlhegdhd mlcteinaamd material may be
ne_ca nds of the s l.e

RHOT K ispl Bee RS RO et s i iy SR e
dnilfos mcﬂahﬂﬁlg‘ltémpeﬂaﬁmé) enanliag . @,tbyajhémﬁaﬂorlp&MicEth‘eﬁﬁ)ﬂ)Wﬁaythe

i n_other cases, only one en

be, att ache
Sl Sl BRdREde PO ot e Tehelsnor o
NoN- &M eerRAY énhdAEN AtV thetientief) MhayHe préterr &BEHhEheBYbIRR the
att sEed The attachment. at the end(s) or along the
SP@HGE opthesHbstiatse Fai xamplede fighibizing layeyf elawnslemay be brovided over

tﬁ@é&éﬂﬁé&(@t qHe sth&?ﬁﬁ@la&&@an By fokied ScHnD QuitaBlelierit ¢hRh Should be
acl ur.l ng syntnesis

sufficiently trans%arer)llt 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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nucl eoti des capabl e of form ng bonds with the
substrate. FIG 7 illustrates a helical conformation

w@booa/0lmbel ed doubl e strand 48 which, as shownPCTrE§2008024979

| ooped and curved. Certain nethods of the invention
i nvol ve substantially strai ghtem ng a sanmple (e.g.,

LL@H% IP?(QQ&&HIPJ v 5t fofhe v@f é &% gs@ (P lﬂbﬁi%ﬁ dox?ble S5 48). The

S attachment to th I's can
ﬁtalmllilng leyer st @eble @smghxgh eleotrcdlmnbngfas tratubesyuet lpEsBessBiA steps

bele doubl e strand, 48 t hat S _heen
OB B B e B SRR P S e o e, QRS loyer
slsldi)may gzto&xdE@ moft gtablabeteddl fdoatthieing tHe&ﬂdlemyldb@olecules (or labels

ched t t he subs r _exanp via a |inking
s RS RO Dt IS S B Gierd B or o dlpr Hrtabet BT
Conv evitthodwdf 11teaﬁmmmqlu ﬁﬁolﬁmyxﬂ@&ngl ﬁﬁ@aﬁnﬁlte $64 9%@&1& %g‘ad N8 certain
e straightene

b
i@?@&“ﬂ% fids P'ie%\%pi’ g%,&e ﬁ?ﬁl%‘& l‘.?Paé]P 15@&%%5‘)31‘11 SRk 2§ a0 flggtron beam.
Tieuthe? QHRRS, itICpaiite Bdam M4 ebe anGafl Beantl @ Bsn arPdlectron I'l]aeam is used,

conbi nat i ong aggwr eof. In certaln enbodi nents,
Reappgenerpior L padiceimid o @Pwaasgdwmékéaowlqﬁwepmgatmammssmn

¢lect@dn iditkostob) 0 \@retn@rafblr h GpRHG:E Qﬁééﬁ?ﬁa oo‘%bh]égeewhlch for

substrate surface. I n sone cases, el ec rica
aprlsecapds greaist thae SOk, eBedhd QsleYaqneeforblly| 80 120 fkVoReamrenergies

aﬁfjs Qﬁﬁ])cu&rpoﬁoﬁmlﬁgémluﬁerﬁt Hé e LeIaC Jﬁh%g%t%%;@%l@rf?r%%s BEALS: 51025

whi ch nore than one sanp e s atta

%b%@fﬁlab’é' be‘rvfeeﬁﬁym%@ phefTbe specifit beane angysdeppids, in@aieon the
s?k&ﬁ &Q‘]}%gt}g %%EH@M&‘I parallel to one another to

acl |tate exposure to the beam For exanpl e,
" nol ddetheds cemimbiude) prop@brﬁ)ctqugsthamytmbm this esthplleousidg a08ns

' surfaces. Suita
AL BANAPLOBL LSS 100 GURRLE Al B B o Pl agaioran
stepr I matam @gesj the lsﬁtqmameyl be @t&@:&xc&l%ﬁca&hbrakddttﬁﬁddlainl kAGRA
are

ti /21939,
in r%rgz?c 08 ljg%nauci ¢ %ﬁqumﬁchlgsflg a@ﬁ& Iel(ﬂl\NB as knqvh molecular geometries

ﬁﬁ‘@@ﬂmifes)tu&ng b e dBack lawpe Fof eﬁaﬁ@lesémz%ﬁtﬁh&i £r6h aBucleic acid sample
of  the subst rate surface area) honogenous.

e sletir Gl P I B e R (5 5. prlabrh fiBnaer Aapied

efeid, he 1rﬁ¢tb§dlé’o@iﬁ@ dis@ficeds BldRfant e/t &th oh@ﬁ‘u&ééﬁﬁé BQE f one strand to
urface) is capable of bonding to a sanple ?1
t ﬁ“-&f{b%f W leotideihasesia it wame rand Widleahe @@p@!@tepv@ distances of,for

ckabple] ZORASHEIEREELars F&ﬁﬁall& RASwRHR 1%9%@1'6&1&%%13?%% E‘l% )gglen

a sanple For exanp | ocal | Zed Ing sites
spiaplg mmay ng@rieﬁpoadgq thel gpneralle knowm distabest buttvell Spicadly 5 own

sibbtdntisty SA¥orY iR a ds}ah‘@leqs gﬁﬁé& 10 su%gﬁ' A fﬂlcn%gulgrey a sample that has

nuclelc acid stran substra can
bB@T fugighteriedictgh dy tehtiien] ushngInglerutae ectybing ot lul(éenhthods Thus, after

O{B%rﬁlléggés J(lea)sfe}‘feg% lélyggg’ﬁ‘g %agﬂ) Vyr?o'ﬁs %wnp(';’:l Udf tgl (s;%sgeng ca% be cal‘ibrated or

pes O

adiubisé e fepdtadid emhtmbsysmme [Fot éxanple; Rinoiing the intédecleotide
t he atta rrent IS%)E t he strand(s),

BB B S O B R S e 2R e
smpplemdaivbyomalpaﬂuele\baahgd .to renove inpurities.

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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In some nmethods, the nucleic acid material may be
renmoved fromthe sanple, while retaining the | abels

whondetdd t he substrate. For exanple, the nucP@l/tSmoH/a4979

material may be renoved by d|§§olving, enzymatical ly
di gesti ng, evaporatlng (e.g., by reducing pressure

and/or_in re erature et.chi e.g.,.b

Ao GRS PP ol BB ey e s R B Bt e

azctoelaming mltngsd( pishy diamemntbem ahrrent, WEE chnipde NE:0bIEGT ath&%st other
of . the invention

EA0 NS0 Alapapiead ST aep 1%%w@awmwwgntgogﬁw%\(lw}ohe

lil@ed Bbsliniiakied, by @king % 1R a8 angdmShiaRit hid #L-5& f&@ygﬁal%eraung
mat eri al. may be provi ded over the sanple(s)

eBions Sy iy sPsisfBr can be fornmed of any suitable
Mat er ¢iracpisdd ot R YalicReeamlatd Ghfftwheh ﬁﬁ%ﬁlﬁ rnﬁ&tactg Qith the

the particle beam Suitable materials includ
%@ ripr exavple opapsmers OF ficellp vangeharacipetios pﬁthe |palzncl¢g>eam may

g > C%){ R R VdrdGHafY, %ﬂé Et}@n éﬁfﬁéh%’cﬁ% ggch changes may result

03|t|on|n eposit
&hl@niltelaptlioyls b¢tW|e¢lt the gatraplh *bc@h axyi) labefl aBaclfed te nphstidestnsaescribed

F’Jog/ glgcfjmg% W ?%sh 1%% g%guc%vgé @ca%%ﬂyxj%rrefﬁlés% Ynan Iges Thus, a label

@néebh@smsﬁn gudhecoglkie &l eltith ois stadred) @sy baidsntifisd cw &m)gmzmg the

h can be inportant for
Pp%??’?% Chagdc,?engtgc fen l("’%?‘flgge%nd/ or detecting. The

st abi ]Detadtcnglél lcaljeers paltite himm spédih&l?dafter th® fngeradtiah between the particle

teri for, archi,v aci d nol les (or .
Pt M e e g U A S R bR et B ket ramsmitd
fh@o’ugﬁ tl@rsalgpleﬁﬂdigﬁralﬁlxtbﬁ _Gdlléeﬂ’liﬁarﬁ @péc)é? it aﬂ&@éﬁ&ﬁétﬁ aﬁclﬁ/oxt fagttered.

ntion inv osing the s e to a particle
e el of My e & BB e dovips (D) e CCFRR ey peavert
P bédne b&m@@ﬁfﬁ digitzA il fSiRfa€lBn. PRI SHEE Afer ﬂﬁm@@ EeEBHblogy may be
beam 1In other cases, the particle beam may

Ysed g copregiphe W?@hspswe%m&élgl&ﬂ% infrERiipn apd ag mtm@ﬁto fall within the

@gﬁ@&ﬁﬁ@ﬁwéﬁoﬁan be simlar to those used in electron
m Crosco ., transm ssion el ectron mcroscopy).

Gener’apisa pH}i ehedae@@us:@gmu:d@er@m thesnte, hitbanayexcwrdlyinagyement of
PG relfibe B7% I{‘g’bﬁ y?glgg%%ﬁ g@ﬁl@ Ealﬁaﬂ]gﬂelaﬁge K NVihe Seagn ‘or both.

80- 300 KV, prefe m ener gi es ar
Certain mgthoctsﬂnmbterscwmgatg@b@mcws the mmplé'hmlthé‘atmnca.l rre nt

t refer
P 2RO Rl Sy RSSO g sk
lopp desetibed @hoviehie redgsimaitd mmermmwoma distixesies) @n@mnfmiregfaté sample
YRR PR AR B BR Sl PSS PRt e BB e o
zsldltiohallfeedbdit:kl@crpts l\/bt hods may al so include a

l'ibrati.o ase the em ma
it orfe PR (o8 B B st DL R G O R it

Fhiceante lueddao actiucle 10 hexabdros pixdls e S@MPhe: I{eéthbfbea&ad to just
nown myl ecul ar eonetries and structures) using a
’_f%} cgle(sagf igtegast, therrby increasing number of data

e FptRg
10t pet Sc@fal o @emtﬁuy SsRYdANaRhRE! TOR ééauack%dp%gﬁ also be
internucl eotide (e.qg., interlabel) distances

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).
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herein, an internucl eotide distance is the distance

from one nucl eoti de base in one strand to the adjacent
woewbeodzle base in the sane strand. Wil e thePCT/US2005/024979

i nternucl eotide distances of,.for exanple, a DNA

mol ecul e are generally knomn' he internucl eotide

di sta en s ot corres nd to

gener‘g?? 9*’% 2%% ngaly ﬁ?é’ﬁ%‘@o OB‘&'P 4\*7\%!” formapiec A1 110 the fecback

ﬁwp dtsatibddaibbye it MlE@nd WitdrhidleofidS aiRRh& s a%e afd lhl?égﬂltd Qmle
bstrate artlcularlg a sanpl e that has been

PR Ethserd feomyscanpy thﬁé%&m% wiith ga elegiropdieamrading device for

&m&hmagb@mmadexnethods Thus, after obtaining a data
read on a gjven various aspects of the system

o b8 Teditlaap e b sai o Sllew HipsiepTals TeaEHR e ROt
#NiSh 841 behREd R%A{RL e nABW JF gldeﬂgn tHgtC@’lﬁ‘f{;ﬁoi el kéjl?e read to just

di stances permts feedback relevant to cusing t
hasetrpiEngdasginaiinioviaraleruledd) of eeresh rﬂpﬂr@ynmr@asmgéhq nyumber of

&aj?aereQ eﬂek Qa&&ﬁ%ﬁmbs%ﬁ}%ﬂg Bash¥ 3548 TRar s, ¢ at%/&v(ﬁ%édggck%yp can

I ncl ude severa conponehts simlar to 't
derheantd origterming pseidys resanglleotavensaniptr dscogéor (cedegermme when

t{ﬂﬁ @129 n)?smq’r %aﬁ) c%lall s%ﬁx?)le lgkﬁlsﬁled a?lﬁ o} % Qn t%lg qaglg%e 18 éer‘?td?/ g ompve to
ﬂ%@&mnﬁﬂmobm&ﬁ@le in sone enbodlnents the systens are

si mpl,i t he .magn cation range,
R Y e RN o S I
A br sayupdoed hhddotiifdntified/basadomgsticlobdaar spbeiad dbiRbed biNaSietector

robl e el.ated to spheri.cal aberration i
T e R Sxpfyure of a
ddfipRGoptiSing a adlEld Qﬁd‘?&l&m&ﬁk@lﬂ/dr $ts Borfplm@intakPstrahl B £ drticle beam
or the system Characteristics

oper ting conditions
Fﬁ g[?f’?ﬁnéP@l Peaslegren l?ﬂ%%gﬁé? Rk aciepobangnand/or its
doﬁ{pﬂfn%ﬁtbﬁ/ e Imb 8 1951 l%mg’%@crhnﬁﬁi@ém&%be@ R&eR! SO £mBhod may

followi ng characteristics of particle beam na

may
@H@ﬁ@@en@ﬁ uyipg the gysteae 60, g ucbragsdﬁao@ﬁky@s modgle é7é=t Wlieh wibinow be

(QgﬁmgghhgﬁnmﬁgqﬁGcﬁanges may result frominteractions
bet ween t gartlcle beam and | abel s attached to

nucl &&®i ]dels a glockidiggping Bestiaties/an exgpelsiof p sy steppéd fop fletecting, and/or
; [ a
sl_?_ﬁ%g%nﬁ% Qﬁg@?éﬁ?% asrg.ﬁge'ld; :%chdcﬁ%f'l%/rﬁé}% ?e]‘a fgtc e%eglpl ‘[;'e%ﬁeé ‘detected
tiyta de_gecm,tth@m@r)le rayn stpeclq:Sdrenﬂmfgl fein br;poswc o@ensampﬂtgcom’rwsmg a
ea];c:ld?o énref (?rC{) fémgrg argg{n aznéiht gg&fc]{e%éetug.c g}gsrterr% éO is
marelgran cltusmtlvb etnhachmenthé appdténh Gdreletoeting amicbr t@ies@ngd/or
. det ect ically callects eC|es th have
ABAE SRl dp et iond Fedisl Eimehigncared by ageicetor
an0 id ¢ intdadednodipdtthe scopb af tha irferitkinl ©8lice én@BEléMition of such a

scattered The detectqr y i ncl. ude a charge coup
SHUSP SUCh ey exa‘ﬂﬂ@ E%Btlﬂw gy st b9 ;?rf-‘d%ﬂwg'ﬂanq He lrﬁﬁaiﬁsi to fall

vaaCihe ScdpBbPthdingkhitan, i nf or mati on. Technol ogi es ot her
t han_CCD technolo é may be used to convert the beam’
specil8&ParHele bepnyiisea fo ?Xﬁmtheﬂ%apmlﬁ mge geperated b A@adicledeam

gfeﬁérlltoﬂ\ﬂférrékéhﬁlg &s 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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scope of the invention. Typically, the beamis scanned
across the sanple, which nmay occur by novenent of the

whe@at®hati ve to the sanple, by novenent of tPET/Es2vpHe4979

relative to the beam or both,, Certain nethods involve
scanni ng the beam across the san‘pl e multiple times. A

A e ze perf n ln,
{a %g%kﬁ?ﬁ@%ﬁo@g Eg? o&ogg; Séebn}% é q éaﬁpl{}%%r 1al can "see”) such
asefoa Eiammplg, (systmaaavaﬂxaﬁlasmnn d?eanh&tmpmamn adMaticlg Viassachusetts,
inte ate f or athered fro canni
the SHi Stefn n%‘)}hm%tlﬁg e rp8’ i qu %Sgré‘fnﬁ’é @e teegor gSOﬁware
acdtisis Inﬁmlale Tleadbhak o] eopsk 84 dm@hﬂﬁd@ ﬁé@@(ﬁet(b@ﬂlp&%nbbs 6ihny

to followth f .the nol
e et nbai R dafevibe Gl B omenivth g detssor o8 may

EH@f%hﬁtypedédaﬁbm@rdimat need to be read tojust those
capturi ng,ﬁgyata in vicinity of nolecule(s) of interest,

t her ﬁ?ﬂsa M35ris 29dRly T Ay die comtignagddo Fesatrs opeer mere sigaals ¢ from
Suledr 3B TRE bk dr %ﬁi@ilgnﬁ?strﬁaﬁ@ﬁleé’eﬁt §parﬁ&é Bedny Q?%Cl@%resultmg from

f eedback | oop can al so be 'used to determ ne ‘nee
FeouERfithe HINR AOMPEsiAg b audleie acid nelymer ang/ad éts epmyplineenidne strand.

hREma @ﬁb&ﬁfnént@gf tfe Hﬁéﬂtioﬁ uclla?e[ anﬁggig lrrﬁ)dhl% 7f1 aHa 30690 ¥RYULRAe on 2

when the machine Is read
%ﬁlﬁrﬁp‘ést%nde@g p@p@ynmatfoe@ﬁﬂva@ne bmprermylalbé meayéd atideved through

19@;1{&%%@5 Ql%roftlfé'f* mgﬁropé nhl%% Eﬁlg&;}nlhgntg Lﬁ?oduf%g 8getec§%01p 68 may

descri bed above in relation ernd
hgiremetnkydecatedrfeonteach ptitegr differcstalvpices, suchaliargteiona or more signals 70

!P% e sanple with an el ectron
%@a‘%ﬁaggra%gg& és\c/él%glg rggddl ti onal feedback | oops. A
fe e d ﬂililtd@nhky&p nodnle & mag éxdlide afdatal aoq\mmﬁ&h Raduk P totrbRive the one

t.he substrate \NhIC cap be, used
BT, o 7% BT e ol s Pt rpaintit e e o
mc&adsctemed sigﬁald Mmase alqﬁijpbthéﬂ kagwa @igﬁallpﬁ)c‘éssﬁigﬁbdllﬁlq%s It should be
lﬁ%‘ié‘}? |nt§f‘rEt ereby. increasing the nu
aBP”&‘%‘F%\ Or fEYe Yeesh algf’ ProcEtsingdFrhnigres Alsoa3yche f‘émlca/ed by
te@dtacsirs8. This type of feedback | oop can aI so be used
to determ ne a need to re-sanple or over-sanple data

and/ b RaRiEs Bofylndl e he eondieared e detect ad/er spanensecandier identify
thAiiRle® dctd ddlyth&@ReMpaRdiPfhe WEe thb%d mReft fﬁg» nt)t%a rtl?qué’el\teﬁ one or

nmove toQ next sanpl e/ nol ecule(s). In sone

e pigpaly i ior pempla module 5 il anay e gopfiguyadee perﬁgpnbﬂefferent functions
af &R fehfsne 2 NHAQE, 1151’3%2&556 Lﬁ@(g{oclfeteb cleﬁd a%gd [%%;h?eq 8} given

particle beam speci t ed by tect or
sprpple.chag @@p@pnféml&drdlﬁ@@h’fblﬁg\?@]}lend@arrmplcicacildepatym:pﬁlrlamsther (or

e e TS ST I
given aarmd¢ t Ftather ldefa andlpsigmodude 7 leptypbe hmﬁgmmdmfpeﬂﬁmﬁ fifferent
c&lnﬁﬁi&ﬁo%@ OP g&é@tihg,-ls-gqeuerrl]clil% aenid%r &eng fy?ng eX r(IEfEerent tlr/ngsr don%gurmg
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 pfogramming 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
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conplinmentary strand may be | abel ed usi ng techni ques
descri bed herein. uch a nethod nay be inpl enented

wa@ging1ehe system 60, including data anal ysi s polubm05/024979

71, which will now be describged in relation to FIG
11. FIG 11 is a block diagramillustrating an exanple

60, for .detecti lar uenc nd/ or
o B e I i I
beam ”H@ﬁl‘t&ﬁe statneptae riyreRnBe bR te@he of MEreRRMbis @129 hBEAHRY of the

ecies resultin fron1 osu of a sanple conprising
IR fioeartreamase tel1opy AeT oo ST R ECAPY: Qe Berties:

biOang sPiedbld &)'11%11&@@1“& thy ﬁir@@iln%o Dafh 4¥BF Sk YooBfle 71 may be configured to
illustrati ve enbodi nent of stem for detectln

AKYIE6 fheng Qpmeregecitrd sigpals ain clepining valups Rfiag ableestagh (.. all) of

BRlHIBr mba SR eAlRs arRtet hehGeRRM %Ebe(fa'taerﬁa}ﬁl% &ahgdd ?yde?ermme
detector, and is not intended to limt tHe sco

theerasenge Aed dhencerhaplorwp @nEamawitbin rmle@iﬁ@h namg@@cf gmwlecules
ﬁﬂé%’c §§qé.1@1flé% of ‘ﬁﬁ&gﬁﬂd@s 0 gﬁé%ﬁ] lﬁirb X c%fc a%% n@l{%}u@& leﬁ%ﬁs offnuclelc

possi’bl'e and are i nten e 5COo
adiemplevedat dndrshapeh ef pigleid @l@l@imsus ed to expose the

sanp | ]ﬁ SBEH? eﬁg%cgﬁ E gftﬁg mge\!nt% p(%at %‘Pﬁ Iy?]ﬁ %%%Lﬂeg/? 0 e(ll; %E'a%%e 1&) access

for exanple scrl Cri
abdy Esourts 8 @antrisink eudea mldpglymer mfdrmpmMSb@mOs woke portions of

[_e a and t he_nucl ei.c
88 o100 B B OGS R PP B e e
teatoedlefilom Tiveluliatl pacaora hytsiosk 850l patatd dﬁﬁye @§1§HodM in Fig. 11. For

t ech es. Si .Iar 0, .or the sa ues
PR, 1Ry it i et eara e g ggiase, which is
medéib&e&&a the aﬁte@leﬂ”ﬁom gre\a}ioslll Contasfor BtecBX Iﬁforma’uon (NCBD),
from Cognex rporatlon of Natic

vallabl )
Wﬁ@é Ssb ety pecessie ptabi 6 ShaUing ALt hisRePhgaiont h“pBe{/r“fVYVéP@’l gov.
PRANes o WMo bf id§hRE6088 ﬁgy bSRELNAT ForR PRI G’&Bﬁnk database.
nodul e 71; network 69; netwark 85; data resource 86;

Birther opooRsaeTE ReGionsef infeymation S8 BREOLdsircsradeck nesty resids on a same

dNLI9h8ule The particle bean1|nstrunent 64 and
detector 68 may be of any gpe descri bed herein. Data

anal ;I@CLel%mp@ymerﬂnf@ﬁw@e 88 omap ibg arrenged as ansligiincdudgpalata
erucﬁﬁ%r Relidigy Qgﬁlrazﬁ)y b ahedah %‘c ea%l Pé,r Q[g cﬁﬂe@ 1r%rn{£? bf about a

signal s may represent a particle
teensgiiivei nyglefcragith pokpees.uF e eaamplb,@as?aﬂmyenaydwmmestm anddor record from

_ﬁgg%ggﬁmgﬁggégolyner and/or its conplimentary strand.

n sone e nments of the invention, data analysis
nodulRataanblyais ahadleteddtmny be@perativede campae maﬂ&\/ﬂfﬁ@mined from

nd the commu 0 or 7 m
ot ARGERIT TS P ey o BT Bher TR By o fornchior Soand to
aeoneotd mees of infoptnhiton aﬁéﬁﬁﬁdlﬂ‘ﬁ&ﬂh&;mﬁﬁcﬁiﬂ&%fﬂaﬁh rédddrce 86. For
be, renot e | oca &gﬁ%g ea h other on

det ect or . 68
G BngTea e SRHGE A Rorepror e e e
cbhpaBgonk elntsome SRibbAifEnta 6 1S avantbA! 1he témBPison 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 lpatterns corresponding to individual nucleotides

having specific labels, individual base pairs of labeled nucleotides, distinct alleles, and
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Data analysis nodule 7 1 may include a data
acqui sition nodule 74 to receive the one or nore

WG @eal®o¥0. The data acquisition nodul e may bBCT/US2005/024979

configured to anplify the one,or nore received signals
and/ or apply other known signal processing technlques
h p t t. ‘
e e SR A Ne e

Chepdet eedudy 7682y Batoafigmall ysm§elmdg bﬁnﬂreﬁbraﬂiﬁ-}&vh&rble or freely-
Qr |den|

d to detect and/or nce .and/
FRAAE M Be FamEB e RAP S MRFPR S rtine Teampreiop e
ertmﬂaeamsthanaqeabﬁdwmdt he received one or nore signals
be conflgured to

F nodul 7 1 na
bor t SRR PR e SRRt oireniot e renanm Sevedeck laapds cmploved
toscalibrhte payick®ean MshigMERG4! Br BSHRE, baseD Ut kv Iﬁfé!e@c acid molecule
5?,%ner QF a given sanple and t hen confi gured
OPFBIS AR ‘E? ° FigTCLuER AR CamBleER It ew&elaérl@l modsicyiger Fargrample, data

aa0iReod(R71 ik i83NR)a BLME R B th?tqgoﬁ@égffé&ﬂ%c%qnformatmn 62
dlffe ently yet again to identify another (o
O gFvE insSHpHA. Fasdbrimodia 2 sy D

fgg?bgégﬁnﬁiﬂgg%ﬁ éiltstgctgleéﬁc é?%lfrgr ?{ £f %ngyeﬁhé;%%#%n %estcrlbed

hergipgFee igformatign Ad ehaly dave bgenrae}reb@drbermhe pr@dr eh:yrmponents of
&S Ho SR NhaS O IMRL Bl RIRRL S Phsed RIULE, 7%‘11 oit?rt € Pps %d@?{e

val ues for contigurable parameters nmanua
sigiftswirand/oednser mond piadds pf pucd:egcr mﬂrpcﬂgnérl mﬁmmte)nals eFedxample,

@édbgﬂdlﬂ%o?m%}(m @'mely%l g?: gsrm %gﬁ)gv i % gtfle%{]gnuclelc acid

I ques or an e conb
Hfodpmesy obtaiped ﬁfumtﬂuelerc admitml;mrmmfmtmmsixrl e 7 1 my be
ne _.or .nore erties of a

conf iy red t.0 identi

part |Ilg%J een}abr%dglbeé%s é?(er gﬁ?“é‘%ﬁ?’%‘an B@ Honyghouts nyglgigacid

wilgralsg. /it rﬂdﬁidcmmgrgfe?’_ﬁ?mesr) earglb’e d%gfbﬂleﬂz\wﬁt‘ﬂqgﬁﬁ%dtgﬁ ,dgtermmed from
eguenci ng .an entifyi ased on theidentifie

tg %}? qu? %Osto Tﬁ@y‘ﬂ‘z&g}r S39uEre dRd/poidentidy g nyclpig geig golymer

1d<£lﬁc&d(iilﬁthe BaeplE.. Fofeample! dre Ioﬁmb%&i&ﬁ%rse&dﬁﬁ%aﬁ?ﬁ@ﬁﬁ&le 71

the one or nore signals have an
R e S pPEss ek aCkpelisa HERe Sesle Kased o @mthe one or more signals

e frhid:,] A pEiRhOYE th&hicRsd 4 é olﬁﬁé}%é RhQARL Bee's%que%ed from

any, suj t.abl e conbi nation of ore ol ng

nyglgioeid polya ngormation#§, (etge ﬁ@@htﬁlp @@p@@ktctataam) yﬁ@ combining
M81eCi6 B 1R cbﬁﬁ‘ﬁfré/c?tg c§ gﬂ@kl% Zleeﬁl%le?ﬁlte%EI%aPs%que% H§Serined

at | east "one a one’ or
frpmmpihe prg esnorﬁalgn 70 aralghmﬂreai sequome detehmndaﬁan nigsynuokic acid

s e
Spﬂ)ﬂe@@d leedopdedidind., Usieg umh@eacn»d poivabeiafordatin®s tb 88k 1n the gaps”

Pl | e cul es, | engths of ucIe
119913 §§mh nse@r}é?xlées &egen 1neﬁ t%% pne_or (r]?o&a &lg%ae %!I 8 e@l\fag@geous For
ekznn}zicz nemgndnable laErdeSecbriuntH’eEOﬁ axpesntds @NsanthMdsanad Pc%hh’ﬁg data reads
mcg g 1f|s oper at.i vgy}g access 3 data resource 86

FIPEPRE! Y &iore signad 79 PSPREPIYI Grhernd R sgencesad/g

1<mmgr apmbleiccaﬁﬁl polynidaevithiscd @inpleaci d pol yner i nformati on
88 an/or tge dat a source 8% may be di sposed
ther embodiments o e 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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renotely from nodule 71, across network 85 on a
separate device, as shown in Fig. 11. For exanple, at

wo e@svi1®oporti on of the data resource nmay be tPEI/US2005/024979

GenBank dat abase, which is acgessible via the |Internet

fromthe hbtional Center for Biotechnol ogy Information
at the

x%x'\%cBlir]lg 181c01%tm1 lgﬁc! bgfu%/r dz?aﬁ%-g{engﬁtlt@ laveiyh/rwtﬁ d%wd@.{;[ nucleic acid
mhlesyleune/oD the @mrseaqew &1 on&ahafto ipbafisibthé amsBe tA¥adBformation
ﬁ@ﬁes d fromthe ﬁbﬁgank database Further, one_ or
1t BRSSO SPAGA GHEGS A4WiereN SR PSRRI limsy be

c&@umytoro@ﬁﬂraeheqrmmesm iH8Minfz8t AShiREMR félexaMBfl Rireduce the
$ zglyner i nformati on 88 may be arranged as and/ or

f{&i tfpepieded 9 iR dHETade (et 91 veishss torbitain fromgfuse of the
aatdmeg, 1 n which each entry specifies information

about_a respective nucleic acid polynmer. For exanple,
each wirpling#hy pegiclerbearn ipsprumenl/6drrelpiasde individiml miekscules can be

§a8B Benkadl-abassice gﬂ%taﬁloﬁﬂ@dﬂé u§n&3§a‘f Hsedeénglglg@/lé%%%lﬁe

operatlveto conpar e I nf or mat eterm ne
wrhedimentrpmedws ghaey by cordigonst ta $tep sequdneing oacmdomcaﬁynmermining

cﬁl?&dé %?rtlbﬁ Sf tﬁ@@hén@@ %E@H d&’sflf‘:’lthé?&%]pﬁ R c‘ﬁ? gctg o(rt;ﬁre gg(%eu%relce of the

or mat1 on ‘acce€sse Intormati on
widoucdac 861 pdfonere )Thmpilfe' berstbuhined b)ﬂ.qum}yng the hueleic acid polymer

fi d h .
AR SO 3oL UL e TRBe P st

rmdm@&mu&ma nodule 78 nay be confrgured to use pattern

et oX D, PEPPHESE a6 6 S7BRe ) G et Tt ons nctuded i

fbeﬂb%ldﬁaforrﬁﬂl(ﬁameﬁofm@@ tO¥ dﬁﬁt@paﬁf oﬂ’tHé ﬁmﬁﬁﬂ 4ck lﬁfleﬂrﬁrﬂecule e.g.
guclerc aci d nDduIe 78 may

bRE R S&ﬂr“ern&l ﬁﬂpmraorr ?#tgr “brF“blP‘éHH%rdnql%lrﬁ tfraalcéﬁqleeam

ifdtrufRhe64Sh el ifstiuBtelf Wvéi@ta%aﬁﬁﬁltaﬁfoaﬁwﬁ @h &I?esrﬁgféfy 438l polymer—
t o individual  nucl eotides having specific |abels,

Bepngisequsneer. Bhis @aydr dencdyy phypiesl aepvamentobitiodeam obwselassve data
aBhly8b,98n ex@iifle. %&a -ankly fnG&L!rle Vis %r H&Qﬁmﬁeemgvm% ﬂl@?r?&loﬁpby

repet ition, inclusionh of abnormal sequence
integrAt e ORDAiabag apastiosef mﬁﬁwuswetuatusdqsge@mbs tcomigmed and

iROFRR IR Bt ﬂleab‘ﬁ?éléa"}‘ msﬁg&r a&a&%'nyﬁg ?blj'u@p 41%1; 2 %L}réﬁ@lry%e{n% r

conparing patt
spaien¢edusugh abat ﬁlcgbﬁpaﬂlresimw braacd ar mteomnhtutdeecﬂstad&ss For

tio
R ERP ek e BT AT TRRLD o bl L RN e e
ahalgsis moduie 7 bapy desermineahp llmllhb@dsthait thpdiymWhanal phrﬁbtdar sequence
e netries and t
o@& 1%legﬁrlee§en h; e & % o B% feeognizing ?rﬁlfnél@'ﬁ?ré en%f_% rse%li]é(ﬁ.dp glforaléipgn
aeaesdeylsﬁrom datchasorrcé 86 (oY fromaucidie agidpeBeleatiormagdet €8)7 Beedback
on 62 to particle beam

vi des f ack. i.nf or.nma
i At ren EEETRL I BRURES2/ Paticl tga) Toiument o4 indcating
100 thel ighuii&Entt6d nfyQipde another part(s) of the nucleic acid polymer in order to

confirm the sequence. This may be particularly useful in distinguishing among allelic nucleic

acid sequences. 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 ir

response to user input. For example, user interface module 82 may be configured to report
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feedback information 66 to detector 68 and/or other
conponents of the systens described herein. Feedback

WO nfoerr®ds on 62 may have been generated by onePOr/USINE024979
conponents of data nodule 7 1;and may have been
deternined based at least in part of the one or nore

&Qélal t.g?]l? or ITH Sé}r‘})gg)ﬁ{ Wﬁ(?l 6Qél‘ i?!?ﬂl%lf, LIIS% ln‘EJ[he user 89& user

yner [ i on exanp
mWMdeatlon 62 may be generated usi ng knomn geonetries

ool yrteP B RofeBR T ol et
ietvenhd Munkmﬁz‘ﬁquen&f mtrmﬂetmmhaudi/oﬁthe bifbit of @gédion and/or

cul onetries an be .
ey tﬁﬂ?#ﬁﬂh@ﬁ%ﬂﬁ%{ﬁ* vt O Pt FbotRRS G mgy wish o
dmmﬁlesanLﬁasez of ﬁ@leﬁﬁdcﬁpﬁolyrﬁéig pREend Bklthe RER AR IR example, if a
i.dentify g cleic acid polymer included in the

iy ort g?ft?rpf 5 A5 FESSeR,08 o Sufres i GrEHE Mt (o8- aymicsparray), one
rﬂﬁbaé}éé.ﬁdu& tﬂ@ﬁdéﬁtﬁmg o thEBYbsRAE ttlia%érbéspﬁ:ﬁﬁ‘f@ BAE a JubtH A i Coene

-aci d % ymer of the sanple based on the onhe or nore
RPRFSall Bis TPy bedphs & sxaspmerio peamingthe pssenchef getfeingires that are

iAGLAivR Ok Y PR cHSUWRACS 9&36f Qﬁea%@sq lfPt‘H? glg)s{rétﬁ %r@ﬁ%ﬂ E:lc acid

acid pol ymer information rom-t
rebtagsnien a sybject dogbi patisnt) ﬁwmsespmedm@hahsmg ecnfdigoonelition, then

thOsubohl £ tfe'exﬁnm @ﬁ)? T &LndeAGa RRGL: ?{" nl%ge%u&: d‘f ?ch%mers that

determ ned f ron1t e one or nore signals
qeerespond tosexgiresioreofenesenuanech thmmmlmte withahedondigion ¢br to exclude

gé[r}é&ﬁﬁudngj/ﬁ[)&%{ ?Pc C@ﬁ%psg ﬁ & hg rCO% été%nglg ot s o %l%pre?ét%%aone may wish to
qxdrannle iohlyedrt offthersgbsirate Igeil of genic ghrqbes ym’ﬂ endugh datﬁ&t dotiect&Bto
" in.th I n the parti e
il e PR R PR G PR E gr or
sabbﬂatetcag Boeamitedrfoiecoafiivhation i(d.g N yhe@RBlebsonco BB ERMS is expected
f exposur es of sanples and resulting data
l?ggé@n?g , reception of one or nmore signals 70)

nec emawd e aﬁﬁéo%téd. th@&Nf@l/s6me SRABGEMERSs, ANRAR SorhSIRPELE ¥ Be

%lelc%sdlgﬁ% Il?%/lthlnasa nple. In other
gl Aseribsd betem i pRfarionite fata paadysipapeduis Al ma be implamented on
phicl- beath ifisariBiBniicacaaReds 68 RhGSBikdr Q&ng&eﬁt@ QFLfsRAAACK

nodul e 72) may. be configured to use 1nformation
-obt a%@&lﬁaﬂ&&?@lmﬁ@ of thedereation, hegampie sxpased rthe preticls bgam

iRkru@Bs: ily iRL& JYIGaBiyGr ﬁfb‘lé@ul@?gyﬁﬁ%%lfhﬁﬂelg Qeid gollymer

cont r ol the particle beam instrume
Acgordpglyy Partiele bease snepies meyldngvire expasing ahmsamplenm contam
iSRSk A RIS t Sidd QB ki SUPSE L at e.
1t ot elgg lﬁh o‘r]%%ft tPégi{.r;]H%fo? g{oré lﬁofe&ﬁt% Ahs a re%lgti one QIR 81gnals 70
nwtxqtrmnfenfosru@mnabom theti fldirelite f mgtecaep da mﬂahoan)bodhﬁenfsame data

o A0, b E8l AR Bl RSB e

fitoinnthe neseatenbre sigaedd 7, and msédilmmformﬁtlémmtdeﬁaeanﬁ/c&h&@eh& and/or

e.of th tru rollin h .
I KRN ST e RN S
niodhle endygsodnada pRrality 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 cothbining partial sequences determined from different molecules, the molecules
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done, for exanple, to reduce the anobunt of sequence

that is determned. In sonme enbodi nents, nodule 7 1
woreyehoersednf i gured to stop sequencing operati OPGI/ES2065/024979
deternmning only a portion of the sequence, such as if

t he port| on is characterl stl Zlof the sequence of the

who %; cid pol Thi s may be determ ned by
b AR i o S b MO I GhoBine. cme

1@61@@.[165\/\/(%1&101@\76 fQoraBle BEdrhatryThr deRein HRAURNRS But MY fop Slhers As an
det e[m ned based on the partial sequence. Optiona

THEP|enYE POTRIMS c5BudeidEdn @ GHilrie prid doytde belix mamtw@aned favorably

érﬁﬁfdw{ably%létnbeﬂ@ knedgddn bt eadbacks ﬂh@EeQﬁ;H@Bﬂ tﬁ@ p&%’aonto@the
nove to di stal part of the nucleic aci

W%bﬂa@ 48 qgothegpplentje vwétmi@w@fca%melﬁgﬁespﬁ ithei sgme type that
A atdlgef Hﬁ,&r 8hch 6 HeRAITRion R hEQ Hes é:rﬂydr 'lzft)leﬁ iR D favorably

I nstrunent” 64 may be I nstructed-to npve
praitichedclative todka plain obthetskistratg ot @ﬁ@oatwrdoiijbft pamcrltab@ang The

%ﬁ%ﬁgﬁ%&&ggﬁ%& Stﬁ'%X nﬁﬁ \Pgeorgﬁe&%s% ﬁé 8@&111 a%&%}} th? %avorable

ectl ata anal ySI's,
Maitianselahgsofghemidieac moln@,yesolmdehm qmmhlrwdltmgrowde a complex

ée %Eélgttthgﬁfcheqyacu{]}ngg @td ng information about a

Sequence Yhat is desired to be
conf iAsmettdaholve, tlfe@lanmhalpsm, mbduk 71, hed m’(by(ﬁlnmé cahhohamts thereof,

rtion that.i curr bei n .
BN rbBE LG R s Bttt e in the S5, mors sisaels 70 o
d@férﬂnﬁfe@lﬁdptedeﬁ@i dnd@bdth&d o Iﬁfo@@uleE(Ur af RN mafeb@Es), a number of
Qe] nci nsg the first 10@) cleotldes of a nucleic acid
BAFSHESPreste? fpqpencs AU Epddes or base pairsiin pysleig a¢id mplgqales, lengths

dffacikic keid ik Bt shhhi opﬂlllc\léi@écﬂ‘ﬁhéle@ul@ﬁ ’i1§1h§ bHyA3F the techniques
sequence over its entire | engt recognIZIng

SRR Rivoo Funtissriny GEME GiRITHEb e WARHYSH K ie ooR of more Signals 70

@ S6Hdh @ 8 gl
LS i SR8 L T U o
O

TRERYros SAdiof @@awkc Rs pasf ol itheenuclsio agi nobymsainfbenagion 8&n$torage module
84"}1%})’ Bérﬁ%ﬂﬁglﬁ fok Hﬁg c%s@ g]?\}lnl%lt al:?h@ti th@ﬁl%rlgﬁg lnfﬁﬂd&ﬂ%thm the

sk Ipto anot Wg elIc a
QF Qemowcﬁlgmh?q errectehaingdbpuanyd theTmchﬂmﬁdajeanalyms module 71 may

R l ?éﬁ &' Jt r&ﬁg]‘c&hmhﬂcg@yoﬁgw rﬁnge rﬁ?ﬁ‘hg‘grspp& to?gfe? 1rg)ég/(r)ﬁtput 80.

fuckerc acld sequences
Usesintenfreninodde Bhmeahbe ¢anfiggred fuy thrapurposermy be carri ed

t d t c [ | .dat a .
anal JUERSDAEF boploopiegmereRE BT B Sttt gtp waiew of
teahn?loglssg énnhtdmgﬂoﬁiwunﬁa gl O € B T a@’ﬁ,) or a&bmﬁﬁlﬁti(?ﬁtht[::reof), hardware
or med -opt i.ona S er input.. For
B b 578 Bt Rt PeciBe PERRRY ol Bt slsk el
pr&RaninkdmnemneB) boiytdmbhetisisBércds OrS@F ot ¢fithe @fhpoadfiks of

recei ye instruction omthe user as a user input 80.
SEtt rﬁé M AT 4 ﬁ‘\‘g‘? ‘[ﬁ’ﬂ?ﬁ {e-g-¢ SOMBpET) BT RNFOT FPBREqpoaents may

r6sidt IsepRRE, difchite EoVaRB| RurthbQ ez{cﬁ@HﬁﬁoﬁehﬁmW&Etrl%ted across
sequence that is determ ned and/or the anount of

naétlléle flevagescamd oag o mergof the datisesanay batintprsorngeted-ed out by
the $y8k&EMnch biths Hor HITROG IR St in ARG SHRY%r WoSdkdnfponents 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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exam ne only a subset of nucleic acid polyners present
on the substrate. For exanple, if a plurality of gene

wEe@besar e present on the substrate in a gri dPEEHUS®NF024979

(e.g., a mcroarray), one nayzexan1ne the positions on
the substrate that correspond’to only a subset of the

n robes. This for, _exa to exam ne
BRE R PLS ARue Sl Teri, ER0E o5y B WP Gneh oG G ong o more
pacdssaty barenthrg easm, adik @torpt syht@@ @ﬁe 8r mbife n"eh’ﬁark: interfaces, and one
substgate co talns quclelc ac WE %pers rog
Yihjedyssise Oré’ = Hlt%”éac M e gt 0PE508ReERS BIE VREMSng

@nehdnd. rSy@L@ﬂlCHOt dn@RombhiRAts kesof YRS vk ?leﬁh%ﬂteb @sing a computer
exam ned for the presence and ampunt of nucleic acid

EFrE st descabrdlaion B ielgtignip Faes I3rndfl3 gene

SequeRzes kb thOfunelidk %1é’bhdd§ énﬁ et BRFOF HABrKQTabb®: in relation to
excl ude other conditions) I agnosti c purposes. {

PREMOGnndr g aus eénh@étm@tﬁsaﬁé @@r@@on éhqsa@nmum methods and these
éfci%amdﬂfﬁiuQW b{r 1H%5ﬁ1bﬁl£1t16nh a§ YO3ER By S @ire s S%ﬁﬁp ERgibly

unti| enough data is CO l'ected to suggest tha
@@lmd@dton lrBg ormere compwiecisadibleinadja, mrte@amm noh-votekilrrecording
r

rggdrl]? Gt atQ@Eﬁc?ut%entxJ}f ]pl%tﬁ%r?tg &h %(élgigiﬂzg?o% gﬁégc? l&%gaé) %r readable
mghze%pé:@taeyj avanlablh exediarilght t:atrdw)a.ccdsl;edi:ly(aLdompbter By way of example,

t
BB R Bl P SRR ML R 56 ot ey Mo and
mmMIaanort wedlat Qorapiitryssiragermedid iacliddel voRyile@d nonvolatile, removable

enent e cl e beaminstrunment 64, detector
S R A S S
1&fd§hﬁﬁioﬂ3ﬁdlﬁas@6mbtﬁer ﬂeﬁldafbl’étmsmﬂctldnb Qia&asﬁﬂl:tﬁre@ X4POE&H niddules or

SRS L onSm A teLt WERL, Y A aclude, SyRLUSLL e o

tRGlE ﬁl'éﬂbﬁfgirkﬁthepﬂléﬁqbﬁj t@clﬁh@l@@ LR, dﬁgﬁéybéréaﬁ% di5QMVD) or other
sing the sanple may contain i nfornation indicative

QBFICES ‘@ra@ﬁén%neﬁ*t?o“raése%‘-l é?@&lreélg tappgnagneticsdisk storagreor@ifier magnetic
sEEpice c@mg&abtﬁer AR VGG SREin- \}o‘i‘e{ti?refbxﬂgﬁ @%ﬁ gfam which

plurality ecules. In such e
camhe yssil §0 ﬁ@re @leeieﬁmd iplrogisniagdwbighcen m@seqadﬂpmcomputer and any

shitfoR DRtHiRR A ReML F(Qe#}ﬂéral ity of nolecules fromthe

one or nore signals and use this information to
det e Communigaton m@hw@mwelbaﬂdqures pdenlttelf-lyadmbhundtmcnompdath

(%té{lg?r a(fz%/? &y g’loa}glg Otﬂj;él Iaatg t}le dl%@cmfatgd a'%ao %gneat r%fas h CaITlCI' wave

ce a p
op athtmt tadnsmmeqhamsn kayd pmhldesainb' ynfsmuem delivgryt meﬂm r Theaéen

Qf th Li.hy of b d
Boabil BB Pl g PhEGR o B PP e RS RS S o
chamgdda tnembh a AANeD bs HeACRIR GEoRtibn In thelsipidlf By tWag ofeeh§id and

ymer. Ln.conbi.ning .parti nces
R T PevB e ke aedis S4B S5 pires neswppr direct
Wit d uigtletitdng thirlbRSS e s IGR @:ﬂ@bﬁs}ﬁc 10,5 tinfﬁdﬂéd &1 JiiRr wireless media,
For exanp sonme nol ecules wll have

t L at
0%*%0@5359&(3 @g@éﬁﬁﬁ?ﬁw mgsia, e’& %n sHitablgscompbanatien pfjthe fryegoing

ot heCsmp ﬁér-@ﬂda%k%%@a@en’lbbﬁe@%éﬂe' R ﬂﬁ)r@éon‘lﬁﬁ@ér—?@idbﬁ@ fheHﬁ may
a_nucl el ¢ acid double helix may be aligned favora
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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or unfavorably relative to the plain of the substrate
of the sanple or the position of the particle beam As

wa@ewblervoexanpl e, the nmultiple nucleic acid noPEDUSE5/024979

of the same type that are analyzed may each have a
certain portion of nucleotides and/or |abels that are

&ﬁi‘lﬂ?ﬁa%lahsyth%éfl tS'qu{] fickr ﬁc@ibﬁst ﬂl?}ﬁ%%&rl&éﬁ%fl Ql a&l)fnak}:ﬁux aflty.ﬂ;f] grogramming

substrate or he pOSI Ion O
lsagraerscior smm@vaol# dfisubliissi, ﬁ;m# iopCé-+fuireay PesalC Biffel, Basic,

n tlons of
OPPRE Ak Sy 3P SR MG BO R G T LB R epe medis on
whick futb imtrodioph ex esdgdiehmey afsidt be ontied Rdre ofthie domponents of either

above, th anal ysi s nodul. e
S B3 MR ROR et St RS g Sgore of uch
@opongnty; et thay Byvialttaasigor thée bemick0Nn det ernined fromthe

one nor e Si 70.to determ ne the presence and
oD eerlie BB BB it Rt Brieoop TP St hayrcons stored

theroBietan @b [H0EEEI0 85/ RERIRAbystet BEAMRNS %nﬂ&méﬂ%%e%béc?se@f the
or base Ealrs in nucleic acid nmolecules, |ength

MereRePeenten dissrsicd dgicas 1 addidena o bwzpr@ia@dafbaltdhe instructions
st e6ithe Soln%&ér%acﬁﬁw n%fduﬁlh QedcRENILINE SrcdR? an JQ«?{% 1nst1ﬁmtlons

above. Furt any of the infornmation inc ed Wt
qnhodisd as Bt ¢gh @p@w@m goglamaumg@maahoeﬁcmmraﬁythat the

ihiRCEARRRH SR %ﬁlb@élecﬁ%taﬂy?}ggl& ? pd@*q’%ﬁ %37 éoﬁr\%{re OF microcode)

stored in"data resource S
thateambresnentleyed ¢o progamymprocdssuir oy maﬂarmt 88 ab@teafm:gﬂed aspects of the

didl y be configured for this purpose. Further,
Iﬁ%& ?Maﬁ%p?nfornatlon i ncluded within the one or nore

si gn&ishqgd be appetodaten thedinp yingla yomﬁoriehlfbr woltkekies othuleiplea

c@&%e?{{sibg ?Q%H%lﬁer S éltem ﬁ%}ﬁ%@% 2 &9 é:XlgButgrrasrylstte%?JeEg@)Fd in relation to
Flgsp UI-A i) i pér 3. thd:.ﬁmmdnﬁ tescfibakheradtttn®e &2ndiRYI P& nsidered as one

conf 0S stem 60 and conponents

of ForL b8 ey Bitsomh) BHL RO s o y more Somyahepa b

lmﬁkehlﬁﬂbd)gll mRferdul Slayie] kg oS Ofith\dadiatéEhaddwarSandibh: ﬁrﬁﬁv“&re using a
r.a conblngtlon t.hereof ), hardware (e.g., ne

PR Bt PP RTeg S 0B BLPHEE P MG B eGP g i tions recicd

aboveropaiyesitb18 comih&fh /o BRI thisgdiRgr aned nenory) or any
combj nati on thereof. One or npre of the components of

syst AP eﬁ;g9 Ipents &g:oghngitogﬁlen]@y@tlg@mag &¢ {replenented on one or more
c6APIRbT s?§t}ms . OTheS8 1ot utd¥ Ry FentO HRY Bﬁ rf&l%XQB%lﬁ %e'ﬁhlggwﬂ'ﬁ?se

separa di screte devitces. Furt
Cﬂlayutﬁré S‘éﬁh§§ thoptbaser] ercinépt BENITYN pyee ptecessonsyiotarvda BoveerBE, Sun

UH’JS?’A‘NC G 1AM LT PK%S?SJ%J&ES%F %tv(’?iﬁeta érf%)geesrgq,rs Qvhilable

each of 'the one or nor VI CeSs f inc
fromr dveneed dieret Revides AN or 8F, otleea tipe of probessaro fshosd bs

. ] ' ocat ons,on th m . For
oYt 6ne Br AR Sl BpE ot AR b BBl min e 63 b s
Vsy8$emhmﬁmwﬂse@hdewmnmﬂlfferent areas of nenory (e.g.

Each of sgﬁh one

etc
or. e b BN ke e Sy 5 pp e e vgntion i
cqifignet itd yerfofm lonovnm 6 wp the dinictomLieiorded SitRe.OTt sh&Ebe 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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processors, a nenory system a disk storage system
one or nore network interfaces, and one or nore busses

W®@ro0eMIm®n3 i nt er nal conmuni cation |inks intercoPCEUS1008024979

the various conponents. System 60 and conponents
thereof, may be inplenmented using a conputer system
as that .described belowin relatjon to FlGS 12 .
45l 4TS Rl Bt RSPt HBE BBl g i 12
Het @ntpher epfendeSany helidab proeesstr Mebadacro td eheSy s@¢in6ory
ese

nd vari oys e di rents and vari ations of .t .
GHTFSY P S8CH s G Ve TR TR et Ot dovioe o S g iRy, Mgy 96 is
typizhliynaki &5 stoffy p@)graﬂﬁ_fahg ata ByrifpQipetatied of tBaea@hifer system 90.

| e on one or nore

I gnal s tangi bly enbog : ) _
é@ﬁm@&ﬁs OF ERNAT 8 P dmay B cuipledhiy @1 INgsRoRpGHiANi meghanism 96,

WEiCR il AR GhSor hite 86dsad @S, Bltviekh EorRINRALY thel REBMISated within a
or a conbi nation thereof. nput er readabl e nedi a can

BErc R TGO ST . PEbeehFOBRongEe B Se g sparie discret
AR BT Fhe BYte B O onGRi@ iR §n gg%bfégkoﬂahﬁhikﬁwng’ b.g., data

conput’er readabl e nedia may nprise conputer storagé
IRERICHORM & beorrhaB vkl wren e cortmpuls ef systenr Uy Eompica system
BB LG R B2 Sab PN By s, rckn,
misedphohs ¢ppch ereent andage oomorervutpuhddvicss 16y édr easmcle,mpringing

' | A tures rogram.

ASRE i) RRE P In o, BLbME 4l G8n SRERIBhin one or more
intecaced €sqt shavtn) itleat o@hedticompwer systemRAN a R uiiEdeR@MEtwork (in
fl.ash menory or..other .nenor echnol ogy,.. CD- ROM
SRR o BBl sy Bl TR R G T RE 96 e

3_t ork ahe stofeg BRdtdnt 1003 Siswirnt i6 SreatROASH in(FIGgp}; fypieags Q’ICiqumeS a

i sk _stor,age or other magnetic sforage ces,. other

SRt BPOgE e R e Fprie e U4 ghiel Higals are
SIS thed A¥Tin€ B pfofanD@ bdeREbuted b§ HQS RodebRdr BEmEdi@tkion stored on or in-.-

i nformatjon whi ch can accessed by a conputer, and

n n
thgrediim L¥ie beeingreedity bt Rsperie The medimgg or exarmple, be a disk or

@Hﬁi&ﬁio@ﬁﬁ"y‘ﬁbaﬂﬁ% Bpcrth CBt b &BRAIIRS data to be read from the
comput er-readabl e i nstructions, data structures,

n¥iBejpidlATsestsineaneditm dohisto angthar mameryrh9é thanelbavsdfar faster access to
b GG BHELY B pRGERGThE 0bHE P&%ﬁiuﬂ{ A ’[El}fs%éh?&g tl(r)T6e is typically a

mechani sm and es any I nformation deliver

vpisile, sandpinrmpebss memoky dutheassi dynathic randamsiceessingmaty (DRAM) or static
I f i ; i Sti~GS, r._changed

oS Ry R L RS AEARL SEER 3R o LREASY s

%, grtahowmByThwepyoassoe Mhgquer]ly andipniates therdataatithimthe integrated circuit

LCaLian di a_i.nclud Wi red ia such as .a
PP 7 e Ut e TP E o RS competea
Awdiay siiaéchasisacae Rhava foRmandgider dataatoven@dniicheden the medium 104
wi.rel.ess nedia,., ot her es. 0 0 nication nedja
I el RSB clRCr 46 PRLUE G agighot ntied thereto,
Werpehton isaadabited t6 b gtibslaeitiosty ekt 9D BEsthgd BEtem 100.

compyt er -r eadabl e nedi,.a nmay define instructions, for
-exanpllé CORRUI Sy §terg may h‘éﬂ@ Spsially preggsamed spasi-purpgseardware,

foe&ddhipleDhn ApliBion-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.



10

15

20

25

30

executed by a conputer, instruct the conputer to
performone or nore of the functions described herein

W@ 200g/01990h rel ation to system 60), and/or variPCBEUS2005/024979

enbodi nents, vari ati ons andcogylnatlons t hereof. Such
i nstructions nay be witten IT any of a plurallty of

progr N g
Bas| Cg ltsu &om enf‘l_. 0{) srsgﬂwn @ g/g,% |oiJ ezﬁnrp eeqd oh%'g@F 89 computer
@@&upoﬁtvﬂnch Mme@fs o thedhveatiyn ﬁafa.y boprativat, |1©§h$uld be

t here er -readabl e medi.a mh such

R S SRR Hlebinta fragonBaiedae Bing e aperizse th
tdhepueaRPOaR S shodh ieFidNeD. ThrisikehRRE of theQhiveBRoiasEhd B8diced on
her ei n, |str|buted across one or nore of such

BQﬁﬁS&?Pé%F@XP‘%% TYiRe AELIPtRNt A vig bt OR CorRqnEnt Epfbatshown in FIG.
fhe conputer--readabl e nedia may be transportabl e such
that the instructions stored thereon can be | oaded
o nt o EYPEDHpHiee PO 8K be Aeenssdppmese mnwsr systent thetHe

f
B A Lo N E T A BURRE, R bR ofsflm 00
fitlﬁfsm%bQ implemantedrusing SpecioE-peampumed; smm@ammesermcdvmm In

go%ﬁ dé Q%sgen"f‘ BOVS Foce ;)F%{?Q&Bﬁll H%ta%gm}ugrc a gta(lé'if%fe rocessor such as the

rt 0 at’ion ramru
welhbmwmbanpume:ﬂass Patdsear, avalla.blelfrwt the dntelcﬁmpm‘at}onb N any other

IPRKede B5uB0Y, 515 05 SOTRURAL 80 bR B 37 chmey
o, wesaople,tthe Wiploes® s, Windowdfonse dthdosusEY Wiapeal 2004

QPGB e PR D proraEast Pame WA Fompaicrcsd

cmaﬂ@nmofosas;@@nmwﬁlasw sitoﬁmpﬂ]@cms@ceﬂahﬁ,sdaﬁ@ Operating
Ccribed in relation_to Figs. f

%ﬁ&eo u%éﬁ?@%/ ﬁfﬂiﬂ an PMUHOESERS ﬁeg?&?\rﬂﬂé‘ae ﬁ@?"é’aﬂ"‘tsasﬁmlﬁés or'UNIX

SN Gah WiriGRREIEA! AGyd%a OARPHT mr%p&ﬁmgrs?btkﬁs fhal Bahsed.
control such functions. The one or npbre con | ers

can DECiPHSFEREHISReRINg iYREmdogsi fefincs rompyisr piptform for which
ﬂ?ﬁée@ll@ﬁ %Q)g%{ﬁ%fgﬁ 18R PhBErahidifip\Rh dﬁlagéésdré‘grlﬁerp rIPﬁl%ﬁﬁlq;e

prog r anmed using mcroco or software

lﬁ’é‘filﬁtﬁ)@ﬁﬁtah@e ﬂwefaqndﬁgotrl@med &xla pasticdarspmpvipr @aﬁemaw@nn

| |
SO ATk ol Q5008 N, VAU GIRHTILS o e o
that thq)wrese@bmpmtlen isqwpt timited tOFhe@eﬁmmgmmenng;lysgwgsor auBnputer

r
P Reo, g CH 3R B AR R G GRS e S ORA F B S A poputer
$@Mms@ﬁﬂd&bmb¢m$daSPARC FbmAett-Packard PA- Rl SC
processor.s varlet roc vallab
P o OB FrorEPti s oF g BBl i S B e etfou gr more
qmmpu&s syatemsl| (hotshowH) dolydedap [arcemhﬂlhﬁdtldnb attwore ThesdEdintputer
tem m

f t b
S REHeh Ry oF brob B tun RER € BPEbRel P epkofriop spess ofthe

igRMEDRIaP UE PiRGBUIGO BRI EIeDY HoRIROAGURK 8 sBhslc@n@fed to provide a

enpodi nent of the inventjion is
service (e.g., servers) to one or more client computers, or to perform an 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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configured to performone or nore of the functions
descri bed above. It should be appreciated that the
waeyasemonny perform other functions and the i NRENUBIINS/024979
is not limted to having any farticular function or
set of functions. For exanple, various aspects of the
lL.zedsof t war e
o TR <A TR BT B % SRR S5 R o8 Biion
pstocdlde.gsMOWAFL.n Fig. 12. The conputer system 90 may
i ncl rocessor o ected tqg,one or_Jrore memor
dovi abS Bl -25ER0861 BaRERNGRIGa: MR siufed aw Particutr
&jfetem(m gfomp ofkystdmgaldiatha& theNaventiyn BGot BmitdPoGay partist8AUistributed
st ori ﬁ%ﬂgram and data dlurl ng operation of the
%H%ER‘EEF %@g m‘@b‘i‘?ﬁ%th%‘ﬁfogoof conput er system 90
may h&r@ﬁyﬁhﬁﬂluﬁ%‘c@é’f th@lsregeﬁﬂﬁ{f@ﬁbh Qﬁy (113 H@{Hnaﬁ@d%mo an object-
whi cg i ncl yde one or nore n‘(# _g t ween
VS ﬂ?éqﬂfgmflwg angpage; Wfﬁlé@%%tlaélafava i’ama 47 hafe), @aémmpl C# (C-
SHAEH) O Dtikr Db Knte pﬁwranﬁiﬁﬁg"ﬁﬁéh %&m&nﬁw B dsbat Afte@ﬁ’dtgfgly
on separate di screte nachines) he 1I'nt erconnection
fectionsly scHp9es. apdien lagical @rﬁgmm@ag lapguageemgy be dsetla Various aspects of
thO b EdtohinH Bk nhﬁlef?l%nt@d(ﬁll h"’}i&g% Lé?ﬁﬁﬂ)(@éf E‘m&%ﬁ%gﬂ‘é? gbdocuments

conponent s of system 9 er syst em

T99¢qdiie B Ml edE ofrpiher fpﬂmli thag exhien @isve2 jn 4 windewafip beowser
PEURASEcr BUSS of 4 gﬁ@h&g ker L fL0 g@ep%a« per?cﬁfpgcitfze%r fchons).

and one or evl ces
\mrions aquctsj@fvth@ n_avermog plaxype m‘lplemmtedsma@ammbdh oﬁdﬂhl—;irb@ﬁlnmed

ntain _ane or rel terface
Térl}{(‘)&tl &2368% Eﬂ]{l’c?og] gﬁ%é%tf %C%I}%uvagpu %b[o 6hednvent10n may be
lmphnumlle(t a$1ng)Mme$o\iﬁ MNET technalbdy tbvadlable I‘froﬁSMaﬁosoft Corporanon
erconnecti on, ne

| t t to th 96.
St or DD A BebR0 B SRR e APeiba b ey epies b th

nﬁﬂelctaylrllse@ehglng ﬂeﬂeuﬂm&n&oﬂﬂaﬂiﬂk@tﬁm{ @adabbg a@@ﬂremelyhhlgh speeds.- - -

abl ile record| ng nmedi um 104 in whi
Ti\{%b |speeds éndgqtgqrg eptyrpsef thedpysniion, SB?l'b@rrgc}Hcg(bsaB@le manipulation
aﬁd( aedudedthedy/ fot B&fcﬁﬁlﬂfg%ﬁ&ﬁfstr? bn kdﬁ{ﬂés”ﬁﬁd % l@Jd% %gm@i@an? feduction

%he medi um 1 processed by t progra

mﬁ.lilg cpst Af sheh ﬁﬁa}}ysqa &huéﬁm%and peethpdgoEthe @rvenmcalgmay make practical
oBFRMMgYcompydad &%hbéfanﬂhfbo?lﬁ@lﬁ 8k gé?leme§ Qﬁn&(/faﬁﬁ nsci%i"aﬂl‘?cal uses

data to be read fromthe nonvolatile recording ned
(a@qphagnirogenemiess diagnesiisp sudesdisagse suscentiilftp or lﬁrasucsm) and

r@@&@l§§se§ @3 ?ﬁlahﬁgcgfogﬁal' rO¥dary f%%grcﬁ’ Erﬁ& ﬁt%iso% w cesses %hd research

he nmedi um menory
W@Fh&tbilql%lcql aredennofidiseasss). m&hmrl'sﬂnswwptmsbh udipp ambodiments of the

Il{vt@ﬁmngl% @Q&ﬁ‘o ucle g;ne{c}ﬁ ag%ggé%gggt id n?ﬁlﬁwcrgc %é(%stwﬁ Ivlos% their
qua;mtiﬁmmty geopbprecisiog, withat mdﬂmhwi cellhef gnrodesa0 'THEHill provide a

r at t he dat a.w he i ntegrated

d%%?e?uu%fj Lr%/rtgﬁn%ﬁ]%/&g]@ cﬁ%’éwt T ﬁ'ﬂgthonc(%%‘?rg%t Y% he data to the

medi Qne @ampm‘dfene ﬁoregmag Y th@ude@fth@ﬁihﬁﬂﬁide descAbatatetedt  Of
Cn’g (q SNE are novgﬁ or rranagr ﬁ%{ a, novenent

R DR h P ek L T erer e graigs epeuianal
m:immrlt‘ayfj %:flﬁﬂ&fmhgeﬁlclebﬂ@es (RChrétee fdrRY&Mid Qided & allOlbs) are provided
on 5 gllbst?ate as gescnbed 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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The invention is not limted to a particular nenory
system 98 or storage system 100. The conputer system

woreyelomobiide speci al | y- progranmed, speci al - pur POBES2005/024979

hardware, for exanple, an app 5} cation-specific
i nt egrat ed circuit (ASI C) Aspects of the invention

H%re%l,e nuc n‘{)&l@{’ﬂl % ﬁnl I%.f))el s'_seﬂe %9519%51%% %@C%L]ﬁe gl‘/\%ata read is not

ereo her’, "suc
H@EﬁaﬂB}bSﬂl%Hﬁd véhstprme (Mmhhsspamﬁectb;nme nBgdnsclebideg)dut simply

o%cggio 367‘8 dte%}dxmg@q ﬂg%lﬁxfu S togrrxd %yasspgc ic
61¢gmm1@jm‘ﬁe Piobh Gy hie’@ﬁtmguiuerem%yﬂtp@mrr&&),l mdsh GMnhﬂmg\ﬂhé length of

e eid pRRer By BB B0 el e B0 ceien oithe methods

sthibslindledd@n &pﬁ[@@rﬁ&-@ﬁbetahays@m%hﬁlmﬁudﬂkﬁf g'eﬁlé/ %Eésﬁﬂn yields

are not I|n1ta£ to being.inplemented on th nF

PSR EHCAS 515 A URRECAon. Al Nt thes ity ieividual nucleic
hdlyRBIEREs UPRNd RAhPEDSHALS AL BANORPeRMKit MBS &95@ 'éﬁ 1§, without
havi ng_a different architecture or conponents th
vppificafinpgershy pogidinge moyspenae pisipss efigenoexpigssipe leaels
generglehlLRPRENERTR Uy YS! f) LS n_hglokfﬁle %ﬁ%lmhe

usi ng I gh-1evel conputer progra

Emwﬁunﬂﬁd@?sten190 al so may be |nplenented usi ng

speci ’liﬂe syst%so%{%%g%F s oP g ?A\%Jltl jﬁegloasfs[% ﬂ?glgi%ﬁﬁ a?chlve vast amounts

conputer-s processor

cfoeavieble lnactldaly aciv a¢quelnleelaprvdideions Surphresavatidneof genetlc data for
%ﬁ'?',é - enonv(\:/l‘gan netrlfléga cl ass processor available fromthe

f (5% rati o %ny ot her processors are

avai |$f_kt|ems aﬁlmbthaismfdteeﬁ@annommuﬁhlbgl a@&ﬁﬁgﬁoﬁﬁy a8 very small

3 Cﬁl(r]}%fﬁg ?%pﬁ% gree\%%f&v\g (qay goss«lAIeﬁ:é 8% §eﬂuén|?:e data from a single
Mélecloss () 2000 (Wndovvs(r) ME) or W ndows(r) XP s
oper va| | able fromthe M crosoft )

Cor pgﬁ’ﬁ{%‘%@ﬁ% s aipdyresitsd 1y Bypasss &t lfllparﬂﬂ% Bptgare not intended
1eOMHiRl, the Solaris Operating System avail able from :
Sun M crosystens Li nux avail abl e from vari ous sources

or UNI X avail able fromvarious sources. Any of a

variety of other operatingxaypiig$ nay be used. The

processor and operating systemtogether define a
conpUthsrexpnale deicribesdhe sipisend spaptnitclamiabn labelod Pals i n

hi gh -Eléj(@%gi 3%9&8@1%% ﬂl@gﬁﬁﬁgﬁﬁNﬁrsﬁie Isfdb Sm rgéularﬁl)tl\é%:

shoul erstood that the I nvention I's not
to a particular conputer systen1p|atforn1 processor

OO ALLP R S ol RR B e Bk G a0 LA g
mtxulemﬁcmﬁl‘ﬂsﬁomfbleh.i mted to a specific progranmm ng

:% g%age or conputer system and that other
rlate progranmm ng | anguages and ot her

a p?ﬂachNAqioQ/nmp New EaylaidcBiolaboNEB)aB s\ferlpeMm eadalog)a ®10267)

di gﬁf%ﬁ% %ﬁﬁ\@ O#phemglrctgggﬂi‘ﬁ rcor? ersfttreglrgn IZI%%B 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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conmput er systens (not shown) coupled to a
communi cati ons network. These conputer systens al so

woreyelesogener al - pur pose conputer systens. For BXEIRI065/024979

various aspects of the invention may be distributed
anmong one or nore conputer systens configured to

pr r S ne or nore
cl I‘f%%]?&é)gl? téejr(gg@ Og)gnét}SDf @Pyﬁn %Bﬁst @\9 rall task as
part of a distributed system For exanple, various

SPRER by IR BB A T LB e e combinaon o
ASBP200B undaﬂSlapmmg yosdedar~200 bp pREuMEREQ YD NE) ddified from an
@ﬁ%fsorm v%rtlleoug, rgct i Qns acgcaqr g%ﬁﬂeNt Q varl ous

B SEIEGUSHFC: + PR PERET BAY ywﬁ 09/ 5BRENIS: ey be

execut abl e, interrredl ate (e g IL) or interpreted

é@%’%ﬁf} Jav code ' , - C ormuni cate over a

B lﬁ%ﬁs rH’é‘i‘%\o@PHQ@O% Emdt kEPPH0B net ) using a
comunjpzat i on protocol (e.gog4ufCP/1P). It should be
appreC| ated that the |nvent|on is not limted to
execut i0fgT BrPulRy(MNFdDt i cul as-%Hst em or group of

syst enemnpdaeh likigp t he inventy 0 an is not limted to any
particular distributed architecture, network, or
conmuficEward §HMEF ot ocol . Vadidwls enbodi ments of t he
preserﬁevélgé/?ﬁgéron may be pr@g_[am’red using an

obj ectorien progranmi ng I'dnguage, such as

Smal | Pk TagRupmerdse (J- Shadpul C++, Ada, or C#
(CSha ori gnted programm ng | anguages
may aI %ﬁf ég?ﬁ‘?"ér nat |S\r/1 i y, functional,

scripti ng, and/ or | og| cal po. OQIEJEﬁhvG]gmle@Blglé&gﬁﬁ_ may be

us rious. as t he invention

e B e SOREN P et e adRR o BhyA but PCR
dovalueestveere st att i liper teldvlon inddparafe taicber format that, .
when viewed in a wi ndow of a browser program render
aspects of a graphical-user interface (GJ) or perform

otA@MJfRe@@rrdhmwthaﬁ(aMAo bibs@pBRG! Rq@fedtyBib RUe %b&ﬂwﬁ@syof
ed as programred or non-programred

be__i

el ffe ?ss %BASItPTQr%QOéQﬁ% tlebias used wgrerfomy thefeliowingiecing
enddaditiomy) t’Ii’ne Qhnch s ﬂeﬁﬁ&%kéi’lﬂa}n@éd Rend @hﬁi@ﬁ@é&q oﬂ%l#f@egences in
M cr osof t NET technol ogy avai l abl rom M croso

- colisenustso 11F Préyss- 2 Hesh eQgEiogs Botegetimippd Eutheat nrlmylst ens
and ne;(hggj[ﬁn/gg othe invention is that nucleic 'acid
sequenci n detection and/or identification can be
done A&0x el sed® 3., HP gt/ € dimin/ThEChi gh speeds and

ot her 1§ eatlif/@sc0of the invention, such as reduced

sanmpl e mani pu at| on and reduced need for perform ng
chem stry on sanples, also can lead to significant

r ' st. . of.su nal Thus tens
2L SNSRIk o AT S5 RASHELE e
Dot BCRiprigludagpsee theough. subst anti al porti ons of genones
of individual humans for clinical uses (e.g.,

phar macogenoni cs, di agnostics such as di sease

Rsageawpti bility or prognosis) and
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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research uses (e.g., pharmacol ogical research
research into biological processes, and research into

W b®elo1wbdgi cal process of di seases). Al so, itPOHYSIHE5/024979

possi bl e using embodi ments of;4 he invention to perform
nucl eic acid assays, not just |dent|fy|ng nuclelc

ac IaﬁléWecptg WI l%slﬁtotnlh]ce eamqura‘ps ond.e Eh tlhen sgfm f(g eg 5% chdOSamJ 000 rpm in a

pr eci sion, vidual
Th momcblhtrlﬁlgeai rdemaemlm'zamiee a ht:t fioe et asitticred. Erfes&tﬁ)@bly the salts,
I st.lnct Lffere e exanpl e of

t hgﬂ%tseaa% Fies s A BTharO Rt e E haien s g T b
her eil legemnmumt e mcttrooenmy:mwpmeaaﬁ Wiffes a@ntsFRIMEPCR

expr essi .S ar to.c nt.i o croarra grids._.
of DRRgS e i heiaetops! iTideg rowate fio QBB S Eyfien i
or #24740ej.es) are provided on a substrate as descri bed
above. Nucleic acids that are | abel ed as descri bed
herein are prepared and contacted with the

Dl TOMatERbdI DA adld t‘@arﬂ@ﬂ" YHNEA, |tﬁé’s§l‘n?fé AU St v&1afvided into

nol ecul es havi ng specific sequences n these

BREEHi Hdhteactions %amé!@d Wagrsel la’cfétieinﬁ@lYeﬁé@h@\ief hasyeype the template was
il %Féafe?%ﬂ;@n b R §£}hﬂ9§ oiftPBle dyBle o??éﬁ%g dBfe to obtajn DNA

el'i m nated, because the data read is not necessaraf
b@ﬂ%@ﬁh@@Smmﬂhmbemﬂmwdm©@th¢mb¢§b@p@¢|f|ed by the

ol i gonucl eoti des) but sinply can be concerned with

determ ning the nunber of nolecules bound to a

sp8anpled ol i gonucl eoti de proBamfle2e. . detecting

nugj.e and/ det er ngt h
o SRS AL pROLTRASY | o0 REeIgh Y A S FeleE7 2
acwdteptmlaylyretrvolﬁﬂne appl i cat| owatef totadpustiibiegds of the
in ti.on to mcroarray-type al SIS and
quyﬁg?gfﬁatlon of gene expreé@ﬁ %iel ds i mprovenents
i npispered and quantification. phse, due to the ability = _.

to count individual nucleic acid nol ecul es bound to
the substrate, the nethods permt the use of |ess

Aﬂ&m&hﬁedNEPHﬁ%Kaéﬁﬁﬂd&ﬁ@@@T@mdLﬂ@?feby providing a
nmore accurate plcturgt%awg ne expression | evels.
F

Mg dnd HHdT i Eese qapfy BIoRTSE rﬁherﬁﬁykaip% iptmdde
c\éﬁéeYltrEt?dn' @ﬁg AtcARvd BRI H&hﬁhﬁlo%%tfétan&gp@d lﬁf'&?]"ﬁnggether
met hods of the invention nmay physically arc

Withst- I@ﬁ@@ﬁt’genitcmge@aab pred :’nlpglpeiiCJPaml@pugetq@ stanstarcidE EP. These
%fe&ﬁdcﬂjrlh?dgﬁatg Qﬁal }ﬁ#ér&gﬂ}p&vaﬁ%’]@t ic data for

ture r rence I cat’l on ystens and met hods
of the invention nay also advant ageously use very
for exanple, it may be

§ﬂ@ﬂlﬂmUMS of sanpl e,
‘possrgre to determ ne sequence data froma single

Brodvee Bigma-Aldridiy 8t. Lobis,dMOng exanpl es are presented for
ﬁ)%ﬁfﬁes of Lustration but are not intended to be
9 LE 1

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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Thi s exanpl e descri bes the steps and reagents to nake
| abel ed DNA. Exenpl ary procedure for making | abel ed

wOrAcsIMe3 by side with regular DNA: L A desir ePICT/US2005/024979

tenpl ate was anplified by pol%/drerase chai n reaction
(PCR) with standard mixture of” dNTPs, 30 cycl es.

nt ol ymerase w and Bi ol abs
RERSO Bisg ST PREEh 35 D) e Bieepyen the
cﬂﬁﬁswe@oemw@mmaw@ concentrati on (NEB, catal og
#N0447) NEB supplied buffers, ultra-pure water. ' PCR
primers, ZSDp200F ( TTATCAATTCACGAAACTGC, SEQ ID NGO 1)
HB@ KSB}%B&QBO{M@@%@@IBT@FM%E@@e aohHQblcBV NG a?k‘é cormbhtible with

ECk concentration. Priners were produced

S EHER 8g inerPoriFdalg FORe! Mtlczs'ﬁpﬁz@@plu‘\ée alpha sulfur
(e@ﬁo&%@d@@@ke Qn@AﬁQ@? 2&1@3@1& ariatof og%abovéﬁi)&?duﬂer]s to label both

di fferent ex&erlrrents alternate sets of prinmers

Wends. lideepssipisdo inshigr Hmuelposide timsploGRnaleds MSDBPEgHes of PCR
! sﬁ!)\gl? Hl BG. 201 WU Eith EG in on hlgatm PUAGERY bdd £ Fod}‘) él@(TP

an al dol ase dgene sequence. I mer palr
HTPdaGIF- product . PCR Condi ti ons for Primers
" ZSDp200F" and "ZSDp200R' dH20 40.4 m 10X Taq buffer
(NEB) 5.0 M 5 mM each dNTP 2.0 ml Forward priner 1.0
m Reverse prinmer 1.0 mMl NEB Taq Pol ynerase 0.5 m
Tenpl ate (<1 ng of DNA) O O mM total volune
per reaction. The above aled up 10X to all ow
f or gi‘hﬁadxemphmhmwﬁ mepmfratiahléf the WibstEiR and hitidRiBey@r £ né@dic acid
ge 51}? on|n separate tubes. - - An M
%@Q 4P I%erldﬁﬂ subsequent |y acquired by
Bi 0- RaflorpRdieicathon b@‘ﬁedeop;b‘éE it @ﬁodu&%un%@ﬂ?@@ drb%m Supplier:

r was erfo mthefollovvln cycl
%ﬁ&ﬁ?ﬂ% of ﬁ??eﬁgﬂgaﬁég Rererfystcdaapest byt diprin mn@@a S?l@tlmeof
"giiyidrdug eskedas et @ fodl D h&[r@ BERS bed o) Aﬁgh%ﬁl' Iﬁ&Eéu‘ij& sieve to

prinmers. These conditions were optim zed for these

IBRPYRIPQSt Wafer.. Thy s3mg acstongEolution was used for all cleaning steps.

Grids were then dried in air and plasma treated for 3 minutes. Plasma was generated

by applying a high power RF pulse to air under vacuum at 1-4 torr and the power and
duration optimized to create a hydrophilic surface without destroying the grid underneath.
Plasma treated grids showed significant hydrophilic character.

“To reduce these species to hydroxy groups that can readily react with a silane
precursor, a grids were immersed for 5 minutes in a dilute solution of 5% NaBH, by mass in
ethanol. Grids were then floated on top of a 3M HCl acid solution to complete the
dissociation of the borane intermediate from the grid and neutralize any remaining reactant,
leaving behind a hydroxy (-OH) terminated amorphous carbon film.

Grids were cleaned again by dipping in anhydrous acetone for 10-15 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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30x - [40 sec/95 0C, 40 sec/55 0C, 1 mn/72 0C] Ix - 7
mn/72C 2. PCR products were passed over a spin colum

wao 20068190 buffers and nucl eoti des; the DNA PORCPUSIIOD 024979

passed through. Reagents: net hods were used A
Honemade spin colums were rradle usi ng Sephadex G75-50

Qb 15, O T O LS et s

gasa ﬂe@md viih thdrsoyllgrauptaod theeulsseqicnt feosssion sLbOAtPlet edge
eco t 000 rpmin a
ahgmfng%gleﬁ[\ ?‘U%rg %’F c? %rﬂf?’&r?g ature. The fl ow was

col | ect ed. Pr esumably, the salts, primers and species

ot her than nucleic acids renained in the resin. B:

Q agen colums were used to renove nucl eoti des and
buffer agents from PCR pr gmgpl | om ng the protocol
included with the kit. (Q Aquick Gel Extraction Kit
#287%”&?’19 SPreppERtion ﬁﬁ%@@ yeig @én@éelméé Halgculey W@lecmbeam
ihirnsappl e at this point was divided into two new PCR
reactions. Sanple 1 was set up essentially as above,
however the tenplate was in greater concentration. For

lsanplﬁﬁorﬁwaﬂ’ﬂaﬁel&flﬁl\%g gféﬁ%%ﬁﬁ%lié@s done to obtain DNA

| abel ed on ‘one strand i odi ne atons (tube 2
b dising)atorSaathl lebelecsaﬁtﬂseml& ifstieriak cyble) MERtimg doubStrakies ®INA in

bel t t dj ust
ol el BB 1 "Bt 1 or 10 but f er

op I{Jsur%rassormbaltpelabeled dM"ItlEﬁmall tyotes Gngdsubld @xangd BNMiA Which
gﬁl (gTét obg{ldCTPf UTP m x was set at 5 nM
$and foatanabelipg fRMFERS | s 20rM concentration. The

oAU s@pnidd ohi¢ a1y ThbeldSINAT PG GiHbE Mt ivRibyBlbs, $haf ﬂh
dG‘I§Pgtrth et he}‘rmvmth “Iodo dUTP replacin ﬁjgai ”‘%ggfmw

5. siryyisd lan@HFlh]quﬁfé thepolequlgs deg lgbqy@pp%omw@rgéds and half are

nm@e%gsﬁggnggls@mphat e anal ogs are conmercial ly o
avai |l abl e | odo- dCTP Producer: Sigma-Aldrich, St.

Louis, MO Product Nunber: 1-8361
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

e 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



10

15

20

25

5-10do-dUTP Producer: Trilink Bi oTechnol ogi es, San
Di ego, CA Product Nane: DUTP lodinated 4. After

waepbiofdoent i on, the PCR products were passed ORET/US2008024979

spin colum to renove salt, unJ nhcor portated
nucl eoti des, priners as in st e‘p 2 above. The sanpl es
assi ng through the columm were ready to be anal yzed.
5 A nunber of ot her heavy-atom dNTP anal ogs are
AyRidaik & owhiccBO RVe conpatible with DNA pol ynerases
and can ige mcg (ﬁorat ed into PCR products. These
Predt egnificaog: <W40UMSer si ons of dATP (e. g., dATPas).

ﬁi&ﬁ\h@é’mﬂé@ﬁé@@c&ﬁ: a%ﬁdaﬁm%ra bpgrepopkfgdur e is to |abel
both strands. ossibie to include the nucl eoside

Comash St prd 3afay aé@'s M Gameradystpie| es of PCR as shown
in FIG 10, which was done with a conbi nati on of
dATPaS and 2-10do-dCTP, dTTP and dGIP. EXAMPLE 2 This
2 Puopgduresr epar ati on of the substrate and

| .
lgst ARl %to@b‘lcﬂcﬁﬁﬁ o BRI Bo @oﬁan;&% ailf@g@fzes%leaed,

hous- car bon coat ed
(()lﬁjmma é@emmbé?- SQ@_@@Q Fogus @Qmmﬁn@umﬂbflrah:sr thadwifeHIVa, Wobbler.
bR 5Pk BF s Ol Sub T GELSIRL BERE e v on
cfeﬁalnzlzﬁageommuro&mthmoaméraEysmrrgst rom nol ecul ar si eve
to renmove nost water. The sane acetone sol uti on was
used for all cleaning steps. Gids were then dried in
Miethod3gepp] asma treated for 3 mnutes. Plasma was

SHeRH " reRRAm K et e Pt BERS

'ﬂlétshﬁblé%sta ﬁiﬁﬁf ao M sTRdbeletl ©NAIT PER 8ynthdsiiGiHs performed
dest ro erneath. Plasma treated grid

\gﬁlbb@a g? @T%aﬂé ngiwi%ﬁa asidgsceihed ahove providing %Eﬂ}%:l% Tabeling

ettaﬁﬁalfa@eefaue@lltp%lhycﬁﬁe@ae 1%%5)8 that can readily react
a silane precursor, a grids were inmersed for 5

Hherfybsirgte Wﬁsaxmsp@ﬁoelowrwur@ ﬁlaama wondus By dgpiiiety 4 goted above.
I t f

B LR Mg Pt AR g S, bR iyl Brporate

Ibomaﬁepqrawr@ranémeaﬁtu@,ﬁ?mrthﬁéa@%d and neutralize any

remai ni ng reactant, |eaving behind a hydroxy (-0OH)

term nated anor phous carbon film Gids were cl eaned

again by dipping in anhydrous acetone for 10-15

\S; ie(r:1§ ?—? ingtté: g)rzd)elzgsclr a nséerr%f?ags)ec?ﬁ:p ieast gﬁ eérﬁlho%l ol 4 hlosr}?\pegmon it

istd e dppreciafet vidousiattertti@n, moﬂlﬁ@laws and/mrpycb\&erﬂeam @vnll readily occur to

u I

tiﬁa}(t)steasl%ilﬂgéj ithiléjl ar% ?L{ch%}ltgaggnrs],d mct)cgﬁéatcllgns, 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 description and drawings are by way of example only.

What is claimed is:
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surface of the grid. After renoving unreacted VIS with
anot her acetone imersion, a drop of (cone.)

warowaocrmbd y | abel ed DNA in water was pl aced onPCTeSInH/ak4979

and al l owed to evaporat e, preé&wably causi ng conbi ng
t hrough the attachment of the-atom cally |abel ed DNA
to the grid by reaction with the vinyl group and the
subsequent recession of théﬂéﬁggiet edge aligning the
DNA towards the center of the drop. EXAMPLE 3 Sanpl e
ﬂreparatlon and anal ysis of nucleic acid nplecul es

si ng* HEthe @E@%ﬁl%&%ﬁ PYVERSGRE A fuclgic agif galymgt, cgmprising

| abelf@ﬁm&%\c&a@e@@&m%ﬁfaﬂdftﬁ'a{ezlﬁelem%fasdo%e@tamﬂ cal l'y

| abel ed Ps only in the |ast cycle, ‘creating double

str an@%ﬁmw $eAUSAISF ehnusiolides Aeths mpelpig abid polymshams/or in the

£%y% %' ah Lk yedabel ed dNTPs in all cycles,
f?%b do u ggg&ged %NA i n which both strands

contain Iabellng atons; and o Using atomically Iabeled

Rt P e BT U S

| abel ed in both strands and half are labeled in a

S o e SRR B L B Pl NaprnBr f s Sk,

count and neasure nol ecul es have been obt ai ned using

n el ectr strune on1nn ecul es
. otTE GRghog; ?aﬁtﬂ% ?’a‘?{léer?”éﬂ@ nﬁ!&maﬁl& pol Mt pmelemgntary
s\Mﬂh@ﬁ foried boRGuSEicatd pobneaRetegmA. repr esent ative

i mge of atom cally |abel ed DNA nol ecules is shown in
FIG 14. On the inmage, the atomically | abel ed DNA

510! ectpb @SHRIIDI IBAE 1 AtheYeift tHeConplemertRS sRfEHRhOBuNBE £id
performed with the fdlownglnmrmmm I nstrunment :

acormed usmm@lqué%a ghear feaption|(BeBY-i on: 1-2

Musashi no 3-chone Aki shima Tokyo 196-8558 Japan Model :
| OOSSet tiai gg: Accelerating Voltage: 80 kV Direct

v g nithie sethiod ef claims boherdinths nWeectidespihs fycteie aadhpglBmoprad/or the

ISR Pt rand 489 A8 dleb HRSude labels.

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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5 Canera System and Software : AMI Canera System
Al i gnnment Procedures: Standard Ali gnnent protocol from

woawehmml used. Condensor aperture of 2 sel eRCBUS2005/024979

Qoj ective Aperture of 2 selecjged; Focus perforned

manual |y rather than with H V. Wbbl er. Final

Stigmation performed manually, with FFT (Fast Fourier
Transfornm of inmage shown on certain i mages captured

W-t h TAvmetkatert slagy 8t wharcivtcaoon Stre pdogeBampise was
prepared froma stock solution of 201 bp PCR
anplification product. 5 The sanple was approxi mately
BOng/The nethddaif elaial 7,DN1breiPﬁR>lemﬂé h;mifs latms apeﬂhfs@pmséd in the

%%@e%%% p&é}%fl%%ﬁ&’/md th gm?slﬁlﬂg%g?-]gi durmg ?ﬁﬂgﬁ‘&s ¥ rfJ tge nucleic acid
maerpad/ormabbmnﬂymem@lsmﬁsl are | abel ed). The substrate
was exposed to | ow pressure plasnma to induce
hydrophilicity as noted above. A 0.8 to 1.0 nL drop

Mas Aihaeethodnf thin 7,rartadnsMstE Hebific mls\é@esoo%hé&%&
pressure,

R FE ahha B SR TGt oD esomplalsios aioni e feroragion of

th!é madeid £36polPE BHRPHE @&ﬁbleﬁ%m’t&@'sﬁaﬂd’wem ifon, it isto
be appreciated various alterations, nodifications, and

i nprovenents will readily occur to those skilled in
1t5he ght mefHéa s éﬂytcﬁrcﬁﬁrhéj(ﬂ% \ﬂi% i ﬂl%%hél&?ﬁ%iﬁ?ggrmer and/or the
rovenents are intended e part

°8¥H§I?H@§@Fyestraa¢1@r c gff@ced 251 @W@Etdltq doenewiin priior t¢ the sepiof identification
1Bl ROARE Phheld 9 38 :I}Bigl%r a cﬁq{s %blﬂg]?%ent‘éwgpfgo %? st%ntlally

descri ptl on an raWI
regpeedifeonrihg sl;hg@ate,sle@mgm lﬁbelsﬁoﬁth@ hbded)iﬁucd:éetlé&‘smfﬁbteﬁgo the

?g‘g@raéequence of a nucleic acid polyner, conprising
ormng a conpl enentary strand of the nucleic acid
pol ymer and identifying a sequence of nucleotides in

he i,d_polyner and/or..in the conpl enmentary
1 A o MR B S%s ke o0 SRt 2
cdmpmd@e gaieratlhg @ pixticle ®ein, akp6kipathy Alleid fcidPyRér BMDr thd-
hod of , claim 1, wherein the conplenentar

APPSR BN B R Clef B Bbleaides e o

chidrauteistic timgdiue HRipariRki tdam@ol ymer and/or its
conpl enentary strand is fornmed by a nucleic acid
pol ynmerase enzyne. 5. The nethod of claim1l1l, wherein

18.he TRIMEBHEO i 15 WRFEn He duBRoMUES bEILE nﬁ‘cﬁ% g&%? ¥ Rer and/or
Is formed using pol ynerase chain reaction .
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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6. The nethod of claim1l, wherein the nucl eotides of
the nucleic acid polyner and/or the conpl enentary

warooanIer e nodified to i nclude | abels. 7. TherPem®Ub®AS/024979

of claim6, wherein the | abelg are specific for each
type of nucleotide. 8 The nethod of claim®6, wherein
&ﬁﬁdQQQﬁtédgpygﬁk§£eone or nore atons. 9. The nethod
of claim®6, wherein the | abels conprise three or fewer
atons. 10. The nethod of claim9, wherein the | abels

30n'pr'fh§$ne"i‘ho§i' F9afin E%Q)mere%h H}ﬁmgg&g gll‘qu‘lfer o Oén%i coplrl?lementary

wherein the atons Ve an aton ¢

gt ergatieed of 2 grbetmtest onhanl &Bhe Iﬂu@lelch@m padirhadndbr e ai m
| atons have an atom c nunber, al one or

(%nmﬂg%%%' ?hgﬁof | ess than or equal to 55.13. The
nethod of claim8, wherein the atons are hal ogen

Ato 14 Th thod . of .claim 7, wherein nucl eotide

Bhociipr Tition ot olii 25 Mieisinbe Be peid bGmARAYGr thesemglementary
sprahd/are affed tor subfieat<A Bphe Ay SraRymeldidd Mmé}%nd/or the

formation of he nucleic acid polynmer and/or the
85WE% g1strand 15. The method of claim 7,

wherein nucleotlde specific | abels are bonded to the

nucle tides of the nucleic acid polynmer and/or the
ZRonpl'8rsthed ¢f iy whereisrthe piclaie @co%prdfmcmdm thegpmplementary
sBehdCharD RfF 5% 1o aasrﬂlgétﬁ[e d Q‘f»lu‘f&ﬁﬁ%l} A éior?gL @R—:q Jo?the-mgl ¢ acid
net hod of any of clalns re n e nu el c 8
PebyIgrard/erriby @?mﬁlﬁ’?éené%ﬁﬁra@dent ary strand are affi xed t 0

a substrate and wherein prior to the step of
identification the nucl eotides of the nucleic acid

2fol yibe mathad of claims23c whpkiarthematsjc &id puiynaraad/or the complementary

LR R R R T S

‘substrate. 17. The net hod of claim1, wherein the step

f identifying a nce of nucl eofides conprises
2Z'ene?§? #ﬁ%‘@"%‘%?@f%?gﬁ?f@&ﬁ?e B bcﬁcffl;p AR 0P RE cofeplgmentary
stoaldyanestraightbned by fieid €lewpl ementary strand to the

particle beam and identifying the nucl eotides due to
characteristic changes to the particle beam 18. The
28t hohk mbthed of daih 77, Whasig i ARE16WCbaBTidedf1efiat Mnbing.
nucl eic acid polyner and/ or the conplenentary strand
are nodified to include |abels. 19. The nethod of

29| ai Thelmebd dlai9! Whddeih AR REEBNYrisbAGRr %!réqlgcl:u% ases,
nucl eoti des conPrlses detecting characteristic

phases ¢ combiatipnsthereaim 20, The nethod of claim 1 or 19
wherein the particle beamis a | epton beam

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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21. The nethod of claim 20, wherein the | epton beamis
an el ectron beam 22. The nmethod of claim1, wherein
wo b@eouebei ¢ aci d pol yner and/or the PCT/US2005/024979
conpl ementarystrand are affixgd to a substrate. 23.
The nmethod of claim 22, wherein the nucleic acid
RS dadiiRl. t he conpl enentary strand are affixed to
a substrate at one end of the nucleic acid pol yner
and/ or the conplenentary strand. 24. The nethod of

Bl al W $heIQF Blalhn § D& HAHSE] % ﬁu&%)it@%soagé yELg and/or the

conpl enentary strand are affixe su §?rate at

bot h ends of the nucleic acid polyner and/or the

onpl 25. The nmet hod of claim 23, .
fher aFARERNLC e IE waeRinAr SlFesdf b gprlrbeim i¢ changes in
abenrpinesraefication, sitflectidn, @nergabf dircedort. 0 @ substrate at a
plurality of locations along the |ength of the nucleic
acid polymer and/or the conplenentary strand. 26. The
et hdde ofethotl af cieidB3 1, wieresi the tHaggdaus HRipartRE tdaf Qly/dHBAges in a
Sangor the conplenmentary strand are substantially
E%F‘Pﬁﬁpbned prior to identifying the sequence. 27.

The nmet hod of claim 26, wherein the nucleic acid

ol yper and/or the conplenentary strand are_
35 tr ai[FE%P’S’il?Qﬂi O’E[ﬁ}alfl} 3 &henethe spatial pritan fset angdlinagnsisinalipattern, a
R dinWASIORI Patkddeof 4 il dih@MosAPkHES MOl ecul ar

conmbi ng. 29. The nethod of claim 27, wherein the fluid
conprises one or nore |liquids, gases, phases or a

36 0MOirRakEMBY bIGKROT, furdr co%??ﬁé%ﬁ&%&%&lg& %q%]ﬁé)%l%&ﬁaw strand and/or

wherein the nucleic acid p randro
thegrsleismeistnalynes to asibstate at t ached to a substrate and
strai ghtened by hybridization in the fluid flowto
ol i gonucl eoti des that are attached to the substrate.
32.1_ ﬂgng@om@ﬁﬁldm 36| whereih thevdtiectmient isthg ngtlei adild sequence-specific
MD@%Q%&fylng the nucleotides in the nucleic acid

ol'ymer and/or its conplenentary strand conprises
interpreting changes in the particle beamresulting

rom.4 nteractions with the nucl eotjdes to detect the
St B PEREEH R B s i raien dnippoit plsonis are
obgmmptlestielag.ary strand, whereby the sequence of the

nucl ei ¢ aci dpolyner is determ ned. 32. The nethod of
claim3 1, wherein the nucleotides are | abel ed. 33.

3% he TethaBoddf cimi36) wHere MR sBbsRatcNEIGRANIAS kﬂavitdg' Gttachment

garticle beam are changes i n absorbance, reflection,
POJRIP FaE 1 SFAUCRSSAOBYPRSicdi r ect i on. 34. The met hod of
claim 31, wherein the changes in the particle beamare

chanﬂss in a spatial pattern.
40. e 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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35. The nethod of claim 34, wherein the spati al
pattern is a one dinensional pattern, a two

walresensioanal pattern or a three dinmensional paP@EUS2005/024979

36. The nethod of claim1, fupther conprising

attaching the conplenentary strand and/or the nucleic

acid polyner to a substrate. 37. The nethod of claim

36, wherein the attachment is by nucleic acid
Fequeleamadpd@if Flatm Ad|vdodiest le38] 00Theleotiteh @ iddntitibdinreach scan.
37, wherein the nucleic acid sequence-specific

nol ecul es are oligonucl eotides. 39. The net hod of

. ai m B6thodhbdegdrminingeths shiptcatofa heclde adid adliymes) cb@prising

i . t_.poi.nts that ,
o SHEnARARTBN R BUR b Bt g R s bl ingre s voing abeled
witwmpdlentien tad/yr dsbryatbdnaiebtidpiripaoghhtys, b nucl ei ¢ acid

pol yner .are at hed to the substrate in a grid o

Dot § atmiD e b Sty and e g Horulep s i e nuceic acid

ilyasdraad/er iGAOPIplcaRataty GALD g Dpidlk béhm,42. The net hod

of claiml %ergi,g the step of identifying the )

sequétigEiyiie fheled gponysico 1/ aglsopaibpBiciabigesa when incorporated

i khermbleicacipoSan andér ifshe . . ] @ﬁ%g‘} i

t he conpl em%jnt ary strand ﬁg%éﬁigeﬁﬂtaﬁieﬁ%%???ﬁ%gg%ém .Bepamde
A8- met hod of claim42, wherein at |east 100

nucl eotides are identified in each scan. 44. A nethod

of determ ning the sequence of a nucleic acid polyner,

Ponprhe mstod 9%@@@5% infhgreintibe nusddieacdd padjmenpio DNzeor RNA.

and/or its conplenentary strand using | abel ed

ri bonucl eoti de and/ or deoxyri bonucl eoti de

46r i pAbs pietipe of claini4, wbereinfthé cnpleheitay stdndof delnmolkicded

pggﬂepgslﬁ@g ¥Monucl eotides in the nucleic acid

pol'ynmer ‘and/or i'ts conplenentary strand using a

particle beam wherein the | abel ed ribonucl eoti des

nd/ deoxyr i haonucl eoti d en iLpcorporated in the
A0 e S BORNED SBbSh S RO RSS! Ry
st ik sheiesizedlpl Rnueddidgbid pyp@hdeicargnddeam 45. The

nmet hod of claim44, wherein the nucleic acid pol yner

is DNA or RNA. 46. The nethod of claim 44, wherein the

480 NPITRATRBMAN Hf GHifR I whbroflIRe ek Rl R HerRAUBIRY cd
The method of cl aicm%ﬁ% o & eoftiplementary

D?N@',or RNA. 47, . |

St 1 Pathesizes ysineynekimesasg coain repdtioadReRement ary st r and

Is synthesized by a' iiucleic acid polynerase enzyne.

48. The nethod of clajm 44, wherein the nucleic acid

4Bol yhes methed of claimd4e wheseiakenebalsare 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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strand i s synthesized using pol ynerase chain reaction
(PCR). 49. The nethod of claim44, wherein the |abels
wae@edpmes fic for each type of nucl eotide. 50.PdmnEs2005/024979
met hod of claim49, wherein the | abels conprise one or
nmore atoms. 51. The nethod of claim 49, wherein the
| abel s conprise three or fewer atons. 52. The nethod
of claimb51, wherein the | abels conprise a single
Ft omThb Snethibief BRinh 60 vaiersid thi BcBR havdar #iic hli@bad 816% or in
have an c nunber, _al one or in aggregate, of
%ﬁgﬁngf? BB EWal RS et hod of clai m 50, wherein
theaumshmwzm atom ¢ nunber, alone or in
%ggre ate, of less than or equal to 55. 55. The nethod
mEed ofplaingd O vheesinihe Aloms et helaeeyaiamst ons.  56.
The nethod of claim49, wherein the | abels are
incor orated in the ribonucleotide and/or
Bsthed 106 eleing €2, thiersitodp Ikels greuseporsedipribwdbrinycloftide
I
%P?aﬁ%&&fé'%&“@‘%ﬁ%% ot i SRR RIRRL 3 polvper
%@@Cﬂﬁwempbb@m@W&H@Kbonded to the nucleotides of the
nucl ei ¢ acid polymer and/or the conpl enentary strand
after incorporation of the ribonucl eotide and/or
eox i bethed bEdaindés, Mﬂlbphﬂﬂpf@&hs%spbmﬁmlabéie amgdohdrdao the
Ay 43 e PO RSP At P oracin
dftie: ritmhedledide btirdebgoibbiietoddeiriphosphates into the nucleic acid polymer
gp ribo ucleotl es conprlses generating a particle
B Sﬁ%e§%% PSRy Eatlcl ei ¢ acid pol ymer and the
conpl enentary strand to the particle bean1 and
den ri bonucl eoti des and/
eoxb-th? é@ﬁ‘gg PE@?‘%AS WagEin; the 8?%?%1@?“@@(”& the labglsd gibanuclsotides
ahllBr kY isdnBclBRRAR contbrisdRnéBl a?ﬁcl&ﬁe%MsmE’ﬂ%rrﬁbﬁlc acid

t he stgﬁ@pf detecting the ribonucl eoti des and

PAbEE) PROBR CRMEERs Y S@@ﬁﬁ? fheepartiglerbeami ang 1den*ufymg the
r%ﬁlﬁ%bttﬁés' anlilof d&ﬁmﬁclgz&ld&ﬁ Gucif E:ﬁdr%tc%sﬁ@ amn{;&Q% thb %@rﬁcle

nmet hod of claim44 or erel part

bgamept on beam 61. The method of claim60, wherein the

| epton beamis an electron beam 62. The nethod of
claim44, wherein the nucleic acid polynmer and/or the
58onpTepmnthad 9f daimei¥d whereindhd stopeef dtetactfmgsthbsibm‘cleotlcag and/or

d?%@g?&ﬂ%%g??e% rc]:&%lﬁlls@ géectm %ﬁeg'fwtgps{lc ra&geg tg H’le psartlcRe beam

& F i bonucl eo
deoxyrlbonucleotldes of the nucleic acid polyner

nd/ 0 str.and aresybst ant
Porod e ief et e Py eI B pPRG R REn blepen Brark ne
| abel ed rlbonucleotldes and/ or deoxyri bonucl eoti des
?f fi %ﬁ met oé hfe claslrlillb6%E \Evgéreei'n 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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64. The nethod of claim62, wherein the nucleic acid
pol yner and/or the conplenentary strand are affixed to

w@2@abstoont e at one end of the nucleic acid poPgNEL2005/024979

and/or the conplenentary strapd. 65. The nethod of

claim 62, wherein the nucleic  acid polyner and/or the
%%?Eﬁllltﬁtﬂg E]érg#‘%? Eéﬁﬁpég u%gt?atea Eefagﬁ%qqeylon%ei OSEl%lb lgfée??cﬁrébonucleotldeo
mmhpManEnbanyksmmﬁaﬂn@6ﬁmhah¢sma&hod of cIa|n162,

wherein the nucleic acid polynmer and/or the

conpl enentary strand are affixed to a substrate at a

@l. ur alietnyetiofd dfetaih b Vehepdiohg nhidleic beA @blymef artdng tLGhRicnentary

aci r and/or the c emen trand 67.
$iud AROHHEE b Bl §ne GHLERTEIE SRCREeT gadar e

¢mﬁgwmmn@mgﬁ@ﬂ the conplenmentary strand are

substantially strai ghtened prior to identifying the

| abel ed ribonucl eoti des and/ or deoxyri bonucl eoti des .
@8 Titne niERoaest cBfm €2, Q’\Hﬁ}e@ﬁhe whatiehdld b@l?m@#ﬁd%r theBhiPlementary

%ner and/ or the conpl ementary strand

PR & HSpbstrals o bmhcmds gfghe mwéelmmdym@r ap{l/ar the

éﬁ%mdﬁ@ﬁ%%&mh&e fluid flow conprises nol ecul ar
mbi ng 0. The method of claim 68, wherein the fluid

conprises one or nore |iquids, gases, phases or a

gonbi 'Trﬁ@trﬂ ﬁ{e%dto@ @1%&19 82 v&w%m t Fﬁudﬁ& Qﬁgyglpmg%aglidmr &%’complementary

wherein 't nucl ei ¢ "acl ymer an
strempire afined toa sbaxtamhtarpmrdtty atleedionpalangsthb &mpthtod tiemacleic acid

?}[n?grg}?&/ﬁﬂﬁ? (g%plg¥%r%19'st%%ﬁ' oninafluid flowto

I'gonucleo are attached to the substrate.
72 The method of “clai m44, wherein the step of

identi fyi t lapeled ri onue l.eot. and/

Toowy PF BSHDE LGRS sibelnar BT Bt sl thecqmplementary

sprahd/are sutandiily strhigheoiprereiteiifhhs te tbeRAPIbbEREotides and/or
nterprel g changes in the particle beamresulting
P@ﬁ&?ﬂl 48 ons with the nucleotides to detect the

| abel ed ri bonucl eoti de and/ or deoxyri bonucl eoti de

6ghos hates in the nucleic acid polymer and/or its
onp | T8eEsthed pf ity Whegs Byt gucigieadidprlsnerandfr thgsomplementary

S&wgégrﬁﬁt&e@g&ﬂﬁﬁrﬂd@ determ ned. 74. The nethod of
claim 73, wherein the changes in the particle beam are

changes in absorbance, reflection, deflection, energy

6@r dirg,e ﬁltejthgﬂ of d2im 6-@1@1 @gﬁéjﬂlﬂﬁ ﬂ‘c‘)l)vaéoﬁﬁgglges n%e%{lﬁﬁ g ntllnﬁg

changes in the part am are changes in spa
pattern.

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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76. The nethod of claim 75, wherein the spatia
pattern is a one dinensional pattern, a two

walresensioanal pattern or a three dinmensional paP@EUS2005/024979

77. The nethod of claim 44, j§gjher conpri si ng

attaching the conplenentary strand and/or the nucleic

%h&j S\ﬁngé%ﬁgsﬁ {n{eltg@'efgrfgts cg%%?é ?r{ tﬁlé ga?ﬁ%le %@E&g‘lil ‘gc?‘élﬁlgg ll“rgrfn il%;!er%!ctggns with
the quenicidessip eleict the ibdletriboasclectBle aldier dkjrtidnodletidapmsphates in

8 erein the nucleic acid sequence- cific
o nastl bt Bt Mg Fute bl SEMATHEBRE o feaypnes ofhe
Wickicacid polharietisetiedsubstrate is derivatized to

provi de attachnent points that are sequence

non-specific. 81. The method of claim 77, wherein the
BOND I RE R Slafrdnel vHRELIOME cRibgtd M th\RrtiChRinCar@@alges in

ol ynmer are attached to the substrate in a grid

SRpacR, redestionistlprlionsaesy cEliECHPF 7, wherein t he
substrate conprises a carbon thin film 83. The nethod

of claim44, wherein the step of identifying Iabeled
i borlhe msghod 9 claive 7 rvhgesiiie chragercin dhstiadislphrewpinathanges in a
@9ﬂ955&%§ performng a plurality of scans of the

nucl ei ¢ aci dpol yner and/or the conplenentary strand

using the particle beam 84. The nethod of claim 73,

er gi I . I ' i.dentified.in

Ao T8 oo R Shind 22 ML PRG SRE BRI TR dnEidrBipagpr. o
twonliroé¢nsionalgeitetn poh yhrer dimemsiguel mitag. synt hesi zi ng a

conpl enentary strand of the nucleic acid pol yner using

| abel ed ri bonucl eotide triphosphates or
e ox he bethod o€ okintd 4, tfuriphaspiiding Sitadiidgadtitibdigplééntary strand

nycl ei c acid .polynmer and/or the conpl enentary strand
alngg”éﬁ’élﬁlﬂ%l:cgfl PoRIsE AP st rainghteni ng %/he

nucl eic acid polymer and/or the conplenmentary strand

si ng, nol ecyl ar, copbi ng, .generating . a particle bea
Xpo g‘lhﬁ &eﬁwa oﬁ&leiné% Wélgll'ealgtg% p%léqlerg ﬁ%bytprm_glelc acid sequeTce-speciﬁc
wmeleRlenentary strand to the particle beamthrough the

conpl ementary strand on the substrate, and
interpreting changes in the particle beamresulting

7}‘9[ OMTHALRIAE bF OB ¥4, We&ﬂﬁh@%&@ééic@%ﬂu&ﬁegggn 'md1B&iles are

abel ed nucleotides in the conplenentary st
oligesleptiddse sequence of a nucleic acid polymer is
determ ned. 86. A nethod of detecting the presence
and/or identifying a nucleic acid polynmer, conprising
80.  The method of claim 77, wherein the substrate is derivatized to provide attachment

points that are sequence non-specific.

IS

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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form ng a conplenentary strand of the nucleic acid

pol ynmer, attaching the conplenentary strand and,
woepsorabd y, the nucleic acid polyner to a sSubBCT/EHSB)5/024979

and detecting the presence and/or identifying the

conpl ementary strand and/ or the nucleic acid pol yner

Uil BR PR ARy k4 SRy B moasur i g

the length or determ ning at Ieast a partial sequence

co e ta trand and uclelc acid
B y i T B R B it 4 Ao S ePHBEA i cach san.
nucl ei c aC|d polyner and/or its conplenmentary strand
89. .The nethod of claim86, wherein the
%CPX e@eii %%?%@?g RaTWFcerE? Reier aridRelimys compriings

for ”%?ntﬁé/sm'itng’wwngjl&nél@drﬂ stRAH WFRE A8 EciB B4 FBlym2Pusidd Bheled
met hoad of cl aim wherein the nucl ei ¢ aci

rhonysleqtide Hgﬁﬁyﬁ@SP%eﬁmﬂmﬂ@@&§ﬁé%ﬁw pbaies| yner ase, a
RNA- dependeant midh: Rod Iy and/Rf th@ c&h@gﬁ@mgg%d 1.Jt3|"%,|§ubs’urates

pol ymerase. 91. The nethod of clai
nucl évlstandallbtiraightening dheaivgleioici! pebimerend/anti¢ ovmpliveentary strand

SRR RORN: 86nibag f and are nodified to include |abels.
IgglThe netgoé %f claim91l, wherein the | abels are

spemgﬁmf@fatﬁlgramaiﬁlﬁheylpe of nucl eotide. 93. The net hod

of ¢ le%%‘f%%hﬁj%feqce%m oﬁ gﬁnér%gc? h% §§m%r Igr?tgryone CP toltgeg%alrtécle beam

ato claim
tmmnghﬂ@emanmaﬁmwsﬁembnﬂhﬁmﬂm&m@ﬁndThe met hod of clalm
94 erei.n the e, atom 96,
oot nJREER R bR RebalETher R foRl B nEip B aons i e
nuulntmres tcedepseethe labled agcgécﬁlgéﬁ i@ theddon@le@aintiky §thad vaRreb? the
he nmethod of cla mhere|$ the atons are have an
e

Sg‘i‘@ﬁ?eo AdmEEte ac’éIIPSP})éners depritgegat e, of less than or
equal to 55. .98, _The nethod of claim 93, wherein_the
ons arﬁﬂgjéggen %gons 99. The nethod of cIa|n192

er & Rt pletsicetiag '6p Brepanpe andiys ddeatifying 4 piclsiqasidpalmern
(ﬁﬂgnﬂgglelc acid polynmer and/or the conpl enentary

stran durlng formati on of the nucleic acid polymer
and/ §rminge onmiesRERy grapd of the puclei agd pallimeret hod of

-Cl ai @R Bing WEIoRpleniiteQahd ?ncfS Qﬁ?dnfafl)f ARGl c?%{%o yxymer to a

bonded to the nucleoti'des o he nucl el ¢ aci
saséiptsrandhe conpl ementary strand after fornatlon of

detecting the presence and/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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the nucleic acid polynmer and/or the conpl enentary
strand. 101. The nethod of claim 86, wherein the step

w@boodet®ei i ng the presence and/or identifying BPET/UR®05/024979

conpl enentary strand and/or the nucleic acid pol yner
u3|ng a particle bean1conpr|ses generating a particle
N nu al ynmer and/ or the
H}l erren%}l“yagﬂs Cfrggcna ' po %eéasﬁg?ﬁyglcel’ e beam and

detectlng t he nucleotldes of the conpl enmentary strand
nmer, due .to characteristic

i e i 8B e S A5y TG g & -

d@&ndememl polstnieass megtdegeﬂemfm@ Bolhhetasd 6r ZRNA-dependent RNA

ﬁﬁw%ner and/or the conplenentary strand are nodified
A2¥°ude | abel s. 103. The nethod of clai m 101 or

102, wherein the step of detecting the nucleotides

conpri ses detectln% characteristic changes to th
Par t iTdeansphod il cloga 56, e the saclentides of the wrlaiy aq@:eolymer and/or

fﬁ@@&rﬁﬁl@m&dﬁ Re%ld £¢ RoligRMd ifcldie 1%'150'“ beam 105. The
nmet hod. of claim 104, wherein the |epton beamis an
el ectron beam 106. The nethod of claim 86, wherein
e I
ésétjr a%@ a;n%é&gg)gggglggl %fengftﬂrgga% t'ﬁ%ﬁs %p(?ﬁcp{'o‘f‘ g?c{ﬂtt%eyof nucleotide.
detecting the sequence. 107. The nethod of cl ai m 106,
er r and/
ol sl 1, e K35 BB 50* P e oo
108 The nethod of cIa|n1107 mhereln the fluid flow

| ecul 9. The nethod of cl
o7, R BRI oF RbrF PR FEES o Pk e,

gases phases or a conbination thereof. 110. The

of cl.aml ere e nucleic,acid polyner
Gl ae fistiou S e an s RS S sPEoE e Sibr o
substrate and strai ghtened by hybridization in a fluid___ __

flow to oli onucleotldes that are attached to t he

9sﬁu bs g fethod 93 claimy 83, bireiethe foms s ag@ Loy apabes, glpre or in
gmgﬁfggﬁﬁ*ﬂﬁyggg the nucleotides in the nucleic

aC| pol ymer and/or its conplenentary strand conprises

interpreting changes in the particlebeamresulting

d7r OMinB hR{HREA bE QIQﬁ‘n ¥, %enteﬂle(h@&%lln? Qlte'hQ%SarI Qorg%tn%ﬁltoext Bne or in

nucl eotides in the nuclelc acid polynmer and/or 1t$

ageiepitent esathgn ot qqupldo Sdher eby the presence, |ength

and/ or sequence of the nucleic acid polyner is

determ ned. 112. The nethod of claim 111, wherein the

RBucl dbe indthod af daina®ik whdreinthQatorih ere imetopadatahs.cl ai m 111,

wherein the changes in the particle beam are changes

i n absorbance, reflection, deflection, energy or

99'1 r edhé owethod bclaikthe2, matemchuokotideapeniflclhbel e ﬁlﬁiofpotdw in the

nblg {cgfﬁ poﬂlmer and/or tﬁelz gc!rrleplebn%% rfa srtreang ngri]rggef%rr}la{]ao% o? Hle nuglew 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 polymer and/or the complementary strand after formation of

the nucleic acid polymer and/or the complementary strand.



10

15

20

25

30

115. The nethod of claim 114, wherein the spatia
pattern is a one dinensional pattern, a two
waleovensioonal pattern or a three dinensional paPCEUS2005/024979
116. The nethod of claim 86, Jfurther conprising
affixing the conplenentary strand and optionally the

ﬁ#c h% n&%&g ot V\}n H'RE. \%/l%ﬁe 1E Sf' éo? ae%ectl rd alelprgencg%%%r identifying

erern nuclerc acl
d:ﬂtbe mmnbémmrmy arapdand/alrwe aucﬂemﬁcﬁai Iacﬁgzlmbwsmgal lﬁrtmlealmadx compnses

gnce- spec fic nol ec e met hod, of
SRR EoRRAE boaS e BE SR aRid el SRt thf poripi@nDiary
mh@mheﬁarﬁcﬂe b&ini, gaddateiagp Itk(é&ﬁlcleddc&s ofﬁh@ coreplB@ehtad strand and/or
nucl ei ¢ aci d uence-specific

ere
A S e RSl Gene i, Sedienct, spect 1o
nucl ei ¢ aci d sequence- speC|f|c nmol ecul es. 120. The
net hod of cIa|n1117 rein the nucleic acid
W2 ehhe anetipd of plaim ). &@Ellegstll%lwécl%vpfi%@é dherclgicsagiskolsapes and/or
b AR IEmENsS seindldhembsiGtLiGn@tdedagauence- speci fi c
mol ecul es. 121. The nmethod of claim 117, wherein the
nucl ei ¢ aci d sequence-specific nmolecul es are affixed
foB. @ THUBRHIAE Rl 20 PhU0R defeif ThelsREAE BN nB i WcleBifdes
Iengt of the nuclelc acid sequencespeciftic
qeplpsises| detoctimprharpplerististchangesto th¢ partisld Bsbm. wher ei n t he
conpl ementary strand and optionally the nucleic acid
pol ymer are attached to the substrate in a grid
I®et t dihm mell@8 of Thin BEohidd, whereih #hemattRlk, beninds e iaptantbeam.
substrate conprises a carbon thin film 124. The
nmet hod of claim 86, further conprising quantifying the
Hdourithe afetoi ef clonpl @hehtrinthslepan Heanid/aaklectien baaal. ei C
acid polyner. 125. A device conprising a substrate
that is substantially transparent to a particle beam
@ad e hetlod a€ tldinp 84, yWiefeilthe didlgc 8did Sly@8r ddor ffeaempRinentary
‘t he substrat, 126, The pethod of clains 125, mhereln
R apdsiaatallyistaighisasarior i Jejroiradie seaEne. 1o an
el ectron beam 127. The device of claim 125, wherein
t he substrate conprises a carbon thin film 128. The

19dvi die grethe af Aainp 06, phipreindhe rusipin acid nefyracrengpothe t hat
doﬁlpféﬂ%ia?}n&ﬂaﬁél !1r¥ s{rélgﬁ&%rb?%lé B particle beam 129.

hé devi ce of claim125, wherein the substrate is | ess
than 5 nmthick. 130. The device of claim 129, wherein

1t0$e SI‘HP ﬁkj@g%f {:NE ind ﬁ??swhﬂ‘@ﬂ the fIY I'flmzv“cgm %gél* mo, e%ﬁlagg\%ﬁﬁg.

claim erelnt strate 1s less
nm t hi ck.

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
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132. The device of claim 131, wherein the substrate is
less than 1.1 nmthick. 133. The device of clai m 125,

wob@s®e19203 he nucl ei ¢ aci d pol ymer bi ndi ng sit eBCHUS20051024979

a grid pattern. 134. The devige of claim 125, wherein
the nucleic acid pol yner blnd"ng sites are

T
%@%g%hﬁt?ﬁ&% gée&aecﬁlélzég%he {:lllig P?cﬁé@ﬁlﬁd to det%ctathe nuc?’qotlﬁe in the nucleic

Pichehingersint/es itaroaphdnaony ﬁfaeatWIMy 1Hﬂ'%1ﬁrese'fdfw ledgohl aa&/ondequence
he nucl eic acid pol ymer binding

&% %%Ké%akﬁwqﬁ%@adsﬁ%gm§e cific. 137. The device of

cIa|n1125 further conpr|S|ng one or nore nucleic acid

'y rs ffixed, t nucl ei c _aci d po] ynmer binding
@?t 2 el e B 01 £ SPaR R GRS Brlbarh ©he ong

nnre nuclelc acid polyners are nodi fied to include

b—beH%# 139. thod for a .devi ce conpri sing

Bt ai H&t@d i At le VRS th%@@ﬂ@%ﬂtnameupam%@ beam are changes in
dokABERE EMctibR) dBIRAbL,Ihk@y BE@Mctignd form ng nucleic
acid polyner blndlng sites on a surface of the
substrate. 140. The nethod of clains 139, wherein the
BUbs @R iod oFUREE BN LAbicdh the ! i
beam 141 . The net hod oP cIa?%?%%éﬁﬁ%ﬁéggggmghg%C%%%m“na
PetidpHtesi t es are formed at predeternined positions on
the surface of the substrate. 142. The method of claim
139, wherein the substrate conprises a carbon thin
1151 mThe agthotloéclaimt hiddwhéreinl the spatidPattdroistaer dinempionalipagern, a

t strate.a ort that is
sukc)lgf [&galHgﬁél{]r%lén%sﬁﬁfr%n?nsfonal}ag[glﬁ| cle beam 144. The
nmet hod of claim 139, wherein the substrate is |ess
t.han nm,t hi nmet hod .claim 139, where
Re " T Bttt sf fain €8 r R o affio e o gormnienay e and
apfiowdllgtitia iudRic askigioBinter th@subugé.r ate is less than 1.5

nmthick. 147. The nmethod of claim 1395 wherein the
substrate is less than 1.1 nmthick. 148. The net hod

19f. ciTat Mehd of ViR Blichwhétein iRk R 151) f@érﬁﬁ@ﬁr fak ndi ng
sites are formed in a grid pattern. he nmet hod of

cemalemery stighd e ?ﬁlXF%BY Weféﬂfl%?%d %?@PWCEﬁP%ﬁ#Erm@PWSn g
S|tes are sequence specific:- 150. The nmethod of claim

wherein the seguence specific nucleic acid
16§| y AB¢ msthad pf@alm 117, wherein the nucleic acid sequence-specific molecules are

oligonucleotides.

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.



sites are oligonucleotides. 151. The nethod of claim

139, wherein the nucleic acid polyner binding sites
wae®@enovoxsequence specific. 152. The net hod of PCI/ab2905/024979

139, further conprising affixjsng one or nore nucleic

acid polyners to the nucleic acid pol ynmer binding

sites. 153. The nmethod of claim 152, wherein the one

or nore nucleic acid polyners are nodified to include

128bel e niBibd dhckirs { Linvdiesinghe conerdatiag ktrindang bps@nitethe

of , .determ ne th equence of and/or.identify a

gl cez}c%:de%t‘a?}{ 4 861 agemélre;g lf%%ﬁﬁ‘#qséftﬁ § 2 gBEe chanber: a

particl e beam generator associated with the chanber; a

npl.e conpr. si | abel ed, conpl ementary strand of_ a
s el die Mg FoRgm, MRRE PHE S prists gqgen thin im.
positioned in the chanber, is exposed to a particle

ﬁgaanenerate by the particl e beam generator
sul P fgthad o4 plaim 8 fiuther epmmsisingeupntithas Bigrepmognteoffeeam
BRPHIdiBt 6O BRNSIARY mi it pddifera det ect or
constructed and arranged to collect particle beam
species after the interaction.155. The system of claim
10 1254, AidlebmpRiy i sing a data anal ysis nodul e
operative to receive and analyze signals fromthe
det e@sabstrategimt isphbstajigteansparentse apases bedwsraein t he
dat a Y LS . ' signal s
ol B A o e R Bh T W BIRRE * 2 oy
or direction. 157. The system of claim 155, wherein
e | ¥sii e . perative nal yze
108t ¢ 2L PeBRE LY S To8 s 0 S8 S ST R pmanigo
15 eldsBon Hdam.syst em of clai m 155, further conprising a
user interface operative to control a,display of
i nformati on recei ved and/ or generated by the data
1anal Tht devimdificRim 128) whifet thy sibemate tortpratda dbbon tWAGTIAL N
the particle beam generator is an el ectron beam
generator. 160. The system of claim 154, further
128NPIrhé idiicedtREA DS ‘ﬁ;rﬂ‘i@ﬂé«dngorﬁ laGOFbr tRat GAdubRARIaBy LB parent
system based on nucleic acid polymen data _ - - - {61
20 toaparlole PeAM-desi gned to detect the presence of,
determ ne the sequence of and/or identify a nucleic

acid pol ymer, conprising:
129.  The dévice of claim 125, wherein the substrate is less than 5 nm thick.

130. The device of claim 129, wherein the substrate is less than 2 nm thick.
25 '
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.

30 133. The device of claim 125, wherein the nucleic acid pélymer 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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a sanple chanber; a particle beam generator associ ated
Wi th the chanber; a detector constructed and arranged

wo eooeold9ext particl e beam speci es after interaPCT/082005/024979

between the particle bean1angﬁ§_sanple conprising the

nucl ei c acid polynmer and/or a conplenentary strand of

t he_.nucleic acid polyner; a data anal ysis nodul e

Wedfigned to anal yze signals related to the particle

beam species to determne information related to the
cleic acid l.yner; and f eedback dul e designed . .

ko 311@51@319%0&3%%5&?&1 whareja s o Bimes o ¢ Bycbils feohpolyBer binding

siReagvibemcRbti®kai m 161, wherein the sanple conprises

a | abel ed conpl enentary strand of a nucleic acid

pol ynmer. 163. The system of claim 161, wherein the

{gpedba e PRUb BaitnS128 SFIE thelnBeIER|ab BBl BRENE SR are not

based on a base-base di stance of the nucleic acid

pavgpeespecifisgd. The system of claim 161, wherein the

feedback nodule is designed to calibrate the system

based on known geonetries of the nucleic acid polyner.

1365. Themetihoef dam 124 futtharcomprisngenstar oloee iskeia acid polymers

' I si iy ing data related to a

%ﬂ%%g?gﬁgﬁFgﬁggﬁvﬁébgggﬁgﬂggﬁ%%rating the instrunment

based on the data. 166. The met hod of clai m 165,

erei,n the data is.relateqd to a base-base di stance of .
e e kG Sim 37y it a0 Sr705 SunR SaH reb it armodified
tbGicludshigietsl N t he cal i brating conprises calibrating the
i nstrunent based on known geonetries of the nucleic
acid polynmer. 168. A system for detecting, sequencing
890/ ot miethen firfnyikivg aalenide bansiisagi d pol yner based on
partigle_bean1species detect?d by a detector, the
par t iOPfAnIBERHbSFEe thatis pubstantially drapsngrant to_a Regtislicherm. &1 a
sanplemARIRIdici 9 FoltHE il EnAGi HoP P IBE oA L®Etrdtl. S  _
conpl enmentary strand to a particle beam the system
conprising: a data anal ysis nodul e operative to
148C €ITHE nRR AV BAREEL138] Wiadis e sARiSs Q.%Ft%ﬁt%a@lg ’trahg})greﬁ% an
or nore signals representing the particle beam
destron beam.and to det ect, sequence and/or identify the
nucl eic acid polymer and/or its conplenmentary strand

conprised in the sanple based at least in part on the
HaceiThehethod obelaimpt 3, whemilthe bindiog sifes eresfpsasimt pfedetbraiimad

AR g 2o e anafor 1T

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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170. The system of claim 168, wherein the particle
beam speci es has one or nore of the foll ow ng
wEe@petdes: absorbance, reflection, deflecti oPCT/E8®0H§24979

and direction, and wherein thg data analysis nodule is
operative to analyze the one or nore signals to

erfl I . Of ne. or e.properties. 171.
A R AT T Tt e
nodul e i s operative to access adata resource

FEE o R A g 12 BT Sl 2GR g o i

of entries, each entry specifying information about a

spectiv ucl ei c_ aci ol ymer sequence. 172. The
ﬁ‘@st e SRemai iy 1,?9300%@%&1 e fﬂf?é@l%%&@p%lwa@y@v@n%@a pig formed
ins PpPeaddrhve to partially sequence the nucleic acid
pol ymer based on the one or nore signals, the data
anal ysi s nodul e further conprising: a conbining nodul e
148, COmB infethddRe cRR 13 R hEREUEDERINM Sdl SAAUEMARSL sites are
informatign of the nucleic acid pol yner  accessed from
EaEngirscifesour ce. 173. The system of claim 171
wherein the data anal ysis nodul e conprises a
conpari son nodul e operative to conpare information
138t erTie methofl o6 elrinh &% mhewsin thosequagice srekEicnocltiecid polymer binding
i ' ified by one or nore of the data
%@%%ﬁtu‘gﬁgﬁégggs. 174. The system of claim 173,
wherein the conparison nodule is operative to use

tt 4o echni ques to co re the. .
BT o arie R S0 BB P ! R e et s e ot
seqpencadpecifiat i on specified by the one or nore the data
structure entries. 175. The system of claim 168,
wherein the data anal ysis nodul e conprises a user
1501 eMhagethod dfitigint m%ﬁﬁtm%ﬂiérﬂpﬁﬁiﬁ% BEEin@Ibnk BERAbNGflcleic acid
aBg/or ener at ed, t he d%ta anal ysis nodule to a
Pggpers 19 s nugisicac W SmAmESiteR 168, wherein the
particle beamto which the sanple is exposed is
gener t ed bé a particle beam generator, and wherein
IPhe dag Rethad Pl gghaca e semors muslsiprgiskooboerss are
nHefRld UR1de 1apERQVi de one or nore feedback signals to
the particle beam generator and/or the detector, the
one or nore feedback signals specifying informtion

t ennd : ' e
g e iR et R ey B0 e TRyt
idangfyra ueBic agivkpodinert dompoisiogor nore f eedback signal s
conpy, | ' tion for calibrating the particle beam
gene%gt #%a%gggBThe system of claim 177, wherein the
f eedbpakiclabehm geriemtaypesoaipied avithohegdhambeat e t heone or
gggﬁ%%afrrlaepe% éaog]?pr{sslh %ﬂ!ﬂ)gelle {acgr%g@?‘it&ntlareyas%%n& (I;]f ap naurcfeicoaréic}( prz)(l)}yr\glqer,
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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pol ynmer. 179. The system of claim 178, wherein the

data anal ysis nodul e conpri ses a storage nodul e
wWop@raldoe to store information recei ved and/ oPCT/US2005/024979

generated by the data anal ysis, nodule on a

conputer-readable medi um 180. The systen1of cl ai m

3 ecmg%gs%ng of «51813 Higel gtlhgr?%g rlgigg a %ﬁ% aa rl jSéS IH;{%Lﬁ Wegatwe to

recipd adendlgresishisdnd) thadetegop! ur aI ity of particle beam
species results fromexposure of the plurality of

nol ecul es of the sanple to the particle beam the one
6. Norhe sﬁslt@m af dainePsewRatinnig daeanalybit alodtly iOdpeRAvE tocdnglyze

bea er ei ta analysis nodule is

DR BIAERG (4 e a Do S ion R e e OB
polyner based on a first of the plurality of nolecul es
t o .produce a flrstspartlal sequence, and to partially
ISdquéhe evsiamoflimel e, whsrein ths diremalysis medwla ixcnstagivnte anplyze
pafermRbdoAitibh ¥ckiiqEebesailyes meQigRsieduce a second parti al
sequence, and wherein the data processi ng nodul e
further conprises a conbining nodule to conbine the

1f5'8r StTha @ﬁte%?&fﬂ?ﬂmpl%gt ﬁjﬂher%gﬂx#iﬁﬂﬁffé user 1n%e§ﬂace ngrab ve to control a

onput er-readabl e nedi um h g conputer-re
dﬁpé%@ﬁ énfonmation rechizedand/ar igenerated hyrtbe dats amalicsis rmdslld hat ,
as a result of being executed by a computer, contro
the conputer to performa process of detecting,
I$8qudhe systenaoittlam 1i5demherdiy thegarictubehmigenaatbdis po klsomon beam
E%ﬁgggron particle beam speci es detected by a detector,

e particle beam species resulting from exposure of a
sanpl e conprising a nucleic acid polynmer and/or its

A PR %, 08 B PR s AR o

thl@iy@l(etndfasedtdii&luﬁlﬁﬁ a0id pobmesr ghtgnal s representing t _h,e_
particle beam speci es; and detecting, : sequenci ng
and/or identifying the nucleic acid polynmer and/or its

16017 lASsBBIn A YigddI6 Bled AEY SRR It MeteRRing am%&ueﬁa@é&dan%r

Iea%} |n part on the recejved one or nore signals.
iqens At RS ecBISBEedi um of cl ai m 181,

wher glsﬁm;lggham} eic acid polymer and/or its
conpl enent ary strand is |abel ed, 183. The

conpapPafick dgara Bensratrdisiogiatstl withghewhegiber; wher ei n t he
par t i gl HeRMRRREE 'aﬁ‘&arlﬁﬂl? cﬁ&ecoﬁéct EB{ gl % Eb%cfeg L\ilte?\‘\ﬁt 1%ct10n
e e

propertles absor bance ectio
baiveperithe petticlebeana aed avroré eonpirising dlte noiklebertcilool ymggsr and/or a

SEPRRRRLALANY Ghe hARR! IdHidigmgoPr i ses anal yzing the

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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one or nore signals to determ ne val ues of the one or
nore properties. 184. The conputer-readabl e medi um of
w@eb@on19h8d wherein the act of detecting, sequePCI/DFR005/024979
and/or identifying conprises _accessing a data resource
conpr|3|ng nuclelc acid polyner information, the data
rce |n dat tructure having a plurality
ng P arsgfdeosn h trayl}%s i ?Lﬂffehc i iWﬁit i on about a
respective nuclelc aC|d pol ymer sequence 185. The
np er-read m of clajm 184, wherein the act
i Ulﬁhsmtﬂa 0 @ea’u SRR P eRed S PG e FalBgte the
fyateinl lAbddybnI@EwE BEdMGridshe tHuBERicGcRAGE e ymer based on
the one or nore signals-to produce a partial sequence;
accessing partial sequence information of the nucleic
B3l A DRlhBR forlchiiRitlnae Mgl B89 SRien@PSinGRIR i ng the
partial sequence with the partial sequence
i nf orffditifiRmdataugted tha nedripatidpolymadard e nedi um of
cl ai malfaingWhehghindib6as8f bn B 498t €Ct1 NG, sequenci ng
and/ or identifying conprises conparing information
deternmined fromthe one or nore signals to the
6@f Or"['ﬁ@ﬁﬂe%d%?@lﬁﬁﬁ i@ngﬂ reftHie &’ ta H‘Pél?te&’ fo F08 -g%% 'disFhce of the
conput er - r eadda Iermlumo cloal m i \
lmhbﬁemmhﬁﬁmm%wt of detecting, sequencing and/or
i dentifying conprises using pattern recognition
techni ques to conpare the information determ ned from
e dihe nethodof daimi titaivbertm thehmhbmﬁmg caatiprises GfivGtihg B
e one or, nore entr.ie The, ¢ ut er-readabl e
bGP PR B RO e Wl e B EDE e her
conprlses di spl aying information determ ned fromthe
nore, recei.ved signals er. 189, The

BBl e SRl st o8 vl i B e gl pogymer based

ddattictd RaR&pevids @eté&bd?by b B&ed@ Dk ParkiSle DAL §;S°e@1eb fesulting from - — - - -

e%enerated by a particle beam generator wherein
ﬂfé*utﬁ%“@égeplp GPPPIETREFHHC %@lcgpme.anyowwawmmn@ry strand to a

tafREDRENK, &bgﬁﬁ%ﬁahﬂnkﬁ. particle beam generator and/or
the detector, the one or nore feedback signal s

s pec POgiRABRLY i BPFHiE PRSFRLNE foieprivoehe & moeszsignalsrirquathe detector, the
ohE ant)lt%%lg‘ﬂgﬁ réﬁesgiﬁfn% 7 &%lesberaag%ﬁf@sdarfd 8%1%gesegT1ence and/or

det ect or. .. The Conputer-re |un1of
idgtfy ik ewé@lﬁ aCtlmolmer apfl/op ity wanetlergentasyrpirand esmprisediinlthe gample

g&ﬁaPk é?{&ﬁﬂ@ﬁﬁévéhgg%kgmhngé]gonprlse i nf or mati on

or ca |br ting the par generator. 191. The
conput er -readabl e nedi um of cl ai m 190, wherein the

1860C§%e S}IS%H m[airﬁ 9 EP rvsllhse?esm 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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generating the one or nore feedback signals based at
| east in part on known geonetries of the nucleic acid

wW@eioger903 192. The conput er - readabl e medi um of PCT/a82005/024979

181, wherein the process further conprises storing
i nformati on determ ne fromthe one or nore signals on

conput er - r eadabl e .nedi u 193, The ¢ ut er - r eadabpl e
B TR sreoutear e Hude TR P mit Ry BB ropieGe mtudine o dta
fhuatued hiavihgQf pluralite ol bitdespéach es@EpetihahEinCormetich LY REpective
anf/.or C&t}(ﬂ conpl enentary strand, and a plurality of
Hart T1ePBEAhEPELT%s result from exposure of the
plurality of nolecules of the sanple to the particle
beam_. the one _ or nore signals representing the )
ur dibesysten obelpiny ElewBarsimis sty aalysig ﬁH’dW%éSr erptivp o partially
RGhendé thd QLSIEE il poSRIHEREA HDth8 BAY & mbrd §13hd1f YhdWhta analysis module
conprises: partially sequencing the nuclelic acid
WehsreerHEBEd on a first of the plurality of nolecul es
to pr. : ' .l : N I .
sequansemifl DO BRI e R fencR i Bleleing information of
th¢ mpdheic pid pellyineracedssedtan thedstatresoprcoduce a second
partial sequence; conbining the first and second
partial sequences. SEQUENCE LI STI NG <110> ZS GENETI CS,
178C. The 3gstensySAEHMS TANBhdvE KIGRBtaCRaANAIMEIBIGOMNhIGEER Eomparison

VERS AND_RELATED ONENTS <130> .
O B D P R gl T e sprssienyl fo the
infbffiztich spdcificd Raine ot horewdtisd dam sBudureZhfies1l <211> 20
<212> DNA <213> Artificial <220> <223> oligonucl eoti de
primer <400> 1 ttatcaattc acgaaactgc 20
174.  The system of claim 173, wherein the comparison module is operative to use pattern

recognition techniques to compare the information determined from the one or more signals

to the information specified by the one or more the data structure entries.

175.  The system of claim 168, wherein the data analysis module comprises a user interface
module to display information received and/or generated by the data analysis module to a

user.

176. The éystem of claim 168, wherein the particle beam to which the sample is exposed is
generated by a particle beam generator, and

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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<210> 2 <211> 20 <212> DNA <213> Artificial <220>
<223> ol i gonucl eotide priner <400> 2 aatgcacctt

waet@avamdiac 20 <210> 3 <211> 200 <212> DNA <21BCT/US2005/024979

Unknown <220> <223> PCR anplifj cation product <400> 3
ttatcaattc acgaaactgc atggggattg gctagatatg catctatttg

P RRAZR, il AN R 1o 0h L MR QBRI g tre nuctcio acid

pdmoticaaaa agttttatca tgtgtattta aagctttaca agaaaat ggt
180 gtattattag aaggtgcatt 200SEQUENCE LI STI NG <110> ZS
GENETI CS, I NC. <120> SYSTEMS AND METHODS OF ANALYZI NG

NUCL BIHE shétbd oP&@wﬁ%@g?FgﬁTﬁﬂg@?@?%@ggﬁ% 3 storage
Z0108. 70000\WO00 < > < > -
%ngol%eraggﬁ GRS dRfRTRatioy éepgllv%cﬁargi genergfed by tho dats 3%3’515 module

orlal oo readable medium.

180.  The system of claim 168, 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 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 partial ssquence, 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 comprises a combining module to

combine the first and second partial sequences. —

181. A computer-readable medium having computer-readable signals stored thereon that
define instructions that, as a result of being executed by a computer, control the computer to
perform a process of detecting, sequencing and/or identifying a nucleic acid polymer based
on particle beam species detected by a detector, the particle beam species resulting from
exposure of a sample conii)riéing a nucleic acid polymer and/or its 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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W2WeAPIBNA -- <213> Artificial <220> <223> PCT/US2005/024979
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23>.PCR amplification product. 400> 3 ttatcaattc :
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gt at tvelickagtheagaifdenddting Quencing and/or identifying comprises analyzing the

one or more signals to determine values of the one or more properties.

184.  The computer-readable medium of claim 181, wherein the act of detecting,
sequencing and/or identifying comprises accessing a data resource comprising nucleic acid
polymer information, the data resource including a data structure having a plurality of entries,

each entry specifying information about a respective nucleic acid polymer sequence.

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 inoré 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
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comprises
providing 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.

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.



