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-1 SYSTEMS AND METHODS OF ANALYZI NG NUCLEI C ACI D
POLYMERS AND RELATED COVPONENTS Rel ated Applications
5 This application clains priority under 35 U. S. C

119(e) to U.S. Provisional Patent Appllcatl
No. 60/587,997, which was filed on July 14, “lmm ﬂ'“ﬂ‘ m”"l
is incorporated herein by ref érence. Fi eId of

Invention 10 The invention relates generally to

nucl ei c acid polyner identification, sequencing

and/ or detection, and nore s-eC|f|caIIy to systens and

e : F ANALXAINGINUGIIHCos CHEP@EYMERS AND
nucleic acid ponnErlﬂ-"u AL Nlfe.g., electron)
beam as well as related conponents 15 Background of

t he Invention Ther e ar epaladanpplidti@fs et hods for

sequenf %Wguclelc aci.d nol ecules. Historical

conmon oK giims B wdsedf B ChEKdal X Bfoglsmnal Patent
MebpakinatioroSerial Noe 6/ DWW¢WQS fREd onS0BNARLLE, aﬁ@rsgncorporated
@mgmb %kdeoxy sequenci ng and exonucl ease- based

sequen "“Feactions that create specific truncated
nuclelc aC|d nol ecul es that are then separated by

el ectrophoretic 20 techpi s n order to determ ne

their relative |ength. #%é%?ﬁ%é%ﬁ%#?, potentially

hi gherThetitventicghgletes geaarhityit umethrcepd:bﬁm xdéewfﬁiaﬁkmegi: uencing

i s h brld ase

R ORI AR L 2B O DS i
néﬁ%égtectWévvelv‘éhe acig pelymeggisingn (Dartlslpéeegj ed)afctram) btaai, as weli g related
SesRA&:Ng shoul d be inproved to facilitate MAdespread
genome sequencing (useful in nolecular nedicine and

phar macogenom cs, for exanple) and other 25 uses of

nucl ei c acid sequencqm@k%&h§ofgg%gghﬁﬁpplication
Publ i ¢cati on Nos / 0038261
( Nag af/‘g‘ﬁré)aredi YGRS SmEh e seygRsiRgatclal seie motebudes. EEewically,

basensnedhdds fave deanybagt @mﬂeab@h {9 MdxQh ahdBHbRGe e@cmg) or
og%g grosco The \gayana t echni que use
a

SR ARTs P ST R PR M SOyt seainRe reacions
bﬂmtchrqag sheifwerncatduaurieic hetd mokeihleh the kRGheh 8EP4RNASY e@@t?jophoretlc

AL 8RR SR M5 AR M 50 rets@ Al higher
ptbroya&mur teelipiquesinie ssef domtopdul iodludingpyed-eiGendiay shd HbEGkH: G-

C@@e&@qﬁﬁgﬁg mg;m)cﬁ E@e%%ittlﬁmi)r%vpn?e%ysyﬁ such methods, however, the cost and

speed of nucleic acid sequencing should be improved to facilitate widespread genome

159159“'

sequencing (useful in molecular medicine and pharmacogenomics, for example) and other
uses of nucleic acid sequencing.

U.S. Patent Applicétion 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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atom | abel s being held to the intended bases
relatively weakly. Thus, in Nagayama's nethod, the

| abel ed bases are susceptible to displacement fromthe
original single strand by the -2- electron beam being
used for imaging, which reduces or elimnates

meani ngful data applicable to sequencing efforts.
Nagayanma's technique al so nayohe linmted inits
ability to archive nucleic acids in a manner other

t leeniranshesth gbrh@hsedﬁir anaghiagaisNRdsced SCNRIMIE MY 852

on t basis 5 of relative signal
@'ﬁgl??g?se%ﬁ?cér@\)i P™in the Nagayama technique,

r es ol UNagapanmytedhiquddsdh@lbedingidd n itsabMLte ahiNEnucieic acids in a
A8, RS R LG Rl Bl By o e s
wiof fsiative fignal ratgeslﬂedNba@e(rs:)r the Tug Syatria @dcBniin g, xasdm&ad nfa§ hot be

[ t hat can. d

T X T, B0 1 L IR 0 G L L gy
eﬁﬂeeﬁmveﬂyi@h&anﬂeSehwtynmvdeabhébme@hods 10 and

; ?'/2 f”e‘r;ghgrs %g@%eegaorﬁlﬁ@t %eﬂ\ér%ﬂ'foopg%g st(?e SQha(? can o%garmme nucleic
s 8¢jth enqenaes aaf anemnts rerse eidekinepdreticdtoply thae msqndy yadletds medods
Wehd sygemé.€l at ed conmponents (e.g., substrates, software
and 15 the like). According to one aspect of the

i nvention, nethods of determ ning the sequence of a

nucl ei ¢ acid pol yner aisnRrosfitdagvenlle Met hods i ncl ude
form a conmp Iementaré strand of the nucleic acid
m

pol yme" AREMHBERYIGs PRGma 2B of igentifiing agrengiag andfor
t hﬂedmug hieletc £f pdlymrRal 3Rl a8 Rt cohipoleh® (CORbLARE sSkwWare and
ra usrng a particle beam 20 In certain
%% glnents the nucleic acid polyner and/or the
conpl emmmyo gteragpeck of Ehe uDMlcm[ méEhANs of dibt@ﬁlhhﬂfg_ the sequence of a
. onpeiqé &Eﬁf{}; me'i' Qrg rrognI aCelth mﬁe/ﬁge troH%gg éi:oognplé%r?eatary strand of
pk yaeeigacd mimend lsimllfmw ssrsmem@ fabyientidadethe hadleic acid

' aGhbf bR coh ARl L P LA ugg@g,g%meng the

nucl eot 1 des nuc |c aci o ealgnd/or the 25
conpl drestairembsdimants thernackisdrid |peblmbmnd/hctlher cenplein@tasy strand is

Posfaed- & A 1h Beed @dShithert thsrﬁl%fé clakid fer a%a)%pltst %H‘i%lementary

nucl eotj de. The | abels can 1 nc udepgﬁe or nore

piEne Féﬁwd Ph Bele acidnpbimerase enggme, shafas psitd nohanesise glagn

akaﬁbnhnngone preferred enbodlnents the atons have an

atonr y g al one or %ﬁﬁ gﬁte of greater than
wﬁP PETH S‘P‘PPQF“&PSetP%P‘rC&‘d’“ 6tE pesiisacidpelymer and/or the

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

each type of nucleotide. The labels can include one or more atoms, preferably three or fewer
atoms, preferably a single atom. In some preferred embodiments, the atoms have an atomic
number, alone or in aggregate, of greater than 55, while in other preferred embodiments the
atoms have an atomic number, alone or in aggregate, of 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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atons have an atom c nunber, alone or in aggregate, of
| ess than or equal to 55. In sone 30 enbodi nents, the
atons are hal ogen atons. Preferably nucleotide _
specific labels are incorporated in the nucleic acid
pol ymer and/or the conplenentary strand during
formation of the nucleic acid polynmer and/or the .
conpl ementary strand. |n other enbodlnents nucl eoti de

specific |l abels are bonded to %he - 3- nucleotides of
th | the co
S g e B B e APl o TR T i dmtionof

an@f Brcleidpsidnshypleesnd er ﬁlcyorsplplaﬂdary tstnmtﬂ urt her
enbodl e Rk tRer ehb@duﬂ%g ﬁteq’lu@}gl'f; gcupg ncggrqésciomgyementaw §trand

Iementary strand are a a su
pr troﬁfft‘%? tp R &ibsiFaisy arst priog eorthe sttpccattdeotrﬁcam thewictsotides efthofiucleic

t h@ld}iw}]r&k 80d/0? itAEInfhldARhMAEEra NG %stéx&éuﬁ%%bﬁt @E Yubstrate,

stran stanti all renoved from tthe su

5 R ey gﬂ’él‘%’e%? nydgatifes sEpediothrcbwricdes af fixed
t 0 t he Istilsthepdngbodinitns] thd &teﬂf%ﬁttﬁﬂ?@qedﬁa{& %f %T&%mﬁ:‘s fRiudes
6]

denti f f nucl eofides i nc
o BB Pk B, EH S Dt PR PRI 8" dhectommplspicatary
p Gitryeto ttempaitiole bédne aﬁ@xﬂmtmaﬂwleoﬁdeﬁ aito tRarddBBistic changes to

tf he ucleotldes due to
2%&%%%. R bR BER ot e Bt ciigolsamenndior e
Progfupleaiphtyry tstemd mrgmh e@lified demclode lhlﬁ&; adGhoed ﬁreﬂﬁh’bgf tH@Jtéb"t#r
aﬂ@{n‘a J«th? nu?lgmeg nglnéeaslrcigte&ltél]rg alilaéargflyst{cpﬁ:ga%setﬁ tt&fpamcle beam. In

i nc l'a nor e
i cFeraln ﬁfybqqignetnhethmmtlcé@bqantesa leproh bxehens mdetpesrerablg the lepton beam is
char. r ic changes to the particle beam In
cgéfg?ﬁﬁeﬁ%%dlnents the particle beamis a | epton

beam Hoher presdismentsitye tuleiclacid polrmbraaiot te c@mpleh@ety oand are
bfﬁﬁiﬁed 10 dubstr@fe N@he tﬁﬂﬁ&@bﬁ%efyﬁle; 18/oPHE L% rﬁ% aqy Rx%té/ Tlbe

or the conplenentary strand are
gf[gief’ 5’tae'5“b9t‘ﬁfé ape e of thecugleisarig pelymenpadior the h@nplememary strand,

c atmdﬂeetﬁm bRthymblelcand p@@rﬁlebﬁld/oa{hg bé&@ﬁexﬁ&m@y &ché Lh@be At

f the nucl ei c ymer and
tq%%fﬁ?%wsg{g?c B en Bai ‘hﬁd‘t“’}f’“‘e*i‘id’spodﬂnet hrtsi/crmb,q c@mplementary
as&deolyner and/ or the conpl enmentary strand, and/or

o 2 b et ot long Lhc enath ol (e

nuclelc “acid
stareasndstantxadlycsealglacned eritrad ldﬂiﬁfﬁrlﬁg tht Beguétid€.| Bre@raBBithk nucleic acid

CRUTE BP0 Ll o RPE BT sl RS BT e e ey
s &g fliditow lmlecfee mb}bglartch$bmglc1fm fnidagan Ghelyde btyd’ﬁi*rmoi?dmt{uﬁfs, gases,
Pﬁas@sodm lc@rﬁﬁﬁqti%ﬁ Mle%'of GIE gon?er ?-rhb%d i al Bltte?rplg c a 1g|p8§g1§r and/or the

ow, and nore era
nﬁ%@dp%wa%w wg attafhel t a subdtractmdlsmghtded bylbybotﬂlzmﬁnhen the

| ineidi % to BRBSoleotides that are attached to the substrate.

In -etdditional 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
polymer and/or its complementary strand, whereby the sequence of the nucleic acid polymer
is determined. Preferably the nucleotides are labeled. The changes in the particle beam

include changes in absorbance, reflection, deflection, energy or direction. The changes in the



25 phases or a conbination thereof. In sone

enbodi nents, the nucleic acid polyner and/or the

conpl ementary strand are attached to a substrate and
strai ghtened by hybridization in the fluid flowto

ol i gonucl eoti des that are attached to the substrate.

I n addi ti onal enbodi nents, the step of identifying the
nucl eotides in the nucleic acig. polynmer and/or its
conpl enentary strand includes interpreting changes in

t hparpat bdaﬁnl aBolbEowa ch@fged i0S lsiﬂ)aftlhlf]ﬁttécrﬁ @60 dxth SIE, ACnk Qr‘ﬂr%né%ntalbattem
th e.n | eoti es to deé{ﬁ‘dé he nucl eotides in th

nuele] cm%“éi"a pEITHE? WRyPEF s ne! PRES ement ary st rand,
wher ebyin fumbersetudimess, aife rﬁdﬁﬁ;dl’au;s irﬁlu@es&a&hcﬂur@%é’%ﬁ{pleﬂe&aw strand
det gy el PLE erabl Y. ¢ he nucleqti des are | abel ed
The ‘changest A PR iq ¢ sér E:egFﬁ o0 1P ARACREHh e nhgleic acid
5 abs;gueblaempgqrﬁq: wbleadds| winch glelablg bie@ligorRBIest@¢s. AR other preferred the

d le b I
O RE e T IRORR L8 s B LSS

oneemhlamspiysHand apd optona ]y thenutiaio adid pelysicodnalbe patiedidther

a B itk leaalpJpal el £ nts,

th él mat Io 5‘;&1@0 incl eudebg}etg{]wabgtﬁm l%écﬂes : car"ﬁ"otg ary

st r and In ¢t pEPodiments; thelsisp ef ldmtlﬁ'uwwmuent@ofamcleotldes includes

3

10 S URsfofn@h€a piifa gl &F &Qﬁ%r&ﬂ%%ué}&!é %?Mer aﬁd/ﬁryth ({‘l{é)?em[c):[rtarv strand

acid 5 seguence Sg?CI i ¢ nol ecu
ar Emg|hearigieban relsrably gt lsash 0 rwleert@lpwdldtente"xed in each scan,

subst r alceordifig @QhbtHA bR dr the 1r9/E191\6h qﬁ‘etﬁ;d"s @?Whlrﬂ%ens%&ence of

t hat e seqguence non-sp ecif conpl ene
st HGEEh PB‘estfo%ﬁ%\Pvad%dhéfhwah@qseno&@payq@l@ﬁsrymrhemaﬂenbecnd
at gohyatvee shdi® ith &mplaM&wsahﬁ asnwaabeléa HbhRtit&IdB and/or

i P ferably th t bon thin fil
5 SRR RRPLECE il OB T IS PP Slepger o

S eiqg’em@enuglkotmcsinehnnudks atith pd)lylrd&&ndi/er 1ﬁ&bfngreﬁbﬁt§ky@trand using a
Pl kAl id o nd/ or
hﬂé S !grlr)% e?f@ﬁ ‘ﬁa‘?}Hé ]a rl%(li r{g)onuc tﬁ‘%s 88?”&1{): ﬁsr when
Prléqomoa?mdyn e nu(éas acldlmmvnmu endgm it d@@laﬁ@tardmhdi fafeQ@kntiflable

eage e dicle ACHPr ding to anot her aspect of the
|nvergrt| %n wﬁe%%rods of determ ning the sequence of a

20 nucl ei B &B#Y eiperidyngais, the eu0|@ﬂlmlddv@ﬁ/meﬂ'hmi/qmtehodslemmw eteand is

25

30

SN ASSRA NG difke erﬂb&llrrﬁén% /e I'ugsleufzg ﬁﬁme@ or rt .ccanenlementarv

| ement ary strand usi ng | abe ri‘bonuc
aﬁg? 'S YBIERASL Y p Besiicaceionolansrase mmxspmaegsmwmerase chain
| denﬁcm‘(ycng I abel ed ribonucl eoti des and/ or
deoxyrin ucl eo ﬂ@s in the nucleic acid polyne
and/ or LG APPaHRAT 7 labeks argpasificder each e of; H9¢1€0tlde The

bezanjs cubl‘nﬁcrlﬁierbné bendrabehe @rdférmnﬂﬂﬁéls %Pfebv@reﬁorﬁéq?r[e%ably a single
9 rﬂ]lsz)onuclfeotl ?ﬂi’ g :'}P i ncorporated in
nGerei & A R GT A\ PrRP lg‘ﬁr&f? ajomg h&ﬁ?ﬁla&‘i‘ﬁﬁ{“ﬁ‘?l&?r gloperdn
argereghentfi gdabthan 53) sihflgintoker ﬁé&ﬁécﬁénﬂm@@@ms 1t Qutdnfd have an atomic
he nucl aci d pol ymer and/ or

C%ﬁ&r@ér%lci%g%ng 1r[]1tan§rgta§etp F]satl]agor eeﬂ{é\tcb? Mmq ¢nhydmepts, the atoms
eﬁt@dldba@mt@ls the nucleic acid polynmer and/or its

conpl eﬂ@f@ltaglg'ythe labels are incorporated in the ribonucleotide and/or
deoxyribonucleotide triphosphates used in synthesis of the nucleic acid polymer and/or the
complementary strand. In other embodiments, nucleotide specific labels are bonded to the

nucleotides of the nucleic acid polymer and/or the complementary strand after incorporation
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strand is synthesized by a nucleic acid pol ynerase
enzynme, such as using polynerase chain reaction
(PCR). In preferred enbodi nents, the | abels are
specific for'each type of nucleotide. The 25 |abels
can include one or nore atons, preferably three or
fewer atons, preferably a single atom In sone
preferred enbodi nents, the atosms have an atonic
nunber, alone or in aggregate, of greater than 55,

whifltie ribanwetdogde apﬁ/eff &b @ BoRiEROAdIRPHoSphaBSindl RIBcRAVLi @I ymer
ne, or in aggregate, of less than or

at a(ng}optthe C%’%p eniléntarv strand

sone enbodi ments, the atons are
haI ogem fattaremb@ndrethe sap bij/ldex{tiﬁ}&né tﬁbﬁbéed&l’b%nucleotides and/or

- bonucl eot.i d
K e T A ——
h"@d H@@Préplemmarﬂ stpod Sﬂmpa&mﬂd imamt ihﬂ idenidfiyipk efERIBbALCYeotides and/or
tde ortutle Ot
Side @)lwgib duBl &td@?& ‘%6‘13}19@%1@}?&%% gs o Iax%?le?%aén rﬁﬁﬁfc réPlé’ the step

Iabe are bonded nuc ot|
adt etfﬁgpg,ﬂaé Fibergleesides 4nd/op mvmmlwlyessﬁoﬂtﬁlﬂde&fﬁl@ characteristic

| RESHZBOD el paRlicte BeanPfin LiGinhBO nd/ o .
deoxglrl bonupg oot de 17 pmgsphﬂthgét?l%e pq'%cﬁ beam lsal?péon beam;

adiYe B S?ﬁléfrthe lenien spmiisns clesirpn kesmnt ary str and. In
f urt hern oHED OElb TR REnS: thel Bl 3161 pgfymleldﬁmo!'{})l 1&1'? Sitary strand are
%e (gd ”EW nucl eoti des and/ or “deoxyri Tl des
| ARSI YETAR  CHEF RIS cPrisE e Fé%?ﬁéﬁeﬁgﬁc@m the
n lntbblﬁlck?:otaiks ﬁhd[&@ Hydi?rﬁbon&lélﬁdei dTeneGRARE @J@ H@lﬁﬁé{‘ and/bARd
e C and identifying
B it 2 Sarn sty b bR G dut s deasing thegabes of e

C Haivpla«b tlbxnmeﬂtotdemé/ﬁgﬁs%(ﬁrgoﬁﬁlfkoﬁdﬂ'sfaﬁﬁk@tobl%%ﬂbstrlate Th% nucleic

; g&?rgl:er oa)r(l&/?t{ % %}oﬁ a]eéngefl aazs%rgilciﬁafl 8 Sﬂi;tlf) ég{]qg%ﬁee a?ttolne end of the
c ﬁg{ﬁg@gc@c} ]pogxmqg and/drdiregesplementaey spafdt at(bbtﬁ ebrﬂaallﬁhe |nﬁclelc acid

ng?ﬂﬂ&ﬁ#g/?gﬂgb élfﬁe’g abhs%ﬁlpoa BA/?r a‘tea urg ilog&ﬁlog{) eg%x{ th¢,length
b&bths nuctyiq %'d&oﬂb’@rﬂ @Wﬁmmemmplsmtrt‘tay ntuamﬁel C aC| d poI ymer
and/ OrIn'baealrpé?l%h@rfEﬁl@ttﬁJ Mjcg ra@ﬂl §Xn%r an%;or hte SorFﬂem%ritaasstrand

substrate. |In certai n enb
ofreisthstantially sugighiened prior to id%ﬁueg @eﬂqbdedsrlfa)nwl@ndes and/or

deexyiton@esaHA0 PiedfHohe Lk i
and/ o; OI tsgm ﬁﬁgl ement afr:y stlr an a};r;ngggdtjigost an%{ﬂg V‘enmy strand

O flavied meteapretriably thedluidfiow ingudes ofceulhe
| edvetied The: Inoidwed REhdctas oaneleQikuide s bReauelh @%ﬁlﬁ&%n thereof.

a fi;ﬁggl hodthe ubstrat he nucleic 15 acid

and’or “PREEEIHIE Hﬁ“d"t‘%ﬂd ¥fa?ﬁ&n<8aﬁheo@mafefrwm Str@dalre
S@tbslhelda(t esuhbtracad efdghtdned Behybatighth 6 @6 held B%Y@afoonucleotldes
aﬂ a?Jatttaﬂ%d?otHP ulgr[ﬁgt ary strand, at both ends of

eic achd St and/ or the conpl enentary st rand
an d/ orin gdditegpngl embadllmbryts tife slep(bﬁtdleﬁli’fﬁm@lh@ B@:léoh@esh@ﬁgihh’clelc acid

%ol}tfrné? aﬁ'd’)&rj i 'cgmﬁgrhéjntaono 2218 Inc uggs 1r?tlarprctmg &1 Is ﬁ\nt}?é] ga?‘trxc){e beam

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

deflection, energy or direction. The changes in the particle beam also can be changes in a
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In certain enbodi nents, the nucleic acid polymer

and/ or the conplenentary strand 20 are substantially

straightened prior to identifying the | abel ed

ri bonucl eoti des and/ or deoxyri bonucl eoti des.

Preferably the nucleic acid polymer and/or the

conpl enentary strand are straightened by fluid flow,

and nore preferably the fluidéeflow includes nol ecul ar

conmbi ng. The fluid can include one or nore |iquids,

gwm Pmﬂsﬁsempﬁ oo intead b pde @l £&o-dimdrRioS 4 WBitem or a three
%{ tSu the nucleic acid polynmer and/or the

conp ene Pary strand are 25 attached to a substrate

and st frefugiet embmihdmyntshmb mietba altd iacluded attahﬁinfr thdicenpibaMtdrPstrand

oI| at .ale to the substrate.

/gglllﬂ%: Ill%%‘icl agl%ﬁgglv 103 substr prg{' reaglyél?e AN 1§/ Phbuc{ellfeamd
n Lﬁéqll@merSd@sﬁq mple¢chles, mhc;h @re:ferdctty gle ojfohydieeridan tH @keripfeSerred the
C QUMSM?}M&&QW%& %kW&% F&l% fih rre:e ste:I IIPC G hanafcefﬁz Ijl'he

the particle b resulting fromin
t KEMAGEFEYY pEpad andpptiertally themhdeie atbd)mlwhee oam wemmmoone

3Quekaa Wi d Q@Q}Hﬁér@ qiréigﬁﬁly R LG at@% o abc%Fbl ?Hp nohl¥r1mer

and/or_its conplenmentary stran € sequence
of t helmrfifer gmkodiseenty, %?TWﬁdqnng%tﬂ@rSmmm of Ryctsoddalbicjudes

t ﬁ&f@ﬂﬁdﬂ&%drﬂﬁﬁoﬁﬁﬁs of BORlRSk acﬁb%lﬁl%ﬁé}%%? tHe r&oxlhyl@mentary strand

particle bea i ncl ude changes in

r &g |P8H°‘e G Pediriibnat I@ﬁtelroayucéﬁotléﬁm@cﬂqn@ﬁed iTgach scan.

c h ang eAcdoﬂiutgh@ anfditet dsgéceoﬁlﬁé\m‘ﬂlltl&o BT dEBAMBES thk Peqﬂence of
a&cam% | trtern g{g rrF a one di nensi ona

pat el If 21 PQIYTRCT afe Ry ide ny?e Beifqds inlugs syathegigiagea complementary

distrandSif tha abclghadcidgiotymet @sif Mﬁﬁelfbﬂrrlberfﬂaléﬁltﬁm%sphﬁtgﬁor

maz:&%gbo%lxglg 1dg] tcr:lI ﬁo%ghsélf?,f étficg'l tuglgicfggxgglﬂgggr;nd/or the

{ra
s Goreplemagngary Weﬂf eraisyatt, fsgbmtlaibh‘ltmghtemﬁg thy nueleed :ﬁ:icholymer

aﬁﬁcﬁorﬁhcsc%glﬁﬁﬁleotrﬁgt 9111 fu%uqo lg?lﬁgu(far com V\I:gl%r%pal[ s s I)&ler{lc e kég.m

are ol 1 gonuc
s GHYeing the nicdeiepsid Rpmez and tbftﬁOp‘rp@medter} atrareadthe rphmple bédnSthrough

t BRtcoRpBmERGY PG @E@&
stracﬁdbarrqd pti oﬁ%rlnlggst e!n]lfﬂdcl: mtcg[’b& ?ghanbﬁsymsr %’éﬁ ¢ pgm
afesaERgien @tetr%aonsg\utb shernyeleotidas t defedt theplabieted nukleotides in the

Peahgiemditayy dhgd, SHBst c r
'n other  cnbod! n@ﬁtﬁgs) ® ﬁ%“é??éemg‘%“a 24 Pinirll Sl

seque Soe e ﬁtaFRFé%o e aie Teﬂl%rof é‘?‘?ﬁtln@tha presence
phwcﬁhdehwymé a S0AdIGach polyieer Bldrdvided afieOndARldY FeludRAHARE o

nt strand u3| ng the particle beam
Pre e‘?pqer”én“g}mngfnqaég@ U9IiH agiti peleBEn Sfichite e FamARmeRiaBcstaR and

5 eapﬂmnsltyathe nuchicotddholyenet 0 aatgsBEf andaq@sihg B piebfice and/or

I Y H?h thod of determning .the sequence of a
nucﬁ;?t 108 {aﬂg I lenfen SR : )I:O(J{he QRAeC AHPARERY, 3¥8s ¢ PrEtiqleiesam.
synt hés sczmﬁrtgibadlmomtp Itheerseep todi idyntifging ﬁmldd@ fmehémﬂn@ﬂh@ @b or
G RBLAREs Y3108 <L ABEL SFlyL L bonucl €0
tri pﬁlosp%at es g %é qgenocﬁfl)?tlh SRS apdséra?q'*}“ﬂ‘t‘?bg’ﬁﬁ‘é‘ilﬁ%ac‘d
aﬁﬂﬁéﬁing the nucleic acid polyner and/or the
In ceftain embodiments, the nucleic acid polymer and/or its complementary strand is
DNA or RNA. In other embodiments, the nucleic acid polymer and/or its complementary
strand is formed by a nucleic acid polymerase enzyme, e.g., using polymerase chain reaction

(PCR); preferably the nucleic acid polymerése enzyme is a DNA-dependent DNA



10

15

25

30

conplenentary strand to a substrate, substantially
strai ghtening the nucleic acid polyner and/or the
conpl ementary strand usi ng nol ecul ar conbi ng,
generating a particle beam exposing the nucleic acid
pol ymer and the conplenentary strand to the particle
beam t hrough the conplenentary strand on the
substrate, and interpreting changes in the particle
beam 20 resulting frominteractions with the

nupllentisd aRNO-deleh @t Dmhgolbﬁa%ée&ﬂ a RUGgQ iR ?{Nﬁp&}‘rﬁemse

conpl e r and e sequence o
nuglp ej ge %Fclzl X’B%cf T meélud?c“@?slﬂfH‘éd‘”"lg%é%@)la@}’fﬁfg andgor the

anonipemeatsyecindafe mdsteﬁddnmamaabelmﬁ Bx@féﬁe@ém%%&%ﬁfs tﬁlﬁglabels

t d/ n a nucleic acid
apage %%‘g\ﬁ/‘.e@? %wﬁ$ 9y c% &th IFE éﬁé)afl B}chxp?@nea)r more atoms preferably
c dhist @q'fg\mramssnrcfanadly afsinglaatomu ¢h &inte p@éﬂ:rﬂ:d Féﬁx'bbfcfﬁ%énts the atoms

at i pBht ar str
AL G TET e w——

arfibgdimerts tha gtomh bavsrae 3temmeluanbdl aonei od Gfﬁbg':fegdt@ @f fenﬁhan or equal to

CORPLERRE LAY Lar, e nucl eic acid pol yner
using a f)al‘tl gﬁ%{t.ﬁ[}]@a{%&q '%haioge SWodi ments, the step
€.

of i deREieraplymycleeiide sreeific tabels erc iinvgrpbiated Ilremghd’tleﬁtf acid polymer
d Qh&?ﬁﬂhdﬁoﬂﬁ;leﬁient'a@@ﬁﬁnd&ﬁuﬂﬁgr fol’rﬁ’inoﬁ ggtH NGk acid (Po?y&ﬂ W@F the

I”I;B errentary strand e nuc el Cc acC
C'E‘E‘rtacr%\?rﬁ‘"%n’@ci’éheh@ﬁ‘?@'mqﬂhenqql@@tllctglsaeca”mllabep @leyomded to the

amddlﬂmdd:sto$ tlﬁ(ﬂmﬂl’l@ﬁ@@ﬁe{rﬂhel‘rliflidé?}gﬁeadglﬁl leRlé'ﬁf strrﬁgﬁ r Ofn rr]aP%n of

her enbog nts
PUREAT P@E @FF%Hah?gmm8ww@awwyww nuclelc aci d
pol ywelnmeemmmens tBe steptb?uaecuﬂ@w%%Ea&%@mmfymo of the

ferahbly .the nucleic aci
%ﬁrlréen?%tsa stra ?{gpor %}{ MEingNpartice beam includes
pgq:ryf@:gpazg}@m@@ HRhtA; demdmﬁucmémﬂ @blyﬂi&ra’-ﬂal%r fBE céinplementary

nb t
PSRy BN BRSO IS, O

@ﬁﬁl“é%mwrmr degid charatenistiti dhargds oahd pagclédeard abel s.
| fic f
nch OSBRI hereqld or Ok afienE Pratlbris or

each type of nucled
BRSO, SprdAremadifisd t6 ichdeBbds. Hrefwmbly ﬂie&t’éﬁ of detecting the

pridnesledoiios and %ﬁ dhg
?lanllr;g ey / L2 g}t@g)r@rﬁslﬂﬂbtg{/egmgl%g%tdg{%&é]g cﬁaﬁ%:éelnstxcaqhwgs to the

bf@‘@rlégﬁff’é" crpfrod igeatt thy partitdabesss is avaptbrebdam; mbl @referably
phefepton 6¢hm i BPAGIERBES, t he at ons have an atonic

nunber, | one or in aggregate, of |less than or equa
to 581 %ﬁm%‘%‘{"@ﬁ%% e PErEs acid paivragr @ndorgheconmleoyetnry strand

aﬁtrc)mstad-'t’hakbf efa@i{eyed’]jﬂbl' ®0denfiing @t?ccs'e(‘;deﬁcel @Q@J{;ﬁ)l}a{hg ucleic acid
&g&p%m?r%wc n tgetnuclelc aci d ﬁé 16t

t enent QP&?' 41374 fepng ﬁielsﬁijka‘%ﬂc fleyd flow, and enore preferably

rihefiad ﬂO\EmCdldFthqlmrar eomebinl ThéBuid @Qﬁﬁélﬁd%ﬂé ar IM('I)r§ hiﬂ&l, gases,

I nucl eoti de specific | abe
bdgﬁsgge to thl gt%nn UCETOZO{W SHBE CBpodiRRa sy e Pesicic asid Relymst gndior the

SABPI§Mentiy %@ﬂpfe@mtdit‘o}& s8itistraxs anddtrb RhteAALTRY brRiyaldn 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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the nucleic acid polynmer and/or the conpl enentary
strand. In further enbodi nents, the step of detecting
the presence and/or identifying of the 15

conpl enentary strand and/ or the nucleic acid polyner
using a particle beamincludes generating a particle
beanm exposing the nucleic acid polyner and/or the
conplementary strand to the-particle beam and
detecting the nucleotides of the conplenentary strand

ark@lyérer andfpe itp crppddnEnRG) sdarplolvyeﬂ‘ﬂfy thbiRedefee©n Bk AGLSE hSd ;?]d?vmer

C ife@a cle am odi ment s,
CoEpaER e iAe RAALEL AR ST SR I o
c Iffsled nEl dhpngesinrteartgledeann thcluechatiges inbbbdibtRcd, AdpeLtRn,

Prefietiabky N‘&dﬁ& ct.i t he . ribqnucl eoti des
and/ or  deoxyr | boncglg gi:)htelqgég “i'het & a“é%“*a%%@fﬂ G3g be changes ina

c FE3tgbrads ey Eapplarfas dimgntidrel pagiemt d teloelit@giohal battern or a three
CelirhéikiBna@ pliedi nents, the particle beamis a |epton

beam We Fr ef er. abl the | epton beamis an el ectron
beam et Tt %dﬂ‘? welhedsalsotipriudasiasiacing e bainP@hAtiBY strand

aradd/mfthdrhxeleﬁ(hﬁﬁlp&gﬁ&ttgﬁy @&J@@ ferdBy tantia
"of to id uent |[f : %e : greggg‘c%%%nt 1s by nuc}eX: acid

st ai ght em:{qtc HE)
Preter gﬁﬁ’eﬁ lqcies which aréfeEPblyp?éq memucwﬁde@r Intditeer preferred the

c @ltrlqslraem dtvayized ttd @ﬁﬂd@dtﬁctﬁieﬁ@om T TAS s@é{uegéeeg{oﬁo {;ec%c The

f er abl efIU|de0W|ncIu
c oSl SR R phiom I e it itcbimeneicekrasbedis the
ga@etsate inplead pateor. Paeferomjathe sibis@die inbRERA carbbMihFOHIE.

enbodi cid. pol msr and/ or the
corrpl é@ﬁ%gﬁ/b%g' regts 3;16 1 hogtahsgé’ﬁgﬁ‘ T Yantiyiag ke emguns ofthel

sEemR @?ﬂﬂ@ﬂeﬁfahfyadd@bthpdudmacmoﬂymet he 30 fluid flow to

ol i gonyie attached to the substrate.

| n addi tél)rgﬁgltdj&?}%lg%ﬁ{f%c Vcn l°§’t aeﬁevlff’ 1§ RIRYiTSd At gludese
ntHOFTEAG thal dssubstantiplly tragepaishigo apardcle paahy At nualaid/aeid pblt/ﬁaer binding

carpberRpthe of tilsiige i NCl udes interpreting changes in

t he Ertl cle beam resulting frominteractions with

the nudioBYtTPRLmeERs the subsiraty iy substantialip trambpserit o 4nfeectron beam.

NBrefeenbly tiecubstrafd-indhby T @FboRRE Ay, i LS conpl ementary

stranriir}oty]\h g(%/ t he presence of the nucleic acid
pol ymer *¥ STARVBFH e e vstcplsgrinciudes muppast hataciubistpaibiymer

isanisnﬁmntuofalpeﬂnclel%m er abl'y the nucl eotides are

| abel ¢ J‘}‘?h h |l h article beamincl ude

chang es o tbéour ﬁc I§ less thany S this, morg erafeselly less, thasamgrick,
o?tlllmqrfemﬁe@hb [eEhtharc hamgeiﬁcld Bnd'yREm PR hdfcthisly E%QHQnQ' Sttt thick.

b t t f
one. ot nana aeyrid 2 pRASER asRiek ndine i spare  or

ePredsfeamineditonitiorsiop iz Suqﬁab bEtheisubltrate prietehedly i@ TRAMPARAL $n
taaga,mmmkssme hmélya%fa}oﬁtr&e?%a Bgilt he conpl ementary

strand /of the nuc e Seth rige specific, Preferabl}
smlsgrwla?r@es PR ether eatblogimedts tizt tualeia mein bollySietBindmpCsitey e not
aeduéncesp@urnce- speci fic nol ecul es, which preferably

are o{nlﬁ?onucl eotides. In other pr eferred the
rther embodiments, the device also includes one or more nucleic acid polymers

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

provided. The methods include obtaining a substrate that is substantially transparent to a
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10 substrate is derivatized to provide attachnent

poi nts that are sequence non-specific. The

conpl ementary strand and optionally the nucleic acid
pol ymer can be attached to the substrate in a grid
pattern. Preferably the substrate includes a carbon
thin film In other enbodi nents, the nethod al so

i ncl udes quantifying the anmount. of the conplenentary
strand and/or the nucleic acid polymer. 15 According

t cpaar@gtuwn, aad frecing ofcldiheid ;ﬂ)\?}gﬂﬂir b@fing §he§i Bk G8fabeSof the substrate.
provi ?rpsof'n]la b J}%en%qﬁe su%itrafegs S%E}%{x&b&r%&n&@ﬁo ag §igctron beam.

substanti a rans aren
nuRee feably gmsgbsp@jb wnmdesblcmt(ﬂomgun filint @5sofd eRbSHMERE eheQlucleic acid

t hR1yedePShd nts.the s bstrate is
s%st ant | alﬁ% §re% *!rrgﬁ"z’gggfaé g&tq%ménﬁ RPp %tﬂf)é‘ﬁﬁfe of the substrate,

Pressierpbihing arid@atarbst rat e i ncl udes a carbon thin film
20 I N BLJARE erRRASHNERL ﬁe&&r{jﬁsoqg L€ at%lcﬁcixg%%) Celjslfllgswate% support

lEport that i s substanti T anspar
fsé}‘@taﬂ%aé%"app@?@rt%bl)ayﬂqlm@afsubstrate is less than 5

n m t hi Bﬂéﬁeraﬁ'@rﬂ% Hbehe ﬁsqpésYhakls%ﬁl hig rr‘no%e(&@?eraEl‘y?es? thﬁB? pm thick,

{lf gr ef a@sé | ess t han
é more brefern ssthﬁgr} 5nm thicky gng iygtknore ;prnfemblyéo;ss than 1.1 nm thick.

errbodl lmaxtzﬁn erhBo@inted) 18d SucRE 28idRO MBS ind?
i ercm neld$ (}),SI A Ixrénﬂxsﬂrggeg]z?%%qgence specific,

surPe era ?gmfur?gméquslf’ro feeml??fi’é’feégdb‘f yuclejs agidgplyeher binding sites
patetnersaquehw speifict ai n enbodi nents, the nucleic acid

pol y ng, si.tes uence s eC|f|c

pr ef g?i‘\bﬁw ey eg"’%ﬁ‘ﬂ% % gﬁ“&@%’% fﬁﬁ? ipglyde pffigig o8¢ emers nucleic acid
t helymere Ioethfz:nlabncdtcnpwb}ymemdm;mn&g Pedfér@Sly, MenB 8¢ more nucleic acid

&mé}ggreﬁgﬁﬁ'eé{o%clud@lefb‘él”her enbodi nents, the device
so 1 ncludes one rée nucleic acid polyners 30

af fi xeXFCpreing Froangther aspect Qthedn\F@Udl(yl[T%tellﬂB tedigh@ 15 idbed the presence
Pbﬁﬁ&érﬁlm&fhets@cﬁle%%f Qfd/%p{eﬁtlﬁxghc?elc acy o(?vdneg%%%éﬁgd%d The

nodi fied to include cordi n
aBpeEs ngluds: g sampie, dambesia pattisichsers gbrpratorabsbrigediwiliihe GRamber; a

afamplewoawlﬁ@g% labeRQ cBBbIBRLar) iElfah&‘ 08 QRERLDk

F rafe that is substantially transpar empgltygler wheyein the
f’fﬂp el eenpagioned whs drembeigis prpeeditea m@e hvain\eamrated by the
leamnhlfnhg:axﬁIgEIQ:Satd}I’ﬂesa]tlﬁMmfaﬁqfrﬁer&ftloﬁ B@wgeﬂ R g chE bedd) aSOHE

g)metnts t he surﬂstrate i s substanti t ranspar ent
SPAYSIEIS fdaietecter opgrugipg gndtaﬁengg@wpﬂm particle beam
|-°m>e¢1uch@srthe iomrdodom. thin film In sonme~enbodi nents, the

nucl ei bi nding sites are forned at
pr edethgr %%r? gl chrélesl?{%ﬁ%mt?halforf@l%‘{?? # dapanglysis medule operative to

satséerand aalyz&sigmisfiemahd yetdctor.aPrgfeiatly Fﬁ":‘l:tciaf~iraﬂal¥1 i QGRS
Cyasels NS Babyze bi grﬁ s'T?l%tlg&) go a%lso‘?k?ancl:enlgelﬂgc%%g d%ttlgcggn energ}F (?r dtlrle]cglon

substrate d su
In other embodiments, the data analysis module is operative to analyze pattern recognition

techniques 1o 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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that is substantially transparent to a particle beam
Preferably the substrate is less than 5 nmthick, nore
preferably less than 2 nmthick, still nore
preferably less than 1.5 nmthick, and yet nore
preferably less than 1.1 nmthick. 10 In certain
enbodi nents, the nucleic acid polyner binding sites
are sequence specific, preferaply oligonucleotides. In
ot her enbodi ments, the nucleic acid polymer binding

sites Aa&ﬁdrﬁlg)l‘b aﬁ&ﬁ’dﬂ @ﬁ)@@ @%%v@rﬁtfbn dyQermd degrkne‘attg &rect the presence
OdS al so |nC1U de af IXIng one F

q? I ment mel
e eﬁ:&gllnee} 8 seélaerae 0 paé\fl yhgprgrfiz BNYCleée asidaolyimer gge prpvided. The

podv;m’esr mhudwla fhgrpfel chﬁﬁber RrgafiRleodny genkRfr MIGiALd WR Be chamber: a
rs are nodified to i nclude

?“” R E:”S F‘H’gapf? el PYLHR BEEmMPeqis @lteruiemetionetveen
sytbtt e ledean gmmisampiedelhﬁﬁéingtthfm@re&&&ﬂ(ﬁ)Slym@rf andgﬁﬁ @clfrﬁﬂl%ntary
;Eg‘argd?og \lt}}%grﬁgerg %.:h(?poq rr(?errt ae cgrjzragangnl lé/%/ brargé]ullle egrlggpaﬁé Lr@}y&?rﬂgr}als related
a tpterptitle b@eeawg@m@deaetrmrneamfsmanat redtemd the h&tﬁ::&&hﬂiﬂb@rmer and

a O S cdlibr YSIC € I d f
2 5 (SRR ol EE)g?‘r Qdaﬁ\g% { ‘%ﬂ?df Riop ond 0

a nucl el ¢ acl erernt Hohhen
posi t i Brege anquheencsh@ntﬁe!rple ingludes p beled ¢ampacrrnaraty S of a

beamigenepaled. by the particle beam generator
resulting in an interaction between the particle beam

and t hi® cCEmpnkadisntsr the Sedhapkimodurds desitatddo talibrate the system

CohrsH balE bR baRdisahd-aRaR %Ll IS G4 Fcﬁ@é&gﬁg{% Qlorgbéjcﬁ%%nts the

Sﬁ g E after the interaction.
& Q‘V F’QFHI%IS%S‘%“ﬁ%FOLfG%@“S“Gait’%e“a??éﬂm kgoy eepimstries of the
omeﬂdtaa@mﬂﬁnaZS recei ve and anal yze signals fromthe

detectgé ferablé the data analysis nodule is
oper at’ %WPH AHA PSP Eange gyt agothe psped @f the inypifion Igrerreashods for
r e#libenting opariidebdamdtsuomente Mhe Gythads irdivde 8dquing dath Fel4aidnEk

a..an eratlve to
an a‘l%ié o a"?Vt”ée? n%cri gaglgraﬁ 't &8# HY‘%%‘E ﬁ‘fpégﬁet ‘g“ 2 F55T5raly thedata is
s irfzj‘ﬁ%d 18 2 bsp-bhsgrdiskiece cérhhmdr:lme ntig polyrher Sy bR EmdbdiMents, the
' @le%ﬁﬁn u&l’é?ﬁlrb'ra%)g [he HfuRe Ba e Vrglf.ntgfz)vn (f:rgc‘qrtéeﬁrgells gat:ispuclelc acid

di splay o ormatTon recerve
t RYY®gt a anal ysis nodule. In preferred enbodlnents

the pagdch@ing (DaRMORARE &L mke?@rg ”)% g&tarre by ov1aee?¥(])r detecting,

gener at or . “The systemin ot
i PRAPEIEE a%ﬁ/?ré@ab%r@rs appeleiF acidpalymerdasct on partidlé beaat spedids@letected

Sy5i edRchAIBpaitIdPesh @ﬁe@re@&brﬂtrr&q{'m ol da san]r[ge cor?prlsmcr a

Acc rdlnqpbm&another aspect of the |nvent|on

B By 1t} Ff@‘%“r‘%@%%r aggt o agartiele hpame Thhevstems
qullléem:&talfnal&ﬁd{n@duld sRAtiVS 18 rékeR @rlle%r ﬁlo?ecs'lfglaIQ AoyRS de?erc&‘)r the
provi ded st.e i ncl ude: a sanpl e chanber;

partd &% Sb»é%ﬁfﬁ@é%ﬁél?l&% P PYEEp Reamy spepisj and tq drieck ﬁ%qmp andgpr
identify the nucleic acid polymer and/or its complementary strand comprised in the sample
based at least in part on the received one or more signals. Preferably the nucleic acid
polymer and/or its complementary strand is labeled.
In some embodiments, the partlcle beam species has one or more of the following

propertles absorbance, 1eﬂectron deflection, energy and direction, and the data analysis

module is operative to analyze the one or more si ignals to determine values of the one or more

properties.
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detector constructed and arranged to collect particle
beam species after interaction between 5 the particle
beam and a sanpl e conprising the nucleic acid polyner
and/or a conplenentary strand of the nucleic acid
polymer; a data analysis nodul e designed to analyze
signals related to the particle beamspecies to
determne information rel atedijto the nucleic acid

pol yner; and a feedback nodul e designed to calibrate

t he sy&idie basRiinan, hhgad z{hﬁ@'&ﬁrﬁﬁ)ﬂﬂ@}so drathRfPaccess a data resource
enbodi.nent s n¢l udes a | abel ed

P 288 PR omtpt T e arsaura s ydRaurte
C drtiag mplenbyadi errdsseact dnery Emdﬁﬂgﬂﬁfdﬁ?ﬁﬁwn degﬁ a d:@&:'cd Q\{éeﬁdclelc acid
|ibrate t base-base di stance

oo bRl e, WGP Tn BRRSE 1B R P ML seiie the

f e?edblaednd poytudréased onlths bigpne choreosignals) the @attaeanhiyas ﬁl)?k&ﬂceﬂil’ither

b

o e KA AR Edne b Bl iithel p i ioaping
lp%matlerf Ofttlirr@uphv@ﬂﬂ paymerragcesset From shef dara resoarct. bin pteifngd a

.pQﬁﬁ)b&h@ntpﬁ@Eﬁtﬁ R Elyglgmle indi nc?es {) I'lSOI’li m

acquiring data re AUcl ei ¢ acl %JuFe SPSAYe.o cqmpare
c atPiragen driprminad frmthe@nfemmcmasgdlsamtm Ilre‘ordatwm speclﬁed by one or

Prgfresakd détatshﬁctg'égrﬁnéss Pref"e?'clb‘?\I tﬁg &r%eﬁsog%%ulg?s Sperative to use

di stance of the nucleic acid
e MBHER FEtfNEion feRNiqueH icoPRFS ey mifCﬁ@PtLRﬂlé%temmdfrcm thagnetdngnore

| REBhAILHIRI inf3A88En §Rcik hISR b8 Al stiquiBbGligl C

acid ne Accor n t o anot her aspect of the

i nvent ‘Zd’ﬂgr @%@F%tsg}e@a‘ﬁl“ YSHePdpisinciseerseripterface mOdUle to
S diyplay tifdrgationdécived dhat gffnyﬂafé@ bRthS dth Sthag?/s@%déu@@ﬂ MIES
based lgx:}u article be%rén Les dete

det ect Fheniediments %aﬁb@l"@é rﬂéesiﬂ-lnf’?/ e hfxpsehis generated

expesutige bdamegesaapi, mdahn’qaraj aRalpgs ModuleliGdledes a &@dtdck mocliule
Eggérfn% to%}g\{u?e onk %rsrﬂgrg ea@l‘cssﬂgn% %%& ! angr:%%qnbge éttaq 331 or the

he systens |nc ude= a
ogeiraer theomecpr redpadback nignaly sprofyeigsiigmadion derominkha least in part

d%ﬁx(;tfx@(gne O]; H@re Sgﬂﬁs IQECIJEQ gm eg%?elcf%r rlgptléragl nlll:e Oﬂg %f,]ra%erg

particle beam speci es,
i REARACK fisnakrang) Iugp@ab@ﬂl fgir 0g@bl>ly"mﬂgrﬂlfarmﬂC@rberamgenerator In preferred

C @RBbRHBHN BE KedbhbiRChue QTHlaf G0 lobhelddEins &IY: fiore t}?eﬁggk Uonals

in part on the received one or nore sig
Pg%*F%Ftal??nyﬂ Pﬂ‘eomlewa:g@n%ieaof theonugleisracid malyoer. ﬂths data analysis

C givplle Hﬁ&?a@l’v}ﬁn@ﬁde@@ﬁorh& ¥Rl oBetativdQo tbre SR Ehation recelved and/or
enbodi nents, the particle beam species has one or

oBCEREDS e Ap! VSBF@SE‘FFP asempfsBrlaiceedivef | ect | on
def | echis@fig enﬂd’dﬂfn@){ts e darflle ﬁeﬁxﬂd@@,pltﬁaﬂ@y sthioialedof a same nucleic
S T TN N T R L
pfropexpdses of theplotatigrof anlsadds we it Samﬁleh@ teasticRNBAY, SheSone or
nﬂg}'&l s?gn%l? re%%gen?nv the pltur%htayl %? gaic’nslclgbear%tsgecrle% S\Qh%ge?n the data analysis
module is operative to partially sequence the nucleic acid polymer based on a first of the
plurality of molecules to produce a first partiai sequence, and to partially sequence the
nucleic acid polymer based on a second of the plurality of molecules to produce a second
partial sequence, and wherein the data processing module further includes a combining

module to combine the first and second partial sequences.
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conprising nucleic acid polynmer information, the data
resource including a data structure having a
plurality of entries, each entry specifying

i nformati on about a respective nucleic acid polyner
sequence. Preferably the data analysis nodule is
operative to partially sequence the 5 nucleic acid
pol ymer based on the one or npye signals, the data
anal ysi s nodul e further conprising: a combining

nmodul eAt@rEABiaREhdr Qﬁ)ec@ B thi f*'hlvergl%g Lél%ﬁlgutw LD SE g’lg Pr% Lng
information of the nucleic aci 0] I accesse

t PECViSE Bavingsompeter-repdable sighaly stererd thermmtrdeﬁnesnarm@odama asa
af}aﬁuMSf teifgReedudibP e bosiRser Qoﬁm@rcbﬁgﬁ%ﬁ??%{foﬁn QEI%E&E hve

npar e i.nformation detern]ne he on
néF‘éctglﬁg%ﬁ&wengcané IdeHHYRHRRY I asirolmes brser orgngiclsrbeany
I’Tﬁpﬁle@ﬂetidﬂﬁﬁl k@&tdﬁte&bxr tlh@bédflﬁe B&thT dpBies rERME ﬁ'@ihlerotSLn@ of a sample
erative to use g?ttern

SR BB G Pt R Sl P B e P s beam. The
deteesvinebded: reoeivihi enean erofrsighBls GomIhddedetor, iR dhb6r more signals

| .2 |f ed b € _one or nore
PR B PRE LB D65 PR g ok e
amla¢lgas acsd mjzmetrend/muts udrepjeraenmmstrammtm;fraecan 2dbthsle bed at least

di; C d/or r at th :
q éf%a*%%gmn%ﬁ {}n{o e s?%nguslérre eraf tflgmfcfj:llctaﬁﬁrpo%er ang/or its
eﬁﬁ@ﬂFmﬁﬁvsﬁﬁhé$¢dwhdcle beam t o which the sanple is
expos t e ener 0] o
ond 1 ﬁl‘g sl()jrg% gﬁglﬁig@%/ngs:jtge E%n@i lpegltn E?cwgggs ogxrén 9858 drB g? {1(1 Fo’llowm
nBEpRFEes: @B@F@P?W@ﬂﬁ%lobrdéﬂﬁm@ empegmnd wiveasion, @adithe adt of detecting,
Sis@fl@lchgtaBd/bh8erBidfidd 1§Jllﬁiep§1§mzﬁ oAl mAPALQs 5 B ermme values

de% ctor, the one or nore feedgack S|gnaPs spec
i At BF ARETT SITRIPREFIFFned at | east in part fron1the one

0 r ITD rIe oﬂ‘iege'iﬂioﬂlrﬁeﬁﬁ ethé/&doff deRBfidghRqelRtiae BrQlVor iRhEL B BRludes
dbac nal s incl ude

i n‘fcesrs}?ﬁtal 8tﬁ r?s8‘fr° cé’lnipfﬁ‘%ﬁ 4 ‘Ctaﬁg PRYPET i@foamaionsthe data resource
génkrat odata brucprefaing @ gluraighadhtied tach ehey sfp@ﬁ@b@‘ﬁkormatlon

tlve tg generate

f eengrehp%ct%é elc a% d pol H'geélsequsrggt %’ﬁeﬁa %grttle acho %@mg sequencing
gemtlctqne@naﬁncﬂunies prligbeaguancing tkpcnluyla‘e ticid ptemé@dtd on the one or
a - I ude stora
S5t UL B LML LSS A o
g BY¥f&r pacEpobyner Fremdit dataaerairys iard erohirlieg thepaatial Sequence w1th the
c 9&3?&1 k&fuedce WQHaﬁomg bﬂéﬂhe@ént%o'amﬁ%‘?h eﬁpoqq uencmo

le includes a pluralit ecul ‘es of
n Biigentifypg wcbépw@parmdv emation dasesrrpicd frermﬂaro;ne gxtmcan signals
afdhinHAtdh |s{>1661ﬂ3f1 bPdelor ﬁllo% & %%L%Q? Chy @g‘l'?er (ﬁ%llrélsé e?tnboFiﬁn%ms the

e‘POﬁ re.of t lurality of | ecul es
A DR R s 44 oridvatiing Postorai melugds i ter reconition

r &ﬁ[rﬁﬁlemlcﬂlgpztrbﬁle Rifotmdidnt e Rhin@PESrh He %np@r%rcsﬁfrﬁls?&me
sis mpdule is operative to

rein the a_anal
pg ‘Pﬁpgaﬁﬁéﬁégcwﬁ TICIBHE aci d pol ymer based on a

first Imﬁxrmhe:naﬁdments ahd ;trate@fﬁxmlr &@Mh@%lsbsaylﬂé REESIA
uence, arti al Yy Ssequence t he

first
n{’ﬁrE ré‘”%gg%mghe BF 3?1’8?‘6 B%‘fg‘é%@ Sbwﬁlalé?%ae%hd of the
pl ur alln btyeroeﬁnbnmtxemu the particle Pranty S@ich tifeeAPE is eRFdstd 8 benerated
s t he dat.a _processi ng. nodul e
A e?c?ei' bﬁ%ﬁ%aneeéa% o aé’lg nljg pr?c%sd furtl%r includes providing one or more
feedback signals to the particle beam generator and/or the detector, the one or more feedback
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nodul e to conbine the first and second partia
sequences. -12- According to another aspect of the

i nvention, a conputer-readable nediumis provided
havi ng conput er-readabl e signals stored thereon that
define instructions that, as a result of being
executed by a conputer, control the conputer to
performa process of detectipg, sequencing and/or
identifying a nucleic acid polymer based on partlcle

beamns sRRB T ESRetisE &@Qm?%d & lga(gtt ﬁ Eérpfro thg %ncp grrr%org signals

beam speci‘es resulting from ex
C 6FFﬁI'VF‘§f’?1© thg deigere P E?ff‘éf&])dth?) ety Pvlénﬁ)’ﬂdﬂdqsmsowdmv one or more

c Cfé'ﬂab@mé‘l@ﬁaﬁlsf tHat Sricludl ffdrRadbnRar ctahlﬁ'!lt%gmlcfg%gam pgn%%?o‘?sln some
ecelvin one Oor nore Ssi gna S

inclu
déteg E}F“‘S ‘g‘ﬁ%f%eﬁ%ﬁ‘%’i*er HRSIEessTepiaing thewéaﬁreg@ﬁfqeﬁ@ck fignals based

pat keist an)arb eﬁmm%écb[ﬁéirles e qgl&@ic‘xcf%lyn‘?e? quenci ng
and/ or entlcé the nucl ei ¢, aci d ‘pol ynmer and/ or

its con°| e Rsess Svrder 'aglides siovnganEpion dejergee from
atthelceaaSItmdremgxmmratcoﬂmt&rh&adfal&l@Qie&’n&rﬂ one or nore

SEEINCEE R LR T A

erbid dolymertagd/ort lh;&omﬁlBMCmdry’:‘ ste@a g ppiifs JIp&tian Beaﬂfspéﬂ?és@esult
ffrfofﬂrekgﬁsgljﬁ 099% ElgrahR/ %e[ %:drlegsicif th%%ggé%§>r1§%n§$fgeg$tt e one or

d&toectignaly repreg@qugtﬂ;g phglierod particle beant spéojds negyd itk GStectmg

a@é}'ué’rﬂﬁ%n&/&@deﬂﬁﬁlmg ncﬂBEsgnaﬁkaﬂU géq%enlcmo g}%tngglfr:?c g(gd poe}ymersfaased

of the one or erties he
eﬁ*b%&f Sﬁ@efr‘i'@esolurﬁlﬁé Oﬁé‘tle@ s dmrecbm nfirst meglensinng parigiyoequencing
| dﬁrﬂﬁlél&&' hdMIpdiyHedr YEES on %@&ﬁ%lfﬁlg pﬁuaﬁgﬁrcﬁ’ n{o?e%glgsr t% rodace a second

ggr|3|ng nucl eic acid l'ymer
8 seauenceyrempiging ghedirg a{*dasegqqd lH’élltleﬂrSeCNQWF n g a

p| ur al (Dt?cy a§plect€, Rinbb@EBent£Ad EeatﬁfﬂésroY the ﬁ}ﬁf@l‘ltfo)‘ W9 laecome ap arent from
on ar pecti ve nucl el c aC| p
o s S R BBt orch B Snn bt s mseqiien wih e

2@3camddngln0 deleinigh. fﬂieﬁ@ohﬁ%yﬂ@ﬁ@uﬁﬁﬁ& |s@h'e1|n){t1<§aﬂﬂ B2M6{ iB@nded to be
one or nor e

o Bt B B e T o atfanely Seiemprgnt ha i
palustragdd useaqngesrﬁwres nfap bevepriesented by & hﬁole fhedraliof n@tiod (though not
Bglkx%{{&z r FJr estﬁ%;]‘gf c\% %ya clét%\sle%u Ecg:mep{onenlt 18 gae agg hlgelé/ fitgtl]r?a Nor is

i @ﬁe@fq@mp@nt of pwhpm@@c@mcr@ df @n’m@dmme stiosyn tWherealddstraifon is not

dﬁéc@s"s‘&{f %110@%%@M£&ry ﬁ(rﬁj{n%e a4 xgders}éfl% fe Ibrﬁfgrlltg)ln %Hngtent

nﬁarln i nformati on dete rmne rom
eAtigns2gd pgentsacormnerasdrhateindry rsfpxeaqefareedcomommyoefemeen

Oifh it BRIr@NTHICRS of ANRO IR pRk {
of eldet gﬁ{ll né:’ gequenm ngp g%nté;b%aﬁca entl l{/glﬁ‘%gd%g?lé ns Wl lCi)/ntrOI

i ncl udes using pattern recognition techniques to

conpare the infor l? deternined fromthe one or
nmore signals to th 140 S ed by the one
or O FEG.Arit & mekic dehi pfolyhiehﬂéntﬂiﬂhﬁﬂ | sBRRhding dnbRr HQEESS stem
&Qgétlnclu es dis ayin i nformation
o on€ embodiment & vention.
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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30 determined fromthe one or nore received signals to
a user. In other enbodinents the particle beamto
whi ch the sanple is exposed is generated by a
particle beam generator, and the process further
i ncludes providing one or nore feedback signals to
the particle beam generator and/or the detector, the
one or nore feedback -13- sigpals specifying
informati on determned at least in part fromthe one
Ofont¥DKesirpiegfalds received fromthe detector.
Preferg%l t he act. of prOV|d|ng i ncl udes prOV|d|g% one
dioa P

Heeriginglsinele-siranged pysiciopgid malgcalersad labeled or
c abinpleatritang sttahceaftba pbli/ 6 érezatk@aFor 9RAGT AbWK withdht O NBlix

progcess further includes generating
t%rggrﬁng%a%nrt?at Vogldfr%sgg)oack signals based 5 at least in

part OFIGkéghaws gémrb&tstrhlﬁﬂhﬂfhast rbﬁltf&lﬁdn@h&vrﬂ&izdulﬁp?ebégﬁﬁTP's onto
I ISP cess .furt I ncl ude
S{a Sfr?% g aII %Egtﬁq‘na?ﬁger%s ertcearn FI é)w]n rwd uttﬂﬁgxelé}]%)n&rmmléhat would

sirggal s on a conput er-readabl e medium In further

enbodi ﬁém &okbﬁ\eﬁg&péoﬁfo Qlnglgrc'w%xldD eTultqil'o tlé}heg?doqpul?l? §trands

nol ecul es a sane nuc
é‘ﬁﬁ?‘@ﬁé%?@ﬂh sgprda A labglad) Hlepioesrt@lity bfylomiingwd tirging isshawm.

speci egGr &silldtsp rgs%eét{vgms%pﬂ%bl Lew ggd 4 PgsS%L(HIOHElIl Ivthe% 0?& étrand

mol ecul es of the sanplée

of"hRF 8eeBisgharelly sirigsand pmigs Qt'ﬁ@,heé ItQﬁrsabstrlast of particle
beam sgesi®sand 8B desb&%v@l? §th/fa SeTiEe Erlncnagcross SERYEN gfeagocahzed

Bd/ or jdenti f% includes partially sequencing

dnesites eprapeg l“)i‘rﬁé‘fj PRIESTRN @ WhstAtef i r st of t he
pl ur alRIGy1 Oeﬁomh&CdeertSCttv@ 1 BBl fe® ofer hisdrdile HRL gdb%l’ate
sequer}:ce E E\Id gr uenci ng the nucleic aci
pol ymer® bASEPIsH atemdiigatse of Rl & PYsten foF detecting, and/or
nmedqeaaing snd'a identifgling e nmlsempbl)&ﬁ:r partial sequence;

nbi t. 3 tial
G nor " iapadt el Bl R EE R B Pas S s

i nventHI@rﬂ3\Ah¢wS abe:mmvsaqnp@fnmgenéral@mposehemf;mbd @W&rﬂ @f Fig. 12.
det ai I5gd. AGSLLEPLE icRlerabl ol INANARA NN CoRS]. def o

in conjunction acconpanyl ng
ab¥ahyi ng figures are schematic and are not
intended to be drawn to scale. In the figures, each

identical, or substantially simlar conponent that is

20 illustrated in varioB@ﬂéﬂéﬁﬂéaimay be represented

by a SI} _ﬂ@ﬁsﬁmﬂ ﬂféﬁxbéﬁ of @équBimt 1H9ﬁf}(lﬁmylgpde@éamg ﬂlcmyaad
not every component

éF rpo clarity
| %.% RN ase%f*yaff Prgmd%d TN mehgds cewwlvwﬁmmcle@am such
eacah ekecrbmdbmamd obddin Inf@mbtineedatdy 1R RMRiWBR HSlymer. For example,
U eo?bN% . not ?ecessg!% to allow t hose of
c? RSr%y DS T OF HePossd 1.4 particl Ygpp andqhanggs inke heamapsition from
Allnterap’mnemth theaqambie oxadly iferfisa }ﬂﬂé}n Paick Beinsoellﬁtéﬁfefb@ kb8 de the
e are |nc or at ed €¥ reference in

FehoRYref er en

2 P LR LT R FITY 78 Spreaameroscope)

sqe b¢ fded mtdiroetly vuemcsiamqilem of €A The saPiSs mid be lakeRALE.8) using atoms

%r'nﬁ;ﬁec@@ssa(ﬁ%lgé {oQ anstrglﬁd ofl?fﬁ\AQr to acl?gl% detection and identification of
nucleotides of the sample. As described further below, the methods can enable nucleic acid

sequencing, identifying and/or detection at high speeds, low costs, and high accuracy,

amongst other advantages.
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1 is a nucleic acid polyner identification,
Elquuenci ng and/ or detection system according to ogle
enbodi ment of the invention. 30 FIG 2 shows a double
stranded portion of a nucleic acid nolecule. FIG 3
shows a single stranded portion of the nucleic aci
nmol ecule, with detail show ng unpaired nucleotides.
FIG 4 shows a randonly ordergd _m xture of |abeled
dNTP's prior to polynerization 14- onto the single

St r and.FIE! IGhows aSJj@t‘é\Ea 1bhe 1&nglngageql§elnagi %d?otr dft'a%ec%no nucleic acid
? ﬁ E(’)r?. mol ecul e and | abel"ed

g Eﬂ %Fﬁﬁ?lp%f]?néﬁf tt‘? kﬁi’eﬂélprarﬂtewst(sm mvxhudes a chamber 12
i B atsampmm is)positesmed. Oh S drdalnbAt, 2 WRHLA Pl 2 1 U §) assoc,ated

h sul
Egﬁ)t/l}r@? ?ilzgi?]\r%%r t? dO agllos% f\clileﬁt?g %B’T'Ytlgg}“ma(%;ta E@Sﬁt@l;aq zﬁ;g@t 10 torr) during

al Fseadypartigls bd:aab@ln&at()f is Gdsiphid M,gcrﬁ’d@é’\@pdﬂxélmyr% 1§ hgs shown one

1t). FIG
e moaf O REAR IR0 AR ik & e dine ommeins knePeused

dalitsFtend/er fagnd $he pamible bt orothe saatpled ot fetdior aNdPodidied in the
TR e i e
arfgd the érimages (gr@(pg meredensvairengenénta2 (sdan a8 flositfohl@t bef@sn BE €dhple or

et S T T AT

W, ateca;?rdgaé b§ @@ilqlqg%benvqtleﬂw kapadd tloz:ekﬂ;'ct lbﬁ)rﬂdbd’d@s transmitted

substrat e.
s I(E)lﬁlﬁﬁghaﬂier sgﬂgledTherHegtc%g l!tr%\s/rgﬁ‘gl {algcgy:agsg%nﬁg JepIcsentatiye g%tﬁfiﬁoélected
edm

on A JUBEY'P 4cua anpdysisimpdulg 28 és destribod Rurdierebgloamihe data analysis
i Intodste may b\@nAgurexa idérBreOhe @ﬂtzg‘gésft %pdgfg&mg ste§ encmcgaiéld@r

/ den Ing a
oo ing AERERELT oA Comoeadt Gk s b dsmtioge  orer o
g é?fé‘ﬁépquslmc poder lmnmxhcemucmb%ﬁl’pblyﬁlleﬁ 13 shows a

al ose conputer system
o F1 o e PSSR S Pt Eroaprershion ng

C?ﬂélls@laws Bifarest thanrtbiat aisnmesﬂklehe@ﬁmnéht okBGExanpl e 3.

d f
oo A o | g B el B g s
%"rﬁ%? 4d/og prepenepsof Biagleia paid polypdrd ﬁdcert'a’ih emBRAROES it A eferred

[ fmuahé/ﬁmbﬁlbg SorAed dnk 6! Forl g&%len?e Sgtramlig %Hlaﬁglflgé‘g gc;% gé]ymer

a tootalnln ormat | on regar
p%l ({{l#é qgwengxgﬁfﬂnwle may be formed of one or more strands of the nucleic acid
polymer along with or separate from the complementary strand.

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

used. In other embodiments, a single strand may be chemically synthesized one nucleotide at
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a sanple of DNA can be exposed to a particle beam and
changes in the beamresulting from interaction with
the sanple may forma pattern which can be interpreted
to provide the information. In sonme enbodi nents, a
particle beaminstrunent (e.g., an electron

m croscope) can be used to directly view sanpl es of
DNA. The sanples may be | abel@d (e.g., using atonms 30
or nolecules attached to a strand of DNA) to

f@@lhl'e' ﬁ)@é}{%mgl@tlﬁ% bl%mﬂﬁgude%?ﬂrﬁé rsl ?(Q iboguc S nt tlc processes are
nucI eoti des of the sanple dg &eri ?’I bel*ow

t !l #&qwaéhe@aﬁnwaw @twapéqdeulrcls aleq rpssible tpabRd amgngle Strand by

| geritink wifdeh ARElQ5oHQt Set és%ﬂmcv@tstr!ﬂ'ldg@RﬁR%%cellé @¥mbinations of
costs and hj gh accurac armn st ot her advant ages.

1 He gﬁp&gmgl(a mgt g%ﬁé(p%\r}'ﬁ tf(ghqs%iaf #(@léﬁfhefay) afl@ can be used. FIG.3

S SIPWE REAnd G 0 A1l Plep Q108 GhdliEhg MGk RIaGidacCi d pol yners
accor% %Eto one enb(g%ﬁnent of the invention. The
F

syste FIRTRRELT L IEHGHBEHC A9 20 Rolyipsr Cpn by cseatepifiam fhe single
p &xsadnt nfethy shlﬁbkhbtﬁ/eﬁlﬁﬁﬂ(ﬂdcﬁﬁﬁﬁa Far kapid Noraudyp (ﬂ?mér&atxon

asspoci at ed ch nber to. minta ffIC
R PORRL By et o e i DO LS P b fayP R, long
UEER pAotgpals).i Bieeccheaurs g@mmsahwlvél&pomodbssm@ﬁm}aﬁdlo an excess of
g ml18.. As

g%zgog{ier% gﬁdegﬁn{g ogLriBQF c\?%con 1t1c|;%1§y Tﬁ \Aﬁgnd%s may llg]eglrlbml) dezﬁs
odesmheﬂ |1rp1fugh¢r erlsesind slowo sehgmatcallylinfdGt4. dnednarenfbodiugnts, single
t Qxemﬁlﬁﬁﬂ: g@kﬁe&%%ﬂéy%#rb sed ?cmg!: ifita eAeag{:r‘cgﬁ {/m%é’se Iﬁnza/mes include

position co I"EC

s Paey-deperigntd N4 Polrm@aaemr@hdclgltmn@eqbi&%wmeh sicpay Tdgcl e

bs@%er@gaﬂ RN dpBIIRLEON APSy i raddIDES 'r@v@r%e 95&&@%%&;?%%&&.
can be p03|t|oned bet ween t he sampl e or

afitpengeat Ridh gplypperaga Ingthesgmbedinenis, gpaymes aed nbidhgrysed (e.2., in

S PIas ickRsnidH S}leegs)t Uﬁleﬂﬁﬁtﬁcﬁé @ImpdfentsAS.g., SRRWIAde ﬂnkh%rs other

det ect or d beneath the sanple t

Sit
O OB B4 1 AP SHY £ LS MERTofh TPevssprwe 46
Tl'meludﬁg e fi¢mdntaansiahd 81 velichGhdludzals 1sbe@Aak Sescribed further below,

the collected beam species to a
da ngcaﬁgglrsqgtr%gn@%ul e 28. As described further bel ow,

t he dat shoald &t yigiestoodrhdistrectura s ey Gidiaf fragi stedtute0t?2 in FIG. 2 in that

o lant S f 7 Bl niburied Rind 385 ap PR aME ne
t etherwion dawprebanbinaNoftranhtFar petriply ths complonaiery $rand may be
dﬁx‘b&ﬁ'ﬁtzd toCIAET %glls %'ng/ dBfin rg' qgﬁlér fg%a{lﬂgt {S"ﬁé ﬁﬂa& dgt%?tlop I%nd

po lymer. It shou er st oo
i idoRtiicRtion ofayeldetidas immerbads ef the ippention nlﬁqbglﬁl fecgt..iatsmss or molecules)

dbvﬁefn‘?erxs&ted iofaaaaniom%mﬁ &%M‘ch‘aﬁct@ﬁ&nc?%&g b%ﬁﬂlfpn c‘?{? tifak ﬁa e

In general nmple 14 is in a sul

%et%ﬁf&@y% @amtﬁ@d Heredheypiems #d methodeefiiemiseentiond /lo rhe nllustrauve

PEBSRARES, &e lgoeréuab@éoﬁde@%dnd@&ke\awan astdMisC&Tel, él*nT* C*, G*).
enbodlmsnts it is preferred that the samp be

f BT die yhigicgrid ﬁﬂrféef@l:wrﬁ%né%‘fé?ﬁdm tcs*fl?la%dsbebf ThiRe

nmhﬁa@o@@ id dmldwmrsynthdsﬁ oethb Ahcl@o R fdFRdnsle dsB@ PCR, which
r more strands of the

nwgf%lﬁ'cresgﬁf 1 the SyntEESlS o?[;oth strands (i.€., the nucleic acid polymer and its
complementary strand). However, in certain embodiments of the invention labels are not
utilized.

When labels are present, it may be preferable to attach the labels to nucleotides of the
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pol ynmer along with or separate fromthe conpl enentary
strand. Conventional techniques nay be used to forma
conpl ementary strand of a nucleic 25 acid pol yner
and/or the polynmer itself. Typically, the first step
in formng the conplenentary strand is to obtain a
single strand of a nucleic acid polyner. Any suitable
techni que may be used to obtajn a single strand. In
some enbodi nents, a single strand nay be obtai ned by

Sempl&heﬂf@y Brahil 5iEY (o4 s OWAGAFIT, 91030 BRIE Qﬁﬂdssaf&}ﬁznﬂclég Rid
oubl e-strand eg %iggc ure 42 as shown
661",1

FIG 2.
S?%l i dugf,na a (?8?5 ,csd/rﬁlﬁmﬁ @ %lgg st(:%) 0@ to mchﬁ;&r%}he labels in the

enaypiehéntdry ﬁﬁn&’!\hmlgz [e. ghruelag akingle yueld SIQE]R) ReRMHoN ek WeRH
In o

LA, T B fRe D SLORT st TR e
t empbcbmgxts Ferifienaepdféabelpnd esreciasly atiadhed o eﬁ@&ﬁﬁeio@ﬁucleotlde
( eCiR) cvf?) mg ﬁi)ﬁgs?ﬁat%&ﬁzgéengglg trlplF qulc f ﬁi‘%ﬁ)e r}rygglbe%@ﬁwlo atg

S |(ﬁ§?)élr@nlr’ﬂamsnhaly (IbBP)CMmsualtm;yxowym HelH) z@dventienally these
nHGAI&ﬂHés%@ m@&rpc]r@ted fht x{u@fétc ag{a o‘?@é@igsmég reﬁerrgd ?cﬂH atsm(lgle letter, e.g

onucl eoti de synthesis process
ge@s’%@’ Qr &or WS@'PP‘C KeroelrelingiDNHea st typervd labalns Beched to a first

aHﬁcﬂ’éBﬁH@tgpe el CSF P?k%&o&ﬂ?ﬁé Higel © at@a@ﬁe%lt@a ?ecérllmlclgotﬁle gé)e

Url rom a natural source
si( AeTPQtartQH?j@ae ?fNWCf s @tache tp g thidaneieatide tyon & TTPY; laed a fourth

f epegola angd thUﬁ% rkeliiedse KRow. torm hese, Rlieskbddlfurth
o g &gw@ algo C . e usedeBE Q?JS §§3h0m5 s?rand “

40585 e e BipE s ey B Qdhg DA o e, Meditied (o
C oamiaB ﬁmy;ﬁdaYnﬁdrﬁlallﬂdecﬁfdes'shls?oliﬁh Bl @ed@ G \dhlﬂpﬂhb’ BREs, %Qrs ke
A R et i Bty S
polojavtidds fag.i iom, Ct @chaiddlie Onmaxanipe: af geds i lﬁﬂ&eu dmmgxc ac1ds, which
! S Lon. (R tandard PCR =
P8 SRR SO PO RRGOR G s dfaesaRt PR efrvet e -
epEs g theré- CSﬂng?it@mS‘{VlﬂammeﬂlY.ieI&mnexMmswemf theQforegoing can be

nHﬁP@QﬁhQ&§uHQQSE the proper reaction conditions. The
nucl eoti des nmay be | abeled, as described in further

bel ow, It SiReld bpenderstet By tsed heyein,a “RiclRotide” chmprisesenitrogenous
epRed sﬂﬁ%lecﬁé R, eoQFibde id DRA &6 %WA?%ﬁd &lL4Y Hl%% (typlcally

are_used facilltate reactions. ase enzy
i hich tgkéng gmas (et SReRBMALC, Bmda)owwwea@é@eo@nm |a@a¢1mgnde
t h@ﬁ%ﬁpﬁﬁ@gﬁoﬁ a?ﬂi(}éﬂﬁ%l;ﬁ@ﬁ)ﬂa‘@ﬁs fgﬁﬁecpﬁlalf&%r as ggevd herein, a
- de ent nmer ases ., reverse
O D riss M1 N ot serbt BT SilePS STy et o
I mlmtg‘@dsupe )] QdﬂdeIIaInSa “@E@&B&ﬁﬁns@ﬁzﬁﬂn&@he@ Badd S ndi@reSugar
vtrqmg em cal itabl e

Drls ok RE R neie O Fire bipuanlind o bienn < rmrsgiecen be
spxdimase@mtomels:,c aciddolier, butki@yclemie af igee dﬁﬁnd@r 885 8ddékribed

R A PSSR SRR o

f mey beattadiell thmucledsalag eMthctl maf be sdlysérizadilioddleic acid polymer, as
opposed to nucleic acid bases. Note, however, that a “base pair” is conventionally used to
denote pairs of nucleotides that are bound in a sequence specific manner, e.g., Watson-Crick
pairing such as A-T and C-G, in a double stranded nucleic acid polymer. However, this term

also can refer to pairings of nucleosides or bases, which by definition are not part of nucleic
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20 I't shoul d be understood that structure 46 may
differ fromstructure 42 in FIG 2 in that

conpl ementary strand 44 may be nodified to include

ot her conponents that would not otherw se be present
in a DNA strand. For exanple, the conplenentary strand
may be nodified to include |abels (e.g., during or
after formation) that faci I|tlagte det ection and
identification of nucleotides in nethods of the

| nviepbly@ks, Labels (e.g., atoms or nol ecul es) 25 when
exposed to a particle beamcreate characteristic

part i PR B wpeeasses havingteaghaycloetide that betriag a anidue label is that

| @aRtisikeddaesientd id REJAYSERIER th@@%u%& gﬁ’%ﬁ\ Ogoxﬁ%mterpretatlon as to

%&gtloﬁ I n thge i.llustrative
SN G &[VEbRYCFaUdep en migberaquinad. blyﬂbalm“&s&thevm@if nucleotide
( emgue;l} &0, alldWs foEE‘Qme@ke)ublht)Sh Rhth Mt ryretatid}e aJEAGA sé:p 1L gientlﬁed

p fied to includé |abels.

agv\vfgen te%lﬂe%%%ol“g f? é‘}%ﬂtérng ety g SR arrdYp Quqlﬁfmltiqfi@em@d r@lrcwhlch
apioglidef anrinterxa epite! £68 the gorr¥eiRessWii the Qatd al iR s‘ééﬂel‘lé’e

resul ts, hQret rg)edlrn)ént hesi s of . both strands (i.

t he
nucl ei'c Rereakiielpetide g i dnénd apyG)slf’ PéWGl) strand
waeewetmlqup hb@smt aue iabelsrbott omet straf ard fiffelentY ThisicBbe

I abel s, are present

oy g By deg pitlen! £l e et SRt T ieteeor ot
ofY nth@c mql'yods @gﬁpﬂlmm%‘a;er edse andhcldng Hie bteand to wisish SNRWBtide
| Belfile® S) or to both strands of the nucleic acid
(e.g., using ost-synthesis chem cal | abeling step)
or to Ip pﬁgt@pﬁgl,bg&f imentih @of adlmatleotidp typesmeeCiorp labeied) t Bk ¥xample, if
SthFe@ A 1RHY yh&- (Q% e%'T‘?Qre@ab%feE]QAdghe[ BHrth(eOf CF l}n[lz&él cg?hen

bot h strands nucl el ¢ aci
nBAR G FeS Wﬂe npgpeaditybeidensifieds tlperfonlrrtr@uc@ndeltypeazeg 1 @li. IThe

Spatibn of tﬁ@lﬂﬂﬁ)ele& ﬁﬁﬂ?dofldie@ MR8 sfeRdd ﬂ'tﬁpﬁjserggtﬁg 8{ the dlstances

ve ched to each t nuc
l‘)se%\peen agelf%%qc 8t1 e5, Igb"ﬁB ﬁ‘}ﬂ“&’ r%@%p)rpamagj @f—mxg]egtgies m nucleic acid
t pthm pm ather e(nemmmg yFicAE ot thd RRRSRAAY RS mby ﬂ—eDﬂabeled For

h t uanosi ne tri phos
(Eltbl LSBT ROR S ¥l B e e vt msiobe tpes abeed

[ Gﬁkgo Cpbr md@deqond et orﬁ,sedpencnngatatadna“ynie @é?rlél'a@éii »ﬁfh&hé &ﬁé% N@d
o iR oDl Ehr E o ot By R pyioced s igormaton

exa
ACE F@éef@r@eﬁeﬁum@t 10 nucl eotide type (e.g., CTP); a

S o RGOl byl 1AEhe oty BiAERS @ o8 A EEirn stmapsior

nucl eotide ty
elsiered P?lﬁm% ‘thh ﬁqqaeqq@ ef eetbqr.sm@dtcynp@ l(lkrrgi fronT HR)s¢quadtd ofithe

f hbt Ethhnd t R %xzﬁﬁplé aip ﬁbelé@ad@l&xﬁe@?ﬂ&g s{r&d %f a goulbiebsganded nucleic

nucl eoti de_ty
fagjdiPREyer ‘B’é‘lbﬁ@P”qﬁhﬁ%&’é@Wﬁ@ tb«ymssxmtyanlden acdexdéricé wirhl Wayson-

I@i‘&:ﬂﬁih(ﬁébhm@bﬂdlﬁ}a@teg crh@robtpebsor ,
i cal nat ur al nu%ﬁgg?%“%‘g? gaﬁg%qréd allopys one to

%aftérdt{‘ “?Rﬁff% pRINGg Sheorresiening positiref fteodishattaed Ofadouble

rohetd aelekaidbd hdpcfsfti%ﬁﬁdﬁothteﬂﬁﬁlegtm@@anﬁi‘ic@ﬁ%@tge dlﬂgctlv read or
nucl eoti d ,&

DI datlIID gt ur al curr
d’,X 6_{):' mo aerw)g a ¢ %ucgﬁlc aejljthat ingorpprgtek g@y two HUCICOtIdC- :
npeiisildbelaci ds, whic h :

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

embodiments, labels are attached to the nucleotides on, or within, the nitrogenous base (e.g.,
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for exanple can be a bicyclic nucleic acid where a

ri bonucl eoside is |inked between the 2'- oxygen and
the 4'-carbon atons with a methylene unit. M xtures of
the foregoing can be enployed in the invention. 20 It
shoul d be understood that, as used herein, a

"nucl eoti de" conprises a nitrogenous base, a sugar

nol ecul e (e.g., deoxyribose iLmpDNA, ribose in RNA) and
one or nore (typically 1-3) linking groups (e.g.,

pl’ﬁgglpmgl@,ﬂmpﬂmmld@}ymﬂhet YRl aForf&hdeﬁﬂuﬂ@tid tﬂ@Se eRbdliments, labels may

nugl at e t 0sI ne
t S “%E Serbbl RDBRENRG: 13 b ol '/ysg'aifsf:é@owrr@tr%en goms in

rfbmlpeé@ Sln dder epthopimieste abals Bnetaftﬁlged'lmlﬂ& AS&idBNEh, 8r Wit khe sugar
M(ﬁ@dﬁle% g. ar?bog@ﬁcfé\lﬁb %lddQ%Q)g‘l gde i 1p ?é’ r)]glnrzﬂ%e:r %)rggorﬁi nggeés are

her el
lﬂtaq}p@t{ on, rewg}uxg élpkmgrgrplgm qu tbe oucldokifdsi Bor egﬁrﬁ;hlﬂ theBﬁféﬁUﬁa?/ be

Ofarhdh8S6h, GOURES i bh Bk LBRGES ot i de can be
po a| neri zed int gtpa Euagél ﬁe?\@ g\%g Thﬁalabeys ma} g"’a?hedato OXygen

nFRPSHBES daehae sy i . &}&iﬂh@)ﬁubstAste@e@@whatye@S) cﬁrumetthﬂace the

behesphoroRatcati: 3sHapl@.Of certain enbodi ments of the
presen: |nvent|on is that |labels may be attached to

nucl eot’iFedn SRR EEe 1Bkelsrse gitrelrad seilic nurleotidra by edvalent
a©Dﬂﬂlm|P§émB§crlb@!ShlaQr B S6IehObdAlRL Sl'oGld@sCsltrgnéoa"i‘lﬁa?rlent between

Weve t a al r I'S conventlonha
D@%) Is g ““8‘8%‘6%””@3‘? CB?Q’ICH%R?F%%‘PI&%%O t%ﬁttanane@osmmelmvelv
a hg@@@"@”{e eeaspcmencfels (b mﬁf thaﬁalﬁ)ut soMat &8s oh g&ms for example

a doubl e strand
ﬁg%; ultelg(glzzl)g\l tha§ﬁnyy be lmp%tggftectpﬁ Iagd/(fréniiemlﬁcegpgrbof@aﬁelc acids. In

r ensyasts the l'ggtmrqucggsqmbed’h}@ﬁag@\&hdeﬁ/oﬁé aDABAE lab%ﬂ@hs@r@ Witson-Crick

d ot i e wea Gt < OldTerS:
S&ld‘i}i “Ilh% %f\%/arghlﬁg RN ﬂéhagﬁ?:‘ﬁkﬂhtlﬂ“g‘% F‘g’ethtlsy iy not be

bé%l? Fowthga@ﬁﬁuefu}@gh %\@@pn pemtdnergies.onl y a singl e "data
read" ih §eﬂm@dl¥ngnt9k?tt mhx@fe{walﬂf% g 815 Fr‘abels Al é‘ﬁacﬁ?f}(;% 86‘??03‘835 prior

|nte retation as stran
%9“45@ FrBige Fheé@lmplﬁlamry stgneé é@Dﬂl’Ot goptes offthe first strand of the

nmmﬂdﬂﬁdd | NOMEE ¥mBd 0 flexibilit
in d L3 ?ﬁtfg;”r etaton, Oz‘gerggackﬁ\{%glfég{aﬁge Plecisd Bl et &

i dFsed fustye oBa da 3et prevaet nebmicthes foestipuiht Ririnalt
dcanﬂltdnheyltaﬁd’kﬂaﬁd'leﬁcﬁ)r@lS]ﬁestdﬁ@le i kol LEGS nﬂ:?e’ic eﬁﬂﬁ)%ly%%}) Thus, in
mﬁ&%ca Pﬂwcoges an internal control fo

COrT 6ot PbPﬂgmﬁﬁFﬁdPéﬁﬁkgﬁﬂﬂ§é6@§ﬁ@@M1In ot her

(e;gbod iHoemtes, in em?’remum}nem it eaytig ﬂ@su@@to&ttach@abei% o H_uclebhdes after
ra rs,a uni he

brhftioR ol e ire B PP sOR o Biehe srand P iyt icecid
mlmb Apthesivasts, the rmslecb‘tglesigi)f lakvebden Sﬁﬁﬁie&(fpnbx&@ €drR8kion of the
or. oth
LRSS S RO QiR o of Pl abie  eiCastye)to ncluce
t& WHloragmensdite ahigh can bNHvom’mi prefetablyeotalditty, thet@neslabd fpe.

g;gﬂ:jr gdgglalgdgbﬂg g@;%( %#‘p sﬂ%d(sﬁl ay B g)!p%soetd I‘ccgj t%e [ag(ﬁs whlchegtt%cﬁ to the

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

embodiments, the labels comprise a combination of atoms which may be the same type or
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three nucleotide types (e.g., C A T) are | abeled and
the fourth (e.g., G is unlabeled, then 15 each

"“unl abel ed" type may readily be identified as the
fourth nucleotide type (e.g., G. The position of the
unl abel ed nucl eoti des can be inferred from observati on
of the distances between | abel ed nucl eotides, ,given
the highly regul ar spacing ofpucl eotides in nucleic
acid polyners. In other enbodinents, only two of the

Nucdyeedi ftkeent p&SvhthYorbea g,ré\ﬂﬁ(te 8d triffufo mERAMR rﬁay B pt'éfér%le in.

sg%“ggsgg |ngtdata ma generated with t
nuc rde ﬁ?gﬂ’g [GSBPHE ¢ 66 el 3 2tlomsandayn s Case%;éé@ﬁ’é atom.
se&mteﬁle geqsfnbeigg ﬂhatuae m;aré)m gened @t e, tth dshsh, ALheS Fe, pt,

t | got el Bot h dat
T b A T TR C RN it - o
r @g%ﬁ:rchdnxgcqnhe cesgs.iIn eorseemh@dm&:ms%b@h Iﬂaﬁalllytﬂib YabelDMay have an
| i afone Ot g ea er tha nme
aa% &ﬁ]l.gn&p v E@PP g%gfl gtg%é) gp gﬁ'x 955 L ng tléggaﬁge]th%lév%]flon

strands of nuc
ei4!thevehsinoghstieratadintyatsi inmeyr hfeeydefénablmfdrlnle: lgeuehnsce aphiohhke

251119!5&%?1&;&1%3(][59{0 5§W§§geggn% %bel eld/ ﬁdem nes in

one strand doubl e str eIt acrd pol ymer
will bl 066% ale&h@dswﬁgbmme@omh@ renpoqmPo RNt serast is sapdraien from first

AGEHIAS SR aWnk R c%ﬁl%&farﬂ&aﬁg aﬁslﬁs\lvl? RhicAg JBind ltl{é%am%le The

rul es. Thus, observation deni ne on on
alCPBREMGHRY fignd piay éersew@efbﬁt@@ﬂ@rfe@ sednd gsinggamiventional derdagiring

C Q¢ch RGO (4 .| rt@erﬁi@lsérizyrﬁzﬁlcgf Afdr8eatah6, t@tﬂrrf{1 @l‘fjang fma@ bd ngzglro%d or
stranded .n a(gﬁ&ia0|d he positions of

n (Y B 514 TReWede be directly read or 30
| nf er riadohe Qm:s?hﬁaﬁﬁt\blnla@d e dOthb :c@n[fiérgéﬁ@)egraﬂygn%hﬁpl@}%e%cuon
rate nucl eot i spec
| Ao AR BAL SO KY}"begDafFafc HltovEh. if sPegmpadinaentinthe
vavmldcryem stiahd erdding firbtGoatdi apsusot sdpAraRoHRd the [IBEHIK-§RAdEA structure

| leotid it hin,
tﬁ%@ﬁfats?oge %&gﬁ%&%&,?\ chilfr ﬂur%éﬁl%gté’bétre??sngn gggn:mne N

t hyni ne cergajit @@boﬁ@lenqg,rvd'@n th)e corlﬁpllemema’y(pﬂr&md id sapdrii@Bfeom the first
egpRd e lcrrleﬁtg | Sadi8Y used & ﬁeaat%%g e?o crode anptélﬁri sgrand which may be

carbon/nltrogen ings in
cibeleh T0¥s senereagede ecmndeﬁ strichuse bhs@nclhdtsmwmmbeled strands (i.e.,

eﬂﬁ@dxhﬂ[@rﬂ&rﬁary Et?a‘ﬂ@ hiftt tRE r?e“asrtxtaﬁ?a dtfﬂ) tlﬂg c&rlrb% e%alrvds%rand as
, g he sugar ecu . )
Wnd‘? H@b x%ﬁeﬁﬁg @e'ihﬂdsmu@)doulﬂ?rswwrstreww Wsshe sample in
I &ieelbtsct@hencﬁora&ehﬁﬁdaﬁ& $@dps. or within, |inking groups of
t he nﬁ% E%% 9@ For exanple, the Iabels may be
at t acHag Y of Bf inxprtigy may QV?}H%%FBH@P@ famplei (grg- gqrrmlqynenrane
| sthaeli $oif(al¢mbxﬂar§tsttraﬁlﬂ ekt Qrody §iblenSdRs) dubit £ new %J?l

S ubs t ut ed hos hat es,
P i S o o PO E HorIh eaghect pe el

cery b the samedik., rmmis? tﬁe l&md @bﬁnge) ar @iﬁ&%ﬁtgﬁh@@lexﬁpthk B&bstrate
n on escrib
%1?){1 QL 's%ﬁ?le %4 e% C?élg onatpa%t 8}%‘3) Blrgeél{;)’(/_)\glg)gmg fnr%lﬂﬂl particle beam

a:meggmﬁmttb@mwgglnthe sample are dete\,ted the substrate should permit sufficient
transmission of the particle beam.

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

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



10

15

| abel s and nucl eoti des whi ch can enabl e | abel ed
sanples to withstand exposure to relatively high
particle beamenergies (e.g., greater than about 50 kV
for electron beans, for exanple about 80-120 kV) that
may be inportant to detection and/or identification of
nucleic acids. In contrast, the techni ques descri bed
by Nagayana i nvol ve attachi ngajabel s using

Wat son- Crick 15 bonding which is generally

silayer b reatiyié yyame dk ematrhan:s abYiayeeBi mdRArRSIARE, chbidStional

tand. such hi gh el ectron _beam
et Bkes o) sl L s BN R RE s oo Siergr miline

trﬁatongﬂqghdrrabel s are attached to nucleotides prior to

(and/ of " S8t 15 AREHI0L REnGRTRAG Tor i’ sl Gprnciuce
aCRYOP 518y Wit Farbm grablse damntvod) lvrmmtrst,ndé (e |hatieg & cuprystrb@ure),

a C Tic ln f th b |
> B Aorld O YRR ﬁg %se r eac ﬁ&wtl%gforgﬁlﬁnﬁ Piler

that do not pr event po
c GRSPEReHt W?“@Fﬂaﬁ(ﬁ)mﬁ df ar orgﬁoplmwnalﬁ stdhes & Ilplﬂtnatura protein

Stof nchedf prBt@lﬁ ‘FH&Juﬁén%te%dt&‘laPrﬁL\y rogcid vghlnlq:?\%mlagls for

cases, the conplenentary strar ur'i ng"x‘l“?%e o
£ GRIR TR Ers B o iate aachmprs of erisoiame dessribddtfurttay bebey.

deSI r eShnIpQ:s &IaS/ %ﬁhakﬂ‘lz’a% e b siiclyenthda b% <§ iftf at Ieast a é)ortlon of

?}{ 0 E ?g npl ementary strand

“ﬁ'EPF °t ¢ su ft"iaé?né”kﬁblettffémﬁaf‘éla@ukeo‘aremdhozsoiﬁbilyme)an For

| rxdnipds moteaﬂﬁ?p,restrh ©n thd GLireRt btd&SsuHﬁMteQ@ pr@%%@mm%g b;r{ &he
npl.ementary st rand

it el B i enio 2 sfiFi b of et inlencresompe. The
pmojmttiﬁs)matyd)emndéluaiﬂd seﬁu@tﬂ dpadiiemattdurs (B Wligsh e RotiMak)C M other
c @?gé %) fhe Q@olﬁﬁlzge f&?ftragefn? LA lr%?‘fagﬁe% t?e ﬂr‘é\lnﬁ L gl}ngenhgqsf%sr t%gt are sequence
SP?THWG@ ‘) Iﬁﬁ@“b@“@)@éf@g@d chogd iney Healsed ts binti ittelaapit acthe §uBstrate
t B facSite %ttacl"?hge LiRQES s la&glg%éag }gg%te?eg aﬂ%%%rll d pﬁegetem}/med

sui tabl e | abel n genera
sBiEEL %hﬁ%aosﬂdtoyg’ecsoqﬂhat are nore easily detectable

and i depdridd, ogichf3Pa EHr}FplleerHJylbqgﬁefchedttQ BITRGL %ate usélgggqses

nﬁ Eods f the invention that utilize a particle
ot 8r|’ﬂ§° %W?eﬁﬁ*ﬁf gom&lﬁ@cntag}bs@p@ Wmeg@r)astrand and first strand,

c mﬂmla@m@m:@ﬁd At QEB sMHﬁHa}rﬂi'sBétt&ﬁecf' BeotRa BRed Xlﬂ9 z)l(l)er end of the

1 %f h ‘erent types wh forma group
t r a ple AP eﬁ%&tc n  song C3RYy OfFePr ﬁfo@fr@ﬁ'ﬁbq ortigng along;tbntength of the

csesgd:, mfyar atrdehed. &lhe htfachien® de&(@) rRIBE 1R Nenk B th@théT&c acid
agl e ul% SOne fguals, Llfde eggtﬁ callt (l)m1 Surtabl e atons

er T fdiaated, i desieg. By delyding it g npedeic egid dyging SXntheSB
UluC@QtldeS’bqpaVlu of fé@mg:tmndﬂn,th thEstbstags, Co, Hg, Gd Cd,
Zn, A i | ogen
at om%ﬁ%ylbmgte%%é %R? rea° gswg%e‘ifta iq’bﬁle@g%g& strpndt 48 ghgch, as
e ey be doopedrod girvebtCeethih methhds df &béﬂ\@nﬁfﬁh}dnwgu&ﬁntlally
adnQbhfeniny! (@alo egat e) great er t han
e Bl (P RS e 385 R B Bl e gieizchment
efiistbrEpte s This eanfapjlitise dpectipreandlvr @eftiicattdne FIGH@8ASind 8B show a

habetedaBuid QXhE48 that has been substantially straightened and is attached to a substrate
50. The labeled double strand may be attached to the substrate, for example, via a linking
bond to a bonding site as described further below. Conventional techniques may be used to

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

i nvention, the conplenmentary strand is separated from
first 1o strand to forma single conplenentary strand
as shown which is used as the sanple. The _

conpl ementary strand may be separated fromthe first
strand using conventional dengjuring techniques

(e.g., thermal, enzynatic). Al ter separation, the

f i ;slecuddr E@}ﬁ‘@nc"fayhp@m&”ﬁ\g rrg)%ge onr mE‘%anE’Ss L s?lopc%d natlons
ot herwi se used. In sone ca separatlon anad ”@f

t htéeré?fnﬁ] EHEAERPYIiBeta g stmme i pitgshddrapd GFthgmﬁtnﬁﬂbbb hybBdization in

anglfl@d flbwl ﬁi’Hlﬂg&du@@Eﬂld%ppﬂeﬁnﬁiﬁm?@sqw?rg{e SEWJCD Ogl Sgﬁ'l? Qases electrical
nbodi nent s, onpl e ry

e
stéeé%d“%aﬁa I”iréﬂzg”ﬁ‘r?r ‘éfheﬁqf*%lﬁfdofaﬂ“él filfm Os@fmb treginotasuchptehe

dourbightesihg. ah @@BodhEdCH Whth nlofe HAERe Qe B @ﬁrar&hc% th Ehetsm)%trate it
det ect i Oﬁl Qg/or i de t|f|0f1t|on steps. In certal

er ORI IR STHES Ll ARy PRk fcone another o
s dpalitat exboburotn thdigai IFSrtexarﬁlblE aﬂl@lccdlzh RoeHP! l@éﬁ%fbﬁ@srﬂayge used

SttE Qﬁgql 011§on61§1ecq§i85 uésﬁrg% SUr: fs %8 afr%ée?glg%c%%rbmsgt trechmques
dd@bff leeery dqsaﬂndé,cforsdxnmpit Ui BS whrera ,3031296U @8 erhMdnd PRt PUblication
StNARAS 94/ 198 - %Jﬂ%r 8{?'0%% teraeg,% g#and and the new

strand creat éd from §"€trand) as
shown [nfemiGemndirhgntscte 151afane wfeltd'sobim'atet(ds‘rl aSmaJorlty of the substrate

d r u S

X %grl?%jcg taxg%)tll ﬁ(}ﬁﬁ%n@)}ﬁ I%tt%éeﬁ%n?b?)fj%’a Lg 54 sé ngggv tﬁ‘{}‘&t W&aé}acsf)f the
t IFBOSIrAk gﬁf‘l”@l‘?”ﬁh‘}/“hwmt*‘@@ S‘a‘f@@oman@lﬁofﬁ)aﬂqm@to @ear@le In other
Cepb& e

c Eﬁg g??i ﬁ{j )éu%s%ﬁt% %#g%?gr %}Qg%)ﬂrogﬁgm QY. crt]a‘;éét\;:ss 4,2 f are é‘ﬁpabl&of
mOPRIIREHS A SHRRle- FioRpampley Bcaélzgdmgwnasl@s SWesnbermnaegetl lreengrid
orpettairadimdubstﬂa& setat gohath FIGRGASAGPEE nMay be the sane

(i. based o e sgme sequence) or different. In

gener ral © B %gssggﬁtéaf nudfeis Al sFaNdé) e the pubstragsycan be performed

expios witk labels alrepdy intiaded, fABANY inkiNd&ArTP ast ﬂﬁﬂé@deh N 1Qﬁ'ibr two
tted through the sa

beam s s tr m

ST R T

36ubsiransmi ssi on of the particle beam The Isubatrate S
fficient particle beam

Or anom Lbr bR o aRA R e B B BRLa TG St B

maipstiric priierally lsambedvasaaddoremersimpnriges. | n sonme cases,

subst r ae aremiesthe nEUEASESED ok rop ey ol g it

nTAAiFRg e |abg)ebapded tq thespbsante Ecasmpld; henhayneac(lsmaﬁmx nag be

5 ClefoSed Hy@fs@éivm%i’y%ﬁhba@l?@lgest&? o1y o&ﬂgcc-‘ can be used

form the substrateés inc e(%lbty eruC'ra'ﬁHeﬁ‘i‘f’%
1Y 9 Hgreasing fsRpEtues) ‘Pfén‘“élm"m tbm emigal bsparmlebeam eWhal the

aneHd s échetl OB AL Aay $K bitlond 1) utdago yo{ectacﬂéjlage"i'sn i ncl ude
In certain embodiments of the inventjon, it may be preferred to further stabilize the
sample(s) on the substrate. For example, a stabilizing layer of material may be provided over
the sample(s). The stabilizing layer can be formed of any suitable material which should be
sufficiently transparent to the particle beam. Suitable materials include the substrate
materials described above. The stabilizing layer may be provided over the sample(s) by

mechanically positioning or depositing (e.g., chemically or lithographically). FIG. 10 shows
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5 carbon (e.g., pure carbon, graphene, dianond), boron
nitride (e.g., having a cubic structure), alum num
and certain polyneric resins (e.g., FORWAR(r)
(polyvinyl formal)). In other enbodinents, the
substrate is formed of an organic materials such as a
lipid, natural protein or synthetic protein. The
substrate naterial nmay be dopgd-with chem cals, for
exanple, to cross-link layers or to facilitate
atstechTetetivofayertie fcsanzpb\er ﬁﬁmﬁb&S(@ , D8eled dbub1BEFanl 8810 We

1Q¢2B0RL to the supstrate by
chem caf %er% d pﬁ)le%s{ng s askeCtéonpr?rﬁ’ief)'l‘? SPiisequEH Prasassie eteps

{ SRS iPPEBLor Setifeit, eedu@&hglaqwe,sde@e@wk rmyvggagl ing layer
t has %a?Eroﬁﬂb Ll hnokelktd %E%a% 11211 fgﬁgg}gﬂ&%g&‘{i‘f i ecul es

present on the surface o 3é‘dg’“01€wles (or labels
pra TN crfghea@clelmnd obletties) fos bibsike @ider QMbsdq@bd: Qﬂféﬂl}fég

deriv aMth&Is'o@fPle vaeﬂtﬁﬁ 1r§/UlQ§ f:)[é)%gu%) the f}{npgede Fé?reclgg?agql r}n certain

l'ecu
s §&’h%‘§'8‘§“% éscﬂf?fFIEed% the mr‘g@e p@ngxs 2 lapioh gmumbleman%s&@n beam,
| I @hdr@dises] the @RATIEIS b SieRg L ur
g a|mv ati zed;t rovi de att a%hr?r\teﬁetﬁp&’h% S ?iaci&on g?aé‘ 1s used,

N e Oh e B%%‘infl‘?réo thpss ugtdHe eleeteps esigrombmot i, e@lsmission
chisrige mvsrfbxﬁ/) USedrat lg’bﬂaﬁhc’ef‘@bef%%rﬂg% gl Qeshﬁqevoﬁggt'%sv&rg i for
S oints for
sg‘%c d %?nll;r Fregter tga“h:gg‘g ef-&r $- WV rgfe(aé»}mso 1806M. Bsamenergics
gtred ﬁmctxcm of bqtawolmge aan cpﬁ)érft | "D, be¥h Cmgn; !yﬁ@eﬁh rgfoesabCMeen 50 25

tt to th bstr at
igg}eﬂsrgergﬁy b%\%feﬁn 8 an ‘?. ? lheespgcas ulpezmzegergy depends in part on the

ciﬂ‘?ﬁﬁ%%hﬁlabfyngmerfan@d conpl ementary strand and first

stran l: ra.nd and new strand) may be
at t ac%cleeéh oﬁggﬁﬂ&%ﬁﬁgb% é/rlevsocuf)]ﬁ?‘ {he brpn eme E?anieh‘)@m Sgﬁﬁfpl e

nwn%f:énegttals WO thope of skl ircths ars, Metheds@day A6 &ici@g &dration

t LO&kaid e onta
mgag’ﬁed TR Hp P eRal & Plork U SO SR e e

&%xogf‘roxpﬂéclﬁuquqam@leg&qsgp thmng@qﬂs@s} kiwamn niecular geometries

fand sthictuadsbingialfeddBitk 1F, FExk he nucleic
agj g, duri nﬁa ynt hesi s 5 nuélrgﬁo egg%lgeda qnéaﬂlfC?elcaCIdsample

1nFnan g€ e%rg ?thcf Inde 1§t%gqlqog1fi@(e g|;|1r@rla’$el) diftarsty; a’ts&ﬁeda
H@tem;ad ineontlestidatisaicef th@dxktﬁ&% |ﬁ%ﬁl1 cﬁtg H@Jle%ué

dﬂ %em £15 Wand to
ﬁ%&e“@g C’%"E&mﬁ?}gﬁf‘éusﬂﬁe ?”ﬁg‘gl Wéﬂestb?)glge;;/wslp@tldb distances of, for

g:mrmlg RO myleaulsarpdnerallEkr@wn, ﬂu@i&%ﬁgle&% msﬁn&‘tlﬁ ?xﬂ eglven

even, after,  attachnent
BEAE mh Pnon Ut U Dhoe SRR liommdisones oY gy by

isehstantialy gaifarorwithis £38mpl8 As #fided3Ba Sibeita pﬁfgcdlﬁg%l sﬁ"rqple that has

dedalbgo been substantial |y
strai gﬁlftéel%g%dg 2“%%1%15 tugué %‘8‘%‘6“&“3% P& erylike giethgds. Tithg after

Pgltf)lé}néﬁ EF@ Eﬂgfl an Sglwmmn’awaheusa&;ieaﬁ bﬁl@le §}@t6£nrb6n be calibrated or

B e fde@ac | e | i nki
hend 2’%5. {5 e HAD Pl ovinal” b Peamanbrisna

i5tapces Wa@ge@@@woﬁ@usm thapgtitlebeanhad 508t offQS

m:rmlm’eleuveaoﬁ@lgmlgeg@% be strai ghtened using fluid flow
W%Z nol ecul ar conbi ng). The fluid may conprise
one (.;[‘Iho

@ste{'nilscﬂf t}ggnvegta@@gay ignlude eevioiah@iripoiits similar to that of a

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

systems of the invention may be more simple than typical conventional TEMs. For example
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thereof. In certain enbodi nents, the sanple is
attached and strai ghtened by hybridizationin a fluid
flow to oligonucl eotides present on the substrate
surface. In sone cases, electrical fields nay be used
(either in the presence of fluid flow, or alone) to
pronote sanple 5 straightening. In enbodinents in
whi ch nore than one sanple isyattached to the
substrate, it my be preferred for each sanple to be
alih GRREMPIARERNHeAl ﬁ%s&%%@ﬁied (9 lrﬁmﬁc %% B8 cdBn range,
faC|I|tate exposure to the beam aF

" Beteleating vol Rensoirehs diamsteh brag egreﬁwndkfemprs @erxlbntntv, arhdngst other

0 |féa@QEkU Nlﬁoﬁrbﬂﬁﬁs r@l@te§ ﬁé‘rﬁﬁl%b%ﬁr&aﬁegm emtnhBRNEs may be
 conb " tec I ques have been escrlsb J

f O t&ié’ jreinatydy b>U§ nﬁdt‘%r%?"@gsme“ $95is gie- SFtrf?rémaql pRTRting

PabefiionPithcgatdmon 10 No. WO 95/ 21939, which are

i ncorp d her referen n certain

ermbodi aﬁz%cg rlSI{CF] 8fetb z{.& beax:p agef, arga g?qné%eebeera Imt%fa.cts with the

rrtagirmple t §or efantplegorgwbsibicat the f(ﬂm&/ﬁ@aﬁarad’t&abrcslcﬁ the pam\.le beam may
u In.these. enbod nts, bst anti al

ol TRE Sy kb SR SRR AT e R Bt e oy

s Uitost 1nlataetlcmubdt\a®e)help3rtrcla pent mddzibebramihmo hmcleamaanip H&cribed

I h subst
r gg(%tgbtg v leﬁ%l | Z elgl?ha{r%"lfgaccé3 Sgecf elﬁratae”#le E%SSDITQ“%F label
1%andothelspagjfie mlcmlsmmowewh F@ratteobadr)pﬂrae be lidzaifieid be decb@midii g 1ge
Sk% §k§@dﬂﬁ%m9§w@&&ﬁﬂ9ﬁgs'n a grid pattern on

strate as shown in FIGS 9A and 9B. The process
of at t%%f?ﬁ“ﬁé“ eolscth preticds keameberies 26 aftrd (hs)interection @etween the particle
S uost St GAPle. b@heﬁﬁfeét@ﬁ?ﬁ@ally%bﬁé@%"beé% Ed@crgsqpﬁ lh§ve34e£net?a(¥1¥m1tted

cluded, partially inc or not I ncl ude
oyeh fhespmplgghoughyalsoccan epllecthearppregicy %@se reflecteg lsed/er sgatigred.
S (l'hsﬁm:&fﬂtﬂay mﬁﬁiﬂi&&:ﬁch&x@e E@J@EH dthie (BEDANHeCIPR Y m?ect%oconvert

%%rate r ,{annen of the strandg ).,
eXEESLn PG St'f“&ﬁi gé‘jl : ‘é“ﬁ“%‘?m SBnolopses other QG fechnology may be
o pseid omednb grt thabealhapavizs neddifieal infdySoni 4HAWFd ihte@Red td M1l SQHR the
”ﬁ&@@gﬁh %Q% qyclelc acid material may be renoved from

7 e e le retaining the | abels bonded to the
subst r”ébtp@all)Fdre beavaivpdaencdiabressthciaaple, amb}drnmsamcemi Blmdventent of
b Lgesting,
e?;naerl)%%ré %e?aﬁgé/ ?qmtumgl%%? g%@rgfrt] oPtH% %aén € rglatlv%? 91 geam or 190t11.

i reranBrhedstinrpe seininghe bframeqcm:$ Irhg saqrealegnultlﬂdytlmbee m cal
or parA 'fé‘éhkﬁclpﬁéﬁ]%a %hﬁai tb BFrim 2 rﬁh&an@& ! Iﬂ acj.lcﬁtl %tti? o dbhck

be optlona used to protect b ﬁ
c éfr’? érﬁﬁrﬂéfﬁ@b@r rrbrﬁlagondp intqreucieqijderttistanaes, one cpmpipteprate sample
p irﬁcﬁrﬁfaﬁ&ﬁgaﬁh@reﬁ Bbh @@aﬁmﬁit b 'salxﬁﬁ@wﬁlhﬁr elSAIPbELST a3 dtNE: for
trate For exanpl el a stabilizing |ayer %
FPﬁf&WHVkﬁepbrOV|ded over 30 the sanple(s). The

St abi | A Zdetit@rcit I@Mﬁé’an (Bélﬁ\se@% HREWRE p@th oPRY mSlblI@B! A the substrate,
i al.--which uffrcrentl trans arent to

tﬁ’g'c Srhedrd e ?ﬁe §d’1“{“ 1o gpﬁﬁlﬁ‘ é*rtPea@% tRERSGe & heryead to just
S thost dapriieing iataditi viainBy dﬁﬁ(ﬂé’d.ll%&@i oiabrerée théﬁ’e@ ifidrédlink n&h NG of data

! & pegsaexonkc)i%orps t?s}/ang zﬁlgj fgs\t/e? Eiata analysrs nPrlu Syp tb fgedbacl\ loop can also be
used to determine need to re-sample or over-sample data and/or to determine when the

analysis of a particular sample is finished and/or when the machine is ready 1o move to next

sample/molecule(s).
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mechani cal |y positioning or depositing (e.g.,
chemcally or lithographically). FIG 10 shows -23-
such a protective laver 56 forned over a sanple (e.g.
| abel ed double strand 48). The stabilizing |ayer may
enabl e using high el ectron energies in subsequent
processing steps which can be inportant for

i dentifying, sequencing and/or_.detecting. The
stabilizing | ayer also may provide a nore stable

mat er i Mel ei ¢ acid ol ecul es (or

| abel s % feéa@ﬁckqgo%hﬁ%\/@gseﬁp ?pﬁimize LFCi %‘f“@“%c :figacﬁim% éqﬂh@@ydback
f JPoResirikebabarin ovlation iysmqugnitotaln aisgasm one bt 1hte@iste edmple

t hﬁfohﬂéfi%ﬁ‘%étﬁ’é?ed f’fﬁﬁpécgrﬁi rﬁixtpé)ssd ﬁ_% 2% e?zc onettearp Leading device for

particle beam In certain
pradfidppabredhack loense particle beaniis a | epton beam such

as an al f@&iﬁé’cﬁ ﬂbo?%@d’%e usécﬂo Al QW thecﬁ“ﬁlec?f the i{}cﬁec%?etgé 8%th gubstrate

beam Wen an el ectron

a
us‘@i:i"h @ %@ﬁ%"ﬁ‘&% f nursbeg efpixsds is theidCR thatmeedhio de raad;&dust

i nhak e@tdhﬁgi dan ﬁirv%ﬁ@@y mbRee(s) Jf fr@é?@smtl%?ébg nrﬁzil'egﬂ%i%e hunher of
produces a

TELOsGoRY). Gener ator, 6
désir'é N UERN ?f‘fi"“a'iboi"‘“e’éiiféﬁ’ﬁ%lé“s élén? ties of fegditadly loop can
t fadin bBGselt 16, deerring a Bédd 3Q-skivple BY LM daBndR 0 lfi%f:rmmc when

B re.a both vol tage an
o e el B i e gest et skt Bove o
t gegtSample/mpieefl@s)abl y bet ween 8 and 15 A The specific

beam e art, on specific
analys?ggﬁiﬁﬂgﬂg§%§0fhedRm¥§hﬁEFﬁd&§°@£ﬂ”FﬁEWEﬁ@”ﬁwaﬂi

p p@cﬁ@rqupeipqg@ e/ qrddentifzedibesion partldfiebaﬁi’ﬁpbcﬁeslﬁsteﬁgd & d RRStor
ard. %WB@JE?&Eior @écmg\éﬁhvdo Ptailgigl%%ranbspefie xﬂav rgf tgiorrla%t;)osurc ofa

ods may also | de a ca
Cc éﬁ«n[l]%? PIPHg RS2 nychpéc @y’jﬂoé'mem/ dp@s m@mhﬂa@akrhr}ﬂ tO a partlc[e beam

Cc&d.d. o iait@tbeRR SEH a9 By HARWR bealn'ﬂf ?ﬁeﬁﬂxue%r}ﬁf d'pol) nucl el
sSuc

aci d ol ecul es in the sanp nwr?@@DF

g SOPRTerRY S“%iﬁ‘d“@tbieu%??iﬁi é%r)gt nigyesalescaibetbmedin. | ojpa mEubbd may
eha]m’g;llﬁqemdahﬁndlbé SisBRAG0f hQMify AUCHRGs AGHHe 3 ? Wﬁlcg wAPaow be
gwm%mgunF ﬁ&%@gﬂibeaninay i ncl ude 1 nternucléo

14i st ances. As used herei n, an
| nt er IfiG] Bat & Blecldh@rza:ﬂmasttaﬁni feexathsit ang stfeﬁi%@f&rzi@tectmo and/or

one stra d to the a j acen
Rl L ol 3R ity e A 8 B By raes Ao n Pzl aeam species deecred
i 'Pbt edagiok, gt fadielecheah amceswaﬂungffmn exPEARII(R sarfplPNhprising a

I de
ek a0 oL IR 1S o LATUELECLSS o

t Herelyan diuatratiye krnhﬂmnmﬁ Sﬁa&mt@m fdp détemng |anﬂ/3ép$e§ﬁi?]nl:1)fg QM/025

:ﬁ%gi:f}?g delﬁJClegéraF{a E{i"ﬁi@i} Ws%imélg icl% A egitie s;%g igs deéeé:@ﬁ %y a detector

4o & Ifj)ﬁtnéeﬁ@‘iﬂi to fmy the Sbgpepf ﬂilamYBmOH uSthagimpidneatdti @ of such a
Sibrh tv ns m s &
Cs@ @@hQE fd)ﬂ elﬁﬁrn;ﬂ@ heAS o-lf-'l's]%?e &f L&ho Lasstt onl) X dtrzllﬁgl%glgﬁgg @rﬁil

ﬁ% gi ven sanpl e, various asp
c“é\ H eé“&i’?%frt%&‘ébené?ﬂ adj usted using a feedback

C ont r Ghe SuysdieEtPam edd 18 XAIR the salﬁBfQ\% g%%caked béla g lglﬁ]te beamn

tg&nu | eoti de dj st.ances pernits
SeUE P h T FHEPEafdetariBedndars: afﬁahq’iméh@nbedonbowh@is particle beam

ma} 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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30 sanple relative to the particle beam Though
systens of the invention may include severa
conponents simlar to that of a conventiona

transm ssion el ectron mcroscope (e.g., beam
generator, lens, etc.), certain systens of the

i nvention may be nore sinple than typical conventiona
TEMs. For exanple, -24- in some enbodi nents, the
systens are sinplified by limting the nagnification
r t [ te am
corrent R8s 0% W EIRRp PG B FUB) Repat 57T s
f et foresamplassgemysveisbls fiomrzatxeebrparatiop kéNatich) Massachusetts.

aberr aSysﬂ:Fh 6(ﬂné:\)qﬂM@i@tah)Omﬂ)anT%amstrQrﬁem 611 r&e{egtgx’ 68 Loftware
nat ed usi n ens arrangenen

el i
praéggséstm?db‘ié Typsreerk g%;ﬁ‘é 81t &g data r@%ﬂb}metgﬁmﬂ@r ﬁmponehl@ or any
syssmmcomaﬁtmtoemwt bdofgOThd BiRticRAehrh Gl g R
q} ed Whl % bea{m i nt er a%:htic, Wleth “he éggan%{d%eteﬁor@ ey
xgﬁ‘g‘fné typ8 ESCB *dP5EE- of the fol | owi ng char acteristics

of t hqunalirtaJl}Gis&xohelam @Y be oRRAGES to RRENINhe of MbRGIhANT0 from
akgi%pe tck))ra6r§c(.=rhe reflection and defl ection. Such changes

Fesul t ¢ PSR ENAE PROFTETET HRAStr!e bram seactes eepting from
b@almsan df thasselps: (Iembﬁﬂllme‘:dlubl@lcﬁbﬁﬂ penkdas/0Ass déﬁ@%éd%dstrand

1

2,249 S SR LYRE 0 9 L g o
( aitmle deyiae 28phthe cmmumicatibrecfithedme meWﬁls@‘h‘lalst 1 maﬁba?dchla@h@d&,ugh
MBye DA bhsggmd'oftﬂeﬁgonpé/ctlﬁrﬁc ?r%“)ezr ?OJI ents, %ﬁg@ H @gtdgtector 68 may

characteristi c beam changes. ector”
p&F famofely lB@éﬁﬁf@pE@Pfegthqm diffeent demigesi nciethacthé are ob@bis&RAals 70

t bRy Bakinshled 26d3Maidtdde sample. The detector
typically collects beam speci es that have been

t r ansn?a% B@lysiy mofHe Lgghy inpledeeilaequisitiroumyidulal’4 & reaive the one

C of in6re kighd€T0. e Qate Scqlifditibn Ab&ld rﬁéyj &(é()@ﬂj%llx?erd% &h llfy he gne or
scatter ed Th%ﬁ?gf ect r ma%] i ncl ude a cou

dBOE LT opaciensy Pt‘lﬁ?ﬁ?'@ﬁfGCthéS Heﬁlmlld be

s pme:cemsdlﬂmt onechir grokeadf theEEf ﬁnﬁﬂird)c@ﬁmgﬁ%ﬁﬁﬂ@s agb Rgy M J?rﬁn'ioyed by
bea

oD echnol ogy may be wused to convert the
Iihgcr:&faté%olégto digital information, and are intended to

f aI | ViPatdwnalysihmodide Dlpaydife cbiif@uteﬂ\t(&dl&tdcﬂihd/oB Qeqﬂ_é{@é &Rlok Wentify
t Iﬂ@ ngaémélépogfrﬁé? gﬁxgpr%cé D% st h V%sn:?%ﬁiaﬁtén Bw tge re%;;\%lél one or

novenent n1re
nﬁl@mgls &4 o exagmltp medyleT latxayvbe cbnﬁgluh:é th@aﬁdhn diffefdftflinctions

Cardi@iah FRLOAdS | MUl 68 (SEANAL NOLAIS RERILAGEASRE I diven

sampi e nul tiple
o FRTIPHR: 21 ﬂpfé\ﬁp@ﬁgﬁmd@efferqnﬁy wodiwenon nt-ldelt: had pdeddrdalanother (or

| @R Barkts 8w e R 12RRAVEnA el glﬂge'ng}p elft angg% ?&? eoc%theg Eor the same)

dlstances one can |ntegra e sa
g&ivHerRBlef Futhes daA Arahgismoduls Zhmhebsonfiguae te betm different

beaibitatéadiongetétatE, 68 ubRing 2ABNH ilidnARA: of SEERAGK L. O8RFiguring
module 71 may be performed by: hard-coding software elements o.f module 71; setting values
for configurable parameters manually or through software; electronically programming
firmware elements of module 71; employing other known p;ogramming 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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A feedback | oop can be used to follow the path of the
nol ecul e(s) on the substrate, which can be used to
reduce the nunber of pixels in the CCD that need to be
read to just those capturing data in vicinity of

nol ecul e(s) of interest, thereby increasing nunber of
data 30 reads per second for substantially faster data
anal ysis. This type of feedback |oop can also be used
to determ ne need to re-sanpl e or over-sanple data
anidéQitield ProfGtye Frltde e th Sha, 1Qf4.8 I cul ar
sanpl e &?&‘rﬁm shed a\r%‘a?&attoaﬁgﬁlg 7 Aq%yh M dgper“ Ay to
nmove t 31 he, agrticle %WP@%W@W@(@?M on2 Br mgXe ﬁltham;khalvem@ of the

rfaﬁouh»emymgerm QRNb bR & Sre RH; 6,0 1BRRG addi tion
f eedbac descr Ieb dl oS clﬁinellreglwaﬂl%ctxon Bn&e? properties;

i n?ré%f}‘étl'a@?)’f‘?“bqé” P%?fé?&fése%%e%amabm Bgdid¢ &l manipl cenfigured to

i ndnelypatht o ogﬁioft&Ec%ﬂ/e(ﬂ §1§H§1537©Q(5‘Hét&&1rfehf§lué%m l?a ¥\4 Zebéa 1) of

eltgggreonmbgeang r% Ilﬁ‘?‘ device for additiona ee ck

| oops.. 5 RFREG BYpEs g BRe VeLReHatagnay bk ewalnaddeo determine

pahhprofendzel'wd awkee of lﬁ()lSéule@ I(brtafbﬁqsmﬁxtrﬁ@cﬁbes) Mbghofq@cﬂecules

bg) %g gx%ngeoq u?eottlc'i]e ngas 20 0l’fl LEI Xel Sd Ir]] t N CCD at
Fead o] USt °2% RYSE" REFUACidirpiesulen langths of nucleic

Vi aéidnnqlsﬁubf» amhshzaacmfex@sl)xc acfxd moteeri@st , t her eby

i ncr eaﬁ”fé CEHG?J]IHngle emven t a,th eadPyﬁ{E Lﬁecond for

subst ant oo et e i ana daéa %na ?Z)Iexs Bpera’uve to access
f ecliisdeseurce Oﬁwnsmah@@lmmu&@met infoch@dition 188, nen@orﬁﬁﬁﬂ%&ﬂons of

I @heSAldR IR Ak polPMES nRAIRLE 89% %%/atg r?sglg”ced rﬁei[%/r%ﬁiésaose

10 the anal yS| s of a particu ar - sa
antPYFy WRBANAdMEE 7herstosmetyask ﬁ%@td%/sepﬂatﬁdwetze shovaxih Fig. 11. For

S @RgthR¢, APk /EMp RS of tﬂe@aﬁ?&!@ur@ n@%eﬁ% Bgrg\eciapag%sgdwhlch is

i nvention, a_nucleic acid
aREeoYPIS W the frernet diney thy N‘F‘tﬂ’é‘ﬁ epterfgr blas:etqlo@gy pedoririatidneNCBI),

bedamhipmblias adtedspetaethe QMe 8f ﬁiﬁltg%@ih%rap {cBtid-at h /%vww anl gov.
de[thect or descri Particle %eam speci nay

r eduIs prG.or mare po Bbogai)@ %fm 1011§8 gxg}ﬁ?ﬂ a@cqg@ﬁﬁrpmghenge@ank database.
n lljgrrtlmr,cpnaon molorp pbryioBfof ﬁﬂﬁﬁh’n@ﬁonl BIn@ MMl r&BHEAEYm D %Q&Edon a same

tq beam (e.g., a |epton beam such das
el ee‘f:}ctx’?dg%J ‘%ﬁi The nucl ei ¢ acid pol yner and/ or |ts

conpl i Neahticagcid piymzen dlfm‘mytldn88|n&b®h efland&d 3Gnd/GGRIN B URSta

Sgt?%gdr{)ﬁglug és ?lélpﬁagg%(f s 18 whlcg 8g$§n%ﬂ)ﬁ}g$sl Etggge{ﬁxggabout a
v 1equmyecrhlc\m0|apxd RelMEre Fod@@mphemm dniry el &t drodhtry @nd7driecord from

1lihe ROBEIGatadake i S @ bl ock diagramillustrating an
exanpl e of a system 60 for detecting, and/or

sequendhipakisigmerduls dame teyipergtive to cwhreiednfamiaiop adiytiied from

bas e eindRatifiaGl 78 absam: S
i ec?; o I’:gdjp o taI s bggér;n& gc,gde ;gq?}‘glze??argazcmlt?)gonéplﬂegﬁ{y strand to

eXfd¥ ToE Rjeesotd JaffpagonsRispIdsTanyinfermation 88 pidateoegburce 86 For

polayipier mady nrmaytlﬁclwambmﬁ@ﬁ&%a/du%é Fs2BREduR 4% RALL LG

bceo%lnp?arlsso%StI% someg embodlmems of the invention, the comparison module 78 may be
configured to use pattern recognition techniques to compare the information determined from
the one or'more signals to information specified by one or more entries of the nucleic acid
polymer 88. For example, module 78 may be configured to compare information gleaned
from the one or more signals to known data patterns corresponding to individual nucleotides

having specific labels, individual base pairs of labeled nucleotides, distinct alleles, and
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merely an illustrative enbodi nent of a systemfor
detecting, and/or sequencing and/or 25 identifying a
nucl ei c acid polynmer based on a particle beam species
detected by a detector, and is not intended to limt
the scope of the invention. O her inplenmentation of
such a system such as, for exanple,. variations of
system 60, are possible and ang_intended to fal
within the scope of the invention. The partlcle beam

us@glqcbmugxtpms@ o, bﬁlﬁl@ﬂﬁé&tlf@ﬁ/ m@ﬁs@tﬁ&%&?&%g c}{lalécgccilq bed

Pagh enerator, for exanple
oveﬂtel%ﬁ{& t‘ﬂ m%Ys &85@#’%%‘“&6’6‘?}@ g cambrhercipliyr-aviaithtte HeREY-

na%ya@leéoﬁwc ﬁm cdmamﬂh@pﬂﬁbrn@%nd ey beoh ﬁﬂ%}a@for ?nrtlceullg%ztitg on

beampadogk thh o] acid pol yner
corrplpfmsnt argmg?nr andacrmy be | abel ed. The data anal ysis

modul e 710t?ﬁa§poeq'rp1| sope trebhiith €IS 11kl umehtﬁ)rn 4 ﬁedb%lhlggr}) 1s employed

Sabfeal@fate purd Bt i | o known mac
vi si on ;eyp;at gﬁsbgﬁm.ﬂ : %§6 F‘%S’é%tﬂ% basedfi kngwmnycleiuasil molecule

Sgeorp%yesgﬂ%% ptéuctugp)e gl’@(quip&\xm diabdige ADRBIEABIC K, o

C@nﬂﬂms&ﬁdd@fd 7®§nab‘|ﬁ{clugga S oéjuze'/{z tgﬁ‘,ﬁrﬁf’%tﬁifgd&@tke@fpmaﬂon 62

[ n(g:l qu? t{a}ag{% parti c eam i

6§e PaZAS dnstrupenf %l%eq*hadumgdﬂeﬂz alse mag bkc&%gur@@?o“fﬁ?cfvl%e
edighak afdrRsI66 & Bfc fponent s

syitabke ? E’&qnatl on tc?? B?ﬁwo or e Cgmﬁ(ﬂ“emgrﬂé‘hi)%\vlsief"é Hescribed

beam i NSt PNETImBlen LR day devecheor ze@amlyy orber ﬂfnre&GMp&rbéﬂ?of

déate mothed? lhed eianhavDdted RRALY,
C OB GG fg to receive one or gdn%?%%gtéLS?'nlp§”gg%F PRfrAr more

detector 69. "THEYR B Oﬁfﬂcéelcsﬁcgiwalymemgonnarmh 88 eFktr efample,

ng‘fhaﬁﬂ infolyestion Spae Sgch&ated Edlrﬁgmf)»(/ﬁ) omEF RIS the

s%goggmﬁéﬁ ng,a nucl ei c_aci d ?g mer - an '?”C efegeid
npl i-ment a S pemsT B at@ﬁ‘@&dl nments of the

i nventh? vne e@gﬁmmfym isvenmicHy k@w%lnt@%txgﬂb%ﬁttaorfuc@

I RSnEhE (e SANE e conmmuni cation of e
om? or ( rmrngms(,) i gnal gg&};é Qlcaé'q’eé@ﬂ‘i"%??é’ﬂthtlﬁfp’é@@hn determined from

t ¢ %],er?épxoxﬁagégs Hhe detediaandioosmestd B85+ 1d!:1ﬁ1f)0£ mﬁﬁexc acid polymer

erﬂ)nﬂédi‘fﬁﬁﬁﬁm ROdsH 8 det ector 68 may
| ocat ed ferzclnngJi %g)g ot he F°W“mf5qué?témal>@@moa@s 71

e/ﬁ)a%ﬁéi' SeHypBCESfuclsic anig pglygplgrf aﬂessarﬁlﬂe beﬁ&yonbcﬁe one or more signals

U aRstict, biack [RRISS e Ml ta anal ysis
KL pBRmer o noiba st pad from

i.ncl yde a data
r'ﬂggééll: gceu? ?erlyén% HEO”T‘&?OWr(égS frem dlieGefiBank Bambadat ahe combmmg

e 35 it otk W CONAGMICH Lo ATBLLLY Lhe

ARG R rec ed signals an
Belpne ongrrgglégrses ags %/eaa anxélgl sequencshiggindndoefrom the nucleic acid

Apfprerdiiamation $8afrom meichthd Wit RicQl

RIgRGRESINRg: lhsggngoaq?eg al so may ‘dw%g édy%a%ﬁte“edc rg/or
det ector 68 X géWQWéF@ Pﬁlﬁ'ﬂEﬂ fmatlma% ioe fill in the gaps”
Bdhe Rag {2t wduenes dfetreiotd Mﬁlt}ﬁbnéwgﬁ%aﬁww be aQVanEagec}{Js For

e
xample, it may enable a reduced number of exposures of samples and resulting data reads

xarr)l}ﬂe data

(e.g., reception of one or more signals 70) necessary to detect, and/or sequence and/or

identify a nucleic acid polymer within a sample.

In other embodiments of the invention, the data analysis module (e.g., through

feedback information 62 from feedback module 72) may be configured to use information

obtai
ned about the presence, sequence and/or identity of one or more nucleic acid polymer
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the nucleic acid polynmer conprised in the sanpl e based
at least in part on the received one or nore signals
70. For exanple, nmodule 71 nay be configured to
performdifferent functions at different tines. That
is, it may be configured to detect a nucleic acid

pol ynmer for a given sanple, and then configured
differently to sequence a nucleic acid polyner for

anot her (or 25 the sane) glven sanpl e, and conflgured

d [ 0

s ok S S Bhe BRIk L oY o PR RS o h gyt ryeiip ac
nﬁyl%@ewﬁ/pr e pubsiragcgevhaheniariepdsisior tite sutusamtb tavadd inflasnation
Ofroflal B BositRRAHERG QﬁHgtgat@ngc/h% a a@f@@m i Gau i It may be
different tinmes. Configuring nodule 1"

pEFFBRIFAFOBTPR! R aRTECle s uBERim s rednasrefr sxamplemg dlues the
7 Hara 8QYr ki@ n¥eAbdHBDbrafQhifoeRNbl GMADLRLRAL B5EBH B0 use of the
manual |y or through software; electronically

pt"6Y e ng 30 firmware el ements of nodul e 71;

enpl oymdmgomhhmé IOV RIiRGLABT G Q:Iatn@@ nh@vesal Bbledid can be

ﬁlta le co %tlo of th foregﬁhé . Further, data
andi®ySr €48 Lﬁoé Y DRAPWRE Of STAHFIGE MBS detgmingentt sepe one

O embrakireeny mpﬁﬂd TiaBay(de canflparteti tcht@ sbcﬁﬁﬂdlﬁg!)@@taﬁ&s after determmmcy
rgﬂgesente the Lone, or. erform

Iportlon 0 th se%flee uch as 1f ?J‘g?{tlf glbaragf?&stfccpgﬂ'tcl Frﬁ:ﬁ of the
ba/geld nagteit zh:gi poyfaer.i 'Eiesnrha\f beekdtepmﬁ)@iej‘ytheryfﬁb &#e niuSleic khi€polymer
0 0 e.data-dependent.. The
OB g PR TP BB SRR
shyhdlseupmey. have any of the fO||0MAng properties:
absor @;ﬂi%ﬁall} tﬁé in?tmrﬂegtrb4 cgr?lgé c%ﬁlli'%fgﬁl (e. ge n_Elo% tmgrlugtleocg I{nglrl}ﬂed in

ther propefties; or any suit e Cco
Eedhgel Wiprmaen §2)dn aoysios dmueﬁrreofm niyelyic bed pomherguniedle, e.g.,

t Skifpirnad %é&n&xh‘ﬁoﬂ%rt@ﬁ ofBE RucleRCRIMBH ik QGl@Llﬁe 7&111@% beam
detern1h§%va ues of | east one ( al |

off&ngen ’éaYpPFd‘ﬁ@Ftt?de‘% moli%tPtaWé‘Flcul%réoqg?B?w tbfbw@lc apid@olymer
dbdigz J¥Gyenira. Efkhalnuﬁbeﬁdbnﬁ B} ﬂ@/ﬁ;l@zﬂ oRénent PRhOBLHINE6LseBfve data
abs nc%.of nq_e ul es é g og? wi t hi n. nol ecul es

nfﬁ?@é‘F 8F XABPiac it analysis gwdne /1 iRl govig ASBRRtPRREY
Ointdgersieg néinhstionAboutie betien cﬁﬂiedcq’tﬁﬂuﬁ@hdﬂt Blesile® tBeRSnfBhed and

n ‘Ifclergllu 1on a c():di gxe:']ggysw%frjrcgsz an %ﬂ‘{) tgs nntEa(.:t ]%({y%ﬁltatl%/&gl,ng
d@naenamwg rsbyrredulbeng e deanopmsat anvgteinoclextide 8istancas. dk a
I 6o [ecﬁieggq%egx[mg Ihe E}FLQ ldbl“h%!;l%tl%e% o%laqxuael? n? olvmﬂcﬁh%iiaéa

info

aglalysisglogwer ! inpf ‘éﬂtmmp the llgﬂlhamhmthetmémutaha arpemomlarcsequence

8@venﬁyenaﬁe 19dga99§esiy re&gﬂaﬁl@umma%n&ﬁgﬁh & ze}nt:e @%{ ion

net wor k on a Separate aev |1 Ce as s \Nﬂ rmf
wessmﬁa@ regpurce é@éet gopaweleigiacid polymer xu@mtmegsju Ferdback

NRYdE72 e ERNERNK. B aRBS G oV ¥ 6 Padléle ilJéi ?&ﬁlﬁ&htk& indicating

“via the Internet fromthe Nationa

BBt RCRTTOIS B4 1Y Skird aneherPrts) 9f the fWﬁ'IC'@ﬁClﬂ golym in etdgr to
a&‘cﬁlﬁﬁﬁ tH@ |s&1uaice t ”hlﬁs ﬂéﬁ & faktichlhdy Rfulih dishhsisARR lafngl?gt IRk nucleic
Thus, one or nbre portlons (0]
‘g ?edn @@Oﬁﬁ‘? il ésaé‘blastf%ﬁﬁ Yt thederegping manner may be
d@hﬁdaﬂﬂndependently (e.g., automatically) by data analysis module72 (e.g., module 72
may be configured to do so without human intervention), or may be performed optionally in

response to user input. For example, user interface module 82 may be configured to report
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Further, one or nore portions of information 88 and/or
data resource 86 may reside on a sane device as
nodul e 71. 20 Nucleic acid polyner information 88 may
be arranged as and/or include a data structure
including a plurality of entries, in which each entry
specifies informati on about a respective nucleic acid
pol ymer. For exanple, each enjyy may be an entry
and/ or record from the GenBank database. Data
anabyisitisn FREILE af dseMBMp R €0 AR
|nfog tion detern1nedpfron1@&E&Legmgﬁg&ggggtmnwﬂasa”“r
S 70 about the nucleic acid polymer and/or its

conpl | @'MoAY tHeiistHber R1ai0O® 1R sBRf8 di BS
ccessed from i nformation 88 %15 ggrexample to

in {1on
" eésdglﬁe?{gea%n crf Srduense gﬁbqs geter%qu@éd/qq_thwoqnh@dgtg@ma and/or
C odrpafidat@rthavixctiatried 68 bg eHefsi@e 661 thQoMBKEbSRMER LS. one may wish to

c S i ments of the invention, the
o e T D P L BTl BeistoEai Gopbmaleri©a

r ebesdin dfigeons pﬁ’@@hﬂb qnemt dnheCabPatedn b gAd bﬁfeﬁ‘lr(ggt b Rftroarray), one

d e nore Si
P B P Bt i i st oftaeen

now©besi dhigaiay be p(lmeyﬁoewxaaslc, té-oxamgxeatppresencerd dérinBnd¥BYat are
bedfeaffl og%aﬁ—gcu'ia‘x’df;&@?@rr E‘ oL rmt“ltgniugl eaned = fromthe

one or nore Si S to &t SAffeeontains nucleic acid
cB?'?‘é%rbngﬂ |ar§©bJQCé)(e+gn@|Wﬁl€dU éﬂat nucdpemd m"eswng‘:ﬁaenﬁig condmon then

SR Ghtsirde ¢aale eﬁamlﬁéaqbr\fﬁedﬂfélencg §§c?ar§ nE@f nualexc 5! ﬁ Bcﬁymers that

nucl eot i des, distinct alleles
ntRATSEROBHE crregsion of gene sqduencesthaseerrlitow]th it condgion l(brcncf exclude

abrhercomiiticabredifeRost 8 bérpdses. Igmgpwdﬁfonqprgo% cic?eg onX y wish to
chgf L@%Irﬂed #sgtgg %XI sting commercial l'y-ava OF
AT PLBE BiostEH gRid 0Eeemg Pmé%‘fj’élir ¢n‘?gglphtatle¢qﬂsqtecand

fre

nevggdsethatitei snbjec dasfavertimEdnigioh, afterdich otk @&Ee‘d?ﬁ’r@ssofttl@at
I ments

ted a in sone enb
agugsr%{emug%@éeﬁ‘??‘%’ﬁd ﬁi‘:‘?"g %‘8&%5 Jbihe PEpresaign ek senes is expected
cialthetserdittonpar t i cl e beam i nstrument 64, for exanple,

based Qp S acid mol ecul e geometries and
the str u%dt%t? plréyig cgﬁtp R Sorgge%é’OdHﬁ?f’lts theaé‘csp’&e aspects of the

n¥nieralissdesqived sxeimsl relaticlad data anbily moaulwdmhﬁbempmmed on
| faglcudRaR HSQ@IQQQ@A&( oA 68 lz.\zcg%r aal ¢ répi%}/lﬂﬁ%oj‘tgf eedpack

information 62 to particle beam | Y 60.
FeedbHcRMASBIPEmeDs of thegnyeagjonhthe somflé erpped td the pirald blam

L@snmeﬂm Kndiait i tacl Qr. 68, ,and/ ar ot her
rr%:awﬂ tg oll tggﬂ@gﬂn@@aggscﬁg rgégl er el ?‘e“’&%ga@é‘e%

i RgHicbepmPds sy EesHingfrogeerapsitglie banpienreayaontaiar €

Qﬁmmﬂeﬂﬂtnal aifve ofléb Bnd Bk d
c a‘ Se gd o n | easteer?%lgcu?eg AQ?YesﬂgYh% nong gr mare ?%nals 70

smaV r%r%se[%“fg’r?m‘%‘fa bpfehsglurplyy é Bplagudas. studumt@dmncam thle data
podtlysmnoduhﬁﬁﬁyflﬁtcbrﬁ’@u%& todeRFmAX ﬁﬁmjmgtlon afb@ \M?)ﬂﬂzhlg/ of, molecules

0 Lfchyg & L?gn 82%51%&%[&6) anogus saltnfeo(rjmal{lsoln rt1o detect and/or sequence and/or
identify a nucleic acid polymer contained within the sample. For example, the data analysis
module may produce a plurality of partial sequences by partially sequencing two or more of
the plurality of molecules. The combining modules 76 may be configured to combine the
partial squence to detect, and/or sequence and/or identify the nucleic acid polymer.

In combining partial sequences determined from different molecules, the molecules
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t5 pol ynmer obtained fromnucleic acid pol ymer
information 88. In sonme enbodi nents of the invention,
known i nformation about a nucleic acid polyner (e.qg.,
its nol ecul ar geonetries) can be conbined with
informati on determ ned from the one or nore signals
70 to detect, and/or sequence and/or identify a
nucl eic acid polynmer included in the sanple. For
exanpl e, one or nore conponenté of data anal ysis
| na artiall uence a nucleic acid

ol s Ve 8% B3ty s S Re i avomienisn. e eosplgrare

" omdlFaies bk have favemblp eedrican sor@értaﬁm&s@;bb@ls BhtGoB6! Shers. As an

DOA\XHBE HREPRDLE Ofn@{eggge(szne%g&p%a& " Q{Oom nucl ei ¢ aci

ymer | nfor nat Rile belix maybe aligned favorably
aqrabag@ably PhévEioisi niwmg"thmdmla& of the RBRYPIOS tBOREHiBHEBRE

t PafREYRR AE arfother ﬁélﬁ@gb[heer)wﬁ 1& nﬁ)cél‘?r g a4 rgol?%xlljeéﬁgthg pane type that

determined from't He of noré of gifs
palt't 18l 2 lavpyenddiagen ertnin petion el bitesundloelabel hhthr2Bvorably

P QoyitiBied kdMtRE & posilion clelc acld
obvmschlor s 6y e S0 3 S

i de P‘fﬁ"éfamw Pgheseimplaple H@dﬁceﬂem@h wretnamaatfbasmh thefa\3Sible
t QJOSlﬁd)ds lof ¢a8h bihBe AIRRR acidintbidcDes, BT t&xkrﬁéop%%g(lij ﬁ)ﬁ)rovbdee a complex

e one or nore S1 gha

ac?v uelt’cgﬁgg’ﬁguc(?%‘?’c‘d BYeyisFe, it may enable a reduced
nunber As)ﬁotmqbow the aawﬁna@@@moa&e andnd &RY Hofé%o%‘%r%yts thereof,

n of one or nore S|gna
ng’%g?g ggng’:g?red sy %‘g e mg)ﬁra?t&n gtgrqrugqﬁi(f@nathﬁwmor 80re signals 70 to

i detnr[muﬁq/thaplmmdeelhd: alaeicd oP0bINIIRSs (MatohHs Wllﬂlﬂ%@tﬂ&h%& A ﬁhmber of

s of the invention, the data an
t"%%m&rg?%g'l’tn;{h”ence Gfnu qeeoé‘a‘ifaf’é asg ﬁ?‘&r‘ﬁﬁ%‘%\aceizwlmm lengths

f éé@%ﬁ@@l@cmmlﬁcelei@)d shapys d:fauaaaﬁm@tmbednésousufgeanv of the techniques

i Bésef; sence, sequence
e T o i P et pisients 70

- generaEd Eom ary of gheccomponshts pﬁ@tmatymchedlbeammmtsfomﬁﬁ bata

6ébsourécB6l BEH@Mble!
apgror, TheSubet) are P BB Bl B et

Oy b onfigyreddarthis ﬁ‘“‘é?sﬁ’af ‘i“'@hqr afiy efitheanf@infidtion @aded within the
pctﬁal dr im@re s(igihal’,f(b%r Séiaﬁﬁnreébﬁ anysdf?}{} fRluRs ¥ afa{a%n%el‘% n%duge 71 may

p&:lsl J desirable to cont

par tircre ?f ‘iOF’thé’ﬁi‘te‘? 1] OPRIPrSMeTR HisEsTas paroef ugoranppl/eutput 80.
t Ysar enhnfaee mbtﬁlle582dﬂiy®e astdigred Fdr s figsEed to obtain
|nfor@%% 0@0 \at one wi shes to obtain fromuse of the
instruy nctoP‘B?qutﬁH]efeﬂ M3% Pt iylleanchisd Heingwny ofisreariety of

64chnelogits, mlutimmsasfdna\/d (d gak, m)lcer@ujae@ of?a%bn%angrpﬂﬂ&oﬁ Rbrdware
nt of sequence that Is

e the_.a u
o e 2 R e e S e e sty
dﬁ?ﬁrﬁrgm@mem@y Birepy GDBﬂpUﬁﬁkm thgredIP Onabd s o hid &mponents of

t or |on of th sequence, such as
OL? t%gb 3’8? %s%]%ollg’g i 1§?A§C & sat‘io@PBtF ’t‘i’i@““s‘léd‘li’é%@élp@nents may

tRRde qrfenagats distrete devies. dF yothéry ereh conffvinént ﬂﬁy b@@istnbuted across
dﬁﬁlﬁﬁlgﬂﬁfc@s BYd SHAQF %bﬂg%f {hlg QeVidLs lm%l Ge %&rcon ectex et

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

of memory (e.g., RAM, ROM, disk, etc.) on the device. Each of such one or more devices
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information 88, after which the identity of the

sequence may be determ ned based on the partia

sequence. Optionally, the instrunent 64 can be

controlled (e.g., through instructions included in 15
feedback information 62) to nove to a distal part of

the nucleic acid polyner nolecule, e.g. ski ppi ng the
sequencing of a portion of the, nucleic aci d pol ymer

nol ecul e. Particle beam |nstrunent 64 may be

| NfdyrikaidR! o ar, |l ocation on the

nucl ef ¢ agﬁ%&pgm g’eﬁéﬁ’g"%& gfg “é’g‘gh ﬁ%]ggn CORROGeHaSHCh@s one or more
dIRE B SW@T%F”W@V@EW@%@O@@ sy$iem,lveaon mdre bytwsel 1ﬁ§&dc¥seand one

datk aoreetigdey & other fn%na?éﬁmn?can%BQs %%ﬁ:ﬁ%nectmcgtg dul

¥ deternjne nopving instructions ?5¥wﬁb
i TPBPYREET oY SEBR nd Cqseonsrisytheseoft ey bs émplenesed bR aicSmputer

degidteneshich @ e desontdabeBd iRk 96 EBLL,0N; About  the
physi cal dista ce avvay fromthe portlon { at is

cur r ent ISP BRI thedbpriiarre Bathods, and a%isthblyofahbomnbbchzttxomnntrélzenon to
disgteanés alhﬁ&ﬁ@hs@ﬂxbbd’]ﬁx&h@é%ﬂ|vﬁf?§h‘ogseof%e§é SR, m oc(i]s and fhese

er. sequencing the first 100 nucl
aéﬁg@}&‘d”a RE9Tdn BT qu"élP“ e Qe defingd bygeatpyisi- @adﬂb&ui%al?ﬂamﬂbly

maspbetitden whae diecdnigoet-rdagamik hdyat fof BanpR! ¥ olzlgl?esrec%rdmg

p nce 25 . over its entire |engt
DA UL B0 SSRGS BB, & ks G s e

i FEdif ﬁfﬁ’tﬁeéh}’ avaibbsneth thitem baleesie@ SO ESRERE B wily ofi(example

f BRI nf ormation 88). Feedba
rmduloehlr%a%lt0 Eecﬁﬁ @rgggé’%*g? g‘gd[ﬁ’g{:&oﬂpﬁf%ﬁoﬁigﬂebﬁorgg miggia and

p%ﬂqrplgpcétlm%xq r@m‘pmqestora@Anednanﬁhhﬂﬁt vdlgile nd@bntotile, removable
i ﬂﬁtnbhuﬂeﬁrfgvalﬁé]fmw mﬁ#én&nteg m%ﬂx? d gfat%%?l%}gf {qéstorace of

ucl eic acid polynmer in or
Slél ffoa sucpgs SOmpRAeT Fradableri ltlstr@etioas, ldyta ssefurds, priigram modules or

détSeridaguCahpung soRROG ek tn%iua&s !SIHf‘s'nsﬂl ind t@?&ﬁé{[ ROM. EEPROM,

s&ag ences. antrollln he particle beam
§mf3 'Sr°e g ?rﬁ‘é"”}?@h‘ﬁ olpgys PRROMadigitad dersatife disks (DVD) or other

| Q]J(gieep stocied) ilaynefie c@se.ttes’;‘l eHa@ieBt {ap@ Haé’x)etlp legg&aﬂea %r maepetic

ule. 72 m e configure
#"'%Z‘% u’n%}%r YREd vg‘ﬁ?‘Fs'i*fbnonzyyplahlswemeryp@mwrmdmm which

Cp‘gtl powsad toystararthe deaBEbinfemiton dfEWhitHdal tacceﬁ@cf b ﬁ(é%qglu tand any

%ﬁgblégg e ule.82 may be configuredto
ggn%mt?%%l cfmﬂlo%re%% user as user output 80, and

r ecel géminH@‘WlQE’[Illed)mS'pfcaﬂ)}rﬁntﬂﬁ)&leU&ﬂfpuﬁﬁreadalB{%Qﬁsm&tmy'aata

&0u [MiaTo'Ny r.ument tive to the
oo BB T L e o PRt St e e

ShPNFraBIPoE @gehspicn aphatlues a@th deiaRel/ 194did NBie term
atﬂ'iaumitcpé g8t entific nthat is
rr | ¢ atﬂe%l t I’?gfﬁs %%tq élﬁnﬁaé gas oﬂe o é#ﬁgﬂldﬁgﬁf‘%q sethe
%Pc ‘§ [l & maé%‘dﬁﬁ ‘ﬁénmp ylfQ{mstumgethe siznaluBy G/IaSZ oi?dschrdple and

pad mﬁarsn Bdirﬁrﬁ@m
o PO B RS AP et o

Qvtllreélcodlln?%‘mbé‘t ?Sﬁn?déa Yeh asgcotisie; BErinfzaryd and neher wigless media,
ethertypes of mm&hﬁdnmxaoﬁhdtan§ s%@é&fuﬂﬁrﬁm&hgg the” g)regesp ond
to o%(%n te?reagaﬁ the gene

e 51gnals embadied on one or more computer-readable media may

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

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

described herein (e.g., in relation to system 60), and/or various embodiments, variations and
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probes. This may be done, for exanple, to exam ne the
presence of certain genes that are 10 indicative of a
particul ar di sease or set of diseases. If the
substrate contains nucleic acid polynmers froma
subject (e.g., a patient) that is suspected of having
a certain condition, then the substrate can be

exam ned for the presence ang;anount of nucleic acid
polymers that correspond to expression of gene

SERHBERESS tHeRBE oK mehRtishs Wa ?Be WhRe G R4l Jf'a%rélﬁ\r of fPogramming
excl ude other conditions di agnostic purposg 't

t AR REsR PR PPlF dattol': ¥isuphBetied; Chrms CmiyFoifaahPasesl, Biffel, Basic,

eZ@BODL:tQ ynvnﬁﬁ bartly drhemSiHARhS BEeofd ﬁhéic&ﬁpu&?a%dﬂe%% on
ung.i | enou dat a | o/l ected to suggest that the

sUbFieer B "%P“é & P R TEigrPn Off PIROTGAT BRCRRAgRENS of either
S@‘ﬂsﬂmﬁdﬁn&&O PEIQ des@ibed Mgein, 514D Bt BidfriBuERELrdE oRXR MoRESE shRr

conf ti i.f the expression of other genes
| S %‘begP g’“ﬁ @ﬁ‘é’“sé‘b"ﬁ‘d'ﬁrﬁ %eﬁ‘?eeﬁ t should. be
appr edi htactoﬁqbutk:ha:hdabIemﬁmmvm&pmtesuchahat Itr&aﬁstruamﬂfstored

t functionality descri b
atﬁ%@(%h c3n Qef log g r?tg an r?'aﬁomguter s|¥Dte mn esoui(ie tﬁém 51813 ?Epﬁla%m)fetac
mieseptamwenttphélsb\emhmst ﬂmarténtonﬁtlshodétbeenposrclaﬁaﬂ tlantﬂné Ofstructlons
chiET s FrmRge Sy ab AL el R BV s,
i amPodigdrespart nfas,n apnlmammor@grm umaing py a bést ncmmceul Ea;hem,fthea
Slﬁﬂﬁ:ct‘icylpﬁna}o}ge dMipliRh & AG e Qpéoxgﬁﬁfﬁr cod Qh&)&é %{r microcode)

particle beam species tesulti rom exposi ng
SE#HS DS PR o RsHiP ATOFaIER RIpFessO TR BIAMET me@é@\rewﬂesc@erseq dspects of the
Of@eRinvidRicg. ol ecules. As a result, the one or nore

si gnal s y represent i nformation about the

pl ur affi SF‘S}‘%O"F 2RPFEtS Bt any fHngle eampenisber Getertian ofmdtiniat a
af(baxlpyx&hﬁ ofﬁ)&ﬁlp&tef@yteﬂﬂﬁfoﬁ@{aﬁqbg Uh&ebripatet §lsRi et ibed in relation to

[ ur f nolecules. from.the
TR LR BRSt e BB BBl I S L LSO o
de et con@rlgys dixat mqusndefummdh@ IThe bﬂkﬁd&&ndre/coatrﬂllted oh Be

[ mer cont aj ned MAt exanple
?ﬁngg ?tgcy 1an rous waga such h:i] ged%ca&dixarﬁ@gre An ?rl'ﬁrglwiarte sgl'g a
rapaessal thag eqummedoasquamtrpwdb yr sefrgare nCpenfgmi the flﬁlbtlcﬂ‘i@ FeRited

Oafboveth] gw%ﬂ!b"f)el doﬁ%mglflonrg?lth%cf%gﬁ The conbi ni ng nmodul es

na configured t € the partial sequence
t o detVarqus emppilingntsasepudingte thernyeotion maritei ihplembréedncine brmore
ampuBal %éfﬁsf Thtd cSﬁ?&éér@f, s@egnspﬁﬁyt ﬁea bor §€391ﬁ?en g%%ral ose

deternm hed fromd rent nol ecul es s -31
[FRTPHE' 84PH PLHOS 2354 9B e REN EB M typy prassssors Mitoede EcaverPc Sun

| INEEIENREY, BbwIRA-Padk@Fd FEXRTSY Roce S8 Bany IPA %H{y%? Wcéskr?@\iﬁ’able
favorgbl eonetry for certain basé pairs

e
vanged Migro Deyiges AND) ohnypdsr bpe r«a?r:ssandt el bes

[ ali)pramﬁtb&thﬁloﬁe &Ghdle 801D e BEdoimpulePy s nﬂah 'é)g giﬁg tonlmp%emtelﬁte
|

favorag{%j ¢&Havorably relative to t

i3 ds '%?“% *JBYFBY¥ or the position of the 5

parti AI g@ndﬂﬂ-@ﬂﬂpos&&oﬁﬂtﬁéﬁt?ﬁen@%@ﬂ?ﬁln@ o éd’&%nﬂb‘dhﬁlbrﬂ'oethe invention is
NG Igure & gérrxcj)rmngrlleeo(% lrjr!o?esof?}(e ncgons%gs%rlgé/op a%ove ?t should be appreciated
that the system may perform other functions and the invention is not limited to having any
particular function or set of functions.

For example, various aspects of the invention may be implemented as specialized
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are anal yzed may each have a certain portion of

nucl eoti des and/or |abels that are favorably
positioned relative to the plain of the substrate or
the position of the particle beam The sequence

i nformati on of these nmultiple nolecules can be
obt ai ned based on the favorable positions of each of
t he nucleic acid nol ecul es, 9% then conbined to
prOV|de a conpl ex 10 sequencé”of the nuclelc acid

ﬁ&/ %%eﬁgﬁ% %%grag %%og%%c%ﬁquxte? ?]yté?e su h%?pabrr%gxh in Fig. 12.
c ﬁmcgruplé@r sygere SGunapaineudenfpocambdi Wrosteted i oAe 6 hérd Methbs
OrH:év1Q£s 9%0{“@}, §§ hal d§ive7 e,-hglgt ge et g%vﬂcee rﬁct)rp?%r E%gqtag g\}:leemcg';f1 g8 is

absence of cules
nutieally gsed f?féF%l@gl programs awlalata duangﬂpqmem@f tigf computer system 90.

NUSInBRhdntlest c&ﬁptpé@ﬁtmo 'lﬁ cplg)(fédeog%n ‘fn?eéconﬁegb%m%%amsm 96,

Iengths 15 of nucleic aC| :
n UV Ay efleppf ercnfrebisses & gygpetwrepn edmptohentsttiz hnamqegesed within a

deshié mm@m& a nEtWbkNEE ; beB¥n gémﬁdﬂgnt% t'ﬂgtg%r@ on separate discrete
i ncl g ¥£th|n the one or nore signa
d

g SMEMAFSEd L e BiRiCanRgction meshanism 96 erables somyhundcations zﬁenal dagi, s
rTlhd;u-bﬁxoﬁs’b 6758 exOiRin Sdd e Seerd s@stglﬁtcé‘mpcfngﬁgblf" s?&eng So. o%puter system

f th I
P &P 1B R s e i or amhlags Hstboetinipgestadkoal,

f oricrophiose, pcbuch) SSén, dndd bide hwr@d’iﬁ’pu@ﬁevic@?ldznfopéﬂﬂbfe O Yrinting
r more signal 70

d
adF it %"ee%z ﬁ@eag"r‘ et fencreatG e fa?vaﬂoyfg@m or more
nmdqfaeesxmotrshgpvn) itet ansdol cﬂ;h@dteﬂsfvst@xh lve koM cﬁﬁmtﬁ?féﬂi:‘lﬂ'ntﬁﬁlggﬁ(in
t QUBRE, LS art ser .in out pu .
g‘ér | nc?ésf g%tgmrm ik g’fp necﬁ %Cﬁﬂ'ij’b%d for this
p urp OS’E'IC SW@ aysted 0l Oafwommen tigait i @[@.QB ty iy bl&ludes a
| Hﬂ%;ﬁl‘f@? PdaQshidsid %ltéw n&fvol@tgg @é’é%x%i% r19ed1u ! ﬁ)ﬁ rl]nngeuggm gnals are

i ncl udi ng software
c SIRtsE it dedige 2 n@s@@ﬁy be qxacrutm&mhe m:e(ser g lnfomlaaomstoréﬂmﬂ)r in

aﬂi@hﬂeﬂﬂﬁﬂ 318 PEsrbdebsed bﬂﬁ@ﬁ%gﬁﬁd Tl fng&igxr{l ?tl)ay fgr examp £ %e a disk or

electrically progranmne
cgﬁ’gu’?%%% LPifalle SFoperesicn, Ge P%?S@féﬁuscmtaamhqm@abﬁrmmt}ef

S y&ivelitile GecoRingm@Fiud£1 09 'iht@an%ﬂl@%@mg? ! b@tﬂat(aﬁov% for éster access to
or ..one or nore conponen resid

S g’p ar %T}sallb'ljl?yst&? pPEFsbihpndnes tthefiﬁ@rl 04 e’élvﬁmelnw d ﬁ@m’fyplcal lya
nmeglatie rehidsin mtd&sﬁmo@ﬁfu@ﬁ& a dfﬂirﬁlb RinBorfl @éébs@ %momm or static

leﬁh nt erconnect ed. 30

Fur{ﬂﬁr&% on egc g? I%falieé’ %)r/f‘éra%ersyﬁB‘Pé 0¢;@%/$howa, or jgmemory system

i 9% nofdboom eltepravesse 9% gerpoile Aasipoihtes ty SeIt@W}ﬂﬁQ thte %ﬁﬁg@at%{q circuit
one,.or re I ocatl ons

: ﬁgmgl?;gte Of q'&cﬁth@%gle? %F ga%a % efxg?déw lé;m Cﬁﬁﬁ RIPRESSYIS it ¢panpleted.

céﬂﬁféﬁ%ﬁﬁ@ecbﬁmm@seémswfoemnam daﬁmod&nennbdﬂ\ivéeﬁ@ﬂeﬁﬂgdlum 104

AR mt%Eérgng BRdu¥ n(eﬁ"ﬁgf e’lenfé)'gtl\QS mndlgw %ﬁeg{s fon'is é%?mp}g@ t%ereto

devi ce such “one or~ horé
i el ‘El%fé“ona‘ﬁﬂﬁdmmeﬁ@ra redinpaesmay syatepl 98roabtotye sphters 106N

C.ONMPO @B bSmpsuks By st BB Alde NPcRanly-programmed, special-purpose hardware,

for example, an application-specific integrated circuit (ASIC). Aspects of the invention may

be implemented in software, hardware or firmware, or any combination thereof, F urther,
such methods, acts, systems, system elements and components thereof may be implemented

as part of the computer system described above or as an independent component.
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processors, a nenory system a disk storage system

one or nore network interfaces, and one or nore

busses or other internal conmunication |inks

i nterconnecting the various conponents. System 60 and
conmponents thereof, may be inplenented using a

conputer 5 system such as that described below in
relation to FIGS. 12 and 13. e or nore of the

functions, methods, and acts tRéreof described above

in rel and various enpodi nents and

vari at ?gdlng&(%%gm%&éﬁ u nég)tIS Shoon bvay 85?3‘% 3} Pecype of computer
actgem upes) w,hxmrlpl.y agpecty pf tho myemiat ey be pragtiche itdruldigd
bYappRERES enbo

or P?mr e C%&@pﬂ{i}?ﬁéﬁ %?‘Jélg 1 Z%r?n‘&ﬁ‘%x% d&?iﬂ%#e*ﬂ ty belw%mente(? on t?le
NFRMPHELYFiF 25 BewR i G o Vneidisaspdcistobthe itventionintag b practiced on
MEJHO bYmErk 86RHets haQing @

regdabl e ne%?a cangbgﬁgﬁgtgegkaﬂﬁfpag ?g“%ﬁ z%%WWBgﬂqG'
accessed by a conputer. By way of exanple, and not

I I m t aCb@puterGPsianidEhay RACAR S ﬂﬁ%k@coﬂﬁﬂt&cgg@@:ﬂzﬁis

uterb tora g dia and conmuni cation
E%J 2 ‘-‘t‘Biﬂég IRy FLPomRBtel Rragram pingtlanguaga.n@omputer system 90

ncmtwmiaaibe lnﬁqlenﬁdﬁfm\dﬁﬁé ?;m%l}%r@?ﬁ‘rmﬁ@ﬁ?bé@m }fﬁlrﬁ'@g Pﬁdware ;
0 or ecnnol ogy or storage o
B o, OereTaa FOSHA aromBeaiy avaishle paestiomsh as the
dawél-l@bwmﬁdmnmslasm@gfsamvamg fedin e Int@tdaﬁfora@l@ﬁ a1\/Ianydothe:r
ncil u I S not Imte
C%p&%%kﬁ;\% % é%gpg%%f proF?sg%r#s@KB)feS;utssr an pperatingsystegR yhich may

t defroixample, tROVRAMYS diSQMmiwa)%SPS Atindosrs MTEKWirdBM®) 2000

w ! { L
e T e
d fR?@é‘on’MpstSYﬁ% X(ﬁﬁ’altﬂbleéﬂqrﬂ AprdanCormiter \thd &ﬂarls&)peratmg
MSRRERY avadible R Slin Im%fjds&'ﬁglﬂw thtlx g‘%ll%@ﬁ&? viiRE ) %ouBces S5 S

t he qu|red i nformati on and can accesse
c 8¥aiigble from ypripus sapreess  Anyzg) |ae«a@f6mﬁ qtleer PRAMALiof sytsteens may be used.

f Or €goTHaghrock B bisendtin © By sRLoge e Bisneh tymSHRAALS S for which

er - r eadabl e | structions, data structures,

CO Ut
S AIoP RESSTHMS 0 eh-lsy e erostrmming langiages atel writien: Hahculd be

s mgdwsltood lthahthamvéhtleﬁl [sibElim e\t S a paHiculdr B&hipukdr 3PARROH1htfo
|nforna ion delivery éma

cl udes a
nﬁl%b%gdrfmggﬁlgp gul}‘l e gfgwalg%/ Al 6%11 d q%wnhtoéhqjﬁ glilled in the art
t Hatthé ;ssmhev@;;mnﬁ liefited tos s?@tﬁlﬁcﬁkﬁbggﬁmxﬁ ?%gl%%& ofdomputer
Cc ed i nner as to.encode informatiaon in
h %{391 d tFat %@8 \Rgm;m? € peroora;B.Tnglg l%{ﬁaage%@f] omemﬂpg{ppgﬁ computer
c@ﬁﬁﬁﬁp@é§¢wﬂbqﬂswla includes wired media such as a
W red g t red connection W reless
media s utgﬁ\ﬁg}é pgggﬂgs({f?% coﬁﬁher FFFRFEY %\ﬂ'&t”B'ftﬁc=?°r°ss one or more
WFRRAUESS BYstemiinet showmlrenpled toesomfnugiontivusetadrk. onhers’feebniputer

ag@ieR reqoin
§dte t@glﬁﬂrﬂg); ?Jeﬁgﬁgﬂggg@gbg%xo%sélg? olf?? exan !‘)I’ ga}rd?}x%aspects of the
cty B2y pedisBruedppangoneey mogredompatei systemsiaiigursd tofpesvide 2

egeamﬂ €e., %veﬁ@f&on@gr € cRdnt M;ﬁtepsr 9&5 ggﬁdrm ag %véral?t%il%ag part of

E J eln? executed by a co
C% tU WrC YFCBeF ¢ SraIRIh darnus apeds efithg lh@nﬁmm@){ wrerformed 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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descri bed herein (e.g., in relation to system 60),

and/ or various enbodi nents, variations and - 33-

conbi nations thereof. Such instructions nay be witten
in any of a plurality of progranm ng | anguages, for
exanpl e, Java, J#, Visual Basic, C, C or CH

"Fortran, Pascal, Eiffel, Basic, COBCL, etc., or any

of a variety of conbinationsgthereof. The

conmput er -readabl e nedia on which such instructions
%rﬁmﬁﬂ&%v%da d&ﬁﬂhuﬁ@&ioﬂ%ﬂ@@rl@(@? 91% Irﬂ&ﬁ&) &Efm&[ah:%mmumcatlon
components of either 5 of systéns 60 of 90 descri bed
petaspl{e-enBGP/Be- di stributed across one or nore of such

CONPORNGRLI be mcm th€thk lihvEr'itﬁ;H% ﬂot RRitdd6 eRcfle\WR 8RY particular
The conput er-readab nmedi a may. be transportall e such

EYSE™ QUEPUP ALY PIERY, |a%§atéleedmé¢aﬂ°rt in Bt digtited F%f‘“% garfigjla digtributed

@ﬂ&hl@cﬁ&Yn&@mtﬂr%mﬁyﬁ&aﬁHﬁ prefedll Ce to inplement the
aspects. of thg E % i nventi.on discussed herein. In
WSOE qt BePH

addi t 56}?“5 qmbo i?ﬂtr inyentenyas §srogragamed using an object-

bﬁﬁﬁddlﬁdglaﬁﬁﬁné%ﬂ@b@eg adh @ﬂSrhzhH‘alkapau - Slﬁ@@l&h—l-i—eAda or C# (C-
di.u SCIr1l De apove

Shap} D BB R Sapu i ipfRs g ol B i pimacvely,
ﬁm@cmamqupmlgt ag/ oo ing&alhwegrantoinp linguagesRadytbemsedt Various aspects of
L i0 ) onput er
b ) e Mo EP RS Bl B B TR B
enpEdipdtiMo XMlo g civer forpridat.odien viewed impal vendaw oftalbeowser

?Qg}éﬁf F@fxée? H%% O ARG RLr 1£tpﬁace Eh‘xl?ﬁ 6P erfoRY 6L fﬁ’r{lnori’sf

appreciated th singl e conponent
Yatipus asregihofghe ivantippmay becl@nbmﬁ@ a5 pesfgranmagsigy nereprogrammed

%D&%Eﬁmor irftyrcmﬁmmh Sherdof) EFURREPHINBESs FobBUiIRIINS SF6E inP&Hon May be
rel ation Fi that performthe functions

BRI TS AR MiseboR aHEEéecbW@&aa'Pﬁ’l? fremAdictertedorpasatione
Or N0k ARdtaEOploBted Byrbatraucg@teﬁa@ bndsH@hods UG inQéttion g

one .ar .jore controllers, ca nted in

Akt GnE SRR &y M aieriot B ol G amel g frecds.

ff'hdf higkspeeds Wsd dtlger &eallidesor the ﬁﬁ'ﬁmfontsha% as Iré‘duﬁd’d@@x?@lﬁﬂﬁﬁipulaﬂon
erform unct i ons

d t
SRR SRR BE PR R0 o B R B R s
ﬁrothe oot ofguch\aaly st Shesybttimyand methals of die inyetion tfag make practical
o&X@[ﬁ%’B Q:Hprlﬁm;r sjagsténml p%HI%H} o%%er?o%eg ”ﬁn&’JudE‘B ?grpanceé )%cgrp ﬁg’%‘igl uses

C orrput er sy stens
gmamhammﬂews@, diggnopries etrcts asd@hseasgscgmwéy beageghosis) and

l‘c@ga%h N3 gg%h %W&Sm&%&i 9%@&%[ reimilgﬂégki%lo r(jJ:> gssessm gs?:arch

Ul t r aSPA ett-Pac ors,
inte the pielogicalprosess obdisasses). Alk), itaisy be p<fsmbh1umag/ arnhc@unqm@f the

ERVAtRA %o }(eﬁm mileicdid a@§a £ Bottjlyspﬁexﬁffylﬁé RERISRIds, buf also their
shoul d be appreciated at_one or _nore of any of

gemptitseVithsgreat pivrinag, "B@‘fug‘@ﬂd% oqlks pf asrAsgAnismy Jﬁlrswﬁ provide a
a&tmdlumaidmg of K digvervellsOinctibn @iﬁ&@ﬁ - pur pose

conmputer s according to one e i nent of the

i nven I?ecfﬁa the foregoing 1s'the use of the me ods descrlbed herein in
conducting microarray- type analysis of gene expression. Similar to conventional
mxcroarrays grids of ohgonucleotldes (i.e., probes for specific genes or alleles) are provided
ona substrate as described above. Nucleic acids that are labeled as described herein are
prepared and contacted with the oligonucleotide grid to capture labeled nucleic acid

molecules having specific sequences. In these embodiments, the need for labeling each
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30 configured to performone or nore of the functions
descri bed above. It should be appreciated that the
system may perform other functions and the invention
is not limted to having any particular function or
set of functions. For exanple, various aspects of the
i nvention may be inplenented as specialized -34-
sof tware executing in a general -purpose conputer
system 90 such as that shown in Fig. 12. The conputer
S BErein Qe diBY with & LMER: 18bePE 9&%&5&9& eﬁﬁ‘im‘ﬁ@ﬁ‘ 'B% g?edthé G is not
or nnre menory devices 98, such as a rive,
syl @Pc%tqqé?tlthd%q}te%fé (vieh isspseifisg bmt\p ahgqvecrmlgiesgbpt isigply
t 34R1b6 BdnkdndéSAith deRFmRin® kileHImBEQE A BuI Wustib d sgééfﬂc ng

n o ut er systen190 5 Component s of

@}gb%{clggtl@}p;qb% Iﬁﬁe@%g%yxg iy %6%4 %yws)aqﬁxd/or determmmg the length of
| thé ﬁtic&ﬁlﬁ@ﬁl(‘ﬁolyﬂﬁr fmd‘éﬂxﬁﬂd tBeMuBRic ackipoBheNEPhe laptichtda oQﬂB@ methods

or busses n,conponent s, that ar

i ?ﬁﬂé"df”ef‘éd‘ RS g AT RO B SR OB SHBE g iicld

Sj ienpepvemdnes inspead anammﬁatsmt A#b, due sd tﬂealﬁrty%@ﬁﬁtaﬁcﬁvldual nucleic

i nes) . The.int r onne cha

Ac‘?cﬁrpc%cug:% %E ItoC 4 2ubstrate(, the me %;Eeém{?f {k‘ Hgﬁ: esp Fagwie) t%bom
benmifictian gl by proviing asyot ecmxta&rnmure nf genoéxpsspsrelavedO.

Conpu ut
dov o SLherD Bl it ot nafhiqnli, AET-UE 18 TBPEROR |
nieprodisibdadata. t ouch screen, and one or nore output

devi cqge s";gtgms Ly m&?f&lg'g{“ tﬁe m@en‘t’it)h Hltd ngo tg'%}filféf%rchg%wﬁﬁ Sounts
screen, speaker. dition,

crieadabie w@lWIdw&nce|dh@ éftlfcaelé@VS( nmressmmmof géngtic data for

CRRREetree MRH L &S ficayst em 90 to a conmmuni cati on network
(in addition or as an alternative to the

i nt er SHFTREER BIThAd et di iayenting. maylspydvagtagrongp ussyetysmall
]zﬁtﬁbunt‘s bbssmplenfogéambR| it they B posdible fol determide sdqidde€ddtd Yom a single

ﬁ% ?es a conputer readable and witeable

Bf%tile recording medium 104 in which signals are

st or edh¢ fodbwitle b tantplea afRpegéntst forpub@s@oe Hustefiodut tRot intended
ol §0fs§or or information stored on or in the medium

16 Pe processed by the program The nedi um may,
for exanple, be a disk or flash nenory. Typically, in
operation, the processor Spppdata to be read from
the 20 nori Vol atile recor%gﬁg‘negiuntlo4 i nto anot her
menor \Fhis @empledeseribpotie stéps rnd rgagents tamakedabeted DNvhe
i nfor 4.
Thi o mormrr PHebl BRI, PR Ay ERENPDAR
access nenory such as a dynantc randontaccess nmenory

(DROMsirer teﬁ%l@t‘é vfas aliFITRE !5% ﬁoﬁ"ﬁMse chdin FEBMioR ?Pdl@%ﬁt%gnaagd

storage ¥ en1100 as s In menory system
SFHR %cessor 94 generally mani pul ates the

d&h&ﬂmttnrtthe |ntegrated circuit 25 nmenory 98, 106
and_then. c |es e data to the nedium 104 afte

pr og@gglg‘?ﬁ@ ’§'°r€' P itagland Bolgby (NEBY, Werh’e%ﬁ‘?@%# MR67)
K NOWNTHsO 5 miIVE¢aly {INTP s 26 AMY0td ENEP Eonb&ii aSs INEREcaflisdi #4tu47)

1O4NEB 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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and the integrated circuit nenory elenent 98, 106, and
the invention is not limted thereto. The invention
is not limted to a particular nenory system 98 or
storage system 100. The conputer system may incl ude
speci al | y- programmed, speci al - purpose hardware, 30
for exanple, an application-specific integrated
circuit (ASIC). Aspects of thg i nvention may be

i mpl emented in software, har daki e or firmvare, or any
conmbjzzak,i 1YK€ t hods, acts,
syst[ens@?g@ss(%j;%6gflag)ﬁglﬁt% ébE%{?Rc(g%%éjﬁ%ﬂﬁs t hereof nmay be
i npl enented as part of the conputer system descri bed
alste 10diffasntdRpekiHERP e R QFPORENL .« 32" ough

c ug&)rF s stgpm 90 jg[}gﬁg\ﬁﬁ&g’y way of° gﬁ?ﬁr‘r‘ﬁqﬁletrggc%?@“at‘on of
t %@P 88%6%‘?@00% yistdedhd ufOrbpwnidott (SEQR IDNO: Y applficd ffn an
t hilolasa/ga¢ $eqilenba YA dBieitr b Lda S d b

appr eci at edeqt hat as pe@{ ﬁ?&fﬁé‘dﬁ%ﬁ?ﬂé"nﬁ%‘ﬁg- not
limted to being inplenented on the conputer system
a$CRAwwiitibis fbrl Kimeds2ZSMaTdoptgn@SRBEIcHRET the invention
may be ﬁcti ced on 5 one or nore conputers having a
different"architecture or dfgdnents that that shown

i n FlI G 10X]Paq bgffergNEB)y syst esp @0 may be a

gener al nputer systemthat is programmable
usi ng asﬁ%ﬁ?*f‘?ﬁ/@f) comput e&'op'ﬁogr amm ng | anguage.

Conput eforggrdpemerd0  al so nay e i npl ement ed usi ng

speci al gyeRE HepamMed, specilabl ;|Pur pose hardware. In 10
conput er_system 90, plrocessc')ru 94 is typically a

conmer AVER 34 Robaterash| e pro®dsdor such as the

wel | - knewplaRant i s p ssor available fromthe

I nt el Co:“goregti O%S@I{T/ha%; ot ?gﬁﬁ processors are

avai |l abl e. Such a processof0.0glmtal yolenemntagioan

opefTh 4boge MikSHa8 Baleh iuf NoXRYa) | h

W ndaws(r) 95 Wndogrs(r) 9§??M%%£é%%ro?PﬁA’ngCR

W ndDWEEreroBH 50 pliehsadiop iy sepmyte sibesi ndows (r) XP

operating systens available fromthe Mcrosoft 15

Cor j on 0S System X avail abl e from Appl e

Co npR8 ?Vg’ﬁﬁteg‘iaﬁ’@ I}@gﬁ“&ﬂ %‘&S%ﬂuma acqyred byBigwRedLabdraofiesim

Suntiktedeso ©AS PECRO0 thérmidcyalépwhsaldbdto bhrifin R ﬁ@&iﬁ?gg;g[igges
y O

or : avial e fromvari ous sources. An
var Ji:égl?émgf "tg% @?Allgﬁteefngfrlaw& THREEHLS brAYtimiged baged on HifEerences in

pr oeliggBusieotidecpriostsr dhisagorsiitiohewert optkiRRItotRst Pomérs,

conput g . ph@ldsofom for which application progranms in
hi gh- | evel{égro ramm ng | anguages are witten. It

shoul d3%e [29se698 8¢ 0 sesdbSt°at midf22 iajvention i s not
limtegytpmayPacticul ar conputer system platform
processor, operating system or network. Also, it
shoul d be apparent to those skilled in the art that

RheCRIpasiaet whie padd 8 d si |01 a speciflc
B gtgf,&gm H%WI aﬁeguage orsﬁlg{)&g}%rltn é@e&?&sﬁugfﬁ{s aﬁ&ﬂ““ﬁ‘ﬁ’ﬂ&s’ the
ot her ~aPPrEhPIssEeBglgr ammi ng | anguages and ot her
appropri ate conputer

Reagents:

Two methods were used

A: Homemade spin columns were made using Sephadex G75-50 Superfine (GE

Healthcare, formerly Amersham Biosciences/Pharmacia Biotech). The PCR mixture was
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systens could al so be used. 25 One or nore portions of
the conputer system nay be distributed across one or
nore computer systens (not shown) coupled to a
conmuni cati ons network. These conputer systens also

may be general - purpose conputer systens. For exanpl e,
various aspects of the invention may be distributed
anobng one or nore conputer sysjens configured to

provide a service (e.g., servers) to one or nore

cl i eRfowe@ : I, veral) tas )
part o 0 b o BB (P2 SRR A PR 1B T pggm in
as peBiEo-tantrifvge af RowimrsteuigyTHsdloperas oliveted. dMresamably, the salts,
C! | epiim&SindQpeckY sth&hdnhdtieit Q&h%ﬁﬁnéﬁqmg I?e%m S
dlstrlﬁgéed anbng one or nore server systens that
per f or i VEBTFQLMS Wereiugiddo sawus eHckrgtidepanduffonagents from PCR

enboptodretfslionfing theprbiade Meiuads il ESEi. @itrg%
execg&ggie, i nternedi ate (e.gvt I'L) S§B%E?£§%¢e e %"Q%
(e.qg., QVa) code whi ch -36- conmuni cate over a

comruni cation network (e.g., the Internet) using a

c [ ' ocol (e.qg. . TCP/IP). It should be
poroeb it ABc B TA RS s oA dhiamblietihis eing was diviced nt
exwee new AGR omactiny. Spaplt il Guab set up SyGtigIN 20 bt Moe R the template was

S hat e nyvention | limted to an
o e cofliraidlrgt Y SoRf kB PR Wtans acbua DA
c d#hsled o ane ssendpmbtvithGbdineasmoltide e vkiowlj. ment s of t he

present invention may be progranmed using an object-
oriented programm ng | anguage, such as Snall Tal k,

Javaample 1 Sample @# (C- Sharp). Ot her
obj estdmdfHa a8 b &k @E KYLAMMI ng | .also b
used. Alte[nativgly, éfunctigﬁgﬁgﬁggﬁFg?%hé?:%ﬁﬂﬁor

| ogi A 9985 @Meng | anguage®aienip adiestslsnie  Var i ous
aspdoksufkr 10 the invention Agypdeg, | NPl enented in a
non- f%granned envi ronnent (e.g., docunents created
in ™ XML or other format PEREE, when viewed in a
w ndow of a browser program render aspects of a

ar, L eal s rinterfac I ). or perform ot her
fé%%??§§§F%§%W%é?%ﬂgb§§ 8§$E+8P%?he i nvention nmay be
i AioFledETR edUBRmprag seameaiMéachBRaRe Mg ERERRIP iShGRENt S,

Ok orRENraSTHi Lon thereof . Further, various

enbod ﬁen??‘%?‘g‘t“%{ebei%"\‘/ ésr?t"f"ES'Rmﬁh‘\? °g%a“fsf%idﬁaf’ @b BRrtogether
u®ith §-lodo g8 a¢plecing INER, ané 64iotoldOTY repiodink &lels@ndakOFCTP. These
Miselesiad ti LROLAL advant age provi ded by
certain §§§?ens aﬁﬁpﬁgf%%%gmggupﬁégghvention is that
nucl ei ¢ aci.d sequenci ng, detection and/ or

i slegabidioreat i on can be done at extrenmely high speeds.

—_— e

The hi gh. speeds and other features of the invention,
strefiess Sigpauidiishs¥nkAuis, Mghi pul ati on and reduced need
f rodyeeNimbami g 6chem stry on sanples, also can lead to
significant reduction 20 in the cost of such

anal ysis. Thus, systens and nethods of the invention

nalodprdKEP pr act i cal
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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obt ai ning conpl ete or substantial portions of genones
of individual humans for clinical uses (e.g.,

phar macogenom cs, di agnostics such as di sease
susceptibility or prognosis) and research uses (e.qg.,
phar macol ogi cal research, research into biol ogica
processes, and research into the biological process
of diseases). Alsb, it nmay be49055|ble usi ng

enbodi nents of the 25 invention to perforn1nuc|e|c

inghc ) i r e d
aci afﬁgtﬁa)r(& nuglgcls]t d{eé*' Iﬁgnsﬂe ggﬂh 'stf h ngotve Ulﬁqg g:%ugp?l%cri)lass%gtﬂﬁpqgh the

al s
i ncd’?‘iﬂnd’(?é?re%dé’lt? Be amelyzgd. or ganl sm Th| s wWill provide a
detail ed under st andi ng of how distinct cells function

dlﬂ‘lfterentl exanple of the foregoing is the use
of ¢ %é\ ro‘%fﬁ“ﬂ%@&w-%@a dNEY anatpgs are ayailablle ethich @re compatible with

i 2N A polyrastadey ped cam B H&drsorfdd 19%%R%§Ju@[§ S’fh%& mc?uc{n akp%a sulfur

t al croarrays
olqlegg)ﬁﬁ%l eLor? Q%’esg‘%ﬂn ag).-. Bﬁhﬁﬁ’égatpélon gsaboveiprocgrpieis todebel both
aIStraidesII) is msab]ammudaﬂihe AdledsiSBH o ?e a"i1§lo G it 3(E§:gles of PCR

a e hat .are | abel e escr
AR wn HHELS i(gg%a s BT i o o D00, of SATHNS s 2. 1o CTP.

oIdTEBﬁflﬁcd(E(?tl de grid to capture | abeled nucleic acid
nol ecul es havi ng specific sequences. In these

enbodi ments, the need for |abeling each -37- different
nucl eotide with a unique |abel is |essened or

el imnated, because the da z—td2 IS not necessarily
concerned with sequence ( specified by the

ol i gonies ss&jeple shoys preparstiomof the sutmmath andemnaetenad a Wididic acid
dedn€pild o e DeephrBe subpdper of nol ecul es bound to a
specifjc ollgonucleotlde probe (i.e., detecting

nucl eit™megehoys-fraP %Prfé?%‘) Sopp e (Produa Nuimbery 822he 0l 892G Supplier:
oTeca)eﬁmenmumeemrﬁ A YO PO Y BRSanddGy | | ei c
acj g polyne he gg) lication Jg?) tdﬁjg’ﬂ{%etﬁ%“ogp as°¢'g?rh°ef

i nvent1ont 8“%????%? ’Fﬁ;b°¥f§/ﬁ>\é¢rah%ﬂ §f i Angstradn molecular sieve to
queBnavd thost abtei0 IThe Ean@tﬁfd&oxﬁ‘)@l@ﬁxﬁ&ﬁrﬁmséﬂ t%} Qﬁclealnﬁg Etg% cire nt S
in sp

ficat
to co Sc%t‘a QQ}% th%ng 4 g Hdeqqﬁmaé’&?tad f?bﬁ gvnytess Pbmm‘daStwnerated
t trepalyivg & high@owert RF poise Irma:iamaa{vm&mi 4084482 aff thd SRwr and

S atl ereby providing a
Rl o A e PR esh i e e el e hmeat

S‘i}ﬁ‘@ﬁ@at%@wwaSlgmﬁcanhhydmphﬁabhamwﬁay al so provide

very 1rgk I bl e d he systens_ and
net %ods ég?& ttﬁeeSéll&ﬁs/lg{]ttg ?gér){g#ﬁougf thg ; HiepS With @ pilape

RSO Bfifls SV erepimmeesad fob b enimites lirea dnlmsodmse GLRR N&Bﬂﬁﬁﬁnass in
VedttiaGdl. GkillOMEre fek ﬂ@eft&ﬁﬁrtyﬁf QN B a%?cf}_s,glugg dat a

%@ agx rg% erence and veritication Y’sioé’ﬂ’ﬁ‘plﬁﬁ@e
PHAEn gfrthe ppsane intermediata frﬁwh%ersi@nadmhzageyomammgs&ctant,
Uewing Setiid a hyafby NOS) RimSAEPAForpil AL ARMLS. [t may be
POSSi m ne sequence om a single

ol ecefugs were ¢ eane again by dxppmg 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 vmylsﬂane 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



The foll ow ng exanpl es are presented for purposes of
illustration but are not intended to be limting. 20
EXAMPLE 1 This exanpl e describes the steps and
reagents to make | abel ed DNA. Exenplary procedure for.
maki ng | abel ed DNA side by side with regular DNA: 25
1. A desired tenplate was anplified by pol ynerase
chain reaction (PCR) with st anard m xture of dNTPs,
30 cycles. Reagents: Taq DNA'pol ynerase (New Engl and

Bi Bever] vy, catal oq. # M)267 dNTPs:
oriRreBE Sihe RN ek pasnlhs ool kAR 1ot REBRA to the
c aarid by epagtiipavdth)the Bay! BBy andpid subgbqiznf festssion ofl ther dopfléteoe
Waiiekine RCDNR b WRLSth Fi.( ] TATCAATTCACGAAACT CC;
SEdgrf"E? NO 1) an ezéegp%‘é‘ ¥ U RATGCACCTTCTAATAATAC,  SEQ
ID NO 2), 50 gMstock concentration. Priners were

s produced by Operon Bi otechnol ogi es, Huntsville AL -38-
[ ZSDp200F (52-336-000) and ZSEZOOR (52-336-000)].
Note: In different experi ernate sets of PCR
Pr i Mer Samiid SephpRidn and iRalFNEFN0ALIE 80d Bblecfmil:

2S0200R Y1 ol ded 208 b prad cr Paleeitd ﬁ%@%l%‘%beam
afpfPPf¥d from an 5 al dol ase gene sequence. Anot her
prinmer pair yielded a -1000 bp product. PCR

nditions for Priners "ZSDp200F" and "ZSDp200R' dH20

19 40: 4 |At°l"65>%{‘3fkaelfa‘w§é§’“(%ﬁsjyn§‘?mffi 10 5 nM each dNTP
i--oulsinEabm&amy lﬁgdléH&iNTfPS | s%lglnlthefﬁyt‘(%y?@, cﬂﬁﬂirgﬁfgms anil;dledllﬁﬁ@ in
ag, Po ras : olate (<1 ng o .
15 gg{chxﬁf)%%&“v&sgwmﬂ%ﬂnﬁr eaction. The above nix was
s @alUsidg atpmlcalP{labetedafNTOVnfa0 ey JésCat fing afTb Yrindefi DRWAR which
ggég{;%gngsal g{é&ﬁa%ﬁggeatg&t?an%t 50 | per reaction in

15 e Using atomically labeled dNTPs in the last two cycles, creating a mixture of double

stranded DNA in which half of the molecules are labeled in both strands and half are

labeled in a single strand.

2. Images of atomically labeled DNA molecules of sufficient resolution and contrast to
20  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.

25 Onthe image, the atomically labeled DNA molecules are generally circular.
The foregoing were performed with the following instrument:

Instrument:
30  Manufacturer: JEQOL

Headquarters Location: 1-2 Musashino 3-chome Akishima Tokyo 196-8558 Japan
Model: 100S



An M) Research (Waltham Na, subsequently acquired by
Bi o- Rad Laboratories of 20 Hercules, CA PTC 200
thermal cycler was used to performthe foll ow ng
cycling conditions. The annealing tenperature nay
need to be optim zed based on differences in

ol i gonucleotide primers. These conditions were

optim zed for these priners. Ix - 5 mn/95 C 30x - [40
sec/95 C, 40 sec/55 C, 1 nmin/-#2-C] 25 Ix - 7 nin/72C
2..PCR products were passed over a spin colum to
re%%%%g—guffers and nucl eotides; the DNA PCR product
pa&&ekdratlﬁgwugge 88QvReagents: Two net hods were used A

s were made using Sephadex G75-50
Supeézrl ﬁ%mfocégo Eégqm’l’i‘lﬁére formerly Amersham
BlBmw@gmﬁsdtll@me&cnrmcamcamaﬁpm)zoo&mesPCR m xture was

r e resin for 5 seconds,
’ tﬁ%ﬁn csp are d‘ﬂ\éilgéf“eg%ﬁﬁnr pmin a

m cro- centrlfuge at roomtenperature. The flow was

il nabl y, the salts, priners and species
_Wé;& Eiefitbroldufiful acids remained in the resin. B:

Qi Siydard é*é‘g%m‘?'ilé P“ﬁi@?‘é fremdehbtManuavsade O@m@hﬁ;@hpe&ﬁ& oAD Gelected;
DRl AR of § QRRETFocls B Sioly - QWA B WIS 11V, wobbier

prot g§ included wth
10 E)qua qematonpert ormed aagully, with FiT @gmﬁamer Tahdbag obDiNAgattdwn on

" streundiatages ched WIRASATRLRrAY i)l S POi Nt was di vi ded
into two new PCR reactions. Sanple 1 was set up

essentl ally as above, however the tenplate was 10 in

Meabek Stggncent rati on. For Sanple 2, only one cycle of
DNA | abel ed on one strand only

gﬁﬂ Yas, do ne t.Q. obt ai E
w RIEPaL S 4 Y9sB s0tianent by bp PCBhemilificationanubie. 2
15 ST hm@alpté v@kﬁﬁrmmél@%@b@y@ﬁ latlell N BORES NI m%cﬁf&gl% d

bgh Vv wat er to adju
DR Yan 530 R Bland O AEL AR ?%4“%?4 RetecPEY g n gingle abeling
AFtP@rmahaﬁQrEaﬂc{NI' Fyrmldunes(asedabméd@ WI t h dCTP + dUTP) 20

ch because the
il' g%{?b%%g wab eﬂ;%w&v ﬁ/}@ssure p asma to induce hy%rophilicity as noted above.

A0.8t01.0uL drop was placed on the treated substrate, and was allowed to evaporate at
20  room temperature and pressure, as described above.

Having thus described several aspects of at least one embodiment of this invention, it
is to be appreciated various alterations, modifications, and improvements will readily occur to
25 those skilled in the art. Such alterations, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the spirit and scope of the invention.

Accordingly, the foregoing descripfion and drawings are by way of example only.
What is claimed is: |



a)

concentration. The alternative mx is a conbination of
standard dATP and dGIP together wth 5-1o0do dUTP
repl aci ng dTTP, and 5-1odo dCTP repl aci ng the standard
dCTP. These nucl eoside triphophate anal ogs are
commercially available. 25 5-1o0do-dCTP Producer:
Sigma-Aldrich, St. Louis, MO Product Nunber: 1-8361
5-1odo-dUTP 30 Producer: Trilink Bi oTechnol ogi es, San
Di ego, CA Product Name: DUTP4Bedi nated 4. After
anplification, the PCR products were passed over a new
spin colum to renove salt, CLAMMSyni ncor port at ed
nucl eoti des, priners as in step 2 above. The sanpl es
pafsin%bth ou ﬂ the  colum were ready to be anal yzed.
Ill%lé)ﬁ Prrmigipgthe FreBsNpe affaonrldiTrd aplsinery songriging
avai | alibrminghicoplementsr9 ama bbihgnmetx&c.dﬁ;o% yner ases
and can, be. i ncor orat 0 PCR product’s. ese

" ncl uddoATes & Sipes? SR N tnuglarpeid golymer apdPaS)e
Arcotripiementany isadndasinga pirtide Bdagve procedure is to | abe
both strands. It is possible to include the

nucl eosi de tri phosphate analogs in all 30 cycles of
PCR adhehehed afnlafh Gwhtfin WineliomE pdae: WDNA & RNA.
conbi nati on of dATPaS and 2-1odo-dCTP, dTTP and dGIP
10 EXAMPLE 2 This exanpl e shows preparation of the

10 sifpst r Ahemend odcleae hiveteinghie complinleptasy saaidls DSARIRAAL O

20

25

30

t he prepared substrate. 15 Anorphous-carbon coated
copper grlds (Product Nunmber 01822 or 01822-F
Stfppl i &he methedpf Paim b whersin, theofuc Ripddid pglymEAgndive frecdhipletentary
Clsgaaasifobyeddy RRLEG bO@ PRI ML Dse In Sl Ut | on of

‘anhydr ous"” acetone thg%%géfmgm§ 94 hours over a bed

of 2 Angstrom nol ecul ar sieve to renove nost water.

The same maeidenaaisOl, Whier twwe%myfiﬁgmllr?fsmﬁJd'ofﬁa'e%ﬁ‘{lélc

wer e then dried in air and plasha
fg&?%xe%%% & usmﬁlpglé’f?ﬁraﬁﬁé’ga‘ﬁé‘ﬁ‘étf"&t(%%) 20 by appl yi ng a

hi gh power RF pul se to air under vacuum at 1-4 torr

ag dt RRNRY (A0 ngQu§at| mzed to create a
hydrop e sur F Al MRS rH §FW8VﬁH&‘FHéw@@ﬁGOUermmMrme

‘ufeepleraentany strall &rs madifiedativtudgldbels. showed si gni fi cant

hydr ophi li c character.

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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To reduce these species to hydroxy groups that can
readily react with a silane precursor, a grids were
imersed for 5 mnutes in a dilute solution of 5%
NaBH4 by mass in 25 ethanol. Gids were then floated
on top of a 3MHC acid solution to conplete the

di ssoci ation of the borane internediate fromthe grid
and neutralize any remaining reactant, |eaving behind
a hydroxy (-OH) term nated anofphous carbon film

Gids were cl eaned agai n by dipping in anhydrous
acetong for 10-15 seconds, then floated upon a 2%in
ac’dt onéhesBethad e slaist 8.vihasgintthe aorhoacy bildgen etofV/TS) .
Presumably the VIS 30 reacted with the -OH

telarri nation to | eave a vinylsilane attached via a

Si 0 CHfIRAdf el 7. sbereinaciedtide bscigic latiels A trebrporated in the
r ewrelvit Bgd payR@Gh@s hel@mMe r.Acetone i mrersion, .
a dr og of p?%onc.g at omwcg}:a?t%g?g%gldggg‘ﬁlﬁmﬁﬁn \E’/?BEF%?UC%H@“’
pIPRYEE BH/of he coyralemeniiy stribwed to evaporate, -41-
presumabl y causi ng conbi ng through the attachnent of

t atgni cal |yl abeled DNA to the qgrid by reaction

wih? h t ém\l/e?hr?)ql(’fﬂ?la’jp Wg?falnﬂh‘ée‘%lelb%ag@fwel? ae bywipdia thef

t Ineclebtidgs|of the @ugeic acid pollyhen Gnd/di el pleMRESY Strdnld %g&%mn%ﬁon of

Obhell8ei EXA 3 _Sanpl e preparation an
anal 92?@%&%{51% rélfléc\:/g;t% C&W%Fg%tﬁqyégarlﬁisi ng an el ectron

beam instrument. 10 1. Atomically | abel ed DNA has

been shRLRESHELH: 1ng .ataom cal |y | abel ed dNTPs only

in the | ast cég%g,c’f%:@éngtg i%g%&%?hgxg‘i'?‘%?%de@lma‘}d@r the
V\fﬁn@meg?fjayyo?;gi le’ ¢ ;ifﬁgj%’fh asl_lbm‘gl?lﬂ Wlﬂfkﬁi grior id&lile{bﬂep of identification
athe Mhdledtidds aL8 .cycles, creating )
doubl e st randed DRA il_n&megﬁ /?)réttsﬁo'gﬁ?rg??&y%m%ﬂ? fpbstantially
| SBRN o fEPrnihe pbstratg ipavisg thetabeig o ftbolbadal duyledtabelteed NRPS

| subkthees. | ast two cycles, creating a mixture of double
stranded DNA in which half of the nolecules are

| abel ed in both strands and half are |abeled in a

slhgl &hemedbdlof chaim Il [WIgERsn ME st HMThdnl) als@zﬂlghc%% Rt
r%lmﬁ?lyelseg e?fi sufafé_{.%ent resolution and co _tras{ 16 ‘?ﬁ
coumt ~ ARd Treas i PEUGp PRy sxasgdienusisis reidipolimeeatdiosihn g
a@mlmnmtymmﬂamﬁelp&tiblblﬁagi; Tﬂdg&é\ﬁiﬁéng tlhzé MeHﬁﬁle%}é:t@s in

nds ar. abel ed; an rom nol ecules in
m:ﬂ%ﬂe&%% I(?ha%%ers %0 ttql? gar{dcﬁ? ée

only one stran Pabel ed

18. The method of claim 17, wherein the nucleotides of the nucleic acid polymer and/or
the complementary strand are modified to include labels.

19.  The method of claim 17 or 18, wherein the step of identifying the nucleotides

comprises detecting characteristic changes to the particie beam.
20.  The method of claim 1 or 19, wherein the particle beam is a lepton beam.
21. The method of claim 20, wherein the lepton beam is an electron beam.

22.  The method of claim 1, wherein the nucleic acid polymer and/or the complementary
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A representative image of atom cally | abel ed DNA
nmol ecules is shown in FIG 14. 25 On the inmage, the
atom cally | abel ed DNA nol ecul es are generally
circular. The foregoing were performed with the
follow ng instrunment: Instrunment: 30 Manufacturer:
JEOL Headquarters Location: 1-2 Miusashino 3-chone
Aki shi ma Tokyo 196- 8558 Japan, _Mbdel : 100S -42-
Settings Accelerating Vbltage4580 kV Direct
e 40, 000 times Total Magnification (Scope

I\/lasgg e %h’fe% o ﬁ@’%‘b‘ tinmes 5 Canera System and
Software : AMI Canera Systen1 Alignnent Pr ocedures:
St-anda 0COo Manual used.
Cozgdeng%rr%ibogir ?Efrglén g% Wéerglel Iﬂee "t“&‘aw aclgﬁj’lé’@f’ f 4pd/onibe perp gmentary
ofstrandeed afiited dio a Sibstiaee ap enefend nitle nuiticAcidypolyaie &id/dr f@n

&@mﬂ er 10 Final Stigmati on perforned
ngﬁﬁgkhé%amnt liFFT (Fast Fourier Transforn) of inmage
shown on certain inmages captured with AMI canera

Sya! eMrhe MefJAQE cl%?ﬂs wg§é}g@§%g rrp? a@ﬁ E&? { grdand/?r tg]%%c{mplei%entary

stock 'sol uti on of ion

THE RrfAfiexedina %‘BW@)@F Wﬁlt @1dy oBthaucric asid noatmlr excll/ DR,
PChnplyfédie s btfandvas perforned wth both 5-iodo-dCTP and
5-1o0do-dUTP, as descri bed above, providing a single

| abeling atom per base-pair (all pyrimdines are

| abel ef]})e meTlhﬁ of tbis zzawermale%agé 8dd B(Qyth&‘%cp&etﬁéw&ﬁ) ementary
uce, h dro city as noted above 6“?
gﬂpa t)tB?y Fﬂa tcs atioppalpngdheigpgth pitbenucleic acid
alpdlymnélbt mmmnmaneema,mﬁ,at e at 20 room tenperature
and pressure, as described above. Having thus

descri bed several aspects of at |east one enbodi nent
0£6.t hi Bheinretted of daim 23t wherein the nlx@eiafd ﬁﬂyrﬂéraﬂhfb’raﬁd d¥Hiplementary

akiHl Qﬁels%&ntld'@QtrLél@&te%g%% to Ixﬁ% @’{h%qugﬁgft _W' !

readi ly occur se's Such
al terations, nodifications, and inprovenents are

| pt.endgd n{eﬁloh %f cﬂﬁfntZGOtLh E‘]JM fhe 3G BFHES e@grgd/?arrﬂ%e%cgmplementary

i nt ended t e spirit an
|ﬂV€ﬁF¢éH@gm¢E€B¥ﬂWﬁ§PW t he fore90|ng descrlptlon and
drawi ngs are by way of exanple only.

28.  The method of claim 27, wherein the fluid flow comprises molecular combing.

29.  The method of claim 27, wherein the fluid comprises one or more liquids, gases,

phases or a combination thereof.

30.  The method of claim 27, wherein the nucleic acid polymer and/or the complementary
strand are attached to a substrate and straightened by hybridization in the fluid flow to

oligonucleotides that are attached to the substrate.

31.  The method of claim 1, wherein the step of identifying the nucleotides in the nucleic
acid polymer and/or its complementary strand comprises interpreting changes in the particle
beam resulting from interactions with the nucleotides to detect the nucleotides in the nucleic

acid polymer and/or its complementary strand, whereby the sequence of the nucleic acid
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What is clained is: -43- CLAIMS 1. A nethod of
determ ning the sequence of a nucleic acid polyner,
conprising form ng-a conpl enentary strand of the
nucleic acid polynmer and 5 identifying a sequence of
nucl eotides. in the nucleic acid polyner and/or in the
conpl enentary strand using a particle beam 2. The
nmet hod of claim1, wherein thg nucleic acid polyner is
DNA or io 3. The method*bf claim1l1, wherein the
trand is DNA or RNA. 4. The nethod of
cﬂgﬁh1gﬁ mﬁ&Mé%n the nucleic acid polyner and/or its
conpl ementary strand is formed by a nucleic acid
p me od of c¢clajm
mﬁg¥e|2ﬁ?ﬁgﬁgﬁﬁp gh%ﬁ?é?§m§ Hgﬁ%QB?S?ﬁggﬂﬂ£lelc aci d
pol yner is formed using polynerase chai n reaction

(P8R) . TR metitR o@@l‘éilﬁpjjl %ergih%éph# olln%w qulgfquffgp arlcﬁganges in

| eotides of the ndclerc aci
cdaﬁ‘fﬂ t@ﬁ%i"'ﬁ?i‘i‘%l‘lfé%ﬁ‘iﬂo%F‘@.ﬂmldfrwéldnt o include | abels.

20 7. The nethod of claim6, wherein the | abels are
cific for e pe of nucl eotide. 8. The nethod
oITg cl aJP?ﬁ"éC h(\ﬂﬁgf%’ﬂ% Ty&ereig ge changeip tiepertiola deam arrohapges in 2
atspatiBl pa?én.9. The nethod of claim 6, wherein the |abels

conprise three or fewer atons. 10. The nethod of
claim9, wherein the | abels conprise a@ single atom

135. ThEhensthoddf dﬁlmd4aWI%rﬁn tﬂéﬁﬁdtﬁl pattdrl & a3ne BRnlAY S @'ﬂtem, a

a regate, of great
'thgcgaglg&%pa mor ntﬁ‘r?sal f’s“&qagl? g \?\herel n t%e at ons

have an atom c nunber al one or |n aggregate, of |ess

t han 4 13.. .The thod of claimS8,
W2an e Rl of G, midhitcadising g op complsmspRsHAsrandor

c thgineleic a%mbemqntcmmxb@@tet de specific labels are
|ncorporated in the 5 nucleic acid polyner and/or the

l ementary strand during formation of the nucleic
a d wag ofgidn 36, Wheesit Gapitachraent &by nedleiandd sehBencelbpacific
nablkedesof claim 7, wherein nucl eotide specific |abels
are bonded to the nucleotides of the nucleic acid
pol ymer and/or the conplenentary strand after

f 3. matThe methbd of claim 37, wherein the nucleic acid sequence-specific molecules are

oligonucleotides.

39.  The method of claim 36, wherein the substrate is derlvatlzed to provide attachment

points that are sequence non-specific.

40.  The method of claim 36, wherein the complementary strand and optionally the nucleic
acid polymer are attached to the substrate in a grid pattern.

41.  The method of claim 36, wherein the substrate comprises a carbon thin film.

42.  The method of claim 1, wherein the step of identifying the sequence of nucleotides
comprises performing a plurality of scans of the nucleic acid polymer and/or the

complementary strand using the particle beam.
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10 the nucleic acid polynmer and/or the conpl enentary
strand. 16. The nethod of any of clains 6-15, wherein

the nucleic acid polyner and/or the conplenentary

strand are affixed to a substrate and wherein prior to
the step of identification the nucleotides of the
nucl ei c acid polynmer and/or its conplenentary strand

are substantially 15 renoved %ron1the substrat e,

| eaving the | abel s of the | ab&f d nucl eoti des af fi xed

to the substrate. 17. The nmethod of claim1l, wherein

the step of identifying a sequence of nucl eoti des

cdipr i $esmeherafgtaimd?, avhprintat Bhe 1 GEARI0RHPRS ideGifed € cach scan
nucl eic acid polynmer and/or the 20 conpl enentary

strand to the particle beam and identifying the

nfét eofimrdwd gfideterpiningtthe sequeerd afninacleibacig pslyhe, ddirisin
parti chgte : ¢laim17, wherein the
nugl eo }i%defﬂg@f thfgﬁlédgrgﬁ%fcg?oﬁ zfg |al? %P PRI a“‘i ¥péng labeled
cdﬁ’ﬁ?‘@ fifegnq/ordepymontcleotidsdriptiosndates andhcl ude | abel s.

25 19. iddhgyinehbad fonslddli I pofleLgin. the step

of bdent i;y ?@ag t he nulgcl égg{{gis _eds/(?r dc?%’%’ﬁ‘r"?@%'gakﬂ’a l@@le’l nygjeic acid
charget ¥ Pg'ﬁ Cmplsmsay strendiusiag particle beanbeam 20, The

net hodwhdreig thailabtidd AbondSeoritbelngi - | eam i s

a.l SFt 0 .beglm 30 21. The mgte /ﬁg%%gs%bgﬁ‘%?e&ﬁ%g, Wh djegrpprated
t Re" T Bt SHolRlmes andfpr its eemnlgpenestandare idghtifiabie ubiogithe particle
clbedanm 1, wherein the nucleic acid polynmer and/or the

conpl enmentary -45- strand are affixed to a substrate.

23. The nethod of claim 22, wherein the nucleic acid

pé5.y meFhearethod of ¢lhien Eowpdreiniatnadiyic acsd f(ﬂﬁﬂ’er@ﬂr BNAGE Rxgd

to a substrate at one end of the nucleic acid polyner
and/or the 5 conplenmentary strand. 24. The net hod of

cf@i m e methoe pEélaimtdd ewinucih the cormlérflenpdy YHRY o DR RIcid 08
ChiphaT®EPlAlYRNEL rand are affixed to a substrate at

both ends of the nucleic acid polynmer and/or the

conpl enmentary strand. 10 25. The nmethod of claim 23,

WHET €iThe tla@od bEdifinC4 Atk i the .

cgmpl ementary. . strand ac_r%éIIP g% %‘@‘ﬁ%ﬁ?’?}{ OF ST B G 4 gomplementary
p%ﬁ%lsiswh%'? q ydtuelsisacidipelgenassensyaregt h of the nucl ei ¢

acid polyner and/or the conplenentary strand.

48.  The method of claim 44, wherein the nucleic acid polymer and/or its complementary

strand is synthesized using polymerase chain reaction (PCR).

49.  The method of claim 44, wherein the labels are 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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15 26. The nethod of claim 23, wherein the nucleic
acid polyner and/or the conplenentary strand are
substantially straightened prior to identifying the
sequence. 27. The method of claim26, wherein the
nucl ei c acid polynmer and/or the conplenentary strand
are straightened by fluid flow 20 28. The net hod of
claim27, wherein the fluid flow conprises nol ecul ar
conbing. 29. The nethod of cl8irm 27, wherein the
fluid conprises one or nore |iquids, gases, phases or
a éfnbination thereof. 25 30. The nethod of claim 27,
whek ei The methodicficRit 56 6ihere RAhY ABiks .
CofpRle ﬂgr&% R SLE ancjt are attac helgar\]'tg é@§0§@§g¥1Feétaéon§Haln
stfhlg renca By Ry P¥ation in the fluid flowto

ol i gonucl eoti des that are attached to the substrate.
305531. .of claim1, wherein the step of

i 855 nt | @?ﬁsﬂﬁﬁgﬁﬁ%gf\v&w FPrpsree halggemptems.aci d

pol ymer and/or its conplenentary strand conprises

I Fer prgt L. t.h rticle beamresulting
rom | i er SeReeRaeh, Miek fiulfiebts o tefebonigonde
ndBYesePaEbonualeetisie tinboipbites useCindy ik BBhe ARMiO4cid fofymer
C anPbraneddthplohetihly g, Wher eby the sequence of the
nucleic acid -46- polyner.is determ ned. 32. The

met hod of claim 31, wherein the nucl eotides are

| abel eThe nfethdd of Jilkgh 4BERLn Ricidlidd {Sﬁéﬁ‘b léié\é?ﬁe z{ﬁee Lor}ldft:dhtg the

chan in.the particle beam are

agg%%glg‘?’?é’ Et’he PRFqieecq Wmeg aifd/@ the complegwmany \strand after incorporation
dbf thetibaancledtide anbie deBRy MM Moial £ el n,Lhe.
ChANGSS hA Lhe part e bgaﬁyarepgﬁgﬁﬁggg?ﬁw§“d§bﬂ¥4ﬂﬂwnﬂ
pattern. 10 38 et hod of claim 34, wherein the
spatial pattern is a one dinensional pattern, a two
dsgrensinon > Qr, a.three djnensional pattern

36. The Hn%ihﬁ%“%ﬂ?&?ﬁ’awhﬁ{ef tn? R Hedentilyingitheslabelpd ribonucleotides
Q¢ Hionyiioneclestidgs comprist geyleratitoal MR R0, exﬂé}%*ﬂﬁ nucleic acid
np&jn@drﬁn@tﬁéébn%n}é &9 Gﬁoﬁ%bst.r%pbe. 37. . The met 93 of
cl.ai m 36, wherein the attacrenfeiPembyndidentiyine hei d
sEpnuTRoEdes g/ prideexyriheriucieetides due 20 ciaacte AR HEBHBAY tHRfart
chealnm 37, wherein the nucleic acid sequence-specific
nol ecul es are

icle

59. The method of claim 58, wherein the step of detecting the ribonucleotides and/or

deoxyribonucleotides comprises detecting characteristic changes to the particle beam

60.  The method of claim 44 or 5 8, wherein the particle beam is a lepton beam.
61. The method of claim 60, wherein the lepton beam is an electron beam.
62.

The mthod 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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ol i gonucl eoti des. 39. The nethod of claim 36, wherein
the substrate is derivatized to provide attachnent

poi nts that are sequence non-specific. 25 40. The

met hod of claim 36, wherein the conplenmentary strand
and optionally the nucleic acid polyner are attached
to the substrate in a grid pattern. 41. The nethod of
clai m 36, wherein the substrate conprises a carbon
thin film 30 42. The nethod*of claim1, wherein the

S of identifying the sequence of nucleotides

o S el RS b O Ty b A gre oo B oEre mbsled honucteoties
nae/@ideoxxdbehupledtidesnfiixad e the sibkeate. cONpl enent ary strand
using the particle beam -47- 43. The nethod of claim
42, wherein at |east 100 nucleotides are identified in
efth sBamethod4f clfimds wiedtinthe dedide midpdignd bR/ GRUBRABRmentary
0 ' ' L yner rising.,5 synthesizing

© R e A R B g IR Bl S Rt O
stmemegnngrahdibel ed  ri bonucl eoti de and/ or

deoxyri bonucl eoti de tri phosphates, and identifying

| abel ed ri bonucl eoti des and/ or deoxyri bonucl eotides in

tPe nUeE gicthog ef deim§i| Wheesin thetiobric dcidpobyorepbrelie fHeabyplementary
Sétfaadd gke UBIxBDt0R sPRkrhib & b%thb:ﬂ@{%f_ HNRERIAcil P@é‘éé}b‘lﬁv\é{gﬁhe

ri bonucl eoti des and/ or deoxyri bonucl eot
| ORISR 0 in the nucleic acid pol yner and/ or
its conplenmentary strand are identifiable using the

particle e 45. The npethod of claim44, wherein
t %’; nﬁﬂélf gielﬁ)“’ig% Céa"BéF’yﬂ’équ the pygkiccidmqiymen andipg the Tpraplementary
netahabate offixed @iaBubdthate WaAGHLAIRy bBcaGOHRIATRRIALY o the Aleic acid
?[éol%ntl]eerag c():rl el ¢ aci dtwﬁol%lger is DNA or RNA. 47. The

TRod 8O RO R K &FEn the nucl ei ¢ acid pol ymer
and/or its conplenentary ™ strand is synthesized by a

| ei ' . 20.48. The hod of
L A R S8 B R R Bl s
CORA arreipstartially srajchised piostpriddnt Sirpakt lotwied gibmok bomIeaSR/or

cRekRivbRREbiRe (PCR). 49. The nethod of claim 44,
wherein the | abels are specific for each type of

nucl eotide. 25
68.  The method of claim 67, wherein the nucleic acid polymer and/or the complementary
strand are"straightened by fluid flow.

69.  The method of claim 68, wherein the fluid flow comprises molecular combing.

70.  The method of claim 68, wherein the fluid comprises one or more liquids, gases,

phases or a combination thereof,

71. The method of claim 68, wherein the nucleic acid polymer and/or the complementary
strand are attached to a substrate and straightened by hybridization in a fluid flow to

oligonucleotides that are attached to the substrate.

72. The method of claim 44, wherein the step of identifying the labeled ribonucleotide

and/or deoxyribonucleotide phosphates in the nucleic acid polymer and/or its complementary
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50. The nethod of claim49, wherein the | abels
conprise one or nore atons. 51. The nethod of claim
49, wherein the | abels conprise three or fewer atons.
30 52. The nmethod of claim51, wherein the | abels
conprise a single atom 53. The nethod of clai m 50,
wherein the atons have an atom c nunber, alone or in
aggregate, of greater than 55_ -48- 54. The nethod of
cl ai m 50, wherein the atons Ra%e an atonic nunber,

al bl ; r e, of |less than or equal to 55. 5
S 4 A PR ety el S et Sl isctons wit
hahoegsteotides togletedidhe Mpredmidbnibotide aad/ai d¥od@iboMitRoEd hbdd8ates in

| ahe reiql ' he _ribonuc] eqtide .and/or
AR Ao A L SR R
t Huclsigeridpelymeriigidgomipadr  and/ or the conpl ement ary
strand. 10 57. The nethod of claim49, wherein

nucl eotj de specific_ | abels are bonded to the

n&él eot iefagthesrof el Py herria thechengpoin yheprrtigledean atelekanges in
CMrW&ﬂE&ioﬁH@MQO@EEe?@ driafQEperation of the

ri bonucl eoti de and/ or deoxyri bonucl eoti de

tri phosphates into the nucleic acid polyner and/or

t /8. COoM reeRiatoRt ins 13, Shtein I Bfwesih @ lofinlls i
44 ati\el\lpea'[teerinn the step of identifflgi ng teﬁﬁﬁag%g@%a&c%gésma
r i BORUETESt i des  and/ or deoxyri bonucl eoti des conpri ses
generating a particle beam exposing the nucleic acid
pakymne t.he comnml epentgry strand to the particle
bgg'm Jghr? e?hd’éir? Flem r?gWF% "ﬁ\eis%‘ﬁWP%fsiadé‘é digmasignal pattern, a
d &exgimeisdomalgatienh boketbred ditmehsglomhgtiagt er i sti c changes to
the particle 20 beam 59. The nethod of clai m 58,
wherein the step of detecting the ribonucl eotides

arid/ or Thegrstheg of deimudl Bohdrdespristippttiching tibeboRgleindgtary strand
caﬁr/mﬁeq{ublékla&dP&?:H&%amst £ particle beam 25 60.

The nethod of claim44 or , Wherein the particle
beamis a lepton beam 61. The nethod of claim 60,

WHET €iThe infetholi 8P31AR 70 SRR d; 62 The .
met hod of cl ai m 44, hﬁ?rréeu?t#étgtrt}aghﬁﬁ%F%ngcg%?]amg%ﬁqyl}%?'SpeC'ﬁc
a6t he conpl enentary 30 strand are affixed to a
substrate. 63. The nethod. of claim 62, wherein prior

to,the,step of identification the ribonucleotides
B i e B oo Frscuss
poligpmedeotided/ or i ts conpl enentary strand are

80.  The method of claim 77, wherein the substrate is derivatized to provide attachment

points that are sequence non-specific.

81.  The method of claim 77, wherein the_ complementary strand and optionally the nucleic

acid polymer are attached to the substrate in a grid pattern.
82.  The method of claim 77, wherein the substrate comprises a carbon thin film.

83. The method of claim 44, wherein the step of identifying labeled ribonucleotide and/or

deoxyribonucleotide phosphates comprises performing a plurality of scans of the nucleic acid
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-49- substantially renoved fromthe substrate, |eaving
the | abel s of the | abeled ribonucl eotides and/or
deoxyri bonucl eoti des affixed to the substrate. 64. The
nmet hod of claim 62, wherein the nucleic acid polyner-
and/or the conplenentary 5 strand are affixed to a
substrate at one end of the nucleic acid polyner
and/or the conplenentary strand 65. The net hod of
cI aim 62, wherein the nucleic>htid pol ymer and/or the
n%llerre tahy stlrand are affixed to a substrate at
TEH XY B e CRBP RNy strand pginayBe parddle bgaay or t he 10

conpl ement ary strand 66. The nethod of cl a| m 62,

wher ei mer and/or th
c o%‘pl eE}én eglrl g W&Fféﬂéf %P?( 2% rtuﬁle%\“@ﬁﬁé fqeptified it cagh scan.
pl ural i ty of | ocatl ons along the length of the nucleic

sl AR B P TR T R
pol ymepyntingizing a Qdmplmmbamm o Itl}e nuslt-lb acid pélyRer using labeled
S YREShRRblR!dihoSibal SkERAHRLE: 1%5@ | fying the

| abel ed ri bonucl eot | des an Bhucl eoti des.
20 68. attpplng e pustpicodcidgiodyinrer @Wor W&eomplamex’rmy gtcetld & Csubstrate,

aci d p@lbytahiLARAL fenan eﬁggmégd‘ﬁeﬁ}iﬁ’ﬁ {mﬁgr &ﬁ‘ cforr%)Fe&ePﬁary strand

straightened b
pasingfgleghis; compi n$’I UI d fI ow conprises nol ecul ar
conbi nganerat%@a7damc'Eh;%a;HEt hod of claim 68, wherein the
fluid co es one or nore |liquids, gases, phases or
a conb?"ﬁg &3 qusletceastd polymer and dherpemplsaersry girasidrie @8 particle beam

mhmb@hmhetdaﬂplameﬁray@traﬁlod tkﬁ@h%ﬁﬁ% ag@ d/or t hg ;
con‘pe strang are attached to a substrate an
AREHERY syrtigran o

straig ngRTR 120 PHEL Bggm rpsuliing frgmdnteragtigns Wity the
oInugjemidas|teddtdctiths labblad matedtikb tna;ﬁ'fhtﬁﬂlpl&lehtlag' SBHRS Whéeb S the
rein the step of
gent&??ﬁﬁgﬁ?g ag'lda’éfgf“er ‘Sﬁ%%lmj’g eoti de and/or

deoxyrlbonucleotlde phosphates in the nucleic acid

PR6Y K RO O geleb S GRIML AR Aot Bing i B0 B TRl

i nterpreting chang artrc
f COAPTISHEer acti ons with the nucI eotides to detect the

| abel edihPAaRlERhLAEAREU e AGK KL BADE eot T de

phosphates in 'the nuclelc aci and/or its
conpl et@iingite complementapgsasngtspd, tonreonglésq themodeioficitl palymer to a
Needs@dt€ a@ci d pol ynmer is determ ned.

detecting the presence and/or identifying the complementary strand and/or the nucleic

acid polymer using a particie 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



5 74. The nmethod of claim 73, wherein the changes in

the particle beam are changes in absorbance,

reflection, deflection, energy or direction. 75. The

met hod of claim 73, wherein the changes in the

particle beam are changes in a 10 spatial pattern.

76. The nethod of claim 75, wherein the spatia

pattern is a one di nensi onal pattern a two

di nensi onal pattern or a threé2di nensi onal pattern. 15

77, The.nmethod of claima44, further conprising

at TALHT Komeh ey it icafd AP IXMErast sa¥Be: and/ or t he nucl ei ¢

acid polyner to a substrate 78. The nethod of claim

Tl Wh hnent nuclelc acid

s egc? uen ?@%‘%&%‘r i alm WA V’éée m’f{f icpgid polymersss eaEUNGis a DNA-

c|dgberderg waimemse hekNAHd¢pehdenBONA pSBEHdRECA 2 RO C hdpefdent RNA
LRetdlEs are oligonucleotides. 80. The method o

cllarm 77, wherein the substrate is derivatized to

provi de attachnent 25 points that are sequence

NoN: SPeEd ditkod ff Lain in the
conpl ement ary dgt r ané}@“ﬂ%'é g%'l oﬁlg?tfaas (?gﬁ Ihlﬁtgh pOIé{E‘Froa“d/or
pdisAeppl ear@aratstra@nednqdmﬁqdhemubstabm einaagrid

pattern 30 82. The nmethod of claim77, wherein the

0 sg strate conprises a carbon thin film 83. The method
0

20

25

30

cl atthBehod i elaig) Y. whereis thedatsis aregeenificf fpr sagh tyabefimdleotide.
ribonucleotlde and/ or deoxyri bonucl eoti de phosphates

c@upri.ses ng a plurality of scans of the

ngglpei @’ea’&ﬁ%@ gila’ b Yhesin gﬁ’d?*ﬁﬁ CPRRrise OPpYreTETItomy

strand using the particle beam 84. The nethod of
Al m 3 ast 100 nucl eoti des are

i d entiftred ‘ﬁ%ﬁ g%t%‘ﬂ’agtslc‘gﬁ prein fiedabels sompris e fewer atoms.

deterntnlng t he sequence of a nucleic acid polyner,

COLPr i C enentar strand of the
e o e Bty SRS R R EEP bR ce

trlphosphates or deoxyri bonucl eoti de trlphosphates,

add.ac iR chetd§ oﬂi’f&tn@ Cwl?e?éngtheg é)%{tn%irweaarn] aé)%csll %llmleyor in

conpl ement ary ran to a sub
si‘g*géﬁg@tﬁ’toémeﬁ@”h#@%ucl ei ¢ acid pol yner and/or the
conpl enentary strand 1o using nol ecul ar conbi ng,

generating a particle beam
Sp %e method of claim 93, wherein the atoms are-have an atomic number, alone or in

aggregate, of less than or equal to 55.
98. The method of claim 93, wherein the atoms are halogen atoms.

99.  The method of claim 92, wherein nucleotide specific labels are incorporated in the

nucleic acid polymer and/or the complementary strand during formation of the nucleic acid
polymer and/or the complementary strand.

100.  The method of claim 92, wherein nucleotide specific labels are bonded to the

nucleotides of the nucleic acid polyme‘r and/or the complementary strand after formation of

the nucleic acid polymer and/or the complementary strand.
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exposi ng the nucleic acid polyner and the

conpl enentary strand to the particle beam through the
conpl ementary strand on the substrate, and
interpreting changes in the particle beamresulting
frominteractions with the 15 nucl eotides to detect
the | abel ed nucl eotides in the conplenentary strand,

‘whereby the sequence of a nuglelc acid polyner is

determ ned. 86. A nethod of d %ectlng the presence

200 or FhIEtod o 3t PG G oS PRl SRl Be prseshes ol igmitying
pof Mpmplammj’] stragd addébr drampblenrmﬂtl aslymé&tusiaf 6l patifle beam comprises

0 pucl e Cld substrate
% dlllegge]t g('%%éam&@ ?ﬁh exlp Sirk tcee mécil] %ﬁb@ﬁf ?‘%{ﬂ CPF?B lementary
c émdéwﬁln patlyle s«tamamﬂ datectlngrthet helentitel ef the coa@ledlea@}wsmd and/or
u ho f cl ai m 86,
$ﬁer}glcl@10Q glgrlngr JH?E%’EE %L?erg&: chalaoes {0 ttn gaété ?T]é . g

wherein t ep o ng ctonp
t he Iength or determ ni ng at Ieast a partlal sequence

OfIOZ heTqRI RV Rhial 21 S\LHeWth?ﬂg‘{l&Eldésggthe \l}\lﬁ&elc a01d rt)cﬁ%mer and/or

ynmer. 30 88. The met h
n JE’I camplementzry sEng arsymogdiied & inlude lakskspl enentary st rand
is DNA or RNA. 89: ‘The nethod of claim86, wherein the

n ei aC|d pal ymer and/or its conplenmentary -52-
Wa ﬁgﬂalsywé%wéf whereln diedtep of detrstinathe eysioptides

geom;':?h;es d‘é&bhcgd:hﬁrﬁct&lsﬁd HaBiRs toiepidle B nucl ei ¢ acid
pol ynerase enzynme is a DNA- dependent DNA pol ynerase,

a RNA- dependent DNA pol ynerase or a RNA-dependent RNA

51pol yhremasied oBdaimser nos| Waeteinfthearic®b8hn 9GS Rakhe
nucl eoti des of the nucleic acid polynmer and/or the

conpl enmentary strand are nodified to include | abels.
100502, Thgmeethed ohddmo4,othatein 184 leptoh beagi in att flectloabeldns ar e
specific for each type of nucleotide. 93. The nethod

of claim91, wherein the | abels conprise one or nore

at ¥rs . Thg aethpd ef ¢leimi$6 dhsfeintha il G acidumismet and/drehd cbplementary

C&irHad h&%uﬁstﬁﬁ@ﬁly@&aléﬁéﬂ@& prit 8 Fetectiretne éque]-—nhe met hod of
clai m 94, wherein Is co I se S|ngle at om

107.  The method of claim 106, wherein the nucleic acid polymer and/or the
complementary strand are straightened by fluid flow.

108.  The method of claim 107, wherein the fluid flow comprises molecular combing.

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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96. The nethod of claim 93, wherein the atons have an

atom ¢ nunber, alone or in aggregate, of greater than

55. 20 97. The nethod of claim93, wherein the atons

are have an atom c nunber, alone or in aggregate, of

| ess than or equal to 55. 98. The nethod of claim 93,

wherein the atons are hal ogen atoms. 25 99. The

nmet hod of claim92, wherein nucl eotide specific |abels

are i ncorporated in the nuclefc acid pol ymer and/ or
BeaGON ulltm nt ar st rand Su“ ng formation of the

nucef el ¢ acrdomdy VY‘HQPS Wity SPUCHWEd%&I‘fﬂteéh%ﬁﬂwﬁpﬂéﬁlsmaﬂldnuclexc

3000t Thandistioah iy 5,450 6 e, ok
nded to the B?}:wcFrgotl desét gﬁdkﬁseq“e“ce

b ar e
nuc e‘lillcl:&lgﬁzcl gﬁﬁgllymn{el ?{81/%11 the conpl enentary strand
after formation of the nucleic aC| d pol yner and/ or

Bk t The od of
cl ai m 86, ﬁl:%E‘er gqcyna"?t%liela%gemﬁge WEf %t@f’ k’gﬁE‘Ppr esence
and/or identifying of the conpl ementary strand and/ or

thﬂanucﬂh@ |
ris es}n‘éthgcﬁéef%g?? %gﬂgﬁlgg'?tﬂ%%ggeame p@QBEE’F% are ghanges in
%P@C%é‘ffg%)@l defleqtiogred¢ray ontdirectvonpl enentary st rand
to t he part| cle beam and detecting the nucl eotides of
nt ary . strand and/or 5 the nucleic acid
el{}me %l’ﬁf ?‘b"fé atl hereipithe chingergin hetperticle deqmasart cledges in a
b%mal pdd2m. The nethod of claim 101, wherein the
nucl eoti des of the nucleic acid polynmer and/or the
conpl enentary strand are nodified to include |abels.

1011303 TheTinethedbiflolatin 0f4, whetéinthbQdatial pattQL is MUAE G ﬂsn[)rm3 attem a
conpri ses detecting

st e nucleotldes

chtgvgg egéﬂ?% ?a%e@%éﬁg’éi? dirgengiggal Ut cl e beam 104. The
met hod of claim 86 or 103, wherein the particle beam
518 | @R Q8 05 comne f cl al m 104,
wherein the ?%lﬁn %(’Zam ‘la’rsf:ornﬁnse""fge“<§$1 B%"é’i‘ﬁ lemggytary strpdl and
nmeptienglivthe é!lcéﬁlcrﬁcgi@olmeto@snbsltrhte nucl ei ¢ acid pol ymer
and/or the conplementary strand are substantially

stralghtened prior to detecting the sequence. 20 107.
THE7 metifdeetlsd of Flain L08heraimtse pudkeit 4 polotes be/@alied

b e i o a u
gt@ e gy P R B Sy Bl B Ut i m

107, wherein the fluid flow conprises nol ecul ar

C d i ngle medtiod b08aimThe, witdiP@e flcisd a@id@eiﬂg%e-s\ﬁ@c%cerinaectuﬁg are

y a9 rlses one or nore |iquids,
Igonucleoti

119.  The method of claim 117, wherein the nucleic acid sequence-specific molecules are

affixed to a substrate at one end of the nucleic acid sequence-specific molecules.

120.  The method of claim 117, wherein the nucleic acid sequence-specific molecules are -

affixed to a substrate at both ends of the nucleic acid sequence-specific molecules.

121.  The method of claim 117, wherein the nucleic acid sequence-specific molecules are

affixed to a substrate at a plurality of locations along the length of the nucleic acid sequence-

specific molecules.
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phases or a conbination thereof. 110. The net hod of
claim 107, wherein the nucleic acid polyner and/or the
conpl ementary strand are attached to a substrate and
strai ghtened by hybridization in a fluid 30 flowto
ol i gonucl eoti des that are attached to the substrate.
111. The nmethod of claim 86, wherein the step of
identifying the nucleotides in the nucleic acid

pol yner and/or its conpl ementaty strand conprises
interpreting changes in the particle -54- beam
resulting frominteractions with the nucl eotides to
delté?-ct Thdveethedodf ;etatnh ﬁ?SWHeﬁei? e chblﬁl\l;:\llﬁqilbrﬁarg %ﬂﬁ aRPbpBRAly the
a roods e strand,. ere e presence,
I glngltg R aégzrllé?l @%éeqaﬁﬂ’gg[%%?s et eed RSEY d pol yrer i s
determined. 5 112. The nethod of claim 111, wherein

t he; nu j | ed,, 113, The net hod of claim
1R R BRSSP Bearoa e A
changes in absorbance, reflection, deflection, energy
orpa4li r j : ] of claim1l1l, rein
haPon o e ofaki s, s BRI Qe My a0 o0
saPplgmeniaty steang andforshe mipleic asid holymerf cl ai m 114, wherein
the spatial pattern is a one dinensional pattern, a
tm? di prensi onal pattern or a three dinensiona

patterh de¥e comprisingne et hod of claim 86, further

conpr i ssubgragfthdt ¥ s06stdntiR1yGRATPRRAEE b BirkciS bl gnoan d
optlonalfﬁg%ﬂe puclelc acid polyner to a substrate.
117. THEKEERGAYEE Rirdhenitesiey 2 syifesef e sstraterc] ei ¢ aci d
pol ymer and/or the 20 conplenentary strand are

aftfi x by nyclei.c | d, sequence-specific nol ecul es.
13%‘4’ ?ﬁ% hleiod 8‘&8%#“5 1t et he supREiissupsiantialicransrereatiodn
selqurnbeanspeci fi ¢ nol ecul es are ol i gonucl eotides. 25
119. The nethod of claim 117, wherein, the nucleic acid
sequence-speci fic nolecules are affixed to a

slbfst rie devige apleinehdf, wherdinthe nubstrate conseisek a carbon thin film.
sequence-specific nol ecules. 120. The nethod of claim
117, wherein the nucleic acid sequence-specific

mbi8e ¢ Ufibe devdgeeot claif | 35efirthes cemprisngtarsaprertatiat Botubstaatdl t@hsparent
t e padicledesm.aci d sequence-specific nolecules. 30 121
The nethod of claim 117, wherein the nucleic acid
sequence-specific nolecules are affixed to a

SLU9St ITak Bevide oBcIRIMII | WheYeifhhe b6l RNSs RLODImldg, | engt h
of the nucleic acid sequence-

130. Thg device of claim 129, wherein the substrate is less than 2 nm thick.
131.  The device of claim 130, wherein the substrate is less than 1.5 nm thick.

132, The device of claim 131, wherein the substrate is less than 1.1 nm thick.

133.  The device of claim 123, wherein the nucleic acid pSIymer 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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speci fic nol ecules. -55- 122. The nethod of claim 121,
wherein the conplenentary strand and optionally the
nucl eic acid polynmer are attached to the substrate in
a grid pattern. 5 123. The nethod of claim 121,
wherein the substrate conprises a carbon thin film
124. The nethod of claim 86, further conprising
quantifying the amount of the_, conplenentary strand
and/ or the nucleic acid polyngt 10 125. A device
cgggﬁislng a substrate that is substantially

nsparent to a particle beam and nucleic acid
pol ymer binding sites on a surface of the substrate
1 T wher ei subt
295 ooty 151 Wi He o MG Beclhe ISR PR biyfmoinaing
13ifes amphigeruigleetident ¢l ai m 125, mhereln the substrate
conprises a carbon thin film 128. The device of claim
12% further conpr|S|n a support that is
sUP%t aHteidsyirsoficlaim §35a waeiein tmuelgic acip aelyiner bindingsites a @
TheuelRy kgeeifiof cl ai m 125, wherein the substrate is |ess
than 5 nmthick. 130. The device of claim 129,
wherein the substrate is less than 2 nmthick. 25

1317 The deeivd afelans 175|, firthe L&Q ebmbd '
. ' pns%tg?nd evi ce ggﬁ&g&g %l%éfsq

1‘Zf\r%f(:ecl} tﬂ%tetf'éwlg’ﬁﬁg'tl P‘gtfaer bgldfn@§§est han 1.1 nmthick. 30

133. The devi ce of cIa|n1125 wherein the nucleic acid

p r ttern. 134. The
Qo cerneeIi sl L7y Rt R ofe & e B i raspirspremodined
bonoéledg labelses are sequence -56- specific. 135. The
device of claim 134, wherein the sequence specific
nucl eic acid polymer binding sites are
ot} %gorumriaed formekinga de8®e cofipmisibgvi ce of cl ai m 125,
wher eigbtal &h@k Ltes are not
ity W %f@% '.sﬁ)stﬂf?tli eVI C%Lr@:ﬂ t(p?%a%lctl gm and

sequence  speci f
furt hef?mé*tgﬂlﬁt%aﬁg P@lmerd)andmrseem@l seifece atthd sybstragrer s

140.  The method of claims 139, wherein the substrate is substantially transparent to an

electron beam.

141. The method of claim 139, wherein the binding sites are formed at predetermined

positions on the surface of the substrate.
142. The method of claim 139, wherein the substrate comprises a carbon thin film.

143. The method of claim 139, further comprising attaching to the substrate a support that
is substantially transparent to a particle beam.

144. The method of claim 139, wherein the substrate is less than 5 nm thick.

145.  The method of claim 139, wherein the substrate is less than 2 nm thick.
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10 affixed to the nucleic acid polyner binding sites.
138. The device of claim 137, wherein the one or nore
nucleic acid polynmers are nodified to include |abels.
15 139. A nethod for making a device conprising
obtaining a substrate that is substantially
transparent to a particle beam and form ng nucleic
acid polynmer binding sites onsg surface of the
substrate. 140. The nethod of “clains 139, mherein t he

supst r n al | arent to an

el %Zst r g{ﬁg gg(r)ﬁs&bfﬂg he')éinﬁ% ggragl 15less theg d > ’Wh@l‘cgl n
the binding sites are formed at predeterm ned

pogjst i gys h f upstrate. The
met hod of G %‘% é}n%@g 1§@%ﬂer91n tﬁet%lgérgg NSER g é‘i‘ckes a
carbon thin film 143 The met hod of cIa|n1139

f U1r4'8he|Th§19&H5d ocf‘cﬁgn g d %Q’Elﬂg etrRlclteQ%mﬁ gck))lirtn%r e dlrg sites are formed

upport that 1Is su stantlal transp
deFﬂE?@“ﬁ@bn1 30 144. The nethod of cIa|n1139
wherein the substrate is less than 5 nmthick. 145.
Hg ne&Eod of claim 139, wherein the substrate is |ess
t HAR 2 fthed.qf claines 139, whegeinfeenupleic aeid polymer biriding 586, are
whedguehds spdeeficsubstrate is less than 1.5 nmthick. 147.
The net hod of claim 139, wherein the substrate is | ess
than 1.1 nmthick. 5 148. The nmethod of claim 139,
wHéb.ei Mhd thehdatitkRine 149C wherfif thebequeie REHCE ndditie §m@fxﬁymer binding

o Jd pattern. 149. The nethod of claim
1§Bg%%ﬂﬂ'°mmb A&>nucl ei ¢ acid pol ynmer binding sites

are sequence specific. 10 150. The net hod of claim

1 t |
pggil rre\’\?l?egﬁcﬁfg}d ol? glax%? f&‘%swgerr%m z %%Ia(glﬁlg acfn gctl?x%eg gdeg fltes-ﬂi?élot

néFW@@eémwékaln1139 wherein the nucleic acid pol yner
binding sites are not 15 sequence specific. 152. The
nethod of claim139, further conprising affixing one

o Stror Bhepfpgéhadiof claia 189, fyohey wemprising affréngrne behare avdlele acid

p@bwﬂielrst(bﬂhaﬂﬁdﬂﬂ; &id fBme PindiASsitelNe Method of claim
152, wherein the one or nore nucleic acid polynmers are

nodi fied to include |abels.
153. The method of claim 152, wherein the one or more nucleic acid polymers are

modified to include labels.

154. A system designed to detect the presence of, determine the sequence of and/or
identify a nucleic acid polymer, comprising:

a sample chamber;

a particle beam generator associated with the chamber;

a sample comprising a labeled complementary strand of a nucleic acid polymer,
wherein the sample, when positioned in the chamber, is exposed to a particle beam generated
by the particle beam generator resulting in an interaction between the particle beam and the

complementary strand; and

a detector constructed and arranged to collect particle beam species after the
interaction.
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154. A system designed to detect the presence of,
determ ne the sequence of and/or identify a nucleic
acid polyner, conprising: 25 a sanple chanber; a
particle beam generator associated with the chanber; a
sanpl e conprising a | abel ed conpl enentary strand of a
nucl eic acid polyner, wherein the sanple, when
positioned in the chanber, istfxposed to a particle
beam generated by the partici®e beam generat or

r [ t4 [N i.nt ct.ion between the particle beam
g i Bl 8 Mo RS & iR BR ot ppereive fo
C 0¢PSive anctanalyzersignals framgiedictectocol | ect particl e beam
species after the interaction. -58- 155. The system
of claim 154, further conprising a data anal ysis

midl eThssusiem pladaimd 55, mdersinthe datpchnalysis pedulsis gpahtive ta matyze
t BRnglelnehos absér_@ﬁrce,-ﬁgﬁ (FohSdePTL R, e?nlergi’ B diR@onher ei n
the data anal ysis no ufe IS operative to analyze 5
signals related to absorbance, reflection, deflection,

ener.g }/Tl{?:rs%ﬂérlg 8didiRN 55, Whérein J{j@fa%?l&ﬁﬂh&?éulﬂs %E&[%t%'g v analyze

wherein the data analysis nodule 15 operativ
aR&Te,acoepiipn iephpiquetig gralyz 8¢ sigedhni ques to anal yze the
signals. 10 158. The system of claim 155, further

C ri |n? a W%ft intﬁgface operative to control a
di 3l a@‘eé SIS P AP b A e O MPERIN S e iR tefatseIperetivs tpgontrol a
t Hpldpbfinfarmadtiys ieseivaddnd/er. geddfied hhie SiRAKOfnoghial M

154, wherein the particle beam generator is an
el ectron beam generator. 15 160. The system of cl aim

1559 fThetsystam cfwiaim il $4, mderainfriwgahir RKeird detetrtd @Sdn@Record tRam
cg&kgﬁ te the system based on nucleic acid polyner
data 61. A system designed to detect the presence
of, determ ne the sequence of and/or 20 identify a

NY. €l The 3fsheh HRlAAT54 BEYeTeD hagber:. a.
particl g@ﬁgam gener at g?ﬁl g&é@@%‘%tggeadé W ?ﬁ:prtl ??délfec‘ﬁe%{%éllrkf caljbrate
d e Sxtest basesdpanugleie agid aelmerdatanged to col l ect particle

beam species after interaction between the particle

beam and a sanpl e conprising the nucleic acid pol yner
aﬁ@/‘ or‘{] ysisa! dégg‘t‘r‘fj ShisiReLipg Presepeg pd dsterminethe sesuerice ofaridigr

ptdlc}y;lfgﬁ nucleic acid polymer, comprising:

a sample chamber;

a particle beam generator associated with the chamber:;

a detector constructed and arranged to collect particle beam species after interaction
between the particle beam and a sample comprising the nucleic acid polymer and/or a
complementary strand of the nucleic écid polymer;

a data analysis module designed to analyze signals related to the particle beam species
to determine Iinformation 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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a data anal ysis nodul e designed to anal yze signals
related to the particle beam species to determ ne
information related to the nucleic acid polyner; and a
f eedback nodul e designed to calibrate the system based
on the information. 30 162. The system of claim 161,
wherein the sanple conprises a | abel ed conpl enentary
strand of a nucleic acid polyger. 163. The system of
claim 161, wherein the feedback nodule is designed to
c f e- base
d%é%gﬁ%%ﬁgéggﬁg%%ﬁg éﬁ%ﬁggggﬁ§%°3ﬂ% dp@éﬁ The system
of claim 161, wherein the feedback nodule is designed
{ e ﬁ{fg?éﬁeﬁl&%ﬁagm& wl;tvﬁenlpaé?&dem mewe SIRQERY td &bk the
cEbieBPater 9f keovgegepmetjies Oé@aﬁwlﬁgﬁfr@m@wﬁ?r corrpr i sing
acquiring data related to a nucleic acid polyner; and
calibrating the instrument based on the data. 10 166.
THE mét REFAODLIOT ealifieRneremsriclibens iRt ¢anarisng r el at ed

to a baqiﬁhrkg&ﬁﬁrdhtﬁ@ﬁ@&clﬂéadlbﬁ)lyrﬂéicdnﬁl c acid polymer.
wherein the calibrating

conpr |°£H§’§at@§theﬂ?sé"f‘?lﬁr&%§ﬁ on 'iE 9% urent based on known
geonetries of the nucleic acid polynmer. 15 168. A
systemfo C ti
ol cite Bt TP R T e e bk s gt e
damémned;bymardetector, t he partlcle beam speci es
resulting from exposure of a sanple conprising a
nucl ei c acid polynmer and/or its conplenentary strand
t t7a Tpamethod of dmrips, Whereiyst @iibratingmoimgrisey caliPBiivg that a
hlsoagéa%l oWP oﬁ%ﬂr%@oftﬂ% r{uglgf:'a&ﬂ 8195161‘0 r nore
S|gna S fron1t e detector, one or - mor e signal s
representing the particle bean1speC|es and to detect,

S eRRUENCH s FbXetectifdCRblehdingd £H/oR Hﬁhtﬁ'yﬁg Qﬁhéﬂelp&hdﬁf&?}her based
and/ or |ts conplenentary strand conprirsed in

sHMRIFEe B5arm sppeige drtested oy P AetpRafT the Harf‘ﬂ%beraé’é@?% aesalﬁeg fpm
NEpBsufd FAhrple &dmptBifg a hileiS6sd RN afid/GHitd oSy alld to a
t he nqglelg aC|d ol yner and/or its conplenmentary

NLRT e HEICBFOmPHTIE: The syst em of cl ai m 168,

vvh e re Iamafahﬁalybiﬂrhdﬂule&)p&eﬁm’I@tkeﬁwaﬁw Ao @@nm frét the dexkctor, the
n roperties: apsorbance eélection,
der*el glf)fe shgnalé %@Feévx%g% e a?rpcé% agwpecg:ﬁudnd to detect, sequence and/or
identify the nucleic acid polymer and/or its complementary strand comprised in the sample

based at least in part on the received one or more signals.

169. The system of claim 168, wherein the nucleic acid polymer and/or its complementary

strand is labeled.

170.  The system of claim 168, wherein the particle beam species has one or more of the
following properties: absorbance, reflection, deflection, energy and direction, and
wherein the data analysis module is operative to analyze the one or more signals to

determine values of the one or more properties.

171.  The system of claim 168, wherein the data analysis module is operative to access a
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30 wherein the data analysis nodule is operative to

anal yze the one or nore signals to determ ne val ues

of the one or nore properties. 171. The system of
clai m 168, wherein the data analysis nodule is

operative to access a -60- data resource conprising:
nucl ei c acid polyner information, the data resource
including a data structure having a plurality of
entries, each entry specifyiﬁéornfornation about a
regpective ncheiclacidIPthner sequence. 5 172. The
sySrem gre Qg pueleq dgisrofsmer fformation, the datg essaurgegpriyding a data
| strogrene htvingn ;tluralﬁmﬁf dnarleb,yeactsafyl e;sbegyiﬁgliiafdﬁu?lhog iagm‘?g kepective
p r . on the one or nore signals, e data
aﬁgFggfggﬁégﬁﬁgmmFﬁ?ther conpri sing: a conbining

nodul e to conbi ne the partial sequence with sequencing

i nker ' f he I C ' | ymer. .accessed from
ot 7 ae oF b B o R B o B X PR B SRR o ity
WHETUENGS theraclgiseeid aplzhgrdiased i9p thel cpe comye bigiess, the data analysis module
CQﬁﬂ@E&ﬁ&ﬁﬁmgpdule operative to conpare information
determined fromthe one or nore signals to the

i nf or nAPIEHiNIEHBequl te gorpRinathe pastial esuencofvith keguehaing information of
S ik éTo@ci@ PbIymBSaccedsad B4 thel i, R3balcgm of claim 173,

wherei n the: conpari son nodule 1s operative to use

pattern recognition techniques to conpare the

| N7®r nakd s9sierdl 6f @4 1€ HefeRNthd BRa SAK SO Mol SngRal ,
o the information specified byathgmong or #&%%ggﬁémpmwon

t

d A1°SUIE PRV E e ortRpT frermatiersdeterined ffam de08¢ oranele pignabglo the
wirgomiariort dpecifiaitty caniad iy é 6 tHO eI QrucRRnirseS a user
interface 20 nodule to display information received

and/ or generated by the data analysis nodule to a

usét.. TeGystehh of daimtl @nwhbreml thé ¢ﬁni'b68§on wlaaile isrbgérB@ve to use pattern
p 2, sam i S.expos i S i
qvenpid (RAAT & Wbl ol B0 R SRyt BaR s rpiignas
t Fethey mfcamatmswgf@d b tha lore aramque the ata sinfcmexcdaazk nodul e
operative to provide one or nore feedback signals to
the particle beam generator and/or the detector, the
oh®-or Theggpitean Pfecéaaragé&« whprginghesdataraelyfisnedyld qompriseat jugen interface

d glo@ilgto \B1a3 inth@RAGEN detbi ﬁﬁ‘ee r
s%ds%nal S r%cagi ved frnom tﬂﬁg&}jde/%rregglt%é%t&po 01 .anﬁ'lgg&g'%‘{leetr%a

of**€l ai m 176, wherein the one or nore feedback signals
conprise information for calibrating the particle

b nerator, 178, The system of claim 177, wherein
UR T CEMBURE PRSI 16% SREIBB IR e 5o et 1B s exposed s

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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-61- one or nore feedback signals based at least in
part on known geonetries of the nucleic acid polyner.
179. The system of claim 178, wherein the data
anal ysis nodul e conprises a storage 5 nodul e operative
to store information received and/ or generated by the
data anal ysis nodule on a conputer-readabl e nmedi um
180. The system of claim 168,gwherein the sanple
conprises a plurality of nolecules of a sane nucleic
a%héjorﬂﬁﬂré/ FBdbadk hheIs biskSarGsmh 85{“?61{ 1&b¥n 8ddnRBfks oPRE nilcic acid
urality of particle beam 10 species results from
B@gﬁ?e of the plurality of nolecules of the sanple
to the particle beam the one or nore signals

ey or kiR Fareh o el sorerig » sotge

parrddula lobeyatﬁemlkmﬁfohh&oﬁ ek i®tCand@l fenefat ¥ deasedysiinodule
allty of nol ecul es to produce a

flongoera?etr"r%?Paeoéegﬁﬁé and to partially sequence the

nucl ei ¢ aci d pol yner based on a second of t he

pll% al Tﬁe%ys%fm EE‘% a?r% %Se wthﬁrem élt] sagél%gglggrgs ﬁ,]agp %E%ogr%%fegzu%s ofa
f @mmnclcr;@nrp polsna@r aad/gutsbnomphglcm strandfand a pbandditynef pattiele beam
f 'sﬁe%ks églﬁlts ﬁg S\B@E)f ﬁl@kﬂuﬁaﬁ&@ Hﬁ)ﬁ:%ules]bﬂhe sén%‘la aqbt]he particle beam,

uter-re nput er-re
S ngwap ar IEQer&T@lStrWelﬁmgEm:{)ﬂural,@mﬁ@ftlcw@em sttecigst i ons

that, @frédn hed dnalbis p}%hﬂ@m?y?&%%&’ J?tYal@ s&;g%g'ft% nucleic acid

control t he canput ér orm a rocess

d @pl¥men bagpd o8 a frsbefcthawjuralify pémohe@é«mtcp produega Srshpartiadisequence, and
aegd ﬁrtﬁtﬂﬂf YuBéncORS A leiORi IRl bReLEA B SHBOF B pglgh?)%t‘?l%lecules

b¥ etector, the particle beam species resulting
%m?‘ﬁiﬁﬁﬁﬂW€m8F55¥§%ﬁﬁF@ conprising a nucleic acid

pol yrresvheaenduhedata ﬁrSce@ﬁgihmrmﬂi;gc&ﬁﬁr@é%d ch@bRingRfdhle&d €
ess ¢ i sin recei ving one or nore
g’ﬂr%aw tn‘f ?'g B ﬁeém?ﬁieriag}é[%ﬂ‘,‘e"?%e one or nore signals

representlng the particle beam species; and

agg lg ct A P&ﬂrpelﬂ?e? %%%#?el I'Irl]e%% a n a/v9nr CIPIglﬁE%{ :-:I'f %{iabrlg lelgﬁiOSQOLil‘gJ tgérgon that
c define |lr§t§@btlpw thdtas & sasplt f bbeng exkcated byaaeximpum pattol tha cohguter to

r S&ﬁirﬁﬁ %%r&@s@ oPJetec{%r Fegﬁéng%g %Ed/or%&néf?%g ay}rﬁelgg Sl%er based

r eadabl e- nedi um o wher e nuc
pBR pafeiale beampasies fletestad diveidetaeten the partiele baach SP901¢Satﬂslt$Q from

- %osure of a sample conibriéing 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
complemeéntary 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.



183. The conputer-readabl e nedi um of claim 181,
wherein the particle beam speci es has one or nore of
the followi ng properties: absorbance, reflection,

defl ection, energy and direction, and wherein the act
of detecting, sequencing and/or identifying conprises
analyzing the 5 one or nore signals to determ ne

- values of the one or nore progfrties. 184. The
a
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conput er - r eadabl e medi um of claim 181, wherein the act

of gglet ?ﬁetdoﬂlguter-x%&mﬂ% ARG AL g/ﬁ&&hftl?é aglcl%%rg)r {p2Gis has
accessing a data resource conprising nuc &

p O ARorE Afthy folloWina propertesy abwerhancsotgflewion, mflestibm gneagy and
dafisctdh gt ure having a plurality of entries, 1o each
entry s€e0|fy|n i nformation about a respective

nucl ei ¥hEER fe 3ei0f Arsctiag Geavprcing and/giidentifidng comprises analyzing the
C AP ok idre sigRtab @erime Aot e AL B} m&d propbigLei N the act

of detecting, sequenci ng and/ or |den? yi ng conprises
partially sequencing the nucleic acid polyner based on

t N&4.onEhe@bmpmErereSiable @le8iuin®f clkin MW10WLGENn heRBdr Héu:ctm%

C CcC art.i al uence i nformation
R an DS R Hlioe poshies SR F U ASD RS mslss ecid
c @nifyingi ingrydtien, plar dataaksosee h‘ﬂmﬁﬁg Wditli] sttrd’ch&lrepl@fving @lplurality of entries

0 - dabl
SR PO TR By R MBS G CEELC.

sequenci ng and/or identifying conprlses conpari ng
| RO Mol Q6L oL, IRLe sl gnal s
to the Inf o?ﬂgrtrlg%égblg g‘gd&ﬁ’%m(cjlglgny ohvéhecgerm s e 063“? &
e AtaUERsg andiqr idephEyingeapatisss - r eadabl e nedi um of claim
186, Waehay Lqldigind e fieid 8 nei N
and/oﬁnlge%tﬂfylﬁg céhpﬁlségﬁﬁgﬁﬁéméé ﬁggﬁs?éé%%%?FPEAO
t BCAfeGpatialisgatenithar e the infornation deternined from
t he 0%cd§§mg’mﬁﬁl Sdq@Maé mfdrRatlon@f th@E@JléI@Bd@ﬁblﬁP& Fohn tf2Yata
b e or nore entries. 188. The
cﬁﬁﬁﬁ%ﬁ"readable nedi um of cIa|n1181 wherein the
pr oc es®mbitnghigrpattiahecaeswitid@e pirsd)kaybme imsimsgmt i on
determned fromthe one or nore received signals to a
user. 189. The conputer-readabl e nedi um of cl ai m 181,
whésr. ei The cbrepytaxsréddetle mbdiamof €laiwd1igs hvitehen the astk &tdcﬁno

ted b arti.cl.e _beam generator,
hapaERe by SRS BIE b B i sRE oG B0 Pafige one o
omeregignpiptoghd inbdbatok sprcified bg oftear troee (faltetentlee beam
generator and/or the detector, the one or nore
f eedback signals specifying |nfornat|on determ ned at
| &¥st Tha cereputer-readable medium of claim 186, wherein the act of detecting,

sequencing and/or identifying comprises using pattern recognition techniques to compare the

3

information determined from the one or more signals to the information specified by the one

or moré 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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fromthe one or nore signals received fromthe
detector. 5 190. The conputer-readabl e nmedi um of claim
189, wherein the act of providing conprises providing
one or nore feedback signals that conprise information
for calibrating the particle beam generator. 10 191.
The conput er-readabl e nmedi um of claim 190, wherein the
process further conprises geggrating the one or nore
f eedback signals based at |east in part on known
genptisesses of the nucleic acid polyner. 192. The
conmput er - r eadabl e nedi ym of claim 181, wherein the

pr oces 8OV R8T orapirp Ferdhack signgisde B p#iEcls aoy aenerhtorandior the
dedeetior, i ohi& Orthdrl &c@Hack Q‘naﬁf@,ﬁ&liﬁh D raih cﬁtermmeddat g:last in part

er-readable 3. e conput er-reada
rreo%g)um v 3t oélng’f?ﬁ‘%?e%aféqrﬁifﬁgeg%fnpl e conprises a
plurality of nolecules of a same nucleic acid pol ymer
a or tary strand lurality, of
T SRRl AR BB P i compse
plpoevading qpe of mmlf@dbdcésgm‘ls thiteodfrise anfiiatidrofof Efibrating the particle

p4£&h%&£m§§@”1 the one or nore signals representing
the plurality of particle beam species, and wherein

the act of detecting, sequencing and/or identifying

COBPr | $RSCompRias- Feh@albie%eﬁﬁ&%?@fﬁw 990|t Re F}H‘&Jneepr(%esas%ur%er comprises

pol ymer based on a first

NPREAINS dhetone prrmere fedback signsts bped taﬁ 1a45t @@@Fltl emkr@®wn geometries of the
pautitiakdiy pggdsenci ng the nucleic acid pol ynmer based on

a second of the plurality of 25 nolecules to produce

a second partial sequence; conbining the first and

S denndTigabinpakr-BaRve Ae8ism of claﬂzg-l’%clH g JoGs ﬁﬁ'ﬁu]:ro&mprlses

ZS. GENE 0> SYSTEMS AND ME
ARE&L%P%&“NB&EEF@‘ “c§ o3 %@BWR@W@MSRE@Ammlter-readable medium.
COVPONENTS <130> SP8321A <150> US 60/567, 997 <151>

iqgﬂ ) OFHe]c%mplﬁéqugadagle eZigm of Eu?nn élnwl\lleeré‘u? Ithg rgarr:?ple3 confp%x:slgz
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.
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<211> 20 <212> DNA <213> Artificial <220> <223>

ol i gonucl eoti de priner <400> 1 ttatcaattc acgaaactgc
20 <210> 2 <211> 20 <212> DNA <213> Artifici al

<220> <223> oligonucleotide priner <400> 2
aatgcacctt ctaataatac 20 <210> 3 <211> 200 <212> DNA
<213> Unknown <220> <223>,PCR anplification product
<400> 3 ttatcaattc ggggattg gctagatatg
catctatttg tcaacaaagggggﬂP%ggyﬁggttc caattgttga

<amet gaastNeTttaigetigat g gaccacactc aattgaagtt 120
tgtgcagttg taactcaaaa agttttatca tgtgtattta aagctttaca

< S ME Y € AZOD POLYMERS AND
iaaaRETRlc 280 A (o S s

<130> SP8321A

<150> - Us 60/587,997 .
<151> 2004-07-14

<160> 3

<170> PatentIn version 3.3
<21c> 1

<211> 20

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 1
ttatcaattc acgaaactgce

<210> 2
<211> 20
<212> DNA

<213> Artificial

<220>
<223> oligonucleotide primer

<400> 2
aatgcacctt ctaataatac

<210> 3

<211> 200
<212> DNA
<213> Unknown

<220>
<223> PCR amplification product

<400> 3
ttatcaattc acgaaactgc atggggattg gctagatatg catctatttg tcaacaaaat

agattagttc caattgttga acctgaaatt ttagctgatg gaccacactc aattgaagtt
tgtgcagttg taactcaaaa agttttatca tgtgtattta aagctttaéa agaaaatggt

gtattattag aaggtgcatt
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