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B1OMOLECULES AND THEI”mmmmmwmm ENCING | h bon e rrvar laeld of t This
invention relates to m rrays of nolecules, and to theid ( JAN 9pp
,anal ytical applications. Lgggarticular) this invention relates to the use gf
fabricated arrays i nSnethods for obtaining genetic sequence

I nformati on. Background of the InventionAdvances in the study of nol ecul es
have been | egyodolge@rt. by i~rovert~ent intechnol ogi es UpSflchRpsdAr aCt ai ae

the rnolaxtles or their biological r~xions. Inpartiarlar, fhe study of
nucl ei ¢ aci ds) DNA and RNA, has berre5t®d from devel opi ng_ totechnol ogi es

of the technal og ARRRYEN BGMOLECTLES KD THEK Dsp N SEofENETGS A TLa™ ©

dev_er ololrrent Ofﬂ_ ﬂmmh mprrays of immbilised nude:jc aads. These ?rra3d/s
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1 19-26) desch, ﬁandnﬁyin ﬁim&m,smmim@ntruamudmmsamf@bamﬁymhng a

dxm calty Sensmla*gb as.s sur Ea~x 'BF" ot.ectedby a mask, but expoxd at

defined ar®as Mo ?'f"é%‘?“y rrwdifi ednoes. Typically,
these arrays mykebst L\ obihé ,&:L oS " many noi aul e" arrays, asdistinct regions

are fornmed on the |d u or risin hi gh, densj t.y of one. apa~6c¢ctypo

of pol yrnudeot | de h&ﬁ%&%%h@ @o‘xﬁmeﬁiﬁ'a et al.)

Sci ence ( 1995&},.&54&7;.;&7{5 chabuttefisesthemobezules’ b\thelt! Biolpgicdl Lresttions, aln

predeterm ned si.t SS, .M e~ Xopi petting
ecbrrigrres. ngﬁﬁr\&' %ﬁ?ﬁ%&%ﬁm‘“&w%ﬁ%ﬁhﬂf% tire

I engt h bylmontmwwmmmmdmonm

al t houghhybri di sat o h ﬁ%{%ﬁ?g%&)‘* 3&0 CZ Cur th| S

approach may not 2 of a ""f‘&" & acti ng

wi t h ot her commmmmmmmmmmwmcm mhmtmysmpmlm n:

etc. The arrays_ar IS | | SﬁP“ ,

determ ne t heé’%’&ﬁgn&éeﬂmwﬁ}"ga e cov‘gnuqx %l%h %%? Wc?g'y (1994)

i :27-32) or tMeMmd;MmBmegmlmlWHﬁﬁ%mmoﬁ t hex
hybri di sajion %ngﬂ"ﬁ | R t!E.!s@Qﬁlé laghed to
nucl eot i de'i: t é’?s"ﬁﬁg?ﬁg‘?ﬁﬁ?}“ﬂéa usi ng gﬁggﬁégl Jﬁ&scent

detector, e.gbya ltmb,r'g}é e eﬂdﬂ?‘bm@(‘@mr witably madifiednt sgeaof

t hex nret hoda pghénib gat-ri,b{c.nxs tﬂ.qmqguﬁgﬁpmbga% Skt ghes of DNA
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and t hat *coooo~ our06 0, fcr~cs~ro~ta~ 2 repeat
sequences can dP%%WWW“F MirepPPR SopRrising ¥ high dengitestio Hﬂ‘%ﬁD‘e
recognsaed in oPpoNnulEotidechnol ogi es for Gatorx Characterisation,

' addi (18, 1 ho ke (WQW P et PSR, S (R i 0% 22

pnoce~ro can %76, oere kainplds 6FDNAGre poiitionpd i pied@erntitied Site3@n pplalsntcrdscomsul t from

bas in the s hr qQni.sati on of eact i curri er ad
-»2DI aul ea ofthét}(‘:{%&'&“a"?l ?‘ﬁé’"‘ﬁ'ﬁ' %ﬁé?e‘gﬂ %@B’ﬂﬁ%@rgo a step
in the proc~ umwwwmmmmwmmdum rﬂﬂmerl.dmm no
to<tger be insten. wth.roof otsiﬂ%foethe other arraye §.ﬂea The
proportion of imﬁﬁfﬂﬁ' PWH‘°'§H§ dﬂ"x“ﬁl ccessive
st eps andz2songemit-the DNA toda fisely mmm&mmommm suclpaobl em i s
ra~ogrosed in _the a~ua~in edure describal in US-A-53d2509. An
al ternative s?ﬂ&%ﬂ‘ﬁ@%ﬁ%%’ﬁ%ﬂ?‘d ®%ed in EP-A-0381693) wr hi ch
conpri ses hybri di sThegnaysSinenisasilypnivided todnedy helshidisationebents, to8kerimineahe ar get DNA
cleave 15 ropesbep oA Nerbady tremdh ntiteiptpet 1580 YERRS R SRR od basce
cl eave r ep SSAVERSP aved bases
are daec~ in Wawwmmmwmfmwmd.mmmmdmrucxi on
of the bax acgtteda\oe of ,; %ﬁa&&e%dé&%h%@ msdczl‘%%l des haawa di stirxt

f1 uor escal®
fluorescent detector, e.g. a charge-coupled detector (CCD). The major disadvantages
of these methods are that it is not possible to sequence long stretches of DNA and that
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'whi ch is detaxed by | aser-induud iluorescence. This is a conplex netl ad,
prnr~rily baaurae it is diffarlt to ensure that every nucleotigquj M@fNA
strand is | abd>ed sad ao that this has been aclneved with high™f éq o]
the original sequenu. Summam of that] nvdrti~ The prexnt invention is based
in part at |least on the realisation that rnoleatle arrays can be produced

wWth t separaty at the nolexxrles to provide distinc '

resol ution. Th‘fg8 g-wremy be formed by sinply imobilisiqg %’Wbe Z5
of nol ecuks to a solid surface in such a gay t hat provides suffiaent
separation beta~n the noleaties to sl bw €ach nolecule to be resol ved

optically. According to the ' Vi Ge- CO | array
L s aubtauti i
I ndi vidual |y nmi,gi v§d! ﬁiﬂﬁcﬁqﬁgf"gdﬂ-lé 0 m croscopy, and wherein each
nol ecule is i H’r r“more  points, by apa~c interaction with
t he surfux, other tasddition]thebse pfhigh-dehsity amhysiinnd andtidstep nindyisis prootdulecan
I nt errogat ed. Tgae‘{efor‘? the.grra s of4 he preﬁﬁ’gt I n egéion co%r@ what
aro effectivel yesd %o profleps, 3 RX}BX'SM(S@PW proplems, gpsuitsiram 8, Joss 8 the || oo
that are nore s{yndhirénisatich of e reaction stieccirring ar different mbletules ofthe awrayaifisomd hi s has
many i nport ant ~ef is.fo h udy of the.npl ecul es and their
interaction wit %m%m#&g??ﬁI°ﬁB¥MF ; “1”&“35%‘?%?3 ' cence
event s occurri ngptdised willnollengerchiedistep avith sésnlts abmineg for dwlotler cr oscope
linked to a sensitiyve detector. r in.a 5 di stinck.sian f each
P¢wt eat k. Wha~ Y Fﬁ%%&&%gﬁ%ﬁ%ﬂa&d’%@%‘% SIfgl e

| eculh_eshuger mmrmmi:ceom tphmﬁlugimubhrﬂhmmlnﬁunt ered
using hig ex~i ty arrays .of,. QHQE @rg.l ' Reiel N arrays
al so permt a r%%'}siﬂ{fdﬁ%ﬁ?egl"ftg? ppr o'%r‘rlnnéedor"?ﬁaé] udgrg?aﬁgcent or
ot her eveMa on the sl dtemativeSseqbencing spprosch ip disclpded | in JER-A-0381683,qwhigh t | on
makes the anmyl =tir.e~mnd . ﬂ”l eI La0bilE ~al e Imﬁgedunat
whi ch invol ve t‘ﬁ@’é&g@}?ﬁ%‘é‘#é ar act g% al ng %’?ﬁ%ﬁg%gétn‘eo S l?‘nhﬁt ures
of nol ear | ea. Thuspendedyin a flowing: samplagstreame pnd- then aising an exomuclepse 1p pleswe nt het i ¢

chemi cal 05 bi GLOGIAR! thd QidBhsé frothe RHATRIDNA Fhe AQVEIbREMFESHERS il O
identify particul ar nol ecul es produced in cmbirntorial synthesis

reactions. 15 Truential pissage & figtectorealioying recapsypction of thebase seqyencs of yppor t
Vi a mucr ospher e DNAT Edch $P{he diffefenl midRotides Hikl o dititictuibrestend latel httidhédd it toO
.a

be positioned wi thin,a distinct, optically resglvable regio f croscope
prior to curyi r@"%!dwﬂ”ﬁfﬁ%a&ﬂf‘%ﬁfﬁur 184 l39‘E°"Fr)rﬂf$"‘!f[b§used in
many di B' er ent peainke/s isdifficuRE ehisiire thaDévesynbtlacide of the DNAstandis labelled@ads. | N’
one enbodi nent, the a, ul.es ar I clegtides, and the snys permt
sequence dé?ermg‘f"rﬁﬁ&%‘é’“@‘iﬁ@@ﬂ«%pé&WMW'sequenci ng met hod
can be used whiSuhmsnkefahenvenfionSuor ese; nt or other |abels to ide~r
particul ar nucl eoti des_or 9“@90 . | ' . _A.pr.ef t hod
~eonprises the repor?&jprﬁmelglg 0 r'£ac ki a#%’gﬁff?gg‘"\%ﬁg'&po ynucl eoti de
25 Wi th a pri nmasrays @oibepeodasedawith suffisienti sepazation tbetween thegnalesules togprovidiat es
under conditi ot ~GCJ qlr,ml ME@E' qﬁé i PhrvlcBiti Fﬁm wherein
each nucl eosi déﬁ’ghr'éliéﬁtg&ég athIé'g'lg'sﬂclonj uga ed*bg'?“{b?s l’pp05| g'ln{ﬁf 0 a
di f1' er ent 25| uefmolearies to ambid yurficeinsuch m vay theprevides siffidient separation between
the molecules to allow each molecule to be resolved optically.
According to the present invention, a device comprises an array of molecules
capable of interrogation and immobilised on a solid surface, wherein the array has a
surface density which allows each molecule to be individually resolved, e.g. by optical
30  microscopy, and wherein each molecule isimmobilised at one or more points, by specific
interaction with the surface, other than at that part of each molecule that can be
interrogated. Therefore, the arrays of the present invention comprise what are effectively




(and thus which pucl eotide) has undergone the polynerise reaction, and
renmovi ng the | abel. Becaux the nmethod utilises the arrays of the rﬁsigé

i nvention, each incorporated 3 o nucleotide can be unambi guously %903
by fluorescent ranents) and additionally the nmethod can be used to detect
many t housands of reactions at the sane tine with no phasing Probl ens. 3
0 JAN 2003 wo oeroiro p~~H 4 A>tanatively, the arrays may be used in
genot ypi ng pr YOME® (aa di sdosed in Shalon et al, GenorRCIGRINPMST ~ (
1996) (B9-645)) to provide a gaietic "bar code" for an organisrry, mapping
studi es and nRNA- based acpreasion nonitdring (as thael oaed in Wdi cka et
al, Nat. Hotechnol. (199'!) 1 S:1359). The arrays may al so be used as a 5
sensor, in t hesinglemelecultis that asemorcispatially distinat thant hemwgf ¢/prior 3133 his has

70:1242-1248. ,@qﬁlﬁg ARG ey q,[;]?, GAneret hod
conpri ~s ao~ng, d?r"surtabeco oan I'tnn |t|se g’??gdy‘

pot ynucl eot i dehwbgleﬂ!mleg"lﬁolnm%MMWMnWWFWequence
with s phnslit 3@&5 Eicrosd il irkedfo & uﬁﬂ:?

pol yrar ckot i de's% 9%%&& a pin r?ghzjl evart rﬁer eoby | o gearégrglrﬁ &ISI’I he position
of a bound sl distinctsigeal fbm;dmlgpyle Thi s net hod pa~a0| ts i dent i fication of
nol eai | a synt hs- by Wﬂ; QJ"P ot porating,
for exanple, a pol ynucl eotl g{eht [ erﬁqﬁ%ﬁlﬁx{ %éﬂ)rl ses
the steps of crmowlofthg pmnapmmmmmmd m;m@m &gnyuofthhe

Bp\égﬂf Is?|n~W|at g%nom o W‘ﬁq&er hngr S| hémonmgmana%g@c i ng

bri di ati on amm&mmwmmmumwmmnmmmmmmn) or

ah~valy thg or ,;m&. IJ?Q,S fﬁLﬁgﬂM@
gawtypl ng a%r~t!2a|s t e carrled out”. An array o %e uant on y be usai

to generate a Whichinvolye thegcraening/charpgterising ofheterog

mol ewl cs. Thi Suhzs&h%eﬁwmﬁm mﬁrm.o,smﬁaﬂléﬁaﬁarmtmoawwartlcul ar
advaraaga of such a spatially addressable array, include thé follow ng: 1)

Poi yaucl eot i deforssampleip fcrrening peogpedyery taddentily pagtisular molegyles producedyim oni'y weed

to be 10-20 ba&ﬁﬁ,mmr,m tdagtions.| i ci ency required in the sequa~cirg steps
tray oaly need to b att r .than 95G, 25 .2), The rays rray be reusabl e for
scraxnng dfce crest ‘WB'F Gﬁ@@b’”“ﬁﬂ"P bilisgdon a ﬁj produced

in a very si npAenisko3phere cin wanﬁwd.mg allovihg)ip tdw&mmnﬁhu distimtle usi ng
Ty be used ¢ AT deisRable riiehOFCY MRTRSSpTe- B 8 RO T RO ShaB%8 nust r at o
t he i mobi | | sgproedures. a pol ynucl eotide to s solid surface via a
rni crosphae; The arrays may be used in many different analysis procedures or characterisation
20 - studies. Inone embodiment, the molecules are polynucieotides, and the arrays permit
sequence determinations to be carried out.
) Generally, any sequencing method can be used which makes use of fluorescent
or other labels to identify particular nucleotides or sequences of nucleotides. A preferred
method comprises the repeated steps of: reacting an immobilised target polynucleotide
25  with a primer, a polymerase and the different nucleoside triphosphates under conditions
sufficient for the polymerase reaction to proceed, wherein each nucleoside triphosphate
is conjugated at its 3' position to a different fluorescent label, determining which label
(and thus which nucleotide) has undergone the polymerase reaction, and removing the
Iabel. Because the method utilises the arrays of the present invention, each incorporated
30 nucleotide can be unambiguously determined by fluorescent measurements, and
additionally the method can be used to detect many thousands of reactions at the same
time with no phasing problems.



"3 0 JAN 2003 wo ooro6ro rcrrc~~ 5 Figure 3 shows a fluorescence tine
profile froma single Iluorophore-I|abellal oligonucleotide) wfh exatation
at S I4nm and detection at 600nm 1 figure 4 shows fluoresoanl§ () ad p
.single nolearle DNA cova>wt~r attachd to a solid surface; and 5 Figure 5
shows i mages of surface bound ol i gonudeoti des hybridised with the

conpl ementary_seguence. . . , , ' option of the Invention According to the
present inv~i "g’f'ﬁ@ singl e nol ecul es irrunobilixd onto tRHfERIM4¥e o~f s
solid support nust be capable ofbdng individually resolval) e.g. by optical
1 o neans. This mans that, wnl hle fhe rdsol vable area of the particul ar

i tnsgang device uxd, then nust be one or nore distinct inmages each
represcM ng one WIMEMW%WWWYWIM@BP&@%Q&M’GM resol ved

usi NG a i NG| eSHRn%F Gerbind ﬁb‘éﬁﬁl@?ﬁ%)@i%? AOPRVBEUARRS bl forki 21 L ve

ddecxor) e.g, charge coupled drta~r , each nolecule of the sway
bei ng anal yxd orignius Mapping studies qummmwmové imny

bi omol ecuk 'nd%a.m;wmu%am gmnemsyjeém%hﬂy RISS b Gwed R4 o DNA and

RNA and nucleic acid mmcs), Howcva, ot her

organi c mﬁecumf’MWM%?wm&(@PGdeﬁ%Mn the array to

al low i Mepction W tA-qiig o a ke 2dpeet of Mk RPentitn, adthbd &gnhg?ortant to
i mobi gse the nol ewks sogt h'at t he por aoa aFtﬁ% nol ecul e not- Zo uSed to

i MOb~7i Xt he yndprewitable canditiens,ahimmabilised; ary  of pelymusisatides spsprdingctodhtat e. | n
sonme applicati &f NGithpRaley ak gty miltbcules e sane,
and may be used to interrogate nolecul es that arc hugely distinct. In other
jppl i cations, efrhinding toothe Erayed i Relymugleotides,\and; dmnspfwvsmm e.g.

wre than ,goy. detdphing RO hositioR 'of altdantl MBlebuldbn tHearil! CREN Rehopdmite di ~a~t
to that of t he ot her nolecul es. 25 The arrays _ofthe preset nwa~i on an

si ngl e nol ecul'é%%ﬁmﬁmwwl%m@mﬂ%mmﬁ efer to
one nol ecul e tj W@I,&mﬁmﬁ nei ghbouri ng nol ecul es (vor
not each nolecule is of ane .or dlfferent Ugi Té,gterm ‘| ndi vidual l'y
raol ved" is used hé Wf"&‘?'g% polynucleotided, s s ) e t 0

di stingui sh ongcdrlihg talkiR aventive with ruaﬂuﬁltyrﬂ'ldbﬁaﬂﬂy-ubmwbﬂﬁ 30
'ho o1 gnaPSor SRS AEE ENALdager Joendieg godim 290 deipsing Sporidoin, o1 c_ o
events. 'l‘hcorgamsmmaybemamnahan,mpartimlnrhuman, or alternatively the
organism may be bacterial or viral. This method allows genotyping analysis to be carried
out.
An array of the invention may be used to generate a spatially addressable array
20  of single polynucleotide molecules. This is the simple consequence of sequencing the
array. Particular advantages of such a spatially addressable array include the following:
. ) 1)) Polynucleotide molecules on the array may act as identifier tags and may only
need to be 10-20 bases long, and the efficiency required in the sequencing steps may only
need to be better than 95%.
25 2) The amrays may be reusable for screening once created and sequenced. All
possible sequences can be produced in a very simple way, e.g. compared to a high density
DNA chip made using photolithography.
Description of the Draw;
Figure 1 is a schematic representation of apparatus that may be used to image
30  armays of the present invention;
Figure 2 illustrates the immobilisation ofa polynucleotide to a solid surface via
a microsphere;



*The term "cognate nol ecule” is used herein to refer to arty inolecuie
capabl e of interacting, or interrogating) the arrayed nnleculg. h& ﬁnate
may be a nol ecul e that binds specifically to the arrayed nol e r@ N

_exanple a conplementary polyrsreleotide, in a hybridisation reactlon.

Ai tanativ~dy, the cognate may associ ate non-speaiially with 5 the arrayed
nol ecul e, for_exenpla a polyrrraase enzyne which associates with an arrayed
. . po~~ ~ po Qﬂﬁﬁ)~dsurg a conplenentary strand. The taﬁ?"??ﬁ@??%gate is

used herein to refer to any intaacdon og the arrayed nol ecxrle with any

ot her nol ecul e. The interaction may be Coval ent or noo-cow-l ak. .- The

hor ein 1o 10 det i nd At 3l il und ol it £ Rnpl MuohiCindles 00, |

cornpriang s pdigymwwﬁdnmmmﬁuﬁhuﬂtmqnstmmed to incl ude the

Sf)f 36/1?11:)(; g]:)t ?ége;tt{g‘l ﬁ@%@%%i@ I%"'érroga %ora I rrpl e, the

arrays nay cor!prulsehﬂqmﬁweemd nol ecufea i mMmobilised on a solid surface the

B{)?;ﬁlugl gg Ieggl rergl %:Frre may W&errogg&%)"" M&%ﬁg%bﬁggﬁ@ é :srﬂgrt

extent . of. sepanomplenmthytuqum the individual nolaxrla on the array w-l be
determ ner, i particul ar techni que used to resolve the

i ndi vi dual nokKark." B ed to i mge nol ecul ar arrays are known to

those skilled in tmcwmmmmwonaﬂnmﬂeubmmyhuﬂmswpe may be

AT or ophor o1 RS AR afbport e B4 yfthie il By ol L8 W el 2 7

hown in Ebgumaeats. Thisencanstlin), withip thesesolvablearaiof the pasticulst inaging bevirdpeeda i | ter,

(3) a piritro Wgﬁcﬁg&mm{‘? i ror, (7)
an obj ective, gmaﬁ’gggé‘(;:rovers an a sanp é un'g% stuagl 2

Al tanati veiy) @MMQPWMMM“%&EH"A@"@M  fluogsacencsmicroropret ect or
can be used  QuidbbiivifhaSeniid deidBiCe b Aokl dohpisflcdifor {CCD, Bldh wbidiidd
Ie no es on tire

nmol ecul es on t arra I'n this exanple, resol ving si ng
anry i s possr %ﬂ?'ﬂygﬂs ‘separated by a di stance of

Sppr oxi n}/\@.gybﬁt | eqpd mgﬁamt agStﬂeB maly R @y Mﬁhluﬁ,ﬁ%t Wt rx},,d_’.%OOnm andh
nore prefexabhr e m X nm wever, . er technj que c
as scgnenng né’&b’i’glﬂ“gf‘dé"ﬁss “%’S@M&%ﬁ‘%ﬂsﬂe" i Q'é""s‘PNA‘“" Hes =t
avai t abl ewhi ctzaoaﬁammenbw bﬂhﬁﬁd@ﬂ&m&smm FEbe adoYeales " nor €
dense" arrays to be us For.e Usi n t he, nol e uI may be
separ at ed by 5" 9‘61‘"%? {)@ﬁ,ﬂ g'wg\d‘? ﬁ‘é Yrar a
detscrl lotl on OWWZ@WWMMW“&Wﬂ'Mé@hBﬂ(ﬁ{ 0;| dd
optica ro MRy E?l ;:5” gﬁgg

Addi ti ong%‘?y) %g'%gx%me@?%@ﬂ qug'él 0 n'#n ﬁrﬁﬁ%ﬁ%ﬁ%wﬁ cr%ze ?ﬂ i nni g se

al .) Hdvtti ca applicsiians Mﬂsqdmamwmﬂemwmbymmummmmi croscopy
H-u~svva sealy,) EI‘A "5"%? g?mgt RERL E‘{M&% 15-139)

re suitable for TThmagin the arr of t épres‘ I'n g‘ﬁt‘%ﬁ%"&“h‘é‘r devi ces
whi chdof not Wﬂnmgb%wm@%é%eﬁﬂ?mpme@[ﬂﬂmsﬁdﬂrey alrg
cspabk of ima diftbr2it %6 @Qm,? gu?gl suppor ingle no may
be arrayed by |nurlﬁ)&ip| sation to the sur soilid io support. This
may be ca?%i ed outWWfﬂnammnmﬂﬂthMthm

conditions ar 910%5@9’ E@Wo@‘iﬁﬂ%‘hﬁ lﬁfﬁ&i& Gareral ty
the array is produced y di spaszi ng snal o%es |rdng a
Q\'

m xturo of noneighbiouring meivsu MW‘MW%MMW ﬂ’eo"rtym appl yi ng
a d~ aohition to t RedSNGRER Rohen manna, a

rnncture of diff n?ﬁn‘gﬁecuwhﬁﬁay be 15 ss{‘%@(f%gg@mr% rr%'lalr?g he

formation of nm@ﬂgt@lmm mqufmmaolmluof ach

arrayed ecq,li,g"gg solid
support l%er con |t|ons %%%mﬁ or av%te%np he pr roce &

cont am nant s. “mhbw$MNdWQum$bﬂd must be cl eaned t | broug>Vy) prrd'erably
with a suitable detergent, e.g. Decon-90, to rerrwe dust and Mxr Z O
contam nants. I nrnobi>;sttion my be by apoafic coval ent or non-coval a~t
interactions. |If the nolaxrle is a pol ynudootide) imuobilisation w U
preferably be at either the 5° or 3" position, so that the polynucl eotide
is attached to the solid support at one end ody. However, the
po>ynucl eoti de may be attached to the solid support at any position al oag 2
5its length) the attachnent acting to td>xr the pol ynucl eotide to the
solid support. The i~nnwbilised polynucleotide is then able to undergo
inta~tions with other nol ecarlas or cognates at positions distant fromthe
solid support. Typlcally the |nteract|on mdl be such that |t s poas-~ ~ble to
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'3 0 separated single nolecules. The advantage of this is that itqpr ni s
I'nteraction between nei ghbouring nola~les on the array,. which #%9 ﬁ%ﬁ

i nterrogation of the array. 3 0 JAN 2003 wo ooreorro pcr~cs~~rr s In one
.enbodi ment of the imwtion, the surface of a solid support is first ~wth
streptavidin or avidin, snd then a dilute solution of a biotinyiated nw a~
I s added at discrete sites on the surface using) for exanple) a nanolitre
did to degverWeoM&7hp| ecul e on average to each site. |f RGTGRMNMTUIe is a
pol ynxi eotide) than 5 i mm>di sstion may be via hybridisation to a conpl euy
hucl eic acid awl eatte previously attact&d to a solid support. For rxsnple,

the surface of a sogd support 5r coated with a_ priner
pol ynucl eot i de at 'E?‘é?"@g'? %@z’ﬁ'ﬁ??ﬂ%‘ﬂ fer tq any mojecule, cappble of
pol yri ucl eot i GRerading, dr (Heeropiting 3hé memawﬁﬁﬂ&hﬂﬂ er s

under hybtidsin condltlons and al | owed to "aetf sort' ono the array. In
this way, the bindssppcificallytothe aprayed molecyle for meamplea complesentary polymidleatidenct eot i des

from a het er ogeEBridisafoRtetion. ARSMMIVEG] tRétohifiinay NsbBdtEndnl spaititallywith 21 r ayed

prinmers may be corrposed of doubl o- st rsnded ponm~cI eotides with a
s~gl o- sdanled taagmYrdmelepule for cxaples petymeraaoazymevhich asspcittes

pot yrnrcl eot i cheofideGnthe bioevs 6f lalcori) gn@t.gtyl:,},agax wad to ooval andy
tide 15thetgreg'g't DNAtO![ph rine The second strand can then be

rarw ed undo el t i TRE temminter "M%'mta geferite apycntepstionpitheamayede. 1 n a
preferred enbogieaRie with hnyldir molaiN. mwmmmywmﬁm.@d wit>d sn

epoxi de and the npl ecu>ea arg coupl ed via an am ne |inkage. Is al so
sy cf aabk to avoid WW@NWN%WN%%MWt he

lecul e {10 Do Wehindy 8 armi3e ¢ Aingle OmblbGiled Sthat CE Chitherarised by omiphkimeEs t he

Aposs bi ~ty of the rml ecul es aqggregatin the sol ution, which may affect
t he positioni gﬁﬁ‘gﬂ' M‘ﬁé‘hf""ﬁig e theeattachment, of pther o t ar get

nmol ecul es aremmmtbamdmmwmwimawmmu
avi din-functignalised rene | atex mao har~ .as shown in Fig. 2

where (1) rep n{nEero, y PBSW'&’ : SHPRIISE FrRte melecies 3y 5 o5
bi oti n nol aul Muéd@namﬁmmwmhymbmbﬂwmﬁﬂowhe

rrda~osp ~eg.al |m.]¥¥b @ﬁﬁg lidd il ﬁ | upport. to far the
t ar get slf;ff'rbl e r9°m croscope armﬁyrs”gq'um |'%é§°rr£1%§ros "T'!s sui tabl e
for ux in the presﬁtemm\nﬁmmm@CMMWmmmpI@bsmﬂangl e

nol ecul e array hﬂﬂ%"ﬁ% %ﬁ"‘! ﬁﬁi\i‘&@l he 3 o
det axi on of bi o?%%%lm cal 1 nteractl o?]‘;;%‘{%w nol ecul es.

Forexanpl e, t Appasstuscnsed todipagremelecuter arpmyg atedinowmte thore it asts For
identities of mai&nmmﬁgmmmpemybeuwdwmﬂwmofﬂnm

20  with alaser to image directly a fluorophore incorporated on the individual molecule by

fluorescence, as shown in Figure 1, where (1) represents a detector, (2) a bandpass filter,

) (3) a pisihole, (4) a mirror, (5) a laser beam, (6) a dichroic mirror, (7) an objective, (8)

a glass coverslip and (9) a sample under study. Alternatively, a sensitive 2-D detector,

such as a charge-coupled detector, can be used to provide a 2-D image representing the

25  individual molecules on the array. In this example, resolving single molecules on the

array is possible if the molecules are separated by a distance of approximately at least

250nm x 250nm, preferably at least 300nm x 300nm and more preferably by at least
350nm x 350nm.

However, other techniques such as scanning near-field optical microscopy

30  (SNOM)areavailable which are capable of smaller optical resolutions, thereby permitting

"more dense” arrays to be used. For example, using SNOM, the molecules may be

separated by a distance of less than 100nm, e.g. 10nm x 10nm. For a description of



R

'3 0 JAN 2003 wo oor~ne rcr~cs 9 TypicaDy) interaction of biol ogi ca‘,i1 or
chenmical nolecules with the irrays are carried out in soh~tion. | 0 JAN 2003
particular, the arrays may be used 'sn conventional assays which rdy on the
.detecfron of fluorescent bbds to obtain information on the arrayed

nol ax~ks. The 5 arrays are partiadarly suitable for use in rnuhi-step

assays where the |lagss of syncWnisation in the steps was previousl '
regardal as aWOWPTt i on to the uec of arrays. \Wen the g??ﬁWconposed

of pol ynudeot-i des they may be used in cq;waki onal techniques for obtairong
genetic sequakKx information. Many of thex tedriqua rely on the stepw se

i de~i f xation o ' o r Oyl - Aw 4413 as
"si u~fe base" g%gﬂﬁ¥~é&%¥%ﬁ%@&%g§%}% sglﬁé%gh‘;elﬁe] nh % ' gé ug k%orild&\l/%??on) t he
sequence of a 2¥@@et polyncleotide is determned in a sinmlar nanner to
t hat descn' bed in %—lﬁr §ﬁ§4#§%9ﬁe ecs t he. i ncor por at.i.on
of nucl eot i desi r dot ~nrs gﬁﬁ"ﬁﬁmwm}'mgﬁaﬂ | abel
attached to t hHelveticaPlysiceotot(1982)§5:726+736) and tomic forgmicrpsopy (Haskdeluly | s
St epui so. mannopany Moy Befrl Rttt syat (upsf S 20 fh pe bR primfpgihe = " °
nucl eot i des ( Asrray} ofthepnaientinventiam r(iberidevices whiclodpunot igly on mixinaacepy aiay alsee 3
position which acts as roup.to.prevent..uncontrolled .
pot ynai sation.hb‘I’H@j’fg&" n\z/}é/%greqn%n%%rc‘ﬁglr’ t%g'“ﬁ‘ﬁﬁe‘?%%u | WP OP ALy Chain
oonpkrna~taty suppderhe target, and the bl ocking group P 2 0 incorporation of
raxl eoti des. The arg; i e | ear f urar~c osat
-mcl oati des and eac% °n'§‘§‘gﬁ%f§?’é§°%‘ e§¥ F@ﬁf%g‘ég“ s(5‘%%"?%0";%’sﬂidoy a

ar ga~ouploed swppartt This mey be chrried owdxtyyi dnytknown techhiquee previded thistcsutible bl ocki ng
grarP is then HONGH — gi;ggﬁﬁ ~§ﬁgng, ggq for further
nucl eoti de i nc%%@ﬁ&ﬁ?qﬂﬁfﬁ%‘g‘a ray (?%tﬁg'lnél S aFdisri (E:}F'%ﬁ I cany
resol vabl e poliyprod ispensing shalDwlumes gfa sapple pontaining s mixturewlintolegaleser at e s
sai ~ of distingh, §+ ,gml; a%uﬁ Q%ﬁn Vi@ |u§[ai | s of
the full spa are then de erm&ﬁg T ﬁu s_sg'f cgc. es t at"ggn e achi eved
i s governed prirEenesae pyandm srrRy. I thigmagmen; B abeivrp obdiffereatanolecyles way be

deprotect 38N f@falsd by siffIEmeas. The Frmhtfon ST digh hitetuld iird/ thelEpenieCt | On and
continued incarporation of nucleotides can be detected during the next 30
cycl e. Bceausddenification efsarbiarayed e 10 bemisd ot e singl e nol ecuic Iced, the

sal uenei t ~g can be KGginpbrtit fo\prepare the dolid hPpért Widen/cOnGliGB WA nimldeHC XS at one
time without the,,  ,3 0 JAN_.2003 .Ww0. 0€~0 rcr~Cc~ i 0O necessi for, separation
of "the di 11 er YD Jb PP L EomAmitBay | TP 5ol wapprt s B Sl Shocoigiinc ng al oo

avoi ds t he phasefagblprvithl € shitabls Sdetdrgént de.p)i Décop90,0t0 énbove Xdust- sl other

Depr ot ect 'bgn ey, tn)& ﬁgrri ed out by chem cal, photochem cal or et-~stic
reactions” 5 simTar, and equally applicable, sequencing nmethod is
di scl osed i n EP A Immobilisation may be by specific covalent or non-covalent interactions. If the
) molecule is a polymcicotide, immobilisation will preferably be at either the 5' or 3'

position, so that the polynucleotide is attached to the solid support at one end only.
However, the polynucleotide may be attached to the solid support at any position along
25  its length, the attachment acting to tether the polynucleotide to the solid support. The
immobilised polymicleotide is then able to undergo interactions with other molecules or
cognates at positions distant from the solid support. Typically the interaction will be
such that it is possible to remove any molecules bound to the solid support through non-
specific interactions, e.g. by washing. Immobilisation in this manner results in well
30  separated single molecules. The advantage of this is that it prevents interaction between
~ neighbouring molecules on the array,. which may hinder interrogation of the array.



'06401 46. O her suitabDk sequencing procedures w U be apparent gq%égﬁvzhy'!kd
pasoa. b~ particular, the xqua~cing nethod nsy rely on the degr i
the atray~ed

.po>yrnrct eot ~des, t hed~r adat wnpr oducxsbangcbar act ai sedt odet ennuxt heaar nmoe.
10 An exanple of a suitable degradation technique is disclosed in W~A-

951 20053, whereby bases on a pol ynucl eotide aro renoved sequentially, a
predet er ni ned™® Qé” Mer at a time) though the use of IabeFFgﬁmgﬂgﬂFora
specific for-the bases, and a dagned exonuclease cl eavage. | ~lowever, a
consequence of sequa~ci ng usi ng non-des&nuxi ve mahods le that it 15 is

poss~'ble to form r.essabl rt her, characterisation
studj es) and there%%'ﬁé&% 'S ﬁ'%’ér?g Fﬂi'y g‘% In this
context) tam msﬁ?tmﬁMra&ath&luwsdlubmaﬁbbWW| fferent
nol ecul es may b a~d oo fhe_basi,s Qf their pos n on a . Once
sequenced, thet f%\'f'?’-'?’?”&ﬂﬁt’\%’&éﬂ%&m&%g @5“? :}'Fgﬂl'“éf
procedur es Whingfechle i averigeCtoCEndk aité. S If thé intolechle is Nl ipblyRlicRblideD [t es
firoad4 heteroganous popul atj(g)l;li e applicatjon is tq ux Lhe arrays to

characteri%e PRuhissionmey be idisption 313 comp pry ameleic apid \malecute: | ons.

During conbi ngieiohsdly atfarhed 16 £ sckd hppért.i mwmwoﬁwm | abel to
be incorporated onto a beaded supporf or reaction product for thé 2 5
subsequent ct MWWW@@M at dizgrpte sites op the, puhace. Singles pr aat t

i nve~i on by USiriigedtiphitiedtidey dréien 8wt linfoScotiictivith thed@fyediRimiersiiaiesnucl eot i de

bei ng spa~c for articul ar prodyct nd u5| the tags to hybrldlse onto
: spatlallya&m’g'ggé M ‘ﬂg R’?‘e’"ﬂ g@‘h the perpys

' Eol ynucl epg i dmhwubdllo %hﬁferﬂ:dmdnﬂmlymhdu fiohea Ketdréiehdons sapiplest
hybri di sati on verglt O#ht he array reveals the sequence o~ the 3 0
conpl anent aryp?%&g' e product. Having identified the tag) it is then

poss~l e to confi rmwliaahelprmduntyeﬂl"pmnerelrﬂydie tmnpoRﬂeotdWocess i's

t herefore quic adnd %Ww%é s[ﬁyr% i npl e) and
the arrays ma Y i e ‘B'S may be
carried out bwym&n@dggm&mdmmmuﬂ@nmbbmwm

f I uor oph q§| P [ nﬁuﬂy qq Egl hesi se a
di ver x rg‘{nﬁe g? ?%ﬁ‘eh?mng’kg%ulsgé%gg f |éﬁnﬁrrg'y e rdentitied using
t he addressednnhnawd@mthbﬁipmwwmi on. For exanpl e

combi natori al - cherg, §ipreferfd émbstische 6f theinPenBoh) B solid Al P S -~

pepti des that can be bound to the arrays to_produce an ad resse array
of target prof W‘%M‘&W%W‘ﬁ%ﬂ‘mmw dt is plsq prefemble tasveid t hose

pr ot aalg egh bh;gtﬂe | mhmod T uxorgaﬂet,fot? \ ﬁpkteaﬂhkr‘e f}‘“’a{ as
outlined abov i m | upri,ncipl.eaap aproduct sof conbi rat orial char

f or exsnpl%® i O%F WH‘F'R&'?% ‘E)‘péf 9’| aggregating mn.the o

Met hods for gsdhitioh, vehich by Qfedt nﬁ'@ﬁiﬁltht&hﬁjl aI nmet hods are disclosed in
" YS- A 5643768 and S—A5 754 l.it- mx .a ro ches al so be used)
~as described in @"'ﬁﬁg‘"ﬁ:ﬂﬁ wgﬁz 9813. In
an alternati vmﬁmﬁdmeﬁtbddmﬁmmmmwnm mictospheredjias t I y

Pybr | i Sat | onPU™ FE 2Py U)TPFBE BF MPRPIGR ¢ arew% °§d¢§ﬁb¥eﬂe' v ay
may be s@s ecbioh Mewlhmt-ﬁd fincrescentlyl latelledjwlynacieotide. | The icrospheres arty t he
second tag whi ChyLENB! 0% dnfoiSolid sasportd BE e ik Hiaple 16t microscope analysis.
Alternative microspheres suitable for use in the present invention are well known in the
art,
The single molecule arrays have many applications in methods which rely on the
30  detection of biological or chemical interactions with arrayed molecules. For example, the

amys may be used to determine the properties or identities of cognate molecules.



-out as deacx~ed previoWy. Tlua~or~e, in this application, it is the tag
that provides the spatial sddress on tha a O arrsy. The taa mayg hthNbg 3
renoved fromthe product by) for exanple, a cleavabb |inker, to [eave ‘W
.untagged spatislty addressed array. A further application is to display

“protons via an inmobilised pol yaone conmi ni ng gapped pol ynucl eoti des and
protein in a conplex) as dese~ in US S643768 and US 56S87?54. 25 In a
separate enbdﬁpggﬁynofthe invention) the arrays may be ufSA/GBS¥@Mr aaai se
an orgarosm. For wsnph an organi smi's genonm c DNA may be acxeened using the
arroyo) to nvaai discrete hybridisation®patterns that are unique to an
i ndi vidual . Thi s enbodi nent may therefore be |likened to a "bar code" for
each or gani smTypiealyointseaetionef biological or chemical melegulesavithitherays asegamied out and
detestably | aljeldnifdn. fOr exanple with a 3 0 8uorophore. The frsgmented DNA
is then applied to the array under hybridising conditions and any
hybri di sation evenlnpaissiar.d Ys sgd i cppvemsipaal werswsovhicharely on thee ~~r i 7

Al ternativelyg [ | g"@ﬁ Qa]nmdah bd frleliOr €sur ~ce
basaI det ectloﬁ%%t‘gm I'n t array t“%’?"&*@@? eXanpl e usi ng the
"ol ecul ars baeueys" ard cpasticuladly] shitablgafor ruse Bﬂd@é‘&#ﬁblwgyl @wherecth®:i60830f308. It is

possible to dﬁﬁicﬁ% Itheep %ﬁrﬂ@%ldﬁ; Hinfiition 24! avastad is
5 unique to t or gani s?ﬁ and go coul usé%lt'o provi dg'g\g/;ael uable
i nfornvation &¥hepthe astays are cemprsed pfpolyppclestides thry\may he|usedriniconventionlave nany

useful appli cm,g;'e]gs 2 f,a;;,ﬁg &e&&%& infobhatioit } tﬁggngm@%ﬁay be
carded out for t dedt?ect I oniof aaufatioeu or alle ?:f var | ant wthin the
gaam’ c DNA of opitheorepavitesidentifieation; of giitshly Wﬂwﬁd@sﬁm@mu%r ~r ifs

articul ag segyﬂg@fulw Gas& Neduehding héthodd0 genome. The smal | est possabl e
uni que otigomer is a 1 (assum ng randomess of the genone sequence),

i . e. stataticatfy Ineaecmbediment of the iyentiop. thesequenes of 5 taxget Poynuclentideisquence

occurring onl uamlmamhm&wwmwwbsmmms da%@a%- Then are
c.4 x 10" posstbte 16-nss which would fit withip a r%on of cmx 2 cro

(assuasi ag a Wcergemtiongiucieptidesitothqnascent strangd thipugh the “WZSO nm
aquaro). It imwwwmmwr withul ar 1&nmer

i's present or and SO ve SpLefent s are upnecessary. | dentifying a
nwt ati on 3% a® ?‘ggﬁ%ﬂ“ﬁﬂﬁ% & W’f’s"ﬁ'gﬁ' E"egfarhd out
using the 16- pdymindalracgm Eaghpoftie differdat outdeotideln CA.NT Geand O3 ikebiposaesad  be
possi bl e usin ub |s g%iilg ﬂot be a,probl em oai ce the entire
gerwre has baﬁmﬁ"term nead'?‘tf%e it M?:’ﬁke‘& %MQ at the zZ
o hybridisati moumﬂpapdlmman m&pnhmulmntyhamrbomumdmd;mﬁgl e point
mut ati on, thi W@Qf%mj‘%mm Mﬁ E regi on of
32 bases int genone t X atio occur a% top of one 16-net
and then 28 th@mwfmgeoﬂdH&anMmléM clenrrgdsof upincompermted poi nt

rrut ation woul g febdes hnd Mgc&;omm§g "R ruggé muﬁﬁﬁl on and a
ew set of 16 show ng hybridjsation %s t he ac@eﬁ%% 5 the

onpt enunt sr ydetector aing (lsersexsitation jand filtesy, 5 The-'i-blocking: sroup is thengemevedng, 3

Squle Poi Nt (depibiested)Ord d.eh&wtum M&n&ﬁborp&wmnot showi ng
hybri di sati on and _32 new masa shaow hybrl di sat ion, i.e. qut'e | ar ge
"‘E'!S‘g?

changes on the hy vable polynucieotides,
25 urgdpolyrucbmﬂemﬂgmwamesofdegndsuﬂwﬂumnm

are detected. Details of the full sequence are then determined.

The number of cycles that can be achieved is governed principally by the yield of
the deprotection cycle. If deprotection fails in one cycle, it is possible that later
deprotection and continued incorporation of nucleotides can be detected during the next

30  cycle. Because the sequencing is performed at the single molecule level, the sequencing
can be carried out on different polynucleotide sequences at one time without the



‘array. Hy way of exanple) a sanple of human genom ¢ DNA may | x
restriction-digs 3 o to generate short fragnxnts, then Iabellei Hsi nﬂ a

fl uorescent!|y-1abel | ed nonomer and a DNA pol ymnase or a termn AN 2003
transferees enzynme. This produces short |engths ~of sanple DNA with-a

fl uorophore at one end. The nelted fragnents may then be exposed 3 ~~ JAN
2003 wo ow~-o06re rc-r~c' ~AO~r 13 to the array and the pixels where

hybri di sati onWOMET® or not woul d be identified. This prRIFGRIN4cnet i c
bar code for.the individual with (if oligonudeotides of length 16 were
used) c.4 x 10" binary codi ng dennents.aghis would uniquely define a
person's genotype for pharn~agenom ¢ applications. Since the arrays should

be reusabl e, tecessiynior gparatichsof Sheodiffiérent lsamplecfupmiensl prior ta sefjukdoinige NThis ndi vi dud.
Viral and bacterlal or, anl??rro ma. al o be stég g% .and screening nucleic

aci d sanpl es 5?’8 dentify
mi cr oor gani sm; in mﬁomanaha)t bl arriedecut Himherﬁmnmbmkhdﬁﬁﬁhww ot her

bacteria may be identified using a series ofsinglenm>ecul eDNAdbps produced
from different™®i ns of bacteria. Again; lo these chips ue sinple to make

and raraabke. In aAfsihiHﬁ,emévqaﬂM@phdiﬂﬂlﬂe@eﬁdiﬂm&dl ia(disolpfed i EFOR- Used t O
scran protein h?F ries for binding, using suoraca~tly | abdled proteins.

This may deter protel ns that bind to a particxrlar DNA .sequence, i.e.
proteins that cont MuMﬁWMWwWﬁﬂahthe

protein binds to, has been determ’ e | t B‘ﬁ and rt
purification Lﬁ‘é‘ﬂ'nf' ‘F% 'B“F‘&gmf'fyt e ‘g%ﬁﬁ' "?H?ﬂ)d coul d
nd all the trpamwdoﬁdupmaguamh Mmsamdaemﬁm
~.di scl osed | n NaturﬁﬂBl OtFPP”OI.%%V &Pi‘%?g?' 573' g%&éa hs in

expr essi of®noni t or is oTy upable'de ql’“éd T 3% ©. There
are c. 100, 000 wmmmmmummvam Wﬂmm 9~ 2 o
nore, so this e | t 0_hav ni que tag
for each gene'&'rﬁ'lgng' 5 Enﬁ”g}m]n %“?Pd‘%"gg% a speC| '5%% I'n the DNA
and the best psimtieasscleavegeabl v i nunedi ateiy after the pon Atai! in the
MtNAr.e. a 9-na ‘Eggp Eg,',% lﬁHhﬂfmﬂgq“ﬁﬁ&ﬁ}awMﬂMEﬂ Qi es of
t hese 9-nere shouligb present, to “-E%rmt guantitation o gene ex ression.
100 copi e35wous l@@ﬁomwmmddmnb'emﬂpawwdwmmw £e,
1-100Y. . 10, OQflr&26H héridesiukride s qu%ﬁ, [+ Nifathi wmws,gem.gxpression
from.01-100' /1. 10,000 coples of h:’ré\ rrere"\%oul%lt I nside 1 cxn x
1 cm at dose t‘éd'M‘r’r!}rPF?féﬁ%‘F‘t desqaihe hgw 'ffff“‘ﬁaﬂ%"’&w eatified 0adhe on wit h
any of the abmm m@hﬁ@m a nol ecule to be cleaved fromthe
surface, yet reta| at.i I nt This permts Ihe 3.0 neration
of spatially addre %ﬁa@% ﬂ"‘@??@m& %E whi ch
may have fa6lvaproeginses\ivdichk iegaires thd ahmamnﬁdinbﬂtmdmiﬂmleﬁo%amhym s (e.qg.
drug screening). A nanovi El.is a small cavity in a flat glass surface) e.g.

‘ jpprox 20 pm i ™0 ~3v JAN 20p3 WO QOVO6TI A PGTI Ge! I Il ~I1i7
A~ One application is to use the arrays to characterise products synthesised in

combinatorial chemistry reactions. During combinatorial synthesis reactions, it is usual
for a tag or label to be incorporated onto a beaded support or reaction product for the
25  subsequent characterisation of the product. This is adapted in the present invention by
using polynucleotide molecules as the tags, each polynucleotide being specific for a
particular product, and using the tags to hybridise onto a spatially addressed asray.
Because the sequence of each arrayed polynucleotide has been determined previously,
the detection of an hybridisation event on the array reveals the sequence of the
30  complementary tag on the product. Having identified the tag, it is then possible to
confirm which product this relates to. The complete process is therefore quick and

i



- pm deep. They can be pl aced every 50 pm and so the array woul Ee t oss
-denx than a surface-attached array; however, this could be cong% sdANdZ&UGr
by appropriate adjustnment in the imaging optics. The foll ow ng Exanpl es
illustrate the invention) with refaaxe to the 5 acconpsrrying draw ngs. The

" mcroscope xt-up uxd in the follow ng Exanpl e was baxd on a nold conf ocat
fluore~ca~ce systemusing a photon detector as shown in figure 1. Hi~y) a
narr ow, spati‘géMWéred | ass beam (CW Argon |on Laser Te!F?/FB?’WxPCSO)
was 10 psssed through an acouat o-optic _nodul ator (AON) (AA
Opt o- El ectrordc) which aota as a fast &ﬂitical switch. The acousto-optic

nodul at or was aw tc> on and,t he . m was, direc t Rrou sn oi l
ener ai on obj e M,W&E@?&Mgﬁw&%&%ﬁmﬁ%ﬁ&qﬂ@%scope

(Ni kon Di aphotargéDout by ataachiagdsuitatde lisket to theprodhict e.g( Shwniphdie2 or SOSDRLPO02,
Orega Optics Inc.),. The objaxive foaueatheli In-Jlianited, A5 spot on
the targd sanple |ﬁ%’?‘&' %ﬁ"“z’it%{' n g??%%@éé%ﬁ&eﬁldmmqhe sanpl e
was col | ect ed diffgrentwolemivg, eadhj of ohick map besidentifibd usinghthe: dddresised mrxys of theam spCet a

and dira,ted through SO.pm p' mhol e {. r [p. | ac i n.the i mage

pl ane of the M&Sﬁ@'oggrr vegﬂq%?’i %WQWQW%M @e‘f’%“g{‘j’sp'f’mt emer gi ng

fromthe sanp itic protens orpeptides thatcap bebunndio theaera oe anmidredsed

e e et eI RIS P L lGh "2

aglitter into e residual

| aser tscat ter al hms[m Mayibe idéntifieddsy dmmd t‘ﬁapmnwmt utﬂs\ahrte&h iriet diovél .ocuaal gngo

separate single p n_aval anc ode LS, an siqgrn recorde
.-Qnto a nuhi charoi ¢ WPM??%PW@&&%E%P‘M‘P%&M

Paol uti awd hethe synthesd afmon-pohgeric Zndleciien: of Mevelc?1 000 TMethodm for gererating

=biotin-nodifie - ri | ggm@ ' r ' nvent i onal

phospf w am di P@gg%énfgg{“rl&)&an “ﬁlz;lw ng E%%hﬂuﬂgda{ﬁ%gé%q?#gwﬁ’ég%el ow). The

ol i gonucl eot i 5658754 Splisandanimapipesiaches may/alsacheiusédeas described in Nielsen esial.tdae uri di ne

base with theﬁ“éwisﬁgxtwﬁﬁ@sf’i—ﬁﬁ} ramet hyl rhodam ne (TMR). d ass

ed by

coverslips wen prcpsr créaning with acetone and drying undo 3 o
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coversG ‘and i ncubated for >s hours at 30C. Excess biotin-BSA was renoved
by washi ng 5 Aferdermptionpy pybeidisption, the mray may beysubjesiedtogepepied pobymugleotide . — B 15
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phot obl adved %*Lfgj’%wégg t he prepsued covastip in a Lea beam of a frequency
doubl ed (532n : pul sed dye |aser, for 1 hour. The biotinylated

13- TMR s2BNA was dmasebazsic ensbodimentof the fnvention.ithe amaysonay beused togharacterise
an organism. For example, an organism's genomic DNA may be screened using the
arrays, to reveal discrete hybridisation patterns that are unique to an individual. This
embodiment may therefore be likened to a "bar code” for each organism. The organism's
genomic DNA may be first fragmented and detectably-labelled, for example with a

30 fluorophore. The fragmented DNA is then applied to the array under hybridising
conditions and any hybridisation events monitored. '

1
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rerrwod by 15 washing the covaalip surface 5 tines with MIfiIQ water. q_ow
light level illumnation fromthe m croscope condense was used to posrton
visual ly a m cxoaphere at | Ox magnification so that when the | aser was
avwt ched on the sphere was located in the centre of the diflxaaion limted
f ocus. The coWO@@®M&™Waa then turned off and the |ight pat PCHGEYRET to t he
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intensity of emalns relatively Constant Tor a short
period of dundestriled imNatges)Biotechnology{h396) 14:303-388.5i ngl e step process. The

results show t hat I ﬂ'ﬁ%’? !;!:m!rﬁlf ngl e step
phot obl eaching is ﬁl‘%%&%uo? vtiﬁﬁ e g?hét'ﬁb&?%uor scerite 1S *r om a

singl e rmlsacuhnqueaoohe'l'blwiﬁxmwﬂ busvdsnerswwvhpbbpdomomﬂnm ngl e

gle)lng\rltmst?r:tlrgﬁ%%% sat% ?%‘e’ a?ray %?M WO ow~rn

rcr~ca~ 16 mmtmmy ﬂsmmwﬁpﬁmmdlm«

Spect r0os0- 200 M#‘T ﬁNKIOQ mni-Qto renove any dust and
pl aced wet mgla %ott e cont aining neat c O and left for 12 h at room
tgenperature The Jfar denotyping.dt is desirabjeitoidentifydt memﬂm e

ontai ni Iy a a.hm'm kst pos¥ible dni &Mwm%wﬁ* Fin
mII|-Qand gnet|calf;'t.“st?(r”redfg'?y4b at roots tenperature rlnsed W th

mlli-Q and dﬁmmmmm)ow siasistisally therp ds r @eobability cof -agy igivens 16-4ase  DNA used

was t hat ShOWLLq a.cﬁig. enck ih 8 hifdh gein\(WHIRIEHaS 3 2 16%0R4eljSTherSare 5- TEL Dy
cytosi ne (Cyb) group, coupled v~ a flnka to the'nd4d porn. io A

sanpl e of t hi sctsl M@alﬁmmwmwrawmse%maﬁMm| ti-Q The
DNA rauxi on Vgsglel@py s déngitylofoll meleQIE feL2506nTE USEnrh dqdard). Mt @ ditkeidd¥Phero to

coupletotheeOX|de surIaC The .sli vva.sthenrlnFsmg with rwli-Q and
dri6d unddy  NPeSERM qiefesming Guig e Mﬂgw'gtmhowo& tP I | )
dai ccat or fOI‘mﬁmﬂcﬁaﬁiu&uw Tdéntifyingta niutition bl scpastivalaf region andowhedr | 0SS
of bound materjal . ntroI .0 he s eq ences, and oro but
wi t hout the 5 tl'" iy it roup S ovvs°'+ &emf H’ veir’?&gs\fﬁét“@p'&l ed st the
sane concentrhmngmﬁhmmpcaﬁvwmpsblﬂwddammmﬂMthMmh a
solution of c 'B%" deterriindl. MAere WEBS. The
. conpl anauaty %ﬂ{'ﬁu\h sequencx shom?%‘@%‘fﬁg‘wgs Q\ﬂere n
repr ad~t @0a rmwwmﬂ@wmwmwcmmmhuMe t he
slides were c wer e
b 15" AP o 4Rl iy LS or Sl b el 5
mtmonwouldomntthetopofonel6—muandthenatdleseoondbmmudned
16-mer etc). Thus, a single point mutation would result in 16 of the 16- mers not
showing hybridisation and a new set of 16 showing hybridisation plus the same thing for
25 the complementary strand. In summary, considering both strands of DNA, a single point
mutation would result in 32 of the 16-mers not showing hybridisation and 32 new 16-
mers showing hybridisation, i.e. quite large changes on the hybridisation pattern to the
amay.
By way of example, a sample of human genomic DNA may be restriction-digested
30  togenesate short fragments, then labelled using a fluorescently-labelled monomer anda
DNA polymerase or a terminal transferase enzyme. This produces short lengths of
sample DNA with a fluorophore at one end. The melted fragments may then be exposed
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prel eudaad 25 mi croscope nounting medium (Eukitt) O Kindler GroH ~ Co.)
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the obja~ive-lava 30 of sn inverted tni cxosoope (Ni kon TE200) via an

i mrersion oil interface. A 60 fwed sili¥a di spersion prismwas optically
coupled to the ck of the a thin 81lm cer Laser
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630nm exat ati on | aser ent 700 Onm fi her
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greater than f&%f"ﬁis gmm%ﬁbic%' rou prﬁ%"\g'?% E‘é"‘r’g‘rﬁ q'ﬁ&ﬁ'@ rrw ecul e
i s confined tMMMpWMMMM@&MumﬁeMMf i cation)
and has arpgm §r{ﬁ9 3{.@@ 8 Xmﬁ mh
fl uoreaca~ ége Gf%g%c a’%it'&esm hk? ogélgnrg)“ st§ep ?ﬁgcﬁr Nng process
in the tone ctepsgiptiot-controlling, tmy néfuiNsturei ngl e

ol ecul es fi ngjoRicikflogy EP6)17:p3PHSAL NI NY tvvo or m)re mol ear | es, which

exIn" bited mufti-step procésses. Figures 4a_and 4b show 60x60pmni
f1 uorescence irnsOter Bisgp Paression Jnopitating.; Eor thip,jadabel igrequiredar each: st arting

concentrati Onwfnwé:mw&g%:ﬂmm Aﬁmshﬂ%&ﬂemmm%sﬁielsﬁe whi ch

was treated as abov wWih it 25 lﬁ’%F‘Lj"q‘g the .5

nmodi f i cat?®n. ™S 19 ‘i‘ﬁ)’f"@ﬁ'ﬁ'f'ag%‘ IgUpe Y%‘r“é@'& ?\‘ﬂ‘ensr ties
is L i rst Zet gce. emmdmhﬁck@mumdaﬁupwﬁc ﬂiﬁtnn&hﬁDNllkraﬁﬂ uﬁm be 76
ackground is ntia e t he to e

iounts with a@ﬁm&?@f e‘&%r’&‘%@%% a9 CCﬁ'kgE Wg‘dg

arbitrarily cgidecseqacce). Iumspm copied iof\ ahesc B-niefs Hoald RC j@sent) g, pehhte avenge 3
o0 counts over _an.image cad the, stag&ard devrlgt on jover. an |ga

general , the JuapYtation of gene expression. (LU0 copisp o er of
pi xel s and I adxgressivin fromi B100%.i moaﬂompmmuglmﬂdwnﬁhnmaﬁfdm%mes rise to

threshol d | ev&'prsmslvmtifr%a af-?oo% {Oﬁﬁa E:opjl‘% oﬁwi 9-mers would fit inside 1 cmx 1
cm at close to maximum density.
The use of nanovials in conjunction with any of the above methods may allow a
molecule to be cleaved from the surface, yet retain its spatial integrity. This permits the
30  generation of spatially addressable arrays of single molecules in free solution, which may
have advantages where the surface attachment impedes the analysis (e.g. drug screening). |
A nanovial is a small cavity in a flat glass surface, e.g. approx 20 pm in diameter and 10
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t enper at2f e) spoeiailp by a dichreic Beam splitter into red and green components which was filtered

) to remove residual laser scatter. The remaining fluorescence components were then

. ) focused onto separate single photon avalanche diode detectors and the signals recorded
onto a multichannel scalar (MCS) (MCS-Plus, EG & G Ortec) with time resolutions in
the 1 to 10 ms range.

25 The target sample was a 5-biotin-modified 13-mer primer oligonucleotide
prepared using conventional phosphoramidite chemistry, and having SEQ ID No. 1 (see
listing, below). The oligonucleotide was post-synthetically modified by reaction of the
uridine base with the succinimdyl ester of tetramethyirhodamine (TMR),

Glass coverslips were prepared by cleaning with acetone and drying under

30 nitrogen. A 50 i aliquot of biotin-BSA (Sigma) redissolved in PBS buffer (0.01 M, pH
7.4) at 1 mg/ml concentration was deposited on the clean coverslip and incubsted for 8
hours at 30°C. Excess biotin-BSA was removed by washing 5 times with MilliQ water
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part of cacti nolaxale that con be interrogated. 2. A device according to
claiml, wher¥OQ7® cast 50' /. ofthe arrayed nol eca~l ea PEFCB¥RMB| ¢ of
being individually resolved. 3. A device according to claim2) whawn at
| east 90Y. of the arrayed nol ~uka are 150 capabl e of being individually
r~dv~ed. 4. A device according to any preceding claim wherein over 50'y6
of the ansyedlﬂﬂﬂ'ﬁmnégn&'iosﬂ‘dgaﬁﬂm‘W' ionli ey of canna

din
1 to 4, wherej Tof Rakfcter Ghys m"\%? ' } £ 0ac; opy.
Is 6. A devi cxméé: or ioﬁg to g?\ufﬁgir’eceg%ﬁg algh g’ﬁ%ﬁ?‘é‘%fhas a

density of onsplidnsndaiepasitesasatl i deopion thechintimlatedraversiip susfacte ihe ephases or di ng t o
claim6) whergij ﬂ&ﬁd%&h&?&%mwmio}n@%d%gwflﬁ%mﬁkm 100nm x
cor aim o, n surftace dens

100nm 8. A device ac Ing to ¢ C erel ity is one
mol ecar | e spat MiliQ owatére aBhis progedurexresdio in a Surfate deverage of approgimasglyt b any
precedi ng cl aj i ':W i h nolecule is conjugated to biotin, and is

i mmobi | i sed v+a I nt ei“gé‘{}f’gﬁ'ﬁw th atreptavidin or avidin. 10. A device
according to any [JFheowsifisgrescenti microspheresi were foundntol bave| ® broadseesidual/i a a

%*ﬁii?Bﬁé?éf%%M%ﬁ?%ﬂ%ﬁ%éﬁ%‘gtﬁﬁe b0t 1o

3}{10“ n bound phetaagtive constituents ysed jin: the xolloidall preparstionof yheonictospheres The 0 8)
erein 4,8e NhlcRbrRred WereliEreR3P ptiotdbibaltied ,&@,\@Lﬁ@h.ﬁd Gstip devi ce
according to any preceding clal vx/nere?ﬁ eac eculqzé s conjugtrtcd 30

to a $uor ophdream of a frequencxdoybied §532nm) Nd:YAG pulsed dye laser, for 1 hour.

The biotinylated 13-TMR ssDNA was coupled to the streptavidin functionalised
microspheres by incubating a 50 ul sample of 0.1 pM DNA (diluted in 100 mM NaCl,
100 mM Tris) deposited over the microspheres. Unbound DNA was removed by

15  washing the coverslip surface 5 times with MilliQ water.

Low light level illumination from the microscope condenser was used to position
visually a microsphere at 10x magnification 50 that when the laser was switched on the
sphere was located in the centre of the diffraction limited focus. The condenser was then
turned off and the light path switched to the fluorescence detection port. The MCS was

20 initiated and the fluorescence omitted from the latex sphere recorded on one or both
channels. The sample was excited at S514nm and detection was made on the 600nm

Figure 3 shows clearly that the fluorescence is switched on as the laser is
deflected into the microscope by the AOM, 0.5 seconds afier the start of a scan. The
25 intensity of the fluorescence remains relatively constant for a short period of time (100
ms-3s) and disappears in a single step process. The results show that single molecule
detection is occurring. This single step photobleaching is unambiguous evidence that the
fluorescence is from a single molecule.
Example 2
30 This Example illustrates the preparation of single molecule arrays by direct
covalent attachment to glass followed by a demonstration of hybridisation to the array.
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according to daim 14) wherein at | east one arrayed pol ynucl eotide has 5 a
~ second pol ynucl eoti de hybridi xd thereto. 16. A device according to daim 14
or claim15) wherdn the arrayed polyiucleotidd is of known s~Cx. 17. Use
of a device ac¥@PUMY to claim 14, for the capture ofa selSHEBIU¥RHh-cl eoti de
nol a, ul e capabl e of hybridising with the irraytd pol ynudeoti de,
conpri:angbringinginto i o ooMact with te deV| ce a sarrpl e conuining or xof

corrtainir~g the aaood gol ynuct eoti de nol %ﬁ und hyhQri di si.ng
condj tions. 18. ot VETS RTOPRreC ji B YVH Pfé’“g sfides | opyed

from coraacx gy t,, ewdem,m erbynﬁewa@tmawr Wer i Bolesai d
second pol ynudeotlde hybr i ‘aﬁ?h‘-é? ap arra P‘P%Sﬁlq%/ Jgflde ©5.19. Ux of a
devi ce accor dfaftunng M of ?B"I'B" s were finsed adli on wi t h
a single nol egill Emils-QTPinidS | phéted 50! ¥ 1 BEHt1EN cobiaininge Ca rmhﬁmﬂl fWitgy an i magi ng
device. 20. Use according to claim19) wherdn the arrayed nol ecul.e

under goes 5r e pelysidopynropyltrimethoxyrsiang in millQ and magnetically ; fid Mgogmored. 21.

A rru;thod fOemBértiéTinkd with AAKLQGR] dHed BRd R o NridéWh epbrided BMEF sulfabed 16 ,
conprise Zo inurwbai sing a m xdue of m)tealles onto a soli1d aurfux, wherein

the nol ecul es f or T RNAysed warthat shpws in SEQ IR Mo R (se¢ sequenrs listing, belewls t he
mol ecul €s 10 ferd 25 nveilfyPéAtsing (CysPwith £ TMR gRAP chipled Vil linké 16 SPitW Iy

addr essabl e uray i ch conpri'ses detarrd~ag the sequencxa of s phuality of
-pol yrmdeohdé“?rﬁ%s i obilised on a device according to any of diins 1

: ]9 ﬁ E 35 23. A msﬁofaﬁ?sgl,mmﬂsawt ﬁ)atsﬁl&bémﬁhe%mzl ng tlhe sttep
o ybridising a nuct egti de ee to its iryunobjlised conplenen
on the array. 24. %ﬁ‘ﬁ %ﬁg% Fmpenapire i g hymidatmesphete. | o neat ed
steps of rea%b&@ldtb&elemlsﬁmmﬂwmm\th’iriiimaQﬂiddiNundir pol yneri se
and the di ffnse%ent nudeoti ae tri phosphates under wnditions suiltcient for
the pol yneri seéreaction to proceed, wham 30 each nucl eotide triphosphate is
conj ugat ed at it s TBe prepused slides chrobesstared Waappettin fodliehdabpnhlbrdfleﬁang

14 R gl B s 0 BNl
| abel . thesamesequmcaandﬂuorophorebutwnhoutthcs -amino group shows little stable
coverage when applied at the same concentration.
The TMR labelled slides were then treated with a solution of complementary
DNA (SEQ ID No. 3) (5pM, 10pl) in 100mM PBS. The complementary DNA has the
20  sequence shown in SEQ ID No. 3, where n represents a methylcytosine group.
After 1 hour at room temperature the slides were cooled to 4°C and left for 24
) hours. Finally, the slides were washed in PBS (100mM, 1mL) and dried under N,,
A chamber was constructed on the slide by sealing a coverslip (No. 0, 22x22mm,
Chance Propper Ltd, UK) over the sample area on two sides only with prehardened
25  microscope mounting medium (Eukitt, O. Kindler GmbH & Co., Freiburg, Germany)
whilst maintaining a gap of less than 200um between slide and coverslip. The chamber
was flushed 3x with 100p] PBS (100mM NaCl) and allowed to stabilise for 5 minutes
before analysing on a fluorescence microscope.
The slide was inverted so that the chamber coverslip contacted the objective lens
30  of an inverted microscope (Nikon TE200) via an immersion oil interface. A 60° fused
silica dispersion prism was optically coupled to the back of the slide through a thin film
of glycerol. Laser light was directed at the prism such that at the glass/sample interface
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-wherein each labd is a fluoroph~e. 2b. A nethod for characterisin
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in aRy ofdaima 5 Itolb. 27. A netlwd :ccordi ng to claim26, wherein the
fi-rst noles WOWOFEe a detectable tag. 28. A nmethod accoPAFAGEMASZ| ai m 27,
wherein the.tag is a fluorophor~a. 29. A nmethod aocordi~ to claim 27,
wherein the tag is a polynucl oobde. i ®%B0. A net hod according to claim?29,
wherein the poe%nuc ~de se~a~0a js detam ned. 31. A nethod according to

clai m 30, whdt sbiendsan anal pfaparoximetely 687 ¢ the noralaf the plidg and,subseguently ence | s
ddasr dned. 33, égsgtﬂomﬁammmm)nm.@nmﬁ ..ﬁagq.rthe steps
Z nMoDI

of eoMactin6 a e&ned array of pol yrwel ootide nol ecules | I sed on a
solid supportis®®th a phuslity offragnents oftheorgani srn' sgenom c DNA,

under hybri di si nggRRctHJebdb Fom3Rg gﬂﬁleaﬁééohﬁ ALPR B DNA-BY$ gyobtain a
e

di stinct hybridisation pattern) wherein t array 1s as din any of cl ai rna

13 to 15.533. mﬁmmﬂnmwﬁquwmfom@samegmm i S

human. ao 34.4 %ﬁ.’logg.,h Lﬂ,ﬁg el iﬂﬂibém S

baet ai al or VI t‘ Mt 0 ccordi ng fhgmany ofeﬁ%l ns %2 to 34) wherein
the fragnent ﬂwmmﬁﬂd Do Twpsimages wese pgorded or di ng t o
claim 35, whegh wcwﬁnmh%mmﬁnummm{naq%u& madaemxé' ng to a~

of clains 22 to 36 Wnerelnt e awa ycorrprlsesasoll s 5 support materi al
ﬁaw ng a pl urAgtares, Caherent) with aS$0nm Sugrescense (SSOPEID, Omepa Optics, 335 ~i de
" rr-ole-. ;9 1f3r7ﬂ1ﬂ6995’630n%@ﬂ§&ﬁ3&%&ﬂmw\hﬁ%&, €dhetent 700) with a

670nm fiker (670DF40, Omega Optics, USA) for Cy5. Images were recorded with an

exposure time of 500ms at the maximum gain of 10 on the ICCD. Laser powers incident

at the prism were 50mW and 40mW at 532nm and 630nm respectively. A third image

was taken with $32nm excitation and detection at 670nm to determine the level of cross-
15  talk from TMR on the Cy5 channel.

Single molecules were identified by single points of fluorescence with average
intensities greater than 3x that of the background. Fluorescence from a single molecule
is confined to a few pixels, typically a 3x3 matrix at 100x magnification, and has a narrow
Gaussian-like intensity profile. Single molecule fluorescence is also characterised by a

20  one-step photobleaching process in the time course of the intensity and was used to

B distinguish single molecules from pixel regions containing two or more molecules, which
i ) exhibited multi-step processes. Figures 4a and 4b show 60x60pm? fluorescence images
' from covalently modified slides with DNA-TMR starting concentrations of 45pM and
450pm. Figure 4c shows a control slide which was treated as above but with DNA-TMR

25  lacking the 5' amino modification. .

To count molecules a threshold for fluorescence intensities is first set to exclude
background noise. For a control sample the background is essentially the thermal noise
of the ICCD measured to be 76 counts with a standard deviation of only 6 counts. A
threshold is arbitrarily chosen as a linear combination of the background, the average

30  countsover animage and the standard deviation over animage. In general, the latter two
quantities provide a measure of the number of pixels and range of intensities above
background. This method gives rise to threshold levels which are at least 12 standard



- 38. A device conprissng a high density array of nolecul es capabl e of

-iaterngation and i nvnob~7isod on a solid planar surface, rray
all ows the nolax~tes to be individually resolvai by optical gmecp‘é&c@gg and

wherein each nolecule is inmmobilised by coval ent bonding to the surface,
“other than at that part of each nolecule that can be intwogated. 39. A
devi ce accordin o claim 38, wherein the coval ent bonding to the surface
i S without arPV?gM‘E'm crosphese. 40. Use of a drvice acc BYPREBIc| ai m 38
or claim 39, -which conprises ida~tifying each of diffarer~t nolecul es on
the array, using optlcal ari croscopy ARENDED SHEET . A Al f. Aye A A Hy

5A|e QEY A 'LA‘JL: Fi Au@ we éhe{ échroun% wnh a probabalﬁy o'?“'fus Q\\{mAl in !44 pixels

yt ni cAXS] caU] m&.ﬂ. ERdnoifeC BY mﬂga&%&@ﬁa&&wb&w badgatdgia] caVv] caj c
BB ADCRbel phITA TR l,& St 100 S e, Py pepebily o
P2 a A Snglotackezamd ca) cay cal
cal ca] cal Capixel contributing to the counting is eliminated and clusters are ignored.
5 In this manner, the surface density of single molecules of DNA-TMR is measured
at 2.9x10° molecules/cm? (238 molecules in Figure 4a) and 5.8x10° molecules/cm?® (469
molecules in Figure 4b) at 45pM and 450pM DNA-TMR coupling concentrations. The
density is clearly not directly proportional to DNA concentration but will be some
. function of the concentration, the voiume of sample applied, the area covered by the
: ) 10  sample and the incubation time. The percentage of non-specifically bound DNA-TMR
and impurities contribute of the order of 3-9% per image (8 non-specifically bound
molecules in Figure 4c). Analysis of the photobleaching profiles shows only 6% of
fluorescence points contain more than 1 molecule.
Hybridisation was identified by the co-localisation of discreet points of
15  fluorescence from single molecules of TMR and Cy-5 following the superposition of two
images. Figures 5a and 5b show images of surface bound 20-mer labelled with TMR and
the complementary 20-mer labelled with Cy-5 deposited from solution. Figure 5d shows
those fluorescent points that are co-localised on the two former images. The degree of
hybridisation was estimated to be 7% of the surface- bound DNA (10 co-localised points
20 in 14] points from Figures 5d and 5a respectively). The percentage of hybridised DNA
is estimated to be 37% of all surface-adsorbed DNA-Cy5 (10 co-localised points in 27
D) points from Figures Sd and 5b respectively). Single molecules were counted by matching
size and intensity of fluorescent points to threshold criteria which separate single
molecules from background noise and cosmic rays. Figure 5d shows the level of cross-
25 talk from TMR on the Cy5 channel which is to be 2% as determined by counting only
those fluorescent points which fall within the criteria for determining the TMR single
molecule fluorescence (2 fluorescence pointsin 141 from Figures 5c and 5arespectively).
This Example demonstrates that single molecule arrays can be formed, and
hybridisation events detected according to the invention. It is expected that the skilled
30  person will realise that modifications may be made to improve the efficiency of the
process. For example, improved washing steps; e.g. using a flow cell, would reduce

»
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B 3. Adevice according to claim 2, wherein at least 90% of the arrayed molecules are
i ) 10 capable of being individually resolved.
4. A device according to any preceding claim, wherein over 50% of the arrayed
molecules are distinct.
5. A device according to any of claims 1 to 4, wherein the arrayed molecules are
resolvable by optical microscopy. -
15 6. A device according to any preceding claim, wherein the array has a surface
density of one molecule per at least 10nm x 10nm.
7. A device according to claim 6, wherein the surface density is one molecule per
at least 100nm x 100nm.
8. A device according to claim 6, wherein the surface density is one molecule per
20 2t least 250nm x 250nm.
9. A device according to any preceding claim, wherein each molecule is conjugated
) 10 biotin, and is immobilised via interaction with streptavidin or avidin.
10.  Adeviceaccording to any preceding claim, wherein each molecule isimmobilised
via a microsphere.
25 1).  Adevice according to claim 10, wherein the microspheres bear functional avidin
or streptavidin and the solid surface has biotin bound thereto.
12. A device according to any of claims 1 to 8, wherein the molecules are
immobilised via a covalent linkage.
13.  Adeviceaccording to any preceding claim, wherein each molecule is conjugated
30 toafluorophore.
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310t & () $180/@;§)ré|2lgto claim 19, wherein the arrayed molecule undergoes repeated
interactions with each interaction being monitored.
21. A method for producing a device according to any of claims 1 to 16, comprising
20  immobilising a mixture of molecules onto a solid surface, wherein the molecules form an
array having a surface density which allows the molecules to be individually resolved.
) 22. A method for forming a spatially addressable array, which comprises determining
the sequences of a plunality of polynucleotide molecules immobilised on a device
according to any of claims 1 to 16.
25 23. A method according to claim 22, further comprising the step of hybridising a
polynucleotide molecule to its immobilised complement on the array.
24. A method according to claim 22, comprising the repeated steps of: reacting the
immobilised polynucleotide with a primer, a polymerase and the different nucleotide
triphosphates under conditions sufficient for the polymerase reaction to proceed, wherein
30 each nucleotide triphosphate is conjugated at its 3' position to a different label capable
of being characterised optically, determining which label (and thus which nucleotide) has
undergone the polymerisation reaction, and removing the label.
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defined array of polynucleotide molecules immobilised on a solid support with a plurality
of fragments of the organism's genomic DNA, under hybridising conditions, and detecting
any hybridisation.events, to obtain a distinct hybridisation pattern, wherein the array is
as defined in any of claims 13 to 15.

33. A method according to claim 32, wherein the organism is human.

34. A method according to claim 32, wherein the organism is bacterial or viral,

35. A method according to any of claims 32 to 34, wherein the fragments of genomic
DNA are detectably-labelled.

36. A method according to claim 35, wherein the label is a fluorophore.

37. A method according to any of claims 22 10 36 wherein the array comprises a solid
support material having a plurality of cavities, each cavity comprising 2 polynucleotide
molecule.
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<=>7 @\B@Eiadmdmnmmtww [iFrostepys ekt whéreinl each iplesule isimmiobilised
by covalent bonding to the surface, other than at that part of each molecule that can be

5 interrogated.
39. A device according to claim 38, wherein the covalent bonding to the surface is
without an intermediate microsphere.
40.  Use of a device according to claim 38 or claim 39, which comprises identifying
each of different molecules on the array, using optical microscopy.
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