
;e3ed6JTxB3 Q JA~1 2003 WO 00/06Tf0 PCT/GB99102487 ' 1 ARRAYED BIOMOLECULES
AND THEIR USE IN SEQUENCING This invention relates to fabric arrays of
molecules, and to their analytical applications. In particular, this
inv~a~tion relates t~ :he use of fabricated arrays in 5 methods for
obtaining genetic sequence information. ~tcknround of the I~nv~On Advances
in the study of molecules bave been led, in part) by improvemart in
technologies used to chuadaise the molecules or their biological reactions.
In particular) the study of nucleic ands) DNA and RNA) has benefited $om
devektping 10 technologies used for sequence analysis and the study of
hybridisation evarrs. An example oftha technologies that have improved the
study of nucleic acids, is the devetopnu~t offabricatod arrays ofimmob~7ixd
nucleic acids. These arrays typiall~r consist of a high-density matrix of
polynucleotides immobilised onto a solid support material. Fodor at al.,
Trends in Biotechnology (1994) ]i:19-26) desaba ways of 15 assembling the
nucleic add arrays using a chemically sensitised glass surface protecxed by
a mask, but exposed at d~u~ed areas to aDow attachma~t of suitably mod>ficd
nuclides. T'ypicagy, thex array: may be deacxibed as "many molecule"
arrays, as distuict regions are formed on the solid support comprising a
high density ofone apa~6c type of polyrrucleotide. Z 0 An ahesrmtive
approach is dexnbed by Schwa et al., Science (199S) ~Q:467470, where
aaraples ofDNA awe positioned at predetermined sites on a glass mi~osoope~
slide by robotic micropipetting techrwNes. The DNA is attached to the glass
~ along its entire length by non-covalent electrostatic interactions.
However) altla~h hybridlsmon with compar~r DNA xquenca can occur, this
approach array not Z 5 permit the DNA to be freely ava~7able for
interacting with other components such as polynwrrsae arzyma, DNA-binding
proteins etc. The arrays are usually provided to study hybridisation
averts, to determine tire seyuenceofDNA (I~rzabekov, Trends. in
Biotechnology (1994)]i:27-32) or to detect mutations in a parricutar DNA
sample. Many of thex hybridisation events are ddccted 30 usingduorescait
labels attached to nucleotides) the labelsbeing detected usingasenaitive
auorescast detector) e.g. a charge-coupled detector (CCD). The major
disadvantages i~tr~a~aw n~r~~~t~   3 0 JAN 2003 wo ow~~o rcr~ca~ I 2 repeat
sequencxa can lead to ambiguity in the rosuhs. These problems aro
ra~ogniaed in Automation Technologies for Garome Characterisation) Wilay
lntersciarce (I99'7 ed. ~ T. J. Heu~dadi,~k, Chapter 10: 203-2Z5. In
additior~ the race of high-da~ity arrays in a multi-step analysis pr~ooe~e
can 5 lead to probtans with phas~g. Phasing problems result 5~n . a beer in
the aynchnonisation ofa radon step ooarrring on different molaxrles ofthe
array, -1f some of the amtyal molaxrla fail to undergo a step in the
prooedrtrey subsa~eat reds Soyr these aakwks w~l no bager Ix instep with
results obtained for flue odra afrayed mole~ea. The proportion of molax~les
oot of phase w~l israaase tlr~ovgh :o successive steps and conaeqven~r the
reauha deterred will become arubiguova. This prpblem is erect is tire
aequarcing procxdure dacn'bed in US-A-530Q509. 



An alternative seguarcirrg approach is disclosed in EP-A-03a1693, wrhich
comprises hybri~sir~ a thvo~acentt~>abched strand of DNA to a target DNA
aanrple in a e~le >t~n) and tbe using an e~conuclaae to eleav~e 15
repeatedly the end base from the hybridised DNA. The baser are deteeled in
sequential passage through a detector) albwing reconstniction of the base
sequeaoa of the DNA. F.aeh of the different yes has a distinct fluorescent
label attached) which is deterred by lair-induced Ouorescence. This is a
complex method, priasr~r boausa it is di~arh to aa~ue that every nucleotide
of the DNA strand is labdkd and ao that this has been achiered with high to
the original sequa~ce. ~t The invartion is band in part at least on the
raiiaation that mode sways can be produced with separation betwan the
molearlea to provider distincx optical raolutio4. The arrays may be formed
by simply unrrro6a moc~re Z5 ofmoiecules to a sofrd suriboe in such a way
that provides scp~on betraem the molearla to albw each moleevle to be
resolved optically. According to the prat ~ve~ion, a device comprises as
array of arofeada capable of intarogatioA and immobilised on a solid
auribce, whaan the army lea a s<rrface deity which slbwa each rratecule to
be individually resolved, e.g by optiai 3o microscopy, and wbada<acb
rriolaxr>c is immobilised at one or rrwre poirksy bar sped8e interaction
with the su<boe, other than at that part of each molecule that caa be ~.
Thereforr, the arrays ofihe present invention comprise what are eiveiy   3
~ JAN ,~u~~ WO 00/06T'10 PCT/G89910Z48T 3 single molearles that are more
spatially distinct than the arrays of the prior art. This has many
important benef is for the study of the molecules and their interaction
with other biological molecules. In particular, fluorescence events
oocttrring to each molecule can be detected using an optical microscope
linked to a sensitive detector, resulting in s 5 ~ distinct signal for arch
moloarla ` When used in a malti-step analysis of a population of single
rrrolecules.tJters is a removal of the phasing problems that aro
encountered using high density arrays of the prior art. Therefore, the
novel amys also permit a massively parallel approach to monitoring
~uorescart or other avails on the molearles. Such massively parallel data
10 acquisition the arrays extremely useful in a wide range of snalyais
procedures which involve the sc~irlglcharuterising ofheterogeneous mixtures
oftnolearla. The arrays can be used to characterise a particular synthetic
chemical or biological moiety, for example in screening procedures to
identify particular molecules produced in combinatorial ayntltasis
reactions. 15 The arrayed molocules may be immobilised on a solid support
via microspheres. A microsphere can be visualised easily, allowing it to be
positioned within a distinct optically resolvable region of a microscope
prior to carrying out further analysis procedures. The strays may be used
in many differ cnt analysis procedure or characterisation 2 0 ~ studies. In
one embodiment, the molecules aro polynucleotides, and the arrays Permit
sequence detrrrninabons to be carried out. Garaatilr, any sequarcang
nretlad can be used which makes use of fluorrrcent or other labels to
idemifyparticular rnn~tides or sequences ofnu~ida. A preferred method
con>pciaa the rated slaps of`. reacting an inuewb~ised targd polymrcleoade
25 with a primer, a Polyrrssmse and the different nucleoside triphosphitea
under condidoas sufficient for tlx polymerise reaction to procad) wherein
each nucleoside tripiwaphate is conjugated at its 3' position to a di~'aent
fluorescent label, determining which label (and thus which nucleotide) has
undergone the poiynraase reaction, and removing the label. Hecauae the
method utilises the arrays of the present invention, each incorporated 



3 o nucleotide can be unambiguously determined by fluorescent
measuranerrta, and additionally the method can be used to detect marry
thousands of reactions at the same time with no phasing problems.   3 0 JA
N 200 wo eo~r~o rcr~cs 4 Ahernativdy, the arrays may be used in genotyping
procedures (as disclosed in Shalon at 4l, Ga~ome Rmarch (1996) 639-645), to
provide a genetic "bar code" for an orgarosm) mapping atudi~s and mRNA-baxd
expression monitoring (as disclosed in Wodictca e~ al, Nat. Biote~nol.
(I997) 15:1359). The arrays may also be used as a 5 satsor) in the manner
d~cloaed in Malytioal Charostry (I998) 70:1Z42-1?A8. According to s darther
sapect of the inyad~n, a methpd ~, . under suitable cors~oas, an
i~nobitiaed array of polyauclootides accor~ng to tire presantinv~ention,
ofpreduermined sequa~ce, witha phn~r oftargetrrolax~scapabb of binding to
the arrayed polyaxecleotidea) and de~ctuAg a bind<ng evait, thereby :o
detwrniaing the pos~oa of a bound molewte on the array. Tlaia method
permits idenof mol~t~ aynth~ed by the combinatorial clrae~isny raactioua
sad incorporating) for example) a polynuckotide ide~a~ tsg. A fiatha mdhod
comprises the steps of contacting an away of polynuc~obda according to the
invention with a plurality of dotectably-lsb~d fragmaria of an 15 orgy's
ger~omic DNA, under hybridising conditions,) and detecting hybridisation
avettts. The orgarrism may be mamrruilian) in particular human, or
altd~a~iv~r the orgara~m nay be bactaid or viral. This mctiad ailowa
gawtyping anatysiato be am~iad oe~t. An array of the invention may be uaal
to generate a spatially sddraaab>e array Z o of single polynucleoGde
moleades. This is the simple consequen<x of salute flee array. Particular
sdvantaga of such a spatially addrasable array include the fol>owi~g: 1)
Polyraicleotide mold on the amy pray ad as idattifia tags and may ody need
to be IO~ZO baxs (oqg, and the e~cier~cy required in the aequenang steps
ark only need to be bates than 95'i. Z 5 Z) The arrays may be reusable fa
acro~ing once croated and sxd. A11 possible sequences can be produced in
every simple way, e.g. compared to ah>gh dearily DNA chip made using
photoGthogaphy. ien t rawinas ~g~nro I is a sc>armatic r~a~tation of
apparatus that may be used to image 3 0 arrays of the preaa~t inventive;
Figure Z ~ the immobitiastion of a polym~cleotide to a solid via a
te~ia~osplxre;   3 p JAN 2003 WO OQro69'10 PCTIGB9910Z487 5 Figure 3 shows
a fluorescence time profile from a single Iluorophore-labelled
oligonucleotide) with exatstion at 514nm and detection at 600nm; Figure 4
shows fluorescentiy labelled single molecule DNA covalently attached to a
solid surface; and 



Figure 5 shows images of s<rrface bound oligomicleotides hybridised with
the ,, ., ~ ., , : , .,.,, ... . ~p>~tafy awequenoa. , _ , . .. . . , ~ , .
Des~i~ion of the Irrva~tion According to the preaatt the single molecules
brnnobilixd onto flue surfscx oaf s solid support must be capable of being
individuslty resolved) e.g by optical io mesro. This mans that) within the
resolvable arcs ofthe psrticularirnaging device used) there must be one or
more distinct image' each repres~ng one molecule. Typially) the molecules
ofthe array are raohred using s single molecule fluorescence microscope
equipped with a sensitive detedot) e.g. a charge-coupled dda~or (CGD~ each
molecule of the array being anatyeed sinwitaneoualy. ~5 The molecules o~
the array rnay be any biomolecule inducting peptides and polypeptides, but
in particular DNA and RNA and nucleic acid mimics, e.g. PNA and
2'..O-methRNA Howava, other organic motaxeles may alw be used. Ths nwla~la
are formed on the amy to allow interaction with other "cognate" molaa~la.
It is there~'ore important to immobilise the molecules so that the portion
of the molecule not Zo used to immobilix the rnoh~ is capable ofbeu;g
irrtarogated by a cognate. In some applications all the molecules in the
single array will be the same) and may be used to interrogate molecules
that are largely disdrart. In other applications, themoleculea oaths array
Will primarily be distinct) e.g, more than 50"/.; preferably more than
70'~fi of the molecules will be diffaart to that of the other molaxrka. 25
The arrays oftbe preaeM invention are single molecule arrays. The term
"single molecule" is used herent to refer to one molecule that is vii
separately from neighbouring molecules (whether or not each molearle is
ofthe acme or different type). The term "individua>fy resolved" is used
herein to speafy brat, when visualised, it is possible to distinguish one
molasrle on the array from its neighbouring molaxrles. Vion is ei~'ected by
the use of reporter labels, e.g. fluorophores, the sigial of Which is
individually rG~olved.   3 0 JAN 2003 wo oero6rro rcr~cs~o~u~ 6 The term
"cognate molecule" is used herein to refer to any molecule capable of
interacting, or imerrogating, the arrayed molecule. The cognate may be a
molecu le that binds ~y to the arrayed molecule, forexample a complementary
polyetucleotide) in airylxidasitianresc:ion. Altarrdively, the coanatemay
associate non-speciga~rwith 5 the arrayed ir~oifcxacample apolymassc
enzymewhich associates willtaa arrayed P~tyotide'in the prooas
o#'syedl~isin8a complementary strsr~d. Z'he term "interrogate" is used
herein to refs to any ~aacdon of the arrayed molecule witb any albs
moteade. The interaction may be covatait a now.eovalent.
Theterms."a~y~polym~eotides" and "polyrwcaeotidearraya" areuredl~eroin to
define sn sway of single awleatks that are dwrauxerised by ooarprioag a
poly~otide raolerole. The term is intended to include the attachaoest o~f
albs molocules to a solid surface) the molaxales having a polynucleotide
attached that can be Earths intarogated. For example) the arrays may
cornpriae proton rrakatlea immobilised on a solid surface, the protein
molecules being conjugated with or othervhse 15 bound to a short
polym~deotida molecule may be interrogated, to address ttx array. 'The
extent of separation between the individual molecules on the array wgl be
deterrr~f) in pert) by the particular tec?ur~ue used to s~esolvi the
ir~vidual molewia. Apptratvs used to image moi~ulaC arrays are lowwa to
those aio~ed in t~ art. For example, a comfocsl sc~ing microscope may be
used to scan the surFaoe of the shay with a user to image directly a
~rophore incorporated on tlx ind'rvidwl molewis Iy 8uoreacence, as shown
inF'>~ 1, whore (1) repraaus a daector, (2) a bandpaaa $Itar) (3) a (~) a .
(s) a ~ ~ (~ a ndrror) (~ ~ Eg) a glass ooverslip and (9) a aaraple emda
study. Aiternaively) a sensitive 2~ detector, such ss a chargo-eoupled
detector) can be used to provide a 2-D inane rsprssa~ dm s5 wdividwal mod
on the array. In this example, resolving single molaaties on tlse array is
pos~k if the moleades are separated by s distance of spproxirnatdy at teat
250rnn x ZSOrnn, preferably at Isast 300ran x 300nm and more preferably by
at leant 350nm x 350atn. Horrewa, other techniques such as scanning
near-f~eid optical microxopy 30 (SNOIvI) are
avaibbiewitidtarec~pableofsopticat reso~or~, tltaabypaaoghog 



"more datse" arrays w be used. For example, using SNOM) the molerutea nary
lee sepauated by a distance of less thaw I t')On:n) e.g. I Onm x I Orun.
For a of   3 0 JAN 2003 wo ooro6r~o rcrics99ro~ 7 scanning near-field
optical microscopy) see Moyer et a~, Laser Focus World (1993) 29(l0).
Additionally) the techniques of scanning tunnelling microscopy (Bimiig et
al., HdveticaPhysiaActa(1982) 5~:?26-735)and
atomicforcemicxoacopy(Hanawaetal., 5 Annu. Rev. Hiophya Biomol. Swot)
(I994) i:115-139) are suitable for imaging the ~: arrays ofthe prat
irrvention. ()tha down which do not r~ety on rtdcroscopy,may also be used)
provided that they are capable of imaging within dixrete areas ~oa a aobd
Single a~olearles may be amyed by inanobiltaation to the su:&ce of a solid
10 support. This may be carried out 6y any lutoam tedmique, provided that
suitable con~tior~s areu:ed to aaure adequate aeparat;on ofthe molecules.
Garerally the array is producxd by dispa~ing small volumes of a sample
contaiNng a mixture of molecules onto a suitablypraparod solid sfuface,
orby applyig a dilute sohrtion to the solid to genaste a rsAdam array. In
this manner, a mccdm of di~art molecules may be 15 arrayed by simple mains.
The fonmtion of the single molecule array then permits identification of
each amtyed molecule to be au~ried out. It is important to prepare the
solid asrpport undo conditions wldch miointiae or :void the preseaoe of
co~tsminants. The solid support must be clamed thoroughly, preferably with
a auitabla detergent, e.g. Decor-90, to r~ernova dust and other Z 0
corasminants. Immobihsat'ron may be by apax6c covalent or non-covalent
interactions. If the molecule is a polynucJeotide) innnobitisation will
pnderably 6e at either the 5' or 3' position) as thrt the poiyaucleotide is
attached to the solid support at one end oily. However, the po>ym~cleotide
may be attached to the solid a~pport at any poaiaon along Z5 its length)
the attaclanatt acting to tether the polytarcleotide to the solid support.
The in~unob~7ised polynudeotide is that able to undergo interactions with
other moleaula or cognates at poafions distant from the solid support.
Typically the intasction will be such that it is poss~le to remove any
moleartes bound to the solid support tlu~ough nonapeafic irtteractiona,
e.g: by washing. Immobilisation in this manna results in well 30 separated
single mokwles. The advantage ofthis is that it prevents ir~taaction
between nagbbouring mola~les on the array,. which may hinder interrogation
of the array.   3 ~' JAPd ;r~~~ WO 00r06T1A PGTICHll1~48~ 8 In one
embodima~t of the invention) the surface of a solid support is first coated
with streptavidin or avidin) and then a dilute solution of a biotinylated
moleatle is adds! at discrete sites on the surface using for example, a
nanoGtre dispenser to deliver one molax~le on avesage to each Bite. If the
molecule is a polyrmcleotide) tl~u 



5 imawb~isstion msy 6e vis hybri~ation to a complarr~ary nudac acid motamle
previously attsched to a solid support. For example, the atrr~ of a solid
wpport stay be first costed with a primer poly~caeotide at discnate sites
on the s~n~oe, S'mgle polyri~xtaotides are then M~ought into ~rna~x with
the amyed pr~rs under Irybtidasing con~ions and snowed to "self sort" onto
the shay. La tha way, the arrays io may be used to a~ste the did
polynvcleotida from a bderogeneous sample of polynucteotides. Alternst;
vely) the arrayed primers may be composed of doublattranded polyaudeotidea
with a st~a~ded ovaha~ ("sticky~snds'~. I3ybnidiamaa with target
polynucleotida is that showed to ocarr snd a DNA tigaae used to oo~wie~ly
tick 15 the target DNA to the ptirna. The second DNA strand can then be
ranoved undo mdtiog conditions to Leave an arrayed poiynucleot;de. In s
prod embodiment ot'the >vattion, the solid surface is coated with an
apooode snd the motecula are coupled via an smi~>u~fwge. It is also
pre~rsbleto svoid or reduot salt pin the sohrtion containing the molecule
to be arrayed. Reducis6 20 the salt concattrstion minindses the poas,'bdity
of the moleada aggregating in the 8ohstion) which may sffett the poationing
on the array. In an embod;mernt of the invention) the target molecules are
immobilised eat;o non-8uoresoent streptavidin or avidin-functionslixd
polystyna~e latac eaicroaphe~, as shown in Z wg. 2 whao (1) repreaatts tlx
microsphero, (2) s ~ molecule (3) a 25 biomt molecule and (4) a
8uorescently labelled polynucl~ide. The mi~o~h~ aro inunobiGsed in turn
onto ~ solid support to fac the targat sampb for microseopa anslyw.
Alta~atdve microspheres for use in the present imrention are well known in
the art. The single nmtsa~te arrays have many applications in methods which
rely at the 30 dda~ionofbiotogical or~nica*1 interactions with arrayed
motax~lea. Forte) the arrays may be used to determine the properties or
identities of cognste moleatle:.   3 0 JAN Zp~~ wo oa~rosTro rcr~cH 9
Typically) interaction ofbiological or chemical molecules with the arrays
are carried out in solution. In particeelar, the arrays may be used in
conventional assays which rely on the detection of fluorescent labels to
obtain inforniation on the arrayed molecules. The 5 arrays are par~x~larly
suitable for use in muhi-slap assayer where the beer of aynchraoniastion in
the sta~ps were previouaty regarded as a limitation to the use of arrays.
When the arrays are composed of polynudeotidea they may by used in
oonva~ional ta~iques for obtairdng gau~ic se~axx information. Many of these
tea rely on the stepwise identification of suitably >abdlal nuceotides,
rofarod to in US-A 



10 5634413 as "ei~k base" sequencing n~Aods. In an embodiment of the
>nvention, the sequence of s target polynucJeotida is determined in a
aim~ar manner to that described in US-A 5634413, by daax~ the
incorporationofeaxkotidesintothenwxr~tatrandthroughtheddaxionofa8uorasoa~t
label attached to the incorporated nucleotide. The target poiymuceotide is
primed with 15 a suitable primer, and the nascent chain is extended in a
stepwise manner by the polymaase reacxion. Each of the di$'erestt
nucleotides (A, T) G and G~ incorporates a urrique guomplrore at the 3`
position which acts as a blocking group to prover~t unccmtrolled
potywaiss~os~. The potyrnaaae a~zy~ne incorporate a~eteotide irrtathe
nascent chain complementary to the target) and the blocking gnouP P 2 o
incorporation of nucleotides. The array aurfaoe is then dewed of
unincorpaated nucleotide and each incorporated nucleotide is "read"
optically by a charge.coupled detector using laser excitation and fibers.
The 3' -blocking group is then reed (deprotoct~~ to expose the nsacent
chain for further nucleotide incorporation. Hawse the array consists
afdis<inet optics>tyy resolvable polynudeotida, each a5 target polyrn~tide
wild ga~aste a aeries of diatind signals as the fluorescatt avaita are .
Details of the full a~a~cx are then deter. The rwmba of cycles that can be
achieval is governed principally by the yield of the deprotection cycle. If
deprotection fails in one cycle) it is possible that later deprotection and
continued incorporation ofnucleotides can bedetected during the next 3 o
cycle. Because the sequencing is perfornxd at the single molecule level,
the sal~ncing can be carried out on different polynudeotide sequencxs at
one tine without the   3 0 JAN 2D0. wo oovo6ro rcr~c>s to necessity for
separation of the diffa~ent sample irsg<naas prior to sequencing. This
sequaxirtg also avoids the pl~asi~ problems associated with prior art
nxti~ods. Deprotection may be carried out by chemical) photochemical or 5 A
sirru~ar, and eqwlly spphubte, sequenang method is dxlos~ in EP A i
064o146. Otlxr ausu6k seg proo~uas will 6e appar~art to tl~e slo~ad 1n per,
the saptaacrng m~Od mry rdy on the degradat;oa of the strayed
potynexleatidea) tbedegmdstionpnoductsbeingchsracteritedtodnethea to M of a
suitable ion tech~que is disclosed in WO-A 9510063, wixscby baxs on a
polyaucleotida are rar~oved soqua~iy, a pnedeterrnined ~r at a time)
through the use of tailed adaptora spcci$c for the bases, and a de8aed
axoraxtaase c>eavage. Hovreva, a coaseguea~ce of mquencing acing
siondeatn~ctive n~thoda is that it i5 is possible to form a specially
addressable array for further characterisation arud~s) sect therefore
non-d~ructive sa;uencang may be preferred. In this context) term "spauialfy
addressable" is used herein to dada how c6fferent molecules may be on tlra
basis of their poartion oa as array. Once saquaw~ the apatiViyr addressed
arrays rnay be used in a varidy of ' Zo pmadores which raqW a the
eHaraataisatiop of individual molaxdes fnoto hetaogeAeous populrdiona. . 



One appiicsbon is to use the arrays to characterise products syrk6emed in
ctoriaE cheerd~ry reactions. Dwing combinatorial ayMlwrses r~ioAay 'rt is
newt for a tag or labd to be incorporated omo a beaded support or racoon
product for 16e a5 ant characterisation of the product. This is adapted in
the preaart irrv~iow by using potyn~rekotide mdecutes as the tags) each
polynucteotide txiug spai5c for a paruaitss product, and using the tags to
hybridise onto a spatial)y add array. the aequ~x ~e:cie arrayed
polynucleotide hsa been daarnenod prariousiy) the ddxdor~ of as hy~riion
event on the array reveals the seyuaux ei the 3 o complanentary tag on the
p<oducx. Having identified the tag) it is then poss~k to cxudirm wtdd~
product .this relates to. The complete process is therefore ~d   .3 0 JAN
2p3 WO 00106T!0 PCTJGH9910Z48' 11 simple) and the arrays may be reused for
high through-put scraping. Detection may be carried out by attaching a
suitable label to the product, e.g. a fluorophoro. Combinatorial cl~mistry
reactions may be used to synthesise a diverse range of different molecules)
each of which may be identified using the addressed arrays of the 5 presa~t
invention. For acarnpte, combinatorial clxmiatry may be used to produce
thaspa~tic proteins or peptides that can be bound to the arrays to produce
an addressed array oftarget protd~. The tsrgds may then be scraped
foractivity, and those proteins exhibiting activity may be ids by their
position on the array as outlixd above. Sindtarprinciplea applyto other
products vfcombinatorial chanistry, for~anmple 1o the synthesis of
non-polymeric molecules of M.wt.<1000. Methods for g peptides/proteira by
combinaoriat methods are disclosed in US-A-5643768 and US-A5658754.
Split-and mix approaches may also be used) as d~xr~ed in Nelson at al., ).
Am. Chem. Son (1993) ~],~:9812-9813. In sn alternative approach, the
products of the combinatorial charuatry readioas 15 may comprise a second
poI lym~cleotide tag not imrotved in the hybridisation to the an-ay. After
fornuttion by hybridisation, the array may be subjected to repeated
polynuckotide sequencingto identifythe~seeond tag which remains free. The
sequencingmay lx arrKd out as da~x~d pr~aviou~ly. Therefore, in this
application, it is the tag that provides the spatial address on the Zo
array. The tag may then be ranoved from the product by) for ~ s cieavable
linker) to leave sn untag~ped spat;a>fy addressed array. A appticadon is to
display proteins via an immobilised polysome contairbng trapped
polynucleotides and protein in a complex, as descn'bed in US 5643768 and US
56S8754. 25 In a separate embodiment ofthe imrention) the arrays may be
uxdto characterise sn orgarosm. For example, an organism's genomic DNA may
be a~xe~ed using the arrays) to reveal discrete hybridisation patterns that
are uroque to an individual. This embodiment maytherefore be likened to a
"bar code" for each organism. Ttk orgardem's genomic DNA may be first
fragmented and detestably labdkd, for example with s 30 Suorophore. The
frsgma~ted DNA is then applied to the array under hybridising conditions
and any hybridisation events monitored.   8 0 JAN 2pfl~ wo ooasr~e rcr~cs
is Alternatively) hybridisation may be detected using an in-builf
fluoresca~ce bwd detxtion system in the a~rsyal molecule, for example using
the "molecular ba~c~r~s" 



described in Nature Biotecltnolog)r ( 1996) ],4:303-308. It is poss~le to
design the arrays so that the hybridisation pattern gaarsted is 5 unique to
the org~u~n and so could be used to provide valuable information on the
genetic cwrada of sn i~ividusl. This may lmve many useful applia~ious in
forenwc saax;o. AitanaBvely) the mdboaa tray be carried out forthe
detection o~fmutatioas or allelic varia~'witlmr the g~os~ie DNA of an
organian. For genotyping) et is desata6le to ida~r ifs psrtiwlar seqtmnoe
is prr~t in the io genonu. The poss~Ie unique o8gwna is a 16-mes (aasurning
randomness of the genome se~uaxx~ i.e. ~ there is a probability of .any
g'rvat 16-base ~ occurring only once in the humsn gerwme (which has 3 x 10'
bases). T(u~a are c.4 x 10' poeat'ble 16-mess which would fit within a
region of 2 cm x 2 cra (a:suarqg a aingie copy at s deity of I molecule per
250 rain x 250 ram aquaro). It is tha~ioro 15 necessary to determine only
ifs particular 1&mer is present or not, and so quar~itabvo measurements are
unnecessary. Identifying a mutation in a particular region snd what the
mutation is can be carried out using the l6.ma l~rary. Mapping back onto
the human gamma would lx poss<ble using published data and would not be a
p<obtefa once the entire genonx has barn ddarnincd. These is buih-in self
check, by looking at the so hybridiastion to pa~rtiatlar 16-mesa so that
ifthere is a single point nxthis wr'il show up in I6 diflE'erent 16-nxra,
idauyfying a region of 32 bases in the gawme (the mutation would occur at
the top of one 16-mar and then at the second base in a relied l6.ma etc).
Thus, a single point mutation would result in 16 of the 16- mess not
showing hybr~iaation and a a~ear set of 16 showing hybricgsatwn plus the
rime tl~ ~ior Z5 the complan~y strand. In aanmuy, considering both strands
ofDNA, a sis~glepoint mutation would result in 32 of the 16-mars not
showing hybridisation and 3a naw t& mars hybridiaatioa, i.e. quite large
changes on the hybridisation pattern to the array. Bywayofexampte) a sample
oft~umsn genomic DNA rnay be restriction-digasbed to garerate short
frag~r~a~ts, then I:be>fed using a fluorescentiy labelled monomer and a DNA
poiymaase or a terminal transfaase avzyme. This produces short lengths of
sampleDNA with a fluorophore at one end. The melted fragneMs may then be
exposed   3 0 JAN ,~pp~ wo oo~osno rcrnca~roa~a~r 13 to the away and the
pixels where hybridisation occurs or not would be identified. This produces
a genetic bar code for the individual with ('>f oligonucleotides of length
16 were used) c.4 x 109 binary coding elements. This would uniquely define
a person's genotype for pharmagenomic applicaxions. Since the arrays should
be reusable, the same process 5 could be repeatod on a different
individual. Viral and bacteriv organisms may also be studied, and screening
nucleic acid samples may reveal pathogens pnaa~t in s disease, or identify
microorganisms in analytical tochroques. For example, pathogenic or other
bacteria may be idad~d uaiag a series ofsinglemoleculeDNAchipspmducedfrom
different strains ofbactais. Agsur) 1 o these chips sre sirteple to make
and reusable. In s further example) double-stranded arrays may be used to
seen proton libraries for binding) usin 8~anscently Isbelled proteins. This
may determine protdna that bind to aparticular DNA:cquence, i.e.
proteinsthat control transcription. Once the short sequence that the
protein binds to has been detet<rrined, it n gay be nude and a8~a~ity 15
purification used to isolate and id~tify the protein. Such a method could
fmd all the transcription-controlling proteins. One such method is
disclosed in Nature Bioteduwlogy (1999) :p573-577. Another use is in
expression monitoring) For this, a Iabd is required for each gene. These
are c.100,000 genies in the human genorne. These are 262,144 possible 92o
mere, ao this is the minimum la~gth of oligomer needed to have a unique tag
for each 



gene. This 9-men label needs to be at a specific point in the DNA and the
best point is probably inur~ediatdy after the poly-A tail in the mRNA (i.e.
a 9-men linked to a poly-T guide soqua~ce). Multiple copies of these 9-mere
should be present) to permit quantitation of gene expression. I00 copies
would allow determination of relative 25 expression from I-1000. l0,000
copies would allow determination of relative gene expression from
.01-100'/.. 10,000 copies of 262) 144 9-mars would fit inside I cm x 1 cm
at doss to maximum der~ity. 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 petm~s the 3 0 gamration of spatially
addressable arrays of single molecules in free aohrtion, which may have
advantageswherethe surface attachment impedes the analysis Ee.g.
drugscr~g). A nanovia) is a small cavity in a flat glass surface e.g.
approx 20 Irm in diameter and 10   3 0 JAN 200,3 wo ouro6rre pcrice~n~~r m
pm deep. Th~r can be placed every 50 Itm, and so the array would be less
date flan a surface-attacteal array; however) this could be compensated for
by appropriate adjustment in the iraagrng apnea. The foaoaring Exarnplea
iuustrate the im~a~tion) with to the 5 The rniaoscope nt-up o~d in the
folbwing Fxampie was band on a sro~d c~nfocat 8uora'sca~ce systan using s
photon detector ~ shown it Figuro 1. Hirer) s e~arrow, spatially Lid lisa
barn (Cw Argon lon Laaa T~nolog~r RPC50) ~ :o passer! through en
ecousto-optic nno~ator (AOIuQ (A.A Opto-Electroroc) which acts as a fast
optical switch. The acousto-optic modulator was sw~d on and the laser beam
was directed through an oil emaaion objective (100 7i, NA=1.3) of an
inverted optical rrucxosoope (Nicon Diapiat 200) by a dichroic boon
apiitter (540DRLPOZ or SOSDRLP02, On~a Optics lnc.~ The
objeexivefoaraeatheiightto ad~tiw~lianited 15 spot on the target sampk
immobilised on a thin glass coventip. FluorescaKx from the sample was
collected by the same objective, passed through the dichroic bean splitta
and through a SO pm pinhole (Newport Corp.) placed in the itnega plane
oft6a microscope obaavat'ron port. The pinhole light aging from the sample
whidt is out of the plane of the Haa focus. 3'he transmitted fluor~escer~ce
was se~eratod specdally by a ba~m spTida into red and green con~ponarts
whidr was stared to remove re~at ls'a scoter The remaining fluorescence
ooerrpona~ts wine tAat locoed onto xpaate sale photon avalanche diode
ddectors and the signs raided onto a rrult'~a~nd sailed (MCS) (MCS-Phu) EG
A G Ortec) with time resoktiona ie the 1 to 10 ms cue. . Z5 The teraet
samplt was a S'-biotin-modi~ l3aner prirna~ oligonuclaolide prepared using
oonvartionel phosphorernidite chemistry, and having SEQ IDNo.1 (sec listi~,
below). The oGgoe~uc~tide was post-syntheticaltY ~ by rau~ion of the
uridiue bwse with the idyl eater of tetren>uhylrhodamae ('flvDt). Gh~a
c~va~ps were by cleani~ with acetone and drying radar 3 o rotrogen. A 50 pt
sGguot ef biotin.BSA (Sigma) redissolved in PHS buffo (0.01 M, pH 7.4) ~ 1
mg/mt eoncartntion waa deposited on the clean covwalip and >ncubakd fior =
hours st 30C. Excess biotin-BSA was ranoved by washing S times with Md~Q ~r
3 0 JA N z003 wo oo~o6rro ~ricH~ros4~r 15 and drying under nitrogen.
Non-fluorescent streptavidin functionaGsed polystyrene latex microspheres
of diameter SOOnm (Polysciences Inc.) were dilutod in 100 mM NaCI to 0.1
solids and deposited as a 1 Nl drop on the biotinylated coverslip surface.
The sphere were allowed to dry for oiie hour and unbound beads removed by
washing 5 times with 



5 MiIGQ water. This procedure resulted in a surface coverage of
approximately 1 sphercJ100 pm x 100 pan: , The non-8uoresoent microsphaa
were found to have a broul rl fluoreaoenoa st arcitation wavelength 514ms)
probably arising from small quwnGtiea of photoactive constituents used in
the coudda! pr~uadon of the rrrhxoaphas. The 10 micxoapheros were therefore
photobleached by treating the prepared covarslip in a lava beam of a
frequency doubled (532run) Nd:YAG pulsed dye laser, for 1 hour. The
biotinylated 13-TMR ssDNA was coupled to the streptavidin funcrionalisal
microaphaes by incubating a 50 pl sampler of 0.1 pM DNA (diluted in 100 mM
NaCI, 100 mM Tris) deposited over the microspheres. Unbound DNA was renwved
by 15 washing the coverslip surface 5 times with Iu011iQ water. Low light
lcvd illumination from the microscope condenser was used to position
visually a micxoaphere at 10x m:gni0cstion so thst when the laser was
switched on the sphere was located in the centre ofthe din limited focus.
The condenser wastlrea turned off and the light path switched to the
fluorescence detoction port. The MCS was Z o initiated and the Ouorescance
omitted from the latex sphere recorded o:t one or both channels. The ssmple
was excited at 514nm and detection was made on the 600nro chanr~d. Figure 3
shows clearly that the 8uor~escence is switclu;d on as the laser is
deflected into the microscope by the AOM, 0.5 seconds after the start of a
acau. The 25 intensity of the 8uoreacenoe remains relstively constant for a
short period of time (l00 ms-3s) and disappears in a single step process.
The results show that single molecule detection is occurring. Tbis single
step photobleaching is unambiguous evidence that the fluonesca~ce is from a
si~gle molecule. 3 o This Example dtustcates the preparation of single
molecule arrays by direct covalent attachrnent to glass followed by a
demonstration of hybridisation to the array.   3 0 ~A N 200g WO OQIi069'!0
PCTIGB99J~Q~189 16 Covalently modified slides were prepared as follows.
Speatros~-2000 slides (TSL, LTK) were rinsed in rru'lli-Q to remove arry
dust and placed wet in a bottle containing neat Devon-90. and ldt for I 2 h
at room temperature. The slides Wen rinsed with m0li-Q and placed in a
bottle contaieang a solution of 1.5x 5 glycidoxypropykrimdleoxy silane in
ndlli-Q and rnagr~etically stirred fos 4 is at room teiapastuse rn~d with
mini-Q and driai underNz to hbaate an epoxide coated sw~x. The DNA used
wore that dawn in SEQ m No. Z (see slist~g below)) Whore n sepr~ta a
S-nroth~rl (Cy5) with a TNtEt group coupled via s W~iC~erto ~~P :o A sample
ofthis (s Irl) 4s0 plug was applied as a solution in neat r~-Q. The DNA
reaction was left for 12 h at room tanpa~ature in a humid stmosp>ute to
couple to the epoxide surface. The ~f~de was then rinsed with mini-Q and
driod under N=. The prepared sl>das can be atorod wrapped in foil in a
desiccator for at ieart a 15 week without any noticeable c~tamination or
loss ofbound material. Conaol DNA of the same seduaices and Suorophore but
without the 5'-amino group shows little stable coverage when appfeed at the
sane conoa~tration. 



The TllBt Isbdled elides ware then iFated with a aotution of complemenhry
DNA (SEQ m No. 3) (SNM, I Opn in 100mM PBS. The complementary DNA has tho
so sequence shown in SEQ ~D No. 3, where n repratents a methylcytosine
group. Attar I how at room tempa~e the slides were cooled to 4'C and left
for 24 hours. F'matly, the ads w~aa washed in PBS (IOOniM) 1mL) and dried
undo Ns. A chamber was oooswcted on the aGde by soling a coveralip (No. 0)
Z2~ma) (ice Proppa Ltd) U~ over the sample area on two sides only with
prehaedated s5 microscope mo~ng nxdium ()rulatt) O. Kindler GmbH 8t Co.)
Freiburf) Gary) whilst maintaining a gap of less than 200pm betwarr slide
and covasfip. The chamber was &nd~ 3x wrath IOOItI PBS (IOOmM NaCI) and
showed to atabiliee for 5 bed'ore analysing on s fluorescence nucroaoope.
The slide wsa ~vat~ so that the chamber covexslip contacted the ob,~ive
lays 3 0 of an ink mi~pe (NOcon TE200) via an inanasion oil interface. A
60' Sued sgica dispersion prism Was optically coupled to the back of the
slide through a this 86a of glycerol. lass fight was at the prism such that
at the glsss/sample ir~te>~x   ~ 0 J~4t~ ~~~~ WO 00/069'10 PCTIGB99/OZ4S'1
17 it subtends an angle of approximately 68  to the normal of the slide and
subsequently undergoes Total Internal Reflection (Tlit). The critical angle
for glass/water interface is 66. Flurorescatce from single molecules of
DNA-TMR or DNA-Cy5 produced by 5 excitation with the surface spa~fic
evanescxnt wave following TIR is collected by the objective lens of the
microscope and imaged onto an lntensif ed Charge Coupled Device (1CCD)
camera (Pentam.x, Priaton lnsauments, Nn. Two images were recorded using a
combination of I) 532nm accitation (frequency doubled solid state Nd:YAG,
Antarea, Coherer~) with a~580nm fluorescence (5$ODF30, Omega Optics) USA)
filter to for TMR and 2) 630nm dcc~4on (nd:YAG pumped dye Issex, Coherart
700) with a 6?Omn fiher (670DF40, One Optics, USA) for CyS. Images wero ra;
orded with an exposure lima of 500ms at the maximum gain of 10 on the ICCD.
Laser powers incident at the prism were SOmW and 40mW at 532nm snd 630nm
respoctivdy. A third image was taken with 53Zron excitation and detecxion
at 6?Onm to determine the Ievd ofc~oes15 talk from TIVBt on the Cy5
channel. Single molecules were identi5ed by single points of fluorescence
with average intensities g~atar than 3x that of the background.
Fluorescence from a single molewle is corned to a few pixels, typicdly a
3x3 matrix at 100x magrngcabon) and has a narrow Gaussian-like intensity
profile. Single molecule fluorescence is also characterised by a Z 0
ono-step photoblearhing procxss in the tirr~ course of the intercity and
was used to distinguish single mola~rl6s from pixel regions containing two
or more molaxrles, which exlu'bited mufti-step proc~saa. 1 ignrcs 4a and 4b
show 60x601tms fluorescence im~es from cmn>a~tly modified slides with DNA
TI~t starting concxntrations of 45pM and 450pm. Figure 4c shows a control
s$de which wss trailed as above but with DNA TMR 25 lacking tlu 5' amino
modigcat~on. To count molecules a threshold for fluorescence intensities is
first sat to exclude bactground noise. For a control sarnpk the background
is essentially the thamal Noise of the ICCD ma~aured to be ?6 counts with a
standard deviation of only 6 counts. A threshold is arbitrarily chosen es a
linear combination of the background, the average 3 0 counts over an image
and the standard deviation over an image. In general, the latter taro 



quantities provide a measure of the number of pixels and range of
intensities above background. This method gives rise to threshold feuds
which are at least 12 standard   3 0 JA N 2pp3 wo oo~o~~ne rcr~c>3 is
deviations above the background with a probability of less than 1 in 144
pixds contn'bueing from noise. By defining a single molecule fluorescent
point as being at leant a Zx2 matrix of pacda and no larger than a 7x7, the
probability of s single backgrotmd pixel coring to the counting is
eliminated and clusters are ignored. 5 Lr tliissmapnar, theaerface
deuuWtyofsingle moleada ofDNA TA~t is mawrred ,. at 2.9x10`
molax~kalcm~(23.$ molecules in Figure 4a) and 5.8x10` mollcxn' (,69 mola~es
in.Figure 4b) at 45pM and 450pM DNA-Tll~t coupling concentrations. Ttm duty
is deuly not direetl~r proporbonsl to DNA ooncentratioe but wfll be some
function of the coexntion) the volume of sample app8al) the area covered
bar the 1o sample iwd the W bation tune. The percentage of na-spe~lly bound
D3~IA Tll~Dt and anpusidea of the order of 3-9'ifi pa image (8 noo-apeci&~y
bound motaules in Figure 4c). Analysis of the photobleaching profiles shows
only 6'~. of fluorescence points contain mope than 1 mdecule. Hybri~sation
wan identified by the oo-locdiaatron of dixred points of 15 fluorescence
from single nmlecules of TMR and Cy-5 following the superposition oftwo
images. I igurea Sa and Sb show images of surface bound 20-mer Labelled
with TMR and thecon~pl~ta~y ZO-ma fabel~d with Gtr s deposited Som
solution. Figure 5d shows those fluoresoeat pods fiat are co-local~ on the
two sorma ice. The aegrre of Irybridisation was to be Tit of the s~ufsro-
bound DNA (10 co-Iodised points Z0 in 141 points firo~n F'Sd and Sa ivd~r).
The perca~tage of ~ DANA is to be 3?'ifi of aU seubcx.adsorbed DNA-Cy5 (10
co-locdixd points in 2'! pots from F'~r~s Sd and Sb respa~ivdyr). Single
molecules were countedby ~natcl~ aise and enta~aity of fiuor~eaoent points
to ttueshold critais which separate sit~ie srwla~das from bacxgovnd noise
and cosmic rya. Fsgura Sd shown the Ievd of aoa Z5 tally fist TivBt on the
Cy5 chsfmd which is to be 2'/. as determined by cout~g ody those ~oreaca~t
points which fell within the criteria for detarni~ the TIuBt single
moie~le8uorescaice (2 fluoreacencepoints in 141 frornFigures Scard Sa
rap~ivdy). Ttua F.xampk danonatratea that s;ngle rrblaark arrays can be
formed, sect hy~ievents detedEed according to the invention. It is expected
that ttx aln~ed 30 person wail ralise that moda~iona re~sy be erwde to
improve the e~aa~cy of the proems. For example, improved washing steps,
e.g. using a flow cell, would raduoe   8 0 J~4N 2003 wo ooro6~ro
rcrecs~ro~s~ 19 background noise and permit more concentrated solutions to
be used, and hybridisation protocols could be adapted by varying the
parameters of temperature) buffer, time etc.   



wo oe~e6~ro 3 0 JAN 2003 PCT/GB991~4~7 20 1. A device comprising an array
of molxules capable of int~rrogae'ron and immobilised on a solid wherein
the array has a surface density which allows the molecuta to 6e ra~ty
resolved) and wherein each molecule is immobiWod at oat 5 or rnor~e points,
by apecd3c iMaacxion with the suriacx) other than at that part of ~h
molecub that c~ be ~tarogated. 2. A devive aooor~ to claim I, wherein at
least SO~G ofthe arrayed rralecuka aro capable of 6eir~ i~ividWll~r
resolved. 3. A devi~x accords to claim 2, whaain at last 90~iG ofthe
arrayed rnolelas aro 1o capable ofbeiag indiv~wGy reaotved. 4. A device
accordia~g to arty preceding claim, wherein over SO~G of tba arrayed
molearlea are distinct. resolvable by optial micro~oPY. 15 6. A de ice
according to any preying claim, wherein the array has a x density of one
molecule per at least IOnm x IOnrn. 7. A device to elaien 6) wl~rein the
surFa~x deity is one andewie pea at last IOOnar x IOOnn. 8. A devicx
scxordi~ to claim 6, wherein the surface deaity is one moleade par 20 at
least 250run x 230ran. 9. A device according to any procedin8 claim,
wherein ach molecule is cod to biotin; and a' immobilised via iMuactioa
with stnptavidin or svidin. 10. A deviceaocorto any proading claim) wherein
each molecule is immobilised via a microsphae. 25 1 i. A devicx accordin~
to ctaan 10, wherein the rnicxospherea bar f~oml avidin or :treptsvidin and
the solid a~rhoe hay biotai bound thereto. 12. A device according to any of
claims 1 to 8, wherein the molecule aro immobidsal via a covalent la~kage.
13. A device sccoto any preceding claim, wherein each molecule is 30 to a
9uomphore. 5. A dcwice to any of derma t to 4, wherein the amyed o~ole~ka
aro i   3 0 J~4N 2003 WO 00106V0 ~ PClYGH99/0~48~ i 21 14. A device
according to any preceding claim, wherein the molecules are polynucleotides
immobilised to the solid support via the 5' ternunus, the 3' tarnimss or
via an internal nucleotide. t 5. A device according to claim 14) wherein at
least one arrayed polynucleotide has 



5 a saond polynucl~ide hybri~sed thereto. 16. A device according to claim
I4 or ~ 15, vdu~ the arrayed poly~x~cleotida is of known seguaioe. 17. Ux
ofa device according to claim 14, for the capture ofa second
polyra~cJeotide molecule capable ofhybridiaingwiththe
arcayedpolynucleotide, comprisingbringirgiato to contact with the device a.
sampb containing or of coMairdr~ the second potymrcleotide molecule) under
hybr~diring condition:. 18. Ux accorsding to claim 17, wherein the sample
is removed from contact with the devive, thereby sepsrabng 5om the sample
said accord polyrwckOtide hybridised to as arrayed polyexruleotide. 15 19.
Use of a device according to any of claims 1 to I 6 for monitoring an
interaction with a single molecule, comprising resolving an arrayed
molecule with an imaging device. 20. Ux acceding to daim 19) the arrayed
molecule undergoes repaid inta~a~ons with each interaction beung morntored.
21. A method for producing a device according to any of claims 1 to 16,
compris~g 2o immobilising a mixture ofmolearles onto a solid auface,
wherein the molea~les foam an array having a surface density which allows
the molecules to be individuany raoived. 22. A rr~thod forforming a
spatially addressable array, which comprises daarra~g the sequ~ of a
plurality of polynucleotide molaxiles immobilised on a device according to
any of claana 1 to I6. 25 Z3. A method according to daim 22) further
comprising flue step of hybri~aing a po~de molxule to its inutbb~sed
complement on the array. 29. A method accordiqg to claim 22, comprising the
npested steps of. r~irtg the imtrwbilised polyrascleotide with a primer, a
potyrr~erax and the nucleotide triphosphatesunder conditions sufficient
forthe polymeraxreacxionto proooed,whaein 3 o each nudeotide triphosphate
is conjugated at its 3' position to a different label capable of being
wised optically, determining which label (and thus which rarcleotide) has
undergone the polymerisation reaction) and removing the label.   3 0 ~aN
~~o~ wo oorotrre mcs~~? 22 25. A method according to daim 24) wherein each
label is a fluorophoro. 26. A method for characterising a plurality offirst
molecules, comprisingcontact~g, nndar suitable conditions; a spatidly
addressed array of second moleades with tha 5rot . molaarlea) and doling a
binding evait) wherein the array is as de5ned in say of dims 5 ltolG. .. -
2?. . A rruth~od .to daim 26) wherein the Brat eno~r>~ ooh a n 1 .  28. A
method sooor~ to claim 2?, vvh~n the tag is a ~onophor~e. 29. A mHhod
aooor~ng to dawn 2?, wheran the tag is a polynud~e. 



so 30. A n~exhod sccor~ng to daim 29, wherein tha polyrwd~ide sequerwa is
determined. 31. A method accord~gto daim 30, wherein the polynudeotidetag
is ranovod aster the rapea~oa is determined. 32. A maivod for dwacteriaing
an organism, comprising the steps of oootu~g a 15 def ned array
ofpolynudeotide molaules immobilised on a solid support with a phuagty
of&agments ofthe organism's gecamic DNA., under hybridising conditions, and
det~iyl any ~tionwva~ts, to obtain s distinct hybridisatio~r pattern, whadn
the may it as deed in atgr of daints ~3 to I5. 33. A mdhod wording to claim
32) wheroin the organism is human. Z O 34. A ~thOd ato claim 3Z) wha~ein
the organis,n is bacterial or viral) 35. A mahod accor~ to srry of daima 32
to 34) wfa~in the fragnna~ta of ~osa'c DNA are d~.tabdled. 35. A t~thod to
claim 35, wherein the label is a fluorophoro. 3?. A nmthod to any of dsims
22 to 36 the array oompriaes s aogd 25 suppoet rnaterid having a phuagty of
cavities each cavity ooa~risiag a polynucjeot~ k.  .AF.A{F.A@y.A@y.A,E
.Ae.A(S .Af.A@.AS.A2 .A,.A.AH?.A.A,.A.A.ANR.A.Ay?.AU)+-^:Ty;'8:
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UV]caU]ca]ca]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]c
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