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B10MOLECULES AND THEIR USE IN SEQUENCING I h bon e rrvar Iaeld of t This
invention relates to fabricated arrays of molecules, and to their
analyticalapplications. In particular) this invention relates to the use of
fabricated arrays in5methods for obtaining genetic sequence
information.Background of the InventionAdvances in the study of molecules
have been led, in part, by i~rovert~ent intechnologies used to charactaiae
the rnolaxtles or their biological r~xions. Inpartiarlar, fhe study of
nucleic acids) DNA and RNA, has berre5ted from developing_ totechnologies
used for sequencx analysis and the study of hybridisation warts.An example
ofthe technologies that have improved the study of nucldc acids, isthe
development of fabricated arrays of immobilised nudeic aads. These arrays
typicallyconsist, of a high-density matrix of polynudeotides immobilised
onto s solid supportmaterial. Fodor sr al., Trends in Biotechnology (1994)
i:19-26) describes ways of:5assembling the nudeic acid arrays using a
dxmicalty sensitised glass surFa~x protectedby a mask, but expoxd at
defined areas to allow attachment of suitably rrwdifiednoes. Typically,
these arrays may be descn'bed as "many moiaule" arrays, asdistinct regions
are formed on the solid support comprising a high density of one apa~6ctypo
of polyrnudeotide.2 0An ahernative approach is described by Schena et al.)
Science ( 1995) ~Q:467-470, where samples ofDNA are positioned at
predetermined sites on a glass micxoacope~slide by robatic micxopipetting
tecbrriqrres. The DNA is attached to the glass sutfaeealong its entire
length by non-covalart d~ostatic interactions. However,
althoughhybridisation with complanentary DNA xquencas can occur) this
approach may not2 5permit the DNA to 6e freely available for interacting
with other components such aspolymaase arzymea, DNA-binding protein:
etc.The arrays are usually provided to study hybridisation events, to
determine thesequence ofDNA (Mirzabelcov) Trends. in Biotechnology (1994)
i:27-32) or to detectnrutationa in a ganicular DNA sample. Many of thex
hybridisation events are detected3 ousing $uorescent labels attached to
nucleotides, the labels being detected using a sensitivefluorescent
detector, e.g. a charge-coupled detector (CCD). The major disadvantsgeaof
thex nrethoda era that it is not possible to sequence long stretches of DNA
and that *coooo~*   3 0 J A N 2003 wo ouro6~o rcr~cs~ro~ta~ 2 repeat
sequences can lead to ambiguity in the results. These problems are
recognsaed in Automation Technologies for Gatorx Characterisation,
Wiley-lnterscience (1997), eel. ` T. J. Heugelsdijk, Clwpter 10: 205-225.
In addition, the use of higi~-density arrays in a mufti-step anatysis
pnoce~ro can 5 lead to problems with phasing. Phasing problems result from
a bas in the synchronisation of a reaction step occurring on differad
molaulea ofthe uray. if some of the arrayed molecules fa0 to undergo a step
in the proc~ure~ subsequatt resuks obtained for thex molecules wn no
to<tger be instep with roof:: obtsened foe the other arrayed mokwlea. The
proportion of molecules out of pbax w01 iutabasa through _~ to successive
steps and conee~a~r the reauhs duaxed will become ambi~w. This problem is
ra~ogrosed in the a~ua~ing procedure describal in US-A-53d2509. An
alternative sequatcing approach is disclosed in EP-A-0381693) wrhich
comprises hybridising a 8uorescently-labelled strand of DNA to a target DNA
sample suspended in a Sowing ssmpb ::roam) and then using an eaconu~ease to
cleave l5 repeatedly the end bax from the hybridised DNA. The cleaved bases
are daec~ in sequential passage through a detaxor) aGowing reconstrucxion
of the bax acqtteaoe of the DNA Each of the diet aucleotides has a distirxt
fluoresca~t label 



which is detaxed by laser-induud iluorescence. This is a complex metlad,
prnr~rily baaurae it is diffarlt to ensure that every nucleotide of the DNA
strand is labd>ed sad ao that this has been aclneved with high fidelity to
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
with t separation bdweat the molexxrles to provide distinct optical
resolution. The amys may be formed by simply immobilisiqg a nrixhu~e Z5
ofmolecuks to a solid surface in such a way that provides suffiaent
separation beta~n the moleaties to slbw each molecule to be resolved
optically. According to the prexnt invention, a device comprises an array
of moleatka capable of intamgation and immobilised on a solid surface,
wherein the array has a surface density which allows each molecule to be
individually nsoived, e.g. by optial 3 o microscopy, and wherein each
molecule is immobilised at one or more points, by apa~c interaction with
the surfux, other than at that part of each molaxrle that esut be
interrogated. Therefore, the arrays ofthe present invention comprix what
aro effectively   3 0 JAN 2003 wo ooroorro rcrice9l~ 3 single molecules
that are more spatia~y distinct than the arrays of the prior art. This has
many important ba~ef is for the study of the molecules and their
interaction with other biological molecules. In particular, fluorescence
events occurring to each mdaxde utn be detected using an optical microscope
linked to a sensitive detector, resuheng in a 5 distinct signal for each
irwteatk. Wha~ used in a muhi-step analysis of a population of single
molecules there is ~ removal of the phasing problans that are encountered
using high dex~ity arrays of the prior art. Z'haefoney the novel arrays
also permit a rnassivdy parallel approach to monitoring fluorescent or
other eveMa on the mole~lx. Such massively parallel data to acquisition
makes the amyl ~ttre~nd ~r usdul is a wide range of st~al~rsis procedunat
which involve the scxeening/characteriaing ofheterogeneous mixtures
ofmolearlea. The arrays can be used to characterise a particular synthetic
chemical or biological moiety, for example in scraping procedures to
identify particular molecules produced in cmnbirntorial synthesis
reactions. 15 The arrayed molecules may be immobr~ised on a solid support
via mucrospheres. A microsphere can be visualised eas<'ly) allowing it to
be positioned within a distinct optically resolvable region of a microscope
prior to curying out further anaiyda procedures. The arrays may be used in
many diB'erent analysis procedures or characterisstion a o ~ studies. In'
one embodiment, the mola,ules are polynucleotides, and the smys permit
sequence determinations to be carried out. Gaxrany, any sequencing method
can be used which makes ux of 8uorese;mt or other labels to ide~r
particular nucleotides or sequences of nucleotides. A preferred method
comprises the reported steps of reacting an immobilised wget polynucleotide
25 with a prima, a poiymerax and the different nucleoside triphoaphates
under conditiotrs su~cient for the polymerise reaction to proceed) wherein
each nucleoside triphoaphate is conjugated at its 3' position to a
difl'erent fluorescent label) determining which label 



(and thus which pucleotide) has undergone the polymerise reaction, and
removing the label. Becaux the method utilises the arrays of the present
invention, each incorporated 3 o nucleotide can be unambiguously determined
by fluorescent ranents) 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 oeroiro p~~H 4 A>tanatively, the arrays may be used in
genotyping procedures (aa disdosed in Shalon et al, Genome Raearcf ~ (
1996) Q39-645)) to provide a gaietic "bar code" for an organisrry, mapping
studies and mRNA-based acpreasion monitoring (as thaeloaed in Wodicka et
al, Nat. Hiotechnol. (199'!) 1 S:1359). The arrays may also be used as a 5
sensor, in the manner disclosed in Ar~alyEicV Chemistry (I998)
70:1242-I248. r According to a Rutlxr aspect of the invention, a method
compri~s ao~ng, . under suitable cod, an itnnwbitised array of
potynucleotides sxorduig to twe praa~t invention) ofpredderminod sequence,
with s phnslity oftsrget mokarles capable of binding to the anayod
polyrarckotides) and da binding evart) thereby io determining the position
of a bound molecule on the array. This method pa~aoits identification of
moleaila synths by the combinatorial chanistry reactions and incorporating,
for example, a polynucleotide identifier tag. A further method comprises
the steps of contacting an array of pdyrwcleotida accorditAg to the
invention with a plurality of delectably labelled fr~na~ts of an 15
organisri~'a genomic DNA, under hybridising conditions, and detecting
hybridiation avema. The argsnism may be manunalian) in particular human) or
ah~valy the organism may be bacterial or viral. This method allows
gawtyping ar~tlyais to be carried out. An array of the uwanion may be usai
to generate a apatiaUy ad~asabk array ` a o of single polyewcleotide
molewlcs. This is the simple consequence of sequenca~ the array. Particular
advaraaga of such a spatially addressable array include the following: 1)
Poiyaucleotide mo>e~ on the array may act as identi~ tags and may only weed
to be 10-20 bases tong, and the elliciency required in the sequa~cirg steps
tray oaly need to be batter than 95G. 25 2) The arrays may be reusable for
scraxnng once crested and sequenced. All posst'bk sequences can be produced
in a very simple way, e.g. compared to a high density DNA chip made using
photo>ithography. ~guro I is a xhematic representation of apparatus that
may be used to image 3 o arrays of the praait snvanion; Figure 2 inustrata
the immobilisation of a polynucleotide to s solid surface via a
rnicrosphae; 



3 0 JAN 2003 wo ooro6ro rcrrc~~ 5 Figure 3 shows a fluorescence time
profile from a single Iluorophore-labellal oligonucleotide) with exatation
at S I4nm and detection at 600nm; 1 figure 4 shows fluoresoanly labelled
single molearle DNA cova>wtt~r attachd to a solid surface; and 5 Figure 5
shows images of surface bound oligonudeotides hybridised with the
complementary sequence. . . , , ' option of the Invention According to the
present inv~ion) the single molecules irrunobilixd onto the surfsce o~f s
solid support must be capable ofbdng individually resolval) e.g. by optical
1 o means. This mans that, wnlhle fhe resolvable area of the particular
itnsgang device uxd, then must be one or more distinct images each
represcMing one molecule. Typiariy, the molecules of the array aro resolved
using a single molecule fluorescence microroope equipped with a xnaitive
ddecxor) e.g, a charge-coupled drta~r (CCD), each molecule of the sway
being analyxd simuhaneoudy. 15 The molecules of the array may be any
biomolecuk inducting pept;dea and poiypeptidea, but in particular DNA and
RNA and nucleic acid mimics) e.g. PNA and Z'-O-methRNA. Howcva, other
organic molecules may also be asst. The moleada are formed on the array to
allow iMenction with other "cognate" molea~la. n is therefore important to
immobigse the molewks so that the poraoa aFthc molecule not Zo used to
immob~7ix the molecule) is capable ofbeing interrogated 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 arc hugely distinct. In other
applications, the molearlea onthe array will primstfly be distend, e.g.
nwre than SOY., preferably more than 70'L of the molecules well be di~a~t
to that of the other molecules. 25 The arrays ofthe preset nwa~ion an
single molecule arrays. The tetm's~e molecule" is used herein to refer to
one molecule that is visualised separately 5~om neighbouring molecules (vor
not each molecule is of the same or different type). The term "individually
raolved" is used herein to specify that, when visualised) it is possible to
distinguish one molecule on the array from its neighbouring molea~. 3 o
Y~ua>iaation is effected by the use of reporter labels, e.g. fluorophores,
the signal of which is individually .   3 0 JAN 2003 wo ooro6Tre rer~c~ 6 



The term "cognate molecule" is used herein to refer to arty inolecuie
capable of interacting, or interrogating) the arrayed molecule. The cognate
may be a molecule that binds specifically to the arrayed molearle, for
example a complementary polyrsreleotide, in a hybridisation reaction.
Aitanativ~dy, the cognate may associate non-speaiially with 5 the arrayed
molecule, for exempla a polyrrraase enzyme which associates with an arrayed
. . po~~ ~ pof synth~isurg a complementary strand. The tam "interrogate" is
used herein to refer to any intaacdon of the arrayed molecxrle with any
other molecule. The interaction may be covalent or noo-cow~lak. .- The
tersrrs "arrayed polytruclwtides" and "polyrarcleotida arrays" aroused
herein io to define an array of single molaxrks that are characterised by
cornpriamg s potynucteotide mokdrle. The term is intended to include the
attac~x of other molecules to a solid surface, the molecules having a
polynucleotide sttacired that can be further interrogated. For example, the
arrays may comprise protein molecufea immobilised on a solid surface the
protein molecules being conjugated with or otherwise 15 bound to a short
potynucleotide molearle may be interrogated) to address the array. The
extent of separation betvvear the individual molaxrla on the array w~l be
determiner, in part, by the particular technique used to resolve the
individual mokark. Apparatus used to image molecular arrays are known to
those skilled in the art. For example, a confoal scanning micxoscope may be
used to scan the atufaOe of the stray 20 with a laser to image directly a
fluorophore incorporated on the individwl molecule by fluorescence) as
shown in Pigure 1, where (1) represents a detector, (2) a bandpsaa filter,
(3) a piritroky (4) a mirror, (5) a lair beam, (6) a dichroic mirror, (7)
an objective, () a glass covershp and (9) a sample undo study.
Altanativeiy) a sensitive 2-D daator) such as s clurrgc-coupled detector,
can be used to provide a 2-D image rcpraartir~g the Z 5 individual
molecules on the array. In this example, resolving single mola~les on tire
amry is possr'ble if the molecules are separated by a distance of
spproxinwtdy at least 25tMm x 250nm, preferably st least 300nm x 300nm and
more prefexabhr by at Iesst 35t1erm x 350nm. However, other techniques such
as scanenng near-field optical microscopy 3 0 (SNOM) are
avaitablewhicharecapableofsmaller optical resolutions, therabypan "more
dense" arrays to be used. For example, using SNOM, the molecules may be
separated by a distance of less than 1 OOnm, e.g. 1 Onm x I Onm. Far a
description of   3 0 JAN 2003 wo oorosrro rc~r~cH _ z scanning near-fidd
optical microscopy, see Moyex r1 ark, Laser Focus World (1993) 29(I0).
Additionally) the teclu~iques of scanning tunndling microscopy (Hinnig se
al.) Hdvttica Physics Ads ( 19t32) 5 5:726-735) and atomic forcx microscopy
(H~u~svva seal.) 5 Anna. Rev. Biophys. Hiomol. Struct. (1994) i:115-139)
are suitable for imaging the arrays ofthe present invention. Other devices
which do not rdy on microscopy,may also be used) provided that they are
cspabk of imaging within diarxete areas on a solid support. Single mold may
be arrayed by inurwbilisation to the surfux of a soilid io support. This
may be carried out by any known ted~niqus, provided that suitable
conditions aro uead to assure adequate xpsntion of the molecules. Gareralty
the array is produced by dispaszing small volumes of a sample coMairdng a
mixturo of molearles onEo a suitably prepared solid aulhoe, or by applying
a d~ aohition to the aolid:ut6oe to generate a random any. In this manna, a
rnncture of diff~nt molecules may be 15 sstayed by simple mains. The
formation of the single molecule array then pamib identification of ach
arrayed molecule to be auried out. It is important to prepare the solid
support under conditions which minimise or avoid the prearoce of
contaminants. The solid support must be cleaned tlbroug>Vy) prrd'erably
with a suitable detergent, e.g. Decon-90, to rerrwve dust and Mlxr Z 0
contaminants. Imrnobi>;sttion may be by apoafic covalent or non-covala~t
interactions. If the molaxrle is a polynudootide) immobilisation wiU
preferably be at either the 5' or 3' position, so that the polynucleotide
is attached to the solid support at one end ody. However, the
po>ynucleotide may be attached to the solid support at any position aloag 2
5 its length) the attachment acting to td>xr the polynucleotide to the
solid support. The i~nnwbilised polynucleotide is then able to undergo
inta~tions with other molecarlas or cognates at positions distant from the
solid support. Typically the interaction wdl be such that it is poas~ble to
remove any molecules bound to the solid support through nonspeafic
interactions, e.g. by washing. Immobilisation in this manner results in
well 



3 0 separated single molecules. The advantage of this is that it prevents
interaction between neighbouring mola~les on the array,. which may irinder
interrogation of the array.   3 0 JAN 2003 wo ooreorro pcr~cs~~rr s In one
embodiment of the imwmtion, the surface of a solid support is first ~ with
streptavidin or avidin, snd then a dilute solution of a biotinyiated nwla~
is added at discrete sites on the surface using) for example) a nanolitre
did to degver o~r~e molecule on average to each site. If the molecule is a
polymxieotide) than 5 immo>disstion may be via hybridisation to a compleuy
nucleic acid awleatte previously attactxd to a solid support. For rxsmple,
the surface of a sogd support may be 5rat coated with a primer
polynucleotide at discrete sites on the s~ufsoe. Si~lestrandat
polyriucleotidea are then brought into contact with the arrayed primers
under hybtidsing conditions and allowed to "aetf sort' ono the array. In
this way, the arrays 1o may be used to xparate the desired poty>wcteotides
from a heterogeneous ample of polyrwcleotidea. Alternatively, the arrayed
primers may be composed of doublo-strsnded polym~cleotides with a
s~glo-sdanded overhang ("sticky-ends'). Hybridiation with target
potyrnrcleotides is then allowed to occxir and a DNA ligax wad to oovalandy
tide 15 the target DNA to the primer. The second DNA strand can then be
rarwred undo melting conditions to leave an arrayed polynucleotide. In a
preferred embodima~t of the invention) the solid sutfux is posted wit>d sn
epoxide and the molecu>ea aro coupled via an amine linkage. It is also
prcfaabk to avoid or r~Oe sah preea~t in the sohrtion containing the
molecule to be arrayed. Reduang o the ash concentration minimises the
poss~bi~ty of the molecules aggregating in the solution, which may affect
the positioning on the array. In an embodiment of the invention, the target
molecules are immobilixd onto non-8uorescant streptavidin or
avidin-functionalised polystyrene latex miaosphar~, as shown in Fig. 2
where (1) represents tlx nycrosphere, (2) a streptaridin molea~le (3) a 25
biotin molaule and (4) a 8uoreacerttly labelled polynucleotide. The
rrda~ospher~ee aro imnwbi4aed in turn onto a solid support to far the
target sample for microscope arwtyrsia. Alternative microspheres suitable
for ux in the present invention are wdl known in the srt. The single
molecule arrays have many applications in methods which rely on the 3 o
detaxion ofbiological or chanical interactions with swayed molecules.
Forexample, the arrays may be used to determine the properEies or
identities of cognate molecu>a. 



3 0 JAN 2003 wo oor~ne rcr~cs 9 TypicaDy) interaction ofbiological or
chemical molecules with the irrays are carried out in soh~tion. In
particular, the arrays may be used 'sn conventional assays which rdy on the
detecfron of fluorescent bbds to obtain information on the arrayed
molax~ks. The 5 arrays are partiadarly suitable for use in rnuhi-step
assays where the loss of syncWonisation in the steps was previously
regardal as a lirnitation to the uec of arrays. When the arrays uc composed
of polynudeotides they may be used in convakional techniques for obtairong
genetic sequaKx information. Many of thex tedriqua rely on the stepwise
ide~ifxation of suitably nucleotides) referrod to in US-A ` l0 5634413 as
"siu~fe base" sequa~cirrg rr~thods. In an embodement of the inv~tion) the
sequence of a target polyncleotide is determined in a similar manner to
that descn'bed in US-A-5634413) by detecsmg the incorporation
ofnucleotidesirdotha na~ntstrand through the detection ofa8uoresoa~t label
attached to the incorporated nucleotide. The target polyrruch3obde is
pruned with 15 a suitable primer, and the nascart cl~sin is extended in a
stepwise manner by the polymaaae raiction. Each of the different
nucleotides (A, T) G and C) sncorporbes a ueaque 8uorophore at the 3'
position which acts as a Wodong group to prevent uncontrolled
potymaisation. The fax enzyme incorporates anucleotide into the rat chain
oompkrna~taty to the target, and the blocking group P 2 0 incorporation of
raxleotides. The array aurfacx is then cleared of uror~corposatad
nucloatides and each incorporated nucleotide is "read" optically by a
charga~oupled detector using lass excitation and filters. The 3' -blocking
grarP is then retnowad (depnota~~ to expose the r~aaunt drain for further
nucleotide incorporation. Ba~use the array consists aFdisrinct opticany
resolvable polynudcotides, each 25 target poiynuclootide will generate s
sai~ of distinct signsta as the fluoroscent evaKa era detaxed. Derails of
the full spa are then determined. The numbs of cycles that can be achieved
is governed principally by the yield of the deprotection cycle. if
deprotection farts in one cycle, it is possible that titer deprotection and
continued incorporation of nucleotides can be detected during the next 3o
cycle. Bceause the sequencing is performed at the single molecuic Iced, the
salueneit~g can be carried out on different polynucleotide saluencxs at one
time without the   3 0 JAN 2003 wo oe~o rcr~c~ io necessity for separation
of the different sample frsgmarts prior to sequencing. This sequencing also
avoids the phasing problems associated with prior art rxti~ods.
Deprotection may be carried out by chemical, photochemical or et~stic
reactions. 5 A similar, and equally applicable, sequencing method is
disclosed in EP A 



0640l46. Other suitaDk sequencing procedures wiU be apparent to the siu'!kd
pasoa. b~ particular, the xqua~cing method msy rely on the degradation of
the atray~ed
po>yrnrcteot~des,thed~radatwnproducxsbangcbaractaisedtodetenmuxtheaarmnoe.
10 An example of a suitable degradation technique is disclosed in W(~A-
95I20053, whereby bases on a polynucleotide aro removed sequentially, a
predetermined txur~ber at a time) though the use of labelled adaptora
specific for the bases, and a dagned exonuclease cleavage. I~Iowever, a
consequence of sequa~cing using non-des<nuxive mahods le that it 15 is
poss~'ble to form a spatially addressable amy for further characterisation
studies) and therefore non-destnrctive sequenang may be preferred. In this
context) tam "spsti~y addressable" is uud heron to descn'be how different
molecules may be ida~d oo fhe basis of their position on an array. Once
sequenced, the spati~ly addressed amys may be used in a variety of 2 o
procedures which require the characterisation of individual molecules
firoa4 heterogamous populatjons. One application is to ux the arrays to
characterise products synthesised in combinatorial chemistry reactions.
During combinatorial synthesis reactions, it is uawt for s tag or label to
be incorporated onto a beaded support or reaction product for the 2 5
subsequent ctwradaisat'ron of the product. This is adapted in the praatt
inve~ion by using polynucleotide molecules as the tags, each polynucleotide
being spa~c for a particular product, and using the tags to hybridise onto
a spatially addressed array. Hecaux the sequence of each arrayed
polynucleotide has bxn determined previously, the detection of an
hybridisation event on the array reveals the sequence o~ the 3 0
complanentary tag on the product. Having identified the tag) it is then
poss~le to confirm which product this relates to. The complete process is
therefore quick and   3 0 JAN 2003 wo oero~Tre pcricsl9r~a~r i~ simple) and
the arrays may be reused for high through-put xreenin$. Detection may be
carried out by attaching a suitable label to the product) e.g. a
fluorophore. Combinatorial cl~nisay reactions may be used to synthesise a
diverx range of different molecules, each of which may be identified using
the addressed arrays of the 5 presort irrvention. For example,
combinatorial chemistry may be used to produce tlxrapa>bc proteins ~
peptides that can be bound to the arrays to produce an addressed array
oftarget profane. Thetargats may then be scx~d for activity) end those
protaaiu exh~iting acdvay may be identi5ed by their position on the sway as
outlined above. Similuprincipleaappiytoothaproductsofcombiratorial char)
forexsmple io the synthesis of non-polymeric molewies of M.wt.<1000.
Methods for g peptidesJproteirrs by combinatorial methods are disclosed in
US-A 5643768 and US-A5658754. Split-arid-mix approaches may also be used)
as described in Ne>sar et al., J. Am. Char. Sec. (1993) j1,"5:9812-9813. In
an alternative spproacl~ the products of the combinatorial chemistry
reactions 15 may comprise a second poiynucleotide tag not involved in the
hybridisation to the array. After forncration by hybridisstion, the array
may be subjected to repeated polyewclootide sequencing to identify the
second tag which remains free. The sequencing may be 



out as deacx~ed previoWly. Tlua~or~e, in this application, it is the tag
that provides the spatial sddress on tha a O arrsy. The taa may then be
removed from the product by) for example, a cleavabb linker, to leave an
untagged spatislty addressed array. A further application is to display
protons via an immobilised polyaome comaining gapped polynucleotides and
protein in a complex) as dese~ in US S643768 and US 56S8?54. 25 In a
separate embodiment ofthe invention) the arrays may be used to charaaaise
an orgarosm. For wrsmph an organism's genomic DNA may be acxeened using the
arroyo) to nvaai 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
detestably-labelled, for example with a 3 0 8uorophore. The frsgmented DNA
is then applied to the array under hybridising conditions and any
hybridisation events monitored.   'v 0 J,4 N 2003 wo eowrre rcr~ce~~r iz
Alternatively, hybridisation may be detected using an in-buili fluoresur~ce
basal detection system in the arrayed moleark, for example using the
"molecular bacons" described in Nature Biotechnology (1~ g,9:303-308. It is
possible to design the arrays so that the hybridisation pattern gavastad is
5 unique to the organism and so could be used to provide valuable
infornvation on the gd~tic charseter of an individual. This may have many
useful applications in forenac science. Attanativdy, the mdhoda may be
carded out for the detection ofaaufatioeu or allelic variants 'within the
gaamic DNA of an organism. For genotyping, it is des;rabte to ider~r ifs
particular sequence is pretenot in ti~a 1o genome. The smallest possable
unique otigomer is a 1&ma (assuming randomness of the genome sequence),
i.e. stataticatfy there is a probability of .any given 16-base sequence
occurring only oncx in the human genome (which has 3 x 10' bases). Then are
c.4 x 10' posstbte 16-mss which would fit within a region of 2 cm x 2 cro
(assuasiag a single copy at a de~tlr of 1 rnolaatle per 250 nm x 250 nm
aquaro). It is ther~ona 15 necessary to determine only ifs particular 1&mer
is present or not, and so quave measurements are unnecessary. Identifying a
nwtation in a particular region and wdrt the mutation is can be carr~d out
using the 16-met library. Mapping back onto the human genome would be
possible using published data and would not be a problem oaioe the entire
gerwme has ban determined. These is buih-in self check, by looking at the Z
o hybridisation to particartar 16-mars so that if there is a single point
mutation, thin ~1 show up in 16 different 16-mars, identifying a region of
32 bases in the genome (ttx mutation would occur at the top of one 16-met
and then at the second base in a rd~d I&met etc). Thus, a single point
mutation would result in 16 of the 1& mesa not showing hybridisation and a
new set of I6 showing hybridisation plus the acme timwg x 25 the
comptenuntsry strand. In aununarlr, considering both strands of DNA, a
siqgle point rrartstion would result in 32 of the 1 fi-mers not showing
hybridisation and 32 new b6 mesa showing hybridisation, i.e. quite large
changes on the hybridisation pattern to the 



array. Hy way ofexample) a sample ofhuman genomic DNA may lx
restriction-digs 3 o to generate short fragnxnts, then labelled using a
fluorescently-labelled monomer and a DNA polymwase or a terminal
transferees enzyme. This produces short lengths ~of sample DNA with a
fluorophore at one end. The melted fragments may then be exposed   3 ~~ JAN
2003 wo ow~o6re rc-r~c'~AO~r 13 to the array and the pixels where
hybridisation occurs or not would be identified. This produces a genetic
bar code for the individual with (if oligonudeotides of length 16 were
used) c.4 x 10' binary coding dennents. This would uniquely define a
person's genotype for pharn~agenomic applications. Since the arrays should
be reusable, the same process 5 could be repeated on a different individud.
Viral and bacterial organiarro may also be studied) and screening nucleic
acid samples may reveal pathogens preaa~t in a disease, or identify
microorganisms in analytical teduuques. For example) Pathogenic or other
bacteria may be identified using a series ofsinglemo>eculeDNAdbps produced
from different attains ofbacteria. Again; 1o these chips ue simple to make
and raraable. In a further example, double-stranded arrays may be used to
scran protein Lbraries for binding, using suoraca~tly labdled proteins.
This may determine proteins that bind to a particxrlar DNA sequence, i.e.
proteins that control transcription. Once the short sequence that the
protein binds to has been determined, it may be made and arty 15
purification used to isolate and identify the protein. Such a mahod could
fmd all the transcription-controlling proteins. One such method is
disclosed in Nature Biotechnology (l999) :p573-5T1. Another use is in
expression monitoring. For this, a label is required for each gene. There
are c.100,000 genes in the human genome. Them are 262,144 posatble 9~ 2 o
more, so this is-the minimum la~gth of oligomer needed to have a unique tag
for each gene. This 9-met labd needs to be at a specific point in the DNA
and the best point is probably inunediateiy after the poly A tai! in the
mItNA r.e. a 9-ma linked to a poly T guide sequence). Multiple copies of
these 9-mere should be present, to permit quantitation of gene expression.
100 copies would allow determination of relative Z5 expression from
1-100Y.. 10,000 copies would albw determination of rdative gene expression
from .01-100'/i. 10,000 copies of 262) l44 9-mere would fit inside 1 cxn x
1 cm at dose 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 3 o 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   ~3v JAN 20p3 WO O0V06TlA PGTIGe!lll~lli7
1~ 



pm deep. They can be placed every 50 pm, and so the array would be toss
denx than a surface-attached array; however, this could be compensated for
by appropriate adjustment in the imaging optics. The following Examples
illustrate the invention) with refaaxe to the 5 accompsrrying drawings. The
microscope xt-up uxd in the following Example was baxd on a mold confocat
fluore~ca~ce system using a photon detector as shown in figure 1. Hri~y) a
narrow, spatisby 5hered lass beam (CW Argon Ion Laser Tectutology xPC50)
was 10 psssed through an acouato-optic modulator (AOIN) (AA
Opto-Electrordc) which aota as a fast optical switch. The acousto-optic
modulator was awitc>xd on and the taaa beam was directed through sn oil
emeraion objective (100 3L, NA =1.3) of an inverted optical microscope
(Nikon Diaphot 200) by a dichroic besm apiitter (540DRLP02 or SOSDRLP02,
Omega Optics lnc.). The objaxive foaueathelightto a din-lianited 15 spot on
the targd sample immobi6xd on a thin glass coveralip. Fluonfrom the sample
was collected by the same objecfwe) pasxd through the dichroic beam spGeta
and dira,ted through a SO pm p'mhole (Newport Corp.) placed in the image
plane of the microscope obxrvation port. The pinhole rejects light emerging
from the sample which is out of the plane of the laser focus. The
transmitted fluorescence was aepsrated Z o spocUa>ty by a dichroic beam
aglitter into red and green components which was fdtesed to remove residual
laser scatter. The remaining fluoresce~e components were that focuaal onto
separate single photon avalanche diode detectors and the sigrnla recorded
onto a muhicharoid scalar (MCS) (MCS-Plus, EG ~ G Ortec) with time
raolutiau the I to 10 ms range. Z 5 The target sample was a 5
=biotin-modified 13-mer primer oligomrcleotide prepared using conventional
phospfwramidite chemistry) and having SEQ m No. l (see listing, below). The
oligonucleotide was post-synthetically modified by raictmtt of the uridine
base with the succinimdyt ester of tetramethylrhodamine (TMR). Glass
coverslips wen prcpsred by cleaning with acetone and drying undo 3 o
nitrogen. A 50 pl aliquot ofbiotin-BSA (Sigma) redissolved in PHS buffer
(0.01 M, pH 7.4) st 1 mg/ml concxntrafron was deposited on the clean
coversGp and incubated for >s hours at 30C. Excess biotin-BSA was removed
by washing 5 times with 11~t1iQ water   3 0 JAN 2003 wo a~r~r~ r~c~~cB 15
and drying ands nitrogen. Non-fluoresctnt streptavidin funcxionaiised
polystyrene lsiac micxosphaes of diameter SOOmn (Po>ysciences lnc.) were
dihtted in 100 mM NaCI to 0.1 solids and deposited as a 1 N> drop on the
biotiny>ated coverslip surface. The spheres were a)lc~wed to dry for one
hour and unbound beads removed by washing 5 times with 5 MiIIiQ water. This
procedure resulted in a surface covert of approximately I spherd100 Nm x
100 pm. , The non-fluorexcnt microspheres were found to have s broad
:esidval fhroreacenca st exatation wavder~gth 514nm, probably arising from
small quantities of ,, ~~ photoactive constituents used in the colloidal
preparation of the rnicxoaphera. The io microspherea was therefore
photobladved by treating the prepsued covastip in a Lea beam of a frequency
doubled (532nm) Nd:YAG pulsed dye laser, for 1 hour. The biotinylated
13-TMR ssDNA was coupled to the atreptavidin functiona~sed 



microsphaes by incubating a 50 ul sample of 0. > pM DNA (diluted in 100 mM
NaCI) 100 mM Tris) deposited ~ over the microspheres. Unbound DNA was
rerrwvod by 15 washing the covaalip surface 5 times with MilfiQ water. Low
light level illumination from the microscope condense was used to posrton
visually a micxoaphere at I Ox magnification so that when the laser was
avwtched on the sphere was located in the centre of the diflxaaion limited
focus. The condenxrwaa then turned off and the light path switched to the
fluoresca~ce detoaion port. The MCS was Z o initiated and the fluorGRCence
omitted from the latex sphere recorded on one or both cham~els. The sample
was excited at 514nm and detection was made on the 600rma F'q~ 3 slwws
clearly that the ~orescence is svvrtc>~d on as the lass ~ deflecxed into
the microxope by the AOM) 0.5 seconds after the start of a scan. The Z5
intensity of the fluorescence remains relatively constant for a short
period of dune (100 ms-3s) and disappara in a single step process. The
results show that single molecule detecxion is occurring. This single step
photobleaching is unambiguous evidence that the fluorescence is from a
single molecule. 3 0 This Example illustrates the preparation of single
molewle arrays by direct covalent attachment to glass followed by a
demonstration of hybridisation to the array.   3 0 JAN Z003 wo ow~rn
rcr~ca~ 16 Covalently modified slides were prepared as follows.
Spectros0-2000 :tidy (TSL, UK) were rinsed in mini-Q to remove any dust and
placed wet in a bottle containing neat Decor-90 and left for 12 h at room
temperature. The slides were rid with milS-Q and placed in a bottle
containir~ a solution of I.5'Y~ 5 gtycidoxypropyltr;n~tiroxy sham in
milli-Q and magnetically stirred for 4 h at roots temperature rinsed with
milli-Q and dried underNz to fbaate an epoxide coated sulfas. The DNA used
was that shown in SEQ m No. 2 (see ace below where n reprGSar<s a 5-methyl
cytosine (Cy5) with a TMR group coupled v~ a flnka to the n4 porn. io A
sample ofthis (5 p1) 450 plug was applied as a solution in rat milti-Q. The
DNA rauxion was 1e8 for t2 h at room temperature in a humid atrnwphero to
couple to the epoxide surface. The slide was then rinsed with rwlli-Q and
dried under Ni. The prepared slides can be stored wrapped in foil in a
daiccator for at least a 15 wedc without any able contamination or loss
ofbound material. Control DNA of the same sequences and fluorophoro but
without the 5'-amino group shows little rtable coverage what applied st the
same concentration. The TMR labelled slides were then treated with a
solution of compldna~tuy DNA (SF.Q m No. 3) (SpM) IOpn in 100mM PBS. The
complanauaty DNA hu the 20 sequencx shown in SEQ ID No. 3) where n
reprad~ta a rnethylcytoaine Group. After 1 how at room temperature the
slides were cooled to 4C and IeR for 24 hours. Fmaily, the slides were
waaimd in PBS (100mM) 1mL) snd dried under N=. 



A cl~er was constructed on the slide by sealing a coveralip (No. 0, 22x22m~
(~nca Dropper Ltd, L1K) over the sample srea on two sides only with
preleudaad 25 microscope mounting medium (Eukitt) O. Kindler GmbH ~ Co.)
Freiburg) Gerruary) whilst maintainig a gap of less thsn 200pm between
slide and coverslip. The charnba was flushed 3x with 100p1 PHS (100mM NaCI)
and allowed to stabilise for 5 mires before analysing on a fluorescence
microscope. The slide was inverted so that the chamber coverslip contacted
the obja~ive lava 30 of sn inverted tnicxosoope (Nikon TE200) via an
immersion oil interface. A 60 fwed silica dispersion prism was optically
coupled to the back of the slide through a thin 81m of glycerol. Laser
fight was diredal at the prasm such that at the glass/aample interface   3
0 JAN 2003 WO OA/O67?O PCTlGH99/0Z~7 1? it subtends an angle of
approximately 68  to the norn~al of the slide and subsequently undergoes
Total Internal Reflection (Tljt). The critical angle for glasslwater
iMerfsoo is 66'. Flurorescence from single molecules of DNA-TMIt or DNA-Cy5
produud by 5 excitation with the surface specific evanescxnt wave following
Tllt is collected by the objective lens ofthe microscope and imaged onto an
Intensified Charge Coupled Dmrice (1CCD) carrura (Pa~tamax, Princeton
Instruments, Nn. Two in~sges were seconded using s combination of 1) 532rm
excitation (frequency doubled solid state Nd:YAG, Antstea, Coherent) with a
580nm fluorescavce (580DF30, Omega Optics) USA) filter ` 10 for TMIt and 2)
630nm exatation (nd:YAG pumped dye laser, Coherent 700) with a 670nm fiher
(670DF40) Omega Optic, USA) for CyS. In~aga were recorded with as exposure
tune of 300ms at the maximum gain of 10 on the ICCD. Laser powers inadent
at the prism were SOmW and 40mW at 532nm and 630nm respectively. A third
image was taken with 532nm excitation and detection at 670nm to determine
the level ofero:: 15 talk from TMIt on the Cy5 channel. Single molecules
were idd~i5ed by single points of fluorescence with average intensities
greater than 3x thst of the background. Fluorescence rom s single rrwlecule
is confined to a few pixels, typically a 3x3 matrix at 100x magnification)
and has a narrow Gaussisn-like inta~sity pro8k. S'wgle molecule
fluoreaca~ce is also characterixd by s s 0 ono-step photobleaching process
in the tone course of the intensity and was u:cd to distinguish single
molecules finm pixel regions containing two or more molearles, which
exln'bited mufti-step processes. Figures 4a and 4b show 60x60pm'
fluorescence irnsges from oovala~tly modified slides with DNA-Tl~t starting
concentrations of 45pM cad 45~Opm. Figure 4c shows a control slide which
was treated as above but with DNA Tl~9t 25 laclung the 5' amino
modification. To count molecules a threshold fQr fluorescence intensities
is first set to exclude background noise. For a control sample the
background is essentially the thermal noise of the ICCD mesaured 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 avenge 3
o counts over an image cad the standard deviation over an image. In
general, the latter trvo quarKities 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 standsrd   



~ Q JAN 200 wo oo~osr rcr~ca 18 deviations above the background with a
probability of less than I in 144 pixels contn'buting from noise. Hy
defining a single molecule fluoreacavt point as being at last a 2x2 matrix
of pixels and no largo than a 7x7, the probability of s single bsclcgrotard
pixel conM'buting to the counting is eliminated and clusters are ignored. 5
In this mamer) the surface density of single molearles ofDNA-TMR is at
2.9x1f` mola~ulaJcm' (238 molecules in Figure 4a) and 5.8x10` molecu>ea/cm'
(~69 molaarles in Figure 4b) at 45pM and 450pM DNA-TMR coupling
concerraations. The density is ciairly rwt dirodly proportional to DNA
conca~tration but well be Borne ftn~ction of the concentration) the vohrme
of sample applied, the arcs covered by t>se to sample and the incubation
time. The percentage of non-apeci6cally bound DNA-TIl9t and impurities
contr~ute of the order of 3-9'A per image (8 non-spa~atly bound molecules
in Figure 4c). Analysis of the photobleaching profiles shows only 6X. of
fluor~eaca~ce poims contain nwre than 1 molecule. Hybridisation was
identified by the oo-localisation of dixrat points of 15 fluorescence from
single molearles ofTMR and Cy-5 following the superposition oftwo irnagW. >
figures Sa and Sb show images of surface bound 20-mer labelled with T119t
and the complanartary 20-rru;r with t':,y-5 deposited from sohrtion. >
figure Sd shows thox fluoreaant points that are co-localised on the two
former ice. The degree of hybridisation was to be TiL ofthe surface- bound
DNA (10 co-locatiaed point: a 0 in 141 points from Figures Sd and Sa
respectively). The percentage of hybridised DNA is estimated to be 37/. of
all surface-adsorbed DNA-G~rS (10 co-localised points in 27 pouts from
Figures Sd and Sb rapectively). Single molecules were counted by rnat~ing
size and intensity of fluorescent points to threshold criteria which
separate single duos from brclcground noise and cosmic rays. Figure Sd
shows the level of cnon s5 talk from TIuHt on the Cy5 channel which is to
be 2/. as determined by counting only those $uoresca~t poirrta which fal!
within the criteria for determining the TMR single molecule fluoresca~ce (2
fluorescence points in 141 from Figures Se and Ss raspeetivdy). This
Example demonstrates that single molecule am~ys can be formed, and
hybridisati~ events detected according to the invention. It is expected
that the sla'Ikd person will realise that modifications may be made to
impmve the e~ad~cy of the process. For acsmple) improved washing steps,
e.g. using a Sow cell) would reduce ,r   3 0 eau zoos wo o~ro6r>e rcr~c~a,
19 backgound noix and permit more concentrated solutioru to be used) and
hybridisation protocols could be adapted by varying the parameters of
temperature) buffer, time dc.   



3 0 JAN 2003 wo oo~o~ro rcr~cs~asa~ ao 1. A device comprising an array of
molecules capable of i~rterrogarion and murwbilised on a solid surface,
wheran the array has a surface density which maws the molecules to be
individually resolved) and wherein each molecule is irrunobdiaed at one 5
or more points, by apea$c interaction with the surface, other than at that
part of cacti molaxale that con be interrogated. 2. A device according to
claim I, wherein at least 50'/. ofthe arrayed moleca~lea are capable of
being individually resolved. 3. A device according to claim 2) whawn at
least 90Y. of the arrayed mol~uka are 1 o capable of being individually
r~dv~ed. 4. A device according to any preceding claim, wherein over 50'y6
of the ansyed molecules are diadnct. 5. A device according to any of canna
1 to 4, wherein the nrrayed nwle~la aro resolvable by optical microac;opy.
is 6. A devicx according to any preceding claim, wherein the amy has a
density of one molearle pa at least 1 Onm x lOnm. 7. A device according to
claim 6) wherein the surface density is one molewle per at least 100nm x
100nm. 8. A device according to claim 6, wherein the surface density is one
molecarle pat 20 st least 25pnm x 250nm. 9. A device according to any
preceding claim, wherein each molecule is conjugated to biotin, and is
immobilised via interaction with atreptavidin or avidin. 10. A device
according to any prooeding claim) wherein each molecule is sect via a
a~xosphere. Z 5 11. A device according to claim 10, wherein the
micxospherea bear iom1 svidin or atreptavtdin and the solid surface has
biotin bound thereto. 12. A device according to any of claims 1 to 8)
wherein the molewla aro imrnobdised via a covalent linkage. 13. A device
according to any preceding claim) wherein each molecule is conjugtrtcd 30
to a $uorophore.   3 0 JAN Z003 



wo owo~rn rcr~H 21 14. A device according to any praxding claim, wherein
the molecules are polynuclootides immobilised to the solid support via the
5' terminus, the 3' termim~s or via an internal rwcleotide. 15. A device
according to daim 14) wherein at least one arrayed polynucleotide has 5 a
second polynucleotide hybridixd thereto. 16. A device according to daim 14
or claim 15) wherdn the arrayed polyiucleotidd is of known s~Cx. 17. Use
ofa device according to claim 14, for the capture ofa second polym~cleotide
mola,ule capable ofhybridising with the irraytd polynudeotide,
compri:angbringinginto io ooMact with the device a sample conuining or xof
corrtainir~g the aaood polynucteotide molecule) under hybridising
conditions. 18. Use according to claim 17, wherein the sample is romoved
from coraacx with the device, thereby separating from the sample said
second polynudeotide hybridised to an arrayed poiynud~ide. :5 19. Ux of a
device according to any of claims 1 to 16 for monitoring an itkeradion with
a single molecule, comprising resolving an arrayed molecule with an imaging
device. 20. Use according to claim 19) wherdn the arrayed molecule
undergoes reported interactions with each interaction being monitored. 21.
A rru;thod for producing a device according to any of claims 1 to 16,
comprise Zo inurwbaising a mixdue of moteailes onto a solid aurfux, wherein
the molecules form an array having a surface density which allows the
molecules to be individually resolved. 22. A method for forming a spitwlly
addressable uray, which comprises detarrd~ag the sequencxa of s phuality of
polyrwdeotide molearles immobilised on a device according to any of diims 1
to 1 s. 25 23. A method according to claim 22) further comprising the step
of hybridising a potynucteotide moleatlee to its irrunobilised complement
on the array. 24. A irmthod according to claim 22) comprising the repeated
steps of reacxing the immobilised poiynudeotide with a primer, a polymerise
and the different nudeotiae triphosphates under wnditions suiltcient for
the polymerise reaction to proceed, wham 30 each nucleotide triphosphate is
conjugated at its 3' position to s different label capable of bang
clwn~cxerised optically, determining which label (and thus which
nucleotide) has undergone the polymerisation reaction, and removing the
label.  



3 0 JAN 2003 wo ooreerre ~c-recs~'n 22 25. A method according to claim 24,
wherein each Iabd is a fluoroph~e. 2b. A method for characterising a
plurality of first molecules, comprising eoe~tact~, under suitable
conditions) a spatially addressed array of second moleades with the 5ru
molecules) and detecting a birKiit~g event, wherein the array is as defined
in aRy ofdaima 5 Itolb. 27. A metlwd :ccording to claim 26, wherein the
first moles e~mprise a detectable tag. 28. A method according to claim 27,
wherein the tag is a fluorophor~a. 29. A method aocordi~ to claim 27,
wherein the tag is a polynucloobde. io 30. A method according to claim 29,
wherein the polynuc~de se~a~Oa is detamined. 31. A method according to
claim 30, wherein the polynudeotide tag is rmnov~ed after the sequence is
ddasrdned. 32. A metlwd for ctwraaaising an organism, comprising the steps
of eoMactin6 a Z5 de&ned array ofpolyrwclootide molecules immobilised on a
solid support with a phuslity offragments oftheorganisrn'sgenomic DNA,
under hybridisingconditions) anddn6 any hybridisation.events) to obtain a
distinct hybridisation pattern) wherein the array is as din any of clairna
13 to 15. 33. A method according to claim 32, wherein the organism is
human. ao 34. A mcttwd according to claim 32, wherein the organism is
baetaial or viral. 35. A method according to any ofclaims 32 to 34) wherein
the fragments ofgenomic DNA an det~ably-tabdlsd. 36. A method according to
claim 35, wherein the label is s fluorophore. 37. A mdhod according to a~
of claims 22 to 36 wherein the away comprises a solid s 5 support material
having a plurality of cavities) each cavity comprising a polynucl~ide
rr~ole~.   1.1.-10-2000 . GB 00990248 3 Q JAN 2003 23 5 



38. A device comprissng a high density array of molecules capable of
iatermgation and invnob~7isod on a solid planar surface, wherein the array
allows the molax~tes to be individually resolvai by optical microscopy, and
wherein each molecule is immobilised by covalent bonding to the surface,
other than at that part of each molecule that can be intwrogated. 39. A
device according to claim 38, wherein the covalent bonding to the surface
is without an intte microsphese. 40. Use of a drvice according to claim 38
or claim 39, which comprises ida~tifying each of diffarer~t molecules on
the array, using optical aricroscopy. AMENDED SHEET .A.Alf.Aye.A.A Hy
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