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. These arrays typically consist of a high-density matrix of polynucleotides

15 immobilised onto a solid support material. Fodor et al, Trends in Biotechnology
(1994) 12:19-26, describes ways of assembling the nucleic acids using a
chemically sensitized glaés surface protected by a mask, but exposed at defined

* areas to allow attachment of suitably modified nucleotide phosphoramidites.

Fabricated arrays may also be manufactured by the technique of "spotting"

20 known polynucleotides onto a solid support at predetermined positions (e.g.
Stimpson et al PNAS (1995) 92:6379-6383). |

A further development in array technology is the attachment of the

polynucleotides to the solid support material 1o form single molecule arrays.

Arrays of this type are disclosed in WO-A-00/06770. The advéntage of these

25 arrays is that reactions can be monitored at the single molecule leve! and

information on large numbers of single molecules can be collated from a single

reaction.

Although these arrays offer particular advantages in sequencing

experiments, the preparation of arrays at the single molecule level may be more

30 difficult than at the multi-molecule ievel, where losses of target polynucleotide

can be tolerated due to the multiplicity of the array. There is therefore a need
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sequencing protocol result in disruption to the bonds formed on hybridisation and
the target polynucleotide is removed froni'the array.

Canard et al., Gene (1994) 148:1-6, discloses a DNA seguencing
procedure using a relatively harsh alkali denaturation step to remove fluorescent
labéls from nucleotides incorporated onto a template. The alkali treatment
resuits in melting of the primer-template duplex, and Canard suggests providing
a hairpin-like primer to the template to overcome this problem. The hairpin-like
primer is suggested only in the context of the harsh alkali ireatment with a
homogeneous sample of template DNA.

E WO-A-98/20019 discloses compositions and methods for the preparation
of nucleic acid arrays. The general disciosure relates to the preparation of high
density multi-molecule arrays, achieved by immobilising polynucleotides on
microscopic beads attached to a solid support. Many different uses are
proposed for the arrays. ,

WO-A-87/08183 relates to nucleic acid capture mdlecuies. Hairpin loop
structures are disclosed, but only in the context of capture molecuies for use in

hybridisation-based nucleic acid detection methods.
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lrpmqgctsp structure, one end of which comprises a target polynucleotide, and
the array has a surface density which allows the target polynucieotides to be

" individually resolved.

According to a further aspect of the invention, the device of the invention
is used in a pfocedure to determine the sequence of the target polynucleotide.

Accdrding. to a third aspect, a method for the preparation of the device
comprises ligating a target polynucleotide to the 5'-end of a first molecule
capable . of forming a duplex as defined above, and immobilising the first
molecule to the solid surface either before or after ligation.

- The present invention provides a method for cépturing target
polynucleotides from solution and immobilising themon an arfay to form a stable
primer-template complex. The target polynucleotide is maintained on the array
together with the primer by bonds stronger than those formed in hybridisation,

and so conditions which would otherwise result in the target or primer being

dissociated from the array, may be used. This may be of particular use in

30

genotyping eXpériments, where an array of genomic DNA is prepared, to aliow

multiple sequencing reactions to be performed.
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DNA is prepared, to allow 30 multiple sequencing reactions to be

per f or neflesaNRIN STMESNRERTIGBO1/ 00409 JUL 2004, Description of the
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15 determined, in part, by the particutar technique used to resolve the individual

molecules. It will usually be the target polynucleotide portion that is individually
resolved, as it is this which will be interrogated, e.g: by the incorporation of

detectable bases.
Apparatus used to image arrays are known to those skilled in the art. For
20 example, a confocal scanning microscope may be used to scan the surface of
. the 'array with a laser, to image directly a fluorophore’ incorporated on the
individual arrayed molecule by fluorescence. Alternatively, a sensitive 2-D
detector, such as a change-coupled detector, can be used to provide a 2-D
| image representing the indiv.idual molecules on the array. Resolving single
25 molecules on the array with a 2-D detector is possible if adjacent molecules are
separated by a distance of approximately at least 250nm, preferably at least

- 300nm and more preferably by at least 350nm.

The arrayed polynucleotide molecules each comprise a polynucleotide
duplex which is used to retain a primer and a target polynuclectide in spatial
30 relationship to each other. This ensures that the primer is able to perform its
priming function during a polymerase-based sequencing procedure, and is not

removed during any washing step in the procedure. The target polynuclectide
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two separate .polynucieotides with complementary regions, the two
polynucleotides being linked (and the loop being formed) by a linker moiety. The
linker moiety forms a covalent attachment between the ends of the two
polynuciectides. Linker moieties suitable for use in this embodiment will be
20 apparent to the skilled person. For example, the linker moiety may be
polyethyiene glycol (PEG).
‘ The term 'polynucleotide’ is intended to refer to nucleic acids in general,
including DNA,; RNA and synthetic analogs, e.g. PNA. DNA is preferred.
Preparation of the devices to form the target polynucieotide on the array
25 may be carried out by methods known to those skilled in the art. The target
polynucleotide will usually be one to which a sequence determination is to be
made.
There are many different ways of forming the hairpin structure to
incorporate the target polynucleotide. However, a preferred method is to form
30 a first molecule capable of forming a hairpin structure, and ligate the target
polynucleotide to this. Ligation may be carried out either prior to or after

immobilisation to the solid support. The resulting structure comprises the single-
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restriction endonucl eases, hairpin structures bearing a conplenentary
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sel ective ligation of one 10 strand of the DNA sanple fragnents may be

achi eved by one of two nethods. Method 1 uses a first hairpin whose
restriction fdéthocont aises a firbpIpdiniry| awhedeSrestridtiotssitg thmtairmetdod, it
may be necessary to first de- phosphorylate the restriction-cleaved genom c
or ot hePhpRRheRVIRIREN? enft-i d4sipg this methiod, it may be necessary to first de-

phosphorylate the restriction-cleaved genomic or other DNA fragments prior to

15 Iigatibn such that only one sample strand is covalently ligated to the hairpin.
Method 2: inthe desigh of the hairpin, a single (or more) base gap can be
incorporated at the 3' end (the receded strand) such that upon ligation of the
DNA fragments only one strand is covalently joined to the hairpin.- The base gap
can be formed by hybridising a further separate polynucieotide to the 5'-end of
20 the first hairpin structure. On figation, the DNA fragment has one strand joined
to the 5'-end of the first hairpin, and the other strand joined to the 3'-end of the

} further polynucleotide. The further polynucleotide (and the other strand of the

fragment) may then be removed by disrupting hybridisation.
| In either case, the net result should be covalent ligation of only one strand
25 of a DNA fragment of genomic or other DNA, to the hairpin. Such ligation
reaction;s may be carried out in solution at optimised concentrations based on
conventionat iigatioh chemistry, for example, carried out by DNA ligases or non-
enzymatic chemical ligation. Should the fragmented DNA be generated by
randdm_shearing of genomic DNA or polymerase, then the ends can be filled in
30 with Klenow fragment to generate blunt-ended fragments which may be blunt-
end-ligated onto biunt-ended hairpins. Alternatively, the blunt-ended DNA

fragments may be ligated to oligonucleotide adapters which are designed to
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a \10'7 molecule SMA prepared from hairpin ligation: For an 8 base pair
recognition sequence, a single restriction enzyme will generate approximately
10% ends of DNA. If a stretch of 13 bases is sequenced on the SMA (i.e. 13x 10°
bases), approximately 13,000 SNPs will be detected. One application of such
20 a sample preparation and seguencing format would in general be for SNP
discovery in pharmaco-genetic analysis. The approach is therefore suitable for
) forensic analysis or any other system which requires unambiguous identification
of individuals to a levei as low 10° SNPs. '
It is of course possible to sequence the complete target polynucleotide.
25 - The sequencing method that is used to characterise the bound target may
be any known in the art that measures the sequential incorporation of bases onto
an extending strand. A suitable technique is disclosed in US-A-5302509
requiring the monitoring of sequential incorporation of fluorescently-labeled
bases onto a complement using the polymerase reaction. Alternatives will be
30 appareni to the skilled person. Suitable reagents, including fluorescently-labeled

nucleotides will be apparent to the skilled person.
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and nore specifically single nucleotgde pol ynorphi sm (SNP) scoring. 15
Si.-mpl e cal cul ati ons have suggested the foll ow ng based on sequencing a 107

mol ecul e SMA Hﬁﬁﬂﬂﬁﬁéiatfdn%ﬂﬁ??bﬁ}dhdécﬂ@%%-th&%li@guﬁpé}ﬁﬁ'%yﬂié ¢arried

recogniti on sequence, a sing estriction enzyme wll genérate
appr oxi netieby ariyenetms kfioBNAN tHe artstprovidedothat Tdvaterd attachergrdnised on

the SVMA (i.e. 13_x 106, bases), approximtely 13,000 SNPs wi |l be .detected.
One app|$re!a9v% dihesgRiig 2@950%;%? -Eeﬁwﬁrta?iyceﬁvsﬁ%ogejmﬁeﬁﬁy%r'ﬂat woul d
i n gener, d S F Verk i - ' i approach
o Phor e NRENIHY S oleSs SARLE: dorifid RHICORL pRISHEL ot e Th sudbbi e

r equisr eswilintgpieaty Gesa fide plaridretriaes, usialiyef approginsately tecrh®vel as | ow 103

SNPs. It is of course possible to sequence the conplete target .
pol ynucl eot i dEhe siBglenaolecilendiray oast be dorepated by ciaeting Rasuwitallyi se t he

ncor porEpgrrsoli Su i vAR Uhilie bafBhsobhRETAS BEHEERISBENTRS e 1 <
di scl os egfriyed Sréciafigass for prijarigthe ey sarelduthier #f WOGUE0I0E7170.

i ncorporati‘on of fluorescently-|abeled bases onto a conplenent using the
pol ymer &xamplecti on. Alternatives will be 30 apparent to the skilled

) [ R | necl udi fl . oy ‘ '
b1 100e appardiit ATRE Dkstrites e Bpepataisa o tindiraiagile 5= Ber) cao
104447 jirapbibvaht aﬂ'aaﬁmbhﬁopﬁéwﬁmqbﬁﬁtsiu@@ﬁub@ tb Bfas0! i d support may be

carried out by any nethod known in the art, provided that coval ent
attachment i & sabiicevet 1% iglycidoxypropyprimethexy-sianenip 85%: ehacoli¥nt i onal

PO Sl 2 P T e Son R R, o8 e BB O e
gg ﬁ?;l:%/tiégﬁgpégﬁglﬁjrﬁf;gﬁﬁ,ﬁﬁ%aﬁﬁ-ﬁ@éﬁdé@k'PSH,' BKI el pladed mh tHeepar ed by
15 solution and the stirring stopped. After 1 hour the slides were removed, rinsed
with ethanol, dried under N, and oven-cured for 30 min. at 100°C. These
‘epoxide’ modified slides were then treated with 1 pM of labelled DNA (5'-Cy3-
CTGCTGAAGCGTCGGCAGGT-heg-aminodT-heg-ACCTGCCGACGCT-3')
(SEQ ID NOS. 1 and 2) in 50 mM potassium phosphate buffef, pH 7.4 for 18
20 hours at room temperature and, prior to analysis, flushed with 50 mM potassium
phosphate, 1 mM EDTA, pH 7.4. The coupling reactions were performed in
) sealed teflon blocks under a pre-mounted coverslip to prevent evaporation of the
sample and allow direct imaging.

| The DNA structure was designed as a self-priming template system with
25 an internal amino group attached as an amino deoxy-thymidine held by two 18
atom hexaethylene glycol (heg) spacers, and was synthesised by conventionat

DNA synthesis techniques using phosphoramidite monomers.
For imaging, one slide was fnveried so that the chamber coverslip
contacted the objective lens of an inverted microscope (Nikon TE200) via an
30 immersion oil interface. A 60° fused silica dispersion prism was coupled
optically to the back of the slide through a thin film of glycerol. Laser light was
directed at the prism such that at the glass/sample interface it subtends an angle



=
prepared solid support with a dilute solution containing the =6 JuL 280
pol ynuchvemvi/siees t o be arrayed. Techni ques for preparing ddischdiioeys are
detailed in WO- A-00106770. Exanple 10 This Exanple illustrates the
preparation of single nolecule arraysSby direct coval ent attachnent of
hai rpin | oop structures to glass. A solution of 1%
gl yci doxgphappydximitely 68¢ytosiH anemial Givecsiiienand SUbsuglestiy\uhBeryddisOPs
H2SO4 per 500 Ml was stirred for 5 minutes at room tenperature. Clean, dry
Spect r osf Plab tgrmaliReflection(TIRK)Thaartical argle ferglassiwaterintediaceis 668 t he
stirring stop i ve ri.nsed. with
et hanol , dri egﬁ%ﬁggé% %%@%g@%%ﬂééﬁgg}f W‘rqy%gf Uegsoy qap%tggon
" epoxi dewittiidé suefdcelspdesficevandstent Waeatielowl
(5" -Cy3- CTGCTGAAGCGTCGGECAGGT- heg- ami nodT-mg-n?gé?&wé&%%@?%?W?ggg I D
NCS. 51 ahjective lens©f the pisrasespeandinaged entb ahfietensifiedCHargerCdupied hour s

Dhosphateevils ki ¢hS sdfera Boattbria, Bifisianinskutierin Ve Tosjeaas wes i n
seal ed rgbfiechlighig ol I CRIBNERMLiiefBY Ity SRIALEENNAYBROT al i on

of the sanple and™allow direct 1 mag structure was rgned as
a sel f - pritarasy Cohepeat) evithya 686mmi filore Sferme (660BF30|, OmmegeOptiosilUSA) ached as

pacer o THER 4oL LY iaass Hese sgletdfbhiin AmArPENHEIITS RE SO ehine e
{70, DERIOTGRH o URSR MRS SCTR LeSBpierg adtit M lGEVAR *°
-~ M cr oscHPmWNItKE@2nfE200) via an 30 immersion oil interface. A 60 fused
T P Bt Ser MLl by SO et Bossscose o (o
s e s b b o i s S S
and subssingletrhglecatiewgs eonfifetab a fave pballs, Rgpically iz08x3 Maix af @0k i ti cal
angllse fr%gﬂ!ﬂac%%nfa atlr?cg hein? ta%rafr?o%veGiaﬁsgi%h-like intensity profile. Single molecule
fluorescence was aiso characterised by a one-step photobleaching pro‘cess in
the time course of the intensity and was used to distihguish single molecuies
from pixel regions containing two or more molecules, which exhibit multi-step
processes.
20 To count molecules, a threshold for fluorescence intensities was firsi set
‘to exclude background noise. For a control sample the background was
) essentially the thermal noise of the ICCD measured to be 76 counts with a
standard deviation of only 6 counts. A threshold was arbitrarily chosen as a
linear combination of the background, the average counts over an image andthe
25 standard deviation over an image. In general, the latter two quantities provide
a measure of the number of pixels and range of intensities above background.
This method gave rise to threshold levels which were at ieast 12 standard
deviations above the background with a probability of less than 1 in 144 pixels
contributing from noise. By defining a single molecule fiuorescent point as being
30 atleasta2x2 matrix of pixels and no larger than a 7x7, the probability of a single
background pixe! contributing to the counting was eliminated and clusters were

ignored.



Fl uorescence from singe nol ecul es of DNA-Cy3, produced by excitationb it hf
t he surWwx@/spci fi c evanescent wave follow ng TIR, was poricsot/amioby the 5
obj ective |l ens of the mcroscope and i naged onto an Intensified Charge
Coupl ed Device (I1CCD) camera (Pentamd®, Princeton Instrunents, NJ). The

i mge was recorded using a 532nm excitation (frequency-doubled solid-state

Nd: YAG,  Ant ajethis Fiteiesthe stifabe aich8N6T SihgRs mermises 6EBNZERY3 vaega,
Optics, USA) filter for Cy3. Inmages were recorded with an exposure tinme of

500ns atmeasured aapproxingiely 20 per 190 urex 188PM imsge o5dwe8° eaéi dent  at
the prismwere 50mWVat 532nm Single nolecules were identified by single
points of fluorescence with average intensities greater than 3x that of
t he background. Fluorescence from a single nolecule was confined to a few.
pi xels, typically a 3x3 matrix at 100x 15 magnification, and had a narrow
Gaussian-li ke intensity profile. Single nolecule fluorescence was al so
characteri sed by a one-step photobl eaching process in the tine course of
the intensity and was used to distinguish single nolecules from pixel
regions containing two or nore nol ecul es, which exhibit nulti-step
processes. 20 To count nol ecules, a threshold for fluorescence intensities
was first set to exclude background noise. For a control sanple the
background was essentially the thermal noise of the I CCD neasured to be 76
counts with a standard deviation of only 6 counts. A threshold was
arbitrarily chosen as a |inear conbination.of the background, the average
counts over an inmage and the 25 standard devi ati on over an inmage. In

~)general, the latter two quantities provide a neasure of the nunber of

- /pixels and range of intensities above background. This nethod gave rise to
threshold | evels which were at |east 12 standard devi ations above the
background with a probability of less than 1 in 144 pixels contributing
fromnoi se. By defining a single nolecule fluorescent point as being 30 at
| east a 2x2 matrix of pixel's and no larger than a 7x7, the probability of a
singl e background pixel contributing to the counting was elimnated and
clusters were ignored '



WO 01! 57248 10 PCT/ GB01/ 00407 In this manner, the surface densitgqﬁfiHLnémB
mol ecul WO 0S7THRA- Cy3 was neasured at approxi mately 500 /GBBHIA x 100 pm
image or 5 x 106 cnR. WD 01/ S7248 PCT/ GBO / 00407 SEQUENCE LI STI NG <110>

Sol exa Ltd. <120> Pol yrgetmairi destanzays and Their Use in sequencing <130>
REP06208WO <140>{not yet known) <141>2001-01-30 <150>0002310.1

<151>2000- <160>2 <170> Patentln Ver. 2.1 <210> 1 <211> 21 <212> DNA
<2138 % &P ?fﬁ “Y5equence <220> <223> Description of Artificial Sequence:
ol i gonucl eoti de <220> <221> m st structure <222> (1) .. (20) <223> N =

cyt 632 0re Pei yincd ePk ik @sEvift 2By FhGhoUFe AP t3EGHBEI™ = thynine with
hexaet hyl ene gl ycol attached. <400> 1

<130> REPOGZ0BWO
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<141> 2001-01-30

<150> 0002310.1
<151> 2000-02-01

<160> 2

<170> PatentIn Ver. 2.1

<210> 1

<211> 21

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Seguence:

Oligonucleotide

<220> _
<221> misc_structure

<222> (1}..(20)
<223> N = cytosine with a fluorescent Cy3 group

attached. M = thymine with hexaethylene glycol

attached.

<400> 1

nctgctgaag cgtcggcagg m 21

<210> 2

<211> 13

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide

<220>



nct gct gaag cgtcggcagg m 21 <210> 2 <211> 13 <212> DNA <213> Arti'fchiJHL 20
Sequengpo ez <223> Description of Artificial SequencepcficiBgnooso? eoti de
<220> WD 01/57248 <221> mi st structure <222> (1) .. (13) <223> N = adeni ne
wi t h_hexaet hyl ene, gl ycol attached. <400> 2 ncctgccgac get PCI/ G B0l /00407
13 <?~£>REI’-"E‘,"D&%WE -ey5 JUL 200" 11 Claims An array of pol ynucl eotide

nol é@ﬂ’eélbon&}rz’i’si ng a plurality of distinct optically resolvable

pol y2Rke! Mot iafening "Bsh| ekaphbisPri $edobrtdas®id-d surface, wherein each of
sai d nol ecul es conprises a polynucl eotide duplex covalently Ilinked to form
a hajggpi p | oop structure, one end of which duplex conprises a target
poly&qggg&;g c&gt and wherein the spacing between adjacent pglynucl eotide
nol eculFes"onthe array is at |east 100nm whereby said pol ynucl eoti de



mol ecul es can be individually resolved. 2. An array REFESHGEM T ‘
wherein the spacing between adjacent pol ynucl eotide nnlechg &E_Zﬂme array
is 15 |l east 250 20 | east 300 3. An array according to claim erei ne?ﬂ
spaci ng between adjacent pol ynucl eotide nol ecules on the array is Ieast
350 4. An array according to clalnl wherein the spacing between adjacent
pol ynucl eoti de nol ecules on the array is at 25 5. An array according to any
preceding claimwherein imobilisation to the solid surface is via
covalent attachment. f JUL ? 6. An array according to any preceding claim
mher@laimﬁe 2 30 array has a density of at |least 103 nolecules/cm6 JUL iO
:12 array has a density of at |east 10" nolecules/c 1. An array according

to any preceding claim_ wherein the An array ac o0 any preceding
claim wreeieitrdheoD pnilmlégtl&er wlﬁgé‘iﬁstﬁmﬁ?ig%&ga% | east 106

nmol ecul es/ cm y ndiNgels@188)%1Br petghungledbbide wherein the
ar r agl weal Bt 36é?1€ q’fpﬁ eop?cg'%qu? from 106 tg 109 10. An array according

te0 aﬂ@iéﬁﬁiﬁ%“iﬂhdﬂiﬂﬂﬁedMuﬁearsdﬂmﬁ surface, whereiln

said molecules comprises a polynucleotide duplex ¢
one end of which

ovalently

linked to form a hairpin loop structure,
and wherein the

the

duplex comprises a ta;get_polynucleotide,

spacing between adjacent polynucleotide molecules on

")10 array is at least 100nm, whereby said polynucleotlde

molecules can be individually resolved.

2 An array according to claim 1 wherein the spacing

petween adjacent polynucleotide molecules on the array 1s at

15 least 250nm.

3 An array according to claim 2 wherein the spacing

between adjacent polynucleotide molecules on the array is at

least 300nm.

20 _ |
4 An array according to claim 3 wherein the spacing

between adjacent polynucleotide molecules on the array is at

least 350nm.

25 5 An array according to any preceding claim wherein

immobilisation to the solid surface is via covalent

attachment.

6 An array according to any preceding claim, wherein the

3 2
30 array has a density of at least 10° molecules/cm®.



pol ynucl eoti de nol ecul es are of DNA. 11. An array ac&ERlLACEMENDBHERTS
precedi ng clai mwherein a 15 fl uorophore incorporated on an i’ncﬁ \{I'Uluq[]gq

pol ynucl eoti de nolecule of the array can be inmaged directly by N 2
fluorescence. 12. Use of an array according to any of clains 1 to lﬁ JUL
20 an anal ysis procedure to deternype the sequence of the target

pol ynucl eotide. 13. Use according to claim 12 wherein the procedure is
genotypi ng. 25 14. Use according to claim 12 or claim13 mhegein

f1 uorophores incorporated on_ingdiyidual ly rugliegt wieredol §68l es of the
array.areAhnagéaYd??%%¥$§“%yt?I?égvsceﬁ%ggm%o 15§QL§e according to claim 12

or claimi1 rej agget @@ﬁyhﬁmeéBFﬁégséF@ individually resol ved
by oﬁFF€§I§a§?§r§§@%%€§ of © Y

‘8 An array according to any preceding claim, wherein the

6 2
5 array has a density of at least 10° molecules/cm

9 aAn array according to any preceding claim, wherein the

i i m 10°% to 10°
array has a density 1in the range of fro

molecules/cm’.

")10 i i herein the
J 10. An array according to any preceding claim, W

polynucleotide molecules are of DNA.

11. An array according to any preceding claim wherein a

15 fluorophore incorporated on an individual polynucleotide

molecule of the array can be imaged directly by

fluorescence.

12 Use of an array according to any of claims 1 to 11, 1in

20 an analysis procedure to determine the sequence of the

target pelynucleotide.

13 Use according to claim 12 wherein the procedure 18

genotyping-

25

14. Use according to claim 12 or c¢laim 13 wherean

fluoxophores incorporated on jndividual polynucleotide

molecules of the array are imaged directly by fluorescence.
m 13 wherein the

30 15. Use according to claim 12 or clai ‘
esolved by optical

target polynucleotides are individually T

microscopy.



