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ARRAYS QD R USE "I G Field of the Inventiogpcri@psdoayenti on

rel ates to devices havi ngwg{gﬁ_array of pol ynucl eotides, and to the
sequenci ng of pol ynucl eotides. In pargicular, this invention discloses 5
met hods for determ ning the sequence of arrayed pol ynucl eoti des. Background

to the I nvent] ' 16 A Sh U al n | ed, in part;
by i nprovene ﬁ 1“- RUSE MRS s or thei r

bi ol ogi C?ielQ %ﬁ@é mgﬁéﬁ particular, the study of the nucleic acids DNA and
RNA 10 Trom devel opi ng, technol ogi es used for sequence
anal ysi s and This inventiorofeldtesr:o dievices havingaart array\of palynptieotities rand

t echnol ogi es that have inproved the study of nucleic acigds, js.the
devel opnientheosequenGing f Palynugleotides; nih)\éﬁnlcé%f’ As| '9?’@”&9’? djésdme arrays

ot |1 et B gBlehiting iR B liedPf Byt pBmtplecaes, U0 T

Bi ot echrE_ 5@&&&%@%@%3& descri bes ways of assenbling the nucleic

acids ustng a chemcally sensitized glass surface protected by a nmask, but

exposed at deAdvances dasther studyvofamalecwiesthave heemded, 8dPartePy

nucl eoti de phosphor.am dites. .Fabri cate ufact ured by

the t echREEEQeG%"?éBo HBFU% H?&M%%P?Hﬁ@?%?@%%ﬁ%%of@? support -
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A furthg'ﬁ@@/dé?g%%nﬁjtr{si ;m rray tae'chno_l ogy is the attachnent of. the

pol youc Ihestbenheditted fromedewdloping tepbnalogiesaispd fonsequensae analyisis and theu| e
arrays. Arraéf of .this tépe are disclosed in WO A-00/06770. The advant age

~~of thes&tudy gt hyRridisation,gvyents, ;i ons can be nonitored at the single

“nblecul e | evely éi?&lmgpf &rtﬂ‘éttéeﬁnaagje%rtaat R&VEDRAToVed Tha Bhwdy'sf meeleRRs can be

collated froma single reaction. though these arrays offer particular
advant agekdls, ris thedevelopmentpof fabricated akays refpmnacbiliaed fnugleigyacids. t he
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(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 alldw attachment of suitably modified nucleotide phosphoramidi_tes.
Fabricated arrays may also be manwédured 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 to form single m'olecule arrays.

Arrays of this type ére disclosed in WO-A—00106770. The advéntage of these

25 arrays is that reactions can be monitored at the single molecule level 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 level, where losses of target polynucleotide

can be tolerated due to the multiplicity of the array. There is therefore a need
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for inprovenents in the preparation of the single nolecule arrays orUL 2004
sequenci ng procedures. Furthernore, for DNA arrays to be_useful %4'8 ir]
sequencanowolsSR4dbe determ ned. US A- 5302509 discl oses a RET{HRNP equence
pol ynucl eotides. 5 inmobilised on a solid support. The nethod relies on the
i ncorporation of fluorescently-1abele@, 3' -blocked bases A, G Cand T to
the i nmmobilised pol ynucl eotide, in the presence of DNA pol ynerase. The

pol ymer agg, i}ﬂ%(réﬁfeﬁt@m the Emrambﬁhe singlg moleaule atray s for seauencivgeot i de,
but is prevented fromfurther addition by the 3'-blocking group. The | abel

of the i rprocedur&sed base 10 can then be determ ned and the bl ocking group
renoved by chem cal cl eaya W, t ] ﬂ?ﬁ'ic ur.
Sequenci ng p0ﬁ§“ @Eﬂrﬁdgg'g@rﬁg %ﬁdtéuwgpgséfuggh&g:gé [ ggl’?‘gg(s)atéhe
pol ynucl G‘d&%ﬂﬁnba, y§ 'Aﬁaédoaéwmd dclbses Aenéthbddo senpente polyructeptidedi sat i on

reaction W a support-bound conpl.enent. Occasionally fhe conditiqgns used
in the 19massbilised op arsolidcsupport ulThe methed uplies ANt e: INCORRIAYOR G ed on

hybri di ' d the | ' ' ' f .
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| abel s f rporated onto enpl ate. The al Kal i treatnent
20 resul riﬁcdrﬁofg}égbm;gboﬁmmehmtdtbetérgetapdmﬂldmﬁdmbutlsmie‘_tﬁl"ﬂeggest s
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The hai r fiomfurther pdition bydhe Srblacking greup. The {ahe! SERLANGCOTRPtRAPRRP s
al kal.i. treatygen ' . S cved emital Yleavég88/ 20019
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T S o O evad by Db | o1 no polyos) eerLdes on
m croscopi ¢ bSeguentingcpeiynugiegtides o %&Bbgﬁ”pgﬂﬁnﬁg%:éﬁgﬁﬁﬂ{aéggﬁe are
d f 1 ar f. o - Vi i | reaehion
ol et cBoNmuF Bt Reli§NpicalL oY e solfsdpeity VB dleriliatisn aehen 1 ¢

cont ent .Qjmcél&hbbanfﬁﬂmbmSie?ﬂemtseOicnasiy:ballplnlmtdamdiﬁnrﬁéusﬂd@n'éh% aci d
det ecti on net hods. 6 JUL 2 04.V\D_01§ﬁ§£§1§1’8 P /GBO%é‘tqg407 3 \/%) ﬁa 7/ 04131
di scl®sesequenaing prateesliresit ipdisndplion opgs formed.on ypudisationahd, ot i de
hai rpi n gt ruct ures . The ' Amdvfiibmthearfdy. et hods for anplification of
t he hai r&%‘aﬁéﬁ?ﬁ&?ﬁ&%gﬁﬁs. cl e’girg t hat yt he structures contain a

pol ynucl eot i dgapafdicetcel.t Gere (1994 dd8rabe disclases s PNACseauensing i di sed.
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to tHE pPrasiis in meltindef tha praerdemptaterduplex, @ndCanandsuogestsPividing t r onger

e e aiaat b P Spo B Rublodud MR P APRER! 70 it puert Lo @
Pk PG s subBRELTOATGH ) GeNem oo hareh alp yesrhent vk sup! e
homogeneous sample of templatg DNA. |
. WO-A-98/20019 discloses compositions and methods for the preparation
25 of nucleic‘ acid arrays. The- general disclosure relates to the preparation of high
density multi-molecule arrays, achieved by immobilising pblynudeoti'des on
microscopic beads attached to a solid support. Many different uses are
proposed for the arrays. o
WO-A-87/08183 relates to nucleic acid capture molecules. Hairpin loop
30 structures are disclosed, but only in the context of capture molecules for use in

hybridisation-based nucleic aci_d detection methods.



a hairpin l.oop structure, one end of which conprises a target - 2004
- pol ynucl eotide, and 15 the array has a surface density which all O\ﬁsjtl‘pre
target pwbynsR4geoti des to be individually resol ved. AccoP@FiB@ONTf urt her
aspect of the invention, the device of the invention is used in a procedure
to determ ne the sequence of the targ®t polynucleotide. According to a
“third aspect, a nethod for the preparation of the device 20 conprises
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of formng a du ove, and immobilising the first nolecule
to the sqlitlpolyrutieetidehalrpin Steiicturesor Thé general daaching isoé meatbeds for
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hybri di saihnimaPdssetistes With #eshaifpialoniythrdugh tee hybrdisatiohreadtione t ar get

or primer Dbeing dissociated fromthe array, may be used. This may be of
parti cul Summary of thedoventiomy experinents, where an array of genonmic DNA is
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short pol ynucl eotide capabl-e of acti ase.a prinmer in the polymnerase
reacﬂﬁ)on!lﬂm\'@r?%@d&p’@ng?bm?&'?‘?"HF@VP%@%@@@/ arrays, and there are
~preferably at kf@ﬁﬁ L G‘é‘ggﬂe%f ; inveRtich, i @évite Rbynprisesears brrdy -

"ot ecul es/ cmZAan r_’r%i?’%?;g%ter bl yb:FL‘(i)%-"l‘BB r'ml ecul esl Cm.mThe ol e_cgl es

i nobi |1 6f polynucletitel mbledules: pmabilised pcaasalid:sypPERteWharsiny eacha
density so that they can be considered ¢ - S 1ol each
can be | mglequieSPMPrIses g RAIUC %'éé:? @Pﬁ&.'ﬁ‘g‘ﬁéﬁéﬁﬁ lregg('t)qc\?t?&p _f?Q"ysed
her el n <t 8 naRirl1bp sitatureliefie fidetvinien Bomplises atarget polynucietide, andi sh one
nol ecul e“on The a?ray Prom I'ts nei ghbouri n% nmol ecul-es. Separation between
i ndi y§ duge mhﬁm&@smméwdeasimyvmh allows e danget polnuciestidas to b8y  ne
particul ar techni que used to. resolve the individual nolecules. It wll
usual |y lﬂé'“t"l’i@'b’a‘%ﬁ@l"eﬂ'c)l ynucl eotide portion that is individually .resolved;

as it is-thi saubidihdYold ibher RsBEECSIAE thventidn, the dévice of theimvention of
det ect abl € bases. . aratus used to inmage arrays are knowB,t-o't‘gge skilled
in the astuselidn 2procedurs to, detepvirethe sequence ] the taraet pRlynieleqlide seq ¢ o

scan: the surface of the.ar W | | i

fl uorophore i E‘Eﬂrﬂg}gatloe?jtmfﬁ %ﬁg%%l @Fﬁ%efoért&gyégagnﬁtggjﬁmﬁlyd&'w

f| UojeScasfsiisdy 1jgafiRy veiret pobyrieléatide © thed'amdof dicst molacule
changer - coupl ed detector, can be . used to provi %le,a 2%”&% rﬁ{)resenti ng
t he i ndicdpabie ofolomving:e duplexcas rdefinedzabave; A5dsiMmabhsing e WSts on the
“agray wth a 2- etector is p | ble i ' Pl ecul es are separated
b? a di QQWEHF%E'gﬁrﬁogglsmagﬁyéﬁférmeeggﬁég’g%'ﬁ%c . r'eO;Hé)rabl y at |east 300nm
and nore prefgigbpredint dinventioh FovidesThe aethgebdfqrol gapiutingt itargetol ecul es
each conprise a pol ynucl eotide duplex whjch is used to re?&imnﬂg rimer and

a t ar getpglyriycieatidasfren Splut@paﬂﬂdajmrﬂgbmﬁi”&thﬁﬂ‘s‘?ﬂﬂ‘fUaXée . |9r.hi s
ol viter vterstenipiela FeleR, el defibilieblide i Melridiredoh paity 10 o
washi ng 134 8iher WithtAeRirif&bY Bondb stionbes tham thosecloemiedda hybridisation,
and so conditioﬁé which would otherwise result in the target or prirrier being
dissociated from the afray, may be used. This may be of particular use in
| genotyping-eXpériments_, where an array of genomic DNA is prépared, to allow

30 multiple sequencing reactions to be performed.



WO 01/57248 5 6 JUL 2004 PGI/ GB01/ 00407 is capable of being interrégﬁhle%%
The term "capable of interrogation” refers to the abilit Shear

act as &’Q‘é‘/ﬁg?“&te during the pol ynerase reaction. The tair“g:j‘ie)%m%g@ﬁucl eoti de
is therefore interrogated by the incorporation of- bases and the pol ynerase
enzynme. 5 The duplex fornms a hairpindoop structure, and the prinmer and
target polynucleotides are conprised at the respective ends of the hairpin
loop structure. The term"hairpin loop structure"” refers to a nol ecul ar

stem and _| oop for gg& fﬁom i.he hybri di sati on of conpl enentary

pol ynucl e lently |linked at one end. The stem conprises

the hybridi se by ' P @prays dffpolymatiestidesathe i nks t he
fgré&rgg{amm{a@g@? fiehefinbiién y8 dffpoly

two conpl enen ynuc . Anything froma to 20 (or nore) base
pai r dougbgnaéieatides comprisinga haigpinioomstrieture; oneendof whieheompeses | n one
enbodi nent; the structure nmay be forned froma si.ngl e- st F?qn% d
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being formed) by a I'inker noiety:. The Iinker ety forps ,a coval ent
at t achndeasbtdwnoteaties/omismore preferakly 96!%&%8556!9‘5%%‘?5@% @UDWBP ties

per son. Rrgterabi AP 10F kOBRIRBICRD; THe' moleucs Bniieilited on 18 S6Id 25

The t.er g, DAl idflsointefe Gt d densityfserthabtheyatar be goiisidered gener al |
[ nclltl(}di r?&p%%k;%%ﬁﬁé@?ﬁtngﬁmgnal 0gs, “Zg PNA DNAlyi-s p fe{red.

~Rr epar attbope cfinglec mbledues, i.e. fe@chmghﬁaﬂ@@V'dHEerﬁép Gpi'déﬁ@n &He array

v 25 may be carried out, by, nethods,: Wyt ' ‘edlaltd; The
tar ge%/ ﬂiﬂiwgt'ﬁ&trﬁﬁ%'vﬁﬁl 1S 158 I'ngns&ettcg?m%%bgg\%gﬂ?gﬂg Eas? m nati on
s 10 be e (B HidlingfisHTBe tholbeurenbnnne aifay drom s ineightiouring)

structu Incorpordate the target polynucleotide. However —a.preferred
et hod - imolsoules: m Separationshetwsiesc individuak maleciles HNyithe %T%W'gi%

tructure, and. ligate.t t 0t i ' b G b
car ibed delernero peroPY 1 Baric i SRHAICK n66d {drdstive the Fiigoar™™y b°

The res T,}%%egt ARl Ustianly Be'the eargebpolynoglentide portics thed dstinelyidually? 248

PCT/ GBO 76 stranded’ target polynucl eotide __aé gge.end. of .the pai rpin

and a presaivedoagilis this whichwill be iblereroaled, &g By dne iIRCRIPRIANON Phe ¢ ar get

pol ynucl e ti%ﬁ i,s_genonic DNA purified using conventional nethods. The

genomi ¢ l? -anplified or used 5direct|ytggeneratefragmsnts
a X

of DNA usi ng siddiatusiid toGinage srrajerare keawrstp thosreskiled intheart izgies, a
1ot Bod. exampie: aagelasRl FRAURBRTBICRIOPRIBAY B YRR 13 S bases,
e i 15 b B BBEPT R SRR nudpbhue orportes o o1 o
‘“the DNAiciiBlial Bregedninletle iby fucvescericey Atemativelvo arsengitive 2-D
detector, such as a change-coupled detector, can be -used to provide a 2-D
image representing the individual molecules on the array. Resolving single
25  molecules onthe array with a 2-D detector is possible if adjacent molecules are
éeparated by a distance of approximately at least 250nm, preferably at least
. 300nm and more preferably by at least 350nm.
The arrayed polynucieotide molecules each comprise a polynucleotide
duplex which is used to retain a primer and a farget polynucleotide 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 polynucleotide
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Met hod 1 uses a first hairpin whose restriction site contains a fFiqglUldéz!]M

- phosphorylated 5 end. Using this nethod, it may be necessa‘ra/ to

phosphomo aI/8728%he restriction-cl eaved genonmic or other DRETGBOYMMIT s prior
to 15 ligation such that only one sanmple strand is covalently ligated to
the hairpin. Method 2: in the design 8f the hairpin, a single (or nore)

" base gap can be incorporated’ at the 3' end (the receded strand) such 'that
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f ragnment y “then be renoved by disrupti ngypg/bri di sation. In. either case,

the net resul fThehduplexdormms \anhakpin IQRR Sty And, the, prigeraapd daraet 5 pna
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convent i Qﬁgﬂfm}é,g?hbﬁénﬁ hfémﬁﬁ i0bp SRUCIBIE!TRle?s 168 Molecular sty aidodp gases or

non- enzy Ic chemcal ligation. Should .the fr%l?ment ed DNA be generated
by randdformeeafiony the hybridisatianiofocomplementane polynucleotides,dbat @ be

filled in 30 with_ Kl enow fragnment, to.gener,ate bl unt-end f whi ch
may be tQualentdyglinkegd: ay ?fl‘goeﬂpunt- eﬂeWaiqoﬁ#ﬁfés?esAlﬁ%rné%gé@ t he

bl unt.- e - b | k8 AR AweOEbARIGIHiantasy S whi ch
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’f“l\'?]gat i orpolymiiciebtides.i Akythingifromi a 3i0rte,20 (or Mmesehkaredpaindovblaseanded;i ousl y.
T

ur  ace (BrPiex) 866N TRRS o84 4 i BRERCTh Be SEPLBENY 1% SOGREG © 0"
ligati 0,?%%164 friied RbinPs B;@r&-sﬁ&ﬁdw%émmaééme haipgacomplementatynen be

used in cedures to dete ne the sequence of the target pol ynucleotide.
I n the gegorishaTheleopan this émbodipment may bgeamftlamsofmmag QEINPrENPBn di gest

of genomi c DNA, the recognjtion sequence,.of [ i ct.j ' er
nucll8asBYBrghsad W?'Pogéﬁgi tﬂéaﬁ,ec@,n & %%@egﬁ'qﬁﬁfgﬁwréﬂéméﬂﬁéﬁ‘ce 10
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Spoci 11 Bakes) tapiefy JOHE L Gvaletio Pl Pieft HewHER dpObndsnt iR W ld mor @
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nol ecul e prepared fromhairpin ligation; For an base )pai r recognition
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seqpencapparentnip dhecskilied tparsoBnz iR fxamPige fbealirkelp ALY Pe10~ ends
of DNA. | tretch of bases i s sequenced on the SVA (i:e.13 x 10B
bases),pgbﬁmpﬂé@?qﬁ,égﬂt) SNPs will be detected. One application of such

29 a sanpl e HRARHATpEIPnacldotiess intendetito refer twnlicleicagids in general f or  SNP

including DNA, RNA and synthetic analogs, e.g. PNA. DNA is préf_erred.
Preparation of the devices to form the target polynucleotide on the array
25 may be cérried 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 structute comprises the single-



di scovery i.n pharmaco-genetic anal ysis: The approach is therefore uitabi[]Pu
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i dent i fi WQO1AT248f i ndi viduals to a | evel as | ow 103 SNPs.PEI/GBAIMOT oy se
possi bl e to sequence the conplete target polynucl eotide. 25 The sequenci ng
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»& yci doxypropyl.trinet hoxy-silane in 95% et hanol /.5% water with 2 drops H2SO4

.per 500 M was stirred for 5 mnutes at roomtenperature, C ean, dr
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1 M EDTA) pHW%*ttB&?ﬁ@' ‘l‘%ﬁ%’ﬁ‘@%&‘?f“&ﬁ?%ﬁ% B‘e’r thafe) @ i e;llg.s%al ed teflon
bl ocks Ujefpdraléd atthen Beend dther rcered strand) snchédhap opaniligation ofttbesanpl e
and al'l ow direct inmaging. The DNA structure Hesigned | £-primng
t enpl at eDNASragmENts:00ly 088 strangd;is gpvalgn O&% tg?ﬁ%’ﬁé’& géegﬁggﬁﬁﬁo
deoxy-t h Slerfgnﬁéb% bfrmsiﬁga%ﬂﬂb#@ﬁ%iybs?ﬁuale&i@b tohpe)s'epRIcst s, and
was synthesrse y cgn enti1 onal DNA synt hesis fechni ques usi ng. .
phoszthor s first kainpincsteuciure. On ligation, the DNA fragment has one stran 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
reactions-may be carried out in solution at optimised concentrations based on
conventional ligatioh chemistry, for example, carried out by DNA ligases or non-
enzymatic chemical ligation. Should the fragmented DNA be generated by
randbm_.shearing of genomic DNA or polymerase, then the ends can befilled in
30 with Kienow fragment to generate blunt-ended fragments which may be blunt-
end-ligated onto blunt-ended hairpins. Alternatively, the blunt-ended DNA

fragments may be ligated to oligonucleotide adapters which are designed to



For inmaging, one slide was inverted so that the chanber coversltpaggﬂf%g‘ad
- the objective lens of an inverted m croscope (N kon TE2Q0) vi %

i mrer siwo on51248 nt erface. A 60 fused silica dispersion p fﬁ@&g@ %:bgupl ed

optically to the back of the slide t;rough athin filmof glycerol. |aser

light was directed at the prismsuch'that at the glass/sanple interface it

subtends an angle -6 JUL 2004 W) 01/57248 9 PCT/GB01/ 0040 .

appr oxi atiowl|gomapatitle digatierwith) th@ﬁt'PgwpﬁWpé'Pﬁj 19 te MANNEN {F%’R'Eg Fgoes

Total Internal, Reflection (TIR). The critical angle for glass/water

interf aBEe‘{'QUféX-_ Fl uorescence from singl e nol ecul es of DNA-Cy3, produced by

exci tation wiha Kalfpiflightsd DN ebihsteucts anssttent beovalieotly atiachedite, was
collected by the 5 objective |lens of the m croscope and Iﬁ‘?gﬁf onto an
I nt ensi ftieeduffaae g a0suljl supBarY ite genects)a sinale MeILeWeAERY (PMAY &fon

Instrunments, .NJ)_ . The | e was .recorded using a 532nm excitation

(f r equeliggtion ))é‘ﬂ"%‘ﬁlqﬂégsg‘?{&%%&e %ﬁ?‘gr es, Coherent) with a 580nm

fl uorescence | ek itar, i I ficeer e
ThE B e iropRspian gbialres ot amis o e

recorded wt at the 10 maxi num gain of 10 on the
| CCD.  Lgmpe tamet polynocledtide. in theeaserthatithadarged dragments ape generatgfe

mol ecul es were jidentified by si e points .of . fluoresc ] ver age
i nt ensi viagestgician gigestafpenonis. rﬁéﬂ“@ﬁ@%ﬁﬁ? SEAYeNes ﬂﬁﬁéﬁggﬁ%go rom a,
single ool i ' ¢ Y06 ®F kilown BeguBRLE X at
100x 1@'&5&?@8’?@?8%%3?&5&’?@%?\Q‘?vpaegégéf gn'—l irke i nt.en:s)siéta’%ggrofi | e.
Si ngj e (@epepdent bh tes eazymeﬁ Farthel sequencirg bEbetwebrn§0and2@ beses
phot obl eachi ng process in the tine course of the jntensi ttﬁ ei%“\%i used to
-~ st i ngon e sﬁnﬁs@mﬁmﬂwuﬁmﬂt%@ S?%Qﬁ?s'"t%, ietion & mor e
Hl ecul g5l HiN & Rl kb @ 8GhenEa dAULES, 2
_ threshcﬁﬁfﬁt?gpfﬁ%ﬂégjé&%e #%?'S%Wpiﬁm%?&?éﬁfoégm ude background
noi se. didblihgt B8 rstiquente| inforimatizrr tar bendsed: foe ganatypingy andemorer nal
noi se of the | CCD neasured to be 76 QoumSillg\f th a.
specifically single nuclectide polymorphism (SNF scoring.
15 . Simple calculations have suggested the following based on sequencing
a 107 molecule SMA prepared from hairpin ligation: For an 8 base pair
recognition sequént;'.e, a single restriction enzyme will generate approximately
10 ends of DNA. If a stretch of 13 bases is sequenced on the SMA (i.e. 13 x 108
bases), approximately 13,000 SNPs will be detected. One application of such
20 a sample preparation and sequencing format would in general be. for SNP
discovery in pharmaco-genetic analysis. The approach is therefore suitable for
e ) forehs_ic analysis or any other system which requires unambiguous identification
of individuals to a level 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 apparenttothe skilled person. Suitablereagents, including fluorescently-labeled

nucleotides will be apparent to the skilled person.



standard deviation of only 6 counts. A threshold was arbitrarily:c 03@ ?@
a |linear conbination of the background, the average counts over an Q l'
and the WO M/SI8ard deviation over an image. In general, PREGBIVOMPT (o
guantities provide a nmeasure of the nunber of pixels and range of

I ntensities above background. This net fod gave rise to threshold | evels
which were at |east 12 standard devi.ati ons above the background with a

gr ](c)babl lity of Il?‘lﬂ'mbllllMlmln]Df:ct?e polyrpiclestides tothe solid Wmﬁiﬂ?ﬁhbﬁs@mwz ,
ggt 'L.”'x”gf iy TRt Kpah nntie 2ty Provicad ab sataleRt FgehlR s
war et gnopehieved. Tl boiss biddor i SB4 1 H8coorlor bpcta idal=! or o

the surfaqpNAeh §"}'e@’ teseglldeﬁr&etauhc?snnbnwm@jnesmmales‘ﬁnesumort
approxi mately 500 p m x 100 mlmag/e or 5 x 108 cn?. 11 d ains

1. An srrwill nypnqaﬂymarﬂabp anar suriace| usual rﬂfrqmr%"@tﬂ’b’dr%rty of distinct

optically res vable o] |, i
surface, wher gJFHee%fEQ a&%&%gﬁf&ﬁ@@%%b%}&w*ynu e(r)% c?m%lupl ex
coval ent | yp ebh?éfc?%ﬁd’suﬁﬁdﬂ@vth@ antésbman%bmam.n fhe pelynaddoﬁﬂemhé\ dupl ex
conprises a target polynucleotide, and wherein t aci n? bet vveen adJ acent

pol ynuel earrayed. nbechniques for pmpamnerthayartaysareméewe Osai d
pol ynucl e t| de nol ecul es can be individually resolved. 2. An array
accordin 8ai m 1 wherein the spaci ng between adj acent pol ynucl eoti de

mol eqyl es on tfﬁsaéié’dsglesu@straﬁd ﬁ?ébre?ﬁé}aﬁbn%f@m@brmmew@eﬁays by claim

2 wherein the spacing between adj acent pol ynucl eoti de nDIecuIes on the
’&5 ray i s ditect covalent attachment of hairpin loop structures to glass.

A solution of 1% glycidoxypropyltrimethoxy-silane in 95% ethanol/5%
water with 2 drops H,SO, per 500 ml was stirred for 5 minutes at room
terhperature. Clean, dry Spectrosil-2000 slides (TSL, UK) were piaced in the

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 uM of labelled DNA (5'-Cy3-
CTGCTGAAGCGTCGGCAGGT—heg-am|nodT-heg-ACCTGCCGACGCT-S’)
(SEQ ID NOS. 1 and 2) in 50 mM potassium phosphate buffer 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

B ) 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 aninternal amino group attached as an amino deoxy-thymidine held by two 18
atom hexaethylene glycol (heg) spacers, and was synthesised by conve_ntional
DNA synthesis techniques using phosphoramidite monomers.

For imaging, one slide was fnverted 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 anangle



| east 300nm 20 4 An array according to claim3 wherein the spacianﬁ et w2804
adj acent__pol | eotide nolecules on the array is at |lea 5. An
Lk FgB s

array ac to any preceding claimwherein inmobilis e solid

surface is via covalent attachnent. 64 An array according to any preceding
. claim wherein the 30 array has a denSity of at |east 103 nol ecul es/ cn®.

-6 JUL 2004 12 7 n array accordin a recedi clai erein the

array ha@@ﬂﬂfﬂ&"ﬁ'@e éét ¥‘? 3&%P°TB§PH%&LFCg’?%i?ﬁﬁé%ggqﬁﬂ"i&(n}"ﬁ'yg ding to

any precefy ' it (TIRVeTHE érticl 8Agle foEgtaksMatér iterfR255 6606

nol ecul e%ﬁgn%ﬁbgﬁeg??ﬁ(&cgr Ing to an?/ prgg:'edi ng claim wherein the

array has a deflaotescemce from single mblecuias dfENACYY) produicad by excitetion 10. An

mol ZX?i”‘é%&S&%&E‘&Y«,ﬁésﬁ&%‘%‘aﬁgﬁrﬁMqﬁé% 1K s olisotadncs sherei n
1 : _ N i !

Che arr agoiativdend SR MiBlBEpBE aff imAded pfilian fRendited ERaidercHBpREL © ©

accor di ngyevice (I C) SdriéraPeritamax, Priricetn istaimiénts] NI TIseifhage Was

determ ne the sequence of the target golynucl eotide. 13. Use according to

cl ai m 12re¢ardedrusing ar532e0vexcitatiore fsequency-doubled. salidestate NdIYAG.t 0 cl ai m

é(z) I 3 Fl ug : gbgrég' %ﬁé&'n%@hﬁ %r%?éﬁagt?gégég?%ﬁ r%@géé tﬂy‘a‘r H§rA€? scence.

30 15. Uﬁﬁe@fafocs}s.ngl_rﬁa(};le%! Wer8 fecaPled witHTaA xpbeuri fimehsf $00mS at the

pol ynucl eoti des are individually resolved by optical m croscopy.

. A. A0 AsfriaxirBumLgaincol 10w the KGCI3 Yiasern powersviacigtent at ithe prism were
Y 50mW at 532nm. | |
Sihgle' molecules were identified by single points of fluorescence with

average intensities greater than 3x that of the background. Fluorescence from
a. single molecule was confined to a few pixels, typically a 3x3 matrix at 100x
15 magnification, and had a narrow Gaussian-like intensity profile. Single molecule
fluorescence was also characterised by a one-step photobleach_ing process in
the time course of the intensity and was used to distihguish single molecules
from pixel regions containing two or more molecules, which exhibit multi-step

processes.
20 To count molecules, a threshold for fluorescence intensities was first 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 afbi_trariiy chosen as a
linear combination of the background, the average counts overan irriage 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 least 12 standard
deviations above the background with a probability of less than 1 ih 144 pixels
contributing from noise. By defining a single molecule fluorescent point as being

30 atleast a 2x2 matrix of pixels and no larger than a 7x7, the probability of a single
background pixel contributing to the counting was eliminated and clusters were

ignored.
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between adjacent polynucleotide molecules on the array is at

15 least 250nm.

y according to claim 2 whereln the spacing

3. An arra
s on the array is at

between adjacent polynucleotide molec;ule
least 300nm.

20
4. An array accord:.ng 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.

€. An array according to any preceding claim, wherein the

30 - array has 2 density of at least 10° molecules/cm?.
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| wherein the

10, An array according to any preceding claim,

polynucleotide molecules areé 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, in

20 an analysis procedure to determine the sequence of the

target polynucleotide.

13.  Use according to claim 12 wherein the procedure is

genotyping.
25
14. Use according to claim 12 or claim 13 wherein

res incorporated on 1nd1vxdual polynucleotide

fluoropho
tly by fluorescence

molecules of the array are imaged direc

30 15. Use according to claim 12 or claim 13 wherein the

target polynucleot;des are 1nd1v1dually resolved by optical

microscopy.



