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originally filed. W trust that the application for
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RECPI ENT 15 January 2007 1 DETERM NI NGTHE SE thPd

Ei Ps~ PpL It LE I Field of the Invention The
"{,%Q}y&l? relates to nmethods for determ ning

t he— ; of a pol ynucl eoti de or detecting

vari at fiensreaebveashtipalryaus e oididedssiequetroesing the sequence
Background to the Invention The ability to determ ne

t béa pelyneciedidsforaletastipn ettt detwaengiolygusigotide sequences.

‘ f ortance, as denonstrated by the Hurnan
3 : i!it’\l)fcﬁ—'éwﬂhas now determ ned the entire
Sequen?ﬁ?_%fmhy% 8&%%@'1% isonudireest #bolyRBclbon@nisler great

IS sequence | nformation r epr esents
a@c@%&fh’(ﬁg&)ohlam aantkmdrisgaed by taedmxmard@e@bm Ryewsg! tvéhich

d
;2\@25@aqnge/bm?ed?ihfgfeg{«r%%;;g&et mﬁ%gtaqu%gn% E?%ﬁs ?ée fiuman

f s g
o TS G S Bge nnans
b){he?r@nﬂéf Eordigeralie needlts onddrSand ére @ﬁemhce%@weemdwiduals

Acad. Sci. USA 1977; 74: 5463-5467), and relies on
t ted augenadit leNedeoxy derivatives of the four nucl eoside

L;ISIS ggﬁ Rg%tpﬁﬁuaéll @%ﬁggi\{ gﬁﬁé}ﬁpr%%? a‘??e Lo40 Dtr\ll(ss%%uencmg is

in a ner ase
r aRELhAR terwmlohwn@@rms @rfethddﬁﬁaﬁfur@em«be!atmdl b»ya@angm and
termnate the ol ynmerase reaction and the pro

ar@oulsren(Sseper ett% fog. el écaﬂ:ﬁ%pﬂ% 837% 740 5&%‘%“67 and

SIHES i i R ML ey o

B e T

i scr_wlmveadhabouwpmrnnmwr@uamdth@xﬁféa@xw86!’%!?«%é?fm&%t? the

! tpél?mgr%tse reaction and the products are then separated by gel electrophoresis
and analysed to reveal the position at which the particular dideoxy derivative
was incorporated into the chain.

Although this method is used widely and produces reliable results, it is
recognised that it is slow, labour-intensive and expensive. Furthermore, it is not
an effective method for detecting the differences between two sequences, which
may often consist of a single base change (known as a Single Nucleotide
Polymorphism, or SNP).

Nucleic acid arrays have recently become a preferred method of
determining polynucleotide sequences and SNPs, usually in the context of
hybridisation events (Mirzabekov, Trends in Biotechnology (1994) 12:27-32). A
large number of array-based sequencing procedures utilise labelled nucleotides
in order to obtain the identity of the added (hybridised) bases. These arrays

rely on the stepwise identification of suitably labelled bases, referredto in US-A-
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an effective nmethod for detecting the differences
between two sequences, which 25 may oft en cehshShopf
a single base change (known as a Single Nucleotide
Pol ynor phi sm or SNP). Nucl eic, acid arrays have
recently beconme a preferred hod of determ ning
pol ynucl eoti de sequences .and

P A5 sereinglo bRselCAUF TR LTERPES, Rhes aiale biser arggures
o&lgﬁtg& {ﬁgé ch 126294 dfoRbaB2Ad $Qjol’%rc9ﬁﬁ %@‘per The

quenC|ng procedures utilise | abel

.cﬁé)éét%s@f hilc|OdtdRE a3 wbtaivantabes o éingh sgﬁmivawrmd low
a ed (hybridi sed) bases. These arrays rel'yt on the
i

shapureed démdver, caduotaiveérngwﬁ@fétﬁfloyﬂ P%eﬂeﬁ@ Pases,

rgf (ra]grglr Sgggg%émyjstaé\?asﬁéc% dsdga%ﬁuc\% S%Cﬁ ]@e'gaisne fmany
Io g %H%el o ddhl iS€1ceb@ed YRES b‘éf sﬂ\@@;@éraxé&qmo the nascent

the fluorescent | abel
f éilzﬁbca@@ldé trgpiroin aneEpecte desndidy tbh@omas@g@@n Geaction.

" ErIaineel SHErL eI PP Rpdors PRSLFUiTGiEbgtes a unique
W}lgcgrr §R$r%%&'a%§ B‘%)szcc%{ﬁghuwgérﬂ%% 4 @@leéﬁ@m %‘@eH§|ﬁG’eﬂuorescent

ues nucl eo |des can be

| QERICRPI @Y @chaﬂg@cbmwa&eem C@ib) yheﬁbemphdte afteaialso acts
in a stepw se manner by the

r @t beeking BAeYP’ owhlphéeraqa\quetﬁg@ m}y ﬁ@wch&oret&d nycle@tnde
pORFEN G PR e g i i Blegt b PR el e brevents

using a sensit

f I Hes@astRAbolthetichRat Witerea grenmvahlamgmkc@gmbm is used whlch
det ector ( ). The fl uorophore often al so acts as

" whodkiragogedpa speifiic ealarwrsy Bt taseitan ¢'f3?‘939@f0ft“i‘?ew"a'em

d d
i Wa r@%}% QE{‘JJFL? é%aﬁ? the bl bg%g%gr@gtéc?oaﬁe prdf;ven dqBEncing
“WSQ{I%%'@HW&@ ymerisation. Often, a "removable

Ing group” is used, which can be renoved by a
speci f R@mdveatenblnckm@a;romm (gly oni A rmr@:@fa@feg@qsxtﬂﬁéemovmg

IGATHY HHUERoSalT SHERE'S (b POBGRBRAIA Crice! geqaymati
C%duﬂ&% RN Es PhREHHE sBPINRSDE @iFeuo SoriaTded apply.
posSi bl e renbving treatnent strategies, for

ewﬁp#eaceamboal@ohmnmm{s foh@mnm wahm@mzq;fﬁ% can result in the:
treatment. However, these have been s

dirermoval af anEntigh Pydeotidsy ot %\fﬂrx,sevgﬁl agéﬁ%eﬁc @S{eeag of just the
lr g@%lntdgﬁxdb{eﬁ %t&cufr?ﬁcém ls8rivid JHd%eé@erﬁHe%@dr th&adelity of

f emova an entire nucleotide, or
evap Ssejenaihgnueihedt bdasicontsiteshcerodvyl wdt nudieotides results in
sequencing data becoming out of phase and sequence data becoming corrupted
or unusable.

Afurther disadvantage of both labelling methods is that repeat sequences
can lead to ambiguity of results. This problem is recognised in Automation
Technologies for Genome Characterisation, Wiley-Interscience (1997), ed.
T J.Beugelsdijk, Chapter 10:205-225.

There is therefore a need for an improved method for identifying the
sequence of a polynucleotide, in particular for detecting variations within a

polynucleotide sequence, eg for detecting SNPs, which combines the high



10

15

20

25

30

i ntended | abel . Such occurrences have serious
consequences for the fidelity of the seqyenh®goos

met hod, as uncontrolled renoval of nucl eotides

results in sequencing data bscom’ ng out of phase and
sequence data becom ng corrupted 25 or unusable.

Af urt her di sadvantage of both |abellin hods, | .
(anabiivapaar 9 beraEs N sh 4 URADT S apB gty G the high
results. [ r em. LS Ni gg&hdrN AULIBEd QRould be
TecHiiTy g QuSreBreRl The i BRORT AT ot

W eyreldnb &g heBaeulth9d)-threehhpul adioBetigebradegses, reducing
Chgpter 103:§205- 225. SOgThere is therefore a need for
ahe icoprrapzedategtitoef 9ingi e@heds yi ng the sequence of a
pol ynucl eot i de, ngarti cular for detecting

SnEENE RS the Inyeptior pol ynucl eoti de sequence, eg for
det ecty iy B0 | (et B8is Bl SHnABthd adAiivation of
2007 Tg%%énspﬁn\\/%)'/&gﬁgg%w bagkgrlound of ‘ _

r agbghabieblikdseuicheeotdadeas: virtiad bhebhingesunes dleutherduring
of fluorescently-|abelled | abels. Fur{g{;er, .t he m?t hod
sWoigh i Ipelymeapseh e dsflopeilaget RPYNededife Bying a polymerase

hi gh-t hr gughpu ~ i

4 BEBERL W U0 1 ETRERs PSR e
t h&yhvERideonhEReIRrESENho | Mysettidonaiaiables ddr amcar e ation.
rea\l',i sation that the identification of a

pBheraivet, ddhe aidy mesipndide & vaikablaie NeAEPMBIEMSI ANy he polymerase
measuring the time. dutj i RO, [ i
TRt P TR b AR e
rRAGLIOA. 1) igeney abi tAepebypriaseriv bdquepeadol abs target
time bound to the target 10 pol ynucl eoti de when there

i polgoucieatideot i de avai l abl e for incorporation.

e e B oG sPTanbceaRbLE A d Bl yhoridentiving
PeyauifleRol bﬂ?p%@ﬁu@e&t@é&ﬂﬁ%e@e” od, and this can

be determ ned reveal the identity of the
conpl efient atont gy edergef paynecieatidgerith arslymer@resnsydee and

LS A ek 700 SO 6l B TR egg e
Bg#y%‘?%&%@ggﬁo&@ Lisgp: (i) contacting the target

nucleotide wth a pol ymerase enzyme and one of
t he nugl)eotmedesuripg Fea@ne t@emdorthendeymetsei toi biRg to and

suitable for the ol ynmerase reaction,to proceed, '
subsequently dissociatepfro% the target pcﬁynuc?eohde, &) t?nere%y determine

LafAs

whether the polymerase has incorporated the nucleotide onto the target
polynucleotide; and

(i)  optionally repeating steps (i) and (ii) with additional nucleotides,
to thereby identify the sequence of the target polynucleotide.

According to a second aspect of the present invention, a method for the
identification of a mutation in a target polynucleotide, comprises the steps of.

(i) contacting the target polynucleotide with a polymerase enzyme and
one of the nucleotides A, T (U), G and C under conditions suitable for the
polymerase reaction to proceed; and

(i) measuring the time taken for the polymerase to bind to and

subsequently dissociate from the target polynucleotide, to thereby identify
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20 (ii1) nmeasuring the tinme taken for the pol ynmerase

to bind to and subsequently dissociate fromfRe007
target polynucleotide, to thereby deternm ne whether

t he pol ynerase has incorporated the nucl eotide onto

the target polynucleotide; ani (iii) optionally
repeating steps (i) and (ii) wi th additional

nudletiori BlespolyPerase hateiwioyParaent ey nuHeoEy QiR L% ftarget
the target pol ynucl eot i A dj t d
el SE o s A6 SR et e ne torce,
| dentifdoating Shfultiakion in a target
pol'ynucleotide, conprises the steps of: (i)

C O <Reiiting dfltBe raregéibnpol ynucl eotide with a

polyrnerase enzyne and one of the nu?l eot j, des Aa T . . {
(U, GThadero watyarcledits of degekeryayiertidsr 9t Heed gein is to
pol ymer ase reacti :ncBda Ghdng; IADNA and
e P Eaei o e 8 B PR ndtiA  bhikg R RigaNA an
SURS & G 2% ofHes BaSHAMiIRg ikt bhe-likangtdcules e g. peptide nucleic
pol ynucl eotide, to ther ebégydent ify 15 January 2007

4 adetREA).t Hdepergaterchecieatds Mot pordauble pheingle-stranded.
nucl eoti de onto the target ol . ynucl 1des. . apd, Wi

r efeesARlY. 5 et rPngé‘%g‘é%ﬁJ n‘?:%'%% fﬂé!&a?lggg%u%wd and
de | infBitsalyLon cepb FicsloDesach plat Ok wdlymerase
th@g(%\%gﬁ%@ghggbfﬁé tertr% "pol ynucl eoti de" or "target
pobnzydel @ot dtdeh tathausapt helysiciedtide @s Wikbe goRIGS AR ERY One
broadl y, and includes DNA and RNA, including nodified
DNk N tRNR as wel | as ot her hybridising nucleic
acid-1i u PdAApndughieh mter@eisdviPRY) target
The tar]g‘get g@dﬁ&nﬁﬁgg??‘géﬁﬁw %gn doubll e or o
si paleucddtidiedethe prévest of @énding Aeomplegentary strand, and may be

pol ynucl eotide is at least partially single-s nde

andf 2y krove ppeffer @ESPWP'R&Q"%POMT‘?@PX éf@é{[]@%%%v @@%‘g@%&de”‘
it u foth rd | GAANAL haelufeO then th
thg@aﬁgéﬁg%ﬁyn'ﬁérﬁé;&)%@%eéagnsucw Illﬁggg appr eci at lé{d byen ¢
ONBolyFktdseethdyn behenaRNA-dJérereisal riENAs palypelasaerids ereverse
enzyfme, which interacts with the ta

t . .
polpnaplse 6 3 Rikdepraisat KA RAlYBRMSRG 1§ RNA replicase
C o BRIreRE Aha eSSt BRI RN AAne HonffigATY known

ynérase may be an

20DNA- demﬁ@%pget%mlmé asgrefdriblyHecdlaeget a specific site on a

pol ynucl eotide is a RNA nolecule, then the = -
polsypmrbisietanay IEf@fegmblRNAe@@b@ﬁg@ﬁ?@dw%ﬁyp?%@dg@ob|I|sauon
- %'n arseo ig rsagport. Supports suitable for use in immobilising the polynucleotide
will be apparent to the skilled person, for example silicon, glass or ceramic
materials may all be used. Immobilisation may be carried out by covalent or non-
covalent means. For example, covalent linker molecules may be used. Ina
preferred embodiment, a primer is immobilised onto the support material and the
target polynucleotide is hybridised to it. Alternatively, hybridisation of the target
polynucleotide and primer may take place in solution and either the primer or
target polynucleotide is subsequently, of simultaneously, attached to a support
material.

There may be one or more target polynucleotides immobilised to the solid

support material. Ina preferred embodiment, a plurality of target polynucleotides
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transcriptase, or a RNA-dependent RNA pol ynerase,
i.e. RNA replicase. Primse enzynes are @ljgQary 2007
included within the definition. 20 The target

pol ynucl eotide is preferably localised at a specific
site on a support material Preferably, the

gg% %]iyagths% ?ﬁe sg%clg;‘gcﬁg'%ﬁ?qr% 8 gm) et?ggé/%?%ieg fiesMaybe of
th*v dgas:y?%&géabﬁg%twdué&le Wigh-dbesigPRREENEs Well as
t he" s P

rson r exanple silicon, glass or
Cc &diagie enolemlleeraradys imawhieth lndnmm@@lynumma isatprmnmay be
may be carried out béwcovale non 25 coval ent

mEsabieRor e d BB U RPBIE INF AP TSTOT G IRACDe ARG TR on a

erred enbodi nent, a prinmer is
ﬁﬁ@hﬁ ;#qq%r%&legjﬁ]?% t he support rmteri al and the target
pol ynugé aatdideed 5 thy Beqkreed methbt, thAltdrgenaslimeligotide may

hybri di sation of the target pol ynucl eoti de and
prbe eoUghRINta @a(éacwv@m@m appeaingte pimend NebidiaingpRlymerisation

HEE Pt aﬁé’éﬁ?@ Qﬂeégﬁ %qg)cl %ttlegWEboP%u&%%%ﬁ@tHéﬁ Oélsrupi

K‘mrﬁe{??éfn &C%HB rstr‘@@fu?estt%égéiastﬂﬁ‘l M@W@ﬂgépbbl?ﬁﬁileoude On

dto t solid support materi al n a
prceblmg ¢tk primed wﬁbamneaatcphta rcamptqmejﬁ ondhgéarget This is then
gnucleotldes 15 Januar ch d,t

are
REOWqPpapto.  Gpriee yHR ay}Ee °‘¥'E?r§é? p ‘?y eé}i’? qdareet
ty, including
It}}l?a-gdg id ey%gtl%% Cgﬁﬁgxty arrays as well as
si ngl e%nmrheenﬂbedmmm ay shd mvehtiarh thendiditidual the nucleotides s

pol ynucl eoti de | ocati ons resol %f lﬁ h
D GsbiTblas 66 (i Aiens pOryARIES e F b ACBERRPY 1 the
0

Ol SRR BRI E F Skl A57P VISt e iRl to
brieugberitng @owrdrasﬁlpwwmdtlamdamman ameetsmel amrmg which the
hybri di si ng/ pol yneri sation buffer. | cal
bLﬁoﬂmerm IS Bunpiexed ‘QéH%@P%(f‘HF‘QO%Qﬁ ws| H?ﬁeﬂxﬁﬁﬁhi{r@w”d

Pl i By ARY SEEAPETAE R PR shtcea. s

t hﬁarnfér NBE tinied duranasth tre ¢drsp|emrmfoanemtambetcbaelated to the
target. This is then brou into contact with the

p(gaﬂmquclepbd¢ gmpmrmg?@@tﬂme and the polynucleotide sequence,
poI cl eoti de ase conpl ex. In one enbodi nment
a}/wﬂg Gmgﬁ’ﬁ&gg é"{addl tion of the nucleotides is

cont r 0'T‘h@de§&uohhﬁéy 5186 baistdresemf theuridriohiciése polgmerase to a
added sequentially to the 15 pol ynerase/target

c omptieon mixbure mmwpr@amm%@oaau@aoww thewegleotide.

to After monitoring the time taken by the polymerase to associate with and

dissociate from the target polynucleotide, the unbound nucleolides can be
removed and the next nucleotide introduced to carry out further sequencing
steps.

The incorporation of a nucleotide onto the target requires the polymerase
to associate with the target for a period longer than that taken when no
incorporation is possible. Measurement of the association between the
polymerase and the target therefore reveals whether an incorporation event has

occurred for regions on the target having sequential nucleotides of the same



fl ow over the poiynerasel pol ynucl eoti de conpl ex; the
time during which the polynerase is conplexgd~t@othe
pol ynucl eotide is then determ ned, Unbound dGIP
flows out of the reaction site_and a further
nucl eotide is introduced. In this nanner, the tine
during which the conplex is fornmed can be correl ated
t oytshthe20npaf s3socibben wiloheeesale oppieaaty. dUraralg e Watmethod
time_and the. polynucleotide nc efore
b&2RBE ARG EN éOPE%%@'i"%R“ﬁg@%e Ssog’“geﬁ%ﬂgﬁxf &d by
the adei L LoRAln c%f"ﬁ?e PO NARIARBydeh 1Be pbRAGrbaNemyXiewne the
whi ch conprises the target pol ynucleotide and the .
nugigeopojeucledideecammbei tariengut he reamringkdrmnggs tineapplied
pol ynerase to associate wth and %% di ssoci.(gte &.r om,

5 t hedietpryddeareroaliviceapaeren @ AMBYOREU T GEIEEqcds et ween
can_ b r Vi « j i
o 0% O AR T 108 A S o B LR o 0t AYESHlchRonal
| ngeRRALAti on of a nucleotide onto the target

requires the polynerase to associate with the ,tar%et
for a peonedcm gnit ieninteractiarakiemevpriymagseaytn the target

i ncorporat.i.on i s possible. M [ ~
R SIS B aRhET HehE 2 M ETEE MR T RS, e

10 ther ef Qi iiR%eFhSyiM 81 h18Ms B kAGAT POt droN Ireyemdralnas non-
occurred for regions on the target having sequentia

nucleeppoldesatoh foha meterial £8n basypieysedy 6 type, the
time of association will increase proportionally.
Therefore the nethod can be used to identify

consecutive nuclgotymes, gfagkhexsene type. The
detection of the interaction between the pol ynerase

enzynme and the target pol ynucleotide can be carried

out by measuring changes in .. lied radi ation.
15 NEMSRTE PG NGBS ERARGES AT e STt eFSR BodiPer hrceptioity.

! n%r% @ tth@%.l%?ﬁc"?%?dj%éé?@r. APk YR iAREIABADERR@RTal absorption and

pol'ynucl eot’ide may be carried out using conventional

apaeatdsof lit: e eecaatiisoeints, setbred iarrenagenerston (fHe), sum
pol ynmerase with the target polynuc|eotjide.is . .
nmeard, ﬁ@f@rqmer{geogeﬂ%\hgﬁm{@g@n; iar?é’g‘?‘ﬁd;"é‘i gipggﬂbefd:ght scattering,
Nop- | i nears i magi t ki tand Both two-
qenp U PR RaRF LR SIS, BIFE 1 FoREUEReHI T GHY, 2nd Both two
20 CagnderxphemsetsaptioR = XI2>E + Xt2}E2 + X' 'E3
.f... 15 where P is the induced polarisation, X' is
t he nt hA arrgterredoinading ys\elis 6k pi¢ mrﬁqrg,’mvent:on relies on the

detection of the signal arising from second or third harmonic generation.

Single-molecule resolution using second or third harmonic generation

{hereinafter referred to as SHG) is known in the art (Peleg et al,, Proc. Natl.
25  Acad, Sci. USA, 1999:95:6700-6704 and Peleg et al., Bioimaging, 1996, 4: 215-
224). Suitable systems are described in WO-A- 02/095070.

In one embodiment, detection is carried out in solution phase (i.e. the
polymerase and target polynucleotide are not immobilised), using raman
scattering and/or LSPR techniques.

30 When light is directed onto a molecule, the vast majority of the incident
photons are elastically scattered without a change in frequency. This is termed

Rayleigh scattering. However, the energy of some of the incident photons
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and Eis the electric field vector. The first term
descri bes normal absorption and reflectipn,gf.i@ght,
t he second descri bes second harnoni c generation
(SHG, sum and difference frgquency generation; and
the third describes light scattering, stimulated
Raman processes, nlc

ener a
bGPR PRI ! ﬁﬁMeWHpeEh%ﬂ%ﬁ CO&'B%&% %?%mm \Sl?f P
! INRHROESIFRL caLBY L hOBf thelin@serengtithe be
dé@g%?‘%ﬁ%g‘gﬁe m%ﬁg g?‘?@lcﬁg from secongj or thigrd
henRniglygemesrat bpime mGengd elmatangeloélre@soligsitlm differ from
usi ng second or third harnoni

( Rerensea b e 1 dbisas eapes TGt RranAtrel Bieloling the
4 P .
gge@%@?té}}gwcgntgre%% 1%%921{@ %r%é Im%ﬁg%k tntknli§§6 tH@%%aque

Zﬂzéma%%éécmﬁ%ftta@h@lew&tMr .amugewfs bemanam \P@al&sns of the
021095070. In one enbodi nent, detection is carrie

ed

oRarian sse¢tumn ofrarpxméwo sa@pletcﬁ@y!ewdn%@aw%the samples
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target is immobilised on a metal surface, to improve the Raman signal.

In a preferred embodiment of the present invention, Surface Enhanced
Raman Scattering (SERS) is employed via the use of a metal colloidal
nanoparticle bound to the polymerase eg. a gold or silver nanoparticle. A Raman
enhancing metal nanoparticle that has associated or boundtoit a Raman-active
molecule(s) can have ulility as an optical tag. This general concept is outlined
in US Patent No. 6,514,767, the content of which is hereby incorporated by
reference. In one embodiment, the target polynucleotide and a polymerase can
be detected by searching the Raman active molecule's unique raman spectrum.

Because a single Raman spectrum (from 100-3500 cm - 1) can detect many
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are dallowe 0 ow across the surface
been configured to measure variations in the refractive index at the sensor
25 surface via phase shifts. This is disclosed in International Patent Publication
WO-A-0120295. The configuration requires four independent components and
is sensitive to sub-wavelength relative replacements of these components and
hence very small mechanical and environment pertubations. A mechanically
more robust monolithic interferometric design is oulined in WO-A-03014715.
30 In a preferred embodiment, a surface electromagnetic wave (SEW) sensor
system is used which can compensate for changes in the bulk refractive index

of a buffer or which allows the contribution of the bulk refractive index to an
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contai ning the inmobilised target pol ynucteotide. As
bi ndi ng occurs, the accunulation or redistghfHtdoon
of mass on the surface changes the |local refractive

i ndex that can be nonitored in,real tine by the
sensor. Several nmethods utilising SPR technol ogy have
been proposed an 15 rea n
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The term “label” as used herein may be interpreted broadly. Suitable
labels will be apparent to the skilled person. In a preferred embodiment, the
label is a fluorophore. In a particular embodiment, the polymerase is prepared
as a recombinant fusion with GFP (Green Fluorescent Protein). This may either
be wild type GFP or spectrally shifted mutants thereof (Tsien, Ann. Rev.
Biochem., 1998; 67:509, US5,777,079 and US 5,625,048). The GFP can be
located at the N- or C- terminus of the enzyme (the C- terminus may be desirable
if a polymerase is to be used in conjunction with a "sliding clamp’). Alternatively,

the GFP molecule may be located anywhere within the enzyme, provided thatv
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wave. In this enbodi nent, a coherent optical beam
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enbodi nent, the | abel is a fluor oghore
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15 ggég}t%f’t@%qtﬁa@nﬁgﬁgﬁr asé;ﬁeﬁ: :TE&{) %tzrgg%(scﬁ&non that allows

COoBEMDGHA BNhwididigy of theidigy @k admie) targdlt petynatievtde/nucleotide
the GFP nol ecul e may be | ocated anywhere within the
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(2000) 72, 15.3678-3681), gold nanopartlcles
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ynerase wth the target pol ynucl eot'i de and
mteractxon between the pair alters the emission spectrum of the fluorophore(s),
which is detected. The second molecule may be another fluorophore, or any
25  other suitable molecule, such as a metallic particle. Preferably a classical FRET
pair is used, where both labels are fluorophores, chosen so that the emission
wavelength of one fluorophore corresponds to the excitation wavelength of the
other. The immobilisation locations on the enzyme are chosen such that the
fluorophores move relative to one another when the enzyme binds to the
30 polynucleotide forming the ternary complex. Thisrelative movement between the
FRET pair will result in a spectral shift of the emission from the pair, depending

upon the way in which the FRET pair has been designed. More or less energy
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In a further separate preferred embodiment imaging areas are confined
t0 individual flow cells, i.e. in the event of the observation area being limited to
100um by 100um, the flow cell is restricted approximately to these relative
dimensions. Thus, in this embodiment, nucleotides are only injected into flow

30 cells that are being actively imaged. The support material onto which the
polynucleotides are arrayed, may therefore consist of an “array” of individually

addressable flow cells. As the imaging area is moved around the chip, so the
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The method is used to determine the identity of the nucleotide(s) at the
putative site of mutation and the information may then be compared to a
reference sequence to reveal whether a mutation is present.

The following Example illustrates the invention.

Example
In this experiment, a fusion protein of Green Fluorescent Protein (GFP)

and a polymerase was created via recombinant techniques well known in the art.
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t hen e conpare to a “reference sequence to revea

wheirtuszs. a nutation is present. The foll owi ng Exanpl e
illustrates the invention. Examle 30 In this
experinment, a fusion protein of Green Fluorescent
Pr he N and a pol ynerase was created via

20 egggbl naﬁ;i techni ques well known in the art. 15
January 2007 13 Quartz chips (14mmin di aneter,

0. B A KL YR & T O FORE B A L PARG GAACGGACGAGAGAAGE
GAGAG

25 SEQIDNO.2
biotin-CTCTCCCTTCTCTCGTC
The flow buffer was flushed into the flow cell at a rate of 500ul/min. The
30 complementary sequence, SEQ ID NO.1 was then injected into the flow cell at

a concentration of 1uM, at a flow rate of Spl/min. During this injection the cell

was heated to 70°C for several minutes via a platinum heating electrode within
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| ayer of planar dextran nodified with i mobilised
streptavidin (Xantec, Germany). An uprigBtynu,ry 2007
m croscope (135W Zeiss) equipped with totai [nternal
reflection (TIR) illum nation %erved as a platform
for the experinent. A laser 51Beam of peak 488 nm
(Belles Giot) with a power of 100nw was circul arl

Pl tow set abyt ajuerd ercomaie2Pat B8 IDECIRHERGEEN CF@W'HX%@ for

cust om nmade pr The ri.smwa

Glorihg enimndes P eiaBET e R (il BBl A Hjsned
Xl irfuess th
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aRheetdingrecelibreeteditibte Hyinjectescin, éde@ﬁaKaulhﬁ@ugﬁbuﬁef

the 10 transparent top surface of the flo

ahagios eraalE0DMIi ST SEAES SRR SCITAEING Rggegion a series

b hi d ch
T
L{ﬁé NYa§é apaAIthdhesarisiinbeintakeptistey. Tha e:ompiementary

I gonucl eoi tde defined as SEQ I D NO. 1 was_used
trlm:letcmdgei()TPp\@ag/Waﬁ iietted@! OAmM ehibe dpithgs el %P@%%S‘Ofed
defi ned gs SEQ I I\IO 2 was biotinated 15 and used as

LB FGROF af‘ﬁ%’ nated prinmers (SEQ I D No.2) where
deposifd Shi; iz0e Coatiesh ry. y(Fig 1a) in
i nj ectalfr%n [ n E{;‘kﬁ}/l gli/jvﬁg@étﬂ]?él 8 eM of S Ig[? NOgé in

Teorspdrisbhao tb@nbmnmp@mwmlge anig ) wigshiniaged in a
i ncubate for 10 mnutes. 20 SEQ ID NO 1

CARCH&REAREA CBETRET T GT CGAAGGT AAGGAACGGACGAGAGAAGG
GAGAG 25 SEQ ID NO 2 biotin-CTCTCCCTTCTCTCGIC The
flow buffer was flushed into the flowcell at a rate
of SGpl I mn. The 30 conpl enentary sequence, SEQ ID
NO. 1 was then injected into the flowcell at a
concentration of 1 pM at a flowrate of 5pl/mn.
During this injection the cell was heated to 70C for
several mnutes via a platinum heating el ectrode
within 15 January 2007 14 the flow cell and all owed
to cool to 25C, The injection was then continued for
further ten mnutes. Once the injection was conpl ete,
flow buffer was flushed continuously through the
systemat aflow rate of 500pltmn. After 10 m nutes
the sequencing reaction was initiated by injection
of 0.4mM dATP (8pl) into the buffer
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5 at aflow Late of 500plimi n. One second after
comrenci ng the injection a series of i S
recorded at maximumframe rate (30 fraﬁeggsgg&?lglgzzg%\ﬁd)
and the image containing the highest signal
intensity stored. The conplenmentary nucleotide dCTP
then injected at 0 4nM at the further CCD i mages
sEbAHES one second after injection. 10 The

S i comrl SaiT e TRAATER SEERENE TipoRlool PhBieotide

ng(%sr(pg"ij%e (Fig 1b) when inaged in a "tine-resol ved"
manner 15 January 2007 15 CLAIM S 1. A nethod for
i dent i (ilyi ngottetiz@ba tigs potynaCieat oyt PEbE I8 e and

Corh s bl B TG AR AR SLRRL % e
ng&l ﬁ%fés@%aé‘i nto(Hoee® and C under conditions

sul Yabl € for tohe( poci ynerase reaction to proceed;

(ii) n@asumeusuting thé niene kem faortheheolpoeypaetadand do and

Bg[‘]gsfﬁtﬁk%?g&jﬁiéggg;g (?EJQ%QH?%QPI fp?gﬂﬁ%‘éi%o{kg&‘o E{)hﬂ@ere%ﬁ ‘rg%?etrmine
? g’:”ég}%‘ a'%g So"’}?mg,%%? g’ﬁg{ gt;?)ppatrgt%d nige! ROLIEARILBRG THEE target

_ pol ynucl e (i1i) optionally repeating
stp@%u@bbﬁ@jd (ii) with additional nucleotides, to

thereby identify the sequence of the target. .
pol ynubiileotardienatty, repeatdnders aranch@) W&BHSS*'P%%USW@B?@S'

a mytation i t n ' » risin
c et ifenBendy fhe Hifhon BARLHREFR AT eckEPT 1 51 1O
pol ynuel eot j dgewiddh i@ Bl yoemaseti@nzyne aonttioone of target
the nucleotides A, T (U, G and C under conditions

syichabtleofide, coerisipoltyneease reacti on to proceed;

(i) asurjng t L t f ‘

bi nd 1 &) 482008 J8y ranr 1y AT Eiealie MR NI TRES; Entipe and
PQUAENMCIE A icitidt & A Ne(@b)G iadant idnyer 20ndifie@tshauitableefor the
pol ymer ase has incorporated the nucl eotide onto the

Lg{c?)sgerpzé y&mmﬁbteﬁ? prdegecind wi th reference to the

mut at i éiﬁ gg%lggg@_in% R G e lA&Y for ARECH AN MErMBELNBIdto and
subsequently dissociate from the target polynucleotide, to thereby identify
whether the polymerase has incorporated the nucleotide onto the target
polynucleotide, and with reference to the native sequence of the target,
determine whether a mutation exists.

3. A method according to claim 1 or claim 2, wherein steps (i) - (1) are
carried out with each of the different nucleotides in turn, until incorporation is
detected.

4 A method according to any preceding claim, wherein the target
polynucleotide is immobilised on a support material.

5. A method according to any preceding claim, wherein a plurality of
target polynucleotides are immobilised on a support material.

6. A method according to any preceding claim, wherein step (ii) is

carried out by measuring applied radiation.
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3. A nethod according to claiml1l or claim2, wherein
steps (i) - (ii) are <carried out wth ealcgl'ymglf b -
di fferent nucleotides in turn, until incorporation is
25 detected. 4. A nethod according to any preceding
claim wherein the target poljgnucl eot| de is

i mobi | i sed on a support materi al

accor di ng ﬁd’ﬂ%iﬁ?d FEE o %]Yaqfﬁ?e%% F@' %Q?ﬂém’ SEPL)) 1S

Ctepiof b BRp TG 58%h SRR B Becor ot ng (o any

precedi ng @l @biMoquheseiny SteY &fi dipiniss1 t€8r wheioatepbiy) is
nmeasuri ng applied radiation. 15 January 2007 16 7. A

medrhied oacmoxilyigg acsuaage plecceTp@E!ts @V wherein step
(ii) is carrie

d
5 A Rt hod REBEIHEE B crathe 17g ek th9surface
t%rﬂa@’ge% wdvk)is hSurfS&d bl'a%o@k‘lav@y applying a

ace ['ectromagnetic wave. 5 g. A nethod according
to anyiGl almmathomfmendmg trearyur fcdmms 1éb@cw‘?@rmg@étﬁ%!00 is
wave is a surface plasnon wav

a@@fﬁﬁépﬁgbl‘ Beapy esencdiA ﬁ\ﬁfafeteéecérom,aggg&: Wa&%t ection
s egxe%'&hgéf eBpyhg trﬁ/f RecMIFgA&fim  wherein the

el ectro tic wave accor d| ng to any

%S@ﬁ@rm @ndrizes whiereitablé el atmaqmldymrewse corrpr i ses
a détectabl e | abel attached thereto.

accordiag thomelrad araordingheslaim? 1, h\@he;rg@éhe (A‘gelés a ﬂuorophore

1;) leﬁg (re ?1 hor e%wgf&d a&ﬁﬁ@@ (% c?%}ﬁxoﬁ%ﬁﬂ'\eé%m%'n@g%ﬂ} oVBigfns 1

PY) %”%@?e‘?n e b ﬁweﬁ‘a@@ﬁhhﬁ@rsccaﬁprmr@‘yer@gp|dohaforalbebor an
an energy acceptor |abel, and wherein step (ii)

c aneigychooeptoblabab asdivhateiepepdi) |sggrrte¢§}§1§péfne@épmﬁnergy
the LVBLORMS"S, qu'oétr\]&eearrl\d "9 AR doRbr BESERPRY: -



