CVO 2005/ 010210 PCT/ GB2004/ 003232 DETERM NI NG THE
SEQUENCE OF A PCLYNUCLEOTIDE Field of the Invention
The present invention relates to methods for
determ ning the sequence 5 of a polynucl eotide or

wodetentiong vari ati ons between pol ynucl eot i ®€T/GB2004/003232
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sequences. Background to the Invention The ability
to determ ne the sequence of & polynucleotide is of
great scientific inportance, as denonstrated by the
Human GenrermIRING aHE SBQUENCEHOF APOLIKNIECIEQIIDE he
entire sequence of the three billion bases of the
human 10 genone. However, this sequence informtion

Eeﬁrezgnté an.average human and there is a
_ "_ n. d to understand the differences
bet wepRs Ffé‘ibm iAudhtion rdlatés @aRethbEs f@\Rtermifiag the sequence

principal method in general use for |arge-scale DNA
sbgpelyoicigotide ot dededingi variebent briVESM PR¥EHgaOtidsmFaguences.

t hod was, first devel oped by Sanger and 15 Coul son
%&E%M’aﬁh.—ﬁﬂ!%’g‘fﬁ%tl. Acad. Sci. USA 1977; 74:
5463- P Bhilityafdselhee BB defgenzeont phlg@iaotide is of great
derivatives ‘of the four nucl eoside triphosphates

whieotficaimportanee. pas deraenstistes by thenumantGenome Project, which
ol ynuc| eot i.de i ' . [ '

SHOV ST Bl PET e L Re AR AT P, ofiepldaspEBEhL A man
gbRomBOHYWBV @SBy seaaehainantatidneepresdotstas aaegefneman and
Separated by gel electrophoresis 2,% and aﬁal%qsed t.o.d |
thare i a eprsigriableinaedde unkerslandie giferances Retvreqdpgyiduals

[ Iy: s incorporated into the chain. Although
%ﬁ%sgée'niétt%g%vew@ used wi dely and produces reliable o
r esul Tlee prihcipal methoddnigererat bse far fargs-ssalevi)NA sequencing is
| abour -i ntensj ve apd expensive. Furthernore, it .S
o chaif VTR e nonSTer O ES 1 %38?%8%’(1 by Safiger and
@dctﬁs%rne(@%ﬁée S AeBHC WatiS RESE s SUSARioeh;, 25 suBs-3Ma7¢rand
consi st’ of “a single base change (known as a Single
Kelidseart trdeusdPof gidepphiieriatives SNiPe. foNuaHeleesigei teiphosphates

S e PO RTERLAY B PR B GE B TR Bymerase
W Faactiont h?_p@r@'ﬂrﬁ@fbor@ﬁion,hw Hidies®y iderivetwest erminate the
(M rzabekov, Trends in Biotechnol ogy (199

4 .
RIyITerasy [eaAtig@am@m@rmre@ewtgggé)@el electrophoresis

SR8 B Rk AL e v
(Wnedntsipsradd hases créiese arrays rely on the

stepwi se identification of s,gi tabldy I gbel I eij bases,. .. .
r ef er AldBowgh ihis metiaod is used widely and produces reliablé results, it is

recognised that it is slow, labour-intensive and expensive. Furthermore, itis 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 polynuclectide 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, referred to in US-A-



WO 2005/ 010210 PCT/ GB20041003232 2 5634413 as "single
base" sequenci ng net hods. Such "single base"
procedures utilise two types of |abel; the
radi ol abel and the fluorescent |abel. The

wo e@dhwe®bel | i ng of nucl eoti des has the adv&AT&dgey+6F3232
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hi gh sensitivity and | ow background, However,

radi ol abel ling suffers from pdor resolution. 5

Fl uorescently-1| abel | ed nucl eoti des are now used

\5631@4158 am‘smrwbasteésdzwuma@s medueds. riahé singlidsaseaprogedures

RS B Saese ofiabeb e R fERtsh 4 el o LRSI D8 " The
Fé‘cﬁ@"éb@l)ﬂﬂg FRIcBliddhBadiid saaittaguicheighi stesitivly afd low

I ncorporates a unique f luorophore at the
Backgreund. orowhaverhraskoiatrllingesiéler eomdiong resodeiosi t i ve

fluorescent 1 h e p

det oct bpreetyy-HPREE MR co5r el 1FEY" iy g meny
tdirpekicRY 980" nuoNbtRidsT eamVies Tnberpakitbdt ntof tHehelascent
i ncorporated nucleotide to serve as a substrate for

foalynkeleotide Frainiinia sieriee B1RNaAHPY H&%@W@ra&@m geaction.
Rn&r gl d %ﬂfepe?&ymé&gfek%z\ 1 §€8hg "tg (n%ﬁ@)‘b@&lsg a umque

ckln group™ 'i's use can b ved
sipephbee dttead Pesitioh hatchroas bbtistactedujsaag/aga\sxifvetﬂherescent

SPAITG Ogh 6*5’%33;9%55@5%@%@@@3 JrishEronistE prtepaisg acts
%g'g"bm{;@gwlg a%%h%ﬁ’}%béé‘%eﬁﬂb%?%f frel |Mc&Bo?atéWH@§éotlde

POSSIi enmbving treatnment strategies, for
gx aapleegs a spbsttaie Hemfuctaker, nu;tﬁ@cmd@&dcbtmrewz@ tharefore prevents

treat wey e t hese have b o b
areen gl reb T Reron QT apyo B wp Y elsdasSged whicn
'c,‘éﬁfﬂe r%ﬁfé'vé@ B?%@p%cuflﬁ@rreaﬁ?{é’rﬂ%éi reédifdi A cRiavage aytheeanalent
result 1n the” renoval of an entire nucl eotide, or

dved edweeral nuatdatideiandetbe tloskingagroup, plpwing e sequencing
Such occurrences have seri ous

CrSﬁ%et 5@8&88@”‘1‘%r the fidelity of the sequencing

met hogkenfsyaBRC BRIckiAL! GdupsTByadn @f nambéeof ipdssible removing
results in sequencing data becom ng out of phase and

steet@!ma@kastd@ﬁaleﬁewn@w%r # Lﬂﬁlogwhezscajr CORMIR 08 engyMatic
tpé’attrqgﬁt dHS@gyearnﬁwgge? h&le pé(?rﬂhlo%% bt Bgflémttte ‘Bgﬁtr?l%@.ﬁ Abply.

can anbiguity of resu .
Ttbnﬁsrqmteb!relnml&nveomgemtsef@r exampie onthin amarray, can result in the
Technol ogi es for i '

Gen Characterisatio . .
VEMByal Gl el Redlepess 7§ Sverhseveral RUREOUeS dgigad of just the
CGRERYHEE 1akRi 2§§crﬁ8c§u r%ﬁcérsh%v% ée%obb@ér@é‘e@;o@n@ememeff@émy of
an 1 nproved net %

or 1dentifying t
the sequencing method, as uncontrolled remova! of nucleotides 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



sequence of a polynucleotide, in particular for
detecting variations within a polynucl eotide
sequence, eg for detecting SNPs, which conbines the
hi gh WO 2005/ 010210 PCT/ GB2004/ 003232 3 sensitivity
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the high resolution of f l|uorescently-Ilabel |ed
| abel s. Further, the nethod sBould be capabl e of
bei ng carried out by high-throughput, autonmated
@éﬁﬁﬁ“ﬁﬁﬁ&nd fl@dubam@rodrimeotwmolalseltud atieldotidésh with the high
exi sting Is hE | nventi on

t

pae@é@mn o e ga s SbRIEEH 4RI, hECHEE) 88T ghCg reould be
cgs%tg??)ﬂé 5%8%? EGBUH&/ @? ﬁgbl%/ ?Jt %r%dn%ut?? fgﬁ%wréb%&ng
piod ydmraaS@c@leddmthtaxalrkgangebdspol ynucl eoti de during a

pol ymer aset r'eact ion. In general, a polynerase wll

a ! e d to the target 10 pol ynucl eoti de
when trhggfeéeﬁt imeiﬂ% $%ééjoeo ‘ﬁ@'réﬁglaﬁorﬁ fHat the identification of
i ncor porati on. herefore the only nucl eotide
gwadéwmhﬂlaﬁlds squmeoo:arp:laemt?nyd ouhby pudasmengdiee tige during

ind to the ucl eotide for '
zmtacfi % Bolvaaae Bote i #aoef pofaidariFhatrBER Phymsrase

np r i
tFo‘Pﬁ ingn‘%l’f?ré‘i % 5&?)%&%@@ vall sh&d 13k ARie bound to the target

ynucl e ccording to a first aspect of the
moé;wnteohdaewhermntheae et mmtoﬁeqtnd@navaigabﬁﬁg fog Hacorporation.

gfqenﬁﬁepﬂgp qug{eénifcile gg%: iﬂﬂﬁ:ﬁ g@é@ﬁ ehn(té%/ the polymerase

IQMll prenase ﬂm%oﬂﬁéfdm%hcﬁerﬁd@dnml &od this ez b, determined
T(U), G an under conditions suitable for t

|d©| yensehsiber sdatitonolt dher 6erBRigMeptRry | 3‘?9“@?@83@? i fhg target
ﬁdcré% F?ken for the polynerase to bind to and
equen y dissociate fromthe target
D0| ynuekerfingte.a first dspectebihehed sanhinmentianh e triegod dfedentifying
pol ynmerase has incorporated the nucleotide onto the
ttap geAUenss| §f murdEBGleqtige CRRWTE$i ) optional |y

r epeat ng \%Bﬁtgété@d t)ne‘?zﬂﬁ tSdo yu%étme@gméb&%ﬂbrase enzyme and

nucl e |cles Identify the sequence of
tdree patrgehugeblyarscAedtl); 1@ .andcC armdiengponditions esiable for the
ﬁagect of the present invention, a nethod for the

Yﬁ‘?’ﬁsﬁé\?‘?‘%wnép PROGREation in a target
pol ynygy eotiddstring ARBItire€ Sakdie {7t BBSp&lfierase to bind to and

subsequently dissociate from the target polynucleotide, to thereby determine
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



(i) contacting the target polynucleotide with a

pol ynerase enzyne and one of the nucleoticles A T
(U, Gand C under conditions suitable for the 30
pol ynerase reaction to proceed; and (ii) neasuring

wotbeotizme taken for the pol ynerase to bi nd PCO/GR10D4/003232
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subsequently di ssociate fromthe target
pol ynucl eotide, to thereby identify W 2005/ 010210
PCT/ GB2004/ 003232 whet her the pol ynerase has

AR SOk %@ af8lHagointeporné® thbeniddigle onto the target
pol ynucl eot i and with reference to the native

sElprsIsEstioe, pn@ vidh geterencgeieth Metivih stasernee it e 1§ret

[ B I nvention 5 The term
%%?WHB%IDE%E ..ngerlé)rI %% gtgt pol ynucl eoti de" as used
heéfdriptich 6Pthelavéntian pret ed broadly, and | ncl udes
DNA and RNA, including nodified DNA a

as ot e taybinatirsiciRgtifeicare aég%tcﬂoévnuple@fl%|%weéﬂsheée'@ is to

%qobiﬁci@eg “ﬂ»@ g%gcdogc,égg@mgps Sthr\ﬂa( ?gﬁusdtm%mgdxfled DNA and

HRﬁAeésl?\bélyas dther Hyaruﬁxehgmb&mm:ﬁdsmm rdelelcsleae d. pastide nucleic
partia

aafpﬁ Ry s iR iraeb Baaud eol1Ge, Moy chR CRGbIS: feoingle-SFshded
Pgy eYéTg([?ﬁ/Z?he gé?é&"ﬁol&ﬁﬁ él:gltd@qg‘ at Redsh aFt%'ilQ &ingle-stranded and

pol yhu ot e appre0|a ed one
sibid g@farablyhasar pnmé’rhszemer@oued &0 ﬁmmﬁéha@@e polymerase
enzyme, which interacts wth e&fdtar

p%?zymﬁ:?%b?ﬁtf?fé’ todhe g%trq)cg% %x?%wlli q]ega%oremated by one

cmoelgqﬂégﬁy strand, and may be 15 of any known
type. For exanple, the pol ynerase may be a

any
DNA- delden dentmeDidAa pmlmasfs@nzymet w@nchdngjeé{acts with the target

pol ynu

e e L ar e g pamevoe
| ofeany IYEWBE pe t FGTE@riphs, aﬁepolqmeaaéal\bﬁayibpeama)fwﬁupendent
pol yrrerase, '1.e. RNA replicase. Prinase {

aPb polyMeERse. wiftthe ergRb P@Bf‘ﬁiﬁ?%%‘s S5 NAdreIgrige then the

p?{)liﬁ]}gﬁés%o%%/e oo LE{I\Z/EI@EM 20! t\ﬁ%‘boﬂ}mﬁra%’e? ef irlBverse

pehysuiptae i sleai RNAaizpendertt RNA |pn‘rymﬁrda$esalte oRNAorepdicase.

solid support. Supports suitable for. use in
i RAGBSEiesPHges AE B8P kdes it %ﬁ‘e\/\ﬁ??q”l’{ﬁ’é‘ apparent to

the skihd ?éir Qfeﬁétyﬁhclé&fde%%mleﬁabw ldc&Mbd &t /8pedic site on a

ceranic erials may al be used. |Inmmobilisation
mayppret mararlaEdeﬁerabby the\,fa:ﬂmmlamtndawlogghm,\aa dpmobilisation

Hgggssoi E%ng ”?gpq TR ﬁlgltfgtrelfﬁnekﬁ rm&%bﬁ%b&'gﬁ@e BBX/n\?ﬁeotxde
| OPBE [ dpparerR b Ané RRilIBHRPEIN, 181 Bxdrdpleadifcdmglass 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. In a
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, or simultaneously, attached to a support
material.

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

support material. Inapreferred embodiment, a plurality of target polynucleotides



target polynucleotide is hybridised to it.
Alternatively, hybridisation of the target

pol ynucl eoti de and priner nmay take place in solution
and either the primer or target polynucleotide is

wosuwbseqguent |y, or simnultaneously, attached PCO/GB2004/003232
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support 30 material. There nmay be one or nore target -
pol ynucl eoti des i nmobilised té the solid support
material. In a preferred enbodi nent, a plurality of

tage gitdchedty thecsd Lepbitd heS0 RGYS/ Qfla@:e()polynucleotxdes may be of
PCT/ GB2004/ 003232, 5 are attached to.the sup

Phbdgong: derpdy. beRito BT EaTe: BB TYa e 2 wel o

aQM%ES%Y@CQ@’”%th irl Wﬁchdh&g!d@‘dl bol ymm@wdeelocahons may be
ensity arrays as wel si ngl e- nol ecul €'

aesczh\ysi i.g. s phsstltvlﬂmmtIOfmﬁ PRIMEEEISE [@aCliYt ABGUHMRI ON a
oIv i.e, it is possible to nonitor the

ﬁ&f%%?‘é%c? |on occurring on a 5 single

pol ynuglmki step iMhedsdduenting n&Rhod) thélfarg@tqn@yrmd@tlde may
nmet hod, the target polynucl eotide may be brou

|WMO@gmttragpomaphwxgha@gppr@pﬁatgt%mw,1rhgybr;qhsmg/pglymensatlon
E%x?f”rdjf g@/ dr St b9y k?é’rfn&%ra g%ﬂﬁf&?%ritly’hlg}rﬂt% disrupt

a tenpera ure SU ICI ent

dbsHeR} any @écdmjaw SIANYUrE Cloataaisy oattinel (Hrgete;solyMeotlde On
exi st on the tar ynucl eotide. On 10, c

ol
taeelipg. e priar wileas Pots EQMRIBMSNERR RS &R G?L THis is then
tbﬂ)@@g M6 s c'oﬁ Ipe hbr méghgolymé?a%’nt fCT skt hthdre target

rase, orm eta

md!wmmdoede/ipds'hmhgﬂmra;slexconpl ex. In one enbodi nment
of the inventior the

|
cont r & OBA &RPArEeEnt ‘P1fe |“F‘feé}?’8ﬂt W?u%‘?edé‘gcijﬂca*eﬁ‘t | '?%éeét%es is
a&%%ll&?%‘éeﬂwta't aht Ygifiérehh @ucikotifsd wherareqt %@ﬁhtxally to the

conpl ex. For exanple, dGIP nay be added and al |l owe
tlyrhewselarget mﬂmﬂe* yﬁerr@@mqbenqm& n@wtheoﬁéﬁd@érﬁﬂde%&lowed to

t t d th

%av Bt el et Ran g ofid: SPTPRAGH RS TR MEGHAER the
Y\ﬁe@a‘éb t@f:oﬁnbféxé@wthe%bl?mddﬂecaﬂd ig tasr ddtermined. Unbound

nuc eotide is I ntroduced n this nmanner,

ddﬁm@owa D@hOftﬂh%rQa@h@m site #rd 2 BIrREENEAROUSE i HF&OQLE%TE&“ this
Al % RS SR B G Eit BTBRRSY bl i i o e

b@ard@!ilgtr rﬁl]dm;de'ﬁﬂese’rﬁaotxmg)manameahdMonIsnmle@wemequence
the addition of the polynerase to a reaction m xture
wkAcHetalpisrhaseatetmieetar get pol ynucl eoti de and the

nucl eofdeaqidd kY JRwd ofahad bkhﬁe bhAMoh dK e polyrthBRise to a

pol ymerase to assgm ate wth
reaction mixture which comprises the target polynucleotide and the nucleotide.

After monitoring the time taken by the polymerase to associate with and
dissociate from the target polynucleotide, the unbound nucleotides 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



25 dissociate fromthe target pol ynucl eotide, the
unbound nucl eoti des can be renoved and the next

nucl eoti de introduced to carry out further sequencing
steps. The incorporation of a nucleotide onto the
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target for a period |onger than that taken when no
30 incorporation is possible.gMasurenment of the
associ ation between the pol ynerase and the target

yg;%f fleQlnfe bEYERLRtNRRLINBErcaBe brupoFtRMEAY | PRe@YB therasthod
cu

rred for regions on the target having sequenti al
cac beoised ds idghtityrensaesivepugigoBder ofAhe same type.

PCT/ 0Q4/ 403232 6. . j L at.

will %%88%&@%?@8%@%’%%%‘?'{ @w%ﬁ@g}&f&@ﬁ?ﬁgégg e and the
¢aBeDBoNBatebiid Bafitel yarfiodart Wy measwiigohantEs of applied

thé same type. The detection of the interacti on.

ediakiem Mersuppniifhasee ez sHalioHAat greurs o} gigraction between
ol ynucl eqt.i i t MEPSMHI ventional
R e B2 AR LB R e IRASH s conventions

BG@Ss.i n radi ation that occurs on interaction
bet ween the pol ynerase and targe ol ynucl eot |
be caltoBE BURCIEFHy t%ﬁv%rﬁﬁ‘?{ggft %B%‘XFQ{%SS? Wiqﬁ tﬁ%garget
| i ' i i BEhYEpERAE W th

e g A A N P

non- | iNvedlindamirgaging systeew arg Gnien i theeart. ilfagnag! the non-

systens are. I%own i n tqe art. In rg>8n§r.al, t he non-

lingaapolaEsaliandat # Giptera! Can ReeEPIesP S8R be expr essed

as: P = X(2E + X{ZIE2 + X(3)E3 + .. 15 where P is

t he i nduced pol arisation, X(" 3i§ t he nth-order

non-1inear suscBptXBEl # X E* aKFEE+is the el ectric

field vector. The first term describes nornal

absorption and reflection of light; the second

desereiPNe heSIREGEY JoRdranbe, XitisenantiheordeShid)-lineansusceaptibility,
di fference frequency generation; and the third :
crrytE isdBe elacyi fiedd weatar | g firstdeimyepsaribgs RQFRR absorption and
PrACasses, Lhir A ' TEhBnerafich , sum
PEDEERE g et IR AOBERRORs hatdTCTbneranch (BHE), su
| s tiffgrencet fesquehcy hengnatisenand theethirdatescebes Bgidrscakiering,

FliTHgPie8 Rer AOCSRceS, Sy LT TEy L EE o ALy Bl G oth two-
TG PRAIE [0 TSR | e o
( Pel ecpA giretdmed Pnaging Nyslem of the present invention 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.
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.

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



25 Acad, Sci. USA, 1999;95:6700-6704 and Pel eg et

at., Bioimaging, 1996; 4. 215- 224). Suitable systens
are described in WO A- 02/095070. In one enbodi nment,

detection is carried out in solution phase (i.e. the
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i mobi | i sed), using raman scattering and/or LSPR
techni ques. 30 Wien light is directed onto a

nol ecul e, the vast majority of the incident photons
aamarehmtelyc alil yvesy aﬂimoé@wsx)mstdwgledamom@et vibrational modes

b VENELi1g 3 Rk e CetOa R e P R ot o be
Wl@%@ﬁ%@%@hmlm%%nﬁe OEPSL@ACIER et Yiffer from

in every phot'ons) is coupled into distinct
\tmebmgemﬁme inoidest light. This istelrerdiineR asaarsifecty By plotting the

e L L R

Qfanﬁér%ﬁé@ﬂgm@tHehﬁéle&JléUﬁﬁerﬁm\leg&tm is ap@eaf Atnbﬁyszs ofthe
incident light. This is terned the Raman effect.

B
Hagnarn &P@thh@ of ah pekRRYLSATHHe §%Yie‘|dﬁ’éfPH§f"|‘W9%}“ the s%mples
%&éélﬁére&”#dc%’ﬂ n2gainst intensity, the unique Raman

spectrumo & ol ecul e under i nvest | gation is
obt ai mad Rahmnad gftdcs cof b leehamaaeigrsiest !y toy toingarg the Raman

%ﬁ%’%aﬁ?&p BCRIPaf (<D0 Gs7 BT HBCRhRTros fiefelg gicays
SHQ@%ﬁfecu},%ﬁ IHeaRiHa¥ %bﬁnﬁgg n?%@l%c&l'é@ im@fse pré@mlty to

|ve mo cl ose 0 a structured netal
mtéamadebns tipxeshlky aié‘a@;eg the)ngrmdﬂor rtidryofatigyRamamactive
es, in close

rfgg Eu Lﬂ:\?%@ggaplg W%wm) Nl %cﬂIVSOSSDPWrBP Sﬁw)é'rq}eeyelg&ron

3HSQAsPt 5QMaf eﬁﬁ@wc@ﬁfé&ﬂoﬁﬁe‘ REmaRTd By & @Bié?ved with metal
sui tably roughened gold, silver copper or othe

facdeidel particlen, matal &lmes OISQrGH%R’s@C syivrdipéesmaRd With méa* particle
SRR Pl mekhnip Pl RIS sitp P cernafl] ettBling ekes

Vhlade &atoalwamanrtde%teod,awmatytaougﬂneo resdiafrosa kymbiriatibn of (i)
this surface-enhanced Raman scattering takes

i surfgee plasmonysaenances i theuretatthgtriianee the @é@‘uﬁ‘{egg@o‘?ﬁ*he
thﬁ‘\? f{;ﬂ? aﬁlt) oﬁﬁlmfaﬁ éﬁa subsBhl @rﬁ%aﬁ%nﬂéﬁ@é‘f cﬁgw?éiﬁ?e? cbrﬁ‘uplexes

ance t e local 1ntensity of
| hegwten thednelal s)rfdaer anad therRamah-sctbegnoleatlet r anS| t | ons

OOl SOl 52070 AaLFS Tk Dg Blsociator
S
patget iccireatbitiseed on ainetarseiface dd impravedhe 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. agold or silver nanoparticle. ARaman
enhancing metal nanoparticle that has associated or boundto it a Raman-active
molecule(s) can have utility 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



target is imobilised on a netal surface, to inprove
the Ranman signal. In a preferred enbodi ment of the
present invention, Surface Enhanced 25 Raman
Scattering (SERS) is enployed via the use of a netal

woeabbhoretal nanoparticle bound to the pol yPeTaa300d60323
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gold or silver nanoparticle. A Raman enhancing netal
nanoparticle that has associaged or bound to it a
Ram_an-lactlve nol ecul e(s) can have utility as an

optic tag. Thi r eptivhS ' [
e Ref S /RG0EHRy SERRERNVEEnglig RS pg e o
{a@%f’t@ﬁ avlt’iﬁ'd trtb?/ p30meefser magee Lisedire tenboatienent thet preésent
arget pol ynucl eoti de and a pol ynerase can be

deeadeR Y itbip @é@P@H?%Q%WéO%ﬁBn active nolecule's

uni qu i@ radisti rFRedTedn ilisi
Speat T ST a o Ry g A B  eany vo
2005¢0 &R2EO6MagRIT \GBZOANTHERA32 di f f er ent

Raman-act i 10| | es, SERS- [ - '
bound.ng)seb\ﬁ/grsgg%ogéqblraye%as a(c%e?q% IO%‘%Q@%Q?‘Q%@ fﬁgbﬁta%gy(and,
Y5 et lérl,“guﬁé’&l BMEmBh rkfhaPEES SR -isemedrs) are baddd on the
nmul't1 pl exed assay formats. In a separate enbodi

ceasigieity ofrsurfadé aleclsemagreetivoraves f2EV\0yO e T8k qﬁ‘%&* ofthe

surface electro net | O
HeoR oAy SURT abi B R E LSRR Yges PR RRE BlSensor
(tBBolyrh8raRar she wusleotiGe(sf ace gibasdoio flesomanse the SPRace
- sensors) are based on the sensitjvit f surface

‘#eef r %Wi

eifoemr:ni@gagg]@etm@oméw}s tgrgenpolygueipet ng pgEyrs, the
of the, .thi ' ,
e T e i

aRden et eat beefaitoasceinakhldineslby thef $emmoncr oss t he
surface containing the i

pol ynuzgvemli ethogs %iliﬁ@ﬁng‘ggg%lfir:@ﬁgg%gggggbc?ﬁﬁu?rgf) Py and

oy k:edi SEI L hUL] of S u c h
o by s T e e e et o]
t KatsdbyndrimeR sethemoonfi@enatiomwh enetthe idensity of o fightsedtected from

technol ogy have b ] d : ' [
EioRRSST 42 MRBoTGet TRE R AT e tRBaLe R bE e d tpp gnos
K%&%&M@T%“ﬁ@é%ﬁ%&@m.%big@@u,immam Pleuators @hs4,tpy3-15
of the I1ght

reflected from _the sensor is nonjt d.
THios9) eutinasjadotectons i pEex 103 reEae ex ynilshigesunng SPR

Zﬁ@%@i%ﬁ%@giﬁ Eag?wérzﬁcgeé% t‘pr fggg@l/@ngft tnglsseg%‘frﬁ%r% or two
ﬁ/g;ogﬁ% Fﬂ@agﬂggd& ofhiSisldescriped iraldelisue et ad Senaoristand Actuators
B 35-36, p. 187 (1996) and in Kabashkin et al, Optics Communications 150, p.5
(1998). Prior art interferometric devices such as a Mach Zehnder device have
been configured to measure variations in the refractive index at the sensor
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.
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



20 phase changes can further increase the sensitivity
of the sensor by one or two orders of magnitude.
This is described in Nelson et al, Sensors and
Actuators B 35-36, p. 187 (1996) and in Kabashkin et

wOoaes0@att cs Commruni cati ons 150, p.5 (1998)PCTRHE264/03282

10

156

20

25

30

interferonetric devices such as a Mach Zehnder device
have been configured to meas@ e variations in the
refractive index at the sensor 25 surface via phase
stiefferencd hatsernso b sepavsied fiom thacentrgtiavdanRaskteabsorbed

Publication WO A-01 20295. Th ' ti

et e e S

sensi bickRelePt BahatRVRI PRI pfluaing\em iheibACRARANL S Of

t hese conponents and hence very small nechani cal and

envi r ocaEer spdacaiperureasingAeEtiepiisedirolynugeptde, drrcarrier

nonolithic interferogetric desj .8 0Ul i

e 0eanies. O d no ety o P aeebist e aibpding surtace
disdtrpfagpess Waosn@EM)c wave (SEW sensor systemis
used which can conpensate for changes in the bu
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tthe hemebipsedpegniciestidene contribution of an anal yte

absorbed aon the sensor surface. The bi
¢ her eft9S (GRTEERNG & Secs SAtEredATaNe: T S EWY: 5P

pr oduGi g &% f&ﬂﬁéﬂ@%?“@é’iﬁier@r&ﬂferﬂeﬁ@eéﬂh& &eR sEhfered wave

supporting the 1 mobi i sed pol ynucl eoti de, the

cardrthersecéndssndtiaosd wevht ed on a substrate and capabl e

of supportin ur.f ac el ectro etic ve ;
rrea_nse’go 'Sp E?Q‘Hﬁngh@i EFW@E?%\]%% P%%B §ﬁg§§gdanb a
anbhdPromsi (e8ELd fodm4ed UMM Lichs [ diRo BR/\epG® pRGaieRallic film
along the carrier surface and interacts with the
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FEARRES FH000 B e B b By e Ry i s b GReE! Phiear-
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t hi s enbodi nent, a coherent optical beam glener at ed
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tQ@F?Q/gﬁe ﬁén\?en%Finl Aéitt?&sfc'ah e é?é%%\é;?ort PhafRP9Ad illumination.

surface electronagn C waves . The optical
beawepsstesr tbnotlybmatiglsasxep ares suitabevand Mmay e used.

ot e T 3 AU i AR RE SRR of i i
NeRbrpbRts @R8I BY F&Brence.

In a preferred embodiment, the polymerase is labelled.

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 that



has the advantage of |ong propagation |ength for
surface plasnons in gold and silver while
conventional optics can be still used for inmging and
illum nation. 20 However, other nonochromatic

wogwaphwe® are suitable and nmay be used. Thi $CIGBREMA093332
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descri bed in WO A-04/ 020985, the content of which is

i ncorporated herein by referef@e. In a preferred

enbodi nment, the polynerase is |abelled. The term
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nerase i s prepared F econbi nant fusion with
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1003232 10 enzymati c.act.i Vit
i s rePsefREDlY, An@smayf inyBopibsRs féf@?éi?ogfswge esys ﬁiﬁ%"éjr

ﬁ?é% gﬁ){g?’rggég%ﬁz%rﬂé id ABGEL! N3 TR é%‘?r‘égezﬁ &f’i‘m\ﬁﬁd%@%ﬁnc)lent for

m cr ospheres Chem
;e&,zym@ 36way 368ikEhergwittd anammameu of & {Qur/maadiges. More
0C

mf@raa‘iésu‘w’%ﬁaéé%l@%%@ er W Sl Bech B 57 e aaiin e
BRI g@e‘i i GRGBBIIgE tér'f@@i p@ly‘n@‘é’fedﬂﬁél‘@l SuRlsy of

res [utlon the i nteraction yrrerase W th
titenticar t;aegetmwwmﬂoe@es dsetr@ndmaga@ aé@ﬁlm%eéalwh% that allows

létplgcl?l g Pam%{%%&% Eéeﬁ%(’ \}vséj F%géte&oﬁ%*ucl%b\ﬁ%@h' LBfeotide

r @pi el ippeTerdble NEyE tbldﬂ@bmswémhowcmhmg from
the target polynucleotide: nucl eotide conplex is

10 Pr én enetberpretairesiamppdimentnifgprlymesass ahzysie Is labe ﬁed with
poI c e a

¢ Flsfesgehbe Mnbafed BBty Tomal R T oo e e
eda&mﬂse@m VWO-AY0 1/R6480. has will hdapytretiatest bynee skilleda the art,

o e B O ek Rl R £l o
[ fctrpR iR Bt Rk riol® ?E'é.'%i%t PR gy The
potarwcdnamtwdmtha psautzhms inesgaidsian spectiura of é@dlu%mnmr e(s),
tﬂﬁ‘&;h xsl ldetected The second molecule may be another fluorophore, or any
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
polynucleotide forming the ternary complex. This relative movementbetween the
FRET péir 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



resolution of the binding of the enzyne to the target
pol ynucl eoti de/ nucl eoti de conplex, preferably, from
1 to at |east several thousand hertz. In another
preferred enbodi nent, the pol ynerase enzyne is
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Transfer (FRET) pair. This systemis 20 described in
WO A- 01/ 25480. As will be apprici ated by one skilled
in the art, a FRET pair requires a fluorophore and a

sigapafl c‘é@bl%@ulhﬁa tHebctspteranenl meocﬁonorm@dmg nm@xwmtmn or
the fl uor ogIJ_hore acting as an_energy donor
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PR VR TR B T i P8 By et e (Re g hih
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relative vement between the air will result
i spaauas pestluidn segditedofort h@g@m@%ﬁ?%ﬁew%lm‘?@tﬁaa‘hﬁ effective
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Qﬁ’u@g%ﬂﬁwﬂedlsm&eﬁbrﬁt@upb e a gihgletdedinad @egd, acanning
fromthe donor, leading to excitation or gttenuatl on
ofntrodecesolfer Prokleme st aircentimiaus MONIRING: oredhydtSgontinuous
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R B lomBERAL il PRneh sl 8 sl Afer BB Bfonts can be
e)ﬂis&;@ﬁ af af;brﬁfyn@simm@d gt ofsthg pmdamnyt aveotiph, edemé&feceuileotldes
th rapi rea e opri ate
ofEribd b fhey g saeridaﬁrer SealibroiE eRE pdRE 8F ElyRiovable
Séﬁkﬁﬂg @8&1‘;‘3 r¢fud th t"oﬁg wWHfe hijreg@ial %bohﬁio\*\ﬁ@rémp!oyed

neri se and e target can be nodified t
t ed(&hlastsmm motatuld ehreayseewmabw the gbwamcrreregmfps évplcaily only

d tud Such
g R F L AR L BBy o, o
S%ﬁE@r@tlorﬁ‘egtcﬁﬁs hhgted ey §|n‘évﬂf3cét%n563@tth§t| regmomummmd with

required tor single nolecule experinents,
efreﬂdaatnorv(@ 9.3 euitaii¢ oremova thesbleeking SisRd |Tﬁg*ﬁ sirategy ensures

i rarsseteRBeSel Fr s s obEug MR oy JEpIFE  The

ar‘%er@é@ﬂé@a@@ can then be moved around the chip and by only exposing the

region under observation to radiation sufficient to unblock the nucleotide,
selective interactions only take place in this region.

In a further separate preferred embodiment imaging areas are confined
to 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, nuclectides are only injected into flow
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



i ntroduces the problem of discontinuous nonitoring.
Such di scontinuous nonitoring is inconpatible with
kinetic analysis as interaction events can be 15

m ssed. In a preferred aspect of the present

wWopRgdeHRI0N, therefore, nucl eotides | abel | d§TEIB2HHAIF32
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prime end are enpl oyed, the | abel acting as a
renovabl e bl ocking group Thug2in situations where
hi gh spatial resolution is enployed (such as single

RERSHAE %nﬁ%&eb Intehhe how kel @pmethwha@ﬁgrae@a OmeJ S
typically onl'y 100p mb%/‘ 100pm and the ch
¢

gener il & fprmer p@@gﬁmmm t ﬁ@ghqgaqfé@ ?olymﬁéasgos detected via a
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FRSTarBh Bl P WAl  HEREER oD jftePtbrRe FhoBRyienend
yblqhendroor e pelytieeadd. oTke nugtegmdnimg dye ¢e.gt CXBRGBreen,
ensur es that association/kineti g ¥ent s .on
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th mmtalr%a lpotymacieutde otThéepolyerS'as&elsemodtfled with er dist thehis an
onl

ol h In a furth
pa@cfe@sqfedncaﬁﬁﬁé.de@ﬁ%!el S ikbin e e mubg g B e
@%ké&heﬂ éo‘mt%g%é@el 15e “laBelt 8P BEN q%%n&ﬂi@ Thus the

serva on area beln imted to "100pm 100
thiedihginmecetion esertesay be:trwlta@srhmmmg th%cnamgén signal
relative dinensions. Thus, in this enbodi nent,

e e SNEERYS3Tonl y i njected into flow 30 cel s that

are b‘?‘h@@n&ﬁb& ¥EIhe ihvergieH malit sseperidenty erel @mpmetedarget
whi ch the polynucleotides are arrayed, may thereéaore

quiwiusteatifie saqienceapr may berieredite ucgmtx;,y thgmgg%p part of

SR PBRER L6y g o

NHGlaE64$ debinaihne tanjerCloptexanipte tberhinivg webtr(es)a pubstitetion,
I maging area only. In a further enbod]

LI aRprGTdiing NGB Py Tt EOTBAELE SCOUIRTG refeterce sequence
r esonefﬁ%epr‘é%we%ye 6?&‘%&@? (RERLBRA & tié‘uﬁcﬁt@' @éhtﬁ a single
nol ecul € "an quencher on the pol ?/msr ase, e

I rﬁlﬁcﬁécﬁ@lewolym@rﬂrynem(leagenélmmenThestem) {é@jyﬂngfphlsm as used

IR b iine aCdsrandae) Ml B8 TR s Sofah Seaygnges or
Cgﬁaé{‘ »f? rPéregmB b%ﬁédtfg\énblﬁh@slo@%abb@u@ minglenuclectide

targe ynucl eot| e. The "polynerase is nodified
\Apélhmar;ruwn t(BHP) iis aasingle. kaseeprioehanast edyPcabaFaSNg is the

piﬁ?sor bi I%ﬁ gggsr@ggﬂfg‘%ﬁ;&g\%m?%%gﬁ 68 | abﬁlﬁepolxa >gr%héc: site.
aDQHa%BFx BeE sindlRUiclddide, or insertion of a single nucleotide, also gives rise
to single nucleotide polymorphisms.

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 inthe art.



10 bind ing/interaction event may be nonitored by
observing the change in signal due to energy
transfer. The method of the invention may be used to
identify the conplete target polynucleotide

WO gwgliehide, or nmay be used to identify the $EHGBAYYIGLR32
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a part of the polynucleotide. The nethod is suitable
for determning the presence @k 15 nutations within
the target, for exanple determ ning whether a

subst bhghk Wips qi‘?rlnﬁlt thH?arﬁéte?‘CtﬂBrtnhptﬂthW./e% §th®@ted with a

conpar e COI’] rol or ref erence sequence
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ter nat ive genom c sequences or 20 alleles betwe
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W%hﬁ@és g6udnd apiangto tecdreeviadedext matoRingaey.nArfiohi aell with
site. Deletion of a single nucleotide,
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nucegtﬁqtr#dgq ﬁ()lAYHTBt?{?Qt'I\?énE?lIe%%dTﬁ@ f[[ﬁ?&‘?% %eq sib?w%@' tﬂr@ugh the

e’'rde nuc
RErabhredt Biptfuriake msﬂtraatﬂamcah dntdges rtraf/eltam\va erbamypass filter

then be conpared to a %égrencgt\ﬁ\éj ce to reveal
\Aﬂ@t%@?d‘athtﬂﬂeétqhéfgq UL ERYice 8% Q¥ SExanpl e
] UStTW&%oﬁﬂ?ebm’&r\kér‘é%ymr@é&%|L%xr{§05tiarﬁ1dérblpﬁosphoamldute

experi ment usion protéin of Geen Fluorescent
mestry (TEER)! tgoaumeealtqmodiejmed as SERD YPehves uw@as the target

AU G5B, 4 CL0C SE RO OB TR TR BELD R ot gt

' éhodus%r&sseé prifeBMhé BictikhtedqirRnetBi( sEQqatw@lzwhbreadeposned
| ayer of pl anar dextran nodifi ed W|th i mob

sonto et afiteVigiREaBRs, chIGSY [IgRPn IMA WP ael L5 $ffor seq 1D
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pinedtey m for the experinent. A laser 5 beam of peak
488 nm (Melles Giot) wth a power of 100nmW was
circularly polarised by quarter-wave plates to
uggﬁ &@IRln a custom made prism The prismwas

e ptically to the chip via index matching gel.
Aflowcell wth

CAAGGAGAGGACGCTGCTTGTCGAAGGTAAGGAACGGACGAGAGAAGG
GAGAG

SEQID NO.2
biotin-CTCTCCCTTCTCTCGTC

The flow buffer was flushed into the flow cell at a rate of 500pl/min. The
complementary sequence, SEQ ID NO.1 was then injected into the flow cell at

a concentration of 1pM, at a flow rate of 5ul/min. During this injection the cell

was heated to 70°C for several minutes via a platinum heating electrode within



an Oring seal and transparent optical axis was then
assenbl ed over the prism and quartz chip. An

obj ective collected the fluorescence signal through
the 10 transparent top surface of the flow cell.

WORMEHER1IX r avel | ed via a band-pass filter iPOTEBR004/003232
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back-t hi nned char ge-coupl ed devi ce (Andor

technol ogi es). Two ol i gonucl edéi des were synt hesi zed
usi ng standard phosphoamiclite chem stry. The

athe gondel end biewsttfo cuwd t@35°BEQ HeDnNCtioh waashers echtasied for

the target pol ynucl eotide, and the oligonucl eoitd
adpiheidon g nHes] BIREITE figstion ves FriTeiate, JO4RTgewas fushed
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sl P B o s B0 WiRlEs the
isepeeridingreantian Wasinftiated mehjbctiod gf M4oiM SBEDPI(8ul) IN® the buffer

Tris buffer 8 nsaini 100 a2 and allomed.to .
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fthewnage Eanrtaning thedsgleast isigne! intensity stere@l Thatcompementary

SRR SEB A Fen oA BTEL SRR B TEAEED 6 Rorc
PRCRRbA@LItONNRLLdn.PM at a flow rate of 5pl/min.
During this injection the cell was heated to 700C

for sdnerapmpiementasy vihecleotisieagaran? heti@nthgiegnacthigdka) in

R PR IR TIUANIRERER 1,40 8 n

t“hea-ressvédiuagniepr a further ten mnutes. Once the
i njection was conplete, flow buffer was fl ushed
conti nuously through the systemat a flowrate of
500{JI/mn. After 10 mnutes the sequencing reaction
was initiated by injection of 0.4mM dATP (8pl) into
the buffer 5 at a flowrate of 500p1/ m n. One second
after comrencing the injection a series of CCD

i mges was recorded at maximumfrane rate (30 franes
per second) and the inage containing the highest
signal intensity stored. The conpl enentary

nucl eoti de dCTP was then injected at 0.4nM at the
further CCD i mages stored one second after

i njection. 10 The conpl enentary nucl eoti de gave a
strong signal (Fig 1a) in



conpari son to the non-conpl enmentary nucleotide (Fig
1b) when imaged in a "tine-resolved" manner. WD
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for identifying the sequence of a target

wOopwIsyHael eoti de, conprising: (i) contacti METtGRR004/003232
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target polynucleotide with a polynerase enzyne and 5
one of the nucleotides A, T (Up G and C under
conditions suitable for the polynerase reaction to
PCloAds); (ii) neasuring the tinme taken for the

ol to bind t d b tly di i at _
From the. t ArGRNOR B RIEI4a8 THese tbntn el &by Saerar et
Rng: he pol ymerase has incorporated the

nucl'eotide onto the target 10 pol ynucleotide; (iii)
opt i ol | ycomtpetatgthetasgaps!ypigleatide With § palyrnerase enzyme and

St e B BB A o ERUp oyl etittes SRoRY g for the
flyrh&@sk dettiohité pidc@Bgof a nutation in a target
pol ynucl eoti de, conprising the steps: 15 (i

| | (i)
cont adt) ngmemeUting dea lipsl Jateal stthaealimerase to bind to and

R A L

PRhSABT &% poBaedrasd Hae picogrested (thie) nuatastidd ogtd liee target
time taken for the polynerase to bind to and

SRABHRMNARY di ssociate from the target
pol yEgﬁiggg%hf?@nall&Qeﬁéﬁan%%ds?(ﬁ@ﬂd‘ (Yx? wﬁﬁ_ag’gﬁwﬁrmkﬁgytides,

pol y as 1 Ncor por e nucl eot | onto t
t tartgetebp tdentificthe seigdenceasfdhetarpetr pfl wneiendideo t he

native sequence of the target., determ ne whether a

nut at ion eXy §pethogd, ’IOA thet h‘%’@“gﬁ%t@r”dicﬁgat @“@'&Pm‘r& Priarget
clai erehiy bos-- (i1) are carried out

Wlb(tﬂ mecg%%wgf&?h@l%it@?%r%%%s'nucl eotides in turn, until

i ncor Hor ednitactinigsthe 28rgié petynedeotide withratprdnerase earyige and

SRR S hen b RSEEh B, Uitet B8 ens i o e
polymerase reaction to proceed;

(i) measuring the time taken for the polymerase to bind to and
subsequently dissociate from the target polynucleotide, to thereby identify
whether the polymerase has incorporated the nuclectide 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) - (ii) 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.



5. A nethod according to any preceding claim wherein

a plurality of target polynucleotides are

i mmobi lised on a support material. 30 6. A nethod

according to any preceding claim wherein step (ii)
WORKS/OWarri ed out by neasuring applied radi CTEB00NDI2Z32
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according to any preceding cl 4m wherein step (ii)

is carried out by nmeasuring raman scattering. 8. A

met hod. accamuithgd Bocadingab arlygireseding olady, whered step (ii) is

step (ii) is carried out tPe%l applying a surface

@pgm%@gﬁ@qulmma@sg@ "Het hod according to any
clai mg8, wWheR&had %B@or@h‘w@ft@%x &l @shisompgBelheraf¥Rpl @) is
a surface plasnon wave. "10. met hod according to any

achrrEdadutdyapplyir®) a whdacs eledeqreagriads Waye. carri ed out
by nmeasurepent .of a surface el ect neg i Y
5 A netfod accBiEdidy atcgorgm)g g?e%@'dicﬁl%%g%ai %h&\ﬁmrtgﬁn%&rface
tehl&troﬁ%(?%@lia%w%ea COEId 5I8Smén davect abl e | abel
attached thereto. 12. A nmethod accordi n% to claim 11,

wher eilf. t h& methedl acgorgingl tacnywhelaems 1188, wheeriRdgtection is
L NGt | ' | ai s |
R b dvaPete R e eBE R prpBnguale 0T 0

ener gy1dongr nee] ddcomting etoergy pecepingr clarhelwhereid the
wherein ste i

10 TOUTeiASe EpMBLtaeACEREDIS BBPGBISTES Bdckne anorgy
donor 19" AR R Od according to claim 11, whereinthe label is a fluorophore.
13. A method according to claim 11 when pendent on any of claims 1
to 6, wherein the polymerase further comprises an energy donor label or an
energy acceptor label, and wherein step (i) is carried out by measuring energy

15 transfer between the fluorophore and the energy donor or acceptor.



