Sequenci ng a Pol ynmer Mol ecule Field of the Invention This invention relates
to nmet hods for sequencing biol ogical polyner nolecules. In particular, the
met hod i sweubdeabsssf or sequenci ng pol ynucl eoti des. Backgcwowgstoesooshe

I nvention Advances in the study of nolecul es have been led, in part, by

i nprovenment in technol ogi es used to charagterise the nolecules or their
gkzlﬁgicgl rfactgops. In particular, the study of the nucleic acids DNA and

as benefite rom devel o] Qel far sequence anal ysis

and the study of hybridisati eqd ?'., S rﬁér M&ﬁ@ ufe thog in generaly use
for |arge-scaigdldihhs fkditienng i s the chain termnation nmethod. This nethod
was first developed by sanger and Coul son éSanger et al., Proc. Natl. Acad.
Sci. USA, 1977; 7ZXhis4esrsdusyyelatesdta eetbadsfot Fequenrcing kiptrgisgl polymer

derivatives of the four nucleotjde i,Gh_are.i rpor ' , t
pol ynacl eot i deolERdes: heatu o oetaieiibe B 3saRkBb G nd s coa™ ="
di deoxy der i \@{d¥esuriEbiineahentish Pol yner ase reaction and the products are
then separat g;bé_gei'_re ‘ectrophoresis and anal ysed to reveal the position
idt \r/]vhl CE tﬂ_e part ir;]kdédmcedi tedig stedyvaf inelegaiesi have pbeaneted.nio Rtk BYai n.
t hough this nethod i,s.w,.dely used and, pro reliabl I b
recogni sed t H%‘Pr‘?‘fem%ntslrb\’\?&?rﬁ%%ﬁ-si H’f‘%%@?v@‘t%ﬁgteﬁs;ﬁ% mélgggegsgggéglbg
di scl oses_a_ioiBaRktal FoRARHENG? parRAIAINE S0U) dPtHemabibld &ads ONRanIRMA
support. The nethod relies on the incorporation of 3 - blocked bases A G

C and T havi rrmsdetiefited from devetoping tachnokagies used fos searence agalysis and the

pol ynucl eqtide, .in_the. presence gf DNA pol ynerase. The pol ynerase
i ncor pore@es u%ggh%ﬁ:ﬁ?%m?ﬁ?n Sto the target polynucl eotide, but is

prevented from furtdieprigeighal methdirt §énetat Ds@fdr la@qaéwe-oﬂhesdq@bﬂbir@fist he
i ncorporated base can’ then be determ ned and the bl ocking group renmoved by
cheni cal cl edhagbhatroteaminatidnumethed. phis mathedwasfirsidexaloped by \Ranser ande
need "Coulson (Sanger et al., Proc. Natl. Acad. Sci. USA, 1977; 74: 5463-5467), and

~relies on the use of dideoxy derivatives of the four nucleotides which are

15 incorporated into the nascent polynucleotide chain in a polymerase reaction.
| Upon incorporation, the dideoxy derivatives terminate the polymerase reaction
and the products are then separated by gel e‘lectrophovresis and analysed to
reveal the position at which the particular dideoxy,derivative was incorporated
into the chain. _
20 Although this method is widely used and produces reliable results, it is
recognised that it is slow, labour-intensive and expensive. |
US-A-5302509 discloses a method to sequence a polynucleotide
immobilised on a solid support. The method relies on the incorporation of 3'-
bloéked bases A, G, C and T having a different fluorescent label to the
25 immobilised polynucleotide, in the presence of DNA polymerase. The
polymerase incorporates a base complementary to the target polynucleotide, but
is prevented from further addition by the 3'-blocking group. The label of the
incorporated base can then be determined and the blocking group removed by
chemical cleavage to allow further polymerisation to occur. However, the need
30 to remove the blocking groups in this manner is time-consuming and must be

performed with high efficiency.



to renmove the blocking groups in this manner is tine-consum ng and nust be
performed with high efficiency. WO- A-00/ 39333 descri bes a nethod for
sequenci ngoaogal4yszacl eoti de by converting the sequence etTaH206588926

pol ynucl eotide into a second pol ynucl eoti de having a defined sequence and
posi tional information contained therein., The sequence information of the
target is said to be "magnified" in the second pol ynucl eoti de, all ow ng

greater ease of . djsti LS4 bet. ‘ i Vi . et
Tolecul o This i sVQH EULRAE RS R holfel ol srd iR Boueleeieb B
nucl ei ¢ aci doGRREAE Bfe seafdhcelof bitergedpelynadientioe into ylsetiond polurutigutidend
thym ne on the target nolecule is represented by an individual magnifying

tag, converthagngledeiiney sequengeyend pesitiongkinformatignramaineddhseitedée.

Conventi onal _t echni ques then b d.to. I ; :

magni 1yi ng-t SSRIETREI TR ACdes trrdends: T Spcked ot Hahe Seddi
target pos ynHélyﬂgélle@';ﬁde,ﬁén&wgfgruéféfr Wase HHistiguichihg Betweed s mdivdaal | |
probl emati ¢ and requires the Sequencing of a |arge nunber of polyner -

0
fragnents fobasesdniipe target medecules a@iseisacm@cﬁmwngé'mam.ifylngetagg? whig
constant need to increase read |engths and sinpl Lyt r 1:Q;
required, paPt9 (ﬂﬁ?a?tﬂ/.“m ngﬁt‘fﬂﬂ? I FeRuUsH ?ﬁnrtaﬁhngeﬁee%g%%%rggéod'ﬂ?’he
I nventi on TheyBkRRe Huahifes Bht QRyinfnd BReHeOarhBemohsduI6 aé represBatediby arget
pol ymer can be sequenced by encodi ng positional and sequence information

i nto fragnentdiyidealuceagriifying:dagncoavediagr theatariginalf target sgayence ontoe .

Dot ymrer | T8ccBiaaniEd SEaneces ColBoEBRbl tEha'lBs 2 SR he liatd b bétefine
sequenci ng agf@é@é} ofamle)fﬁs{;nirwhg t Caf@MEreb SetdtminingRbe 8pecifit segusmdd ng

the target polymer wth an agen at degrades sequentially at |east one
end of the tandbe targeypelynucleofideonverting at | east a portion of the

Sgngﬁgg, egﬁdor agig;clt}\ghg L%€§8L?g€q31 %li_r}'gm?crn?gi cgl)(l)mgrg ﬁ’é‘%"#ﬂ' Sro%lgr%{ic‘and
requires the sequencing of a large number of polymer fragments followed by
15  substantial sequence reconstruction. There is a constant need to increase read
lengths and simplify the reconstruction required, particularly when séquencing
a polymer de novo.

Summary of the Invention

The present invention is based on the realisation that a target polymer

20 can be sequenced by encoding positional and sequence information into

fragments produced by sequential degradation of the target polymer. These
fragments can be used to reconstruct the sequence of the target polymer.

According to a first aspect of the invention, a method for sequencing a
target polymer molecule comprises the steps of:

- 25 (i)  treatingthe target polymer with an agent that degradeé sequentially
at least one end of the target polymer; ’

(i) converting at least a portion of the degraded end of different
degraded polymers into a readable signal sequence, and labelling each of said
degraded polymers with a tag that represents the relative order of degradation;

30 - (iii)  determining the sequence of the readable signal sequence; and

(iv)  determining the sequence of the target polymer using the sequence

data obtained in step (iii) and the identification of each associated tag.



degraded polyners with a tag that represents the relative order of
degradation; (iii) determ ning the sequence of the readabl e signal
sequence;wendogd4wyssdet er m ni ng t he sequence of the targetTmB2yes03926i ng t he
sequence data obtained in step (iii) and the identification of each

associ ated tag. Detail ed Description of the Invention The present invention
Is used to determ ne the sequence of a target polyner nol ecul e. The net hod
is particularly useful for de novo sequencing.. The nethod of the invention
has the fol|Refaigdddaseription e IMVeNEPNy  a target polyner is sequentially

a |
degraded. Each fr | S : . i ' | @he ' I,
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n d bl M | n . n P M M n "
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determ ne the sequence of the target polyner, by collating the type and
order of eacinfarawplioncenitie seanance eithe diagment. ¢ ée%ﬁlﬂpﬁgi [SHerF PR is

foll owed by remmval  of sa J ' . I ' i

conpart ment s Rogﬁ'oméﬁ%i'sgpégé?\&ggn@hg&tt%gp%@@ﬁ%gn alchghg ??@g\%@tntwaosf “the
target pol yngimb$ed fictn ahélidelgpadation esusitibn. aQdce el tHeofraghmemtsa haivé freeent.
sequence at the degraded end in conparison to the other frgélmfnts.

Th
et hod piGvi ebelied it draadebiesionahseauancel pea Rasiianal tad | feess KBES n,
t t n | n t ) - N ' : ] )
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pol ynucl eot i ggsifibn AR tHEEBFdétepolJhacieetide.” Priiy rinfdreationetan themebe-usedato i n
the art and Is used to refer to a series of |inked nucleic aciddg%ses, e.g.
DNA or RNA. Hetermine the seqvenice of theltaraet prlympen bysaiating the reianderdgy of | na

(1 ocked nucl ei ¢ acid n - thRNA are also within the scope of the
I nventi on. »Tﬁ@d{‘ agalé%ngeodfrgggeﬂﬁ _

15 Preferably, the degradation reaction is followed by removal of samples

and placing the samples in discrete compartments for analysis. Each sample
therefore contains a fragment of the target polymer that is a different length, and
therefore has a different sequénce at the degraded end in comparison to the}
other fragments. |
20 The method provides sequence information on a target polymer. As used
herein, the term "polymer" refers to any molecule comprised of linked monomer
units. Preferably, the polymer is a biological polymer, in pérticular a
polynucleotide or polypeptide. The term "polynucieotide” is well-known inthe art
and is used to refer to a series of linked nucleic acid bases, e.g. DNA or RNA.
25 Nucleic acid mimics, including PNA (peptide nucleic acid), LNA (locked nucleic |
acid) and 2-O-methRNA are also within the scope of the invention. The target
polynucleotide may be single-stranded or double-stranded. |
As used herein, the term "base" refers to each nucleic acid monomer, A,
T(U), G or C. These abbreviations represent the nucleotide bases adenine,
30 thymine (uracil), guaniné and cytosine. Uracil replaces thymine when the
polynucieotide is RNA, or it can be introduced into DNA using dUTP, again as

well understood in the art.



pol ynucl eoti de may be singl e-stranded or doubl e-stranded. As used herein,
the term "base" refers to each nucleic acid nononer, A T(U, Gor C These
abbr evi atwonsog@apgsssent the nucl eoti de bases adenine, tipgmigB20¢sm03926! ) ,
guani ne and cytosine. Uracil replaces thym ne when the polynucleotide is
RNA, or it can be introduced into DNA usjng dUTP, again as well understood
in the art.The term "pol ypeptide" is al 54) wel | -known in the art, and is
used to refer to_a series of ||
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of the target polyner, to create tragnments of varying |ength. Degradation
may occyrlrshgnwgded;equenb% and holsgerqirotdie sequertesol yner. Met hods f or
sequenti al | y degradi ng target polyners. ar | - known..in the art. [
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sequent  al | He0eaRog terastiraHnRs oGt 1 s S, 0 FRamplEC Fy2ymatic
pol ynucl eot i nd a Lde. i b S ¢ Chbevi t
dfifodtianl. Rl HRERbbARIaERY bhORR|RY hAbleCart thathdelBBseF bre/l LY

wi |l be appa 0 one nthé art. During the sequenti al
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renpve romthe reaction mx at specific ti nterval s and pl.aced into
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reaction wi ﬁ(}bhéa%g?%n%reggéé}%%gﬁt %t Egé\ﬂ'opl@%ﬁgcggbbgtdgm ia%kﬂ\ée}egggr adat i on
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reaction, pr#gigﬁgg)#gﬁé?pgé%ﬂqbgn@ fbd inMeigH erval s, designed to optinmse

the nunber o ner at ed. used herein, the term"sanple

f ragmentt’s During the sequential degradation reaction, samples of degraded target
polymer are preferably removed from the reaction mix at specific time intervals "
and placed into discrete compartments. Each discrete compartment will .
therefore contain a fragment of different length; a fragment removed ear|y' in the
degradation reaction will be a longer fragment than one removed late in the

20 degradation reaction. A sample may also be removed prior to initiating the
degradation reaction, this first sample will therefore contain the full length target
polymer. Any number of samples may be removed during the degradation
reaction, preferably at pre-determined time intervals, designed to optimise the
number of fragments generated. As used herein, the term "sample fragment"
- 25 refers to the fragments that are removed during degradation.

On removal from the reaction mix, it will be necessary stop the
degradation reaction. Methods suitable for stopping an enzymatic reaction will
be apparent to one skilled in the art. Changes in temperature and pH are known
to inactivate enzymes, as is the addition of an inhibitor. Preferably, the

30 technique used to stop degradation does not damage or adversely effect the
sample fragments. If an exonuclease is used to fragment the sample, the

exonuclease may be inactivated by techniques known in the art. For example,



refers to the fragnents that are renoved during degradati on. On renoval
fromthe reaction mx, it wll be necessary stop the degradation reaction.
Met hods swbtadd/@osser st oppi ng an enzynatic reaction wil lpclrasBzpesansgsnt to one
skilled in the art. Changes in tenperature and pH are known to inactivate
enzynes, as is the addition of an inhibitor. Preferably, the techni que used
to stop degradati on does not damage or adversely effect the sanple
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washed to renove the enzyne, as_ W p ted by one skilled in the

art. In thi §0@ﬁﬂﬁﬂthﬁémm°b'{'5¢%aﬁ@ﬁtvpéﬁr‘@rtg'rt%ﬁﬁ‘é Vel $AG ereStRoMEeUNaY  he
Pol yITer s 2t {3 TRLDY 41 RIBBAN J1H oot dBr gradaly e

reaction to ensure-un ation. |s can be achi eved by sinple
agitati C|6 ortaggjet rpdlyrpeis trmobiiadd. onto beads that allow aliquots to be removed

during the degradation reaction. Each sample of beads that is removed during
the degradation reaction will have the sample fragments immobilised thereon.
These sampled beads can then be washed to remove the enzyme, as will be
appreciated by one skilled in the art. in this embodiment, it is desirable to
20 ensure that the beads with the polymers. attached maintain a homogenous
mixture during the degradation reaction to ensure uniform degradation. This can
be achieved by simple agitation or stirring of the beadé. |
Methods of immobilising biological polymers onto a support material, such
as beads, are well known in the art, for example polynucleotides may be
25 immobilised by the use of biotin-avidin interactions, photolithographictedhniques
and techniques that rely on "spotting" individual polymers in defined positions
on a support material.
Immobilisation may be by specific covalent or non-covalent interactions.
The interaction should be sufficient to maintain the polymers on the support
30 duringwashing steps to remove unwanted reaction components. Immobilisation
will preferably be at one end only, e.g either the 5' or 3' terminus of a

polynucleotide , so that the polymer is attached to the support at the end only.



Met hods of i mmobilising biological polymers onto a support material, such
as beads, are well known in the art, for exanple polynucleotides may be

i mrobi | i swo 2bys/dsbessuse of biotin-avidin interactions, piroraB0ésagsephi c
techni ques and techniques that rely on "spotting" individual polymers in
defined positions on a support material.g |l mobilisation may be by specific
coval ent or non-coval ent interactions. e interaction should be sufficient
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nvant edr cHEeYRr BRSRuRPL i R BRRHed IR PR ard petiofalehBE
only, e.g ejdryh, thb%t@bhﬁferﬁ‘actlﬂgmtetheoﬁwemqﬂymlymaoﬂlda@toﬂmsup:pmrt hat the
pol ymer is attached to the support at the end only. However, the

be attached to tTbeskiligeinersen wipppergiatedhe aplarr?@rluaﬁ%me@ﬁgﬁwmmﬁ@?a? he hman%/

appr oci at e PROTIESP B FURk oSl RablBEoplRBE oy N praied bt Airaet 1
materials Syd fa%mté?teQQﬁ’ﬁdmmé‘etmhyabwllab@bgsﬂéctaleﬂ bg tseiskibed pétsdnatswhablﬁ e

i mobilisation, as will be appreciated the skilled person thab
S(e®

coati ngs for:oatlmgﬁ:hfpﬁgaB@WﬁQcP@Utm@@t'ﬂﬁél (NFAUES) 0RROBO LN

ana”1 sot ot SEhERRYPRRIREMQGRfanetH ﬁf?‘%&é%?oéﬁﬁé'rﬂgmaﬁﬁ% oghd ane
i ncl udi ng PM%@?%tet | plteriatively, eseveRaninkes grbups maﬁmeemcnmemd,mgaom ;

2 : 686-694) and the imobilisation |linkers described in Zhao_e
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i medi at el y Jgbtepg(gnosslgsbr om t-he degradation reaction. At I east a porti on
of each sanple fragnent is converted into a readabl e signal cluence Any

portion may be cdmasy aikernative wsebpdimenhdhe dagradalien ferRCtGN isr'éo s3apped
fragmont ar drEBRReesihE. fecarnls SRRl sdbytod HRY P ReEER B e |
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15 At Ieast a portion of each sar;\rgleefraér%ggte gtcolnsve(rzt(t)erc]jvlgtrot g gealc?atb?ea
signai sequence Any portion may be converted, between a single base and the
entire sample fragment. Preferably, at least three monomer umts from each
sample fragment are converted, more preferably between 3 and 100 monomers,
e.g. 20 monomer units. If the target polymer is degraded from one end only, at
20 least the corresponding end of each sample fragment is converted into a
readable signal -sequence. For example, if degradation occurs from the 3' end
of a target polynucleotide, at least the three 3' bases in the sample fragment are
converted into a readable signal seq'uence. If both ends of the target are
degraded, either end, or both ends, of each fragment can be converted. In e
25 preferred embodiment, the entire sequence of each sample fragment is
converted into a readable signal sequence. Most preferably, the combined
readable signal sequences of all of the sample fragments represent the entire
sequence of the target polynucleotide. |
As used herein, the term "readable signal sequence" refers to a sequence
30 that comprises a label, or the means for attaching a label, that enables at least
a portion of the sequence to be identified in a subsequent read-out step. Any

label may be used; methods of sequencing biological polymers using a label are



readabl e si gnal sequence. For exanple, if degradation occurs fromthe 3lend
of a target polynucleotide, at |east the three 3" bases in the sanple
fragment woeoemnavasted i nto a readabl e signal sequence. pcfiydmbis/mpads of the
target are degraded, either end, or both ends, of each fragnent can be
converted. In a preferred enmbodi ment, the entire sequence of each sanple
fragment is converted into a readable signal sequence. Mst preferably, the
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sui tabl e technique. The chain-term nation ("Sanger") nethod of

pol ynucl eot is¢queagingneam §ecusedevhersin thi seamie ffromeMpisccaveseeninte @
convert into readabl e si t ' ' [ ucl eosi de
tri phosgﬂat égaqjgblwﬁlgnaﬁésgggélﬁg%#thﬁg:gHgéfyﬁgﬁe @é?)&ﬂe}g@lo%ﬁ{eﬁ%ﬁgrt t gt in .
order to obtain ypgisEéluppratigteddyseré skilled imtiarthanintardentd dietairathe e
fragnent, a nunmber f sequencing cycles may be required. This is wthin the

scope f the seqeepne of @ eeniesaf m%oﬁ‘%r@'@riﬂéﬂeeﬁ%ﬁﬂﬁﬁ@ﬁme@thé nHEReHP
Cepr esent | naSAENTBRAITONEY Th T fInEORRHTANS scopad hedrasBhe
i nformati on jgfertim. sanpl e fragnent is said to be "magnified" in the
readabl e signal sequence, allow ng . .
15 In a preferred embodiment, the readable signal sequence Is a
| polynucleotide -which comprises at least two bases representing a single
monomer unit in the sample fragment. The sequence information of the sample
fragment is said to be "magnified" in the readable signal sequence, allowing
greater ease of distinguishing between the individual bases on the target
20 molecule. These preferred readable signal sequences which have previously
been described as "magnified (or "magnifying") tag" sequences, are referred4o
herein as "magnified readable signal sequences". Examples of these sequences
are given in WO-A-00/39333 and WOO4/94663, which are both incorporateq
herein by reference. Any biological polymer maybe converted into a magnified
25 readable signal sequence, as is known in the prior art. WO-A-00/39333
describes the conversion of a polynucleotide into a magnified readable -signai
sequence. The conversion of proteins and peptides into polynucieotide
magnified readable signal sequences is described in WO04/94663, which is
incorporated herein by reference.
30 Each magnified readable signal sequence will preferably comprisetwo or
more nucleotide bases, preferably from 2 to 50 bases, more preferably 2 to.20

bases and most preferably 4 to 10 bases, e.g. 6 bases. In a preferred



greater ease of distinguishing between the individual bases on the target
nol ecul e. These preferred readabl e signal sequences whi ch have previously
been descwbheeh/@ssssmagni fied (or "magni fying") tag" seqremaBENsANgy26
referred4o herein as "magnifi ed readabl e signal sequences”. Exanples of

t hese sequences are given in WO A-00/ 393§3 and W04/ 94663, which are both
i ncorporated herein by reference. Any bi 0l ogical polynmer maybe converted

W0 A 001 393 SIRLEETD dBete,8recbrve PEREEM drese Ip et AR s Slagdhi £ ca
readabl e si %%gheﬁeayem?-eié?ﬁpleow $a88 Wil PeOtSplerA8ttaPERbi deiabbnéd

pol ynucl eot magni fi ed readabl e signal sequences is described in ,
W004/ 94663, nuulediidesintroducgd dating tihe resdiobl/stepr ene base vl @kt asignFpacar

readabl e signal sequence wl referably comrise t ar [e l,eqt | de
bases, pref 39&96?‘9‘" SERERYAR é@%ﬁb‘é‘?@%@tegﬁabﬂsa#@ oéwettgé)s_%wﬁlg%é‘gg nd
nost pref5eras%ys@n;a? 10 bases, e.g. 6 bases. In a preferredenbodi nent,
there are three difterent bases in each magnified readabl e signal sequence.

For exanpl e, one Adsinanyi Idodee maymbleeinahided inothe Inagnified neadeble: isignal
i ntrod d duri t he read-oyt st [ b W L t " "
brovi de. sepeeaulRe gt dseisPHinsarard araeruoh aiB8HEETLEBOANTEES 1 05 4

stop signal nf By it B5ch RelgHiiRe reBdhbR 18841 Jdqe@nte admprigesi gnal
sequence, asthgi'gzz 0 e%ﬁlﬁﬁelco- pendi ng gppl‘i cation nunber F@C%/ 6804%665. In

t hi s " bi nar ytoeatitsl iofredistinetssgrquengai Whict nepeerenit alsphthe faurgbrsescordheri ses
two units of distinct sequepce which represent all of th our,,.bases on the
sanpl e f1pagnﬁWF?'e'lfF%9rf‘ﬁthuﬁR?stW§rlén' @@‘)ngéj i ﬂapr'@/argyysg?#' W'tph&i%gnﬂni t
representinge Pé'se?ﬂﬂpt P Ndehe RO téé.éh?liri' iy EpgBhhnge 6R theasanmpel e

fragment is characterised by a c ion of the two units inthe
magni fi ed r dfeagrhént isi ghrarbctecigedriyea dambinationlof thadwai unitsniaythegnagpifiedent ed

by "0" + "0", cytosine by 1 10" + "1" anipe.by "1" + "Q" hy.Rs ne by
e % e reapéblecuigtatiantence; For saar it pstnudmekde rarreseilig b3 L
"stop" signalgnCaioRfmd B oPeMaE el dnife b§agh +ual landl thyhingby @1 pieher ahke to
use different units _

15 necessary to distinguish between the units, and so a “stop” sugnal can be
incorporated into each unit. It is also preferable to use different units
representing “1” and “0”, depending on whether the base on the sample fragment
is in an odd or even numbered position.

This is demonstrated as follows:

20
Odd numbered template sequence:
“0": TTTTTTA(CCC)
“1” TTTTTTG(CCC)
- 25 Even numbered template sequence:

“0" : CCCCCCA(TTT)
“1" . CCCCCCG(TTT)

In this example, the underlined base is the target for labelled nucleotides
30 in a polymerase reaction, the bases in parentheses are used as a stop signal,

and the remaining bases are to provide separation between the labels.



representing "1" and "0", depending on whether the base on the sanple
fragnment is in an odd or even nunbered position. This is denpbnstrated as
fol | ows: Wodowwmabssed t enpl at e sequence: "0" : TTTTTTA( @CT)GB2805/603926
TTTTTTG CCC) Even nunbered tenpl ate sequence: "0" : CCCCCCA(TTT) "1"
CCCCCCE TTT) In this exanple, the underljned base is the target for

| abel | ed nucl eotides in a pol ynerase redtion, the bases in parent heses are

used as a stop signal, and the remaining bases are to provide separation
bet ween t he | abeltss pref¢rsegthet el w@lityRftmengmer initsip the Sﬁ%‘ﬁ&ﬁrféﬁgrﬂgmt%‘ei.n t he

sanpl e fragnent ted | L : ' :
Zach magn, f pedverieial BagnyreBb bRt B RiET Lot RAineRTeHadce?.
pol yner i n sgrbP3eqlBfES R¥mbRsThlECHeditdThe RRgspolyamriideseneseahbreby

containing a“series of nagnified readable signal sequence units, that
encodes t heforeing rac single tpaynuglegtidg magiaeyle ¢antaining issriestd madnitigsui sh

the different ni fied readabl e sign S es. duri ! - ~+ step,
e.g. invel vr?ﬂﬁ%?? }?éQ”?qh%?quﬁﬂﬁepb’ng’i gﬁ?to%q‘gg{%cﬁ’aeblg%hpggg? Icgglﬂ%ufcﬁ*g%tt i 'de'g
in a pol ymstg%{érpn reaction, or on hybridisation of conplementary
oligonucleotides, or in a conventional sequencing reaction. |n the above
exanpl e, i ncor poitats possiblaldo edistimgyish ahel Hifterentc magnifird; raagake sigedl | n

o o R e Bita b rdpe bbb, B AUALER SRS PR, .,
%.Alg’i ﬁ, SGfTEr Hﬁbé,été@g %‘% Ifee%(rzﬁoddfébtméé)in a ity menBAtTERativn borsen hysridisation Y i s
( . onpl enentary base for Fluor X is mssing for "1".
\'/A\\n'CICFr gle mglog pif ﬁrnpi??ettﬁg?wg@gld&ét?rdﬂ a qonventonglisequencing r%‘?%tboéhf” it
present, be?%ﬁﬁ%gieﬁ@n?pg?, ﬁclagqor%ﬁ% %ftfété&gbfyofab'élllgarndéle&%s' lfnaylbe.' S
‘ used. In odd numbered positions (1, 3, 5, etc) the nucleotide mix, introduced
during the polymerase reaction, consists of Fluor X-dUTP, Fluor Y-dCTP and
~ dATP (dGTP is missing from the mix). The complementary base for Fluor Y is
15 missing for “0”, and the complementary ba_sé for Fluor X is missing for “1”.
Accordingly, during a polymerase reaction, if the unit “0" is present, it will be
‘possible to detect this by monitoring for Fluor X, and if “1” ‘is present, by
monitoring for Fluor Y. | '

1n all even numbered positions (2, 4, 6, etc) the nucleotide mix consists

20 of the same two fluor-labelled nucleotides, but dGTP is used, not dATP, and one
or more T bases define the stop signal. » ”

After each magnified readable signal sequence has been “read” it is
possible to restart the process by introducing the missing complementary
nucleotide (e.g. either dGTP or dATP) to allow incorporation at the stop

25 sequence. Non-incorporated nucleotides are washed away prior to the next
read-out step.

Each sample fragment may be converted into the magnified readable
signal sequence (or series thereof) using methods known in the art. The
conversion method disclosed in WO-A-00/39333, using restriction enzymes, may

30 beadopted. For example, if the sample fragment is a polynucleotide, the sample
fragment may be ligated into a vector which carries a class IIS restriction site

close to the point of insertion, or the sample fragment may be engineered to



In all even nunbered positions (2, 4, 6, etc) the nucleotide m x consists
of the sane two fluor-I|abelled nucleotides, but dGIP is used, not dATP, and
one or nowe 200éda633 define the stop signal. After each wegrigneshoseadabl e
signal sequence has been "read" it is possible to restart the process by

I ntroduci ng the m ssing conpl enentary nqﬁleotide (e.g. either dGIP or dATP)
to allow incorporation at the stop sequence. Non-incorporated nucl eotides

are washed away .prior to t next read-oqut - : may
be converte&oﬂ%ﬂrgs\:’%arfétﬁni ﬁ‘%aPP%%Pa'ég? 8%%@%%&%@;}1%% 'Js{ehraelg‘er@ggd

t her eof) us&@g@&%hﬁéﬁe&ﬂ@%‘n site [ fe8uRing.in BtovEPNERE # tHe sampRdragraentosed in
WO A- 00/ 39333, using restriction enzynes, may be adopted. For exanple, if

the sanpl e fragnéppropriatepatigptecs evhichesontais oBAPPE Moty Rnthenajagsfiad gat ed
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the restrictiron site, resu ng in an overhang in the sanple fragnment.
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i gnal _ i t then b d to bind b
of The over RenEveavbSenblrRReriao aSad 4BF abf st FRSdhelefs or °o°
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achi eved where full cor arity ‘along the full extent of the overhang
i s achi eved.ad8pterttodhe vecipat iBynaprrpptiaterpleeempentet a furtherjass Hrestoeten end
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¥ ,
effected such that an erhang 1s created in the target sequence downstream
of the sequaveehdrg ishcreated én fthe dargel Seqeenes downstieasy of the seayenss to

etuonces. caion HBEUITa AT oFeaaMahiEt s da B Be nerlace b P S atti o
readabl e si gl cRBEY RO BENBEALRNRIY BNV RE P sequences carrying the units
15 of defined sequence. | - |
Aftér conversion into a readable signal sequence but before the read-out
step, the sémple fragment in each discrete compartment may optionally be
immobilised onto a solid support, for example to form an array. Methdds of
immobilising biological polymers to a support material are well known in the art,
20 as described above. Immobilisation may be carried out by the random
distribution of polynucleotides on microbeads, nanoparticles and planar
surfaces. Suitable support materials are known in the art, and include glass
slides, ceramic and silicon surfaces and plastics materials. The support is
usually a flat (planar) surface.
25 Thé sample fragment may be immobilised on the support material to form
arrays which may form a réndom or ordered pattern on the solid support.
Preferably, the arrays that are used are single molecule arrays that comprise
sample fragments in distinct optically resolvable areas, e.g. polynucleotide
arrays are disclosed in WO-A-00/06770, the content of which is incorporated
30 herein by reference.
Preferably, each sample fragment contains a readable signal sequence

that is complementary to a readable signal sequence of at least one other



step, the sanple fragnent in each discrete conpartnent may optionally be

I mobi | i sed onto a solid support, for exanple to forman array. Methods of
i mobi | i swogods/abssgi cal pol yners to a support material @ce/oBbés/doseen in
the art, as described above. Inmobilisation may be carried out by the
random di stri bution of polynucl eotides. m cr obeads, nanoparticles and

pl anar surfaces. Suitable support nateriom s are known in the art, and

i ncl ude gl asgs i r ani b f ad- ' L,al s.

The support TRie R At Bifesbh) W08 cpipletneRaRly haiektis BRFANYCT |
i mobi | sed'metahab@mgﬁéltsgwéslthétqebmwmar;aymynbcmcmynérmnmsaon andom
or ordered pattern on the solid sugport. Preferably, the arrays that are

used are si nearepledragroent, farexamplebetwasiy? ed 20hases. puehyaedt 4 OF 7 RASESI nct
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Preferably, ggabl seudneciinRamarion aoseparte sampisiftagmenty mibwirepthentaegdthat
is conplenentary to a readabl e signal sequence of at | east one ot hersanple

fragrrﬁlnt. !\/b$%q|l{ﬁﬂ§ﬁé6@lﬁlr990?]$iéu‘é@ esad vPan thgse kedyedaebaverlan [RAPNS: @Sof
r s i i
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bases in a peétweesl reatibble sigialseguentes oh tifferbhesample feagraeets| thie dimpleren
t he readabl e signal sequence information in separate sanple fragnents,

al | owi ng t hethessepstencedaeersruaiopavifi&eonst r uct ed based upon these redundant

o nt of 162" 2omt Brailibn 85 of BREEE Ao 308, Sfngibbd flettieifit fapelled
sanpl e fragngphsa rda@abldmighall BEqS&EtES Ne&CH dragraentuid iatsd Wabélleze wilhn a.

addition to at |least a portion of each sanple fragnent being |abelled wth
a readabl e sippsiionsddiagndeat repcasentadheritime at whieh thesEpgeenhwas rgmoved

o oL b e SRR PRI TS, e Bl Sarp e
H] Zgggln; : s frag@icher Iabbllecwsthfd eifferéntipesitione tag, tthgreblyrideatifyirigitwetpdint ng
15 at which it was removed from the degradation reaction. Any tag suitable for
| labelling biological polymers may be used. In a preferred embodiment, the
positional tag is a fluorophore. Suitable fluorophores are well known in the art,
for example: | |
Alexa dyes (Molecular Probes)
20 BO'D_IPY dyes (Molecular Probes)
Cyanine dyes (Amersham Biosciences Ltd.)
Tetramethylrhodaminé (Perkin Elmer, Molecular Probes, Roche Diagnostics)
Coumarin (Perkin Elmer)
Texas Red (Molecular Probes)
25 Fluorescein (Perkin Eimer, Molecular Probes, Roche Diagnostics)
Any fluorescent detection technique may be used to detect the
fluorophore in the read-out step, as will be apparent to the skilled person.
Examples of fluorophore detection techniques are outlined below. |
In an alternative preferred embodiment, the positional tag is a "magnified
30 tag" of pre-determined sequence. For the avoidance of doubt, a magnified tag
comprises two or more bases, as described above and in WO-A-00/39333.

Preferably, the positional tag is a polynucleotide comprising a pre-determined



at which it was renoved fromthe degradation reaction. Any tag suitable for
| abel i ng bi ol ogical polynmers nay be used. In a preferred enbodi nent, the
posi t i onalvotags/isessa fl uorophore. Suitable fluorophores ace/cmbés/dopén in
the art, for exanple: Al exa dyes (Ml ecul ar Probes) BODI PY dyes (Mol ecul ar
Probes) Cyani ne dyes (Anmersham Bi osci en Ltd.) Tetranethyl rhodam ne
(Perkin El nmer, Nblecular Probes, Roche Eﬁggnostics) ‘Coumarin (Perkin El mer)
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detect the flid&@?ﬂh@é@re‘sénttﬁés"eﬁédn@élbftﬁb%ﬁmpaéfmghienb&t isppReaitterntinetie
skill ed person. Exanples of fluorophore detection techniques are-outlined
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i.e. "magnified tags",” the read-out step is sinplified, as both the
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di scl osed i nMmiPpe-A{chadls tﬁ@?éb@émrgﬁdea@ém@) In & prsfetted Bitbdtiiient,onal
tag may be attached di rectléI to the sanple fragnent, or may be attached to

the readabl ewsenyhath theqeadable signal srasleace andaasiipiaiieg aip airgsvied tags
readabl e si g@é’j‘r#\prmﬁaed?s(\hnc umtg of iv% (c))P?r%ore%%s%Eethm tflér?ﬁ té&%ﬁd readable

signal sequence are continuous, forming a single polynucleotide chain
15 containing both labels. Alternatively, the positional tag and_~réadab|e signal
~ sequence are linked to opposite terminii of the sample fragment.

Once at least a portion of each sample fragment has been labelled with
areadable signal sequence that encodes the sequence of the sample ffagmeht,
and a positional tag that indicates the position in the degradation reaction, the

20 data contained within each fragment is detected in a read-out sfep, thereby
identifying the sequence of each fragment and its position in the target molecule.
These sequenced fragments can then be reassembled to give the sequence of
the target polymer. When the tag and readable signal sequence are b.oth
magnified tag sequences, the read-out step may be performed using any

- 25 suitable technique, for example as described in WO-A-00/39333 and
PCT/GB04/01665 and summarised herein. A preferred-detection technique is
as discussed above, using the polymerase reaction to incorporate bases
complementary to those on the readable signal sequénce, using-either selected,
detectably-labelled nucleotides or nucleotides that incorporate a group for

30 subsequent indirect labelling, and monitoring any incorporation event.

To carry out the polymerase reaction-based read-out step it will usually

be necessary to first anneal a primer sequence to the magnified readable signal



conprising distinct units of two or nore bases, the positional tag and
readabl e signal sequence are continuous, formng a single polynucleotide
chai n conwveineengoszet h | abel s. Alternatively, the positi egalcB06/mB8%6

readabl e signal sequence are |inked to opposite terminii of the sanple
fragment. Once at |east a portion of eagg sanpl e fragnment has been | abell ed
with a readabl e signal sequence that encodes the sequence of the sanple

fragnent, ‘and a positional t t.hat _i.ndicates ition i h
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Its positioh 1'n the target nol ecule. These sequenced fragnents can then be

r eassenbl ed of ihegionplemensarystrand. The primer seguengpmayde adgedrasiaeenaigteand
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preferred det ion technique is as discussed above, using the pol ynerase
reaction t oprefemahiycatreecdagtamdesgonditiomsahat permiththeccaniralied inei@@ptionsi gnal

sequence, using ejther selected, detectably-l|abel|ed nucleoti f e
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moni tor i NG Ahnd) SEQLARANOD HRUEEgOrTSdBY 1 d¥tbctidrofieH EBipasated label.
reacti on- bas read-out step it wiTl usually be necessary to first anneal a
primer sequeéysceadhunibrefecably icotprestsadl stopl gaguenrcr; dhisepgasibladelcontiole,
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respect to the po , ich conprises a conpl enentary sequence
t hat al | ows it isepgmsibte totdistiguish betweem vy rdiffereat usis (D @and 3) pitbireeaehn y
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to conti6l iWhen otathe reddabie pigngl sagquence andpostiooakbiag; ar’egnagmiﬁedéagf or
| ncorporati Osrcleqagages, the read-out method may be carried out as follows:
| (i) contacting the readable signal sequence comprisihg the defined
units With at least one of the nucleotides dATP, dTTP, dGTP and
dCTP, under conditions that permit the polymerisation reaction to
20 | proceed, wherein the at least one nucleotide | comprises a
detectable label specific for that nucleotide; |
(i) removing any non-incorporated nucleoti.des and detecting any
incorporation events;
(i)  removing the label from any incorporated nucleotide; and
25 (iv)  repeating steps ii) to iv), to thereby identify the different units, and
thereby the sequence of the target polynucleotide.
The number of different nucleotides required in step (i) of each cycle will
be dependent on the design of the magnified signal sequence units. If each unit
comprises only one base type, then ohly one nucleotide (detectably labelled) is
30 required. However, if two bases are utilised (one as a target for the detectably

labelled nucleotide and one to provide a gap between different target bases)



the first unit, as described above. As each unit is recognised by a
specific label, it is possible to distinguish between two different units
(0 and 1)wwizvddoaossach cycle. This enabl es detection of aoy/geroevqseyzat ed

| abel, and allows the identification and position of the unit to be

determ ned. \Wen both the readabl e signql sequence and positional tag are
magni fi ed tag sequences, the read-out neﬂhod may be -carried out as follows:

i ih ar | eadtohib pSRRECHE LA FendRERE o BT 4 Bl bR o e °
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at | east one nucleotide conprises a detectable |abel specific for that
nucl eotide; (ii) Thenusé o abpse@s arstop signalcallaws the detralioanstepsttodee ng
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di f 7 erent Unicsntr8ilel inter starbRRRHABoIRheldte leatash. Mtlevaplsgidide.  The

nunber o erent nucleotides required in step (i) each cycle wll be
dependent oreffetivelasitije compiéreentignittie dstop’i base ssakegent dewn the polynieraseh .
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different target bases)then two nucleotides wll be required (one to bind
to the tar gdtaseawbichrallowsthemext unit ta e characterised. Jéisusaartiedoutaftartne

b . h f b j . i
por fof il vidSgRIoN SIEPr de R Rt e LRE i beRr ik Sipe S aRthe © O
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Is effective as the conplenent for the "stop" base is absent fromthe
pol yner ase miot prdgresetothe nexdainitiiNondacorperated naclestides wsedfin the Hill-in”
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characterised. Thirs Efoiea!df flyfRbfastf 48d defifttable label will be apparent to the
15  skilled person. The following is used as a guide only: |
a) Kienow and Klenow (exo-) can efficiently inkcorporate
Tetramethylrhodamine-4-dUTP and Rhodamin-110-dCTP (Amersham Pharmacia
Biotech) (Brakmann and Nieckchen, 2001, Brakmann and Lébermann', 2000).
b) Vent, Tagand Tgo DNA polymerase can efficiently incorporate dioxigenin
20 andfluorophores like AMCA, Tetramethylrhodamin, fluorescein and Cy5 without
spacing at least up to a few positions (Augustin et al., (provide reference?)
2001). _
C) T4 DNA polymerase is efficient in filling-in fluorophore labelled
nucleotides. ‘
25 The preferred polymerases are Klenow Large fragment (exo-) and T4
DNA polymerase.

Other conditions necessary for carrying out the polymerase reaction,
including temperature, pH, buffer compositions etc., will be apparent to those
skilled in the art. The polymerisation step is likely to proceed for a time sufficient

30 toallowincorporation of bases to the first unit. Non-incorporated nucleotides are
then removed, for example, by subjecting the array to a washing step, and

detection of the incorporated labels may then be carried out.



detection step. The "stop" base of one unit wll not be of the sane type as
the first base of the subsequent unit. This ensures that the "fill-in"
procedur ew0Q@ess/1303s3pr ogress to the next unit. Non-incor poraisdosnesd2eot i des
used in the "fill-in" procedure can then be renoved, and the next unit can
then be characterised. The choice of polgnerase and detectable |abel wll
be apparent to the skilled person. The foI I ow ng is used as a guide only:
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In a preferred embodiment, the label is a fluorescent moiety. Many
15 | examples of fluorophores that may be used are known in the prior art, as
' indicéted above. The attachment of a suitable fluorophore to a nucleotide can
be carried out by conventional means. Suitably labelled nucieotides are also
available from commercial sources. The label is éttached in a way that permits
removal, after the detection step. This may be carried out by any conventional
20 method, including:
|. Attacking the signal itself:
d) Bleaching
i) Photobleaching
i) Chemical bleaching
25 a) Quenching of fluorescence |
i) By antibodies raised against the fluor (e.g. anti-fluorescein, anti-
Oregon green)
i) By FRET (the incorporation of a quencher next to a signal can be
used to quench the signal, e.g. Tagman strategy)
30 b) Cleavage of signal
i) “Chemical cleavage (e.g. reduction of a disulfide bridge between

the base and the signal)



representing "1") the invention wll require an oligonucleotide specific
for the "1" unit. In this enbodi nent, selective hybridisation of
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di fferent polynucl eoti de sequence with respect to other units. This ensures
that a hybridisation event will only ocggr if the specific unit is present,
and the detection of hybridisation events identifies the characteristics on
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prior art, as indicategdo@hove. The attachnent of a suitable fluorophore to
a nucl eotide can _be carried out by conventional neans. Suitabl g | abel I ed
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attached in atTv@/ySiéﬂgfbg%@W%'rﬁgﬂ?&al’ after the detection step. This may

be carried Hu conv et hod, including: |I. Attacking the
signal ig§sebf: dExBhaeebliytie remdvapt obl eaching ii) Chem cal bl eaching a)
Quenching of fluorescence i) By antibodies raised a?ai nst the fluor (e.g.
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i ntroduction of a nitrobenzyl ortert-butyl keton group) iii) Enzymatic (e.qg.

a- chynot rysgi n dRgs8iGtion enzymepdiggstipnnker) 11. The signal bearing
nugl eotige: b) EﬁPnUC'[ﬁ&éé/twncofgmglstranded DNA bearing the _signal (e.g. Apal,
' “Dral, Smal sites which can be incorporated at the stop_signals').v
An alternative to the_ use of labels that permit removal, is to usé
inactivated labels that are reactivated during a biochemical process. |
The preferred method is by' photo or chemical cleavage. :
15 When the label is a fluorophore, the fluorescent signél‘generated on
incorporation may be measured by optical means, e.g. by a confocal microscope. '
Alternatively, a sensitive 2-D detector, such as a charge-coupled detector (CCD),
can be used to visualise the individual signals generated. ' '

The general set-up for-optical detection is as follows:

20 Microscope: : Epi-fluorescence
Objective: Oil emersion (100X, 1.3 NA)
Light source: Lasers or lamp
Filters: Bandpass
Mirrors: Dichroic mirror and dichroic wedge
25 Detectors: ' Photomultiplier tubes (PMT) or CCD camera

Variants may also be used, including:

A. Total Internal Reflection Fluorescence Microscopy (TIRFM)

Light source: One or more lasers
Background control: No pinhole required
30 Detection: CCD camera (video and digital imaging systems)

B. Confocal Laser Scanning Microscopy (CLSM)

Light source: One or more lasers



1) 3'-5" Exonucleolytic degradation of filled-in nucleotides (e.gqg.

exonucl ease |11l or by activating the 3' -5 exonucleolytic activity of DNA
pol ymer aswowb@m4bszere i s an absence of certain nucl eoti #es)GBosR®SI26i Cti on
enzynme digestion ii) Digestion of double-stranded DNA bearing the signal
(e.g. Apal, Dral, Smal sites which can bg i ncorporated at the stop
signals). An alternative to the use of labels that permt renoval, is to
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The preferred nmethod is by photo or chem cal cleavage. Wien the label is a
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nmeasured by optical neans, e.g. confocal meroscope. Alternatively, a
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optical detection is as follows: Mcroscope: Epi-fludrescence bjective:
Ol emersion (100X, 1.3 NA) Lighacewputesl. Lasers or |anp Filters: Bandpass

Mrrors: Dichroic mrror and dichrgic e Detectors; Photomul tiplier
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tubes (PMT) or OCD camera Vari arft)s R%§ 2hiteguSRNass RNNofes: (SRINAGY NIPkedy 4

Internal Reflection Fluorescenceyidfeasnadimért! HEMtibh Bt inSye Frre EAaI Or

nore | asers Background control: No pinhole required Detection: CCD canera
(video and digital inmaging systdamsgeRanGuntivectly texoededsbyting agmerajr oscopy
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Background control: No pinhole required
Detection: CCD camera (video and digital imaging systems)
The preferred methods are TIRFM and confocal microscopy.
It will be appreciated that although specific examples of techniques
15  suitable for magnified readable signal sequence are given herein, the magnified
readable signal sequences and "magnified tag" positional tags may be read
using any suitable read-out platform.
When the readable signal sequence is not a magnified readable signal
sequence, for example it is a PITC-labelled polypeptide or a ddNTP-labelled
20 polynucleotide, any suitable read-out step can be used. Chromatographic and
electrophoretic read-out steps are commonly used, as is well-known in the art.
Once the sequence of each fragment is known, it will be apparent to the
skilled person that the sequence of the target polymer molecule can be
reconstructed, based upon the positional tags that indicate the order of each
25 fragment within the target molecule. The overlapping regions in each readable
signal sequence may also aid sequence reinstruction. This may be achieved
using conventional software programmes. The content of each of the

publications referred to herein are hereby incorporated.
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final image is built up point by point and over tine by a conputer]. b)
Several thousands pinholes (spinning N pkow disk): CCD canmera detection of
i mge [ Theofwewal40issrge can be directly recorded by the earmszho03926

Two- Photon (TPLSM) and Ml tiphoton Laser Scanning M-croscopy Light source:
One or nore | asers Background control: No pinhole required Detection: CCD
canera (video and digital imaging systen3§ The preferred nethods are Tl RFM
and conf ocal n1croscopy ‘It will be appreciated that although specific
exanpl es of CbAMSques suitable for magnified readabl e S|gnal sequence are
gi ven herein, the magnified readabl e signal sequences and "magnified tag"
positional tags nmay be read using any suitable read-out platform Wen the
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| east one.end of {he taseehiragiHENequence of the target polymer using the sequence
data obtained in step (iii) and the identification of each associated tag. .
2. A method according to claim 1, wherein samples of degraded polymer are
~ removed at pre-determined tinﬁe points during the degradation reaction and
15 placed into separate compartments for analysns |
3. ‘A'method according to clalm 1 or claim 2, wherein each readable signal
sequence contains a region complementary to a readable signal sequence of at
least one other degraded polymer. v
4. A method according to any preceding claim, wherein the combined
20 readable signal sequences of all degraded polymers represents the sequence
of the target polymer. ' |
5. A method according to any preceding claim, wherein the targetpolymer

is a polynucleotide.

6. A method according to claim 5, wherein the polynucleotide is DNA.

25 7. A method according to any of claims 1 to 4, wherein the target polymer is
a polypeptide.
8. A method according to any of claims 1 to 6, wherein the_ agent is an
exonuclease.
9. A method according to claim 7, wherein the agent is a protease.

30 10. A method according to any preceding claim, wherein the readable signal
sequence is or comprises a magnifying tag.
11. A method accordlng to any preceding claim, wherein the tag is or

comprises a magnifying tag of pre-determined sequence.



(ii1) converting at least a portion of the degraded end of different
degraded polyners into a readabl e signal sequence, and | abelling each of

sai d degrwoedoguabsssers with a tag that represents the recatdpeeosuoses of
degradation; <iii) determ ning the sequence of the readabl e signal

sequence; and (iv) determ ning the sequence of the target polynmer using the
sequence data .obtained in step (iii) and1®he identification of each

associated .tag. 2 . A nmethod according to claim1 wherein sanples of

degr aded pol 9813r & mathed asgording rte-arat oF mlaie i tee 1Bowheseiuthentpg e @
degradation=ﬁ8§ﬁ%ﬁgfeand pl aced into separate conpartnents for analysis. 3.
A method according to claiml1 or claim2 , wherein each readabl e signa
sequence contains a region conplenentary to a readabl e signal sequence of
at | east one other degraded polyner. 4 . A nethod according to any
preceding claim wherein the conbi ned readabl e signal sequences of al
degraded pol yners represents the sequence of the target polyner. 5. A

nmet hod according to any preceding claim wherein the target -polyner is a
pol ynucl eotide. 6 . A nmethod according to claimb5, wherein the

pol ynucl eotide is DNA. 7. A nethod according to any of claims 1 to 4 ,
wherein the target polyner is a polypeptide. 8. A nmethod according to any
of clains 1 to 6 , wherein the agent is an exonucl ease. 9. A nethod
according to claim7, wherein the agent is a protease. 10. A nethod
according to any preceding claim wherein the readabl e signal sequence is
or conprises a magnifying tag. 11. A method according to any precedi ng
claim wherein the tag is or conprises a magni fying tag of pre-determ ned
sequence. 12. A nethod according to any of clains 1 to 10, wherein the tag
is a fluorophore.



