METHOD FOR | MPROVI NG THE CHARACTERI SATI ON OF A POLYNUCLEOTI DESEQUENCE Fi el d

of the Invention This invention relates to a nethod for inproving the

accuracy wo 2oévzmassseri si ng a pol ynucl eoti de sequence. Bach@Rrwoewhovnot he

I nventi on Advances in the study of nol ecul es have been led, in part, by

I nprovenent in technol ogies used to characterise the nolecules or their

bi o ogi cal react | onsmerBcFELRAFROVING THEUCHARACTERIBUTIONC aci ds DNA and

RNA has benefited from devel opl hg technol ogl es use sequence anal ysi s

and the study of hybri di saOFdhPOLYNUCLEDEINE SEQUENCEFet hod in general use

for Iarge-sci.q!ﬁﬁ s!eggetnél ng is the chain term nation nethod. This nethod

was first de r and Coul son (Sanger etal., Proc. Natl. Acad.

Sci. USA, 1977, 7Zrh|s54¥ﬁ/3n6c4k€57r¢l,atwdo ra | method nfor impusdng fthei al@xacy in

derivatives o four nucl eqt i { which are incorporated into the nascent
Ghfgheiss

pol ynucl eot | d’ga@ﬁ%rﬁ"q%a RO SETYELAS i on. Upon incorporation, the

di deoxy deri \Byck lfb‘émbl% fRaat/entidne poI ynmerase reaction and the products are
t hen separat ed By el ectr.ophor SIS an naI sed tor t he, position
at which the part MP'&?esdl"HéggyStH Yi ¥aft H@o'? j?gvd i R tHe chai n.
Al t hough t hi smFRi ﬁ%nﬁtSnvmedlqahdoyéechs@adtopbﬁm@mséetheamo@duwsubt gheif t i s
recogni sed tha I's slow, |abour-intensive and expensjve. US- A 02509
di scl oses a M‘%G&“tr@a%@@ﬁem%@cﬂér yhesludyof the ”%’\%%?F‘F@éﬁ“‘%ﬁn%

support. The Hé%yaggf.t@akﬂoﬁﬁd%dm ﬂeeﬁﬁ&s@é@aémoeée&enlab%&@e.sw%A G C

and T having a erent fluorescent |abel to the inmmobilised
pol ynucl eot i ¢éudyi of hyhedigaiéaneenasitof DNA pol ynerase. The pol ynerase

I ncorporates a baﬁ@ﬁgg@hgm@ﬁa& éé?ﬁmgségr%@ e-@@ilé(mfélﬁrlbﬁ&ng Ruhe i s

prevented fromfu I't1on grou | abel of the
i ncor por at ed dhaietecainatine imetbodet isrimeathioch mastfiigt \@Qﬂaﬁgbbﬁﬁﬂﬁerr andved by

chert ol ¢l SR QeAbbPN IUPHENACRAEISIUSRMG0 g0clon Kipghs L e
nmust be per f oeliesdoni tha draegbf dideozy etetiyatives e the3 886 utiantided aghieh mhod for
sequenci ng pcl)l orll;lajc():rla(taecc)lI m‘ij Xascent polynucleotide chain in a polymerase reaction.
Upon incorporation, the dideoxy derivatives terminate the polymerase reaction
and the products are then separated by gel electropho_f'esis and analysed to
reveal the position at which the particular dideoxy derivative was incorporated
into the chain.
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 méthod relies on the incorporation of 3-
blocked bases A, G, C and T héving a different fluorescent label to the
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 to
remove the blocking groups in this manner is time-consuming and must be

performed with high efficiency.



converting the sequence of a target polynucleotide into a second

pol ynucl eoti de having a defined sequence and positional information

cont ai nedwoheseizsss The sequence i nformation of the targeCTiGB28@/@0110 be
"magni fied" in the second polynucl eotide, allow ng greater ease of

di stingui shi ng betmeen the individual bases on the target nolecule. This is

achi eved using " meg/0-Ay00189338&escribbs & methed Wr%dqm@fdngﬁﬁaymlécﬂudeé bpucl ei c
aci d sequence. Each of the base aden %ﬁm% g uanl e .and th m ne on

the target noPRIMETENG the sgavence R écﬁa@? P 2 %BEMG BRIV cery

converting thga@hd @i dedihed %@qaén@eewp@@uml mf@mmeﬁlcfoh%ﬁheﬁﬁmfé%iﬁeme
Conventi onal techni ques may then be used determ ne the order of the

magni fyi ng t a@RJueiRe ipfoemation eéitee farget tsh%a"é‘ﬁé & |'pagrRifie@nifethgnsqa9adt ar get
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conprises a | uor'escent | abel hen be identified

and used to chwrémestérgeﬁé‘QWﬁﬂ]h'ﬁ@ @%{geveql@smgdmmlm tag@s'cwhishs an
adapt ation of g@@mrn%a%.tg%% hﬁ&e.e'a%fa' éz;qﬁenw éf!%n%ﬂﬂé %%éééadémnéot h

net hods, it |s erred that each magnif nprises two uni
di stinct sequeﬂosn&hg@aﬂlmmndethumw mtl@e tﬂrgatr mowgteem reWasentadebwaht

representing .te i R P target is
characteri sedIrl V'dgj%gon%ﬁﬁrfbgr%a%f &%rﬁ%ﬂm[ﬂﬁénioﬂﬂg{nafg‘réttbeeggsse%lugngégﬁtlong may be
represent ed bmaybifiee séQUenathvaatidmal terhnigl@s mayuthenn he usgd ‘td tetermide and

aceuracy |s cbedtsartieehiehg el HEMREY B iR e o iecRor oo

therefore a | thegafget polyredediideobt ai n maxi mum accuracy from any sequenci ng
reaction. Summary of th@é{ﬁgventl on The i nvention provi de? a, et hod

of increasing the S@RF éﬁqgaﬁ%%'@??ﬁ‘gaese@mﬂ% Ing fag,eqrpnser 2akgh s e

i nvol vi ng t heegsa flobrdscent Igbsl, ghthsmay theneeatiphifiedardassyd toatharatterise
WO- A- 00/ 39333 and WO A- 04/ 094664 (both of which are incorporated herein by
reference), ofeRBFUNINGABOvi ng base to base signals, eg. ligation proximty

assay. The invent lW@—A&W@@ﬁB@Beédﬁ@eé% laéékit!aﬁ’cﬁh Uﬂfﬂﬁe \Waaterdionemiagidel ng
reaction involves the conversion of a target nol ecu

pol ynucl eot i ddisclPed i3 \YO-GrRREBRBHS; dé”&ﬂﬁ’brmgﬁhﬁas’dlts'ﬁl W@?er[ﬁq that gach
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i nproved by
binary system, with one unit representing “0" and the other representmg “1",
Each base on the target is characterised by a combination of the two units, for
example adenine may be represented by “0" + “0", cytosine by “0" +1", guanine
by “1" + “0" and thymine by “1" +%1".
As with all sequencing procedures, maintaining high accuracy is essential
to the success of the sequencing reaction. There is therefore a long felt need to
obtain maximum accuracy from any sequencing reaction.

Summary of the Invention

The present invention provides a method of increasing the accuracy of
sequencing reactions, in particular those involving the use of binary signals, for
example as described in WO-A-00/39333 and WO-A-04/094664 (both of which
are incorporated herein by reference), or those involving base to base signals,
eg. ligation proximity assay. The invention is based on the realisation that when
a sequencing reaction involves the conversion of a target molecule, eg. a
polynucleotide, into a polynucleotide comprising distinct units of sequence



incorporating into the pol ynucl eotide defined sequences that act as
internal controls which can be determned to ensure the detection of
sequenci nyoensssss These control sequences do not direcPCy/GBeprca®ery t he
sequence of the target polynucleotide. According to a first aspect of the
invention, a method of identifying at | east one characteristic of a target

mol ecul e, conpfdragion bedceBmacyfor tid éeqi@nwubtaﬁgbtbn@daéanl @@ﬁﬁpre{?@d b
characteristic into a signal polynucl eotide sequence; d (11) 1 den¥| fying

the signal pongPRerabgiin &*@qa@m@leqﬂﬁerc@&yeﬂ &@ﬁ#?'ﬂ%%@‘aﬁ et as integl one
characteri stigrfilold WRich 308 8k dERrBfintddo WRSHRIthe Gé‘féﬁh Qf@qiu@%l%g%ﬁb%m i de

sequence conprlses at | east one control sequence t nes

char act eri st i EN]SE QMO pERHANCES I0pTipd ﬁé@@tIYdépE?éGUbtﬁ@eseanﬁdCQ\héH@l target
identificatiopyfucdidutigeont rol sequence confirms whether the signal

pol ynucl eoti de sequence has been identified correctly, and, optionally, if
the identificati orf\acerding togiirstaspecinfiie inventionea meteedafiigentiffing atieasdn t o

det or e Whagnd HenSOERERIorel BRI LEe yReqULGe Shoul d be.

According to a secon aspect o Sen Invention; a method of

sequenci ng a tar gdb Opowrltmgltfm)ai ldestcnmprhasmﬂemsme |Bib€£p$|gnél pdlynuctzotider t i ng

at | east one sté 8 ﬁ atnlae target polynucleotide into a signhal sequence; and
(1) |dent|fy|%b e signal sequence, thereby identifying the sequence of

t he target pol ynudiladentidgingtrer sigmal palyhudegtivz seqequeafldleerebyrmehﬁ@mgahel east

one control q e that _defin har,act ristic of .the signal .sequence,
and wherein |a§ rﬁalsfl%rﬁl (Lglﬁr%‘.‘tersﬁg gf rcﬁl?e? dRresL g t? Hies yiereins eafret$ida’t he

si gnal sequermyr’rw&:dudeBequldonﬁiﬂlsésaatﬂ@@étlohe cantiolet e thiit defi ﬁeé §|e
identification is not cg@_l ect t he necess %L\xhl nf Qr mat.i on

rovi
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figures, wherein; re 1A i|lustrates a binary al sequence which

contai ns i nf di&eRt id Sﬁg PH?%%ﬂybz%‘Qs opHonally, !faﬁhée'f’eﬂ G)?H%I'%dlqtd‘@”&ﬁ%i t wo
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to define the bi t cont ent
polynucleotide sequence should be.
~ According to a second aspect of the present invention, a method of

sequencing a target polynucleotide comprises the steps of:

(i) converting at least one base on the target polynucleotide into a
signal sequence; and

(i) identifying the signal sequence, thereby identifying the sequence of
the target polynucleotide wherein each signal sequence comprises at least one
control sequence that defines a characteristic of the signal sequence, and
wherein identification of the control sequence confirms whether the signal
sequence has been identified correctly, and optionally, if the identification is not
correct, provides the necessary information to determine what the correct signal
sequence should be.

Description of the Drawings

The invention is described with reference to the accompanying figures,
wherein;

Figure 1A illustrates a binary signal sequence which contains information
on three bases in the target polynucleotide and two control bits; and



of the binary signal sequence to which it is attached, wherein bit-triplets
containing no or two "0" bits are designated with control bit "0" and
bit-tri plwoo@oesmsni ng no or two "1" bits are desi gnat @edTwiB2hoszontivol bit
"1". Description of the Invention The present invention is based on the
realisation that a target nolecule can be converted into a defined

pol ynucl eoti de sedqy %QBamﬁjstrtal?é’éaH&ﬁ‘nd%l(‘d?klélﬁﬁhforﬁfol§é’t§4eﬁ%§é‘idt@fnéﬁ%dmpu'f step

can be assessed by T ncorporat a control guence into the forned
pol ynucl eot i d@orgmfmith,eebmawycslgf@ﬁ é@quefﬁgettwhph ealkached, whs@inbit-giplethe

contr ol sequetfitainhathd B P oitd e BESERLEA WRHERIHBIbK SoPad bR Y

suitable for rnprovi|ng the accuracy o equenci ng reactions 1n-
target pol ynucordainingenoi o tworft thitears dasignatasowigmdonil pitditT.eot i de of defi ned

sequence, refﬁgg ibQ o e%{) ] "signal sequence". The nethod is based.
upon the real rsﬁ&o‘h—t‘ﬁﬁz{—ao%ﬂrrq control sequences into the signal sequence
provi des an i nt er riEle presett ioverttioa is bagseshor trbatealisabioaithatch tangetaholecglet he
identification of potenti,al rs.in d- ' » nce to
target nol ecu?%%b E?nve egl%to CLel(’}'Q%?89\@?58@?‘%Set%ﬁén%asﬁde{h\éﬁr&{%e%cgpgic?mi ch
can be represemtl@ebantﬂalomaelndl.&@té;mtcmh b enssespeall byo@hqcnp@aengiajeosimjuence.
For exanple, if thet q?u]em@proteln a aci d nonomer
may be repres%‘?ﬂ%ﬁ&cﬁ 86?? ROIRIRAICE SERUE RS 2”@ %ecg‘%‘i @'ﬁ@é?%e@tcfede
sequence. In bh@og@rn@é@ffr@cb@,mpdeqmbe the tar get nmol ecule is a

ol ynucl eoti de, and conversion is carried out lif on of the
Bol gnucl eoti de seqliEn®ethogipl theRresentdpveniion maﬁéqu?%ﬁ'séwiﬁ%*%mﬁ%f%mg

pol ynucl eot i dgeagcdificyt aF ARlGuBREIRG UeBetiohaeint ¥hbh” 80tay qmcb@%u%tldbsls%| |
known in the art and i's used to refer to a series of nked nucleic acid

mol ecul es, e. eonvgmdmtowcon@@puﬂeclaewf ¢fidafined seayencengrereghio heseiRe d

nucleic acid), ﬁads gt S&Rju "I'ﬁe%étﬂo&"‘ié ﬁ‘ééédtdlﬁ)nstﬁePéali%fatlbrli‘ﬂwdt%‘dgmg' on.
The reference herein to the ases A, nd C, relate to

nucl eoti de basedrahgeauensestimyrthesignat a@quépcemwewea@ﬂﬂewt @%QQ*feon He will
be appreci at ege%d%nkg‘ﬁa‘?é Bbtghlr SChid b %ﬁgéﬂ#&gmﬁhs&ehha é?RJré’ﬂPfHeeOt'de

s RNA, or elntro uced into agal n as wel
under st ood |nretadeouir8tem signal sequence"” is a single stranded or double

stranded With reference to target molecules, it is the characteristics of the target
molecules which can be represented by (converted into) the signal
polynucleotide sequence. For example, if the target molecule is a protein, each
amino acid monomer méy be represented by a specific sequence on the signal
polynucleotide sequence. In the preferred embodiment, the target moleculeis a
polynucleotide, and conversion is carried out by amplification of the
polynucleotide sequence. The invention is further described with a
polynucleotide as the target molecule.

The term "polynucleoﬁde" is well known in the art and is used to refer to a
series of linked nucleic acid molecules, e.g. DNA or RNA. Nucleic acid mimics,
e.g. PNA, LNA (locked nucleic acid) and 2'-O-methRNA are also within the scope
of the invention.

The reference herein to the bases A, T(U), G and C, relate to the
nucleotide bases adenine, thymine (uracil), guanine and cytosine, as will be
appreciated in the art. Uracil replaces thymine when the polynucléotide is RNA,
or it can be introduced into DNA using dUTP, again as well understood in the art.



pol ynucl eoti de that conprises distinct "units" of nucleic acid sequence.
Each of the bases A, T(U, Gand Con the target is represented by a

di stinct woado@rmess8i ned unit, or unique conbi nation of ®OTtGB2006/MWHAEISI gnal
sequence. Each unit will preferably conprise 2 or nore nucl eoti de bases,
preferably from2 to 50 bases, nore preferably 2 to 20 bases and nost

preferably 4 to 1R bagRs, s@qaencfe”bi:hsees singier airafdedt of edsiibid WarfHdkher ent
bases contained in each unit. The desi gn of the units is such that it wll

be possi bl e pelyavdestidainatcanriisgs fisiipetiunitsof Budieicasly sequeaerl-rghofst ep,
e.g. involvipg pAgd ﬂcmpr@tdnanooén %%@é&hwﬁb@@@hqea%wa%@m& dpg in a

polynerisation reaction, or on hybridisation of conplenentary
ol i gonucl eot Presisfinesynib 9 LigUEELMBINatiPMOiANIS in hsianat spstuenee.ctaniamited i nt o

d pol f
xanpl o b diuepEEaabl orRREG, S ERE RO fis Ry pEARIARY ol BED: | o
enbodi ment obasdse swre praferadiyndta 2&basegiand mest prefefabliyhé th 4@ basésnetdaé t ar get

I | eot i in: th
pol yowel ot | desde® fBAL GRSHIEd bl MBcilB ol B LG RBRL TG ol
bi nary systenof thwmﬁsmohnhat nrwnplbespesmbi&go tUdtinguish tHeedifféleat uniegdeimgnt i ng "
1" h base, t th t ed -bit,_bi de.
Lo S orSubRe D SRS o) TEIE e EELBRRHAE R e BB o5,
tgr get is chgnn@ledatmresseda ;tqryraemmbnmeéctuon ofort hﬁortovntubhtoscomplem le, o
nin re nt e uani ne
L o e ReRBEES, Cedlengig rethods i kbRBE Lhe B corveded ilpon -

bet vveen the ws&ddng, pmcmtlae‘@gm se u@n;@l' afARelPhowItianpe Bl R ekahpleeach
unit. is al so ref er ferent units representing "1" and

"0", dependl agd 8 W?Qt”i’&\?ot%g&l?gg@?’ 8Rd YWe-A-8498¢684-enpl at e) pol ynucl eot i de

IS in an odd or emenprREFReY &Hbodficht @ﬂhegé]éé%!&cﬁ@rf@f}l%&@ése@aéﬁoffh'e' oWs:
Qdd nunbered t enpl ate sequence: "0" : CCC) Even

number ed t enpRsaseins g darget potynuclem;\@mqgnte by twecadiscpirisyingt t hi s
exanpl e, thegsHigs 'E:E'lr'i‘ﬁ’@ s@%ﬁagsé Sudrieg. %E&%Fn fter’ch&%%ddﬁﬂeﬁWEﬂ/c?Qﬁltsd&% ina.

pol yner ase react| on, es I n parenth eses are used as a stop signal,
be used as a blnary system, W|th one unit representing "0" and the other

representing "1"; each base in the target is thereby represented by a 2-bit binary
code. Each “0" or “1" is referred to herein as a “sequence bit”. Each base on
the target is characterised by a combination of the two bits. For example,
adenine may be repfesented by "0" +"0", cytosine by "0" + "1", guanine by "1" +
"0" and thymine by "1" +"1". Itis necessary to distinguish between the units, and
so a “stop” signal can be incorporated into each unit. itis also preferable to use
different units representing “1” and “0”, depending on whether the base on the
target (template) polynucleotide is in an odd or even numbered position.

This is demonstrated as follows:

Odd numbered template sequence:

“0”: TTTTTTA(CCC)

“" :TTTTTTG(CCC)

Even numbered template sequence:
“0": CCCCCCA(TTT)
“1" : CCCCCCG(TTT)



and the remai ning bases are to provide separation between the | abels.
Sui tabl e signal sequences are al so described in WO A-00/39333. This binary
nmet hod t hwoebavm23savol ves the conbination of "bits" of ®ewGBO®/MWO7IDOr M a
si gpal sequence. The method of the present invention incorporates "control
bits" into the signal sequence. As used herein, the term"control bit"

refers to a pre- dlﬁfthie%%h&?ié, 1o urRAIHRAR sk 1 BRdSdet for Bajdiee niitieotirguence of
bits in the signal sequence to which it is adjacent; each control bit

provides a siirampplymefasehreastiofudhe bases MRAEtNesassargdseelcam @ SBRIIME t he
read- out Ste?ﬂd Mée?e'rﬁgir%b tahé’é‘augotpﬁp%ﬁ&‘&'séﬁéréﬁtﬁw SRR th®idbelss used to
ornatro omth

verify that tThe I'nh nrea e ad] acent sequence is correct. The
terms "control biStitanelsigoersequenersare s descabed BN eP@REIRabl y. In its

sinplest form eagh bit in i WP?” e i dpatgikyt ol | owed
(or preceded) byagh'ge%'hﬁ'g ﬁfgﬁqfégﬁa@@% |cr% gf:%as%gglr?ﬁ]@cgﬁtgol bit. In
this enbodi meggueneach feamuesigaabsequencehdhs gethodseljthenpeesest invpritned by a
control bit, provi

di ng an internal.cor I he, ;
sequenci ng of"CPHRET qeéﬁﬁ?nqgoé&ﬂ} n'ggo. thf%ng@{agrs 8&%%0%61 %ﬂ%%%l’ Fr}g%t'r?\fﬁggﬁmcont rol
bit defines edpirer dltt taferf tosaqireniefindd Wit dPrselieends jnterderh ta dafinethei t
defines between 2 and 10 sequence bits re.prefer o) d>5
bits. Most pﬁ%%ﬁl%fbgé%ﬁ%ﬂqaiﬁe%qqﬂcﬁgg M&‘é@' 'Ssaeaﬁl]%éee:/?(t}eeeat)c\lpfcg{ﬁtréls&ghom in
Figure 1A V\ﬁﬁd?/icﬁe%%mﬂbwftﬁ%e hbaeswiics R iusijseerii Dsring the readioubl  bi t s
can define the sequence bits as |

> illustrated.in FEigure . Lf.th riplet of
sequence bi t StepoiiejiRfermation, coptaineg- inpfhpgcontrol kit @o‘r‘ﬁ%%?o ey @%gil%éoci at ed
Wth the tri mf&hwatio‘ﬁ rEﬁ& fioht the'ddp @ht §&lleAtd T €brayct. 2Thé terhist ‘sontrdidittont r ol
bit " 1 "is used. In this system a single bit change in a bit triplet wll

al ways resul and ficentiohaegrense” areeUseshiniestnangeallid a misinterpretation of a
bit during the read; orrh: SachiBiSh ¥ 8nal seQueh& can bd immetiiatelpe

det ect ed using thgﬁggﬁﬁ%{aﬁﬁﬂm'(éjarﬁhesls_ t wo g?_ts ,gre m si nterg‘(rsetbgd at the
sane tine i nfaloweddoeprecegedity. a sgcondddenyicalhit which actsas ke sehe! Ay df em
illustrated in_FEi , | biPir thieSsidhal seauenddisSrebBgiegadyes t hat
t he previ oush{f? ieb%qdﬁnn%@t e%‘gﬁtsgﬁuzér'ﬁé\%oblm{‘t'thgisstlg;haar?dqgegi ngsl reeb" o". . nye one of
the bases hasobeabitnprovising arf ipterexiaopirel and'checkar thesvenidal geguensing®f  t ne
control bit Wéelal' hil hl 'ughé this error. The control bit therefore defines

t henunber of %'ﬂn?%&g ¥“%it, or the "bit-content”, of each triplet of
sequence bits wit mabiefdrred embodismnt ieacle dontih bit defjnssanp prabtyiaf seIUARCE nt er nal

control for tbng Ereea}grably, each control bit defines between 2 and 10 sequence bits, more
preferably between 2 and 5 bits. Most preferably each control bit defines 3
sequence bits, as shown in Figure 1A. When each control bit defines 3
sequence bits, the control bits can define the sequence bits as illustrated in
Figure 1B. If the triplet of sequence bits contains no, or 2, “0” bits, a “0" control
bit is associated with the triplet. If the bit triplet contains O or 2 “1" bits, the
control bit “1 “is used. In this system, a single bit change in a bit triplet will
always result in a change of the control bitand a misinterpretation of a bit during
the read-out step, i.e. mistaking a “0" for a “1", will be detected using the control
bit (unless two bits are misinterpreted at the same time in the same triplet). If,
using the preferred cohtrol system illustrated in Figure 1B, the control bitis a “",
this indicates that the previous triplet must contain two “1" bits and a single “0".
If one of the bases has been misread, for example a “1" has been read as a “0",
the control bit will highlight this error. The control bit therefore defines the



out phase. This preferred systemutilises the "parity bit" concept fromthe
field of conputer programm ng and applies it in the fields of nolecul ar

bi ol ogy awmo 2bdcoobsssi stry. In this preferred enbodi nent, pChsB00000119bi t
functions as a parity bit by defining the bit-content of each tripl et (or
the ot her number) of sequence bits with which'it is associated. "Odd" or

"even" parit yumBgr bﬁeamrﬂqpe of Bit, drhife MAtddnter(ts @Rkaeh Yrigkttof Wehlierftefditae
vvhet her there |s an or _even_nunmber of the speci fi ed seltlltgence bit ("0"

or "1") in tWéh W@@MHSGPS%G'%QI T'ﬁéﬁ%ﬁ'@lpé%‘f'?"%ﬁearh@é%ti?'é{o@éfo Ehererd-pari ty
(control) bipytpHaael NCrease in accuracy gained by using one control bit for
every 3 sequence bits is indicated in the table bel ow Per-base accuracy
with contrc wi t holiisQseferer systenygtilsesghe QP%"‘%?"@@OQ@MSTCHV tiog figld. of3 94

99.05 95 99. g&nﬁ@eg%régﬁa%?mﬁ@eml%ﬁ:h%@ IlBIﬁ f%zn?s%f h%l@cﬁéreﬁlﬁfog?%nd

enbodi nent o sent eac sequence contains the
bi nary infor h@ﬁh@nlatml émtfms)prééerfaﬂemm@@ebh%corﬁrod hié funstiges as a parity

pol ynucl eot i gﬁbx'deﬁmng thpd ﬁlc%teh?%f)ée{gﬁtthﬁﬁt (Sda‘ftllie%th%}’ﬁﬂ%b%ﬂ'cﬁ%&uénce

control bit rsincorpofate ence, wh e
previ ous t hr ks mthSNhlch itHe aseopiatade, “Oals|” shtfrweni’ maFtygmag el i. eBtheEach

si gnal sequepge. t f_ | g si x,of which
eprosent 't nEtdeS T b WP e AL RSl ingre o ol EVR! bR eRT B, o
control bi t sspeaifieshsbqugrudee bitf (“0°'c onvét)sinotie oégidheoft siggait pplghydiewtideot i de
into the signal |nformat| on3base5|nthetarget s
r epr esent ed F%S‘qu@wgﬁi'i‘e B@%éﬁ% % "sequence greater than three
The increase in accuracy gained by using one control bit for every 3
sequence bits is indicated in the table below.

Per-base accuracy

Per-base accuracy with control bit

without control bit

90 97.57
91 | 97.99
92 98.37
93 98.73
94 99.05
95 99.32
96 : 99.56 -
97 A 99.75
98 90.88
99 99.97

In a preferred embodiment of the present invention, each sighal sequence
contains the binary information which codes for three bases in the target
polynucleotide, i.e. 6 bits of information. After every third bit, a control bit is



bases using this preferred enbodi nent, further cycles of signal sequence
addition can be used to forma single chain conprising a defined series of
si gnal seyoenwa®2ssas described in WO A-00/ 39333 and WO RCOAIK206668047191 N an
enbodi ment, the control bit may be of a defined sequence characteristic for
a specific polynucl eotide signal sequence (or portion of the sequence). If
there is an éicogroratedtihte the giymkl sm:meeneemhlémdemmé@ré\ilowtﬁrmbms |ct

nunber of bases are sequenced .i t _step, the contr it can be
i dentified aff 7§ PB%%S showryin E{ﬂé're’t%{ﬁ %1 Fﬁeﬁgpaﬂ' S&ﬁuﬁﬂ%ﬁt%?ﬁg Oor r ect
si gnal Sequemma(r@reumrbﬁts @f irfdrnidtienssig eaWh@ﬁqsmagait tREBHLEE Bahe tdtgéthi s way,

t he control acts error orrecti uence |n‘§is mlar way to
error correctpptyﬁuﬁlﬁ'a olq“@@fg#ﬂﬁ?é?m&ggﬁ 8 eFB LYEIS ahoBYerERAn®hg
codes). The Wﬁaf t pbi huaé@ﬁaéinwméefgﬂéﬁséqaeﬁée ﬁmfé#ﬁétldﬁ'&fﬁbé@%@rﬁ thet ©
enabl e specific c aracterlsatlon of the sig sequence (or rtion

thereof) to &Eekis repesaiiadpn &e wn%l SGSP?“% ’EﬁS%@r@ﬁ@wteg ethee@
corresponds paséd@smBehid PFefBHéJi eé?ﬁbdtﬁmEﬁtsewﬁqert Esﬁ‘cné“soe‘f' 'sR)naPiskqs

enabl e characterisation o ortion of the si sequence to term ne
that it corr@dpifansan be useq io fph'é agingig chmrasomn@sl@g gﬁlaf necberIiased sigsal

sequenced | nagRiaRbLyaOicdDBETH RSALIASELYS HOMG DeoRobAAR! ¢ ar et

nol ecul e. to the contro esent i n each signal sequence,
t he method of thelni adeembodimsant b canhrd:lebit ooy et hf tahdefimack iseioenasf

additional c¢

20141 onal oQRblerblid B <SRG RANRRILONG Sind ELUALS (HSdR KPe

regul ar int esemllancehdbthese nstam arsxein the scgmafsaqmentextfonekmrrm ifandiceaecde

si gnal seque t fo t € nd _therefore

That the. conarbelaPRESFT bre Sadihcbd il 3 il Tt RECET ) BRERN Y For

ei(arrpl e, I f identified get |tmldeatliyealloswsatMOild¢m|fmfb6m lotﬂe/vhartrleocmreet isignal t akes
ace to sequence t esence of additi,0 conkro i

P occt od ot - Brnianoa 6 nafidEbrh Homdl $R R Foditthd B W webhtrertortal S i1

[ Ecr ease theppert bs |ahtefrdrh§ﬁr|reiiﬂyn fséﬁﬂ?ﬂdélllﬁ <) Su?nléileﬁve?ttgérrolrfcorré@tﬁorﬁxam)' e,

t hesequenci n erinent results in.a i ft. cause rin

sequeﬁci ng ogc’&h‘g usgd i 5pmBULE dRRigns {f‘ﬂreexéﬂ?ﬂ ‘?ﬁ%‘fﬁrln'r@cﬁﬂdfe& dlﬂ']e[cq%ltrp[klhot be

identified akh&lld ahe&refdie BeOfROSUTRGHNNENGE td endile RPEEific ARaRERIBEESH of i S

i ndi cates that there has been an error sonewhere in the se%@ence after the

| ast addi t i oflf SIgHH EeFenseonRtioRhergaitio opRws & cxguamPIsnilip PeFiN A thei t s may
be inserted gigharsefiknee tbieshdHiRlE i Epbamesudasticr! e AhRBashebl st i cs) of

the target. For exanple, they may be
should enable characterlsatlon of the portion of the signal sequence to determine
that it corresponds to A, in the event that the signal sequence is sequenced
incorrectly or formed incorrectly from the original target molecule.

In addition to the control bit present in each signal sequence, the method
of the invention can be carried out with the insertion of additional control bits at
defined regions or intervals during the construction of the signal sequence.
Having an additional control bit at regular intervals enables the user to confirm
that the polynucleotide signal sequence is present in the correct format
(sequence) and therefore that the conversion and/or read-out step has taken
place correctly. For example, if the target molecule is a polynucleotide, and
conversion takes place to sequence the target, the presence of additional control

- bits, expected at intervals corresponding to every 10 bases (on the target), will
increase the possibility that any frame-shift is detected. If, for example, the



inserted at conversion of every 1 to 10 bases. For exanple, the bases A C
Gand T are represented by a binary sequence as shown bel ow, and a control
bit sequemoeowdniveisssepar at es each 'converted' base. A =p00/GB20060D06710 1 01 G
= 10 01 T = 11 01 The sequence 01_is the control bit and this should be
identified on sequencing the code for each base. If 0 1 is not identified

on sequenci NGeaubRGiRy ekgerinitstt ESEURS irf MEmb R @RMeOWLIAG B sentinged a
sequence and so a repeated sequencing/read-out step is perfag

- L erformed. In a
further separtBe signabsenuente, te asitiopp! spntrardit Wil iefebe idendiied alief at t he
read- out st ep dog RS BUTERB0AGAY RS 16 bl MO TRAIA N hoRRRESGNMNERSHAY | sed by

a series of eit It may often be difficult for a read-out
pl atform to diespranmriisemswhaeadn the sasiupage aftertioe lagt additiongheprdie! bitWasher t han

det er i e, _Sre hONT TSRO oo Forbils ey LRARchidh RE ShyTIRRa AlInkef N1 ee.

h
It is therefore preferred to ensure eparation or consecutive "0" (or
"1") occurs. oftdasesdar btheachaemgtatistigs)iaftthe dargehg Foe exampie, teeyhmeay| bei t

sequences w Ll BARRoRGINRASE <8 CRPRIELY. F8r BxRARR, wih RSN &, dhat onl ¥

alimted nu are ever consecutive. € redu rol” bit is
renoved (usuandyT bse eprasentad g binanhsgquence e aleowin bglovg ande@ntantrpl bihe

correct sequence. FEor e takin i.nary code for AA G Cand T as
i ndi cat ed abo?\%!‘e?%ed%{ﬂ'ﬁﬁﬁg%’%ﬁ?sr%#hb??’b}gﬁﬁﬁ %{%Gi ntroduced as follows: A =
01001 C = 01101 G = 11001 TA= 1G101Tké ungderlined sequence at position 2 is
the control bit. This ensurés t hat t:aq si&gal sequence does not contain
either a series of 3 or nor® consecuti've. =0' or 3 or nore consecutive '1'.
The read-out step can then Ge pexforrmed aggl (knowi ng that the redundant
control bit is at position 2) the reg ndapt control bit can be renoved. The
redundant control bit can be inserted at e correct position by use of the

correct |inker nmohgeusRfienss odi Sislths @dnirel MOaAd GRisOSHd be identified on
seqguencing the code for each base. 1f 01 is not identified on sequencing a base,
it indicates that the read-out step has missed a sequence and so a repeated
sequencing/read-out step is performed.

In a further separate embodiment, a control bit may be used to ensure that
the read-out step is performed accurately when sequencing bases characterised
by a series of either “0” or “1”. It may often be difficult for a read-out platform to
discriminate between a series of “0” or “1” and so, rather than determine, say,
four consecutive “0”, the read-out determines only three. ltis therefore preferred
to ensure that separation of consecutive 0 (or “1”) occurs. This can be
achieved by introducing redundant control bit sequences within each sequence
corresponding to a base, to ensure that only a limited number of “0" are ever
consecutive. The redundant control bit is removed (usually by computer
algorithm) on sequencing to identify the correct sequence.

For example, taking the binary code for A, G, C and T as indicated above,
redundant control bits can be introduced as follows:

A = 01001
c = 01101
G = 11001
T = 10101



Once a signal sequence containing at |east one control sequence has been
produced, it is necessary to performa "read-out step" to obtain the
sequence wofooameisen encoded within. The read-out step mray/dBo@andnpmred

usi ng any suitable technique, for exanple as described in WO A-00/39333 and
WO- A- 04/ 094663 and summari sed herein. A preferred detection technique is as
di scussed above, Uhéngdétiredsdquencaatpdsitivntd isthe enirotint. Ttrsdrsubathat

conpl enentary tao those on the signal seguence, . usi % ei ther sel ected,

det bct abl y- | JHFIRRR SROUFHRIREIORFO IR FHAT HREsEE L8 OT MOLT FOIsEEe™e §r oup for
Subsequetnt t ihrcbdi3r ??CMOF@b@%éeicDmle_ andgﬁemgé@buggeptrdanitné@troaq_ﬁezl’rrltdrmed%ﬁeint A To
carry ou e polynerase reaction-based.read-gutstep it w usual | e
necegsary to (lfrf)qug%/g Eﬂ?ﬁg'!ﬁregu ﬁé?ﬂ%&é}&%@%wﬁﬁéﬂgﬁ f&ﬁand%@&eaﬁgélty

pol ynucl eot i dap B ferRbVdte THEGHENSERR RoRttoll BiE RERI e hsBited P the|vrBEASE - -
enzynme and acting as an initiation site for the subseguent extension of the

conpl enent ar POStiPBRY usTRENR £PHEF igkefecieeriph pspisclogad th \WS-6-04&%4RaE e
conponent with regpggly §i nél*‘s‘*quehdfé‘eﬁrﬁtsﬂdgd@b le¥bY GHe CSHIRI s86Serite has
conpl enentary sequence that allows the prifmer to anneal. The pol ynerase
reaction is jpeendiraguseccdy isi Becessanuirdeerfedhd treadout 1stap”pler abtaint e

controlled i @‘égﬁﬁﬁe%\ioﬂ?aﬁ’%w Eﬁéaﬂ'eﬁrmmhﬂry nucl eotides one unit at a tine.
eac Ifre |

Thi s enabl es magn signal sequence unit to be categorised by the
detecti on.of an i mberpad-autcstep aay be psrfenndd using apy suiablbltgchriggs, ifees a

"stop" seque ! LBy e At |- ACOL DONAIA QN P! 9 only
t hose nucl eo%%grggler e%qslsji Jr?%%ﬁ?gé {Mcor pg‘r(giqylé%énﬁgn%@otwg ?”ln?‘{s? 9un| t ,é/r{ég
descri bed absummakseddeneinniA preferred agiactien téghniquepiscad disclissledlgbove, i s

possible to distinguish between.two.different uni 0 d wi t hin each
Poere. hi o ShibitRPhlhebiel B RO Monh et sompletn NEn b st F
i‘dflnt i fi ((:fag i dhne teibnalh&qute'ﬂte, usiveg ﬁm-m&ctemdma‘,tamy-lmnﬁamgb?dtid%ﬂ oS
ollows: (i) contactin e sign seguengce -C ri si.ng.t efined units
with at | ensPUBROtGES Hiat RoRPEGEs Ao0aiRIfr SHPTRIUSTETRCISHS 16BN Ay
condi ti ons -t hgniteBR@ahy iMtergaRatioiesvendt i on reaction to proceed, wherein the
at | east one nucl eotide copprises a detectabple | abel ec|ific for that
hucl eoti der (i) T8ABUY AHCHERpoNBKraseiEREianbased it out Haet WitsUalMBR ¢ i ng

any necessary to first anneal a primer sequence to the signal sequence
polynucleotide, the primer sequence being recognised by the polymerase
enzyme and acting as an initiation site for the subsequent extension of the
complementary strand. The primer sequence may be added as a separate
component with respect to the polynucleotide, which comprises a complementary
sequence that allows the primer to anneal. The polymerase reaction is
preferably carried out under conditions that permit the controlled incorporation of
complementary nucleotides one unit at a time. This enables each magnified
signal sequence unit to be categorised by the detection of an incorporated label.
As each unit preferably comprises a “stop” sequence, it is possible to control
incorporation by supplying only those nucleotides required for incorporation onto
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) within each
cycle. This enables detection of any incorporated label, and allows the
identification of the unit.

The read-out method may be carried out as follows:



I ncorporation events; (iii) renoving the |abels fromincorporated

nucl eotide; and (iv) repeating steps ii) toiv), to thereby identify the

di f f er entwonnacn92ssad t hereby t he sequence of the target ppoigBr@/m@otivde. The
nunber of different nucleotides required in step (i) of each cycle will be
dependent on the design of the signal sequence units. If each unit

conprises only ong bas@oﬁ%%gtﬁ@@@n@l@eﬁu@ﬁ& éBh%r%ﬂig'tH@déiﬂﬁd&ﬁﬁt@WtMat

| abel l ed) is requifed one as a target

for the detectably Iab&ﬂalsb@n%Qf'dh%BW‘G@t'd@Sd’AJrPedfrberQQWFcPé'daF’%Taﬁo Usdeteen
different target bases ! Wt %ﬁ%éd&%[ fe8stibd & (-&’é%dto bi nd
to the target base and);%'?]ﬂ%hs W Iblé ﬁgéﬂéésatlggt ween t he pt ar%@

bases). The use of a bwbereisthe %ttl%ﬁtsqngmcle@w@mmﬁée%@td@&q@%e& bs to be
performed w thout the %?gé#éﬁ’m nﬁﬁ&oﬁ’& cked nucl eotides to prevent
uncontrol | ed i ncorporafion during the pol'ynmerase reaction. The stop signal
is effective as tH# comgrheviegitanydrortineorpotaied ruglootities abdedrtettingnanhe

poI ymer ase m X. Ther ef can be characterised before a
"fill-in" step is perfﬁ{cﬁendﬁgtﬁés?}%ug%gsne m ssing nucl eotide, to incorporate a
conpl ement to the (i} opréme‘angmlahelaifdommcbdperatedhudaotde @nde

characterised. This,is carried out. e dete 'St op
base of one unit WY ﬁ%ﬁeaﬁ@g&epﬁﬂb he;beé)ydge ﬁh}éﬁ'ﬁfﬁ?@%@fﬂﬁo?ﬁ# he
subsequent unit. This qmab;emetdeqUemdseeoftﬁéltérgerpolmwmﬂme does not
progress to the n ed nucl otlde ed, in

t
"fill-in" pr ocedurelé‘ediﬁrl‘l?q{éﬁdg@r?rﬁ g ea":hr&ql'”l'i% We%p?p ﬁh?‘f alf’gr?yf%éﬁ” be
charact eri seche dépneiaat Gittheldesighy e@?ﬁwaﬁ%ﬁ@%&é@hﬁéﬂ Ieeherhenit wmldnsbe

apparent to the skilled person. The oW, ng

Kl enow and KI¥HHaNe Hase fyn?am%lf el Peﬁtnvyleph%d%?%tﬁ@y Senafte' SGuiratl ¥
Tetranet hyl r h%kﬂ@v/é?erf‘ﬂwél YEBea ek ﬁ%hi@,ear(bﬁb as Bomffet For( Ericidaiin sduBned a

Bi ot ech) (Brakmann and Ni eckchen, Brakmann and Lbermann, 2000). 2.

Vent, Taq andURRSHORANS@RAO:RIewde amg%q bme@ﬁtql@erpnt@r%rbﬁésméﬁ.t\g%m n and
fl uorophores [ e ANy J@Féqﬁl?@él A" B iAo ihe talrgarb%geaha oABdo %rﬁn whe hout

spacing at least up to a few positions (Augustin et al (provid

ref erence?) 2JGGEp. be:BNeelmthﬁMN%bbWase is efficient in filli ng- | n

fluorophore | abel lgg yse of a base as a stop signal allows the detection steps to be

1.

performed without the requirement for blocked nucleotides to prevent
uncontrolled incorporation during the polymerase reaction. The stop signal is
effective as the complement for the "stop" base is absent from the polymerase
mix. Therefore, each unit can be characterised before a "fill-in" step is
performed, using the missing nucleotide, to incorporate a complement to the stop
base, which allows the next unit to be characterised. This is carried out after the
detection step. The "stop" base of one unit will not be of the same type as the
first base of the subsequent unit. This ensures that the "fill-in" procedure does
not progress to the next unit. Non-incorporated nucleotides used in the "fill-in"
procedure can then be removed, and the next unit can then be characterised.
The choice of polymerase and detectable label will be apparent to the
skilled person. The following is used as a guide only:
1. Klenow and Klenow (exo-) can efficiently incorporate
Tetramethylrhodamine-4-dUTP  and  Rhodamin-110-dCTP  (Amersham



nucl eoti des. The preferred pol ynerases are Kl enow Large fragnent (exo-) and
T4 DNA pol ynerase. O her conditions necessary for carrying out the

pol ymer aswone@onwessa, i ncl udi ng tenperature, pH, buffer eocwmERItdG0ONEIELC. ,
will be apparent to those skilled in the art. The polynerisation step is
likely to proceed for a time sufficient to allow incorporation of bases to

the first unipharieRid rBi@td@ﬁ)“ aBrakrnam eand dNeclkehent h200T,eBralkedand oanéxanpl e,
by subjectin the arr a washing step, and detection of the
I ncor por at ed 'F\'ai)/:’ en be carried out. An alternative read-out

strategy is t® USGVe?'HOI"éq é—"ﬁ%lt'?iiBNAboly&mééea@hrﬁéfﬂ(g@ﬁﬂwh@tﬁbm‘é@dlbﬂgéﬂ@rI di se
r

to the units on the nmagnifi eadabl e d/ t I
tag, and to drtatoreRipres e AMCAy T%VP'E?@‘MEMJH’F@ né:secﬁﬁ] @?fﬁéﬁ‘@@h%ggahave
a sequence Coéﬂélcﬁfﬁeéltt BRYt L9 t§ REfW besitiond ARfustif @t iz adablide Seighcengquence.

For exanpl e, binary systemis used and each nononer in the sanple-
fragnent is d%thed by a different combination of signal sequence units

(one represenjing {0 "pRRd PBRfdER o %eeﬁicfé%t "mlfl)unbl?ﬁ U8 . ngﬁér@n |3¥elibd T equi re

an ollgonucleotlde specific hi's odi nment
sel ective hybmudiddigeson of . ol i gonucl eot [ des can be ach| eved by desi gm ng

each unit to be of.a glleffé e%cﬁgély,q‘gké’% Q%%H&N $4 %nﬁxttgé

other units. This ensures |sa i on e occur |f t he
speci fic uni tDNA golyesenase. and t he det ection of hybr| di sation events

enboi nent, the | S0F cendlipRs pBBedsaf R RSy BT potle sl SR8t
f Luor op_rll_ﬁr est?bladmgﬂprﬁperaiamd péd; grﬁel?alzmnpmsmm gici, eiill be pparent talitoseed
above e a

carried out b al%&dogfﬂ?rgnﬁhesﬁétﬁ'ﬁgnse%ﬁp? '5 %%Eq Fﬁ«?@%‘ﬂ@l’ggw %’esfﬁczé;hetbe

al soavai | abl etofau@mwm@eﬂmbf tsayeswme fifstainitaNeh- mcnrpdsremdh&ntlelondes awy t hat
permts renoval , after t t|on st.e be carried, out By any

F Thi s ma
conventional EPHEAOVERC ‘Ecﬁ’ﬁﬁ’p § by ﬁ&‘@ﬁgtfﬂgng"et ?{éa% {4 Aafashing siep. An
Bl eaching 1) ghetidH 6RAEINM@rEdrafdaqabelemayl taes berarried out.

An alternative read-out strategy is to use short detectably labelled
oligonucleotides to hybridise to the units on the magnified readable signal
sequence and/or positional tag, and to detect any hybridisation event. The short
oligonucleotides have a sequence complementary to specific units of the
readable signal sequence. For example, if a binary system is used and each
monomer in the sample fragment is defined by a different combination of signal
sequence units (one representing "0" and one representing "1") the invention will
require an oligonucleotide specific for the "1" unit. Ih this embodiment, selective
hybridisation of oligonucleotides can be achieved by designing each unit to be of
a different pblynucleotide sequence with respect to other units. This ensures that
a hybridisation event will only occur if the specific unit is present, and the
detection -of hybridisation events identifies the characteristics on the sample
fragment.

In a preferred embodiment, the label is a fluorescent moiety. Many
examples of fluorophores that may be used are known in the prior art, as
indicated above. The attachment of a suitable fluorophore to a nucleotide can be
carried out by conventional means. Suitably labelled nucleotides are also



2) Quenching of fluorescence i) By antibodies raised agai nst the fl uor
(e.g. anti-fluorescein, anti- Oregon green) ii) By FRET (the incorporation
of a querwbepoamzisst o a signal can be used to quench thecsigprade/0oerlg.
Taqman strategy) 3) Cl eavage of signal i) Chem cal cleavage (e.g. reduction
of a disulfide bridge between the base and the signal) ii) Photocl eavage
(e. g. introduatailebledfora cammestiahsoprcast Ttherlabéiiaayttdohedhn gmyﬁhaﬁ pdrmits

eyt (. Al MO AL 497 TR R bl 5L et o

degr adati on ofefhiod] Emtkjdmg'nucl eoti des (e.g. exonuclease |1l or by activating
the 3' -5 exonu * &%Wﬁ hc act Lgl tlfy of DNA pol ynerase when there is an
absence of cert IeKingdne §19ng 3e 2) Restriction enzynme digestion ii)

Di gestion of @oublmeacth’@glded DNA bearing the signal (e.g. Apal, Dral, Snal
sites which can be mcgﬂg’?r at the stop signals). An alternative to the
use of |abels that! per is to use inactivated | abels that are
reactivated during)a bl@-@hﬁﬁél@éacﬁrr@cess The preferred nethod is by photo
or chem cal .cl eavage. Wien the label is a fluorophore, the fluorescent

si gnal genera% NERBIARSTCTRSEAE] be neasured by optical neans, e.g. by

2 conf ocal i cr osqppe. o)l bBales Yaisdd aBaReniciiist (2 Daﬁ'@?l@&r%@éensé’rgh as a

char ge- coupl ed detector '(CCD), can be Used to visualise the in
si gnal s generated. The §¥R8PADresd) - up for optical detection is as fol | ows:

sour co: Lasers or anp 1oy oo gkorrat pf SERIEREInpd 0% signabeafibe O
di chroi ¢ wedge Det ect 01U§ed knhguenall the sidnel, etqsdegmarntiategy) CCD caner a
3) Cleavage of signal
") Chemical cleavage (e.g. reduction of a disulfide bridge between
the base and the signal)
ii) Photocleavage (e.g. introduction of a nitrobenzyl or tert-butylketon
group)
iii) Enzymatic (e.g. a-chymotryspin digestion of peptide linker)
[I. The signal bearing nucleotide:
1) Exonucleolytic removal
i) 3'-5' Exonucleolytic degradation of filled-in nucleotides (e.g.
exonuclease lll or by activating the 3'-5' exonucleolytic activity of
DNA polymerase when there is an absence of certain nucleotides)
2) Restriction enzyme digestion
ii) Digestion of double-stranded DNA bearing the signal (e.g. Apal,
Dral, Smal sites which can be incorporated at the stop signals).
An alternative to the use of labels that permit removal, is to use inactivated
labels that are reactivated during a biochemical process.
The preferred method is by photo or chemieal cleavage.
When the label is a fluorophore, the fluorescent signal generated on
ihcorporation 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.



Variants may al so be used, including: A Total Internal Reflection

Fl uorescence M croscopy (TIRFM Light source: One or nore |asers Background
cont rol : Wo 2pianieedse requi red Detection: CCD camera (Vi decTaBtoaiogitial

i mgi ng systens) B. Confocal Laser Scanning M croscopy (CLSM Light source:
One or nore | asers Background reduction: One or several pinhole apertures

Detection: a) A siTis genrabsstep fthmitieaLddtedtionas at fdiRwWsPMI) detectors for
different fl u&ﬂr escent wavel engths [The final inmage is built up point by
poi nt and oveM{GARFW§F a conput er??"ff}bor%’%?%ll t housands pi nhol es (spi nni ng

Ni pkow di sk) : offdetiv@iner a det ect i on effersisBgrdXThe3 hiapal i mage can be
directly recorded by the canera], C. Two- Photon (TPLSM and Ml ti phot on

Laser Scanni ng9W 236 opy Li ght SRAEEFla0Re or nore | asers Background
control : No pritb@} e required Detgghdpas CCD canera (video and digital
i magi ng systens) The preferred nethods are TI RFM and confocal m croscopy.
The read-out MirEorm may al so blichEpiemireat angdriigispievedgedi scl osed in

WOOQO 39333, t ent of whi chphSial : ) i rence. It
will be appr elgietaeggﬁé't hat al t hou ﬂ@%@“@f'%%ﬁgﬁ"@ g':‘ @F;bg%érlnﬁéc]ﬁes sui tabl e

for read-out Yariarie maygies beggedineuding gi ven herein, the signal sequences
may be read ugi i : - I . A nmethod of
i dentifying a/'fg" T‘gtaazp%gﬁjfealc a‘lrgggégﬁ%@'%é%c%%@éawgr%g{j%@we, - conpri si ng
t he steps of:Ligh)sawearerti ng t heOne of ewsé lasess characteristic into a signal
pol ynucl eoti dg; 1) Jdentifying the signal polynucl eotide sequence,
t hereby i dentlg?%%ﬁg"rpnéanzﬁo(ﬂl eastp\é&?g]hc?%arlﬁg(‘f?%c?i stic of the target nolecule
wher ei n each Befgotidn:pol ynucl eot i 0€Docamira fedea@tnd eital iDnyitpsisterhs)sequence
t hat defines ha actlEri stic_ of. t si gnal 8?.' ucl eotide, and wherein
i dentificati oﬁ' {:;5?"{9?@ aser Scanning Microscopy (CLS ‘
Light source: One or more lasers
Background reduction: One or several pinhole apertures
Detection: a) A single pinhole: Photomultiplier tube (PMT)
detectors for different fluorescent wavelengths [The
final image is built up point by point and over time by
a computer].b) Several thousands pinholes (spinning
Nipkow disk): CCD camera detection of image [The
final image can be directly recorded by the camera]

C. Two-Photon (TPLSM) and Muitiphoton Laser Scanning Microscopy

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

The preferred methods are TIRFM and confocal microscopy.

The read-out platform may also be based on nanopores as disclosed in
WO00/39333, the content of which is incorporated herein by reference.

It will be appreciated that although specific examples of techniques
suitable for read-out of the signal sequence are given herein, the signal
sequences may be read using any suitable read-out platform.



control sequence confirns whether the signal pol ynucl eoti de sequence has
been identified correctly, and, optionally, if the identification is not
correct, Wwoauicmsssshe necessary information to determ neCres0tdm@oTIor r ect
si gnal pol ynucl eoti de sequence shoul d CAlES A nmet hod according to claiml,
wherein the target nolecule is a poly —3- A nethod according to claim?2
, Wherein the characteristic to be identified is at |east one nononer. 4. A
met hod according tg claim nerein, the at | east one Oner is

nucl eotide. 5. A t'ﬂ?}EOQBE@F\é\W'QQt% leas{ oy clarafigdstc ?{}P%fér&\m@?@fﬂﬁ each
characteristi @ombrigihgtﬁ@gtgpg ofol ynmer is represented by at |east one
distinct unit of seguence In, thl%aSi gngtl pol ynucl eotide. 6. A nmethod
according to clainls, #EVeRiRd rpHERSONe Gharagtenslic intg aRenalol yrer i s
represent ed byoRngfestdd; angonbi nati on of two or nore distinct

pol ynucl eoti de Sequence units in the signal polynucleotide. 7. A nethod
according to clainip | igprtifEng thessiena pelvaeeleptidg peausncebetebyget pol ymer is
represented b -ﬁ,ﬂ%' i } i i td

sequence uni t}se_‘ec?iﬁgsi natEe I%%gpg@ngﬁér%&eﬁ%mt%@tharg‘g{ﬁggﬁglﬁWégﬁé eﬁ t her eby
creating a bi Algng! rAlyngieqide pamprises adeastdnes herfiugoes inft dgfines any of
clainms 2 to 7 e : th : ar onverted
into a signal c%%ﬁa%eﬁigﬂce%{tpgg.@%ﬂg@g@@@&f@%ﬁgt %@%ﬁ%ﬁﬁﬁﬁgt 0 any -
precedi ng cl acentralisegeencecconfiros whethes thsesignal @olymcokeptideseqliense diashe si gnal
pol ynucl eoti d ols 1 i . . . : ccardi to any of
clains 5to Q?egﬁhﬁg?ﬁ&%@r@@?&ﬁ@é@ﬁéﬁ%@, L|}’g1e| 'ﬁggﬁg’%ﬁg? gscf%l%r?tgt)regthe si gnal
pol ynucl eot i dprevddesrthe necsgssahy intbromation td dsteruieroehat 1He coxrerdstynd!l accor di ng

to any of cl aj . 10 ein the control sequence defines the

conbi nati on obgﬁnﬁ?légqﬂjé[ e%ﬁé%sm‘hggeassoci ated. 12. A nethod according to
any of clainms27 toAhtethodhacesrdinghe claimti alhessg trenizegatnaleclde isosi " 1" uni t

t hat defines the nunber of "0" or "1" units in the region of the signal

pol ynucl eot i dBOWIMEK which it is associated. 13. A method according to any
of claims 7 t@. 9, mmstRodatdwrdingnd cllim 2, wherein the characteristic to be

identified is at least one monomer.

4, A method according to claim 3, wherein the at least one monomer is a
nucleotide.
5. A method according to any of claims 1 to 4, wherein each characteristic

of the target polymer is represented by at least one distinct unit of sequence
in the signal polynucleotide.

6. A method according to claim 5, wherein characteristic of the target
polymer is represented by a specific combination of two or more distinct
polynucleotide sequence units in the signal polynucleotide.

7. A method according to claim 6, wherein each characteristic of the
target polymer is represented by a specific combination of two or more
polynucleotide sequence units designated “0” and “1” in the signal
polynucleotide, thereby creating a binary signal polynucleotide.

8. A method according to any of claims 2 to 7, wherein three monomers
on the target polymer are converted into a signal polynucleotide in step (i).
9. A method according to any preceding claim, wherein control sequences
are incorporated into the signal polynucleotide at predetermined intervals.



sequence is present in the signal sequence in a defined position such that
there are no nore than three sequence units of the sane type representing

t he char awbDeanécaes8 of the target. 14. A net hod accor di RgTIGB280%00pTIeCcedi ng
claim wherein steps (i) and (ii) are repeated to forma nol ecul e having a
series of polynucleotide signal sequences representing the characteristics
of the target 10wl ek oiedhod sccording tdreny at:a:iaimd;iﬁﬁtp 9, avidreinra déhtrohher ei n

dditi I I cor.por at t defined intervals into the
e 2Rt o Bl S EMBABR R b RGPl Bl i Tttt o
reveal s whet hsgqueheecorrect nunber of si gnal sequences have been

' ted.  16. t hod of .sequenci t -pol.ynucl eoti de,

compr | ot ng- kst doseRos geepraf ARy ppdlaie S5 sferdAdie BAtdle « ar get

pol ynucl eot i dsequehee aieﬁrh@wmb c@ﬁwmm of @Aits Mtl’h Whicheihisidsgboigtddne si gnal

sequence, thereby den seque ce of the target pol ynucl eotide
wher ei n each %fg % F‘@é@f ?'mse7a€°t1%|¥‘é‘eé%ﬁt'F%Po%téf?juence t hat

defines a chaé@ﬁreﬁbeﬁséam"qfr “1hﬂnuﬁmaﬂ@érn%s%@ﬁ@rﬁbe@mowane'me'u'ﬁnté #ﬁt'htel fication
of the control sequence confirms whether the signal sequence has been

i dentified cofegiRththe signalpalyriciaatige with whieh it iscafisoriatest i on is not correct,
provi des the chsﬁﬁféfhddﬁ&fo%hg WahPoliGhiffs 6%, WidreihtRe €8REGCT Si gnal

sequence shoul d be.
sequence is present in the signal sequence in a defined position such that

there are no more than three sequence units of the same type representing

the characteristics of the target. ‘

14. A method according to any preceding claim, wherein steps (i) and (ii)

are repeated to form a molecule having a series of polynucleotide signal
~sequences representing the characteristics of the target molecule.

-156. Amethod according to claim 13, wherein additional control sequences
are incorporated at defined intervals into the molecule formed, so that
identification of the additional control sequences reveals whether the correct
number of signal sequences have been incorporated.

16. A method of sequencing a target polynucleotide, comprising the steps
of:

(i) converting at least one base on the target polynucleotide into a
agnalsequence and

(i) identifying the signal sequence, thereby identifying the sequence
of the target polynucieotide wherein each signal sequence comprises at least
one control sequence that defines a characteristic of the sighal sequence, and
wherein identification of the control sequence confirms whether the signal
sequence has been identified correctly, and optionally, if the identification is
not correct, provides the necessary information to determine what the correct
signal sequence should be.



