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target polynucleotide into readable informtion
chains, for subsequent determnation of the sequence
5 of the target pol ynucl eoti de. Background to the

od. i n METHORLFOR GHAGTERS NG B MG FRC"

chialaet @i [Bgehtien nol ecul es or their biol ogi cal
reactions. In particular, the study of the nucleic

aci ds DNA iaventreyvelatesds meiheds facanvenintes éar@at n@fynuclectlde
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aemeeabrdes polyudidstir: scal e DNA sequencing is the
chal n terén n?tl on nethod. This nethod was first

2k ) Y& Ud Coul son (Sanger et al., Proc.
Nat | . d. S SA, 5 5467 5.
relies @ﬁa‘i‘%%scuge i %5‘ o‘?fy Wé??l@g?l D th?egrhg %ou’? part, by

NHEreeEhdes WhicthnalRyied NEREPR @hafhdtafiss tthe tﬂ@%@:‘éﬁés or their
pol'ynucl eotide chain in a pol ynerase reacti on.

Upon
i pio laeactigng. He marti@tdaly thi@stuﬂa(tof\ibe nueiem aalde ONvé and RNA

eacti o oduct s are
L Fanoe ) Shbre Hlee PRl Pudy 8 e 1 RligtCe gnalvsis and the
r QV8flof hiBrigRalibh @edts, Whl ch the particul ar di deoxy
derivative was incorporated 20 into the chain.

Al t hou'ﬁlhe Phinsipad nieidod $n gededay uas dor lange-sraléudN4 sequencing is
bl. | t . iged tfr it

| G0 HRrETeRAT Eirthed pEHSF oRa % (W 3bdataiofed b anger and

aCHﬁl*sBﬁC{Staﬂ SPEHSNGErR. RBkiYALSH &8¢ dea, '1@‘7‘?b1711' 5465-8967), and

a soli ort The method relies on t
i neties purm alne arseobf @das(ybdera\l'aid/ebasfeﬁwxfo@ nQckeotidds which are

havi n fferent fluorescent el,to th
'nﬁér P Bt 5 e etk Rl oo s Bebehs PaiVERGse reaction.
enen?ora-m‘?\ tﬁhbﬁ@%&@%@rlbé‘t SH@rrﬁﬁ'%%e ﬁw@%ﬁl&meirgse reaction

e target pol ynucl eotide
palml/ﬁm pdocﬂma:ima‘rarthberse@dmtedduy bl elketr8phdrlestskamd analysed to

group. The | abel of th |ncor ora ed se can then be
d@b’@?hﬁh@eﬁo%{ﬂ‘aﬂ h @/hbcffb@!@u FP?Q'“@H‘ M\F&H'V@W%M’as '”Corporated
M%’d‘l &Lheavage to allow furt her pol ynmeri sation to :
occur. mever t he need
Although thls 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-
blocked bases A, G, C and T having a different fluorescent label to the
immobilised polynuciectide, 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 fo 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.
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WO A- 00/ 39333 descri bes a nethod for sequencing

pol ynucl eotide by converting,the sequence of a target

pol ynucl eotide into a second polynucleotlde havi ng a

defi ned sequence and positional information contained
therein. The 5 sequence information of the target is

sai d twwha-DorPs3ki dskcribestdmetiemdfad seppieyting @@thdel,eotlde by
al l owi ng greater ease of distinguishing between
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o B P PR AR e g orein. T

bas@seréemidienaticty bb #hé @arggtiagisail & bd hinaigniiean ihhtee second
target nolecule is represent edfgg tan 10 i ndi vi dual
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negiinegieatide.oglovibe speiah ¢ashe @igwa?rhl%b@tween the individual

BT 60007 Ko mBRARAO BB BB P lng gy which

t bes f@@d@t&ﬁhfﬁ@dt Adslei@r@id eyabicset eEathi dfgtH®ases adenine,
speci fic sequence on the target polynucleotlde In a

pegbeinee guesneepod ipyminenon, thedergetapaiecyiggs reryesented by an

e T T
”ﬁ%@hffbé‘d”ééd%ce”Gé}%ﬁohﬁﬁteﬁﬁhlﬁgés dhpelhepast bged {0 Getermine

pat ént publication has many advantages, there is
sthd d>rdar oitbe nMiagnifyimg tagsdanetheseby d@terg@qugme slgecific sequence
nucl eot es 20 Sunmary of the Invention

tar

A@@ ﬁ{}é {éolgnppl,eg ﬁspect of the present invention,

a met hdy hekerrd J8&ddntingmeresd, Bhéh %nﬁﬁr@ftégbbﬁ@rl@ésalabel

a target polynucleotide pr esent in a sanple

cenp famesmtéate@swmch m)ayalnenablandgmftedomd gaed &9 characterise

each targ golynucleotlde in the sanple 25 a
§MAENEYIPd@Ysi gnal sequence that is specific for

the c r Eh’étﬂj G646l in ithis paRMABULIZatBS has man

t ar get h‘gg?%ﬁt eot | des \?\{l?h a ml)rl]ecu g thaﬁsl nterlac ts Y

wetiharitages athges ipstiliruoeedfordendrbveteethadadereseqancing target

resen iii) separating those target
pBP&WHEi %ﬂj?%ies that interact fromthose

Summary of the Invention

According to a first aspect of the present invention, a method for
identifying specific characteristics of a target polynucleotide present in asample,
comprises the steps of:

i) attaching to one end of each target polynucleotide in the sample

a polynucleotide signal sequence that is specific for the
characteristic under study;

i) contacting the target polynucleotides with a molecule that interacts

with the target polynucleotide if the characteristic is present;

iii) separating those target polynucleotides that interact from those

that do not;

iv) optionally repeating steps (i) to (iii); and



30 that do not; iv) optionally repeating steps (i) to
(iii); and WD 2004/ 094664 PCT/ GB2004/ 001673 3 (V)

WO d@abdfeyd ng whi ch signal sequences are presenPCDGBRIVE/001673

10

15

20

25

30

separated target polynucleotides, and in which order,
to thereby determne the chagacteri stics of each
target pol ynucl eotide. The nethod of the present

i nventj on perni. i.pl.e r [ St f

tar got Pl yageT i Wl B GafGLERRERL B Rost 3, e soparated
manner thatiapget fitymigadbtides, andoraiigeh order ke thereby determine
preferred enbodi nent, the nmethod relies on the

i neor por at | e Cri‘@TafﬂﬂfiSTﬁﬁﬂ gherteiargdasclipidedid® ont o
1 owd HE0 B SR P R PEE L e FIRLBBIEN Shastorsgios o -

tBeE &Yy SRl EsHde/ /) e idRedrRs€d irha siwvplemanhet Bizgeln be readily
pol'ynucl eotides with the desired 10 characteristic and

tautehfated.i Mshg prefaoed entioediment. dlee methrakielgs oRdhe incorporation
Fo) 1o BPiIPRGUds TolEGURG CBiS Ihbsy defdert AUV spocitc
PRI REE! dRowBCan dinislification yes6Msh &S Beerfdmidie to athereby

i nvention, a nethod for determning the sequence of _

t salgetivaipl iponeake dhiedeymbenfi teegett pelysuelpstides with jthe desired
treating. a sanpl e_of .a doubl e-stranded. target I
BTSSR RS 1o 5TTeEHBAY ESH9EF Rifisgdoiots fretito s phracteristic
effs m&Roh W ;Sé}tiéu%‘?lg' 8ol g ephirias 8Fs sbhlience of a target
di vi cﬂ]ng the sanmple and contacting each separate

spotghaclebtidlea doubl e-stranded pol ynucl eoti de signa
sequence and a doubl e- 20 strz ded ad

t .
pol'ynUBFEdEIRELLo RaeFPr BFRECt SL QIR RYEN B e 8Etighfpr gletermining
nubPEeih . , .
SPRFLLGrREl el 6814l RSGURIE Rorlshs o sieshang,

rrsing an o permts hybridisation
and | i pati otrehting lmes@hplendf afdoubée-sagded target polynucleotide to

pol ynucl eoti de, and each ter c risjng an . ,
over hang t h&feate Qyerangs é\iﬂﬁga ya’?gr@eﬁldén%qhowﬂtna? defined
of the sequmﬁ]%efgfhggggt ed by the signhal sequence;

iii) carrying ou e pdl ynerase reaction on the

sanpl e(is) usividing piné sanplé Bat dopbadtitigseadhoseparats gaaple with a
sequence angosglaé?ét%nded polynucleotide signal sequence and a double-
stranded adapter polynucleotide, each signal sequence
representing a specific polynucleotide sequence at the 5'-
overhang, and comprising an overhang that permits hybridisation
and ligation to the 3' end of the target polynucleotide, and each
adapter comprising an overhang that is of complementary
sequence to that of the sequence represented by the signal
sequence;
iii) carrying out the polymerase reaction on the sample(s) using
primers that hybridise to the signal sequence and adapter
sequence, wherein the product of the polymerase reaction

comprises a restriction site that permits cleavage of the adapter

and that part of the target polynucleotide that formed the 5'-
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pol ynucl eotide that forned the 5 WD 2004/ 094664
PCT/ GB2004/ 001673 4 overhangy to forma new
5'-overhang, optionally repeatl ng steps (I) to (i i)
using restr r ;
i v) identifb?%'ﬁqgaﬂﬁgﬁé@?g nte 510%@@%&6@%383%'% tlﬁﬁgteps(l)
the anmplifi ﬁ‘ﬁ(m msm@iﬁésirlct&ndemxymm tdﬂol@rad@the dwerhangs; and
thereby determ ne the sequence 5 of the target
pol ynui) eot id@@tlfymwhu%t $l@ﬁab$equ%1q98@cer@*§8¢ﬂte0n the amplified
invention i r

: érqq%%? Eﬁqnmﬁ E'h Bﬁljeer quﬁ‘%rét%/ H%rmlne the sequence

acconmpanyi n ure

schemati c rgptese @tpd]yhuaje@c@ gnal sequence

il ust ratl ng 10 the conversion of part of a target
iaeoei e Digwings def i ned si gnal sequence; Figure

ieAEeﬁzﬁ%Er‘?@if Frgisen i YR Hler R HE- esEipo foures
I \pMepdihon; Figure 3 is a schematic representation of

the use of different conpartnments with associated
speci f Figuse driala sehqueaticoepresantaiien ef aisignal ssqpearediustrating

e o B Pt BoBly RN BE A i S eauence
SeqUENERs ré EPses eBhémEti¢ hepraasht=lRAUSTE PolydlicRotide giquencing
pol ynucleotide; Figure 5 is a schematic representation

oéxpenpoeyncartiedtaud eiskeihenyeagnt invertigivr i nent, carri ed

ou T CLAELET 0 3 L Shc e SSMGRER, BT UOLRL Farren
d@ﬂf‘ﬂgéhﬁ%ﬁ@QNlWeaésBEFé‘fé@rsﬁr‘iécﬂfb afgrepesddushics dRak conversion

sequences onto a target polynucleotide. Description
_oprctdeesj nvent| on The met hod of the present invention

is an ta n of e _copversion 25 net

di scl ogéﬁ'ﬁ? W%dh%dﬁgps’l(ﬂc COImr P Mﬁ‘ﬂj g? e fycles being

' g&%ﬁh@@ @ﬂrmé%rje%ocﬁ%'iddé? séﬂ@ér?@ésﬂ%bﬁéée‘?ﬁm@fth@base sequence
rget po ynucl eotide to be identified based on th

i on@ faoget papnudlesiidsi fi ¢ si gnal sequences. The signal

sequences ar
a F?gure 5eis a schematic representation of a polynucleotide sequencing

experiment, carried out to determine a three base sequence per cycle; and
Figure 6 shows the results of conversion, demonstrating the incorporation
of specific signal sequences onto a target polynucleotide.

Description of the Invention

The method of the present invention is an adaptation of the conversion
method disclosed in WO-A-00/39333. In summary, the present invention permits
specific characteristics of a target polynucleotide to be identified based on the
incorporation of specific signal sequences. The signal sequences are
incorporated onto all the target polynucleotides present in a sample, but only
those that comprise the specific characteristic are separated and characterised.

The method is particularly suitable for determining the sequence of a

target polynucleotide. Using the method, a defined number of sequences atone
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characterised. 30 The nmethod is particularly suitable
for determ ning the sequence f a t ar get
poI ynucl eotide. Using the net a defined nunber of

S SR P LI g

3atdtﬂéldtﬁ§r éh@ﬁﬁhhé&%@t%lyrﬁlclécﬁt&j@t Wﬁroumda@erlbbmf steps the
target polynucl eoti de. Through a series of steps,

”§equ|elﬁ@€écﬂ 'erghefl toe terast tSafP‘@éYeCil wmleéaﬁé@natﬁewem%end is built
|
TR R AR = BBREE WG, G Agemines

ttht&y@ha%u@gbaeemtaaéntlﬁt@ﬁbhfst@@tl on step. The term
pol ynucl eot i is well known in the art and is

ed
t o ref Bne term Ppalwnuciectige”is wed kneuwel igitbe ¢ and is used to refer to

A A b O

gOPN‘At DA (dt&ketiGRRRIc 8Eid) Bed 2'D@aREIHRNA d6: dI8e within the scope
reference hereln to the bases A, T(U, Gand C, relate

tof theeénvenitdreot i de bases adeni ne, thynine (uracil),

o UraEerEhRa B erh e kates Aha (5 ShaleLG igte to the
| Sudtbbtide %séé ik th?ﬁtfrﬁd?ﬁaéll) RfuaniMAaHg i dye SihE Pas will be

again as well understood in the art. Referencé is made
happmemated tmtdaeEart adacl'replages 8iyniine whﬂr‘gtée pobgtucleotlde is RNA,

ij?éjrgé)gg{t{qfﬁlqelgqla@mg using n@iﬂ%gaegn%ﬁ @tsglgel N r%tegd inthe art.
con'prl ﬁ%?er@%@ R rRadk %er@ﬁtﬂsco ey egndt Be e effemis® target

and ends Is made with reference to the strand
opoltyhecltaatlget Inheertain enimimestauthe targetspblefnngleohde is double-
al so be a hat ere th

Tt
Setguﬁ%:cga@”%ﬁo\rm@?gﬂ sertdoC(PWB” a;t?%ghaéé T e fiSei E'Bwever the
SRAuRNMedo 5 énﬁ’B' erltcﬁ)oelsFP\"?eﬁé WltE ré@réeadhé ¥trbha of the target that

procedure so t is the 3 end that is sequenced,
i iseundérestadygoalis bsmmwcadd lbd\alﬂ)ﬁmbﬂi iagaseentdhat where the

ggrg%%ﬁéflﬂ%i%ﬁsotoﬁh ,e${|1 e%ql B%{@I qnq%tencled it will be possible

| denbis gol yh%e&&ré%@%% 'F'ﬁ 1RO BRY eRASE 'sééu@rﬁcéchfl?e the signal

t ar get aracteristic may
s segeResodnd bdapiery higatedotdppesitéleneisriadtinoss yl,dIQB’[ed herein.

h b bi | of th -
Somﬁttneé%ﬁréédg% sl dep Gisar chorlauis s aeuf SHiompptespecifi
teh%te t 89 tﬁé%ﬁ; PBI&nEE’Ie%Qé' dips %Q'épacterlstlo may be the

I"emnen nuc
sequenoe of the polynucleotlde Alternatively, a characterlstlc may be the ability

of the target polynucleotide to bind to other molecules, for example to DNA-
binding proteins or to hybridise to complementary polynuclectides. The method
may also be used to identify and characterise restriction enzyme sites present
within the target polynucleotide sequence.

Each characteristic is identified by carrying out a reaction with a molecule
that interacts with a target polynucleotide having the characteristic and
discriminates from those lacking the characteristics. Those target

polynucleotides that interact with the molecule are labelled with a signal
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identified by carrying out a reaction with a nol ecul e
30 that interacts with a targgt polynucleotide having
the characteristic and discrimnates fromthose

Iackin t.he r ristigGs. -

B B 58 EABEPRL R R ERce PRl A PRl tra pppeterstiot
| gbabicehirdd ih 2 |sbersdd-¥Q #6894/ 094664 o

PCT/ GB2004/ 001673 6 sequence that is specific for the

char actlee pegsent invénpen n¢lies arhidednegraetaiiansdfiacsignal sgluence on

dﬁ@aﬁ@ Bl el Bh 5 poPff g, T0feBE G iige representing

‘}%}%Bﬁ% &Warabﬂarﬂitn'o LRsEEtuRg! yWhéeﬂa@gétdﬁélyhncléotldes are then
the signal sequénce representing

sq;muao&ned w:ltfaa anleculstand ihede thattingyactaye ae@ﬁg@ted I this way, it

ol tJ de en_.cont acte
PRESSERISE tornabe drReraBRRi S Bl fidh OTihE Horfar $Buence.
posSi b’;’ﬁe %@ él‘iﬁlrcbh' cﬁﬂthé@@teﬁ@éﬂf RbleUick thet Pileract with the molecule
i denti |cat on of the signal sequence. The separation

ofart hesartied gat imvaréoud ways.hEor enamples theimaleehle may contain a

R Moiel el BBUTES rep it g HadEP g erurgypecule
t&?%ﬁfé?(r g@g{itﬁﬁ?%&ﬁhb%o@ﬁeg f1t@ 88tibodies and biotin/streptaridin.

ucl nol ecul e conpl ex. Sutiabl e bi ndi ng
nﬁltemaaseiyncsllmjese@araﬂmmmy dedciriedi ﬂwtstaSepit wili Benpossible to

;A\Igltsa{waﬁts \éﬁ%g@@e pg)lggﬂggzl%tgig?%ﬂa épc?rhgggnﬁo S&EL Wrp&ents.
target "I’Egr?Fééé?reeogﬁ"b%’énﬁéﬁ’tmoﬂotﬂecBF@%le?%el‘ﬁ\v@ﬁﬂ@@n@ﬁ% on the

The pre enbodi nent of the present invention
r gicogsoration lné a ddlynucieotds aignahseduenqgsohiyth polyssiclepéide adapter

2%3%%&%?@8@@6 agggg;ﬁ,ﬁ ot tl Eﬁa ada%% mqaiﬁ@ loa?on reaction
. ﬂ‘!’é E%ﬁ%ﬁ'cﬁﬂ td ?ﬁ\%ﬂ It)P(ﬂOSé %e g@W?ﬁu&Qoﬁﬂgs \R/ﬁlcﬁrl%'vbfréacted with

arget | eot | ch have reacted
aa%p@@if‘blmolénhksc uTrm r%n&im@pnddumsg)fﬁheqhm@tmer@ﬁetraeotlon may be

pol ymerase reacti on may be rther characteri
r B |¢f@arﬁﬁ@r§€ép§y dfege@%&ﬁ& iepst gfa é%c”flctwgt t@éet with a

"EPEALE, B | SPSARRS, AL el e TR qasing e
W@h@@ét@fstbhmddn@urtﬁy on is preferably carri ed out

using nultip reaction conpartnents, one f

h :
put at i J@ec'ﬁ‘&ﬂéﬁi & i toei veRiiany IS PrfeERPly Eéﬁfﬂegr%ggt'cs!"ﬂg multiple
? gggﬁw&%ﬂ%pﬁﬁ’ﬁe%, BRS RS AR AL R Th P RINERGESRG StUdiéd. Each

reaction compartment has an associated signal sequence specific for that
compartment. The sample containing the target polynucleotides is divided
between the reaction compartments and a signal sequence is attached, for
example by ligation, to one end of each target polynucleotide. The signal
sequence is attached to all of the target polynucleotides in the compartment,
irrespective of whether the target has the specified characteristic. The next step
is to test for the characteristic by reacting each target with a molecule that

interacts specifically with those targets that comprise the characteristic. The
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exanple by ligation, to one end of each target
pol ynucl eotide. The signal sequence is attached to
all of the target polynucleotides in the conpartnent,

irrespectiyv r i fi
SHaPEBRaeLtnglera ] S ad Ui B4R ol Ry BEoRRE RS or other
IRy RAsdISsticRs. | CTIysd eardatsgireacintdracgatithwttieh roletlissubes then
tha interacts specifically with those targets that

ceparaied. thiheprafacedpmadinent ef ve molegusoueRrises an adapter

PCT/ GB2004/. 00 .
SRR RERRES o WERlspbh B IR BEGECARE N motecus, e
RAbMRURE @ Esind BrRs BdbBlcdpissattdtiied ditIRfa6d toithd tafyet. Those

mol ecul es are then separated. In the preferred .
etatwrts tieattGonoprisehieotiiod siamab seawidesard adapiesrethen amplified.

seque . _Theref I nt ' :
and € NG AT GO ieeClon BB e (o) e Pl Bo#hethod
afaPtSiblerted atdtAehad tor usé gatedvémidrze dolraetaseThesstion using
targets that conprise both a signal sequence and

actaptitonsakeowhen tephitf i Bdvill e eapptprigtet daatopther amplification
react.ion may be carried out usi.ng.a It.abl P
TRECHPET S ElF Bt ATty nrdSd B8 e R ol FhBffeation i
P MEBLase reaction using conditions known in the

art. It will be appreciated that other anplification

10 r eaBtprefesrachrmidosiompet atar beel theimethad|tadiafyence the target

oLt DA Rd b BE AR alRT B Prufratpesos. o

Lfged Bg ARl baBL YN WRle®Md &f8he Fé??ét hSlySadleoRdb, @Hd thA¥n converting

identifying a defined nunber of bases, e.g. three or
f this infersetioneintmasignal sefluehee oathreopposiimend dbereky, permitting

DN SONLLLISC12 LIS DAL BRSSP Pl Mebrorat
a ' ; t ak I , Wth
Ui gl anvers A et st ake place, i hou

pr evi olise c3ajussicirihenathqdemay rige watrfast onhipybebiginingefe target

out by obtai ning the tayget. polynucleotide,and
gia@%{ﬂvﬁkfol“ﬁ?;,af%?irﬁaangéh oWith (2 PERES CE{PHHCLAR FrEYMes to form
" o L. I | . .
SR R e s o
Sitr@:@ﬂd)oriﬁgn_eﬁa eigmatls equertamrel anladapigr dathg eaolv epvVarsion step.
Goubi eAet etRld SSELERAG Eot P THEToESHISES ogs. dUble-stranded

dbaﬁ/inﬂgfeo"eiaeitﬁéflcc%pﬂé‘éé RistinéCh it eBrR0ERIc £&Bsequence. Each
characteristic, eg., each of the bases A, T(U), G and C on the target is
represented by a distinct and predefined unit, or unique combination of units.
Each unit will preferably comprise two 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. There are at least two different bases contained in each unit. In
a preferred embodiment, there are three different bases in each unit. The design
of the units is such that it will be possible to distinguish the different units during
a “read-out” step, e.g. involving either the incorporation of detectably labelled

nucleotides in a polymerisation reaction, or on hybridisation of complementary
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unit will preferably conprise two or nore nucl eotide
bases, preferably from 2 to $0 bases, nore preferably
2 to 20 bases and nost preferably 4 to 10 bases, e.g.

SURESF QS BAP AETAEEY 1 pligatplc baagy e i

sBgLENSs &f tthe egrgdit febeh drdsebars ¢ise itargeads reprieBenfEIdeb}’/ a specific
design 30 of the units is such that it will be
sesish toif dases di 8tUigui sh the different units during a

"read-out" st . 1 VOl Vi it : o
oo B o P o L comprces o it
RANERELSBEA@WRRAGEpRIBeNDAIl efthlyfbui Ishseat drotedtrrget. According
conpl ementary WO 2004/ 094664 PCT/ GB2004/ 001673

/ 8 .
ab thje e asimedb she e UBta RPN Oe Ygediama B4 SY e tith one unit

bei ng studi.ed is the the ;

SRyl 48 LB By ho o e AP g Pl Ageroet s
ResctbAs@d Wid corhbination ef ey @b et di srestameachdenine may be
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Suitable signal sequences are also described in WO-A-00/39333.
The "adapter” is a single-stranded or double-stranded polynucleotide.
The purpose of the adapter is to provide the necessary sequence to permit
amplification to occur. In a preferred embodiment, the adapter is a double-
stranded polynucleotide that comprises a defined overhang that is capable of
hybridising and ligating to a complementary region on the target polynucleotide.
The complementary region is usually at the end of the target opposite that to
which the signal sequence incorporates. The adapter provides the necessary
primer binding site necessary in the amplfication reaction. In a preferred
embodiment, the adapter is designed to hybridise to that part of the target

polynucleotide that is being sequenced, i.e. the 5'-overhang part of the target
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adapter is to provide the necessary sequence to permt
25 anplification to occur. Inga preferred enbodi nent,
the adapter is a doubl e stranded pol ynucl eoti de t hat
5 t hat s €40
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The sample with the target polynucleotide is divided evenly into reaction
compartments representing all permutations of the overhang to be sequenced.
For example, if the overhang to be sequenced is 4 bases, then 256 reaction
compartments are to be used. Inthe first compartment, the target polynucleotide
is contacted with a signal sequence that represents for example AAAA (when the
overhang to be sequenced is 4 bases), the signal sequence being ligated to the
3'-overhang on all the target polynucleotides. An adapter polynucleotide with the
overhang TTTT is also added, but this will only ligate specifically to the target
polynucleotides which contain an AAAA overhang, leaving polynucleotides with
a different overhang sequence with an unligated overhang. The same procedure

is performed in the other compartments, each representing a different
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pernutations of the overhang to be sequenced. For
exanple, if the overhang to bg) sequenced is 4 bases,
then 256 reaction 25 conpartnents are to be used. In

th t nent.,
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bg\ggmroﬁgll ?(—:(':setrollct\l%r% gngyme sites are incorporated by the adapter molecules,
thereby permitting further conversion cycles to occur. The primers used in the
polymerase reaction are specific for sequences found within the signal sequence
and adapter, thereby ensuring that the amplification step occurs only when both
the signal sequence and adapter is ligated onto the target polynucleotide.

It is also preferable for the primer binding sites to be different in the
different sets of signal sequence and adapter, ie., the signal sequence and
adapter used in one conversion cycle will comprise different primer binding sites
from those used in an earlier cycle. This ensures that the correct sequence is

amplified.
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using nethyl-dCTP, which ensures that native
restriction enzyne sites remgijn inactive. Additional
restriction enzyme sites are |ncorporated by the
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WD 2004/ 094664 PCT/ GB2004/ 001673 11 The over hangs may

be-00r3aficed by different neans, although the
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therefore generate overhangs wth all ty
ofestramencen*pymetBbmb arthehs polavelgotde elsothrhéreated with the
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P R OE o Aalt chSSBLR SPhPYR AT L 780, Natve
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generate 3-4 base pair overhangs. Cass Its

rpa@lynwtsowe by dosthyladase Havirg krepiad thabirsioyerhang, subsequent

d fied
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recognltlon sequence restriction enzyne BbVl
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polynucleotide which incorporates a recognition sequence for the restriction
enzymes Mmel and Earl (or its isoschizomer Eam 1104l). The polynucleotide
is then treated with the restriction enzyme Mmel to cleave off 20 basepairs from
the target molecule and associate it with the adapter polynucleotide. A second
adapter polynucleotide, containing a recognition sequence for the restriction
enzyme SfaNl, is then ligated to the adapter-associated target polynuclectide via
the Mmel generated overhang. A PCR amplification is carried out to amplify the
fragments containing the 20 bp target polynucleotide flanked by two adapter
polynucleotides. To protect internal sites from subsequent Earl and SfaNl

digestion, the PCR is carried out with methylated dCTP replacing normal dCTP
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at the 3' end is preferably created by ligating a 20
pol ynucl eotide that incorporabes a defined overhang.
The defined overhang permts a first signal sequence
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WO 2004/ 094664 PCT/ GB2004/ 001673 12 in the

dNTP mi Xx.
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Lﬂtﬁﬁﬁ’érﬁ’rlﬂ@hv Isat egharecprdoasitphgr STCTAR isfechd iidentified, a signal
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r &Sk Fd 101282 IR Esthboéiabn BRAELPBASe Fheverhgnglon the right side
sequence |ncorporates a restriction enZﬁge Site,

which
s theaiaymitigotids: ARpeciiscadanter, Shtamly Hgateswith fragments with
S t cycles of,cl | - oL

A ETREE o @fads, Pt Bl RaGe AL nt GG IishRgR fiidfon of the
| QB IBnde IR BPPRLENATy MCligaticn fruptdsence of "blocking'

strated in Figure 3, which shows the fate of five
daddeteent Bloagne mdapiénshihava ler défesenti evathang sadiesge than the

Seaetic acsea aedqre Tt dofsf L EREIRIR oring, 2 non-
eSO 129, e Lo A At tentozcion
strgmakelectively amplifies the fragments that have ligated with the specific
adapter and hence removes the other fragments which have been associated
with an incorrect signal sequence. The same procedure is performed in
compartments 141 and 194 with the exception that the composition of the signal
sequences and the adapters are adjusted in accordance with the overhangs that

are to be identified in the wells (3'-ATAG-5' and 3'-CAAT-5').
The target polynucleotides from the 256 compartments are preferably

pooled into one common reaction tube before the amplification reaction takes
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ligation occurs regardless of the conmposition of the
4 base 5'-overhang on the right side of the
polynucleotide A specific adapter, that only |igates
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selectively anplifies the fragnents that haye

l
\wamccum@smng facthemoyyBeasensed iseeRlidd 4%359119“'“'”9

r fragne 1.C v,
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exception that the conposition of the si

Seuplisatios difetl tine thelapames ohr kingdjiast éadi ﬁ?adw defifudy  from
&EB 6%@@) erhangs that are to be identified in the

3 TAG 5 and 3'-CAAT-5'). 30 The target
pol ynuFH@@deﬂlﬁéatf CSrOFéédﬁénZﬁﬁy pmm@étummmealaetefacts and various
preferably 'pooled into one conmpn reaction tu

[séps eantie takphitpiredutoar Faaets thesealey %%94‘1 oRssarable if

LSOOG 2o e BRSO U Gptcnaly e

Fﬁé‘r{t%d&@rsﬁ e CfiffHBAL, té\frta@[lcélﬂlbéemumﬁtboctoﬁwemrsrbmdmg to
cycles are carried out, the sequence at the 5

f
tihterhal gignap slegnantenendearnplifyig. Fagmands pﬁéh@,.l@rr%r converted
sequences 5 introduced at the 3' end of the target
p8r9%tucl eotide are increased in a defined way

corres BR: fONEsi§e e BieRal séqudies so that consecutive
pol ynu@ﬁggl%pﬂe@e&t er m ni n% the@type %ﬂ}d order of the

sm@@abseeumﬂsmamyqbenw cowgrisat digineigbage Ifeggences.  This
di scl osed in WO A-00/ 393 in.t

SrsirRadrarmes e cap T Bfiplsh e BT SIS sgaygnos, do
Th@ﬁwg}%%%qn@rﬁél@d?%l BEd Hridey, ﬁe%gmnglﬁfr@@%ﬁﬁ@@né produced

I cation reaction may produce unwanted

adtigh@ tie apmndifivatiorosiep. steps can be taken to reduce or
renove these. Fé)lr exa

fe = f
pri mer WC&E‘@RJﬁﬁ gRsYg n&y ghe 8f fnfoé? gﬁﬁ]esreéﬁiﬁ%ob Z&H}: Smay also
( BQ% s%tréé)&aérjté‘fa@ﬂs?’@tlhsmg restriction enzymes having high specificity and

activity will reduce this problem.
Artefacts may also be removed by gel purification, or by immobilising the
products prior to digestion with the restriction enzyme; those products not |
completely digested will remain immobilised and can be separated from those
products that have undergone complete digestion.
The removal of excess adapters and targets prior to amplification will also
reduce the production of artefacts.

The following Examples illustrate the invention.

Example 1
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converted target. It is also preferable to design the
si gnal sequences so that consggcutive or subsequent
si gnal sequences conprise distinct base sequences.

Thi s L ' t yeli se to
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bei ng produced during the anplification zée . .
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al so be renoved by gel purification,

i5P0e1006 base Peiie bypfl@@iwti@alﬁheérm%ﬁmoéé%ddﬂslﬂﬁ%d?ﬂee

tricti ; o
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di gestion. The renoval of excess adapters and.ta t
rdapter ligadiopl (e elagared mlynuo@ag@eSﬁer%@@@ﬂy H‘@E]I{GQCF with DNA

P EEtaspo IR drTaRTvE oV Idk I SERIESe funciion. T4
ARG AL ST KIdoul Dbidertagnenaalahban insbpirdiian are

Size restriction Prior to (or after) DNA
facagmentyaydashfor tieistpurgesde. pol ynucl eotide is net hyl at ed

to inagctivate ti it ' i |
t he rekb¥p iSE’ftiS(?ﬁ%O% eoﬁ%%lnéé{)e{;)?%rﬁ%rrgg%grét— e@gg%%ﬁl to3fie target
P QG SdtidS FragRbrt® Omafidovadratds & Bhvhaité wedshe ether

e target polynucleotide is randomy fragnented into
fhecgmrates H0OvAbAOg fassuhssiouenbygaidimiang skinad Reayenge. Each

using a dr oShear Lce 5 [ -
e L G AP ar SRR 1 g s
Ct%n(heb@g%‘? RelRfbotiHes! MRE eaBptdrbarebhospetigiated exbept for one

subsequent "st'ep of blunt-end adapter ligation, the
sictaeedrapalsyofibe il ddspter endsiditioralthy oppestegtrand Bf this

D0 A0 RELIEL 828680, bbb e Sl S ARl oation
K RO QYatidh B pEFra9nEd Lndérastimzet topeitirzabr Blundead ligation
following manufacturers recommendations.

The ligated polynucleotide fragments are digested with Bbvl. After
digestion, a size selection (e.g., gel separation or column fractionation) is
performed to remove excess adapters, cleaved end fragments and
polynucleotide fragments below and above a certain threshold value (e.g.,
two-fold size distribution).

Example 2.

Initial preparation using Mmel and size restriction

The target polynucleotide is randomly broken into pieces of 500-1000
base pairs by mechanical shearing using a HydroShear device
(GeneMachines). Together with sonication, shorter fragments can be

generated. To increase the efficiency of the subsequent step of biunt-end
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Bbvl site and the other 15 incorporates an overhang
for subsequent ligation to a g gnal sequence. Each
adapter has a length of 10-20 base pairs and is added
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rase to in or renpbve over hangs as di scussed
|pmlﬁxwlgﬂtwle1A gpin@xrluron és ué&f&@sgh@igeablz 4§ BPioSpin-6 from

%P@ﬁag{}gagg ad%é,tgr |p0§gﬁdggeﬁttlggt gcg g%[:ggm‘ﬂéﬁ huence
CI'BF 1h'é' r%%glctléncé?ﬁ@"rﬁé anaNf @th@hlﬂ@bte@ﬂ) ﬂHe%dapﬁ@r associated

owi ng the manufacturer's recomendations. Only the

aatge{ wmmcmt@eo\nafm maweéatadsowbapg éb@cp%ﬁ@d\/lrrt%
ensr]uerr %@%ge O\llslg{ 6%%%80 n%\fﬁrb%?%ttglg s(e ga%gi é)eeg)r!?/ Qc?ool of adapters
B 19K QB R HRUBKRI RIS tRONSERESTR e 3t owrhan@herhe SfaNl site
apt r carries at its very 3 end a restriction site
fispobtimhnedrid cat irdstting ¢eringnal four bases of the target sequence. The
adapter is kept unphosphorylated to eliminate subsequent amplification of
target polynucleotides containing two Mmel generated overhangs (a by-
product from the target polynucleotide digestion). A PCR amplification is
carried out to amplify the fragments containing the 20 bp target polynucleotide
flanked by two adapter polynucleotides. To protect internal sites from
subsequent Earl and SfaNI digestion, the PCR is carried out with methylated
dCTP replacing normal dCTP in the dNTP mix.
A PCR clean-up spin column is used to remove excess primers, DNA
polymerase and to change buffer.
The PCR amplified material is digested with Earl (or Eam1104l) and

SfaNI to generate the overhangs needed for signal sequence ligation and for



10 site for Earl (or Eanl1041) further upstream Size
exclusion or affinity spin colums (e.g., MnElute
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renove excess adapters as well as changing buffer.
Mrel digestion is perfornmed upder optinal conditions
to cleave 20 basepairs fromthe target nol ecul e and

BRRReudia sahy sl PR BSInRe RS if ol PER Aigosted
ERg@wagRicrRadin bé reemved Bkt ofaffiritydlept stdeptavidin coated

containing a recognition sequence for the restriction
beagse SfaNl, is then ligated to the

dapt er massoci ated target polynucleotide via the Mrel
géﬁﬁﬁg‘iéd over hang (because Mrel generates a two

bases T8¢ Miieciprnef cyBRc tervarsianaphere faurmydebtides are
adapters 20 having all the 16 permutations of two

beseerted pdrecy®le over hang). The SfaNl site is
positioned

t ar getl N§dRY lﬂté’l?ﬁé%% ‘?iﬁgtloo%%lg\%rt%isw%%gb%ig%rﬁighb%a;%‘:éoi r iﬂ t{%?@ ble
%&n%ll bgiqlﬁ@%c% YRR S stAdTBH Ikl combveRiThgPh seti@éig&s of 12 bases in

ynucl'eotides containing two Mrel generated
avarde mysA (ratobits- creshoriding signehehaiar gée conversion took place

TR FHERENGLISN S CHH TPy h TS RS o G HeRg LRt cvcle
by 4 ?cgtgf urﬁngW@LFgaébd@rhefér?dﬂF%me agaat &ain consisting
pol ynucl eot 1 des. protect internal sites from

o hasigrea) tcoRgrdnemitsrefiradibniifigythet ietevant hes@crabgnce in the
carried out with nethyl at ed dgTP regbaclhn.g or na.

et DNA HEheiRIerient 18 deerIRpd SROGIBUSRN BATIGHI s

used t ] i ERSSTARSFaNI and
o BRI RATEGREN RS I Bp, (Mt Bt aP SR ahtlan
FEHe51 04l wad RCRaamp(ified Bam tHEOKA)tedadhad®$ hainbda genome (1507 -

780 Lsimaemme s Copnan s Pror RaBa] Qo1 a7a STl (the
R SN e A S R M
R@RsalQfitedfifioni thy RERgeactom emsaonduntedositie hethyatks) deoxy-
e s (e e i SRR MR )
ﬁ{Qgcc'foingiﬁbog{se FAE L1 6 AMIKES! 9Bnf (HS),80, ZShf PASHITI, 0.1%
Triton-X-100, pH 8.8 (Thermopol buffer, New England Biolabs), 2 mM Mg?*,
200 pM dNTP (- dCTP) and 200 pM m5-dCTP (Amersham Pharmacia
Biotech), 20 pmol Lambda primer #328 (5'-
agactggcgatccctggeatcaccectccagegtgttttat-3'; SEQ 1D No 1) and 20 mpol
Lambda primer #329 (5'-gcactgataggcgtcactcttcgetgtacgcetglecagatgt-3'; SEQ
ID No 2) (MWG biotech), 10 ng Lambda genome, 1U Vent polymerase (New
England Biolabs). The PCR cycling was conducted with a PTC-200
(MJResearch). Hot start: 95°C, 5 minutes, 35 cycles consisting of: 95°C, 15
seconds, 58°C, 20 seconds, 72°C, 30 seconds. Complete extension step:
72°C, 5 minutes.

Cycle 1.

The fragment enters the sequencing cycle (Figure 2, A) and is cut with
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10 in steps through a cyclic nethod, where 4 bases
were converted in each cycle 4for a total number of 3
cycles. The end product was a S|gnal chai n consi sting

Samnanabang %f%@”P%%Qﬁééﬁfehﬁ&rs%%ﬁ%;h*egtb?%téc?é,ﬁa abickasE

Sesasi &ﬁﬂn wvlabhty tiRe Blaper feord.thé priategereBB)A Digestion
fragment o containing internal sit
Siratiionsid 00NN NN PR, AGTN VG 4 R RET. PH 7.9
L
R AR e EReIRR r%ﬂ*@#@%%g?f@%) ASThOR. RO

AR 104 ISANE Zindi mc@awrﬁfo:ebnemmﬁ BveCy THenermwims were
to avoid cutti g 6romt e internal sites |ater

RER-ineativated FAuRe rguikst hTh%@Wr%&fB%”td%Weaned using

to | eo es
Gl e RgrEa%mév‘%%@céf%*ﬁ%ﬁ?‘%%m%' iy Tris-
| Kihe &AM it ;]goﬁgm tHd satded of hokeYvagments that are
Trlton X- 100, H 8 8 (Thernopol buffer, New Engl and

Bbmlmpfteeanmm@laarepam@nmm @/NreYgle oangmergm @@@CBWECJ in
EK?WSP&%%ﬂ%aspahnaB@r LRg B8 Y ror ERrRTBhanARERN and

t I D
%g gﬁ?gg@ %glgg %rqugé%ﬁ ;@gg@rg% gghtaﬁarﬁi ad&Her.

( 5" gd’di}etcgntvaggogtstaitwbem:@@[ splectinn Hrdaidaeieched (Igegre 2,

5@ |%g%§|%%%y gpéme %agﬂ%@r\ﬁpﬁﬁﬁges%%gﬁg %t{e;%r’%gregﬁd its

GRadugleRrlihbisy BHee 240 mMW@EHGﬁfm%IVI MCISUD M DTT, 0.5

cles consisting of: 95C, 15
SEMNTR, plI3 g (lzgaseebuﬁelts Feml@nt@) $Scqunekadamiapl & Biotin-

%éts%on@%{%%ggfeﬂ@géqcﬁe‘ﬁéﬁ SeametBIRSs 2. n) and
Gttt RRARRRAD S EAIORIIMAL BT {Faptnol

e internal sites are nmethyl ated
amamrseuaeheeﬂ (ayad. 5$/tslexsatlﬂ iTHgDNAuigased Fermeniss) yT ke

o aaReePk PR P S 20 AR s 2 4 R DT T g
FrpFRasy O o lobate, |, T2 0,

for oﬁﬁqdﬁeighaaisecaﬂme‘ﬁhsednlyin@§xp\erm@ent were made in the
following way: Signal components (each representing one base) were made
by annealing oligonucleotides (approx. 45 bases) which were ligated together
to create the desired signal sequences (the signal components are
constructed with different overhangs which dictate the sequence of ligation).
The signal sequences were amplified by PCR and cut with Sapl in order to
generate the complementary overhang necessary for ligation of the signal
sequence to the target DNA. Since all target DNA fragments have the same
overhang for signal sequence ligation, all fragments in a given reaction will be
ligated to the same signal sequence, irrespective of the sequence of the

SfaNI-generated overhang. Specificity and selection are therefore located in

the adapter. As this ligates to that terminus of the target DNA which was cut



heat-i nactivated at 65C for 20 m nutes. The cut
fragment was cl eaned using G bcoBRL PCR purification
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The cut fragnment corresponds to the nature of those
fragnents that are obtainedqgfter an initial
preparation or one cycle of conversion (described in

v %ﬁﬂﬁ g‘?ﬂﬂrapﬂwqﬂi‘sg\‘év th'coffteRBnt @gr@ﬁ%rgf totnBagbrer will be

figuitedi AaidnoBrdion thesplee fresuripgises aatthadarge MNAhas well as
conversion step where the s Iectl on marker is aﬁ

bsingiiaster o By ued SERHPTGR AR NBY i QAT Sieg EREPISTSTER to
]'éa%%neﬁér M SRt b @%ﬁ@ﬂb%@%@é@é 8%‘&%. \rd éthe@%&ﬁ’@é ahad

sequence:

&Hpte@ eﬁs&fesl@/bﬁédﬁﬂc IslalleEtIBn (olt lfrgagsr@rbm/vﬁteran E\eenmeng &spuence
1.6 pnol adapterl|

gutesRRIY0e é@i%b@@égtwaé SeSE@j“FED No 3' anneal ed to
5 ) tgﬂ%fs%i‘éﬁq%létésto?%%% 886 Fersion &5@1&!‘(90?% I%ctlgn and

nal sequence 1 (1)

M‘#ip"ﬁﬁcéilJr?roﬁh@gthwle9®\ﬁh(cﬁefaverﬂaiﬁhgatéh do thero lwdlh iscrignal
took place at roomtemperature (22C)_for 2.5

w@umc@@@dzosnﬁ@@‘lmp’f%%@w &0- th'%weSfC‘@ﬂdyé{ed using

te he
B 3o TSR RS CR5°0h I 1ed RS0, 20
(aaahistaR! a3 €0 Therore 0uape) 8. 8eTeermdpol thyffaxnNeal England

ol i gonucl eoti des
Binjebtie2 m%'w*f 208 WM N 185 15, ek 0 o et B he

e T R e R R

%5 g@gﬁtﬁbaﬁg%@%gﬁét%g -yesEQAMPNbTS)ethdbg0 B@w Sighal sequence 1-
t ap INn order to enerate the co enen

pmerdwa‘#ﬁg‘l(hé(’}é@@tar:ga¢t@4’=lCtﬁtaw&tgﬁ?’f@ﬁagqﬁ?@n@gﬁﬁéﬁ “SEQ ID No 5)

nce. to.the t
?M&E&WF&S R 320 QoaiEo R PNAURE] U Fht polymerase
NQWE d@lané'Blofa'béslmRscybﬂn@m@ls\t@ﬁldU@Mwmh‘n awWwTC-209 30
|gate to the sanme signal sequence, irrespective, of

t(W%sqamhje Hdt stag 95l mggﬁﬁ aaoegy@q%pﬂgﬁgtmg of: 95°C, 15

Egé%%ﬁ%ée% (odgS| 153 o o4 Ie, CampRAgEREyicfyn.ster:
gg_? & QMR FliurdD ﬁﬂﬂﬁ@\%‘l@éélts of the initial cycle of the
(382004/ 001673 18 wth SfaN, ?gflf(:}/ fragnents with

mmpbemﬂgt raethaob eFihengred ft aﬁﬁm@dfe\(ﬁt P waspgenerated.
zd A conversion therefore presupposes that the
t@?@% DNA, as well as being ligated to a signal

sequenferdét fPchimrbihedyst Raiseco iy PTBRNp@dYCt Was cleaned with
the GibcoBRL purification system (Gibco) and then cut with SfaNI and
Eam1104l. It is possible for this to take place as the signal sequence and the
adapter from the initial cycle contain a site for Eam11041 and SfaNI
respectively. As the sites were located in the primer region, they are not
blocked by methylation during PCR. To increase the efficiency of the cutting
reaction, the cuts were conducted serially under optimal cutting conditions.
SfaNI cutting: 100 mM NaCl, 50 mM Tris-HCI, 10 mM MgCl,,1 mM DTT, pH
7.9 (NEB3, New England Biolabs), 1 ug methylated PCR fragment, 4U SfaNl.

Incubation at 37°C for 1 hour. Heat inactivation of the enzyme at 65°C for 10



the adapter in order for ligation to this to take
pl ace. In other words, the 5 adapter ensures a
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sequence corresponding to the |ligated signal
sequence. The selection step j@f the base conversion
COI’]SI sts of selection and anplification of fragnents

hﬁvﬁmpe% bigah eded @nhgempggdém ﬁ%@ﬁ% cleBPHEMRment.

SpeCI IC a ter
Egnﬂuwuedumgngslﬁlvlpm% a@@tete t‘IIﬁ)ernf\/blTiagWieegmn:—aneIiate BEBEMM

(50 pl): 10 MM K 10 nM H4

pot:als%wm-ap@‘tai%%cmg/@ﬂ %3/8( "hZ)e? E%zﬂ Xuf'{rMmgrk%%HgfaN'-
2 Pafo

ToFu e ReaBtet, BURalo AR BMS TG e el oy

RARNRI by hest imactivERRY étF65°Bl fot 20-minutes. The dlgested product

ggctaggtgct at gaacgcatcg-3'; SE D No 5
wh[ggh@%gﬂh%gjj@pgﬁ&l_ %k{gatlon syste)m ?8]%00? ﬁlﬁg initial

F%WE%%%%%@%?Se%s?%%%hg%%‘r%%@%%@ﬁir‘%%% |t S
b%eﬂcﬁﬂh%n@ﬁﬁs@n& Wﬂen@@@ﬁ@iﬁtsﬂé&ocﬁ%tﬂ/sﬁ@glf&mﬂapter
Bi ol'abs). PCR cycling was conducted with a PTC 200

(Mm@ﬂmg to fhet nevtt drbasesat the spfHeReR), Weis aJiggsTo reduce
R L e o Sy

@\ffé#éﬁﬁové?ﬁbhg :ﬁdnﬁ‘ sﬁjr@lu é@q@eﬁdwws Ltdmlohamﬁchtsorcsf 40heM Tris-
initial cycle of sequenci nmet hod, The correct
H@gﬂr@deVlgG&mapdeéTﬁeQ}ér Poywes;ﬁugpﬁe%m@r to

%?%%%E%éhéwext hﬁdifﬂ?{? c%lltal Bic %Egé%%sacdc%gﬁ:@ﬁb SEQ

?rb% 8 WHnn¥aldy & 5’5&c®@@a?gﬁzt@atgttgmbtgtbg -3sSp0sisi Nb&) (MWG-
|

or this to take place as t (ygnal sequence and the
aiztptiey, 1fprant sigeal mquemceo%/(a el Vaisarlh T4 BNAdigase Eand

(GeanSnssh The iR BYR plrcd RabBl Bridatfb2e:c) for 1.5
fFEJuPé/' #hb iy adB M ROnE5BNadiv-iteg Beas eC téret @ﬁ’fnhl@tieen@}CIQf

e cutting reaction, the cuts were conducted
Sﬂmwlﬁidavon rhmk plrsei unider de semg asdliansons thesoitigl gxple, except

L7, 90T 80 T ot 1001 2.2
;Eg%%%bﬁaﬁcggcé’%%éé@a{@ﬁg . SEQ 15 RME anbnggthetseonente 378 imer

Il nactivation of the enzynme_at 65C for

a@ﬁﬁﬁmgﬂﬁﬁgﬁtz@?ﬁ@é@mamg@mﬂcq@trﬁ nBEESID No 8).
Dlggmtprlmgr sets for eacgn1 séque%%?nd 03\/\% als %geftepab%?ﬁlercﬁé}%
minimise the danger of amplifying any remains from the previous sequencing
cycle. The result of the PCR amplification in the second cycle is shown in
Well 3 in Figure 4. The correct fragment of 523 bp was generated.

Cycle 3.

Conversion of the next 4 bases and the PCR amplification followed the
same pattern as described for Cycle 2: After a serial cutting with SfaNI and
Eam1104l, the fragment was ligated with signal sequence 3 (3) and adapter3
(5'-Biotin-atcgagcctggcatagecageatca-3'; SEQ D No 9 annealed to 5'-
aaactgatgctatgccaggetegat-3; SEQ ID No 10) (MWG-Biotech). The PCR

amplification was conducted with the primer set: the adapter3-primer #353 (5'-



Eanml 1041 cutting: 33 nM Tris-acetate, 10 nM
magnesi um acetate, 66 nM potassiumacetate, 0.1 ng/ni

w@3ng/optded’. 9 (Tango Y+, Fernentas), SfaN - di gest/e#2000B01673
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fragment, 1(r)U EanmvV11041. Incubated at 37C for 1
hour, 5 followed by heat inacjjvating at 65C for 20
m nut es. The digested product was cl eaned by using

o8 05r BB RS SR e S e St pmer
1has '(B’Lttaeﬁicg@ﬂda@iatagw@i@jggbbggatageettvttsagglla.B §E@JHD¢\EJ 11).
and its associated specific adapter (correspondin

fr he ra@ult oﬁth%gr@@ |ﬁﬁattq5@n§é\¢u%§d§)sh@ypén Jysbd ln-[%gurge 4. Well
égE é\(ae!noc&ﬁdé Velg\(\%l B{rg%ﬁ%ds%rg%‘r’med The strong

esl gne ent over hang

Béﬁ&o@i@%lomugmﬁ@ e&ped;tegaémgih af@m klip ofike wekkniddnds of the
Tris- HC, mv Mydl 2 mvl ATP

(/\Lotgg@@eleﬂfﬁbrcan %Sﬁ@mr’awe“ $( @Y?Jﬁéi aé\ﬂia\éfeé'r% (gycle 2? are

st st ettt 1 PR AR PR [ I b R an Sk d o s

B@na)m YNGR I dbinet wEe iR baAd P forthesidgnal ms\amMemcerrasmczw to the
1 Weiss-U T4 DNA |ligase (Fernentas). The incubatio

stmskofthaRC Rtfragoenttie ipe pE\IPES CY3eE) A ppssibls GW%IOH is that

E’?gf@rrlmqﬁ% t}(vagtqlggat 1 g‘éﬂl \éﬁé%g%l éngfﬁjrfcglgrr}e]é% g&&ﬂb%ﬁe in the
%%QQPC'IRDE%IQSE\FéWtHd“ | [@w SVifle selXpeddch &)ué r@dL!Ith/\thS

prinmer set adapterZ-primer #347, 5 -Biotin
@gal@lam a@”gavvb@hdhagi@ageb oBMIBEYING NGt pragent §ie§ﬁlé$e of the
uence

V D&t %@éég? cpékf‘f'%rtsﬁ'bet\’gt I SRR HIoNEYer RIS VP of nUsgyming

'n@awe@lmm@eﬂftﬁfﬁﬁh PhdreBstrisgdst drvveating hoﬁdﬂlﬂﬁl@cdm@g PCR
cycle are preferable in order to mnimse the danger

¢6.caidtd ftemppratuye), élrnaiuag of rrmfetdwml@atlawo%w@ﬁeﬁ Agoving

E%% %%{}iﬁléﬁ%gv@wg % %@%ﬁ%ugncé%h B'EPrgﬁg?,lﬁhOéce of new
&gqyéﬁ&eé 6@9%%.1@&.53% 10 %gm@ﬂfse(treag afle biGyelsEeptavidin

ersion of the next 4 bases and
ayptdn iooahicovbdasls) deeret tuiting apdhagdhess frasglaﬂ‘é% entasig the

for cle 2. After rial_cutt t
it A0 Ere e TR Bg AT AL gt bt £ Gllap Rt otner types
Stgqﬂlgpﬂﬁm;’g (BLIPPE 13 @ABLSE Aewrimer sequences and/or optimise PCR
ot I n- at cgagcct ggcat agcagcat ca- 3 SEQ ID No 9
ammeialc&d: tiispriming@vegts et ataycausRsch\: e preseseeof puperflous
tech

g‘&d*a@’@gl 8.8t e@? ggg[%g%ppﬁpﬂglggg%%@w% be removed by
#L%?r?fg (a\%tra%)?Bpﬁ’{lg%?'gt@ﬁnﬁ&m%%é@%r@ﬁa of the adapter.

Digestion with a 5'-3' exonuclease (e.g., T7 exonuclease or Lambda
exonuclease) prior to PCR will only leave intact one strand of DNA ligated to
the adapter. In embodiments where all target sequences are of equal lengths,
size selection can be used to remove fragments of incorrect lengths during the

process of biochemical conversion.

Example 4.
The principle of cyclic conversion where three nucleotides are

converted per cycle
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si gnal sequence 3-prinmer #345
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SEQ ID No 11). The result of the anplification in
Cycle 3 is shown in Wll 4 in Figure 4. Wll 4 shows
that two weak and one rel atively strong bands are

et ba A Gk B s eraRE o phRRek § into readable
%@ﬁ?%@%@&ld@’%@@ dERONBE afREBY b@n\)&hhg‘é s(e@t@r@e&)f 1@elases in a

cle 2) are nost probably the result of
tmgewae!nthrt@bbzraspmnmsgqnal SEAYSNTth el VReaRNVasaies tPak place

gb§treg§ 5'8@6‘9%‘@ W"%ﬁlc @@%@dswfhgﬁetéa%igg‘ﬁgedﬁ&ﬁwg teé in each cycle
Rfreé’{o‘?%‘l%&ﬂﬁéreof AcPAES] THE cRY PrEadt vidis & %l%rhaatseéﬂenoe

Inconplete cutting of fragments in one cyc
fsunstltstl@gl 0h$2 algrmmbano@nlentst tegpresaRingRoR r@Wlﬁ@t bgs,@ gequence

a0 TFD S B BB AD e =
Pgeigw#ﬁﬁt@%rgét Iﬁﬂﬁ\ %?ﬁ%ﬁleof%dmﬁg \Irvléﬁ]gﬁhéfméé byathealing
e Eﬁll{@gﬁ@oggommlmldm#@g?r SripHo- aﬁneal i gg Ty be

condi ti

G o TR BT e e TR TG LRI THAERG et EAACe

%?@AC%%A’FGK%%@(‘% éfé@@lé NOR 25 BRJ L0 (B gPEfTAI N

Mer, chorce w Sequences or i mobilisation of
UﬁT@Aﬁ@WHIGAsT(CATgETG Ge i T@G@&EG%BMT@AGAMM@CCAA

%éobeads_?ﬁébm(;g%:égag @R@JE t thos rgrfﬁ%(}ngﬁ%ggﬂuence
é i §Q?m%‘?§‘éuk?gbﬂfa'lr?§‘af e :9teih%irfohb’8§§se7&lt|9§ ATG triplets. The

t o choose new prinmer sequences
@ﬁﬂ#e@recomblernmm@é&spwﬁdhotthemtunm cfghbsd frgoeents hat are

e e svsen oy e peseice of sloer o0, (DU e o
tcﬁ/'% ‘anc(%sseg}%g?gyo dé@ tgsh u%hﬁétllggﬁoﬁfanﬁrﬁrpo%rﬁbﬁﬁtdfmgoases

ran adapt Di gestion wt

GoBlig&tiamtacs eaéaﬂ(:edgpterﬁ exonucl ease or Lanbda 25
exonucl ease) prior i

st randl i C@PWrﬁ'lO@aStt@@l V\tr@relt S%'@&B%@ :meaar\i(%r ‘Jé%%ﬁh%jﬂ(? igure 5,
\;@ %f, %%h oa&gtb Ii’fgéggh‘a]? Bhdtof frﬁgl’ﬁ%ht /A %Q%pecﬁlb@iapter

can o renove fragnents I ncorrect

|aﬁﬂﬂﬁ§‘§s§bﬂiéﬂé@ ditheal sqRenss: 50 niNl deiseCt 10 mNhM@Csli d) mM
Exanpl e 4. 30 The PI‘I nci pl e of cyclic nvers on \Maeé.e
tFEe1 rﬁnd\dlpéﬂ?,lzﬁbig |eBS'60FhHe7r5é|éﬂ%§@rbLgch6 ngland Biolabs)

1 pmol adapter # 005 (5'-GATGTAGATGCACTCCCGGACCTC-3'; SEQ ID No
14 annealed to # 006 5'-GAGGTCCGGGAGTGCATCTA-3'; SEQ ID No 15)
(MWG-biotech), 1 pmol signal seqeunce # 001 (5'-
TGTGTCCGCGTGGCTCTTCTGATCTTGGCTTTTCGTCTCTTGGCTATTCG
TCT-3'; SEQ ID No 16, annealed to # 002 5'-PHO-
ATCAGACGAATAGCCAAGAGACGAAAAGCCAAGATCAGAAGAGCCACGC
GGACACA-3'"; SEQ ID No 17) (MWG-biotech), 100 units T4 DNA ligase (New
England Biolabs). The incubation took place at 22 °C in a PTC-200 thermal
cycler (MJResearch) for 1 hour. Selection and amplification of those

molecules being successfully ligated to both the adapter and the signal
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sequence of 12 bases in a target DNAinto its
correspondi ng signal sequencey The conversion took
place in steps through a cyclic nethod, where 3 bases

%’\F@%%ac%né/ﬂ'cﬁ&dwbﬂa @@r?cg,lc‘fé(& LgingPERMY nrﬂ?ér%é‘folf&ﬂﬁﬁrcoﬁﬁitions
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ating 1 pnol of the fragnent with the specific

adapt gf or@éldol donvafIng inaked bsisgs aﬂheSl%@ReproductB.@aﬂMeaned
Tris-HC, 10 mM MgCl 21 10 nM DTT, m ATP,
$3=5817b41 and

BSig »MIMEBIte IRGRSkeanap &it ( Qwrér?g]damnsi%rﬂa
BEeN) B R BiFaags, e%(f & LT AT IR Tt dure
m@%@m iAvaB cuttiBE@dnaitims15) 25
| ot ech) pnn S|gnal s$%eunce # 001 (5'-
Garerrter tinadrosenesinesetels, 66 mM

RASES @%@A&c&u@a@%ﬁ%&%ﬁe&&&ﬁ%& ). 0.5 19
ent §5tht@ E‘é?ni?Ml(nMé@@l%Q@th)n I3 ated tzs 374C for 1
ase (New 30 Engl and Bi ol abs). The incubation

thaok. AII\AKc;eo Bio- Szlrmlmlwnmv@oﬂw)w@rwd to clean the fragment.

SfaNI cutting: 100 mM NaCl, 50 mM Tris-HCI, 10 mM MgCl,, 1 mM DTT, pH

7.9 (NEB3, New England Biolabs), 0.5 ug PCR fragment, 2.5 units SfaNl.

Incubation at 37°C, for 15 minutes in a 50p! reaction.

The digested product was cleaned by PAGE (PolyAcrylamide Gel
Electrophoresis) and purified from the gel using a crush and soak method. Gel
particles were removed using a Micro Bio-Spin 6 column and the DNA purified
using a MinElute Reaction clean-up column (Qiagen).

The conversion step was conducted corresponding to the initial cycle
using the same signal sequence and its associated specific adapter. The rest

of the procedure followed the same pattern as described for cycle 1 except

that an agarose gel and a gel purification kit (Qiaexll, Qiagen) was used to



cycler (MIResearch) for 1 hour. Selection and
anplification of those nolecules being successfully
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2004/ 094664 PCT/ GB2004/ 001673 22 sequence adapter
wer e conducted using PCR under the follow ng
conditions (50pl): 10 MM KCI, 10 nM (NH4) SO4, 20 nM
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Well 2 in Figure 6 shows the results of the initial
cycle of the sequencing nethod. The correct fragnent
of 142 bp was generated. Cycle 2: In order to convert
t he next 3 bases, the PCR product was cleaned 15 using
a MnElute PCR clean-up kit (Q agen) and then cut with
Eanl1041 and SfaNl. To increase the efficiency of the
cutting reaction, the cuts were conducted serially
under optimal cutting conditions. Eaml 1041 cutti ng:
33 MM Tris-Acetate, 10 nM magnesi um acetate, 66 mM
pot assi umacetate, 0.1 ng/m BSA, pH 7.9 (Tango Y+,
Fernmentas), 0.5 leg 20 PCR fragnment, 20 units
Eaml1041 in a 25pl reaction. Incubated at 37C for |
hour. A Mcro Bio-Spin 6 colum (BioRad) was used to
clean the fragment. SfaN cutting: 100 mM NaCl, 50 mM
Tris-HCl, 10 "M Mg 2, 1 nM DTT, pH 7.9 (NEB3, New
Engl and Biolabs), 0.5 leg PCR fragnent, 2.5 units
SfaNl. [Incubation at 37C, for 15 minutes in a 5011
reaction. 25 The di gested product was cl eaned by PAGE
(Pol yAcryl am de Gel El ectrophoresis) and purified
fromthe gel using a crush and soak nethod. GCel
particles were renoved using a Mcro Bio-Spin 6 colum
and the DNA purified using a MnElute Reaction

cl ean-up colum (Q agen).



The conversion step was conducted corresponding to the
initial cycle 30 using the sane signal sequence and
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procedure followed the sane pattern as described for
cycle 1 except that an agaroge gel and a gel
purification kit (Qaexll, Qagen) was used to WO
éggisn%94664 PCT/ GB2004/ 001673 23 purify the sanple
i gestion. The result of the PCR anplification
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kA e D
pol ynucl eotjides 18 wihans a8mRic® pofynaicRetiveurineatrtecteristic is
signal sequence that 1s specific for the

characteri streseninder study; ii) contacting the target

pol ynucl eotides wth a nolecule that .. i i

Phe’t iget SsBRTiLS Derragorr prRaUERardE SR dfiEaditchn those
present; 1Qnki g neeparating those target

pol ynucl eotides that interact fromthose that do not;
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to thereby tgﬁ:eﬁ?glﬁﬁclé&id%@?aﬁ@ﬂf ABICET breler 8 théredgcdetermine

target polyn tide. 2. A nethod according to claim
1, wher ei n tetepatadtelistics afaachddrgaitpaynucientidst t achi ng
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(a) attaching a polynucieotide adapter sequence to those target
polynucleotides that interact with the molecule; and

(b) carrying out a polynucleotide amplification reaction on those target
polynucleotides that comprise both the signal sequence and adapter.
3. A method according to claim 1 or claim 2, wherein the method is carried
out to determine the nucleic acid sequence of the target polynucleotides.
4. A method according to claim 2, wherein the adapter polynucleotide
comprises a restriction enzyme recognition sequence that permits later
cleavage after the amplification step.
5. A method according to claim 2, wherein amplification is carried out
using the polymerase reaction.
6. A method according to claim 5, wherein the adapter and signal
sequence comprise recognition sites for oligonucleotide primers used in the
polymerase reaction.
7. A method according to any preceding claim, wherein the sample is

separated into n reaction compartments, where n is the number of different



(b) carrying out a polynucleotide anplification
reaction on those target 20 pol ynucl eoti des that
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met hod according to claiml1l or claim2, wherein the
nmethod is carried out to detggym ne the nucleic acid
sequence of the target pol ynu eoti des. 4. A nethod
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g?g@igelféﬁﬂa@tg@ ?)gmrﬁhat permts later 25 cl eavage
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the signal sequencer?g?tor each conmpartnent is specific
fsoppbhabateompart mrent. 8. A nethod according to claim
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met hod according to claimb5,
\MhlgDeUnIebhdemmianer ase reaction is carried out using
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2. h
ggﬁﬁ}déh% 2R ofSupport material . 10 12. A net hod

to claim6, wherein sequential signal
sequenges tegatingpé isamele pf a@@uem-sman@mmrgetsp@lmwleg@de to
recogni tion SI es fgr d|f

|
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i) treating a sa | e-stranded target
pol ynup| eotdmmlmg)thecsa'aple m\ceccbmtag’an@eaefa@lapeme senwle with a

f which
° feh | Sdégblgestsa% eg po?ynucleotlde signal sequence and a double

stranded adapter polynucleotide, each signal sequence
representing a specific polynucleotide sequence of the same
length as that of the overhang to be sequenced and comprising
an overhang that permits hybridisation and ligation to the end of
the target polynucleotide opposite that being sequenced, and
each adapter comprising an overhang that is of complementary
sequence to the overhang sequence being sequenced;

iii) carrying out the polymerase reaction on the sample(s) using
primers that hybridise at the ends of the signal sequence and
adapter sequence, wherein the product of the polymerase
reaction comprises a restriction site that permits cleavage of the
adapter to form a new overhang to be sequenced optionally

repeating steps (i) to (iii) using restriction enzymes to create the



each overhang having a defined nunber of bases; ii)

dividing the sanple and contacting each separate
wa200plogioed t h a doubl e- stranded pol ynucl eot i dePGT/GB2004/001673

sequence and a double 20 stranded adapter

pol ynucl eoti de, each si gnal sgguence representing a

speci fic pol ynucl eoti de sequence of the sane I|ength

as that of the overhang to be sequenced and conpri sing

an over hand\{hB8"$eA s hybri di sation and Iigation to

the eng) of iqbher /iRy WEEhRRINAIEEhaBhESEarPPRShEok g amplified

bei ng sequenced; and 25 each adapter conprising an

over hang t habdustspénd omphisieender yto therpyrdsierninetbe sequence
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sequence and adapter sequence, wherein the product of
tthe sppla) seniusec8 B atdaesti Dhasespri ses a restriction
site that permts cl eavage the . adapter to form
o overiethig e delnd il SRBa dssiTaRa Ay ArER d Rl Mana to
i i sing restriction enzynes to create
e s U e 604! 001695 28 over hangs;
and iv) identifying which signal sequences are present
on the anplified products, and in which order, to
t hereby determ ne the sequence of the target
pol ynucl eotide. 5 14. A nethod according to claim 13,
wherein the overhang that ligates to the signa
sequence is at |east 3 bases. 15. A nethod according

to claim13 or claim 14, wherein the overhang to be
sequenced is 4 bases.



