1 Method for sequencing a polynucl eotide tenplate Field of the invention
5The invention relates to nethods for pairw se sequencing of a
doubl e- st randed pol ynucl eoti de tenpl ate, which nethods result in the
sequential determ nation of nucleotidé& sequences in two distinct and
separate regions of the polynucleotide tenplate. 10 Background to the

i nvention Advances in the study of biological nolecules have been
led, in part, by inprovenent in technologies used to 15 characterise the
nol ecul es or their biological reactions. In particular, the study of the
nucl ei ¢ aci ds M¢thed FNA segueRads e | ogi es used
for sequence anal ysis. 20US 5, 302,509 describes a nethod for sequencing a
pol ynucl eoti de tenpl ate which involves perform ng multiple extension

reacti ongielddngfa tbdAipolepwsdionse or DNA |igase to successively incorporate
| abel | ed " nucl'eot1des or polynucl eoti des conplenentary to a tenplate strand.
In such 25 a "sequenci ng by synthesis" reaction a new nucl eotide strand
base-paired tgpthg templiate shrand its bdiddodsp idy the Arided 3' direction by
successi ve incorporation of individual nucl eotides conplenentary to the

t enpl at e sstguand:.1 nThe s ab stoudle -miglagsksiod ® alpinptidsgstaiids twd-d%f 1 he

sequenci ng .30 reaction _are .hl ack tQ t_ OVES- 1.0 raf i and
| abel | ed Wg]ler%eF@ agts ﬁ@rsrﬁj‘?:t ilﬁlgec et esre%rung\tq-‘lqgnl 0 ttér%&qgaoflﬁtﬁy of the
i ncor por ghRd JAHGlROdR % <HIGEE SSio elinudireat ides supe midededioroy def to

carry out accurate sequencing a reversible
the polynucleotide template.

10

Background to the invention

Advances in the study of biological molecules have been
led, in part, by improvement in technologies used to
15 characterise the molecules or their biological reactions.
In particular, the study of the nucleic acids DNA and RNA
has benefited from developing technologies used for sequence

analysis.

20 US 5,302,509 describes a method for sequencing a
polynucleotide template which involves performing multiple
extension reactions using a DNA polymerase or DNA ligase to
successively incorporate labelled nucleotides or
polynucleotides complementary to a template strand. In such

25 a "sequencing by synthesis" reaction a new nucleotide strand
base-paired to the template strand is built up in the 5' to
3' direction by successive incorporation of individual
nucleotides complementary to the template strand. The
substrate nucleoside triphosphates used in the sequencing

30 reaction are blocked to prevent over~incorporation and

labelled differently, permitting determination of the



5 chain-termnating structural nodification or "blocking group” may be
added to the substrate nucleotides to ensure that nucl eotides are
incorporated one at a time in a controlled manner. As each single

nucl eotide is incorporated, the blockEng group prevents any further 10
nucl eoti de incorporation into the polynucl eotide chain. Once the identity
of the last-incorporated | abelled nucl eotide has been determ ned the | abel
noi ety and bl ocking group are renoved, allow ng the next bl ocked, | abelled
nucl eotide to be incorporated in a subsequent round of 15 sequencing.

I n cert ai ¥ riduhstfardds %wmﬁe%fn@q@@w Rt aSEEaEsSehae be reliably

obt ai ned W %ﬁﬁ{?nci ng- bysynt hesi s techni ques, particularly
when usi n%ﬂ%%%o%{igiﬁ%oga el Ted nucl eotides, may be limted. In sone

ci rcunst ances the sequencing "run" may be limted to a nunber of bases that
permts sequence realignment with the human genone, typically arpund 25-30
Bycles of i ncorpoFTor® WRTSY QEqURFRITGT (FRTETITHE T oRgTREatale

extregel yentsiaf Mo rrdih dRaimd Caid Ald dutdl addi £8¢d ©16n SYE@BockPhigexanpl e, SNP
anal ysis and genotyping, 1t would be advantageous in many circunstances to

be abl e tHWR| Ay btadded Ui hgre suueiret dlateciertites shoecnenwpt at e

nol ecul e. T Qhﬁi aue " pai send. or, S palryv se: sequencing is
general | ytlﬁagtomt}/ﬁlcitlﬁet e ar té)%? Bnﬁcge%?%r ?o#%%y& pgamr]?lf%%lg&@ in the
cont ext oforvthodld-egememreshotuneadh sequehe i mgec(Shegdd s F. et al .,

Genoni cs., 2000, 68: 237-246;. Roach J.C. et al., Genom cs. 1995, 26:
345- 353) .lr%ﬁ?%aé:r?dﬁséa%ﬁ%}r?@kjﬂq Y PRI 1T r2RY oh5F%%o "reads" of

sequepnce B dIdPiaLes il & Sl B PO YD US) BRth e duPheXenpidhe advant age
of the paired-end _agpro_ach is that there is significantly nore information

to be gaiQmee firhem gt tiee stastchesorretpriodd "labehbed froma single
tenpl ate .0 uenci "n" bases fro ach of.two in ndent

t enpl at es&@%a&{rlé{ngdgﬁa?sﬁ %e%rg%%e%]%ﬁ%%% tu}geerﬂoeb%%pnrl%lp??%t aengggg%%%/\% e

t ool s forgidie assednowfd,seduiesind Nfios st ooldMied ki nseLlegt al .,
Genome Res. 2003, 13: 81-90; Kent, WJ. et al., Genonme Res. 2001, 11:

1541- 8) itUGlePIS F% RO RHRIRRER Y tHe kndi Rt hatCen@ °bair ed- end”
sequepcess@hfedth£onpl etely random but are known to occur on a 15 single
dupl ex, and are therefore linked or paired in the genone. This information
has been shown to greatly aid the assenbly of whol e genone sequences into a

consensus sequence. .2QPai r.ed-end sequenci ng has typically been, perfornmed by
maki ng use of Lignpéjc%réclail?ed:lcﬁc%nﬂﬁdtaarn% ot %%“%W%ggﬁe%?%‘y%n%%o t%n the

art. Aftethcutddmed helviegiiof draisecifie the use of sequencing-by-
synthesis techniques, particularly when using blocked,

20 labelled nucleotides, may be limited. 1In some circumstances
the sequencing “run” may be limited to a number of bases
that permits sequence realignment with the human genome,
typically around 25-30 cycles of incorporation. Whilst
sequencing runs of this length are extremely useful,

25 particularly in applications such as, for example, SNP
analysis and genotyping, it would be advantageous in many
circumstances to be able to reliably obtain further sequence

data for the same template molecule.

30 The technique of "paired-end" or "pairwise" sequencing
is generally known in the art of molecular biology,

particularly in the context of whole-genomic shotgun



single site, the tenplate DNA to be sequenced (typically genomc DNA) is
inserted into the vector and the ends 25 resealed to forma new construct.
The vector sequences flanking the insert DNA include binding sites for
sequenci ng priners which permt sequefcing of the insert DNA on opposite
strands. 30A di sadvantage of this approach is that it requires

ti me-consum ng cloning of the DNA tenplates it is desired to sequence into
an appropriate sequencing vector. 4 Furthernore, because of the need to
clone the DNA tenplate into a vector in order to position binding sites for
sequenci MEPHENFEDY S IEN dhds: ot thb t SFPIAVET 1 i@t 68: 133 exdtenel y
difficul iRdpTake. USE of; A IGUARSEll SERBIENC) 810 By d.05b8) ques, Mk feng
array-based techni'ques 1t is generally onl'y possible t0o sequence from one
end of a samleutinde aldnpiatidhe tdesewfitret b myf ttheo ehdegpdo%iofil to the

poi nt of attachnment to thep:fra . 10\ 2004/ 070005 d cribgs % nﬁthod for
doubl e- et LEGUETEThd Bt BLFOTS it 2ot HE & HEHR? thig aABe%ar ri ed
out op a HE iHWRRYd oflRehdTBi e d-edn e Sa i sd dll L angears bydré disation of
two or nore prinmers to a target polynucleotide in a single priner,

hybri di zat%iBH Siteagt1es e ovip el oy bre v J3 et Bpom as ¢d@ene eI pri ner s
hybri di zed,d Q. de henplals, ale Blooked. excant 4 olsenfe WS pas Rafree S
hydr oxyl group Ich serves as an initiation point for a tirst sequencing
reacti on.fiSequerpiargiprooceetisband s | £ 1mon fardihesf cthied niedeopngadént i s

possi bl e, or else the 20 sequencing reactjon is term nated. Then one of the
bl ooked HSTRIEESS M JRIAPT O 4T 1 EE s ) i Syt P SOOI
sequenci N ARGt abdis PRSF ot dSam thiSr I ddutdOM PObAhat Thys, the

tenplate remains intact and attached to the solid support throughout. 25
A maj or dMEwbEdK rofS thi s appt oactegeReh MDIT di Bat | D 9¢; bkeeked and

unbl ocke i s ist I f oAt i ired t guenc i
conpl enen 'gj:'yrgsat{ raain'ds (%%Oarh%o%%sf 'e-st ra’nd%‘ n%cﬁslg?éé) a%?é%ﬁ%%%%@gf%hgﬁ it is
30 necess@aie tuschydf itdies ekrprv Ieedge tthdotthe o feredit ety st e qunelscof t he

tenplate in a single hybridisation step. Since both strands of the tenplate
remain i &t Snd R PRI SO RERpHRTE FY P Feisa?? of of the

pri mgss to £ANHRIBGUEHES +d the d £ at &y isdd a&eispauédgﬁmﬁmél y be

unfavourabl €, against formation of a duplex by annealing of the two
conpl energteyouast r diidss afnfdianateinpt dias edursthem Stelranwatcky i 3id hehaeed to

ensure thaeS ch calf blhoocike' (r;%ge of the first prinmer to_ allow sequencing of the

SEeIl @] me seguenc 1LTICO consensus . .
second priner. “Fhe nat ure THE nont i wnobi 11'sed Dedds® Wedetibed in the

appl i cat isgyusans, t hat renoval of the priners fromthe beads

20 Paired-end sequencing has typically been performed by
making use of specialized circular shotgun cloning vectors
known in the art. After cutting the vector at a specific
single site, the template DNA to be sequenced (typically
genomic DNA) is inserted into the vector and the ends

25 resealed to form a new construct. The vector sequences
flanking the insert DNA include binding sites for sequencing
primers which permit sequencing of the insert DNA on

opposite strands.

30 A disadvantage of this approach is that it requires
time-consuming cloning of the DNA templates it is desired to

sequence into an appropriate sequencing vector.



is not straightforward, and thus the sequencing runs are 10 | ess than
optimal unless the first primer is conpletely bl ocked. WO 98/ 44151
and WO 00/ 18957 both descri be nethods of nucleic acid anplification which
allow amplification 15 products to be4inmmobilised on a solid support in
order to formarrays conprised of clusters or "colonies" forned froma
plurality of identical imobilised polynucleotide strands and a plurality
of identical inmobilised conplenmentary strands. The nucleic acid nol ecul es
present in DNA colonies 20 on the clustered arrays prepared according to

these metHods a0 R hptatee mRcSdfient?ty reactionsempbrtexanpl e
as descr i fech 1 MO.QB/ 44152 Bt L0 a0l Yo e si gl e eegueoei ng read can

be obtained fromone type of immobillsed strand in eac ol ony. 25 Summary
of the i meptemning primdmwes priederth i envdntof stimvieerelat @pédagmert hdd f or

ai red-end, or,_pairwse,_se nci n f doubl ezstranded pol ynucl eot i de
bonpl at o9 % | FRTTHRTIY dbUBHESLE T anidl 0 FEpp ot 25" Y cRBrrd onc erTarbred
arrays, stedhrisgidse wheserd bedy-hesedd. tddent@idr pat r ik sges€84ENEI Ng refers

to a pair of reads _obtained by sequencing two distinct regions, 6 either
on the safelBRAFH-OC the IRVWPEPRNEERTY e AP 0P L 2 tRARgEECPEAGnuc] eot i de

dupl ex. i | i i ht. ) ible L N, Ewo

i nked ot@[%ateégee'rg{ ? g?%ee%&genic@%%%rha%i%%%#g%feg%ht%gugpie@%t?%nded 5
t enpl at e artacholarst eredclas rayray at her than just a single sequencing read as
can be obtained with prior art nethods. According to the invention
there is provided a nethod for pairw se sequencing of first and second

regi @os of a b tar@eto e eisdsansied Pahenisd epdi dgoupherehfegai d first
and second regions are in the sane target doubl e-stranded pol ynucl eoti de,

t he met hotPEerting mf 2 (ROl yprevlehda B0 kRsppoleh havh nge i anpbledsed
nor o, S Wialy Lola vl ot sy iaipl e, POLYCLERS| eroaten 15
solid suppdrtiditsdthieinr &f temolsor more primers to a target

polynucleotide in a single primer hybridization step.

15 Following the hybridization step, all of the primers
hybridized to the template are blocked except for one, which
has a free 3' hydroxyl group which serves as an initiation
point for a first sequencing reaction. Sequencing proceeds
until no further chain elongation is possible, or else the

20  sequencing reaction is terminated. Then one of the blocked
primers is unblocked to give a free 3' hydroxyl and a second
sequencing reaction is performed from this initiation point.
Thus, the template remains intact and attached to the solid
support throughout.

25

A major drawback of this approach based on
hybridisation of blocked and unblocked primers is that if it
is desired to sequence two regions on complementary strands
of a double-stranded nucleic acid template then it is

30 necessary to hybridise primers to both complementary strands
of the template in a single hybridisation step. Since both

strands of the template remain intact and attached to the



(b) treating the plurality of double stranded tenplate pol ynucl eotides to
denat ure sai d doubl e stranded tenplate pol ynucleotides to facilitate
hybri di sati on of a sequencing 20 prinmer; (c) hybridising a first
sequencing prinmer to one of the tenplate strands generated in part (b);

(d) performng a first sequencing reaction by sequential addition of

nucl eotides to the first sequencing priner to 25 generate a first extended
sequenci ng priner and determ ne the sequence of a first region of the
target polynucleotide in the first tenplate strand, (e) renoving the first
ext ended Sebi@rUERPHEi nerL¥idhsatbpn (o ; tBO(PFLRGDF i BP sFaghatsecond
sequenci n i t o. tr S, ) performng a
second sé%% ﬁ%?%%sfgéc |%né%@$§%%§g%%?%fa§dwl??o%e€$9%%%¥e%?ides to the
second segqueswcouncplpre nmexgd ngenfoatat bosechnal éxp baxleldy sequeating pfi nmer
and determ ne the s%gfence of a second rggion of t

e target 5
pol ynucl e0tF de’© VIRt FeRt 2F i AFFRdhel eﬁ%%n%%@pﬂ?t?hegf%P%Fhﬁﬁd second

regions ofrdigadiargetepol youg! egtégdey pehi gy eshdai £ sg18€RULHCHLATLRE said
first and second regions of said target double-stranded pol ynucl eoti de.
101 n one Ehbydinmieer ble? e kieansededneirg orf gipal spebyaurt éBer deT@apl ex

remal 1 LR S 0T duios REGEPY o uh Do G [ SLeks sEqueRceseare used to
generate each of the Sequencing runs. eps ( an €) may Involve a
t her mal oaprhierd tciadn teat sretitas ucdmasa D. df Misodp nimbydr 6xbdethe Bdadenat ure

t he surface bound doubl e stran e&ﬁﬁgl nucl eoti des. |n, anot her enbodi nent,
n o}

t he targéF5&§ﬁﬂ§¥¥ﬁ4%ﬁﬁﬁﬁFYﬁﬁ ( Fge WS AP be pYepdr@d?Stich that it
cont aipns Aes LG Ap kNN SeOkeCENd NE £F DRl pE Ond W01 § egbRPSe oL 1 ynknown

blocked.

WO 98/44151 and WO 00/18957 both describe methods of

nucleic acid amplification which allow amplification

15 products to be immobilised on a solid support in order to
form arrays comprised of clusters or "colonies" formed from
a plurality of identical immobilised polynucleotide strands
and a plurality of identical immobilised complementary
strands. The nucleic acid molecules present in DNA colonies

20 on the clustered arrays prepared according to these methods
can provide templates for sequencing reactions, for example
as described in WO 98/44152 but to date only a single
sequencing read can be obtained from one type of immobilised
strand in each colony.

25

Summary of the invention

The present inventors have developed a method for
paired-end, or pairwise, sequencing of double-stranded
polynucleotide templates, including double-stranded

30 templates present on clustered arrays, such as those
described herein. The term pairwise sequencing refers to a

pair of reads obtained by sequencing two distinct regions,



20 sequence. The known sequence may contain a recognition site for cleavage
with a restriction endonucl ease. Cleavage with a restriction enzyne woul d
result in two separate polynucl eotides, each inmobilised through the
5'-end. The two pol ynucl eoti des nay then be subject to denaturing 25
conditions, resulting in two single stranded pol ynucl eoti des i nmobili sed
through the 5" -end. Each single stranded pol ynucl eoti de can be sequenced
sequentially to give two separate reads fromthe one original target 30In
anot her enbodi ment, the target doubl e stranded pol ynucl eotide may again be
pr epar ed Sty Hit ﬁhec%ﬁﬁ%i%%r%n¢e@¥o%h%fCQWE%@W%%E@EﬁC%tFﬁ@@rﬁglato t wo

regions of, uAknaun & oRAUENGs aBPe£nd liddiechaTRbELbed o ynuc eot i de

may be cle e surface, and the resulting polynucleotide
denat ur edinvidret resul t and songllel st tandete pol ywmocl eokeédeor apehoeed via the

5 -end contains two distinct regions able 5 to hybridise a sequencing
primer; and 4 éﬁﬂﬁuﬁ%ﬁebﬁn%%g%?ﬁéﬁni r%%q%%ﬁ%e.O%Pi%fsgﬁgEa?gtion of the
figures Hagred shonwscpusehesatisrdy) usdtindt obhoh dupei sediggde 10 read.
In this procedure a first oligonucleotide (oligo 1) is hybridised to a

t enpl at e IFURNGEHIISTRAIY P dCaB et PP avith sprieyuehti RgtheAS(run 1
singl e base sequencing cycles). Adigo 1 is then stripped second pri ner

(oligo 2) hybridised tenplate and used to
According to the invention there is provided a method

for pairwise sequencing of first and second regions of a
10 target double-stranded polynucleotide, wherein said first
and second regions are in the same target double-stranded
polynucleotide, the method comprising:
(a) providing a solid support having immobilised thereon a
plurality of double stranded template polynucleotides each
15 formed from complementary first and second template strands
linked to the solid support at their 5' ends;
(b) treating the plurality of double stranded template
polynucleotides to denature said double stranded template
polynucleotides to facilitate hybridisation of a sequencing
20 primer;
(c) hybridising a first sequencing primer to one of the
template strands generated in part (b):;
(d) performing a first sequencing reaction by sequential
addition of nucleotides to the first sequencing primer to
25 generate a first extended sequencing primer and determine
the sequence of a first region of the target polynucleotide
in the first template strand;
(e) removing the first extended sequencing primer from step
(d) 7
30 (f) hybridising a second sequencing primer to one of the

template strands; and



fromthe to a prine a second sequencing run (run 2, single base sequencing
SBS through 25 cycles). The result is two sequenci ng reads obtained from
different positions within the sane tenplate. 20 Figure 2 shows results
from sequencing reactions on a mxtur@ of five different tenplate sequences
anplified to formclusters. Figure 3 shows results from sequencing
reactions. The 25 i mages shown are generated from A incorporations. 92% of
the run 1 clusters align with run 2. >99% are detected in run 2. Figure 4
shows a schematic of nethods for constructing 30 pol ynucl eotide nol ecul es
wi t h know)s &ieienised v e?e CTkG oS senrEing ke a G| Iy r asareetidh enzynes

are used B, i gpﬁ r= ts = \Vec e the 9
central réeogqlg?ll%egémigrﬁlcfsﬁe %gin%%e%ﬁgt%ée@ér?ﬁg%%ﬁgﬁélégcg)gé%]?M? igure 5
shows a spdenmEitie ofsambiddsxfendedt squanaignpapraded arddsedérhdmg unknown
pol ynucl eqoti de regi ons w t hout qﬁh@g restriction _enzynmes. Figure 6 shows a

schemati -6t P Pord pF Pt R W 1D BBTAFh a paired read from
the two el fciaeddidd A0Medte Ph @dWetRNYAy dhe sBGhedcusesrarhéotinyl ated

adaptor to isolate circularised inserts conprising the adaptor. The
circul ar finsdr tandtarecdt ROtIrAVved thrl faeveturaryredlasihdgea furt her

adapt or ié‘énhoiecx}ésc'peasixqﬂ‘;isgémééc?ﬁeééfr?g COPTAL P Ng; Y0 AURPLOLo L&Yl ons. The

circles ca
regions of said target double-stranded polynucleotide.

10 In one embodiment, both strands of the original
polynucleotide duplex remain immobilised, and two primers
with different sequences are used to generate each of the
sequencing runs. Steps (b) and (e) may involve a thermal or
chemical treatment such as 0.1 M sodium hydroxide to

15 denature the surface bound double stranded polynucleotides.

In another embodiment, the target double stranded
polynucleotide may also be prepared such that it contains a
region of known sequence internal to two regions of unknown

20 sequence. The known sequence may contain a recognition site
for cleavage with a restriction endonuclease. Cleavage with
a restriction enzyme would result in two separate
polynucleotides, each immobilised through the 5”-end. The
two polynucleotides may then be subject to denaturing

25 conditions, resulting in two single stranded polynucleotides
immobilised through the 5’-end. Each single stranded
polynucleotide can be sequenced sequentially to give two

separate reads from the one original target

30 In another embodiment, the target double stranded
polynucleotide may again be prepared such that it contains a

region of known sequence internal to two regions of unknown



15 be anplified using prinmers selective for the first adaptor to nake a

| inear tenplate suitable for anplification. Figure 7 shows a schematic of a
nmet hod for preparing a sanple to obtain a paired read fromthe two ends of
a 20 fragment of any length. The nmeth8d uses a biotinylated adaptor to
isolate circularised inserts containing the adaptor, the circles then being
fragnmented and treated such that the ends al so conprise adaptors that all ow
subsequent anplification and sequencing. 25 Figure 8 shows a schenmatic of
the nethod of the invention wherein the central known region conprises a

site for sep@ndeul@re rasxd rektlilvh leweghvel 1 agbre ek vat ke tife Hnaneoe

restricti e ing r.e Cc i e
central r%&ag%z%;&%iv%n%%fg%%r a%nncgﬂﬁée. a{%@gﬁ iél(?g%%?ﬁ&g{r?e&%ead can
be obt ai chdturadkacthestrand dnt helngios t i aedkdupbexnucl€oEidey e 9 shows
a schematic for the preparation of a sanple suitable for obtaining a pair
of reads %?C}%Pq%cgdﬁ]@ﬁttkg? in’jﬁ@%r@qrhta]ﬂ% R '%n%%sﬁﬂgbﬂn%nﬂ?f? ying the
fragmgnt st yir1 5 & LON Fd disch &IINS - Bhe TR 4 thes eBYaddthoguséng a | ow

| evel of nodifications that allow the fragnents to be randomy cut (i.e.

cut wher ektaimsd |iharguen¢andonl y inserted). The cut fragments can be
religated into circles and anplified such that the two ends of the original
PCR fragnments are joined 10 together with the central bases excised. Figure
10 shows Brisshelsd¢rigtion hef prlepaf sdumss of a sanple suitable for obtaining
a pair of_reads of a fragnent oF’any,Fquth. The npthod |s based on

oxi di si n_f’t%e‘gdarﬁhr%”%a%e%di@me% HoW TRt L9 Phe? RFHFRATSRANDI e,
E Qeggl@y IS PAUC NG d QY4 8@ r OFa RO CaE 1 Asud @bt Bhé oveiDgofLpgment s

is hybridised to a template to be sequenced and used to

prime a first sequencing run (run 1, single base sequencing
SBS through 25 cycles). Oligo 1 is then stripped from the
template and a second primer (oligo 2) hybridised to a

15 different region of the same template and used to prime a
second sequencing run (run 2, single base sequencing SBS
through 25 cycles). The result is two sequencing reads

obtained from different positions within the same template.

20 TFigure 2 shows results from sequencing reactions on a
mixture of five different template sequences amplified to

form clusters.

Figure 3 shows results from sequencing reactions. The
25 1images shown are generated from A incorporations. 92% of
the run 1 clusters align with run 2. >99% are detected in

run 2.

Figure 4 shows a schematic of methods for constructing
30 polynucleotide molecules with known sequence between unknown
sequences, wherein restriction enzymes are used to make

ditag sequences (vector-target-target-vector) where the



randomy cut (i.e. cut where a guanine base is randomy oxidised). The cut
fragnments can be religated into circles and anplified such that the two
ends of the original PCR 20 fragnents are joined together with the central
bases excised. Figure 11 shows a schebatic for the preparation of a sanple
suitable for obtaining a pair of reads of a fragnent of any 25 length. The
nmet hod i s based on oxidising the guanine bases to a low level in the
original sanple, thereby introducing a low | evel of nodifications that
allow the fragnments to be randonly cut (i.e. cut where a guanjne base is
random y eSatdisded)e9ian (PREWRRR orlig drtRteNiyRed e rEraemere £t open 30
usi ng an gnzyne; that renoves the 8-oxo guanine bases, then only the ends of
the target fragnents renmain attached to the vector. A new adaptor sequence
can be attached to reclose 11 the polished ends, producing a fragnment with
two know ends fromthe original, vector, two.ends froma target fraggent
and a cerMt'Et*S%da rpbc%wsseaqu%%l%n}a He ?fa%%}h?d%aﬁoﬁeéﬁ%]é% Iiuzlg% ) 12e8

anpl i Bi catd Qs Ust MR | UBESow® N Byt Bd & 1 @ Srddieorndsi Bhotheuorhgi nal
vector. Figure 12 shows the structure and sequence of an exenplary double
st randed TINA RigHp At €UBEHF or sol i d phase anplification in the
acconpanyi ng exanpl es. Sequences of the 10 anplification prinmers P5 and P7
are shown in bold type. Detail ed description of the invention 15The

i nvent i orfjmume desslnetdhadss ¢loemsteeent i agne Wood efp onsrepaninar get

doubl e- stranded pol ynuc) eotide, tenplate, _referred to herein_as the first
and secortfH dﬁ% %/%Fagé@@%%rﬁ%?ﬁﬂ?%nth%htéw?i?%‘fls ahfl fecond regions
for gsequencemdsterdd naty onedd€n i thermoOm dd ey SS8es Sh1ahthyPstoa 20

conpl ement ary strands, of the doubl e-stranded pol ynucl eoti de tenpl ate,

whi ch ar edaftery e tis derled nckeeplatisrd ylngert e seompel seegntheenpl at e
strands. Q&Eﬁé%fﬁtﬂﬂglé%%éﬁléPriﬁ£§%@§t&£9 @ﬁeﬁrﬁé'gfggéégnahé

recircularised using a further adaptor into circles of
smaller size containing two adaptor regions. The circles can
15 Dbe amplified using primers selective for the first adaptor

to make a linear template suitable for amplification.

Figure 7 shows a schematic of a method for preparing a
sample to obtain a paired read from the two ends of a

20 fragment of any length. The method uses a biotinylated
adaptor to isolate circularised inserts containing the
adaptor, the circles then being fragmented and treated such
that the ends also comprise adaptors that allow subsequent
amplification and sequencing.

25
Figure 8 shows a schematic of the method of the invention
wherein the central known region comprises a site for a
particular restriction enzyme. Upon treatment with the
restriction enzyme, two sequencing reads can be obtained

30 from the central region of the amplified fragments. More
specifically, one read can be obtained from each strand of

the immobilised duplex.



the provision of a plurality of tenplate pol ynucl eotide 25 dupl exes

i mmobilised on a solid support in the formof anplified clusters as

descri bed in W9844151 and WO00018957, whose contents are incorporated
herein by reference. Each of the dupl®xes within a particular cluster
conprises the sane doubl e-stranded target region to be sequenced. The 30
dupl exes are each fornmed from conplenentary first and second tenpl ate
strands which are linked to the solid support at or near to their 5 ends.
Typically, the tenplate 12 pol ynucl eoti de duplexes will be provided in the
formof a clustered array. WO07010252 al so describes a nethod of reading
both the fJ n gﬂg& S n f uske suffers
fron1tkma%%i%%%g%gg%§9 H%téon gﬁf %6 egé?r%ﬁ g?ﬁgég%hég %s?gﬁﬁége
sequencedsuﬂ%ébl@iﬁ@mishﬁslthgsagpairlofensady of ahérsgqaehcoﬁgangads

The met hodol ogy d bed |lows th Ly all
of the CoFREtiut BREIPSEhanLF rbRdeh o JSTBH ENaot Fer el P8 200 Pr Bbhes a

si gnals of ; g5 &t £51 1484 easblytt BaNquhe, pEe¥Los 1Rt hedabogy. aThos peoperty of
t he present net hodol ogy confers greater sensitivity with respect to signal

detectlonOﬁﬁdb@@éﬁ@ath@mSIbhgéra badsteanfpeompihsnba PeorpBAAILEr CBFust ers
than the prior art e i 0. I t fta of
noleculespie g. nch%gzgaglgg%gii ngélléng%%%%$?§ %ﬁgegéﬁﬁs %HQEEPFlsed
and "at t atheghiet € @&ﬁdbéntélﬁ@aﬂgeabhyohetebheandnbobmpﬂéfmedasechntended
to enconpass direct or indirect, coval ent_or g coval attachnegt

unl ess i ndieat Bye 2B ot peddi S8, t@?tﬂé%géQ%ilgp?l r69m89%80ﬁF8XQOlPﬁ certain

embogigrent § @Eh%]f'ewif‘k\{e{'ﬁéOBeﬁ‘é}_‘éieB&séEtéﬁ@ﬂﬁ‘@&i may be preferred, but
general ly a ? I's required is that the nolecules (e.g. nucleic acids)

remain |nnDb|I|sed or attached to the support under the conditions in which

et 3122 SPRSBECTo | Rotse A ECAHRROLE, cher cExaPPL e 05300 Leat aagngauir

FeatPon &h sequenci n ments of
t he i nvengi DhapBy ﬂ@keobﬁglﬁingohlgaﬁupp@rtsadenpfiaedrebmantinérany
substrate or matriXx g | ass_ sl i des, polymer beads etc |%h i S been
length. The method is based on oxidising the guahine bases

15 to a low level in the original sample, thereby introducing a
low level of modifications that allow the fragments to be
randomly cut (i.e. cut where a guanine base is randomly
oxidised). The cut fragments can be religated into circles
and amplified such that the two ends of the original PCR

20 fragments are Jjoined together with the central bases

exclsed.

Figure 11 shows a schematic for the preparation of a sample
suitable for obtaining a pair of reads of a fragment of any
25 length. The method is based on oxidising the guanine bases
to a low level in the original sample, thereby introducing a
low level of modifications that allow the fragments to be
randomly cut {(i.e. cut where a guanine base is randomly
oxidised). If the vector-target ligated circles are cut open
30 using an enzyme that removes the 8-oxo guanine bases, then
only the ends of the target fragments remain attached to the

vector. A new adaptor sequence can be attached to reclose



30 "functionalised", for exanple by application of a |layer or coating of an
internmediate material conprising reactive groups which permt coval ent
attachnment to bionol ecules, 13 such as pol ynucl eoti des. Exanples of such
supports include, but are not |imtedlito, polyacrylam de hydrogels
supported on an inert substrate such as glass. In such enbodinents, the

bi onol ecul es (e.g. polynucl eotides) may be directly 5 covalently attached
to the internediate material (e.g. the hydrogel) but the internediate
material may itself be non- covalently attached to the substrate or matrix

(e.g. thehg oxeliird rendy, mreAYekRg "2 ol ERentat vAERNEYWP kBOWN sePiy
support" i i t ordi S o] i 1S type of
arr angemafn O.J‘ deee é%sge%/\ﬁf %‘éejc’g%%hrgﬁg%%d%hfefé}ﬁi ?Fg%%ggd%??&ﬁr&%?tér ences
herei n t ;arad pardercttal adepedr sequeseguehice fmygmeependnngeon t he cont ext,
also refer,to nucleic acid nflecules whj ch conprise the. nucleic agid
Sequence. L GRABIET GBI B} o HeA TS 1V aGer - HEGFS EHAPLATFRAAT B! P he
chrongl ogial i gesr of nbasesgisaest@btbshed. The bases do not, however,
need to be contiguous, nor does every base on the entire fragnent have to
be sequenced. The foll ow ng passages describe different aspects of 20 the
i nventi ongj e i C f I nyenti nbi ned
W th anyrﬁéﬁggg:@%e%?gﬁéa%é%e%?gg%?§€§eé?%v%%gﬁ%ﬁgﬁnpgsgﬂcggé?ggaggdicated
to the codulsly.sttandad t DN aemp Baye fesdédr 8ot ndotatieghasebei ng parti cul ar
preferred or_ advant ageous nmay be conbi ned with angéother 25 featgrghgr

feat ures 3T EEEGRIE LN bR NP PaR EFCTPARY 1Y P T FRUCDr 28FUREEHELS

The t@r Mt Bf B8La PUGHh b £1AEES BSOMRACET . ard a5H6Hn NYR! @bgdaﬁygemﬂ ecul e,
"target nucleic acid" and '"target nucleic acid fragnent' may be used

i nterchangeably to refer 30 to nucleic acid nolecules that it is desired to
sequence on an array according to the invention. The target nucleic acid

Detailed description of the invention

15 The invention provides methods for sequencing two
regions of a target double-stranded polynucleotide template,
referred to herein as the first and second regions for
sequence determination. The first and second regions for
sequence determination are either on the same strand, or on

20 complementary strands, of the double-stranded polynucleotide
template, which are referred to herein respectively as first
and second template strands.

The starting point for the method of the invention is
the provision of a plurality of template polynucleotide

25 duplexes immobilised on a solid support in the form of
amplified clusters as described in W09844151 and WO00018957,
whose contents are incorporated herein by reference. Each
of the duplexes within a particular cluster comprises the
same double-stranded target region to be sequenced. The

30 duplexes are each formed from complementary first and second
template strands which are linked to the solid support at or

near to their 5' ends. Typically, the template



may be essentially any nucleic acid of known or unknown 14 sequence. It
may be, for exanple, a fragnent of genomi c DNA or cDNA. Sequenci ng may
result in determ nation of the sequence of the whole, or a part of the
target nol ecule. The targets can be derived froma primary nucleic acid
sanple 5 that has been randomy fragnented. The targets can be processed
into tenplates suitable for anplification by the placenent of universal
anplification sequences at the ends of each target fragment. The targets

can also be obtained froma primary RNA sanple by reverse transcription
into 10 dONAnucleotide i aiGeiiily Re RISt yructrdtiofe™ ekfers to

deoxyri b(qu%teé'rreogcgrq:a(PNA), but where appropriate the skilled artisan will

recogni se that the nmethod nay al so be applied to ribonucleic acid (RNA).
The terns sholad HE 0 Airderes tdmmt tiddand ude;had efuissdieng shomatiogs of

ith de f |l.eot i.d | d .t licabl e t
Singl ¢ sty At LUt Y SHL e d Yoo SR UET B S T anded
pol ynecl eatsifdas fidign t@ldNdis dsath thef€ithal sthiepaupasses iNmdd hiat i

conpl ementary or copy DNA produced 20 froman RNA tenplate, for exanple by
the acti GG GFlelaisse atarmRIugncase. This dimjaigthemryheoi et eoti de

nol ecul es; Jmy Ord.Qi 1atg, d ingﬂ - r&;@ %(]_.@ESQE@ f ; om ¢
DNA fragmnts,sqﬁdé%d;ﬁéén&l |ca01§il§1 product’s and the ?llcﬁi%n%%%{sl%€ have
or i gi nat éxrienrsialgloevss tirhen dedyfearann g so DN sorn tRINA, 1 yaredl beeh Cosverted to
dsDNA form_ ,B of .ex | e, .MRNA nol ecul es may be copigd into

doubl e- st5° egqmg%ﬁﬁsc%lﬁ % anoreéligg G Stq‘?er'ne%/rf%gﬂbeflp‘?ﬁ%r? nvention using
st angar d drehiictues siefda Ky ddnddie densig, piest sensesrencsuo#f 30 the
primary pol ynucl eoti de nolecules is generally not nmaterial to the

i nvent i ofetdwdld®mobe Kiovih ReroRAIKIIOWE this present methedeledy ar

erbonl e Ty, BT RRLAUSLAY) 08 1P Sl 0 DN Spbl s o

genetic and ﬁeans that longer reads can be obtained from smaller
clusters than the prior art.

15 When referring to immobilisation or attachment of
molecules (e.g. nucleic acids) to a solid support, the terms
"immobilised" and "attached" are used interchangeably herein
and both terms are intended to encompass direct or indirect,
covalent or non-covalent attachment, unless indicated

20 otherwise, either explicitly or by context. 1In certain
embodiments of the invention covalent attachment may be
preferred, but generally all that is required is that the
molecules (e.g. nucleic acids) remain immobilised or
attached to the support under the conditions in which it is

25 intended to use the support, for example in applications
requiring nucleic acid amplification and/or sequencing.

Certain embodiments of the invention may make use of
solid supports comprised of an inert substrate or matrix
(e.g. glass slides, polymer beads etc) which is been

30 "functionalised", for example by application of a layer or

coating of an intermediate material comprising reactive

groups which permit covalent attachment to biomolecules,



conpl ement of an organism and are genom c DNA nol ecul es 5 which include
both intron and exon sequences (codi ng sequence), as well as non-coding
regul at ory sequences such as pronoter and enhancer sequences. In an

enbodi ment wherein genom ¢ DNA nol ecul3es are used, genonme-w de anal ysis or
anal ysis of the entire genone may be achieved. It is, 10 however, envi saged
that particular sub-sets of polynucl eotide sequences or genom ¢ DNA coul d
al so be used, such as, for exanple, particular chronosones. Yet nore
particularly, the sequence of the primary pol ynucl eoti de nol ecul es is not
known. SLi t ' rly BEi GREY BapbyBuekeahtdadspl ecul es
are huna%ﬁ%%n%ﬁi%8%*ﬁgﬁg%%%ﬁ?%§. T%égﬁgﬁ%?arget nDIecEFes may be treated
cheni cal byt carenzytatinat e, teit hetyperptanddeohydupgedae SEPPETERY r andom
fragmentati on process and prior to o bseque o] i Lon of the
adapt or 8@qﬁ%n£@§? Zﬁgéﬁﬁﬁﬁg?rSﬁﬁén?gtg%%ggéfe?g Fgcbhghggggﬁggﬁgfion of a
pol ynucl epti geci®l 864l €si Neaghopodytatedot adbspnmby eerzydaeictlycheni cal or
nmechani cal nmeans. Such fragnentation netho are known iin the art and

ds )
utilise soupdardliethbashedakBr 5BR aRECKUSSERFS NBIELIRAr (@ 8ni FGS A
Laborato%ydgé Q@g“ﬁ%t EﬁérQnEQEﬁEemgteFﬁétéagaiaﬁ@ ofi tgkard by, ngarer ating
agn%nt of a g

smal | er arger piece of nucleic acid via specific PCR

anpl i fi cabirahentlguehtanhkbekof kagnenbsticetrobregait¥akere -to h&nmenti ng
the larger piece of nucleic_acid becquse the. larger, piece.af nucheic acid
sequencegﬂ@gﬁiﬁEngrége5ntag e(g?ém, F?Vﬁ% %Frgégéﬁpgﬁggyt?hg %é&

anpl i ficatibpB)t"MpEee¥epe handeprbragnaptatidongly desicgretprssingduce
fragnments 1rrespective of the sequence identity or position 16 of
nucl kbt i Hbéscorpei sfngrapageredrroundi ng the break. More particul arly,

random fragmeplation s aphhered By wRchaRicaldreansicsyChers askuld sation

or sonication and pro ragnments of about 50 base pairs in length to
about 158@rBihase papasticulemghinclstic kcior &egarenicsument,y SR Hase
pairs in length, yet nore_particularly 50-4Q0 base, pai.rs.. ] th. Mbst
particul&PIF,etﬁ8¥ﬁﬁﬁﬁodaﬂ§ou§§&eFotﬁéﬁ@? eécéﬁﬁﬁﬁeﬁ'r%%%%#%s ot From
50- 150 basgeRaiskStha hardkhc Eaanerigakner .0fpplanuicieall de tuoedul es by
mechani cal fo means (nebulization, sonication and Hydraqoshear for_ exanple)
resulis ifmabmegtrencsnd thad Ret@asyeiediis A B UARE laiF 9L And

5' -overhangi ng.ends. Lt .i_s _thergfor Sigabl 8 t e JgRAIY t r t ends
usi ng ne%ﬁ%&g or ﬁFng é&cedés teek%ﬁ%%ggﬁ %ﬁ%'tg¥%inaf%rrgﬁgféggg?$ Kit)
known i ndohe igibul) hdrgeesateseayd baskatorartdeomritiale fioradmedr thaoig f or
exanple, into blunt sites of cloning vectors. In a particular enbodi nent,
the frag#enteef@SU6PCERe popul ation of nucleic acids are blunt ended. More

particul arly, thhe fyagmEply ¢Rds Rl Rldsriended mrd-phospisoatedl. The
phosphat e noi ety can
20 the invention in greater detail. Each aspect of the

invention may be combined with any other aspect or aspects
of the invention unless clearly indicated to the contrary.
In particular, any feature indicated as being particular,
preferred or advantageous may be combined with any other

25 feature or features indicated as being particular, preferred
or advantageous.

The terms ‘target nucleic acid sequence’, ‘target
nucleic acid molecule’, ‘target nucleic acid’ and ‘target
nucleic acid fragment’ may be used interchangeably to refer

30 to nucleic acid molecules that it is desired to sequence on
an array according to the invention. The target nucleic acid

may be essentially any nucleic acid of known or unknown



20 be introduced via enzymatic treatnent, for exanple, using polynucleotide
ki nase. In a particular enbodi nent, the target pol ynucl eoti de
sequences are prepared with single overhangi ng nucl eotides by, for exanple,
activity of certain types of DNA pol ylerase 25 such as Tag pol ynerase or

Kl enow exo m nus pol ynerase whi ch has a nontenpl at e- dependent term nal
transferase activity that adds a single deoxynucl eotide, for exanple,
deoxyadenosine (A) to the 3' ends of, for exanple, PCR products. Such
enzynmes can be utilised to add a single 30 nucleotide 'A" to the blunt
ended 3' séquéﬁdmw of m&yﬁbsxrfmmieﬂamﬁmexaageragméwhucfe@éhdmldupmaxes
Thus, an 'A_could be added to the 3' term nus of each end repaired dupl ex

strand 9% ‘H:?Nzihesq‘ﬁ%edb‘flrb%lWclf%%‘ﬂﬁel%@?@(r%n?ga%?|8 Weh Tag or

Kl enow exouBius HolpHenassie wWhbt si éi‘ﬁt asept 8 @Qfgéltlcxhspébéfecomér uct
could be a T-construct with a conpatible ' T overhang present on the 3'

t er mi nustafgeae ca dQ&)I@(rlr‘éfgﬁloﬁr@ﬁ qrmrum@mdﬁu@bm@r@md Fhinglend
Tod &1 catian g 50,01 PEN Frol L1 ALK, Of ot b vect ar candLar et such

that “there js & bias towar orrra e coO ned

adapt or -pjias@ged s s quene esempied t @sl $1€:Eti€§bl?@rtfd‘i)ﬁ a‘.xbfbbifliadafmoﬁr]agn’enés of any
10 length, for exa&ple PCR anplicons_of 2-10 Kb or DNA clones isolated from
bact er i @ FCTRHEY d%fb]g‘f%%ﬁa o%WB&Je%fl%‘él?%r@%‘ﬁ‘ée%?sb%tth%eeﬁ’aésof

phosmi d gl £eul 68, Afear OrCh &P KBrios ék‘%g@tf‘éiscéirfl Basbepbabpapiplical

chromosonmes (BAC s)” of around 100- 200 The ends of targets derived from
such 15 &owr cep e fie RN usete Wy hoene fsagemt et bpttonobnhpn t he reads
fro thecﬁ%js of each unfragnented target, or the target nay be fragnented.
The traghented targets nmay be size selected, for exanple by gel

el ectrophor esis,uded G in A 110 reNIB 1 o TSl ¢ 1 Hoit 1 @87 opeEBEst apget
fragrrents Pai red 20 reads Oﬁ)aced t hroughout the sanple may be used as a
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or RNA made from nucleotide analogs and to be applicable to
single stranded (such as sense or antisense) and double
stranded polynucleotides. The term as used herein also
encompasses cDNA, that is complementary or copy DNA produced

20 from an RNA template, for example by the action of reverse
transcriptase.

The primary polynucleotide molecules may originate in
double-stranded DNA (dsDNA) form (e.g. ggnomic DNA
fragments, PCR and amplification products and the like) or

25 may have originated in single-stranded form, as DNA or RNA,
and been converted to dsDNA form. By way of example, mRNA
molecules may be copied into double-stranded cDNAs suitable
for use in the method of the invention using standard
techniques well known in the art. The precise sequence of

30 the primary polynucleotide molecules is generally not

material to the invention, and may be known or unknown.



30 invention, it is necessary to carry out sequential sequencing reactions.
To enabl e two separate sequencing reactions it is in turn necessary to
sequentially hybridise 18 to two different single-stranded regions to
serve as tenplates for sequencing. Fo¥mation of suitable single-stranded
regi ons for sequencing can be achieved by any of the ways described herein.
5 Sequential hybridisation The i nmobi |l i sed dupl ex contains two

conpl ementary strands, each imobilised through the 5 -end to the surface.
Denat uring the doubl e stranded pol ynucl eotide results in tw 10 single
stranded pol yinud eut 1 tdesyl &acdmivegaid et of tiy bp T dhaingeal dif¢eentde
sequenci n rier. Usi a fjrst. sequencin rimer_conplenentary 1o the

3' -end 6¥%§gu%ﬁstqﬁ§ cp%4$%ﬁ&%§' ?%ﬁwﬁ%ﬁ%ﬁﬁﬁéﬁ%?%g ?%%dpfﬁ%%%yobtained
from Onga&ﬂcyﬁd@&iﬁj@d@&noﬂéﬁﬁléﬁ%@@ﬁé%i Uth&adnthea Hendenatured; and 15

a second primer conplenentary to the 3'-end of the other strand can be
hybri di s&dp Feeerse e rd? rE 3ot Heol aRAne ¥ hefe bent @ et 8o+ 8Cwbeai n a second

run, aat P PRRST | fe %k?ﬁﬁ@or?ﬁ%ﬁ%ﬁ%%?{%}%&%%%”kE?é?in%he first run.

The denaturing treatnent used to i mobi ['1 se
pol ynuclsstidese)or asmyEl tde donstodbguencgnbe poryesegagnbesheatht o a

t t i f 95C hem | t t with d turi
Sl Ut 1 orf SRR O 1M ST Uy i ST S 5008 T G e RS SFoBC AT B

sol ut i onyenkiel & ML Nhd T BT & STBS Se Cadledl £NBE Mo PP | $841¢yiEngr25 the first
and second reads. |If the double stranded pol ynucl eotide_is designed to
cont ai n an&letfiehcel sEteceRverai CRRPHe P o 2@thevedandt the sequencing

2298 Ca T G SERUENL Al LELD L0g, Shupid of, he 1 ched =t rand
ni cked sdolanthalissmmt nde | st csedor anehaaic beNd| cocked aiserbehesédy st
sequenciNg rul BRI OTE LISRE eIt L0 S e ngsonds Stiapdbgeperformed. In
this casiGtheés: r example, p

particularly, the sequence of the primary polynucleotide

molecules is not known. Still yet more particularly, the

15 primary polynucleotide molecules are human genomic DNA
molecules. The DNA target molecules may be treated
chemically or enzymatically, either prior to, or subsequent
to any random fragmentation processes, and prior to or
subsequent to the ligation of the adaptor sequences.

20 Random fragmentation refers to the fragmentation of a
polynucleotide molecule in a non-ordered fashion by
enzymatic, chemical or mechanical means. Such fragmentation
methods are known in the art and utilise standard methods
(Sambrook and Russell, Molecular Cloning, A Laboratory

25 Manual, third edition). For the sake of clarity, generating
smaller fragments of a larger piece of nucleic acid via
specific PCR amplification of such smaller fragments is not
equivalent to fragmenting the larger pilece of nucleic acid
because the larger piece of nucleic acid sequence remains in

30 intact (i.e., is not fragmented by the PCR amplification).
Moreover, random fragmentation is designed to produce

fragments irrespective of the sequence identity or position



19 duplex is not denatured to allow hybridisation of a sequencing priner,
but the first strand is nicked to allow a part of the original duplex to
function as a sequencing priner and sequence the second strand. The second
read is 5 commenced by a nick of the ®econd strand of the duplex, allow ng
the read of the first strand. In this enbodinent, it is inportant not to
subject the array to denaturing conditions at any point, since during the
second read, the tenplate is only attached to the surface by hybridisation.
10 Cluster cleavage using a restriction endonucl ease The doubl e

st randedopalyaiied ebde slecoreppl ates Todpor seuseoquedtes bheubkesain Marget DNA
bet ween known adaptors at .the_ends of the sequences. However,.it.IlS

strai ght?Br vt 10t M5 TRINBI EERVEF 17 bt Ry T ethint Glige P¥ BoRleiict a

pol ynucl gotidesyher £s theperi satl 60 ar keomcsegbenandl pushgetsde sequence
splitting the unknown region in two. The tenplate pol ynucl eotide can thus

be repr epas Phvilgih RAowAseneRizs sipetehIbl LAKABAHLsElBRNCce, a

kno a r 20 _regio t her. dca_ cond end,
nor etn doTT e 45 o onEPr or R PR e B B O e T they
are not paitdern abghdgth pedyeormpre npatat getantmpbor40argeseppaies Lh t he

initial adaptor-targetadaptor-target-adaptors are subject to anplification
25 The i+ rAl %%ﬁge%%EEEE% aﬁgydeg?%ﬁﬁgt?ggcbﬁtﬁ?ﬁgtﬁB g@ﬂﬁ@%@?ng pri mer

sites; asnyeldr asrigméhest hat rabhovs-ss0usase selestiMelenthng of both
strands of the duplex, for exanple a restriction endonucl ease recognition

site, as showrrdgméngreeos. oSuphlyeseleetidn Bndoputreaby BacBagival30o two
anchore ol yn ' | e : ilised ' f the
ot adae. MR THRETH AT A AR A P b 2B, B8Pl ca
treat nentesuessl in nfragimémos 20thoa-covpregentany mirgbé binandedd

pol ynucl gotides imobilised in close proximty. Fach 8f thegﬁ nﬁn
conplene%tér@“%t?aﬁ%%eE%%nﬁéngeﬁﬁ%ﬁcegtu%?nbh%F? B8fenteségdenti ng priners

to give 130, {eadse deri ¥eentr oAt hes Pn§rhot R8ks PeLYRuUELeqthdr dYptex.
Constructi'on of the double stranded pol ynucl eotide tenplates with an
i nternal Lpzigen PMAi berpanaberperdoRepel byKithaknagnt he £hAdaktséd genonic

Ot DB oA DI A8 CABEALh 2B YEChBE1 A0 " Sl kRERELOH] CHLE" RARBREC!
into blunt sites of cloning vectors. In a particular
embodiment, the fragment ends of the population of nucleic
acids are blunt ended. More particularly, the fragment ends
are blunt ended and phosphorylated. The phosphate moiety can

20 be introduced via enzymatic treatment, for example, using
polynucleotide kinase.

In a particular embodiment, the target polynucleotide
sequences are prepared with single overhanging nucleotides
by, for example, activity of certain types of DNA polymerase

25 such as Taq polymerase or Klenow exo minus polymerase which
has a nontemplate-dependent terminal transferase activity
that adds a single deoxynucleotide, for example,
deoxyadenosine (A) to the 3° ends of, for example, PCR
products. Such enzymes can be utilised to add a single

30 nucleotide ‘A’ to the blunt ended 3’ terminus of each strand
of the target polynucleotide duplexes. Thus, an ‘A’ could be

added to the 3’ terminus of each end repaired duplex strand



10 the known sections of the circularised vector into the unknown region
using renote cutting restriction enzynes such as Ml or EcoPl5, allows the
central region of the unknown sequences to be renoved. EcoP15l is a type
[l restriction enzynme that recogni ze¥ the sequence notif CAGCAG and

cl eaves 15 the doubl e stranded DNA nol ecul e 27 base pairs downstream of the
CAGCAG notif. The cut site contains a 2 base 5 -overhang that can be end
repaired to give a 27 base blunt ended dupl ex. Under normal in vivo

condi tions EcoP15l requires two CAGCAG notifs oriented in a head to head
ori ent at iaoh Wre 2Gmyepogidleyrataleamsi dd dupe edouh) ered otainole dvioh etad e and

t hen theéﬁnz me cl eaves the duplex at gnly o of éhettwo sites. However,
under speciTAW ISR TR % SRt RS S n HHe S eh & B Phe anti bioti ¢
conpound gy IRRfUNGIL i(dRl HBh Satudnal1 H8DY T rihas when desired ef fect

of inducing cleavage 25 of a double stranded duplex at all CAGCAG sequences
present idPmPadddiencd’i irespEntg e ferHurerthy or i et en, ohseatiown by
Raghayen RaqQ {;Bi,0 | aphy, ) %m{gm: 200p; Se ;334 (3):803-11),
whi chgi sq{lﬂ)clgér por aélg!c? ﬁ%fglﬁé in ﬁstsﬁgn%cfre Y, 1ifowevesrS E%)%gt he best of our
know edgenodihfe asge cof 230 s ipysfwegt N, sedlr £ -alni gatal g uef thetleofed ot hend

preparation of ditag libhraries using EcoP15 or other type Ill _restriction
endonuc| &4d&€Y ssuﬁgb\ﬂk{ﬁ%sﬁi}“?ﬁﬁ epord dias %waar S g‘?@“% o?f Hth ol ecul e
can ei t helorf dedi nadhack dogatdiert 1:qydmkes hasidiad e nucl eotide ' di tag

sequence of type vector-target-target-vector, or an adaptor of known
sequence can Faiyseld nepdctcais ke spdceimadkgirorfiapeenehprhtans of type

vect op-tar ~adapt or - et - t as sho in figure 4 n ernative
way g? bﬁlﬁq}g’\ttr%lq thi's etxi/apé)QL of %’Cie)lir:lsat%rpulcjtacscfnsshto\époépgna al%éi?%u[?%é\i %Jgéd&?fr’ect or
nol ecul e iand dtdeghtfrcadapiciessr iontax esdieend, o lasy iexEd @uofeshiThe i S shown in

figure 7 where the fragnentation can be by the renpte 10 cutting

restrictitGF TS MY Hhdhq IS IR RIS P IRThES 25 REoveF et ifP fi gure

7. din tile HRPYAaE L Of 3 INA Lol al e AUmsd st &7 (pA@dyctspn and
SBS, two EcoPl1l5l sites and ot her known adaptor sequences were attached to a

ci rcul ar amstrar MiGH2 015 kEhe Tt getds erfudraoma s closievedt okfomt sucio t he

unkn target sequence, as. sho infiqure 4. The proximty of.t EcoP15I
oo e S B s ARSI LTS Lt S B QLI (ol B S5O0
into the dca@etf reeguenRcendhust add awingr rmignd &d i ir it 270 basiee sequences

of the unknown target .
target may be fragmented. The fragmented targets may be size
selected, for example by gel electrophoresis, to obtain a
narrow size distribution on the target fragments. Paired

20 reads spaced throughout the sample may be used as a tool for
de-novo assembly of a previously unsequenced sample, as well
as for resequencing a sample where a reference genome 1is
available. The methods described herein are suitable for use
with nucleic acid molecules obtained from any source, where

25 knowledge of the sequences at either end of the molecules is

desired.

In order to sequence two regions of a given target
double-stranded polynucleotide using the method of the
30  invention, it is necessary to carry out sequential
sequencing reactions. To enable two separate sequencing

reactions it is in turn necessary to sequentially hybridise



20 sequence. The use of two EcoPl15l sites at either end of the target DNA
fragnment, allows the renoval of the majority of the target sequence | eaving
two associated 27 bp fragnments at either end. A single sequencing read of
54 bases gives sequence information f8omthe two ends of the original 25
target, without the intervening bases. The construct of 54 contiguous bases
is an exanple of a ditag, as it conprises the two 27 base pair ends of the
original target connected together. This Ecopl5 specific ditag construct
conprises vector-target (27 bases)-target (27 bases)-vector. If the 30

ci rcul artdli tagsdaf fenemt | §iedlershrandedr segbaps eh@nEAFYSt 85t he vect or

regions, a |ljnear ditag construct priner-targe ) ot t (27
bases)-pﬁ?mﬁ%a?%sog?ﬁi%%%9en§§ngélig Frahteh 8%oéézg§§?§cﬁﬁgéggonstruct can
be aCCO”@HéMQdU§é<?90§§Qﬂ@ﬂC§§q@én@ﬂM | eagt besuthieiredt byoaegsafe
efficient closure of the circle, Anpli?ication using prinmers on either side
of the othgiwayscaessrileedi Nfrg§ilfe 5 copies of the desired pol ynucl eoti de
tenpl.ate. However, the length of the unknown region that can be generated
usi ng such di-tag nethods is limted by the availability of renpte cutting
restrictgeguenzyakshybxagpbesioh the construction of such a library using
restriction enzynes haye, been reported 10(Science : 09. no. 5741,
pp. 1728 - 178§ immobilpge oégngpr8aééﬁﬂa gWPaaéggigm%gkﬁr ocunented in,
for exampl e, Y0004 Z9R53,m¥B030444341n¥AQA180348  0£nUS2E06GNR02468bceThe
anplification of single nolecules of such ditags to produce a Qlu%tered

I

array whBeeahubonh tBestdpahds 6traacrdarplyPiedeqiprsx t&s&litfmdbi H"Sed, as
tau for the first ti t | n onf 1$i:@Rinkl cant
gﬂ{agglpﬂm?hs%rﬁPd%gngggépg §eBEEREQL LAVA EQF%bl% Rfre S 111 GA Nk

adv € to sinultaneously analyse a |arge nunber
of ditags efrdebtarestgsequengepramea.sisghg solfiid ssupsarenaisdeover,

inserting an 20 adaptor into the ditag allows four sequengi eads from
each t enpFatgrdgpme emﬁpﬁéFYtHSnt'ng FﬁBdrwgdgpeAﬁ %&F é%ﬁ%iicant

limitatigp of 4ari Q1 Rkt AMBEROES Clisigt Reatiedli HRMBRL alitieds & Hoas toriec tdifon
enzynmes, mﬁlcﬁ finit the |ength of the target sequences. The nethods
det ai | edther eitma@Bswhilth sde equencéggi rant kenuddedi beestanaltitsnliefes

P aghent & EREP"Eaf B8°CeldBRCOT= A S Cor NI vo Sour cach i CR s ch (o
gener at esih@nd can be hybridised. The sequencing protocol can then
be repeated to obtain a second run; at the opposite end of
the polynucleotide molecule of the first run.
The denaturing treatment used to denature the
20 immobilised polynucleotide, or remove the first sequencing
primer can be heat to a temperature in excess of 95°C, or a
chemical treatment with a denaturing solution such as 0.1 M
sodium hydroxide; 50% formamide or 8 M urea solution.
The sequencing primers can remain immobilised during
25 the first and second reads. If the double stranded
polynucleotide is designed to contain a sequence selective
nicking site on each strand, the seguencing reads can be
performed sequentially, using the 3’ side of the nicked
strand as an initiation point, after each strand is nicked.
30 The 5-end of the nicked strand remains immobilised, and can
be blocked after the first sequencing run, before treatment

to nick the second strand is performed. In this case the



30 desired constructs wherein the target pol ynucleotide fragnents are

| onger than a restriction enzyne cut site, which are of particul ar
advantage in the current invention, 23 is to ligate a |linear adaptor
sequence into the unknown fragnents t® forma circular construct. A random
shearing process such as sonication, nebulisation or exonucl ease treatnent
can then be used to generate |linear constructs 5 containing a central
adapt or sequence. The adaptors may be nodified with groups such as biotin
to aid purification of the adaptor-target circles or their fragnents. End

repair, foldouwed i raadaehsedien a1 angshipdi sdepsorofi &l generate a
circular product with two known and two unknown_10 regiong. Thif can_be
glged to low a

anpl i fi edsamiensing reristepr i bigk sthe Hohek aterame st
known- unknown- - -kn I i I .
nunberuoﬁxyﬁgfg?ﬁgﬁiqgﬁﬂ?ﬁ 5K 8&@1@9 yhuelgotide 18npl sbguedbeng are a

I'S technique, and the order of 'the steps is not
fixed. |tpisnantind pt@denbat thays¢ecmi susandedlhe generdt sead1bs

pol ynucl eoti de nol ecul e cont ai pi known end and i rna
sequence BREIMHRRGELWRY (hKkKhbSRh P g?@%ss%?o?ﬁtifg%?df%f gg%ﬁ@ﬁ%?%g'is
enconpassgth W idy ncider8£8pss ofné hei eok r eptahAventi ohisAevbolietyndf net hods
that may be applicable to this type of sanple preparation technique are 20
shown in it gis ebnporigany not 4o awelaat ThesarkeyhbasdaPratiéseri bed bel ow

in reference,to. the fig S pgureg. h ;A .S i f ho for
detern1ni?@ﬁ%ﬁﬁ%%ﬁﬁr%%d%ﬁgfp?g%g’u%ﬁﬁ%éngﬁgfgﬂugﬁgg?%ggngeaggﬁé gﬁ?hout
using 25 tespraedi Do enrynestaFhedtaogebei ssefase bmnhpbrifiosagskanpl e: PCR
anplicons, randonmy sheared nucleic acid sanples isolated from biol ogi ca
sanpliés (for exanple bacteria, viruses or other organisns), isolated

cl ones, léPE@{J?]fSCPéa§£QQe§SiHba§@Q§tr98@§8§1d§n@bn&6ye@tsber source 30 of
nucl eic acid that can beé ligated into circles using suitable adaptors. The

random y shearBuetdegels ahyahdeéndoiepufrtedtpiroESRBLRIEGSt FORPLILFSt he
sanpl e isséégggggéegf gﬁknown target DNA between known adaptors at
the ends of the sequences. However, it is straightforward to

15 wuse molecular biology techniques to construct a
polynucleotide where there is also a known region of
nucleotide sequence splitting the unknown region in two. The
template polynucleotide can thus be represented as having a
known end, a stretch of unknown sequence, a known adaptor

20 region, another unknown sequence, and a known second end,
herein defined as adaptor-target-adaptor-target-adaptor
constructs if they are not further amplified, or primer-
target-adaptor-target-primer if the initial adaptor-target-
adaptor-target-adaptors are subject to amplification.

25 The internal sequences can be designed to contain two
sequencing primer sites; as well as a site that allows
sequence selective cutting of both strands of the duplex,
for example a restriction endonuclease recognition site, as
shown in figure 8. Such restriction endonuclease cuts give

30 two anchored polynucleotide duplexes immobilised at the 5’

end of one of the strands. The immobilised duplexes can be

denatured by heating or chemical treatment, resulting in two



prior to ligation, then the fragnents nmay be size selected into narrow
distributions prior to ligation, or the fragnentation may be controlled to
achi eve fragnents of a narrow size distribution atound a certain size, for
exanple, 5 5 kb or 10 kb. The circul &0 constructs may be randomy
fragnented, again using a variety of techniques such as sonication,

nebul i sati on or hydroshearing. Due to the random nature of these processes,
the fragnents will be a m xture of those 10 fragnents that contain the
adapt or sequence and those that do not. The fragnentation process nay be

| ess randi1FONHETEREROF §inPhroteetaawlad oy aideon. Since the
sequence ; ;adapt. | 1S, kn , i be used to

sel ecti ve%noiﬂ(}?&et Dl%lg\{bc‘{lﬁ%érz J}pofxojti%gil S (ﬁﬂsfnﬁy?%eggen s 15 to the
adapt or reegipdremelrft atye girmarelnscar dofsasufdicidentsisigeditheyemt | | al so bi nd

the target sequence and protect the target fromfurther fragnmentation. The
prot ei ns SEENFDEG HgAEF JS r%“f%é:%%ﬁr?%e oL EoR ptor regions,

for ezanplre gisiang RigRudfotdderyyidei n conjugates. It may 20 be
advant ageous in such’'instances to use triplex form ng oligonucl eotides or

nol ecul es t hatCosdt Twiriadi s stheormifiuplteo st rhnsiask Palichieke pebie de nucl ei ¢
acid (PNA),..t C tr [,V int.o t pl.ex,_.Suit abl ec DNA bi.ndi ng
pr ot ei n’s\l% m hl'?11 é]-“lter“?clwl-jl e fgln '?L rdaﬂr%s%l?aﬁpt%lﬁﬂefg%egﬁs%n IR [L)%(? ypneerr%%re%ecgrb%t her
nucl ei ¢ ddiochtnmdi foyieng ererymniessd ojwrmmEtd If ergreasty i it ® e enzydesi sader e t he
site of binding has been nodified such that a cut is not possible. The size
of the aré&sYFot-Ectéd e G4 Afetdde kT 1 & prlotsetavae tayet

sequence truticiy e SR80 2A10Q hasas A1 sach end; of , thes adapt or

sequence. 25 The fragnents can be re-circularised using a second
adapt or B kseMal Fegsoentisalngy name ey pax tafnae inemi wrc twioms tenkiss s tshoge wit h

only the _se apt or,-and t.hose wi.t h both the fi.rst second adaptors.
Anpl i fi céa%i gjﬁ{%f %g %ﬁ%P&%r’claelgov‘(ﬁst \h%hﬁgr ISR S H @ foﬁdi}hee "frfq?”sqwrhdapt or
wi |l resuletquiemcampltiof beatreavaid oAb RITISE Cid dese that o @i g tdie i nt act
first adaptor sequence, and therefore only the desired products containing

t he consteﬂ?éff“eprt: et IF&P@é‘tléd%?pjtt&e- tSHHERGS Mt i JACHE Fnhi VeI n al |
exanps es tpReR us1kClse$ AR APUA WAL diRe 27 base pairs downstream of

the CAGCAG motif. The cut site contains a 2 base 5’-overhang
that can be end repaired to give a 27 base blunt ended
duplex. Under normal in vivo conditions EcoPl5I requires two
CAGCAG motifs oriented in a head to head orientation on

20 opposite strands of the double stranded molecule, and then
the enzyme cleaves the duplex at only one of the two sites.
However, under specific in vitro conditions in the presence
of the antibiotic compound sinefungin (Sigma cat number
58559) EcoPl5I has the desired effect of inducing cleavage

25 of a double stranded duplex at all CAGCAG sequences present
in a sequence irrespective of number or orientation, as
shown by Raghavendra & Rao (Biochem Biophys Res Commun. 2005
Sep 2;334 (3):803-11), which is incorporated herein in its
entirety, however to the best of our knowledge, the use of

30 sinefungin, or an analogue thereof in the preparation of
ditag libraries using EcoPl5 or other type III restriction

endonucleases 1s previously unreported.



anplification nethod may involve two priners as a standard anplification
reaction, or may be perfornmed by rolling circle anplification. In sone
instances two primers nmay be used in rolling circle anplification nethods
such that the 15 intital copies of thd circular tenplates are further
anplified. Figure 6 shows a variation on figure 5 wherein the initial
adaptors are biotinylated. Biotinylation of the adaptors 20 all ows sone or
all of the steps to be carried out on a solid support, or to purify the
desired fragnents when required. If the adaptors are ligated to the targets
as described db®vendheh@rah grlarula gan iitheptbeareined thatkn

nodi fi cat,j SQ. | readi ved. from.the m
nol ecul ese.o télee héeo g?ap{c :as a?gj%%a%%r;etoggl,({%ggln{%%e %élcﬁ%lgegr%%p on the
adapt or aypanwsressd cectt anyeaf- tdrey dtr-agrerdss, tdwmtarcardaptde ohiknadn adapt or
over those that do not. The adaptor, containing fragnents, can be |jgated
with a sSSPt tes hach ik aFaivé SHAFHhPITH QY W th B rRer s

speci §i ¢ Jrore the Jddidr-adapiar- seguence Lo dlke & dd nead Sl afe suitable
for further anplification and/or sequencing. 26 Figure 7 shows a variation

on figur €igusseriei mn e farppireneday raf dnidrding edties] Wypd @flapt ors such

t hat bot @o%réq:sru%‘ tihse tI i near, fara Tent.s 1:a.lrseeo[mdei fti erd. (;I'hicsufi rcunmvents 5 the
need for RrSecond it il afShtd o TeHE i“on, 1% Sntlljﬁ ary owt g

pr epar at ildnRyz0fe adxpisdrucinf dage adhptor -d:anmgeladaptwis dar get siastapt or .
Figure 9 shows a schematic for the preparation of a sanple 10 for obtaining

a pair oflf dddRI%S omhee itdten e e bl a tafee qiY diye | 69iREE  The
e ‘ L ; f
met hod | s hasied; o Amldd N dRgd 1 di ngtdqf%r} N %aﬁyf% lar%de 0

dUTP, thereby i'ntroducing a | ow’ eve ications t
fragnment eltsp bevearagbrilty frigurd .. cut where a uracil base 15 is randomy

inserted). The c fragnents .can b |i,gated into.circles and anplified
such t hat them%]eené)sr%ﬁaﬁ%eloﬁiogﬁerﬁﬁ I%ﬂ‘l?%raatgﬁfenﬁ%r 856t hed t oget her
Wi th the sreydcli ases] &89 ,satdio HedB 10 6 ik Shows ecrsehepmdie for the

preparation of a sanple suitable for obtaining a pair of reads fromthe

di stal efdSOra FGBRHPRIRS dfeimp itariad WA thStitr I hetF ¥of whth ni ti al

15 the target sequence in close proximity to the unknown target
sequence, as shown in figure 4. The proximity of the EcoPl5I
sites to the target sequence allows cleavage at a specific
position 27 bp into the target sequence, thus allowing
manipulation of 27 base sequences of the unknown target

20 sequence. The use of two EcoPl5I sites at either end of the
target DNA fragment, allows the removal of the majority of
the target sequence leaving two associated 27 bp fragments
at either end. A single sequencing read of 54 bases gives
sequence information from the two ends of the original

25 target, without the intervening bases. The construct of 54
contiguous bases is an example of a ditag, as it comprises
the two 27 base pair ends of the original target connected
together. This Ecoplb specific ditag construct comprises
vector-target (27 bases)-target (27 bases)-vector. If the

30 circular ditags are amplified with primers complementary to
the vector regions, a linear ditag construct primer-target

(27bases)-target (27 bases)-primer is obtained.



PCR reaction to introduce the nodified bases needed for subsequent

cl eavage. The nethod is based on oxidising the 25 guani ne bases to a | ow

| evel in the original sanple, thereby introducing a | ow | evel of

nodi fications that allow the fragnent® to be randomy cut (i.e. cut where a
guani ne base is randomy oxidised). The cut fragnents can be religated into
circles and anplified such that the two ends of the 30 original PCR
fragnents are joined together with the central bases excised. 27 Figure 11
shows a schematic for the preparation of a sanple suitable for obtaining a
pair of readsRedégetienditst f1lossds 6 revledgmems dlugnyrdre®ft h. The net hod
i s based hdi.si.ng i S I l.ev i.n, .t jginal 5
sanpl e, £ %gr(? e %qisﬁlterlao t&??lﬁg%%qu%\?lvcll%v?ﬁc Tg?l y%gﬁ\gitglatslﬂofr?sﬁt %tec SEH ow t he

f r agnent snsorbke effdiddming cltosfiree ofcuhewvdmre 1z .gWanm Inef ivadd drs usaimdomn y

oxidisedﬁ..lf t he vech r-target I'% ted gircles are cut o usi ng an
enzyme t BELTEER00Bs SLGSE. G50 g Sdnihe BIS8anathGiitofy-% AE-JendS 67 ¢ he
targed 1@obragmedt $hw ldedien®l poalhached it RRemfaciQr. Hywew adaptor

sequence can be attached to re-circularize the polished ends, producing a
fragment L@ngkht @6 KheWHINEAPIHf FeHioRe thaitgiceal bredemreratfs! ard1d rom a

target fr . ral. _a QI _sequ e. fr. t

Iinearizgggg§aE5%§%pﬁF%$g%¥ﬁ6ﬁ gg%%gegr%&é%g%cgﬁ%ﬂgﬁgﬁggT f€¥?%gﬁgﬁﬁs of
t he ori gicnakiviectresticd ogiive @npryimesr.- Exagetlcadait ahd arogatiruaterorc @St r uct
suitable for furtEFr aanLficati%n.and/or sequencigggazo Li neari satjon of

i mobi | | SEFPDRALLPTArYpHISyMGe FESTTdE thoRe RZYESCatBE HSSTarsdad<ont ai n

SGQUEﬁCGQSEQQnE@O2@@@Ue@thg3@@L”%b§ %34@95%&LDQQ2%bQVQJ§§)ﬁUCh nol ecul es
are i mobilised such that one of the two i mmobilised ends can be cl eaved

from the surfHeghodsorfs prled28 icideshidgast heer ewdllt idnpudsuliies! sivarfded DNA,
uhi ch | s 0oyl mToRiokig§d <3 Oy 9AG-eNd locldedupl &, can be made single

st randed u5|ﬁg heat” “or enat'ari'ng condi'ti’ons to give a single

st randedusubesuloe2e@stai mhag aipd i Fricarr ohy i diisailicomclidfslesTher process of
removing all or a 30 portion of one imobilised strand in _a 'bridged

doubl e- sEPERAEA LAGEI &Cc PO CSt PuCLYEE SHeY BE Teet dtyed@® it Iaditei n as

lineari sathals oEhea®hnghe 19t Rded pTRICGUle 1A A 1 2R, as taught

for the first time by the present inventors, confers a
significant advantage in that it is possible to
simultaneously analyse a large number of ditags of different
sequences on a single solid support. Moreover, inserting an

20 adaptor into the ditag allows four sequencing reads from
each template duplex rather than just two reads. Another
significant limitation of prior art methods is the
requirement to use restriction enzymes, which limit the
length of the target sequences. The methods detailed herein

25 which do not require the use of restriction enzymes provide
a significant advantage in terms of the length of the two

target fragments that can be sequenced.

An alternative approach with which to generate the
30 desired constructs wherein the target polynucleotide
fragments are longer than a restriction enzyme cut site,

which are of particular advantage in the current invention,



sequenced using a first sequencing primer, which can then be renoved and a
second sequencing prinmer introduced to allow a second read. If the
constructs are not linearised, then it is possible to obtain four reads
from each duplex, since 5 each strand?3can be sequenced tw ce, once fromthe
3' term nal adaptor sequence, and once fromthe central adaptor sequence.
To linearise the i mobilised duplex strands, either the 10 first or second
strand of the tenplate dupl exes nust include a cleavage site. Said cl eavage
siteis a site which allows controlled cleavage of the first or second
tenpl ate $sraodlbgatheaimaheaenaﬁaptbe eegpbatecheniocahemeaksowhhe doubl e
stranded nuc eotid%als then only i mmbilised throu%h one 15 end. The

ponnucIeEFF BeRESt h@n Eﬁa?uFéHCP6aFe89E55r§FﬁgI@ SePaRdedhSeRGC! eot i de

inﬂvbi!isggoaésghguéh §stoﬁlEbE§bnseH@Bﬂ§hBQt@Eh”%& eaBnlRaR e hybridi sed
to a single-stranded region of the fenp ate and used as the priner for a

sequenci ngreabeenbncanf thenwhechset ke gensvedef Aéneele c20stemgltat e, and a

31 orent CYEGFORTBE T hECBrRaTL 8rF kAcd SRARNERC o ing CORTLRS) 8 Gn it i .

cheni cal modphotachethcgkodbsckaatiage beaethonomaydbeuusdd caeieheare. The
cl eavage reaction may result in renoval of a part or the _whole of the
strand beFR§ efeabved taupehnrérelesvagetheanis TraEMaaEs -f Bndexsrpre,

restricti eg] e8z¥g®, 'a§§&h99r15atm@hcnleassnbhﬁeglsaggg%rsmaqlls an
appropriate restriction site for the 30 enzynme which directs cl eavage of

one or bogénsrahads oirauaapIQXOﬂenplaLEh RiNas &ndivgesnidotwor uchemwivoal

clea%%pe of a bond ?etme deox r%bo ucl eoti de,and ri bonucl otlde in
29 Wiitoh CR9LoRe ShLavage OPt dlkmy [fRCI HAL ENROGF “nBle PrrBoRtC ot i des:

chem cal gedugiteonthé aesn5uapnhdanLuﬂkagﬁnukhbwa nadueig kagent (e.g.
TCEP), in which case the cleavage site should include an appropriate

di sul phi deoEYIprkageldeheaitBARTEl eBREE8 BFCaadRBIPRENREgE 2w B 1pEEI 68at e,
in which case f@@hﬁl§§¥ag§na'EﬁeSBQQEg b@ckﬂges@eBFOES'hB%a%ﬁgl gnggat i on

of an abasic site and slbsequent rolysis, etc n one enbodi nment
cl eavage hmyanttaipated theévagg Sethnlque used to generate a

15 polynucleotide molecule containing known ends, and a known
internal sequence between two unknown regions of interest
for sequencing is encompassed within the scope of the
current invention. A variety of methods that may be
applicable to this type of sample preparation technique are

20 shown in figures 5, 6, 7, 9, 10 and 11. These methods are

described below in reference to the figures.

Figure 5 shows a schematic of methods for determining paired
reads of long unknown polynucleotide regions without using
25 restriction enzymes. The target inserts, can be, for
example: PCR amplicons, randomly sheared nucleic acid
samples isolated from biological samples (for example
bacteria, viruses or other organisms), isolated clones,
libraries of clones, plasmids, phosmids or any other source
30 of nucleic acid that can be ligated into circles using
suitable adaptors. The randomly sheared targets may be end

repaired prior to ligation. If the sample is fragmented



10 in one or both strands of a tenplate pol ynucl eoti de dupl ex which

conpri ses one or nore or any conbination of non- natural nucleotides,

ri bonucl eotides or a non-nucl eotide chem cal nodifications. 15Suitable

cl eavage techniques for use in the nmetthod of the invention are described in
full in co-pending application W07010251, and include, but are not limted
to, the followng: 20 i) chem cal cl eavage The term "chem ca

cl eavage" enconpasses any method which utilises a non-nucleic acid and
non-enzymati c chem cal reagent in _order to pronote/achi eve cl eavage of one

or both” 25i8fr &Rdd 18Rt Penpitate 6 ynadresttisd@gupediag salpatest, one or
both strapds af the Hﬁ%'ﬂ&ﬁtﬂ%lﬂénx)?fi%% de dupliex qray, i nglude one or more

non- nucl eoti de chem cal noieties a or non-natural 'nucl eoti des and/ or

non- nat ufakghackbdien! makapes dontorcddred agperdhite vehdmagalerd seavage

reaction. In 30 g particul.ar enbodiment, the nodification(s) required to
permit CRETEOH SCEabags TRy He™ ESTPST & GETIS & Al 194 CHABH S i nor
used 30 fsondm the jtpempl.ate 30 pol ynucl eoti de dupl ex by solid-phase nucleic
acid anplification. In a particular enbodi ment, one strand of the tenplate
pol ynucl eot i d8hgugieculer cloasimpidtis ey e mandemliy diamdiitadt his strand

o Vel TR PR S ERATS S an, i peluds 2 90l
peri ogat a)ebullttg\aitlilonberamgrd&@saieédim@at Dy et mpmdﬁmlnadairebe)ﬂ' ncl uded
at the Clt%%\é%g%r%icte%'s e]ég Dit?lle Ifi rg%?nrenutgi twS:i_ llia %d ao rrhie(r}:ous ehooafmtdhi.ots% chem stry
10 fragments that contain the adaptor sequence and those that
do not. The fragmentation process may be less random i1f the
adaptor is protected from fragmentation. Since the sequence
of the adaptor region is known, this sequence may be used to
selectively target DNA binding proteins or similar reagents
15 to the adaptor region. If the proteins are of sufficient
size, they will also bind the target sequence and protect
the target from further fragmentation. The proteins could be
targeted using the known sequence of the adaptor regions,
for example using oligonucleotide-protein conjugates. It may
20 be advantageous in such instances to use triplex forming
oligonucleotides or molecules that can hybridise strongly to
a duplex, such as peptide nucleic acid (PNA), that can
strand invade into the duplex.
Suitable DNA binding proteins might include
25 transcription factors, DNA polymerases or other nucleic acid
modifying enzymes, chromatin or restriction enzymes, where
the site of binding has been modified such that a cut is not
possible. The size of the area protected depends on the

method used to protect the target sequence, but may be from

30 20-200 bases from each end of the adaptor sequence.



suitable for incorporation into polynucleotide chains are commercially
available fromFidelity systens Inc. (Gaithersburg, MD, USA) or can be
chem cally prepared as described in W07010251. One or nore diol units may
be 15 incorporated into a pol ynucl eotisde using standard net hods for

aut omat ed chem cal DNA synthesis. Hence, oligonucleotide prinmers including
one or nore diol linkers can be conveniently prepared by chem cal

synthesis. In order to position the diol |inker at an optinum 20 di stance
fromthe solid support one or nore spacer nolecules nay be included between
the diol |inkdhearddadrenis st 2 tertmeitularisrd se3ing supperend To

facilitate, at.tac t ) i.d.s r t e 5-e e

pol ynucl eaéjta&) eo%sﬁ%%&éaﬁhrg egsosl’éengcdl alnﬁggp bttewofmtd\H]elSecP ft o&fj]fl%]huédg a 25

phosphor aidnsaade gy ,0ufho skhevipttosplioy ailte asdaogt cufreiadr easd | yhdee at t ached
during chem cal synthesis of a " Fﬁo%%/onqufgl eotide" chain jncluding the spacer

and di ol ity Loh&Sdders st VIR URe, AL BxErpE T &%t ret ch of
nucl egti deg thatcale ot GaMlanend Ay £ the tal af esc 3heing @npl i fied.

Typically from1 to 20, nore particularly from1l to 15 or from1 to 10, and
even nor &gFarltt cul anpl Xi@tipn HE enly Hoe ringlepacdert neetentn des may
be inclu . .dn.a tigcula nbodi nent, 10 s r nucleotides are

posi ti on%g‘deoejtnvn\ceaecﬁco t lers(;;toian At TR KAt taorP(?ﬁcgh%%?lf%re Sﬂng%p%b?t and the

di ol |inkeysidetl graddigst Paddr el rairn ¢ rirodi gmd s rpet yodr Shacet $rf¢e- used,
al t hough of her nucl eoti des, and conbi nati ons thereof can be used. |In another
parti cul &EHsFdiTAEHS E el YY erL bl i SRYIREA0T 5 spacer nucl eoti des.

The dpol |inker, i3 cleaves &y o entowid ha " vﬂlgdag@k@% ", which can
be any substanéle I ch pronotes d_é{)éeavagce of tlﬂee %{‘ﬁl ne’ such cl eavi ng
agent i s guarliiddated; i dromebtenth e aguenisves ddiauppeneoslat e 4 Nat@ddardol | ow ng
10 treatnent, wi.th the cl eavi.ng agent (e.qg. periodate) to c]eave the diol,
the. of oVl G Son B it o VI 5 S O gt = T der to

neut ral i g6 dRActdnel ispiesd isorgenal i@k i hdthth s Lavagepf Basts oflay @ t abl e
cappi ng agents for this purpose include am nes, such as ethanolam ne or 15

pr opanol afiate {B-&akHig P roigem-al -ar L 1 ReRan ey eerishgds t$iech that the
15 intital copies of the circular templates are further

amplified.

Figure 6 shows a variation on figure 5 wherein the initial
adaptors are biotinylated. Biotinylation of the adaptors

20 allows some or all of the steps to be carried out on a solid
support, or to purify the desired fragments when required.
If the adaptors are ligated to the targets as described
above, the non ligated target will not carry a biotin
modification, so it can be readily removed from the mixture

25 of molecules. Once the circles are fragmented, again the
biotin group on the adaptor allows selection of the
fragments that carry the initial adaptor over those that do
not. The adaptor containing fragments can be ligated with a
second adaptor as described above, and amplified with

30 primers specific for the first adaptor sequence to make a
linear template suitable for further amplification and/or

sequencing.



cappi ng agent (e.g. propanolamne) nmay be included in a mxture with the

cl eaving agent (e.g. periodate) so that reactive species are capped as soon
as they are fornmed. The exanple of a conbination of a diol |inkage and 20
cl eaving agent (e.g. periodate) to aclhi eve cl eavage of at |east one strand
of a tenplate pol ynucl eoti de dupl ex works well for linearisation of

tenpl ate dupl exes on solid supported pol yacryl am de hydrogel s as treatnent
wi th periodate and propanolanine is conpatible with nucleic acid 25
integrity and with the chem stry of the hydrogel surface. Utility of diol

| i nkages/ periodate as a nmet hod of Ii neari sation is not, however, limted to

pol yacrylﬁ:%f%b h,ycérhgygg SLU:’;IJ:a_L% Qt}lut l(%%f(et en Iﬁ nﬁ%l satl on of

dupl exes i i 1'i Sed’on ‘ot her 50174 su S an sur aces, 30 including

support s facaies tWd tifngictd enad ItSﬁda’chd anash (®itors sucﬂ ncteatf Usdtter
enbodi nment, the strand to be cleaved (or the arrpllflcatl rimer from

whi ch t hie®dst edhdhss Jdeeared 1a9msEraraed® RPSiol $1F phasks Cf‘flf“(:%ﬂfr%n) may

include apdi sdehids o e %Ml@ﬁ%a@dﬁﬁi’@@ad\& dh 2 phemdecales
reduci ng agent, e.g. Tris (2-carboxyethyl )-phosphate hydr ochl ori de (TCE P).

ii) d ea\ﬁelg@mfngamm@tw AR "aretimicl taf ipelefdaritbastargrict eot i de
position kga Cjool nucl eotci ecchal n fromwhich the base conponent has been
renoved. Si ¢ Slat S AT nat ur al | y in DNA under physi ol ogi cal
conditions by hydrolysis of nucleotide 10 residues, but may al so be forned

chem cal ly under_artificial conditions or by the actjon of enzynes. Once
f or med, e & B9P RS (& FhoPITRETHER v E 1P SR HONuC] ease

o i er U aanes sleadng gy Eopae e e e wedllal )
fragment of any length. The method is based on amplifying
the fragments with a controlled amount of dUTP, thereby
introducing a low level of modifications that allow the
fragments to be randomly cut (i.e. cut where a uracil base
15 is randomly inserted). The cut fragments can be religated
into circles and amplified such that the two ends of the

original PCR fragments are joined together with the central

bases excised.

20 Figure 10 shows a schematic for the preparation of a sample
suitable for obtaining a pair of reads from the distal ends
of a fragment of any length, without the need for an initial
PCR reaction to introduce the modified bases needed for
subsequent cleavage. The method is based on oxidising the

25 guanine bases to a low level in the original sample, thereby
introducing a low level of modifications that allow the
fragments to be randomly cut (i.e. cut where a guanine base
is randomly oxidised). The cut fragments can be religated
into circles and amplified such that the two ends of the

30 original PCR fragments are joined together with the central

bases excised.



In a particular, but non-limting enbodi nent, an abasic site nay be created
at a pie-determ ned position on one strand of a tenplate pol ynucl eoti de
dupl ex and then cleaved by first incorporating deoxyuridine (U at a
pre-determ ned 20 cl eavage site in omd strand of the tenplate

pol ynucl eoti de dupl ex. This can be achi eved, for exanple, by including Uin
one of the priners used for preparation of the tenplate pol ynucl eoti de
dupl ex by solid-phase PCR anplification. The enzyne uracil DNA gl ycosyl ase
(UDG) may then be used to 25 renpve the uracil base, generating an abasic
site on oRidgureahd. slfhespal gahemadicdéost thadprirrpbudicagnt b abasimplsite may

then be cleaved.at _the asic site by treatnment with donucl ease (e.g
Endol V- endOnLer b0t AR TS 1EnOERCPgN S cBEyFABRr AB: PJlache Bsot Fris
gl ycosyl ase/ APrk-yasent beatng0lengahkalrhe methodAbasbeseidt s may al so be

generated at nonnatural /nodified deoxgribonucleotide$ ot her than
deoxyuri dPHhedapdne| EAvedUAR1AR BA&PSgEAsanaflieteB§lt ABathentripinal

endonucl easgy, hQFeBl Kaht o BAE1 §%2APH By §é9é9'of3%ogﬂ%ﬁb ¢3Q be

ea ;
converted to %%'a%a5|c Site By expoéure to FPG gl ycosy ase.g%éoxylnosine
can be cobbettetiloe bhnecabaspgwestsetbybexpesdprlyocAktkAigkeycasyl abhereThe
abasic sites _thus generated may tTen be cl%gyedI tggicall by .t reat nent
with a 5 SuftabBraceRdonutl eheBIPELY CERGEFTY) APLEy428) Verfoppbarye
nonnat ur al 1 gedelii edrouekegtdeutSopenbasi AGORAOEALGMI REAtaRealRLif i cation
primer for use in solid-phase anplification, then the non-natural/nodified
nucl eot i dBR8hBUPHC beurApaB| BaseshethgncepilEdthy eRespeifyibeasardgséd for the

anplhﬁjCafkggmégtéeﬁf%iopemain at£30838 %BbQHEngﬁgto&heA”RE%cghgﬁtgg be
cl eaved may be exposed to a mxture contarning the appropriate gFycosyl ase
and one osegueercsucimbbe ehtenbetiedsese-thrsuthrizrt thespbhesgkyicosyl ase

and the endgnuclease will typically be 15 present in gn activity ratio of
at Ieast_%%gﬁt @?ﬁéuClng_aTﬁgggﬁﬁPﬁoHlB% E$8a Qﬁgnhﬁggﬁa%FP@quF advant ages
in relatiepigonkhevesest| obwsf ch@spkab@saf ehrgue!l eiragRehd aagqugncing. In
particul ar, cleavage at an abasic site %enera ed by freatnent with a

gl ycosyl agentsueh agappoy 28cgenpeat eSha freemgnthyanokyl lgneapierdt he
cl eaved s ' n V] initiat] int f S enci-ng., a
c eavad SLAaTICIOLE L, 630007 00ga0c BLLLTLLN RO o] O SERUETELTS:
doubl e- st sahgieda huedet 6r acbdgtoat ai psinekytanget-adaptor-target-
primer construct suitable for further amplification and/or

sequencing.

20 Linearisation of immobilised DNA
Polynucleotide molecules can be prepared to contain

sequences for two sequencing primers as described above. If
such molecules are immobilised such that one of the two
immobilised ends can be cleaved from the surface, upon such

25 cleavage the resulting double stranded DNA, which is now
immobilised at only one end of the duplex, can be made
single stranded using heat or chemical denaturing conditions
to give a single stranded molecule containing two primer
hybridisation sites. The process of removing all or a

30 portion of one immobilised strand in a ‘bridged’ double-
stranded nucleic acid structure may be referred to herein as

‘linearisation’. The single stranded molecule can be



cl eavabl e (e.g. uracil) base on one strand then a single 25 "nick" can be
generated at a unique position in this strand of the duplex. Since the

cl eavage reaction requires a residue, e.g. deoxyuridine, which does not
occur naturally in DNA, but is otherwl8se i ndependent of sequence context,

if only one non-natural base is included there is no 30 possibility of

gl ycosyl ase- nedi at ed cl eavage occurring el sewhere at unwanted positions in
the duplex. In contrast, were the doubl e-stranded nucleic acid to be

cl eaved with a "nicking" endonucl ease that recognises a specific sequence,
there is scposstdil usynghat £1heteseguenoaygcpeamnerni gkscht caB4thehhbe”
sites in tq% du Iexd(in addiéion to the desired clﬁav ae éi%e) 'ﬁ t hese
possess the correttracdgn?tf oncdRglEnts. PFHPE  cdll H°§ &§&n oaab BBl 8m i f

ni cks aresetend edead. the sheapdnbtriistbnheadgdtt 0is5egvened, r ahbarithan the
5 strand that will_be fully or partially renoved to create the sequencing’
t enpl at e HhdPPESHPpar ke c@#%’@l@i Ruifrepast frget epeht fBRlek, t Rénce

doubl e- st e ej i d I LS u q cg, The fact that
Cheres o Fa cort Fatontn e o RRERLLE FALoL ONORIBLSRILARCE. [oeique to be
| ocat ed ipemniethi ddapbseqgueagecccal exhdi onoedéronotpeovederalsktieptor

cl eavage using this approach is itself advantageous. In particular, if the
cl eavage %??%g?%eto be incorporated into an anplification primer to be used
in the production of a 15 clustered array by solid-phase anplification, it
is necessarily only to replace one natural nucleotide (e.g. T) in the
primer with a fonlhaeaEhse nules ebtneleilésgd dypiaxopteands, enabhercteavage.
Thereni s ed. t kN e_priper ' u triction enzyne
Fecouti 1 on SequantaT a0t o Eal Arap IR e kRt S EREER FbFh o BRGENE T ae
primers iactlehvagd siict eot$ales, chadvagdesiboni sahusatenwnlept aleswssuch as
those |isted above n easi l ared using conventional techniques

C be pre
and appar@USTF ot Heh?EEFIS hE%gsf FSbl PHoRBCPROt FEBE L2585 ARBERRE

advant ag%%aékﬁ@ﬁij,@é/l cl @@z[/)%gdetpé @P??F:&té&ﬁ&ﬁi@:é‘l andoubl ergLr apdsd. nol ecul e
generated by action of UDG on uracil is that the first base incorporated in

a "sequertiriyiedpehesicleohde i bn tmenianinglanobheifedetBrohylr ony!
or ouns{ o' 1 Seuage, plosueD B sthgy L eLBNC Bey L3O et 1 the
nmany suchstmdeded gsol philic éomhie himtieb L1 ev@dat nthdi 57 Fnaer At eipseduce
SequenCIrgéquencing primer can then be hybridised to a single-
stranded region of the template and used as the primer for a
sequencing reaction, after which it is removed from the
20 template, and a second sequencing primer is hybridised and
used for sequencing of a different region of the single

stranded template.

Any suitable enzymatic, chemical or photochemical

25 cleavage reaction may be used to cleave. The cleavage
reaction may result in removal of a part or the whole of the
strand being cleaved. Suitable cleavage means include, for
example, restriction enzyme digestion, in which case the
cleavage site is an appropriate restriction site for the

30 enzyme which directs cleavage of one or both strands of a
duplex template; RNase digestion or chemical cleavage of a

bond between a deoxyribonucleotide and a ribonucleotide, in



tenpl ates, then the first base universally incorporated across the whol e

array will be T. This can provide a 35 sequence-independent assay for
i ndi vidual cluster intensity at the start of a sequencing "run". iii)
cl eavage of ribonucl eotides 5 I2%cor porati on of one or nore

ri bonucl eotides into a pol ynucl eotide strand which is otherw se conprised
of deoxyri bonucl eotides (with or without additional non- nucl eotide
chemi cal noieties, non-natural bases or non- 10 natural backbone |inkages)

can provide a site for cleavage using a chem_ cal agent capable of
sel ecti vBIyCBI 68¥PnGPhELFRISEROANESt BAYDORG LBSEWORR STdEGXFr i bonucl eot i de

and a ri boBuglLEOLLITAEL , UshBg ali baBuEkeBRe oeRNAELy 1 TSR Qigucaseauenci ng

tenpl ates can be produced by cleavage of one 15 stran atenp
pol ynucl wéthde depheingt agesitt decgnt dCAPMg oneWQaCMDceseom@ecutlve

ib | d h h I . :
par i oul G715 <BRo SeEFaniotd Coa  ClEaved cORPARE AT A% U] cot | de (o

provigle aigskkgefothehemhtakleheavagesr 308uitabkekehemGan ¢ledvageggents
capabl e of selectively cleaving the phosphodiester bond between a
deoxyr i béRuthéehi gesgnghe Fileiagresttge Shpsilddd nretgle Bofdolf or exanpl e

(Chon ot a7 TERR, BERSraRaBRoE 5030 seP B eC s RuptERbent " chom
Comun. 1h989p1%443, éﬁﬁl)); Fe(3) or CU(B) or exposure to el evated pH,

e. t reat men th a e such as sodi um hydroxi de. B selectlve cl eavage
o % he' phoonhbll BRRe T BanITREEne LR RoaEo Y, BoRs i Pus LBRTage s1té °8vad

rlthUC|Eﬁtbde"okaﬁean%t&haﬁstbe 30téﬂ@&h&élp@ﬂ@@%@g%o&g@@th@l@Qt capabl e
of cleavi hos hodi est er bond between t xyrlb%pucleotldes under
t he sarre Egﬁ gﬁg’l es one or more or any cCom 1na 1on

natural nucleotides, ribonucleotides or a non-nucleotide

chemical modifications.

15 Suitable cleavage techniques for use in the method of
the invention are described in full in co-pending
application W0O07010251, and include, but are not limited to,
the following:

20 i1} chemical cleavage

The term "chemical cleavage" encompasses any method
which utilises a non-nucleic acid and non-enzymatic chemical
reagent in order to promote/achieve cleavage of one or both

25 strands of a template polynucleotide duplex. If required,
one or both strands of the template polynucleotide duplex
may include one or more non-nucleotide chemical moieties
and/or non-natural nucleotides and/or non-natural backbone
linkages in order to permit chemical cleavage reaction. In

30 a particular embodiment, the modification(s) required to
permit chemical cleavage may be incorporated into an

amplification primer used to form the template



The base conposition of the ribonucleotide(s) is generally not material,

but can be selected in order to 36 optim se chemcal (or enzymatic)

cl eavage. By way of exanple, rUMP or rCVWP may be used if cleavage is to be
carried out by exposure to netal ions30 especially rare earth netal ions.
5The ribonucl eotide(s) will typically be incorporated into one strand of a
tenpl ate pol ynucl eoti de duplex (or the anplification prinmer fromwhich this
strand is derived if prepared by solid-phase anplification), and may be
situated in a region of the duplex which is single-stranded when the 10 two
conpl enemCafUsSteetds ot uHe iy &eldermfealnardi®.agdl a 5° over hangi ng
por tion) .anldfl itrhe atterpl.at e pol ynucl eotide duplex is prepared by solid-phase
PCR anplification usi ngC forward and reverse anplification priners, one of

whi ch cont ai ndNaf | Past-167e 4% KRR idstritde, OnEs Stkangd afddiite DNMQIG iarer ase
enzynmes usAgnhef BER@MRhidliccat idin 131 Apd1 iGaRak! &P fH CoRY NGrom

ri bonucl eotide tenpl ates. Hence, the PCR products w Il contain an
over hangi"g cy thdgi &t Tedsprissidegittee difh bt drrha#®y remai nder  of
the anpl idfipaate; @A tRlhTe mayPStH@MROT 118120 i B 48 Sits The

phosphodi ester bond betweén a ribonucl eotide and a deoxyri bonucl eoti de, or

bet ween GHGaViRIENHY EdEiadE@e ay idis pagd cdaddy e 19 &PRNEBe. Any endol ytic

ri bonucl @ase -@htapRr ORkl 349 15 WS thRhe SREU Gty ot R disethd Qfidihi s 25
purpose. If the ribonucleotide(s) are present in a region which is

si ngl e- stPEn&#ed LR H dersle attwd heo rdicevatearsi t$tr ands of t he doubl e- st r anded

mol ecgl e are gnngahed dr @milth ®HateOWR! RIS PO QN )onddiedt Ahe RNase

wi || be an endonucl ease which has specificity for single strands containing
30 ri bon§eiéabilged OrFan cOrRLFAGE AN R A ROFIETIEEROt idfo Wra it exfonsecut i ve
ri bonucl eekkhdes:mmY yhe vianalawded d.nna pRafdiiiqyl ary sbedimgnt, and nore
particularly from2'to 10 or from5 to 10 consécutive ribonucl eotides. The

preci se JEGUEREE sEUTrOne MO bERE0| €8t icdds biss cgemdicallly wotenmnssthiafl , 37

except thplceeblal AnRRYe 1Bva spegid idl b Jorgideanaas afdenLertain
resi dues. Suitable RNases include, for exanple, RNaseA, which cleaves after

C anP U Héspdipesatrendatonie ® diveardley biiden uRiase & tansla b eddeodsi t e nust

for automated chemical DNA synthesis. Hence,
oligonucleotide primers including one or more diol linkers
can be conveniently prepared by chemical synthesis.
In order to position the diol linker at an optimum

20 distance from the solid support one or more spacer molecules
may be included between the diol linker and the site of
attachment to the solid support. To facilitate attachment
to a solid support at the 5' end of the polynucleotide
strand, the 5’ end may be modified to include a

25 phosphorothiocate group. The phosphorothiocate group can
easily be attached during chemical synthesis of a
"polynucleotide" chain including the spacer and diol units.
The spacer molecules may include, for example, a stretch of
nucleotides that are not complementary to the templates

30 being amplified. Typically from 1 to 20, more particularly
from 1 to 15 or from 1 to 10, and even more particularly 2,
3, 4, 5, 6, 7, 8, 9 or 10 spacer nucleotides may be
included. 1In a particular embodiment, 10 spacer nucleotides

are positioned between the point of attachment to the solid



5 include at |east one ribonucleotide which is C or U

Pol ynucl eoti des incorporating one or nore ribonucl eotides can be readily
synt hesi sed using standard techni ques for oligonucl eotide chem cal
synthesis with appropriate ribonucl eolli de precursors. If the tenplate 10
pol ynucl eoti de duplex is prepared by solid-phase nucleic acid
anplification, then it is convenient to incorporate one or nore

ri bonucl eotides into one of the priners to be used for the anplification
reaction. 15 iv) photochem cal cleavage The term "phot ochem cal

cl eavage" sepponpaaséstihnydiel hodnwbirch Dhi bheeheki ghtttépedgy in order to
achi eve cl eav bot h strands_of theﬂg ubI o%ganded 20 nucleic

aci d nnle%ﬂ?% 39%e8t, AP%%¥£ PBRCHhSt dERelPedr 2L&aVa e can“be provided by a
non- nucle@ﬁtﬂeotheekcahdspambﬁnuﬂnbnsntDBEeoE the ber asds.of Ihhe
doubl e-stranded nol ecul e. (or t a fication pLiner fr.o i C hi s
st rand isaH8EF95dp?Ftb?% %Feam gdgﬁgph pﬁggepfé SﬁpP??.&&gﬁﬁﬁf.qgﬁitab|e
photochenhpateﬁlﬁauabbelﬂaacers i nclude the PC spacer phosphoamidite
(4-(4,4" - tritylo butyr m_donet hy 2- |tr henyl) -
et hyl ] - 2- cyanotg %g?k,iﬁ ob?oﬁ???yﬁaeéﬁ %%ﬁﬁFéePg)w§ pfied by den
Resear ch, "Eleabiﬁg a@%ﬁgvnlahlUSAcéﬂabe3enyubestéﬁcé9w31XX)pwbmohehas t he
structure; fgﬂcer uni t cg Fge cl.eaved posur.e

t

LR
|'i ght sou?%%aV%Qﬁlgfsbgﬁe? it OBA BBC SHX&HPOaQEQ SJSeﬁﬁr&Pdg S
polynucleﬁbrdexampgetaQﬁemushsadihmopbesphate gNamp4mh|chopE@mim§
atta .n£ to, a s ace, using stan ard t echni qu
syntﬁgg?s B?aBW?B Fgoﬁﬁaegleéﬁﬁg Fgﬁp y ! fﬁlspgﬁéggﬁtﬁﬁl Egﬁge
i ncor por atkd dMbD, athe cleaved product may be treated with a "capplng
agent”™ in order to neutralise reactive species generated in
the cleavage reaction. Suitable capping agents for this
purpose include amines, such as ethanolamine or
15 propanolamine (3-amino-propan-1l-ol). Advantageously, the
capping agent (e.g. propanolamine) may be included in a
mixture with the cleaving agent (e.g. periodate) so that
reactive species are capped as soon as they are formed.
The example of a combination of a diol linkage and
20 cleaving agent (e.g. periodate) to achieve cleavage of at
least one strand of a template polynucleotide duplex works
well for linearisation of template duplexes on solid
supported polyacrylamide hydrogels as treatment with
periodate and propanolamine is compatible with nucleic acid
25 integrity and with the chemistry of the hydrogel surface.
Utility of diol linkages/periodate as a method of
linearisation is not, however, limited to polyacrylamide
hydrogel surfaces but also extends to linearisation of
duplexes immobilised on other solid supports and surfaces,
30 including supports coated with functionalised silanes (etc).
In a further embodiment, the strand to be cleaved (or
the amplification primer from which this strand is derived
if prepared by solid-phase amplification) may include a

disulphide group which permits cleavage with a chemical



10 forward or reverse anplification primer to be used for synthesis of a
phot ocl eavabl e tenpl ate pol ynucl eoti de dupl ex by solid-phase anplification.
v) cl eavage of hem net hyl ated DNA 15 Site-specific cleavage of one
strand of a doubl e-stranded nucleic a&i d nol ecule may al so be achi eved by

i ncorporating one or nore nmethylated nucleotides into this strand and then
cleaving with an endonucl ease enzyne 20 specific for a recognition seguence
i ncl udi ng the nethyl ated nucl eotide(s). The net hyl ated nucl eoti de(s)
will typically be incorporated in a region of one strand of the tenplate

pol ynucl 660 ngupiieRthafi-fy & rdenpllarfaroasy sdiyvdt) ciPhFSBGH-S 25 net hyl at ed

deoxyribg&@gb@gﬁb@g@eoqT@@@)Qonplenentary strand, such that annealing of
the two sfrands produces a hem net hyl at ed dupl ex structure. The

hem net hyl at ed dupl ex nmay then be cl eaved by the action of a suitable

endonucl gase. chehvhe auoiganae of;i wdaubt, enzymes which 30 cl eave such
hem net hyl ated target sequences are not to be considered as "restriction

endondcl eases” excluded fromthe 39 scope of the second aspect of the

i nvention, bufyyathels il & idirendedida oI MPA hi1 A8 UG Setr 18 tier  of
the invention. Polynucleotides incorporating one or nethylated 5
nucl eot | de®Oorause Sordsier Sdhaddy g st atdartd thee M U SCTRAT Rt it ed DNA

Synt hesi $c WS iHAchARRI.OPRALElY JTRIdY | Aled sl el PRecU SIS udded he
tenplateégflynucleotlde dupl ex is _prepared by solid-phase nucleic acid
anpl i fi c®@hivedolawdralt qogldgémﬁéaﬁ it sl s Foradlt @BHE VIO nore

met hyd at ed sNURIR0t iHRS rAYf Q1QRe i Ad¥endy IdFRIS: d0 8. WRRd: foFe ffeial
anplification reaction. vi) PCR stoppers 15 _
conditions or by the action of enzymes. Once formed, abasic
sites may be cleaved (e.g. by treatment with an endonuclease
or other single-stranded cleaving enzyme, exposure to heat
or alkali), providing a means for site-specific cleavage of
15 a polynucleotide strand.

In a particular, but non-limiting embodiment, an abasic
site may be created at a pre-determined position on one
strand of a template polynucleotide duplex and then cleaved
by first incorporating deoxyuridine (U) at a pre-determined

20 cleavage site in one strand of the template polynucleotide
duplex. This can be achieved, for example, by including U

" in one of the primers used for preparation of the template

polynucleotide duplex by solid-phase PCR amplification. The
enzyme uracil DNA glycosylase (UDG) may then be used to

25 remove the uracil base, generating an abasic site on one
strand. The polynucleotide strand including the abasic site
may then be cleaved at the abasic site by treatment with
endonuclease (e.g EndolV endonuclease, AP lyase, FPG
glycosylase/AP lyase, EndoVIII glycosylase/AP lyase), heat

30 or alkali.

Abasic sites may also be generated at non-
natural/modified deoxyribonucleotides other than
deoxyuridine and cleaved in an analogous manner by treatment

with endonuclease, heat or alkali. For example, 8-oxo-



I n anot her enbodi nent of the invention the tenplate pol ynucl eoti de dupl ex
may be prepared by solid-phase anplification using forward and reverse
prinmers, one of which contains a "PCR stopper”. A "PCR stopper"” is any 20
noi ety (nucl eotide or non-nucl eoti de)33whi ch prevents read-through of the
pol ymerase used for anplification, such that it cannot extend/copy beyond
that point. The result is that anplified strands derived by extension of
the primer containing the PCR stopper will contain a 5 overhanging 25
portion. This 5 overhang (other than the PCR stopper itself) nmay be

conpri sedyunimat wrsal lbe coowe ey devyan e evtitldyy SHRISWHFRddi nant |y
nat ur al Qﬁﬁﬁb ne 1i es, j ; sil ofn abasic

si ngl e- st an@ggcﬁw%%e' not?eecuv)fieﬁonsri%yet héea{r?pb]ée/e C erg‘(/ée%ﬁﬁlc%le_ 5' over hangi ng
30 regi orsiMid oyt lexpseid o A ey sasigerte ( e. The aabanky ne) tomi Th$ s

sel ective for_ cleav i,ngl d t trandesd DNA,
for exanpqeélerﬁ?ﬁcgecgeaa%?ntﬁ%f%ags%.gIgéJ@&Tﬁ%%%%p%%f%%ﬁn%ssemi ally
any mbi etsuithildle prelentsleasa- tarou@EndsI¥hpolyaeehse 1H Bee R¥Y for the
40 amplification, reaction. ' P e i byt + &r gn not
limted trba?t%ea%a{é?on@j]%ln%ggqlgg%%g%%%e)ga%%g?% {sr?ct:%]gk,%g%ge%nﬁg non- nat ural or
nodi fi ed amel iebitdadel avhi mhi e eveet suseath t 3¢ budtplds¢ hapbl fhed bsen-

i ncl udi ng DNA gnal gues  PEDY | e 1wl eis @b §PR) caSthBbbe abasic
sites ca%dbeeni%fer oducet %&??%éngﬁlem cal ol gonucl eoti de synt he%s usi ng
appropri ai® Ispacercomi¢d lpntiaé npahymndes st abted abasi Ehei pBP LBy GalLof
exa Ioe, abasif furan (5 -0-Di nethoxytrityl-1', 2'-Di deoxyri bose-3'-
10[ (2- cyarh%ae(f%y?rj'- (N, N-di i 50propyl)]-pho5phoranB8dite) spacers commercially
avai | abl e froniiG ere Reseadthensi ethé melefugeni B9 RBACleaneBemMpHcBP por at ed
during chem calyold gon L d hesischd QpgebptOatBt Fogussyansabasic
site. SuchBROY et%g% xﬁﬁ%gg%%a ?ﬁgg%e I?Jr;]t roduc%% i%t 0 an ?5?0| i éonncl eoti de
priner toab@ asedot moodisuphabieaepiidfinchesdns - | f IAnSABAsPEXSHERS| s
incorporated into either Leveisesanphifi cabien1pyi per the
resul ti ngt}é%‘quw%%ﬁ%%ep%lgg\tlj\?{)gwgﬁg? ﬁave a5 over hgfr)lg on gne strand whi ch
wi || isnclpdeséie abashcastieitinrsihgl efsetahdedt280pBEny:1The
singl e-strandeg, abagl ¢, skt bg.G! §a¥ed hyathgqaahtaBeal ia suitabl e
cheni cal agent Jeggme\g?(%%sﬁlrfgg 852?[@3“? o§ an enzyme (e.g. AP-endonuclease
VI, Shidarela®dionNucl ehe AckdsiReseér thmplades Yok. puclagse228896) . 25 vii)
cl eavage géqgg éigg.llfﬁeﬁarticular, cleavage at an abasic site
generated by treatment with a glycosylase such as UDG
20 generates a free 3' hydroxyl group on the cleaved strand
which can provide an initiation point for sequencing a
region of the complementary strand. Moreover, if the
initial double-stranded nucleic acid contains only one
cleavable (e.g. uracil) base on one strand then a single
25 "pick" can be generated at a unique position in this strand
of the duplex. Since the cleavage reaction requires a
residue, e.g. deoxyuridine, which does not occur naturally
in DNA, but is otherwise independent of sequence context, if
only one non-natural base is included there is no
30 possibility of glycosylase-mediated cleavage occurring
elsewhere at unwanted positions in the duplex. In contrast,
were the double-stranded nucleic acid to be cleaved with a
"nicking" endonuclease that recognises a specific sequence,

there is a possibility that the enzyme may create nicks at



A cl eavage site can also be introduced into one strand of a tenplate

pol ynucl eoti de dupl ex by preparing a conjugate structure in which a peptide
nol ecule is linked to one 30 strand of the duplex (or the anplification
primer fromwhich this strand is deri3ted if prepared by solid-phase
anplification). The peptide nol ecul e can subsequently be cleaved by a

pepti dase enzyne of the appropriate specificity, or any other suitable
means of non-enzymatic 41 chem cal or photochenical cleavage. Typically,

the conjugate between peptide and nucleic acid will be for rre,d%%%/ covalently
linki ng a PG dsiteSordd dthearrif®y O afditdfit 4t T ViR RA i de dupl ex;

W th the peptidre RAfld)on H iy gyidgatiad tiheet redsyofc tdi s strand,
adj acent to the point of attachment to the salid surface. If the ten%I ate

pol ynucl sRIURGupl ¥ iiSs GHEFArRE RN st iIREPHER Hhti $5F e ATDrer e pept i de

conj ugat & resh e e A atLd Ateddty o ¥ inane-Hindhec@pl thd cation
primers. Qbviously 10 the peptide conponent of this priner will not be

copi ed duiinfgpeRadnmiiily & ildh L heéicPae 2ohy dfdPVeipt? fFE2R Font oduct
wi T i neldde oh GIRAVRRA X e RARL e o Qrtiand’aone0Ne St rand. cLapiwgat es
bet ween pepti des and _nucl eic acids wherein 15 the peptide is conjugated to
the 5 emPIHamehidiseidouRlar TP hrepaidf A G RekdfiitRiesS geheral |y
known i n dhédid sdduedfr@ such techni que the peptide and nucleic acid
conmponents of the desired am no acid and nuc| eoti de sequence can be

synt hesi sed sé&per fe@ty thaty thrstehd & ahiormitt 2P eheht P2 synt hesi s

techppquestad theny coyjdigatied-d 1 AU OrNgRH e $ 0l Witd aflet By1 &@y of
exanpl e, the OPeCTm'system comrerci ally avail able fromden Research is
based on R9fBlenf GRS IS JatiPTHT &P REISF AN A FHi9eSRerfterRY3dhal i zed

peptide 0 i 1A% t@igBda ] 1 1pnucd Lot | Lerardbn Reniaf | uok ophevdular,
S-benzyl t hi osuccinate is used in the final coupling step in standard

Fnoc- baséd $619 GL1H7ae9 Depittiel e it NIRRT RT oW t3 tri f | uor oaceti c

acid genefpaliessicdtl ciPlgitintdh REMd deseubstindit@ebahd i sm Sk tLrm nal
SbenZ\éIthl osucci nyl group. O-trans-4-(N-a-Fnmpc-S-tert- 30 .
but yl8ul A tared) srdiayy IDam Hoerd s ygmplification, it is

0- 2- cyanqetdud Mihdi icyoRy apy | ploshhoradd didendsl usesidactde fénal eoupling
step in standard phosphaoram dite solid-phase oligonucleotide assenbly.

Depr ot ectiforFhf tH 1@RTe oUis-tarfngHI R BBt R oM ek &t & {9 Sol W i bh
51- S-tertsiylspldemile le1SEL£id)Y! There is no need to engineer the

primer to include a restriction enzyme recognition sequence

20 of several nucleotides in length. Oligonucleotide primers
including U nucleotides, and other non-natural nucleotides,
such as those listed above, can easily be prepared using
conventional techniques and apparatus for chemical synthesis
of oligonucleotides.

25 Another advantage gained by cleavage of abasic sites in
a double-stranded molecule generated by action of UDG on
uracil is that the first base incorporated in a "sequencing-
by-synthesis™ reaction initiating at the free 3' hydroxyl
group formed by cleavage at such a site will always be T.

30 Hence, if the template polynucleotide duplex forms part of a
clustered array comprised of many such molecules, all of
which are cleaved in this manner to produce sequencing
templates, then the first base universally incorporated

across the whole array will be T. This can provide a



42 functionalized oligonucl eotides. The thiobenzyl term nus of the Mdified
Peptide is converted to the thiophenyl anal ogue by the use of thiophenol,
whil st the Modified Aigonucleotide is reduced using tris(carboxyethyl)-
phosphi ne. Coupling of these two inte¥nmedi ates, followed by the "native

i gation" step, leads to formation of the A igonucl eoti de-Peptide
Conjugate. The conjugate strand containing peptide and nucleic acid can be
covalently attached to a solid support using any 10 suitable coval ent

| i nkage technique known in the art which is conpatible with the chosen
surface. séquaecpeprddpendehei esaeydfoonjiodavedseiuctiusgeirs iagensity

anplifica%togh rgggEF gfbg gg&ﬁekga aohkgnphase PCR anplification,

attachnen he "so | eave the 3' end of the 15 nucleic
acid conmponent free. The pepti de conponent can be designed to be

cIeavablel9¥Lagyegggﬁgnogegahggaglgg%xggsaof_mhich nmany are knpmn_in t he

art. The nature o ase’is no rticularly limted, it is
necessary only for the peptidase to cleave 20 sonmewhere in the peptide

conponent.. S'”kbé r&@ LGBQtBnS”Q a%b@% ?Ehgnﬁﬁﬂgg@ﬁ e%f %@% gept i de

conponent is no |cu | rmted exce € nee " Cl eavabl e"
by the chpsémnpebeodaée SThendeWguhhamd ptbekwésseqamnceS@ﬁ tife nucl ei c

acid 25 coupg ?Eﬁobﬁ ?%89188% RQEEhC a&&¥hoh@‘58€1t&% %% of any

desired seque nuclei'c aC| 'S to unc ion as a priner
in solid-phateoPORe themitcad memgtmeandnnucheGUEdé begaenog wonk- be

sel ected i e l it e
d eagége %gtg glsaé ?gﬁ eggﬁ%$9%§2|%ggrhgégﬁﬁghgrégggl?tlo%lgﬁ uclease
is a technsgue &nchewitaé agentnckhebaet off sebketilel ybicdkagyngNittlki ng

endonucl egggs, AL ; E0ZYIESh AL SELER! LY ALY GLEBYRLRL ol GK Qe Strand of a
ribonucleotide or using a ribonuclease (RNAse). Therefore,
sequencing templates can be produced by cleavage of one

15 strand of a template polynucleotide duplex at a site
containing one or more consecutive ribonucleotides using
such a chemical cleavage agent or an RNase. Particularly,
the strand to be cleaved contains a single ribonucleotide to
provide a site for chemical cleavage.

20 Suitable chemical cleavage agents capable of
selectively cleaving the phosphodiester bond between a
deoxyribonucleotide and a ribonucleotide include metal ions,
for example rare-earth metal ions (especially La®*
particularly Tm®**, Yb®* or Lu** (Chen et al. Biotechnigues.

25 2002, 32: 518-520; Komiyama et al. Chem. Commun. 1999, 1443-
1451)), Fe(3) or Cu(3), or exposure to elevated pH, e.g.
treatment with a base such as sodium hydroxide. By
“selective cleavage of the phosphodiester bond between a
deoxyribonucleotide and a ribonucleotide” is meant that the

30 chemical cleavage agent is not capable of cleaving the
phosphodiester bond between two deoxyribonucleotides under
the same conditions.

The base composition of the ribonucleotide(s) is

generally not material, but can be selected in order to



5 pol ynucl eoti de duplex and are also well known in the art of nol ecul ar

bi ol ogy. The invention is not limted with respect to the nature of the
enzynme. Essentially any restriction or nicking endonucl ease may be used,
provi ded that a suitable recognition equence can be included at the 10

cl eavage site. The nethod of the invention is described in further
detail as follows. 15Any suitable solid support and any suitable attachnent
means known in the art may be used, of which several are described by way
of exanple below. Linkage to the solid support may be achiev%ﬂevia coval ent
at t achme PPt iTis epehgmiciadot (Ue Sfpees widieavipdiccal IRY BE¥ Stmed 20 from

two conplegnBphary feipy ic @it 4e: s idantse £ anprdisedrQfe depxys idwnucl eoti des
j oi ned by phosphodi ester bonds, but may additionally include one or nore

ri bonucl EGETdES MY B IR e teHeric, RARKG G Qhdibre earth
non- nat upRldy QEgWw ri ng nucl eoti des and/or non-naturally occurring backbone
25 linkages. In particular, the double-stranded nucleic acid may jnclude

non- naicl eot i d&hehareauGRdtids(sle W1l iHRER 10y QFRaddtrCIRATAHRA 5' end of

one or batfi SinandsraBY WY Lft Apl-dddridd nghiRxai e tdig xoubl & stHanded
nucl eic acid may include nethyl ated nucl eotides, uracjil bases,

30
phosphor GfRilddieadriam ST imego e sthidds , thi IS G4 akhges , A& ST Dhi e

|'i nkages ; ReRIHE H Lo 1 iSUGh N -daA 1071 dan-diat urald med) fdcadianscamy be
included in order to permt 44 cleavage, or to confer sone other desirable

property i G &g €% SFhenabirR covdl It tSElcHesTES R RARDITRES UgBort, or

L0 agh as IPCKRRS RS I d I afnslaayage e aplidmledi et ance from
the solid support. 5The tenpl ate dupl exes may al so include non-target

sequencestatd Bt PG AT g PP ERdE) f | aki Wi tHRERA Rt pol ynucl eoti de. I f

the tenplanhs leesarddiied sl idh phaseampliddsatpom, these
non-target sSequences will generally be derived fromthe pripers used for
sol i d- phas® i igadfion cetdingh, forvard aid g SAIRS SBR el it eXes form part

of a sing,8 st @nOlo€alMh CYd el Af 1w s figstuansbisreond
dupl exes, and the cluster or. colony will itself typically formpart of an

arraySof theny toudand Ve ko loMes Ghiew Y W4 erdis P uster” and

"col ony" A USed  hfrahangeablap ddroughady gndy refiinidlsodigsrete site
on a solid support conprised of al{)l urality of identical inmobilised
nucl ei ¢ &P lsthegnds HanRrer ptha AGR potdudehtital oMbt ided conpl enentary

nucl ei ¢ Rl stdANS -5 Theed &M cshist SR the ribonucleotide(s) and
any remainder of the amplification primer upstream of the
20 ribonucleotide (s) .

The phosphodiester bond between a ribonucleotide and a
deoxyribonucleotide, or between two ribonucleotides may also
be cleaved by an RNase. Any endolytic ribonuclease of
appropriate substrate specificity can be used for this

25 purpose. If the ribonucleotidé(s) are present in a region
which is single-stranded when the two complementary strands
of the double-stranded molecule are annealed (i.e. in a 5’
overhanging portion), then the RNase will be an endonuclease
which has specificity for single strands containing

30 ribonucleotides. For cleavage with ribonuclease, two or
more consecutive ribonucleotides may be included in a
particular embodiment, and more particularly from 2 to 10 or
from 5 to 10 consecutive ribonucleotides. The precise

sequence of the ribonucleotides is generally not material,



20 array"” refers to an array fornmed fromsuch clusters or col onies. A
key feature of the invention is that both sequencing runs can occur in the
sanme cluster or colony on a clustered array. On such an array each dupl ex
wi thin each colony will 25 conprise tite same doubl e-stranded t arget

pol ynucl eoti de, whereas different colonies nmay be forned of dupl exes
conprising different doubl e-stranded target polynucleotides. In a
particul ar enbodi nent at |east 90% nore particularly at |east 95% of the
colonies on a glven clustered array will 30 be fornmed fromtenpl ate

dupl exes e8fpPEsFhat dFerEpént RisgbSehsverasnegifargsy golrysiclsoiedes,

al t hough %Egkncéﬁ{%ﬁln‘lﬁebQéhébduabur‘t%%% Rl 5@% aneayqal | enpl ate

dupl exes wi Il conprise the sane double-stranded targef pol'ynucl eoti de.

The anpl i freEPpet yReredt i nbschanlergpsbafteeafedninUsyelsiglugsy to al | ow
priner hypehdisalhoR- cT1BL$if nw?%h5 Fgﬁrgﬁg SFEQ@E ys@%%thﬂ%tthe
anplified clusters to denatufe the exes by cooli'ng in the
presence éﬂcihéef@Fs%eéééu@ﬁélﬁngﬂUﬁéﬁotbﬁeathéhléélCtpgaﬂnent such as
sodi um hydr oxi tpeatment to cl eave one
or both of thegg%gg%gggg?y?gs gﬁggggbgégpo yﬁﬁ% ggt|§§E Each

pol ynucl esibgeughprekden €hr hﬁré?adéﬁVaﬁMchhél§§deu&mn@eﬁ§ahdpmdner
recogniti a r uence every
cluster. egcﬁﬁg?ggiqﬁgﬁc#%gﬁgﬁpgéggggd?hgﬁg Egégdggggﬁ %h ?Tst tenpl ate
15 strand2BRdoRrsegaentbagucéaetiida preceedgrsla §ﬁcté§s¢¢@pﬂﬁ¢@rporatlon
of n €eo i quen I r.m nation
of Tho senushas orbor ARbraE R B PR P b PR3, R, sTe

Hybri di sa@i:aaﬂ afpsefleating, pEheser ltOlsh@on@ﬁpuané 20 snpam@oucstachneved by
contacti ngrl 8. Pr | BEnalY-LETRLE! 8aBhr 8 HRdEh-CENdLLLGNE ML BROMDL €
annealing of prinmer to tenplate. Such conditions genera Iy Se wel |
known to fpdsehekampbifinathenareactinplecul ar bi ol ogy. Wien the first
sequencing reaction is conplete, the 25 extended first sequencing priner is
renoved fromthe surface. This can be achi eved by heating, or chenmica
denatldr at £ bh. pirotechemi cayuehermgpriner is then hybridised to a second
region of the tenplate and a sequencing reaction proceeds via successive
addition of nucleotides to the 30 second sequencing priner, resulting in
det ermi nat i on Bfetherselplentechémacsécohdaragenentomhessasgeny

pol ynucl egt{dgy which utilises light energy in order to achieve
cleavage of one or both strands of the double-stranded

20 nucleic acid molecule.

A site for photochemical cleavage can be provided by a
non-nucleotide chemical spacer unit in one of the strands of
the double-stranded molecule (or the amplification primer
from which this strand is derived if prepared by solid-phase

25 amplification). Suitable photochemical cleavable spacers
include the PC spacer phosphoamidite (4-(4,4'-
Dimethoxytrityloxy)butyramidomethyl)-1-(2-nitrophenyl) -
ethyl]-2-cyanoethyl- (N, N-diisopropyl)-phosphoramidite)
supplied by Glen Research, Sterling, Virginia, USA (cat

30 number 10~4913-XX) which has the structure:



46 Sequenci ng can be carried out using any suitable
"sequenci ng- by-synt hesi s" techni que, wherein nucl eotides are added
successively to a free 3' hydroxyl group, typically provided by annealing
of a sequencing priner, resulting in 3 synthesis of a pol ynucl eoti de chain
inthe 5 to 3 direction. In a particular enbodi nent, the nature of the
nucl eoti de added is determ ned after each addition. One particul ar
sequenci ng met hod whi ch can be used in the nethods of the invention relies
on the use of nodified 10 nucl eotides that can act as reversible chain
term nators. Nucleotides for use in #g& invention are described fully in
W04018497 and US7057026. Once the nodi Hed-pup{spt i de has been

i ncorporated.into the grow nd polynf“ Qotida%chggp conpl enentary to the
regi on of the tenpiisff@ 4,05 @ ere i.s no free 3'-OH group
avai lable to direct further se%ﬁence'f“tension and -therefore the pol ynerase
can not add further nucl eotides. Once the nature of the base incorporated
into the growi ng chain has been determ ned, the 3' block may be renpved to
al l ow addition of the next 20 successive nucleotide. By ordering the
products deri V&t FERATER HBEE MRR e HRATEOR BRI YLe pb’s? bY € to deduce
the DNA seghgncfcd.he DNA tenplate. Such reactions can be done in a
single experinent if each of the nodified nucl eotides ggs attached thereto

a difPerent |aBEIS JRAGHT (125 ot R pocP TP HeP plait® i tul B9 bake? whi ch
facilitatgs @garddang,| abpeiveenihe dasesossiashat e egebup NFRLFIRr at i on
step. Alternatively, a separate reaction may be carried out containing each

of the nRAEHdE MidaEdindds, tad HPare SHHECSeps? Hel §E2B8FRe nodifi ed

nucl eot i desHEYqN M2 diliglcd0 dpeindd B et hel Tgsleierdébonded N a _
particul ar enbodi nent, the | abel is a fluorescent |abel. Each nucleotide

type may CAWSHGRE Y i it etR2F3 00t REE AN | RD el ICEIRRF RNt FALRI s

sui t abl e £ HUse dh A 4l rand1d AVenti O B Endeses | Bedus8d Usoappl i cation
60/ 801270. However the detectable | abel need not be a f]uorescent |abel.

Any | abelS¥HM el 1sHd RIS 533 TR ¢ Heettet 2 | R BRUSheCT Hedr porat¥on of

the nucl eqf ige i thdhe SR Seauentcss . One method for detecting the
fluorescently | abelled

v) cleavage of hemimethylated DNA
15

Site-specific cleavage of one strand of a double-
stranded nucleic acid molecule may also be achieved by
incorporating one or more methylated nucleotides into this
strand and then cleaving with an endonuclease enzyme

20 specific for a recognition sequence including the methylated
nucleotide (s).

The methylated nucleotide(s) will typically be
incorporated in a region of one strand of the template
polynucleotide duplex having a complementary stretch of non-

25 methylated deoxyribonucleotides on the complementary strand,
such that annealing of the two strands produces a
hemimethylated duplex structure. The hemimethylated duplex
may then be cleaved by the action of a suitable
endonuclease. For the avoidance of doubt, enzymes which

30 cleave such hemimethylated target sequences are not to be

considered as “restriction endonucleases” excluded from the



nucl eoti des conprises using laser light of a wavel ength specific for the

| abel | ed nucl eoti des, or the use of other 10 suitable sources of
illumnation. The fluorescence fromthe | abel on the nucleotide nay be
detected by a CCD canera or other suidable detection neans. An inmaging
system suitable for determining the fluorescent signal fromincorporated
nucl eotides is described in application nunber 60/788, 248. 15The net hods of
the invention are not limted to use of the sequencing nmethod outlined

above, but can be used in conjunction with essentjally any sequencing

met hodol GGPRfmih Th& iSeCBie Aﬁ?@é%%i% Ghee drperEtidh AUuthued ety B into a
pol ynucl eettetRicehaion.foou e drechid algs) ddclmdesef s 2Ghexanpl e,
Pyrosequenci ngTM FI SSEQ (fl uorescent in'situ sequencing), MPSS (massively
par al | el $EiVFati¥e sequenci ng) and sequenci ng by |igation-based nethods,

for exanpl e apgigsaidieast ide 5630559 They toHO duthlerstdanded
polyngcleotlde t.0o. be 25 sequenced using the nethod of the invention nay be

any  pdl yRGIEsIge s FatY ke iR heiab i S et d ThRe ik gers for

pol ynucl e@ttiogey tRy DX QfyridHudl,s UKW Hp Rt Ald 1y, eRowy, seauence, such
as, for exanple .in re-sequen0|ng]ﬁPpllcatlons. Using the tenpl ate

pr epar at PO LFHEE BT RETIWed it détailemdiag iRoT g ypsabide to prepare
arrays .ofquparRl alsep@Ritd G rMikesaddalducame daubl e- stranded target
pol ynucl eoti de of known, unknown or partially known 48 sequence. Wth the
use of aff&ysTiCats PosdiMite o iSe R IANT i1 nargazist e Fane or

di f f 20 eNtncsRURRES liat RATAld 1Rlot iAIRANH (U e wlﬂw@%ﬂnﬁs tihe pai rw se
method is in the sequencing of fragnents of genomc . The 5 net hod
provi des U5&ct ifOd dfcadipitidgeaiipn Hedddmiifi cati on of genone

rearrangenents, since the two regions of sequence obtained for each target

nol ecul e using the nmethod will be known to be linked within a certain
di stance of each other in the genone, depending on the size of the starting
target 1@inolegulsecoBeararation of tenplates to be sequenced Sui t abl e

tenp] ates for sequencing using the nethod of the invention can be prepared
by sofid-phase nucleic acid

In another embodiment of the invention the template
polynucleotide duplex may be prepared by solid-phase
amplification using forward and reverse primers, one of
which contains a “PCR stopper”. A “PCR stopper” is any

20 moiety (nucleotide or non-nucleotide) which prevents read-
through of the polymerase used for amplification, such that
it cannot extend/copy beyond that point. The result is that
amplified strands derived by extension of the primer
containing the PCR stopper will contain a 5’ overhanging

25 portion. This 5’ overhang (other than the PCR stopper
itself) may be comprised of naturally occurring
deoxyribonucleotides, with predominantly natural backbone
linkages, i.e. it may simply be a stretch of single-stranded
DNA. The molecule may then be cleaved in the 5’ overhanging

30 region with the use of a cleavage reagent (e.g. an enzyme)
which is selective for cleavage of single-stranded DNA but
not double stranded DNA, for example mung bean nuclease.

The PCR stopper may be essentially any moiety which

prevents read-through of the polymerase to be used for the



15 anpli

procedures anal ogous to those described in WO 98/44151 and WO 00/ 18957,

fication to produce nucleic acid colonies. This can be done using

t he

contents of which are incorporated herein in their entirety by reference.
20For anplification to proceed, a m xure of two anplification prinmers is

i mmobi lised or "grafted" onto the surface of a suitable solid support.
The anplification prinmers are oligonucl eotide nol ecul es 25 having the
g structures: Forward priner: A-L-X-SI Reverse priner: A-L-Y-S2

foll owi n
30Wer ei
support,

n A represents a noiety which allows attachnent ,to.t
ampl sfapabpenorapctinrer fBieaPLexFiE 5% 5

I|d
OBBEFSnAP oL gvagg site and

S1 and S2.arg,pol yRueLaotibdene49csaqueneeglvhveh (REGY,t apepliicf istatison of a

tenpl ate

pol ynucl eotli dey BThenatxrrate oaf MePLferS WPCH SGEAEralty C

subst ant i
represen

(CH2) n wher ei

nucl el c acid nol ecul e conpri sing the target double- str%nded
CBoRFISAT S
éhhy Eabha%um e erear] and1ueyensSeNp amelsgues such

may bé included but is not strictly necessary.
The 19 nkes Haytbéeanééﬂﬁéﬁ-@§ﬁﬁalﬁNﬁ@ 10 chain such as those of formula

aP1 'ﬁb%%@@‘%1%%saQ%%tbé5QQtrE@hc%ﬁa@@&Qn@e$&ehhamlabout

1000, particu ar y | ess than 100, e.g. from 2-5Q, artlcularly 5- 25

However ,

odiganheigostdet Ko thiesker & SARy B@Péﬁﬁ#&@é& Stth Sy

restricti oAl ATE] Oct BEbbl Luglues el ngBé,rswtaryatoﬂ eaccdlesr s are stable
e

under con |t|ons

10

15

20

25

30

whi ch the pol ynucl eot

[ (2-cyanoethyl) - (N, N-diisopropyl) ] phosphoramldlte spacers
commercially available from Glen Research, Sterling,
Virginia, USA, can be incorporated during chemical
oligonucleotide synthesis in order to introduce an abasic
site. Such a site can thus readily be introduced into an
oligonucleotide primer to be used in solid-phase
amplification. If an abasic site is incorporated into
either forward or reverse amplification primer the resulting
amplification product will have a 5' overhang on one strand
which will include the abasic site (in single-stranded
form). The single-stranded abasic site may then be cleaved
by the action of a suitable chemical agent (e.g. exposure to
alkali) or an enzyme (e.g. AP-endonuclease VI, Shida el al.

Nucleic Acids Research, 1996, Vol.24, 4572-4576).

vii) cleavage of peptide linker

A cleavage site can also be introduced into one strand
of a template polynucleotide duplex by preparing a conjugate
structure in which a peptide molecule is linked to one
strand of the duplex (or the amplification primer from which
this strand is derived 1f prepared by solid-phase
amplification). The peptide molecule can subsequently be
cleaved by a peptidase enzyme of the appropriate

specificity, or any other suitable means of non-enzymatic

s are |nte Jbe used

subsequenblap i ce fgravondi' ti0oms MedEP=vir TR Larpl 4 i CHISER Q§ &quenci ng.



Li nkers which do not consist of only carbon atons may al so be used. Such

l'i nkers include polyethylene glycol 20(PEG having a general formula of
(CH2-CH2-0)., wherein mis fromabout 1 to 600, particularly less than
about 500. Llnkers formed primarily f4lom chai ns of carbon atons and from
PEG may be nodified so as to contain functional groups which interrupt the
chai ns. Exanpl es of such groups 25 include ketones, esters, am nes, am des,
ethers, thioethers, sulfoxides, sulfones. Separately or in conbination with
t he presence of such functional roups may be enpl oyed al kene, al kyne,

ar omat i ccbemherér oar BRAEPENRBILER] e§le§Wa8€cI|3YQP 6ﬁ Yirc HhSi eties (e.g.

cycl Onex%}lj %gleotggmeear phenyle 39 inR@e eARY acher waxampee,fdreecomyect ed
to a PEG o )n chain tﬁrou h their 1- and 4-positions

alternatp@§aﬂ@nﬁﬁ§ Linképg ée@@@ﬁﬂ@@ &opee R daﬂ@ﬁ%ﬂ%%ﬁﬁ*@ based on
i near C@%@Bia%fe E%&phﬁ?c%o%%léoh@ 1QE, waRh emal |p)éptl1td%r rpucztteidmm th

unsat ur ate ar bo er oat ons other kle nV|saged

mhlch5ar@ebageGO@ﬂu§a@Eél@Oaémésfbreﬁ@hé@hé@ﬁén%ﬁ% rose)

It is al e ‘Mp E a%%%%nféfntt RiS HHAY @Rliien she fdldd | Ser peptd des as
i nkers. 5I'n urt

er enbodi ment |inker may conprj on J
nucIeot|d@@p@ﬁi@hppéwﬂvﬁéﬁpﬁﬁdqIﬁ?R%ﬁﬂ|#ﬁ(ﬁﬁﬁ9ﬁ¥ iﬁh ‘ﬁh& %ﬂ%%ﬁado not
parti cl Pak 111t URE iAAC AN AR L U it Ibdl N igTrad(& Git 2

hybri di satron or anplification reaction). Such nucl eotides may also be

referredthe Brend oF gane Sfadére 3R A EL LR cal RVEFEHA to 20,
nor €, par tt;l%ug)%'béclﬂdc r%@n%otn%n]é & digm éﬂrltn%rlgallqndldﬂ)rk% peggieql arly 2, 3,

4, 5,76, acer nucleotides may be incl|uded.

parti cul mr)lntghé’C@ @mﬂ»ﬁﬂqaﬁmrud@nﬂ? e P HRASSh bt | Rl 1 '\goq%/t'li%acer S
may be U% tt BAYgh 1 1iders Mféaaﬁébldﬁ%'a%@&m ned+fsaridrereof can
se .

al so be I'n one particul ar enbodi nent the priner may include 10T
spacer nucleecttimgesl. The one or nore spacer nucl eotides function to

space the portd o Qfa i JUiRIn IR Ffgk thdid I S8 0L ds [Aigedin

15 the peptide is conjugated to the 5' end of the nucleic acid
can be prepared using techniques generally known in the art.
In one such technique the peptide and nucleic acid
components of the desired amino acid and nucleotide sequence
can be synthesised separately, e.g. by standard automated

20 chemical synthesis techniques, and then conjugated in
aqueous/organic solution. By way of example, the opeC™

system commercially available from Glen Research is based on

the "native ligation"™ of an N~terminal thioester-

functionalized peptide to a 5'-cysteinyl oligonucleotide.

25 Pentafluorophenyl S-benzylthiosuccinate is used in the final
coupling step in standard Fmoc-based solid-phase peptide
assembly. Deprotection with trifluorocacetic acid generates,
in solution, peptides substituted with an N-terminal S-
benzylthiosuccinyl group. O-trans-4-(N-a-Fmoc-S-tert-

30 butylsulfenyl-l-cysteinyl)aminocyclohexyl O-2-cyanoethyl-
N,N-diisopropylphosphoramidite is used in the final coupling
step in standard phosphoramidite solid-phase oligonucleotide
assembly. Deprotection with aqueous ammonia solution

generates in solution 5'-g-tert-butylsulfenyl-L-cysteinyl



20 and direct anplification, away fromthe site of attachnent to the solid
support (i.e. Si or S2). The inclusion of spacer nucleotides at the 5 end
can markedly inprove the performance of hybridisation of conplenentary

pol ynucl eotides to region Si or S2. Inug particular 25 enbodi nent the

pol ynucl eotide will include 10T spacer nucl eotides and a 5 phosphorothioate
group for attachnment to the solid support (noiety A), although other
attachnment noieties may be used as discussed bel ow. Sequences Si and S2 in
the forward and reverse prinmers 30 are pol ynucl eoti de sequences which, in

conbi nat i ofyn &t 1 &ed1 B i §1 Ladh@im &b+ gl enpl s tb}h@@éhgyph%mbﬁuggbﬁg

anplification reaction. The tenplate to be anplified hust itself conprise

(when vi evigte dModH Siefy ReREFIHD S storrered eﬁ'ﬂ %lq%eﬁ%%}ée’éiﬁbaﬁﬁélﬁgue

hybri di si ng, tg, sqaensce @hlégshéﬂf@l mhipgwame%a@fjseand at the 5 end a
sequence the conplenent of which is _capable of ybr|d|5|ng to sequence 52 the

reverse pro¥EFonThePrts skbs needit ecdf usty@iehets (SR rhedysdhyh) the 5 forward
and rever ¢ PipEle Ol ¢ QOPUCAEOL £ dt%e%"!:w@%ﬁ@@ﬁﬂé‘@ﬂét@@ the1nshiuseppf the

tenmplate it is intended to anmplify. Si S2 nust be capable of hybri di sing
t o cognat el qUeHelse ok SvhEP RNt SR y %@@%ﬁd§00$0¥%@t%%ﬁp95tEh?o be

anpl|f|ed(3ﬂ1gbﬁ¢g1@0g&@gl@gﬁﬁgaéwboﬁﬁ@@gp@sses 10 sequence-specific binding
between prinmer and tenplate.” Binding of "a prinmer to its cognate sequence in

the tenpl ate sHOWR CRRTIG2URORFrAYPi cahtabhtnd | BART LGRS NPFIARE- t enpl at e

anneal i ng & standard f&%lgﬂipl;?aé%ﬁ’abﬂé’cﬁ' g sation; gopgdp b985u§iﬁg5é§§c at
40C, followng an initial 15 denaturation step. It is not essentjal_ for

hybri dPsatSbH-ahe csiieresl Sikagrl Sechel gxacknywe ohpl ERentaEywhackhei r

cognate SQ&P%%%@%ﬂfbi@ewiﬁﬂp%@éecﬁ@s@ﬁ @HPféééed If the Si and S2 may be of
different or identical sequence and w | { pically be around 20-30
e

nucIeot|dé%39?#4Q%ﬁﬂ¢ﬂeq%eaQUdp@@%ﬁ?gaE%nS &¢ bidee nhe upal aBRYiAbA2RAPAr al  DNA

bases, al so-yibonucheotides B5r afy1 cQOPL0aL | iR thgE e0F; capdonmy al so include
non- natural backbone |inkages such as di sul phi des or phos hor ot hi oat es.

Cl eavage sAtleachmait &g | the t pphid etjiePe’t Spusk Epaverths 3f ené pfnkke L is

itsel fisa polynucd egli de-Sheavage £hey may formpart of linker region L. In
ot her enbodi ments the c|eavage site may be fornmed at the junction of

sequences L and''S RePlLidmdcEmoreniat cahebs udRtighedetieln AbRRVFPACaNd

linker L (4 &Eﬁ%ée&g@&&ﬂ@&@e noh She A SR SEANERLEy Shr 8T kABws2i4i T L not
present). Moi et be any cheni cal moi ety which permts

i mrobi | i st ar?féﬂfl%mﬂé@e%fl ppepetidane al onPH BappséFulaThg surface
of the solij,Supporis MY hdS8LEaPE only for the peptidase to cleave

20 somewhere in the peptide component. Similarly, the length
and amino acid sequence of the peptide component is not
particularly limited except by the need to be "cleavable" by
the chosen peptidase.

The length and precise sequence of the nucleic acid

25 component is also not particularly limited, it may be of any
desired sequence. If the nucleic acid component is to
function as a primer in solid-phase PCR, then its length and
nucleotide sequence will be selected to enable annealing to
the template to be amplified.

30
Enzymatic digestion with restriction endonuclease/nicking

endonuclease



52 functionalised to permt attachnent of the prinmers. Any suitable

coval ent or non-coval ent attachnent neans may be used, of which nmany are
known in the art. By way of exanple, biotinylated al bum ns (BSA) can form5
a stable attachnment of biotin groups 4y physisorption of the protein onto
surfaces. Coval ent nodification can al so be perforned using silanes, which
have been used to attach nolecules to a solid support, usually a gl ass
slide. By way of exanple, a m xture of tetraethoxysilane and triethoxy- 10
br onbacet am dopropyl -silane (e.g. in a ratio of 1:100) can be used to
prepare functichabivsed gifasoublliedes rahided pedynticdevddideentviah nol ecul es
nucl ei c acgg kggkggingdg tg&oph%§phate or Ehosphorothiggte funct.ionality.
Biotin nof&2if &5 ¢3R BECAMTSCRER St §5sdr FEEBE 1 FEPng tapprdpicatidy 11s
reactive speches sdchoaschilati piBEGgFUCCNACKiAY casbalcMiiGlrsr @aets wWith an
amno surface. A mxture_of anplification prinmers may then be brought into
contact WPERYPRE FhAkt PEASFdEg Yocilgagapper {'nick "arner satiane &fbédi ment s

funct !§nabb§§ﬁu89eeewécp%ﬁbagkd%n@y%sggshéopﬁélgie@&%% tQ HLAGhPLieTers

wherein nbiety Ais a sulfur-containing nucleop I C groups are used.

Exanpl es vblapptaprbabéogylf ulhrudheephiibacadst aoti Agmpaleynuditéot i des are

di scl osed En Zhﬁo et al FN%cIeicfA%%ds Resear ch 200%“ i%&A), 955-959) and
Pirrung 25°8P°%% Efaﬁgﬁu F-12606," 167 §T§§m§191ﬁéﬁﬁ8 rHictddé¥f or exanpl e,
sinpl e thk@bSri&hi@ﬁh@§phab%&n@n@nabhﬁemééﬁgoﬁagl@@tﬁ%edEab&b%ﬁbéﬂ _ _
hydrogel s are those formed froma mxture of (i) a first conmonomer which is
acryl ani dehaket haetrBAPdECCREBEGIPEL EERURBERAERT BEe 10c1Ndgidnplt 3be
pyrrold di pppe; dgite. (i1) a second cononomer which is a functionalised
acrylani de %?Vg§§y aeTof formia (1): 53 HC=C(H)-(=0)-AB-C (I): or a
met hacryl ate or nethacrylam de of formula (11): 5or .
HZC_C(CHZ)-C(ﬁggéAﬁgigéélg% the invention is described in further

detail as follows.

15 Any suitable solid support and any suitable attachment
means known in the art may be used, of which several are
described by way of example below. Linkage to the solid
support may be achieved via covalent attachment.

The polynucleotide duplexes will typically be formed

20 from two complementary polynucleotide strands comprised of
deoxyribonucleotides joined by phosphodiester bonds, but may
additionally include one or more ribonucleotides and/or non-
nucleotide chemical moieties and/or non-naturally occurring
nucleotides and/or non-naturally occurring backbone

25 linkages. 1In particular, the double-stranded nucleic acid
may include non-nucleotide chemical moieties, e.g. linkers
or spacers, at the 5' end of one or both strands. By way of
non-limiting example, the double-stranded nucleic acid may
include methylated nucleotides, uracil bases,

30 phosphorothiocate groups, ribonucleotides, diol linkages,
disulphide linkages, peptides etc. Such non-DNA or non-

natural modifications may be included in order to permit



(wher ei n: Ais NRor O, wherein Ris hydrogen or an optionally
substituted saturated hydrocarbyl group conprising 1 to 5 carbon atons;
10-B- is an optionally substituted al kyl ene biradical of forrmula -(CH2)n-
wherein n is an integer from1 to 50;44and wherein n = 2 or nore, one or
nore optionally substituted ethyl ene biradicals -CH2CH2- of said al kyl ene
bi radi cal nmay be independently replaced by ethenyl ene and et hynyl ene 15

noi eties; and wherein n=1 or nore, one or nore nethyl ene biradicals -CH2-
may be repl aced i ndependently with an optionally substituted nono- or

pol ycycl CéeRyae6eaPBokCbicPadiedals BEmPthsirn g eFidmls & & 1P Sdtborf %t oms, or a
corr espogggﬁglgekgr QRRAEY v 19h theteLeRRlky ey ¢ld & Rigiadi calpef-theyei n at

| east 1 rCH2 is substltuteélby an oxygen sul fur or nitrogen atom or
an NH gr dvpacands spac€riss ta grosuisifoor ar sddtel o wiltdha va gsorgpowmt st lbi nd t he

compound covalently to the hydrogel) to forma polynerised product. A
particuI§%5¥§3F895¥0Pst%8rﬁ%ﬁjﬁb%g'-Of%'polynerisation of acryl ani de and
N- (5-5 br onoacehani-eybpariy laaredednings EBRAPAhcITRR tymatsaaldid support”,

as used herein, refers to the material to which the polynucleotides

mol ecul e§eqrenggsartabRéd. th@ tdblad@ds ol 'ied ISup pdrtd i ka1t

commer ¢l Qoh¥mBAfothi e De aPRAYLHe JRe iR RIS AN Ll syippor LS. can
be manuf actare Fom mat erial s such as gl ass, ceramcs, silica™and silicon.
Suppor t s swiltibl-ghgekd aswlfifdeatdwnl shdse wead.tabtye ts ggeprdrscas vl llly
conmprise a 54 flat (planar), surface, or .at |east tructure i.n which the
pol ynucl gﬁﬂe&fé‘%lﬁ’oﬁoﬁe dieﬁtléﬁ%dog;;‘[oé‘ﬁqg\’ee B SdS &aeﬁ:gt%ﬁ/ FHe SHRE ST ane.

Al terpat iwehVrit-heisel.i d support can be non-planar, e.g., a mcrobead. Any
suitable size my be used. 5 For exanple, the supports mght be on the
order of 1-10Tém Peleaskldiatdds shwplexes frgm MRty t3 ig-Hele®tion to
proceed ixtuyre of, t | fi.cat i I er.s, J i itabl e
function%ﬂgéég% §5|F31§ﬁ-pggﬁﬁﬂﬁ§%¥i§§%§F¥$§ﬁ§“5 icHR%ES%F%Q?%X%ggction
bet ween rmipgiexkeA,antdt htesuiporier Tre adsulyt wafl It hier sgrlaf tiymglaadgtion is a

substantially even distribution of the primers qver the salid su rt.
fornypart of an array of many éﬁ h clusters or co onles}n¥£e

15 terms "cluster" and "colony" are used interchangeably
throughout and refer to a discrete site on a solid support
comprised of a plurality of identical immobilised nucleic
acid strands and a plurality of identical immobilised
complementary nucleic acid strands. The term “clustered

20 array” refers to an array formed from such clusters or
colonies.

A key feature of the invention is that both sequencing
runs can occur in the same cluster or colony on a clustered
array. On such an array each duplex within each colony will

25 comprise the same double-stranded target polynucleotide,
whereas different colonies may be formed of duplexes
comprising different double-stranded target polynucleotides.
In a particular embodiment at least 90%, more particularly
at least 95% of the colonies on a given clustered array will

30 be formed from template duplexes comprising different

double-stranded target polynucleotides, although within each



In certain enbodinents the tenplate to be anplified nay be grafted onto the
solid support together with the 15 anplification priners in a single
grafting reaction. This can be achieved by adding tenpl ate nol ecul es
including noiety A at the 5 end to t4ye m xture of prinmers to forma
primer-tenplate m xture. This mxture is then grafted onto the solid
support in a single step. Anplification nmay then 20 proceed using the

i mmobi |l i sed tenplate and prinmers in a reaction anal ogous to that described
in WO 00/ 18957. The first step in such a reaction will be hybridisation
bet ween siurd aeieiholneb T @mpl et eshanalr say fakk- bounkk terplipl exaes ovipki mers.
251f the mxture of priners.only is grafted onto the i rt and the
tenpl at e QQWRﬁﬂ%ﬁnﬁh?i%ﬁP@sgﬁﬁbgéﬁﬁtfgp ?iet%{ﬂ?Ei%%%§$%%93§%??§ication
reaction may ppocest sUPSd@NSdByhYcBSoHESEs | bedl tieMDOB8LE4464d Bniefly,
follow ng attachnment” of the priners the solid support is 30 contacted with

the tenplsieh to ey anpl 2¥1@d RRHRT cloyier $ L oFatPR chT PbP nF#2hDBr i di sati on

bet ween the tenpl ate and t i i Li j The,Legpkatg is usually
added%i n %% Ogrgﬁt%%l%dg‘? ﬂé%%?%’%%e&ﬁ%b%%%g%%n@c%ndi tions, which will
55 be appasentut® the skpléedsy efdelowdgpbgatdylhndridi shei phegendeti ons

are, for exanple, 5xSSC at 40C, following an_ injtial_ depaturation_step.
Sol i d- pha’® %ﬁwf—ﬂ%‘ét?%%u%%ﬁl%eﬂrb‘f‘%éegkaé’ The ?’i“%%?gs?]é%a%?‘e{lﬁesu‘:ﬁ

anp|lflca£%0§0$fﬁ gh9?§ogi&g9{oe§égg§h9@ shepdiplvkeshonupleati des are
added to the 3" end of the immbilised prinmer hybridised to the tenplate to
produce atfehdtyemktendelegvapbraentabgtst panthe TRE52REAPPENEREAFYPLERaNd
will _thus i cIudf a%.its 3' end a sequence which is capable of binding to
the $8comPpYPAete1b 46t ecul e i mobi l'i sed on the solid support. Further
rounds of anplifégapbdpnfianabegaysdtplaxsvandaedaPCRyr eavtdnp ftbad to the
formati on of clusters or colonies of tenplate nnlecgles goun K the solid
support. SeREeReb¥eSFahnar BPer nreRBIANDIPR ESPH 8BRS pFPEld Ony "Fe ST8'

Zpec!fic %Q%mgrQaE iﬁglﬁgegaEgeEeaH%h@ECe@QE thaktkt.i s @QQE?Ed_tO )
nplify, but rn other enbodi nents 'sequences Si and S2 nmay be "uni versal
primer segagqneesinbi phimaable &hphi hvbatidéaedf tanyheafdestniereildtacid of
knomqffr ggggggmaﬁgqgeanuggggggh%gag %gnngggggggstgignggb%e%gﬁ%gfiCation
incorporation of nucleotides to the first sequencing primer,
resulting in determination of the sequence of a first region
of the target polynucleotide.
Hybridisation of sequencing primer to the template
20 strand is achieved by contacting the primer and template
strand under conditions which promote annealing of primer to
template. Such conditions will generally be well known to
those skilled in the art of molecular biology.
When the first sequencing reaction is complete, the
25 extended first sequencing primer is removed from the
surface. This can be achieved by heating, or chemical
denaturation. A second sequencing primer is then hybridised
to a second region of the template and a sequencing reaction
proceeds via successive addition of nucleotides to the

30 second sequencing primer, resulting in determination of the

sequence of a second region of the target polynucleotide.



20 with the universal priners. Suitable tenplates to be anplified
with universal prinmers may be prepared by nodifying target doubl e-stranded
pol ynucl eoti des by addition of known adaptor sequences to the 5 and 3
ends of the target nucleic acid nolectsles to 25 be anplified. The target
nol ecul es thensel ves may be any doubl e-stranded nolecules it is desired to
sequence (e.g. random fragnents of human genom c DNA). The adaptor
sequences enabl e anplification of these nolecules on a solid support to
formclusters using forward and reverse primers 30 having the general
structure descPf@eanabbdecanhbeecarséqdenutsusSingndng?2 sadéabdiever sal pri mer
sequenceswy _ada eqstypically short al.igonucl eotides _that may
be synthes?%%%eggiggnggn?&gﬁgFgéganégcﬁﬁéqégapWé?ggﬁaynug © glgffagﬁgd to
the 5' andd@tdesdscofsiaedgt toual €recas dniyHagreNt Srbyipa ¢apieky1§f means
(e.g. subcloning, %igation .etc). Mre specifically, tw different adaptor
sequencespﬁ?glggga Ke@"P§241P4r §&t 2anGEABRPRCARPIPRONEE | &°FElhdDS &Rplifi ed
such tshat spRenadapt 98 hSpdilaahedoat ganengdd of tB€e5“aEge%'“UC'e'C aci d
mol ecul e and another adaptor is attached at the other end of the target
nucl ei ¢ aéide@bletul elnTherpestbudar evhetiinenteohpei sehngra vdr gbe nucl ei c
aci d sequen e agapt.ors_m e_referred, to .10 herein as a
"tenplateﬁ%gg é#%gécggg%%ngsrégﬁe?mlxeg %ﬁgefaﬁagp agéﬁFépgfranded

pol ynucl eot i deGnanayaatlvanl agessghgnbeéngi mechoacihonat ednpbeOliskd in

modi ficatjon with the adaptor sequences. The adaptors contain sequences
whi ch perhi¢ Rekhedes 25 Eg?dléﬁﬁPF#PEaFPéheﬁsPﬁg fReugppPiLf meddifdadpri ner

ol euf s aTob L dsed:anc t BensoLdasupDOLE i Thesensequences shacthe adaptors

may be referred to herein as "priner binding sequences n order to act as
a tenpl at®ud¢beopideei Eoacideanpl thecabiventiansangl destrabhddoffuilhe tenpl ate

T the T oreRs e kel T E DranS E e Rer anPe Ehet Raf P Red BRRARHEREBR D! ecul o
can bind eesh prhaersyphbesi sneb aneogpbeieyt poyyaheand)iandcaasgquence

whi ch corresponds to sequence 52 in the reverse anglifigation pri mer
nol ecul esCPBP{IRMEL hut tPhEheelegsen ppf nehenbrerlfeechribbngeasenred

conplignentiad ye st £ and) £ -Jbe;seg g@fﬁ?P:Qvgbfa8??5£§r8i¥@EEhf§g£g%E

hybri di sation to prinmer nolecu typi ca e around
nucl eot i desquendtengtthenaiohoaghi therefiveattba pslyoerhbai ted hotsegdences

of this langhh, S0P HLEGLee T880L LY Of .B8gyenges, S ,20d 52 In the

incorporated into the growing chain has been determined, the
3" block may be removed to allow addition of the next

20 successive nucleotide. By ordering the products derived
using these modified nucleotides it is possible to deduce
‘the DNA sequence of the DNA template. Such reactions can be
done in a single experiment if each of the modified
nucleotides has attached thereto a different label, known to

25 correspond to the particular base, which facilitates
discrimination between the bases added at each incorporation
step. Alternatively, a separate reaction may be carried out
containing each of the modified nucleotides, which are added
separately.

30 The modified nucleotides may carry a label to
facilitate their detection. 1In a particular embodiment, the

label is a fluorescent label. Each nucleotide type may



anplification priners, and hence the cognate sequences in the adaptors, are
generally not material to the invention, as long as the priner nol ecul es
are able to interact with 57 the anplification sequences in order to
direct bridging anplification. The cr47teria for design of prinmers are

generally well known to those of ordinary skill in the art. Solid-phase
anplification by either the nmethod 5 anal ogous to that of WO 98/44151 or
t hat of WD 00/18957 will result in production of an array of col onies of

"bridged" anplification products.Both strands of the anplification product
will be i ARBBY| RsedLBRTERE SéMpgesgppsr Lakelor Flugresisens' lamdlst hi s

attachnen I derl.v fe e iLginal. 10 attac nt, of t.he ., .
anplifica%PgEEE??ngég.ﬁ%?pﬁggkﬁg Fﬁ%EgﬁglﬁPVSQ?%SH %%%dggFg 'FﬁiﬁHEach
col ony wi UB bpptecavednf sorBanpliof.i gatvkovrotha sikngkeabargetpal eewlde. The
utility of %hg squgncin ne%hgd of the invention is not limted to
sequenci ng°6f °Eefip F8§egF88 ce@PBy -af"¥51aRElLi FRBaPPoNSESatigR. The

net hods may1bewapphtedetaceeanensi RY0f ndevBheast banded theMmlaheStide

i mmobi |l i sed on a support by any ot her neans anenable to repeated cycl es of

hybridisa@ﬂbﬁ Bhe BMfuemelAgce20The invention will be further understood
I eherSnceake ADental bol B EOSELTRILAL GReTRLERS X aTRleg, 20 The
carryi ng outlédeideshodmptitbe uBvastileperClugher srcanwhecnesdgtas descri bed
in published reference WW07010251, the_protocols of which are incorporated
her ei n peclfic for the labelled nucleotides, or the use of other
10 suitable sources of illumination. The fluorescence from the
label on the nucleotide may be detected by a CCD camera or
other suitable detection means. An imaging system suitable
for determining the fluorescent signal from incorporated
nucleotides is described in application number 60/788,248.
15 The methods of the invention are not limited to use of
the sequencing method outlined above, but can be used in
conjunction with essentially any sequencing methodology
which relies on successive incorporation of nucleotides into
a polynucleotide chain. Suitable techniques include, for
20 example, Pyrosequencing™, FISSEQ (fluorescent in situ
sequencing), MPSS (massively parallel signature sequencing)
and sequencing by ligation-based methods, for example as
described in US6306597.
The target double-stranded polynucleotide to be
25 sequenced using the method of the invention may be any
polynucleotide that it is desired to sequence. The target
polynucleotide may be of known, unknown or partially known
sequence, such as, for example in re-sequencing
applications. Using the template preparation method
30 described in detail below it is possible to prepare arrays

of templates starting from essentially any double-stranded

target polynucleotide of known, unknown or partially known



by reference. 58 Exanple 1: Acrylam de coating of glass chips The solid
supports used are typically 8-channel glass chips 5 such as those provided
by Silex Mcrosystens (Silex Mcrosystens, Sweden), Mcronit (Twente,
Nederland) or IMI (Neuchatel, Swi tzer48and). However, the experinental
conditions and procedures are readily applicable to other solid supports.
10 Chips were washed as follows: neat Decon for 30 mn, mlliQ H20 for 30
mn, NaOH 1IN for 15 min, mlliQ 1420 for 30 min, HCL 0.1IN for 15 min,
mlliQH20 for 30 min. 15 Polymer solution preparation For 10 m of 2%

pol yneri sadd@indd X. wilbh mhofuddo sol atrepsoitats ybassilelentm bea@enade0 165
pl of a 100ng/ ml N-(5-bronoacet am dyl pentgl% acryl.am de ( BRAPA)
so}ﬁ:ion|m¢%¥m91%2%§59%bsi%f2§%%1s?@ﬁm?§ 315Tergpt oP S FERREB® 180 pl of a 50
ngy SO p i u Lh: gk | ki 0,620 BN 1420
25 The 10#%#££%$£fi8%a% f%ﬂ%gﬁ%ﬁi%%§3ggé?%§§tbgggggsgggm??ﬁba?ggﬁagor 15)
mn. The solititns s¢qBRAPNY TENVEDraguepbs agti aempeisuPNate WePe

successi vely added to the acrylam de_solution. The nLxt qui ckly
vort exed %%%hﬁgeﬂr?ﬁﬁ%ﬁ§a?%?§¥cﬁg%§n@éyﬁﬁﬁ?%ﬁsmés Fﬂ%naééﬁFﬁggcéﬁﬁego f or
Ih 30 at BF.géhémevasgdsrihgenbanngl sineeetnasbed weyhons! bifQskR0ehor 30
mn. The slide was then dried by flushin? _

obtained for each target molecule using the method will be

known to be linked within a certain distance of each other

in the genome, depending on the size of the starting target

10 molecule.

Preparation of templates to be sequenced

Suitable templates for sequencing using the method of
the invention can be prepared by solid-phase nucleic acid
15 amplification to produce nucleic acid colonies. This can be
done using procedures analogous to those described in WO
98/44151 and WO 00/18957, the contents of which are

incorporated herein in their entirety by reference.

20 For amplification to proceed, a mixture of two
amplification primers is immobilised or "grafted" onto the

surface of a suitable solid support.

The amplification primers are oligonucleotide molecules

25 having the following structures:

Forward primer: A-L-X-S1

Reverse primer: A-L—Y-S2

30 Wherein A represents a moiety which allows attachment
to the solid support, L is an optional linker moiety, X is

an optional cleavage site and S1 and S2 are polynucleotide



59 argon through the inlets and stored under |ow pressure in a desiccator.
5 Exanple 2: Synthesis of N (5-bronpacetam dyl pentYl) acrylam de (BRAPA)

Br (1) 10 N-Boc-1, 5-di am nopent ane tol uene sul fonic acid was obtai ned
from Novabi ochem The bronpacetyl chl®ride and acryl oyl chloride were
obtained fromFluka. Al other reagents were Aldrich products. 15 (2) To
a stirred suspension of N-Boc-1,5-di am nopentane toluene sulfonic acid (5.2
g, 13.88 mmol) and triethylamne (4.83 mM, 2.5 eq) in THE (120 m) at OC
was added acryloyl 20 chloride (1.13 m, 1 eq) through a pressure equalized
droppi ng Bannehcegewhachnpehout pepildadiciheéoneadt kot emplaiiee nvad etilten

stirred at rqomte rature and the progress of e reaction checked by TLC
(pet r ol eufifé h@P&?ggiﬁyFoggéﬁﬁﬁgglsff.%%Fﬁgi gﬁﬁkﬁgﬁﬁ r %alts forned
during th$0g9gggug5t;aewere filtered off and the filtrate evaporated to

dryness. The residue was purified by flash chromat ography (neat petrol eum
ether followed by a gradient of ethyl acetate up to 60% to yield 2.56 g

(9,98 gl Tiuf AGRLIUURE P:aRedRAGY gRhkdarhl) MRLLAQL Mz, d6- DVED)

substantially equal amounts the forward and reverse primers.

L represents a linker which may be included but is not
strictly necessary. The linker may be a carbon-containing
10 chain such as those of formula (CHy), wherein “n” is from 1
to about 1500, for example less than about 1000,
particularly less than 100, e.g. from 2-50, particularly 5-
25. However, a variety of other linkers may be employed
with the only restriction placed on their structures being
15 that the linkers are stable under conditions under which the
polynucleotides are intended to be used subsequently, e.g.
conditions used in DNA amplification and sequencing.
Linkers which do not consist of only carbon atoms may
also be used. Such linkers include polyethylene glycol
20 (PEG) having a general formula of (CH;-CH2-O)p, wherein m is
from about 1 to 600, particularly less than about 500.
Linkers formed primarily from chains of carbon atoms
and from PEG may be modified so as to contain functional
groups which interrupt the chains. Examples of such groups
25 include ketones, esters, amines, amides, ethers, thioethers,
sulfoxides, sulfones. Separately or in combination with the
presence of such functional groups may be employed alkene,
alkyne, aromatic or heteroaromatic moieties, or cyclic
aliphatic moieties (e.g. cyclohexyl). Cyclohexyl or phenyl
30 rings may, for example, be connected to a PEG or (CHz)a
chain through their 1- and 4-positions.
As an alternative to the linkers described above, which
are primarily based on linear chains of saturated carbon

atoms, optionally interrupted with unsaturated carbon atoms



30CH2), 1.29-1.43 (m 13H, tBu, 2xCH2), 2.86 (q, 2H, J= 6.8 Hz and 12.9 Hz,
CH2), 3.07 (g, 2H, J = 6.8 Hz and 12.9 Hz, 60 CH2), 5.53 (dd, 1H, J = 2.3
Hz and 10.1 Hz, CH), 6.05 (dd. 1H, J - 2.3 Hz and 17.2 Hz, CH), 6.20 (dd,
1H, J - 10.1 Hz and 17.2 Hz, CH), 6.7P (t, 1H, J = 5.3 Hz, NH), 8.04 (be,
1H, NH). Mass (el ectrospray+) cal culated for G 3H24N203 256. 5found 279
(256+Na+). (3) Product 2 (2.56g, 10 mml) was dissolved in trifluoroacetic
10 aci d: di chl oronmethane (1:9, 100 m) and stirred at roomtenperature. The
progress of the reaction was nonitored by TLC (dichl oronet hane : net hanol
9:1). On gpnpéesiOtonbp benétiQMnﬁbxsum&ymas enapsagéddwh¢cﬁrymess t he
resi due co- evaporated three,tines wt ene .and_t urified by 15
f1 ash chr%ﬁﬁ?%gg%p%9c %éata8%€ﬁ|8FoW8Pﬂaﬂ80$8FF8ﬁeHn6y a %rgdlent of
met hanol gpxtPo2O9) . Produchldowastbbhathedsaspa ofii teipowdernt2043tg, 9
mmol, 90% . 111 NNR.QQQO MHz, D20): 1.29-1.40 (m 2H, CH2), 1.52 (quint.,
oH, J = 7a§ilgseppytides2gqhin erS2H J=7.7 H, CH), 2.92 (t, 2H J =
1061F%; 20CH2) 1n3a2futtheZHemBodifpeBtHZ inkkR) ma. 68m©ddse1HneJor fioseHz and
H J=

10.1 Hz aﬂac%?oélﬂﬁng?&Cﬁwﬁégm(BPéEtPésggﬁyi?P&g%%SCH§88 P&%m% 58%20 156,

fogn? 17?ﬁﬁ%éﬁ+b6+ﬁ%tSgafﬁlalﬁdtéemﬁlaﬁyofeabﬁdbntcar¢6eﬁ20@t 22. 64 mmol )
an rie y am ne 2.2 e in ed_bronpacet yl
chloride [2tB7the, éElT@ﬁ) etﬁroﬁgﬂbﬁrbgé§ EF& eaﬁaﬁ%fig%&FSpplﬁg f unnel ,
over a on@ea@ﬂioﬁerloguaadnablaatiaeg fiagr diiee andrifeprepantol heathni n a
dewar). The reaction m xture ma%&then stirred r.oom enper%ture aver ni ght

and tH: cefpl EPRERT of PPH¥TFEAELTIARas HB&&@&ﬁgyffEE SIS oS Rane
met hanol 8z} itheatoll ewbngiday. 1¥her from 1 to 10, and more

particularliy 2, 3, 4, 5, 6, 7, 8, 9 or 10 spacer nucleotides
may be included. Most particularly the primer will include
10 spacer nucleotides. PolyT spacers may be used, although
15 other nucleotides and combinations thereof can also be used.
In one particular embodiment the primer may include 10T
spacer nucleotides.
The one or more spacer nucleotides function to space
the portion of the primer required to hybridise to a target
20 and direct amplification, away from the site of attachment
to the solid support (i.e. S1 or S2). The inclusion of
spacer nucleotides at the 5' end can markedly improve the
performance of hybridisation of complementary
polynucleotides to region Sl or S2. 1In a particular
25 embodiment the polynucleotide will include 10T spacer
nucleotides and a 5' phosphorothioate group for attachment
to the solid support (moiety A), although other attachment
moieties may be used as discussed below.
Sequences S1 and S2 in the forward and reverse primers
30 are polynucleotide sequences which, in combination, direct
amplification of a template by solid-phase bridging
amplification reaction. The template to be amplified must
itself comprise (when viewed as a single strand) at the 3'

end a sequence capable of hybridising to sequence S1 in the



61 salts formed during the reaction were filtered off and the reaction

m xture evaporated to dryness. The residue was purified by chronmatography
(neat dichl oronethane followed by a gradient of methanol up to 5% . 3.2 g
(11.55 nmmol, 51 %9 5 of the product 151( BRAPA) were obtained as a white
powder. A further recrystallization perforned in petroleum ether:ethyl
acetate gave 3g of the product 1. 114 NMR (400 WMHz, d6-Dwvs0) : 1.21-1.30
(m 2H CH2), 1.34-1.48 (m 4H, 2xCH2), 3.02- 3.12 (m 41-1, 2xCH2), 3.81
(s, 2H, CH2), 5.56 (d, 1H, J = 109.85 Hz, CH), 6.07 (d, 1H, J = 16.9 Hz,
CH), 6.ZOdedardkprjmer$0adeatahhe16 Oehld, aChpgu8no® (ths, cbHplRMents. 27

(bs, 1H, N el ectyospr calculated for Co H rN 02 276 or 278,
found 279° 27%*?@) 2§§p?ég ?bbf%déié ©35C@ &t |n§§of%§r|ners An
SFA coategebggg@ebklmgrplaced onto a nDdlfled NJ- Resear ch t hernocycl er and

attached to a peristaltic punp. Gafting mx con5|st|n% of 0.5 gMof a
forward pri mer TRAdPBESiAM BRtHI20OfeveaABENEESMSE PR G 2nWpRESphat e buf f er

(pH 7.9) Eérwageegnankevw@ec %@Hl%lrSOQEgEhﬁcﬁ_teg\ﬁKi@lels ati1a fJeow rate of 60
m/mn for 75 s at 20 The thernocyclér is then heated to 51.6 00, and

t he flom@epenéenﬁcebat:éa ae times ofefrper &empéat6r 1 ASudntomdesy %his tine,

the graftamglrﬂsgy ungﬁrQHaSséSmaét%@ espab1BUBR Agbrataldtingd ty x is punped
inat 15 mM/mn for 20 s, then the sol UPIOH i s punped back "and forth (5 s
forward aEoYBaiE/ AEAUSRREN snsc@a@l%@ﬁtﬁataﬁ:Y1§tafﬁpﬁanpff dhergemplager er 18

cycles OftB“HE'QﬁglEE?eB'°“@ﬁE'tb%mwa%?%91QXsatlonpugﬂb@&ﬁdﬁé§€sscy5”N|EDTA
at 15 m/mn for 300 s at : e thernocycler is then cooled to 20
C. 60 sequence-specific binding between primer and template.

Binding of a primer to its cognate sequence in the template
should occur under typical conditions used for primer-
template annealing in standard PCR. Typically hybridisation
conditions are 5xSSC at 40°C, following an initial
15 denaturation step. It is not essential for hybridisation
that sequences S1 and S2 be exactly complementary to their
cognate sequences in the template to be amplified.
S1 and S2 may be of different or identical sequence and
will typically be around 20-30 nucleotides in length. The
20 primers can include natural and non-natural DNA bases, also
ribonucleotides or any combination thereof, and may also
include non-natural backbone linkages such as disulphides or
phosphorothiocates.
Cleavage site X may fall within sequence S1 or 82, or
25 if the linker L is itself a polynucleotide cleavage they may
form part of linker region L. In other embodiments the
cleavage site may be formed at the junction of sequences L
and S1 or L and S2, or at the junction between moiety A and
linker L (if present) or between moiety A and sequence S1 or
30 S2 (if L not present).
Moiety A may be any chemical moiety which permits
immobilisation of an oligonucleotide primer on a solid

support. The surface of the solid support may itself be



The primers are typically 5 -phosphorothi oate ol i gonucl eoti des

i ncor porating any specific sequences or nodifications required for

cl eavage. Their sequences and suppliers vary according to the experinment
for which they 5 are used, and in thi® case are conplenentary to the
5'-ends of the tenplate duplex. For the experinment described, the anplified
clusters contained a diol linkage in one of the grafted priners. Dol

| i nkages can be introduced by including a suitable phosphoramdite
internediate into one 10 of the primers used for solid-phase anplification,
for exanpfenctasotlebrsédetioi peD704028dhmdhe gfathedppimpess Bomtain a

sequence of T bases at_the 5 - end to act as a s acer grou to aid
|i neari satVbrAhd q%vﬁ§%?Fd?EaP?BnCOKF}@BEu%FE%?ﬁﬂﬁg m@?@ngrgﬁﬁréa usi ng

the diol phosp hgfaﬁhgbﬁemgﬁyngrét@Hg@ﬁd gOHRLI ggrconditions on a conmercia
DNA synthe5|ser The final cleavage/ deprotection step in ammonia cl eaves

the acetate grbﬂp@a7r©ﬁ1@hémBtheb%QElﬁYbatﬁélélpumééstﬁﬁﬁAﬁhéan form

ORI E LR L s 20, 30U L OB SRR RS Lo B BROLLLGRLLBn fhethe

sequerices® of “TPe" t o priners gra are:

5' - PS- TTTdddddId - &h b - AAEE&R%&XIX%%EZ&KI%bBlfﬂSaAman&an also be

5 -PS-TTTTTTTTTTCAAGCAGAAGACGGECATACGA- 3' ngle 4. Cluster % tion 30
63 conpl ARt aFYed out hRY gP A #B8S prTReFE. h?ﬁ% GPT Y&Gtented5F36Re of the

monot enpl At £, dUpl exes ésséEQ&ﬂshgpékeurﬁségll9n9 5@355699@8@65 8y {he 19
base variable target region is shown in ure The duplex DNA"(1 nM is

denatured0ﬂ5$m@m@la,NhSmsaduuﬁ1hﬁdtekrdethpézsnéﬁneféhﬂoﬁ@éebyo§ﬁap

dilution to the d S|r ing concentration n bridi zation
buffé‘r(l (‘BEOEEeS f 3 %@?ﬁﬁggﬁ)gwgﬁ??agg'ghpflf|ca??%ﬁ ﬁgsicéppyeghgut by

t her rmcycua Ngs&§i Hg IiﬁeparMJfﬁﬂaeabﬁhliBéﬁn@![:aélselélldelslpbvﬁﬁicw phrant8- way

peristaltic punp Ismatec | PC | SMB31 equi pped with | smatec tubing

(or ange/ yRF FGRMONE10AMPPBECUTRE §Pﬁé?écs?FéﬁaeanFéHﬁF&9eals hybri di sed to

the graft@ﬁlophosphate or phosphorothioate functionality. Biotin
molecules can be attached to surfaces using appropriately
15 reactive species such as biotin-PEG-succinimidyl ester which
reacts with an amino surface. A mixture of amplification
primers may then be brought into contact with the
functionalised solid support.
In alternative embodiments functionalised
20 polyacrylamide hydrogels may be used to attach primers
wherein moiety A is a sulfur-containing nucleophilic groups
are used. Examples of appropriate sulfur nucleophile-
containing polynucleotides are disclosed in Zhao et al
(Nucleic Acids Research, 2001, 29(4), 955-959) and Pirrung
25 et al (Langmuir, 2000, 16, 2185-2191) and include, for
example, simple thiols, thiophosphates and
thiophosphoramidates. Particular hydrogels are those formed
from a mixture of (i) a first comonomer which is acrylamide,
methacrylamide, hydroxyethyl methacrylate or N-vinyl
30 pyrrolidinone; and
(ii) a second comonomer which is a functionalised

acrylamide or acrylate of formula (I):



15 priners inmedi ately prior to the anplification reaction, which thus
begins with an initial prinmer extension step rather than tenplate
denaturation. The hybridization procedure begins with a heating step in a
stringent buffer to ensure conplete d8naturation prior to hybridisation. 20
After the hybridization, which occurs during a 20 mn slow cooling step,
the flowell was washed for 5 mnutes with a wash buffer (0.3 x SSC/ 0.1%
Tween) . A typical anplification process is detailed in the foll ow ng
25 table, detailing the flow volumes per channel: Step Description T (t)
Time (sec) Flow rate (m/m RCRuEed +Q)PIA-B-Pufip) Hybri di zati on pre-m x 20
120

or a methacrylate or methacrylamide of formula (II):

5 or HyC=C (CHj3)-C(=0)-A-B-C-(II)
(wherein:

A is NR or O, wherein R is hydrogen or an optionally
substituted saturated hydrocarbyl group comprising 1 to 5
carbon atoms;

10 -B- is an optionally substituted alkylene biradical of
formula - (CHy)n,~ wherein n is an integer from 1 to 50; and
wherein n = 2 or more, one or more optionally substituted
ethylene biradicals -CHyCHy- of said alkylene biradical may
be independently replaced by ethenylene and ethynylene

15 moieties; and wherein n=1 or more, one or more methylene
biradicals ~CHy- may be replaced independently with an
optionally substituted mono- or polycyclic hydrocarbon
biradical comprising from 4 to 50 carbon atoms, or a
corresponding heteromonocyclic or heteropolycyclic biradical

20 wherein at least 1 CH; or CH; is substituted by an oxygen
sulfur or nitrogen atom or an NH group; and

C is a group for reaction with a compound to bind the
compound covalently to the hydrogel) to form a polymerised
product. A particular hydrogel is formed by co-

25 polymerisation of acrylamide and N-(5-

bromoacetamidylpentyl)acrylamide (BRAPA).

The term “solid support”, as used herein, refers to
the material to which the polynucleotides molecules are
30 attached. Suitable solid supports are available
commercially, and will be apparent to the skilled person.
The supports can be manufactured from materials such as
glass, ceramics, silica and silicon. Supports with a gold

surface may also be used. The supports usually comprise a



60 120 2 Punp Hybridization mx 98.5 300 15 75 3 Renove bubbles 98.5 10 100
16.7 4 Stop flow and hold T 98.5 30
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flat (planar) surface, or at least a structure in which the
polynucleotides to be interrogated are in approximately the
same plane. Alternatively, the solid support can be non-
planar, e.g., a microbead. Any suitable size may be used.

5 For example, the supports might be on the order of 1-10 cm
in each direction. ‘

For the grafting reaction to proceed a mixture of the
amplification primers is applied to a (suitable
functionalised) solid support uhder conditions which permit

10 reaction between moiety A and the support. The result of
the grafting reaction is a substantially even distribution
of the primers over the solid support.

In certain embodiments the template to be amplified may
be grafted onto the solid support together with the

15 amplification primers in a single grafting reaction. This
can be achieved by adding template molecules including
moiety A at the 5' end to the mixture of primers to form a
primer-template mixture. This mixture is then grafted onto
the solid support in a single step. Amplification may then

20 proceed using the immobilised template and primers in a
reaction analogous to that described in WO 00/18957. The
first step in such a reaction will be hybridisation between
surface-bound templates and surface-bound amplification
primers.

25 If the mixture of primers only is grafted onto the
solid support and the template to be amplified is present in
free solution, the amplification reaction may proceed
substantially as described in WO 98/44151. Briefly,
following attachment of the primers the solid support is

30 contacted with the template to be amplified under conditions
which permit hybridisation between the template and the
immobilised primers. The template is usually added in free

solution under suiltable hybridisation conditions, which will



static O 64 5 Slow cooling 98.5-40.2 19.5 mn static 0 6 Punp wash buffer
40.2 300 15 75 7 Punp anplification pre-mx
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be apparent to the skilled reader. Typically hybridisation
conditions are, for example, 5xSSC at 40°C, following an
initial denaturation step. Solid-phase amplification can
then proceed, the first step of the amplification being a

5 primer extension step in which nucleotides are added to the
3'" end of the immobilised primer hybridised to the template
to produce a fully extended complementary strand. This
complementary strand will thus include at its 3' end a
sequence which is capable of binding to the second primer

10 molecule immobilised on the solid support. Further rounds
of amplification (analogous to a standard PCR reaction) lead
to the formation of clusters or colonies of template
molecules bound to the solid support.

Sequences S1 and S2 in the amplification primers may be
15 specific for a particular target nucleic acid that it is
desired to amplify, but in other embodiments sequences Sl
and S2 may be "universal" primer sequences which enable
amplification of any target nucleic acid of known or unknown
sequence which has been modified to enable amplification
20 with the universal primers.

Suitable templates to be amplified with universal
primers may be prepared by modifying target double-stranded
polynucleotides by addition of known adaptor sequences to
the 5' and 3' ends of the target nucleic acid molecules to

25 be amplified. The target molecules themselves may be any
double-stranded molecules it is desired to sequence (e.g.
random fragments of human genomic DNA). The adaptor
sequences enable amplification of these molecules on a solid
support to form clusters using forward and reverse primers

30 having the general structure described above, wherein
sequences S1 and S2 are universal primer sequences.

The adaptors are typically short oligonucleotides that

may be synthesised by conventional means. The adaptors may
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be attached to the 5' and 3' ends of target nucleic acid
fragments by a variety of means (e.g. subcloning, ligation.
etc). More specifically, two different adaptor sequences
are attached to a target nucleic acid molecule to be
5 amplified such that one adaptor is attached at one end of

the target nucleic acid molecule and another adaptor is
attached at the other end of the target nucleic acid
molecule. The resultant construct comprising a target
nucleic acid sequence flanked by adaptors may be referred to

10 herein as a "template nucleic acid construct”.

The target double-stranded polynucleotides may
advantageously be size-fractionated prior to modification
with the adaptor sequences.

The adaptors contain sequences which permit nucleic

15 acid amplification using the amplification primer molecules
immobilised on the solid support. These sequences in the
adaptors may be referred to herein as "primer binding
sequences". In order to act as a template for nucleic acid
amplification, a single strand of the template construct

20 must contain a sequence which is complementary to sequence
S1 in the forward amplification primers (such that the
forward primer molecule can bind and prime synthesis of a
complementary strand) and a sequence which corresponds to
sequence S2 in the reverse amplification primer molecules

25 (such that the reverse primer molecule can bind to the
complementary strand). The sequences in the adaptors which
permit hybridisation to primer molecules will typically be
around 20-30 nucleotides in length, although the invention
is not limited to sequences of this length.

30 The precise identity of sequences S1 and S2Z in the
amplification primers, and hence the cognate sequences in
the adaptors, are generally not material to the invention,

as long as the primer molecules are able to interact with
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the amplification sequences in order to direct bridging
amplification. The criteria for design of primers are
generally well known to those of ordinary skill in the art.

Solid-phase amplification by either the method
5 analogous to that of WO 98/44151 or that of WO 00/18957 will
result in production of an array of colonies of "bridged”
amplification products. Both strands of the amplification
product will be immobilised on the solid support at or near
the 5' end, this attachment being derived from the original
10 attachment of the amplification primers. Typically the
amplification products within each colony will be derived
from amplification of a single target molecule.
The utility of the sequencing method of the invention
is not limited to sequencing of templates produced by an
15 amplification reaction. The method may be applied to
sequencing of double-stranded templates immobilised on a
support by any other means amenable to repeated cycles of

hybridisation and sequencing.

20 The invention will be further understood with reference

to the following experimental examples:

Ex
amples
25 The following are examples of general techniques which may
be applied in carrying out the method of the invention.
Clusters can be made as described in published reference
WO07010251, the protocols of which are incorporated herein
by reference.

30
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Example 1: Acrylamide coating of glass chips

The solid supports used are typically 8-channel glass chips
such as those provided by Silex Microsystems (Silex
Microsystems, Sweden), Micronit (Twente, Nederland) or IMT
(Neuchatel, Switzerland). However, the experimental
conditions and procedures are readily applicable to other

solid supports.

Chips were washed as follows: neat Decon for 30 min, milliQ
H,0 for 30 min, NaOH 1N for 15 min, milliQ H»O for 30 min,
HCl 0.1N for 15 min, milliQ H,O for 30 min.

Polymer solution preparation

For 10 ml of 2% polymerisation mix.

- 10 ml of 2% solution of acrylamide in milliQ H20

- 165 ul of a 100mg/ml N-(5-bromoacetamidylpentyl)
acrylamide (BRAPA) solution in DMF (23.5 mg in 235pl
DMFE)

- 11.5 pul of TEMED

- 100 pl of a 50 mg/ml solution of potassium persulfate
in milliQ H,O0 (20mg in 400pl H20)

The 10 ml solution of acrylamide was first degassed with
argon for 15 min. The solutions of BRAPA, TEMED and
potassium persulfate were successively added to the
acrylamide solution. The mixture was then quickly vortexed
and used immediately. Polymerization was then carried out
for 1h 30 at RT. Afterwards the channels were washed with
milliQ H,O for 30 min. The slide was then dried by flushing

74



Hybridisation mx = 0.1 M hydroxi de DNA sanple, diluted in hybridisation
pre mx 5 Wash buffer = 0.3 x SSC/ 0.1% Tween Anplification pre mx - 2 M
betaine, 20 MM Tris, 10 mM Amoni um Sul fate, 2 nM Magnesi um sul fate, 0.1%
Triton, 1.3% DMSO, pH 8.8 Anplificati® mx = 2 Mbetaine, 20 nE Tris, 10
mM Ammoni um 10 Sul fate, 2 nM Magnesium sul fate, 0.1% Triton, 1.3% DMSO, pH
8.8 plus 200 1.0 dANTP m x and 25 units/nL of Tag pol ynerase (NEB Product
ref MR273L) The clusters can be treated in a nunber of ways to all ow
15 sequencing Exanpl e 5: Sequencing of non-linearised clusters Al
channels #erugﬁn@h@rgﬂlQXspﬂﬁﬁ'BQOEQHOQQHeQ 1Nap@ sfsore5 imi AUt es at
15 nlcro? res mnute. To aid strand 20 separation, the chip containing
NaOH wasdbedtedtbo .80 degrees C, and sequencing priner in hybridisation
buffer (0.3xSSC) was flushed in for 5 mnutes at 15 65 mcrolitres/ mnute.
The chip was then cooled to 66 degrees C and incubated at this tenperature

for 15 m nutes. The chip was cooled to 40 degrees C, and washed for 5 5
m nutes in O. 1xSSC70 196Tmeen cl es_of sequenci.ng enz nq]ogy wer e
per f o? ne8xagpd L1, iR PERE S ~&iF et | neari sed

clustersa%g w@h}d@s bﬁ@@@glsed clusters Analy5|s of these imges has 10
reveal ed rporation on the non-linearised clusters to be

about half that of l|linearised clusters.

10 N-Boc-1,5-diaminopentane toluene sulfonic acid was obtained
from Novabiochem. The bromoacetyl chloride and acryloyl
chloride were obtained from Fluka. All other reagents were

Aldrich products.

H H
A eSS °7<
Y T 7

To a stirred suspension of N-Boc-1,5-diaminopentane toluene

15

sulfonic acid (5.2 g, 13.88 mmol) and triethylamine (4.83
ml, 2.5 eq) in THF (120 ml) at 0°C was added acryloyl

20 chloride (1.13 ml, 1 eqg) through a pressure equalized
dropping funnel over a one hour period. The reaction mixture
was then stirred at room temperature and the progress of the
reaction checked by TLC (petroieum ether : ethyl acetate
1:1). After two hours, the salts formed during the reaction

25 were filtered off and the filtrate evaporated to dryness.
The residue was purified by flash chromatography (neat
petroleum ether followed by a gradient of ethyl acetate up
to 60%) to yield 2.56 g (9.98 mmol, 71 %) of product 2 as a
beige solid. H NMR (400 MHz, de-DMSO) : 1.20-1.22 (m, Z2H,

30 CH,), 1.29-1.43 (m, 13H, tBu, 2xCHz), 2.86 (g, 2H, J = 6.8
Hz and 12.9 Hz, CHp), 3.07 (g, 2H, J = 6.8 Hz and 12.9 Hz,



Fol | owi ng denaturation with 0.1 M NaOH, a second sequencing prinmer was
hybri di sed to give a second sequencing run from 15 the other strand of the
tenpl ate. Exanple 6: Sequencing of l|inearised clusters using two
hybri di sati on steps onto a single stranded tenplate. 20 Step 1:

Li nearisation To linearize the nucleic acid clusters formed within the flow
cell channels, the linearization buffer is flowed through the flow cell for
20 mns at roomtenp at 15 gL/ mn (total volume = 300 nL per channel),
fol | owed by mater for 5 25 mns at r t The linearisation buffer consists of

, f d f f
T VT s TP 6-5and U8, 4 f A o haets, s rort 0 1 Gl vol e of

3 m. Thel}p,erJodaﬂeB%zfam@tl?n Xe]dzw @Hi] t hé. 2@t edd 301%hi Ue=the.¥rHz is m xed

with the fo QE?I T | utions ar n d togeth and the
3-am nopraorb %dg{zadgﬁa) ‘to tﬁ 9 HIJT e§ St§p§2I$ Bl ocEf n% ggt éﬁéébl e 3f-OH
groups 51H0 NH)epataesd heebda@’ckom}gr@y{e} nexlcdBsOedALfof GaflesN.037058L of 10X
bIocklng uf f E er, 4; product nunmber 87004S), and, 170 AL of cobalt
chl ori de %7( r?%&i%l )f'or a final volune of 1700 AL. To prepare the

bl ocking m x, 1065.13 jiL of blocking pre-mx, 21.12 AL of 125 AM ddNTP m x,
and 13.75 10 AL of TdT term nalytransferase (NEB part no MX252S) are m xed

to a final vol ume of 1100/%”1:0/51\&0}(\:\1%‘“%&5?08?0 acid within the clusters
formed in the flow cell channels, the bl ocking buff%r is flowed through the
flow cell, and the tenperatur® is adjusted as showr

Product 2 (2.56g, 10 mmol) was dissolved in trifluoroacetic

10 acid:dichloromethane (1:9, 100 ml) and stirred at room
temperature. The progress of the reaction was monitored by
TLC (dichloromethane : methanol 9:1). On completion, the
reaction mixture was evaporated to dryness, the residue co-
evaporated three times with toluene and then purified by

15 flash chromatography (neat dichloromethane followed by a
gradient of methanol up to 20%). Product 3 was obtained as a
white powder (2.43 g, 9 mmol, 90%). 'H NMR (400 MHz, D.0):
1.29-1.40 (m, 2H, CHz), 1.52 (quint., 2H, J = 7.1 Hz, CH;),
1.61 (quint., 2H, J= 7.7 Hz, CHz), 2.92 (t, 2H, J= 7.6 Hz,

20 CHp), 3.21 (t, 2H, J = 6.8 Hz, CHz), 5.68 (dd, 1H, J = 1.5
Hz and 10.1 Hz, CH), 6.10 (dd, 1H, J = 1.5 Hz and 17.2 Hz,
CH), 6.20 (dd, 1H, J = 10.1 Hz and 17.2 Hz, CH). Mass
(electrospray+) calculated for CgH;gN,O 156, found 179

(156+Na’) .
25
To a suspension of product 3 (6.12 g, 22.64 mmol) and
triethylamine (6.94 ml, 2.2 eq) in THF (120 ml) was added
bromoacetyl chloride (2.07 ml, l.leq), through a pressure
equalized dropping funnel, over a one hour period and at
30 -60°C (cardice and isopropanol bath in a dewar). The

reaction mixture was then stirred at room temperature
overnight and the completion of the reaction was checked by

TLC (dichloromethane : methanol 9:1) the following day. The
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salts formed during the reaction were filtered off and the
reaction mixture evaporated to dryness. The residue was
purified by chromatography (neat dichloromethane followed by
a gradient of methanol up to 5%). 3.2 g (11.55 mmol, 51 %)

5 of the product 1 (BRAPA) were obtained as a white powder. A
further recrystallization performed in petroleum ether:ethyl
acetate gave 3g of the product 1. Iy NMR (400 MHz, de-DMSO)

1.21-1.30 (m, 2H, CHp), 1.34-1.48 (m, 4H, 2xCHz), 3.02-
3.12 (m, 4H, 2xCH,), 3.81 (s, 2H, CHp), 5.56 (d, 1H, J =
10 9.85 Hz, CH), 6.07 (d, 1H, J = 16.9 Hz, CH), 6.20 (dd, 1H,
J = 10.1 Hz and 16.9 Hz, CH), 8.07 (bs, 1H, NH), 8.27 (bs,
1H, NH). Mass (electrospray+t) calculated for C19H17BrN,0, 276
or 278, found 279 (278+H"), 299 (276+Na").

15 Example 3: Grafting of primers

An SFA coated flowcell is placed onto a modified MJ-Research
thermocycler and attached to a peristaltic pump. Grafting
mix consisting of 0.5 uM of a forward primer and 0.5 pM of a

20 reverse primer in 10 mM phosphate buffer (pH 7.0) is pumped
into the channels of the flowcell at a flow rate of 60

pl/min for 75 s at 20 °C. The thermocycler is then heated to
51.6 °C, and the flowcell is incubated at this temperature
for 1 hour. During this time, the grafting mix undergoes 18
25 cycles of pumping: grafting mix is pumped in at 15 pl/min
for 20 s, then the solution is pumped back and forth (5 s
forward at 15 pl/min, then 5 s backward at 15 pl/min) for
180 s. After 18 cycles of pumping, the flowcell is washed by
pumping in 5xSSC/5mM EDTA at 15 pl/min for 300 s at 51.6 °C.

30 The thermocycler is then cooled to 20 °C.
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The primers are typically 5’-phosphorothioate
oligonucleotides incorporating any specific séquences or
modifications required for cleavage. Their sequences and
suppliers vary according to the experiment for which they

5 are used, and in this case are complementary to the 5’-ends
of the template duplex. For the experiment described, the
amplified clusters contained a diol linkage in one of the
grafted primers. Diol linkages can be introduced by
including a suitable phosphoramidite intermediate into one

10 of the primers used for solid-phase amplification, for

example, as described in WO07010251.

The grafted primers contain a sequence of T bases at the 5'-
end to act as a spacer group to aid linearisation and

15 hybridization. Oligonucleotides were prepared using the diol
phosphoramidite using standard coupling conditions on a
commercial DNA synthesiser. The final cleavage/deprotection
step in ammonia cleaves the acetate groups from the
protected diol moiety, so that the oligonucleotide in

20 solution contains the diol modification. The sequences of

the two primers grafted to the flowcell are:

P5 = 5’/ -PS-TTTTTTTTTT-Diol-AATGATACGGCGACCACCGA-3’
25 And

P7 = 5'-PS-TTTTTTTTTTCAAGCAGAAGACGGCATACGA-3'

Example 4: Cluster formation

30
The DNA sequence used in the amplification process is a

mixture of five single monotemplate sequences, with ends



8 x (20+180) 15/ static 45 5 Punp wash buffer 20 300 15 75 67 Step 3:
Denaturation and hybridi zati on of sequencing prinmer To prepare the priner
mx, 895.5 }IL of hybridization pre- mx/buffer and 4.5 m of sequencing
primer (100 MV) are m xed to a fingl volune of 900 nmL. The sequences of
the two 5 sequencing prinmers used in these reactions are as follows: Seq
primer for first read: 5 AATGATACGGCGACCACCGAGATGAAGGTATAGAT

complementary to the grafted primers. The full sequence of
one of the monotemplate dupiexes is shown in figure 12, and
the sequences or the 19 base variable target region is shown
in figure 2. The duplex DNA (1 nM) is denatured using 0.1 M
5 sodium hydroxide treatment followed by snap dilution to the

desired 0.2-2 pM

buffer’ (5 x SSC / 0.1% Tween).

‘working concentration’ in ‘hybridization

Surface amplification was carried out by thermocycling using
10 an MJ Research thermocycler, coupled with an 8-way
peristaltic pump Ismatec IPC ISM931 equipped with Ismatec
tubing (orange/yellow, 0.51 mm ID).
The single stranded template is hybridised to the grafted
15 primers immediately prior to the amplification reaction,
which thus begins with an initial primer extension step
rather than template denaturation. The hybridization
procedure begins with a heating step in a stringent buffer
to ensure complete denaturation prior to hybridisation.
20 After the hybridization, which occurs during a 20 min slow
cooling step, the flowcell was washed for 5 minutes with a

wash buffer (0.3 x SSC / 0.1% Tween).

A typical amplification process is detailed in the following

25 table, detailing the flow volumes per channel:

- T Time Flow rate Pumped V
Step Description (°C) (sec) (ulimin) ()
1 Pump Hybridization pre-mix 20 120 60 120
2 Pump Hybridization mix 98.5 300 15 75
3 Remove bubbles 98.5 10 100 16.7
4 Stop flowand hold T 98.5 30 static 0




Seq prinmer for second read: 5 ACACTCTTTCCCTACACGACGCTCTTCCGATC To denature
the nucleic acid within the clusters and to 10 hybridize the sequencing
prinmer, the appropriate solutions are flowed through the flow cell as
descri bed below. Step Description T (@) Time (sec) Flowrate (nl/mn)
Punped V (121) 1 Punp 0.1 M NaOH 20 300 15

5 Slow cooling 98.5-40.2 19.5 min static 0

6 Pump wash buffer 40.2 300 15 75

7 Pump amplification pre-mix 40.2 200 15 50

8 Pump amplification mix 402 75 60 75

9 First Extension 74 90 static 0
10 Denaturation 98.5 45 static 0
amp Re-fill channels 98.5 10 60 10
cycles Annealing 58 90 static 0
11030 Extension 74 90 static 0
11 Hold at 20 °C 20 for ever static 0
12 Pump wash buffer 74 300 15 75

Hybridisation pre mix (buffer) = 5 x SSC / 0.1% Tween

Hybridisation mix = 0.1 M hydroxide DNA sample, diluted in

hybridisation pre mix
5 Wash buffer = 0.3 x SSC / 0.1% Tween
Amplification pre mix = 2 M betaine, 20 mM Tris, 10 mM

Ammonium Sulfate, 2 mM Magnesium sulfate, 0.1% Triton, 1.3%
DMSO, pH 8.8

Amplification mix = 2 M betaine, 20 mM Tris, 10 mM Ammonium
10 Sulfate, 2 mM Magnesium sulfate, 0.1% Triton, 1.3% DMSO, pH

8.8 plus 200 uM dNTP mix and 25 units/mL of Tag polymerase
(NEB Product ref MO0273L)

The clusters can be treated in a number of ways to allow

15 sequencing:

Example 5: Sequencing of non-linearised clusters

All channels were then denatured by pumping through 0.1M

NaOH for 5 minutes at 15 microlitres/minute. To aid strand
20 separation, the chip containing NaOH was heated to 80

degrees C, and sequencing primer in hybridisation buffer

(0.3x8SC) was flushed in for 5 minutes at 15



75 2 Pump TE 20 300 15 75 3 Punp Prinmer mx 20 300 15 75 4 Hold at 60C 60
900 O
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microlitres/minute. The chip was then cooled to 66 degrees C

and incubated at this temperature for 15 minutes.

The chip was cooled to 40 degrees C, and washed for 5

5 minutes in 0.1xSSC/0.1% Tween.

Cycles of sequencing enzymology were performed as described

below, showing incorporation on non-linearised clusters as

well as linearised clusters. Analysis of these images has
10 revealed the extent of incorporation on the non-linearised

clusters to be about half that of linearised clusters.
Following denaturation with 0.1 M NaOH, a second sequencing

primer was hybridised to give a second sequencing run from

15 the other strand of the template.

Example 6: Sequencing of linearised clusters using two

hybridisation steps onto a single stranded template.

20 Step 1: Linearisation

To linearize the nucleic acid clusters formed within the

flow cell channels, the linearization buffer is flowed
through the flow cell for 20 mins at room temp at 15 pL/min

(total volume = 300 pL per channel), followed by water for 5

25 mins at r.t.

The linearisation buffer consists of 1429 pL of water, 64 mg
of sodium periodate, 1500 uL of formamide, 60 puL of 1 M Tris

pH 8, and 11.4 uL of 3-aminopropanol, mixed for a final
volume of 3 mL. The periodate is first mixed with the water

30 while the Tris is mixed with the formamide. The two



0 5 Punp wash buffer 40.2 300 15 75 15 After the first sequencing run, this
process can be repeated to renove the first run and hybridi se the second
sequencing priner. After denaturation and hybridization of the sequencing
prinmer, the flowell is ready for seqwencing. 68 Exanple 7: DNA sequenci ng
cycl es Sequenci ng was carried out using nodified nucl eotides prepared as
described in International patent application 5 ' W) 2004/018493, and

| abelled with four different comrercially avail able fluorophores (Ml ecul ar
Probes Inc.). A mut ant 9N pol ymerase enzyne (an exo- variant including the
triple nutation L408Y/ YA09A/ P410 nd 233 sed f th ucleotide
incorporaf?%ﬁF%?%%s?r%n%%?%o?é%?%n%ﬂgﬁgg?ﬁc%?%g?% ignaégPP§%°€€§°2w?%ris-Hc1
pH 8.0, 6aadddMSchde i EDIAe.0. 05% (v/v) Tween -20, 50 nmM NaCl) plus 110
nM YAV exo- 02233, and 1 pi each of the four 15 | abelled nodified

nucl eoti des,, was applied to the clustered tenplates, and heated.to 45 C

Step 2: Blocking extendable 3’"-0H groups

5 To prepare the blocking pre-mix, 1360 uL of water, 170 puL of
10X blocking buffer (NEB buffer 4; product number B70048),

and, 170 pL of cobalt chloride (25 mM) are mixed for a final

volume of 1700 pL. To prepare the blocking mix, 1065.13 pL

of blocking pre-mix, 21.12 pL of 125 puM ddNTP mix, and 13.75
10 pL of TdAT terminal transferase (NEB; part no M02523) are

mixed to a final volume of 1100 pL.

To block the nucleic acid within the clusters formed in the

flow cell channels, the blocking buffer is flowed through

the flow cell, and the temperature is adjusted as shown in

15 the exemplary embodiments below.

St D Lot T Time Flow rate| Pumped V
ep escription (°C) (sec) (u1/min) (ul)
1 Pump Blocking 20 200 15 50

pre-mix
2 Pump Blocking mix| 37.7 300 15 75
Stop flow and .
3 hold T 37.7 20 static 0
Cyclic pump
: . 8 x 15 /
4 Blocklng‘mlx and 37.7 (20+180) static 45
wait
5 Pump wash buffer 20 300 15 75




Tenpl ates were maintained at 45 C for 30 mn, cooled to 20 C and washed with
| ncorporation buffer, then with 5 x 20 SSC/ 0. 05 % Tween 20. Tenpl ates were

t hen exposed to Inmaging buffer (100 MM Tris pH 7.0, 30 mM NaCl, 0.05 % Tween
20, 50 nmM sodi um ascorbate, freshly digsolved). Tenplates were scanned in 4
colours at roomtenp. 25 Tenplates were then exposed to sequencing cycl es of
Cl eavage and Incorporation as follows: Cl eavage Prine with C eavage buffer
(0.1 MTris pH 7.4, 0.1 M NaCl 5and 0.05 % Tween 20). Heat to 60 C. Treat
the clusters with Oeavage mx (100 nM TCEP in Oeavage buffer). Wit for a
total of J .

| magi ng bﬂl‘bf @u:epS@:an tth@ @rameaumstxat 8F§'l5 515LL of hybrldlzatlon pre-
mix/buffer and 4.5 pl of sequencing primer (100 uM) are
mixed to a final volume of 900 pL. The sequences of the two
5 sequencing primers used in these reactions are as follows:

Seq primer for first read: 5 AATGATACGGCGACCACCGAGATGAAGGTATAGAT

Seq primer for second read: 5> ACACTCTTTCCCTACACGACGCTCTTCCGATC

To denature the nucleic acid within the clusters and to
10 hybridize the sequencing primer, the appropriate solutions

are flowed through the flow cell as described below:

e T Time Flow rate Pumped V
Step Description (°C) (sec) (ul/min) (f:l)
1 Pump 0.1 M NaOH 20 300 15 75
2 Pump TE 20 300 15 75
3 Pump Primer mix 20 300 15 75
4 Hold at 60C 60 900 0 0
5 Pump wash buffer 40.2 300 15 75

15 After the first sequencing run, this process can be repeated
to remove the first run and hybridise the second sequencing
primer. After denaturation and hybridization of the

sequencing primer, the flowcell is ready for sequencing.

20



In Prinme with Incorporation buffer Heat to 60 C Treat with

I ncorporation mx. Wait for a total of 15mn 20in addition to punping fresh
| ncorporation mx every 4 min. Cool to 20 C. Wash with Incorporation buffer.
Wash wi th 5xSSC/ 0. 05% Tween 20. 25Pri¢ge with imaging buffer. Scan in 4
colours at RT. Repeat the process of Incorporation and C eavage for as nmany
cycles as required. 70 Incorporated nucl eotides were detected using a total
internal reflection based fluorescent CCD i magi ng apparatus. 5 A schematic
representation of the nmethod of the present invention is shown in Figure 1.
Dat a frongEsespesciingDNaagkiqoBsclisgskgwieisn Figures 2 and 3. The sequenci ng
data fromeach run was of conparable quality, and > 99% of the clusters from
the first run al so generated sequencing data 10 fromthe second run.

Mor eover, each of the sequences fromthe second run could be aligned agai nst
one of thge&héﬁc@ﬁae%h%dc%%%&%@c%%tfh%qhbh%obhgﬁéﬁyndUTé%ﬂ%ﬂé% clearly shows
that it is possiblé to hybridise a first "sequencing prinmer to a linearised
cluster, pbemkned seqdencirigededd, Ingrove tiSnele Phitest eprddded Lomi mer

hybr i ri,er d 19ht second re ugh the data shomn
was oq%a.n§d§862281g g?e % S|%g?e tenp%%tggugf%%§§QEGQEQUence to verify
that the oemhedcwaslef beatiilwelet e usegparee sof(Moledudnrpl @rebes Moic.nateri a
to the effectiveness of the invention, and 20 therefore any tenplate or 3'-
and 5 nodified library of tenplates prepared and anplified using the

met hods described herein falls within the scope of the invention.
A mutant 9°N polymerase enzyme (an exo- variant including

the triple mutation L408Y/Y409A/P410V and C223S8) was used

10 for the nucleotide incorporation steps.

Incorporation mix, Incorporation buffer (50 mM Tris-HCl pH

8.0, 6 mM MgsO4, 1 mM EDTA, 0.05% (v/v) Tween -20, 50 mM

NaCl) plus 110 nM YAV exo- C223S, and 1 puM each of the four
15 labelled modified nucleotides, was applied to the clustered

templates, and heated.to 45 °C.

Templates were maintained at 45 °C for 30 min, cooled to 20

°C and washed with Incorporation buffer, then with 5 x
20 SSC/0.05 % Tween 20. Templates were then exposed to Imaging
buffer (100 mM Tris pH 7.0, 30 mM NaCl, 0.05 % Tween 20, 50

mM sodium ascorbate, freshly dissolved).

Templates were scanned in 4 colours at room temp.
25
Templates were then exposed to sequencing cycles of Cleavage

and Incorporation as follows:



Clainms: 1. A nethod for pairw se sequencing of first and second regi ons of
a target double stranded pol ynucl eoti de, wherein 5 said first and second
regions are in the sanme target doubl e-stranded pol ynucl eoti de, the nethod
conprising: (a) providing a solid supgort having imobilised thereon a
plurality of double stranded tenplate pol ynucl eoti des each fornmed from
conplenentary first and second tenplate strands 10 linked to the solid
support at their 5 ends, wherein each doubl e stranded tenplate

pol ynucl eoti de conprises a target double stranded pol ynucl eotide; (b)
treating the plurality of double stranded tenpl ate pol ynucl eotides to

denat ure sai d double stranded tenplate 15 pol ynucl eotides to all ow
hybri di sati on of a sequencing priner; (c) hybridising a first sequencing
primer to %298 he tenpl ate pol ynucl eoti des generated in part (b); (d)
carrying out a first sequencing reaction to nonitor the 20 incorporation of
| abel | ed nucl eotides onto the first sequencing prinmer using cycles of priner
extensi on wi bh;a.pok¥RErase 2R hakelded gucheot despl 07 gepep af emanhtn st
ext ended sequencing priner and determ ne the sequence of a first region of
t he tegpl at eapal gnosl eotrivden 25(e) HeanovriongOt Ae. ext ended sequenci ng pri nmer
fromstep (d); f) hybridising a second sequenci ng priner t one

t enpl at e pol iﬁ@é%eo‘f@%e Frushsy (Wy-thr %l%%%g%né‘ﬁtq‘ t Hé@of’f‘l\?aﬁgﬁ}? 0 (9)
carrying outcgegggggdbﬁg%ggqqing run to nonitor the 30 incorporation of

| abel | ed nucl eotidés onto the second sequencing prinmer using cycles of
primer extenBRoh Vicrh @ potglecdsd amin abel kddifdernedid dednpbngeficeahe a

second buffer every 4 min.

10 Cool to 20 °C.
Wash with Enzymology buffer.
Wash with 5x8SC/0.05% Tween 20.
Prime with Imaging buffer.

Scan in 4 colocurs at RT.

15
Incorporation

Prime with Incorporation buffer Heat to 60 °C

Treat with Incorporation mix. Wait for a total of 15min
20 in addition to pumping fresh Incorporation mix every 4

min.

Cool to 20 °C.

Wash with Incorporation buffer.

Wash with 5xSSC/0.05% Tween 20.
25 Prime with imaging buffer.

Scan in 4 colours at RT.

Repeat the process of Incorporation and Cleavage for as

many cycles as required.
30



72 extended sequencing primer and determ ne the sequence of a second region
of the tenpl ate pol ynucl eoti de, wherein determ ning the sequences of the
first and second regions of the tenplate pol ynucl eoti de achi eves pairw se
sequencing of 5 said first and second’regi ons of said target

doubl e- stranded pol ynucl eoti de. 2. A nethod according to claiml,
wherein both strands remain attached to the surface, and steps (b) and (c)
are 10 performed by heating and cooling. 3. A nethod according to claim]1,
wherein both strands remain attached to the surface, and steps (e) and (f)
are perforned by heating and cooling. 15 4. A nethod according to claim1,
wherei n Bolh, $iJandsy TRIAIdLEIACHRG d Qe Y Talhhg and.step (b) is

per f or e y chem cal denaturing. 20 5. A nmethod according to claim1,

wher ei n bottre tadanes lreartdion &tasssh &l var asrersurGeR e nagich ¢ tagp {1 tis.
performed by chem cal denaturing. 6. A nethod according to clains 4 or
5, wherein said 25 chem cal denaturing is performed using sodi um hydroxi de
sol utsona feHeaitde sipid et e Sy inthod o nEtdigsh-@esot ding to
claim®6, wherein the concentration of sodi um hydroxide solution is greater
t han 0. 05-WeRF1073 UFetShEd ddt Fi#Iuzn landade diP® e DHRN®ING he t ar get

doubl e st e%[bgﬁ ol i t, d < g{@ﬁgﬁ?

pol ynucl eI{)t I e%in% &ggﬁﬂ%ﬂéd ltqg Eg]rqqlox\t/ver%y%%{rgfsg’a't io%ﬁé gsfé%ﬁ seque c?antga pri nmer.
S 9. A netdrocaadcondh nipst @ fTlainpaahdteeraial itthe iatdrnad 9k nofutipr i mer
region contains a _site recaognised b restriction enzyne, wherein said
treati ng Of*5H%ES (tsﬁ)oni $h5e %efﬁ%i%%aﬂ%?@sﬁ?q AT B AT denat ur e
the targetrdgipublee sH:cid anged mladiisl edddie oanthdesd qisnasede g r enove

noncoval ently attached single st ran'deofcf)ol ynucl eotide regions fromthe
surface .the second run could be aligned against one of the five

expected sequences from the library. This data clearly shows
that it is possible to hybridise a first sequencing primer
to a linearised cluster, obtain a sequencing read, remove

15 the first extended primer, hybridise a second primer and
obtain a second read. Although the data shown was obtained
on a mixture of single templates of known sequence to verify
that the method was effective, the sequence of the template
is not material to the effectiveness of the invention, and

20 therefore any template or 3’- and 5’ modified library of
templates prepared and amplified using the methods described

herein falls within the scope of the invention.



10. A nethod according to claim8, wherein the internal 15 known pri ner
region contains a site recognised by a restriction enzyne, wherein said
treating of step (b) is perforned using said restriction enzyne to denature
the target doubl e stranded pol ynucl ectli de, and chem cal denaturing is used
to renmove non-covalently attached single 20 stranded pol ynucl eoti de
regions, fromthe surface. 11. A nethod according to claim 10, wherein
said chem cal denaturing is perforned using sodi um hydroxi de sol ution,
formam de solution or urea solution 25 12. A method according to claim 11
wher e t heClaeentrati on of sodi um hydroxide solution is greater than 0.05 M
13. A nethod according to claim9, wherein said first and 30 second regi ons
of i mmbilised pol ynucl eotides are sequenced using said first and second
sequenci ng, prAﬁﬁéﬁhoéafﬁrSﬁﬂﬂﬁwtﬁﬁgs@Qﬁ@ncsn@ebﬁgftoaplendnsacyndo
different regions 74 of the known intern pr| er s'de of said
restricti®osepe. of a1ﬁar%@EE@ﬂﬁal%c%BFﬂ?ﬁﬁdtBO HP §O &r el'i®EFtHer one

of the 5 {if tf fs?egﬁﬁdséé5§8d§e§§oﬁéeéfédlﬁrgﬂbtBgméutﬁﬁ ett aolipage a
doubl e stran ol ynucl eoti de i mobilised at one end, said double stranded

polynuclestIdmde@npalmmuglembldﬁomhhee@?bh@dcgﬁﬁﬁréséﬂghybr|d|5|ng to a
seQuenC|ngﬁpgég§%h%$€%tggég}g§thod qutgggnngnP%h glﬁégatkﬂgréghd gdoubl e

st randed pro beetan si ngl e stranded

pol ynucl epthegiity 3B. déuBBéh@draﬁaeadt@gpnatelpohyﬁdglmbendea sact
cl eavage step is a chem cal or photochem cal treat%eg g@glea¥e tge 15 5' -
end of onEowmRedhEren apERIeTerReT ol yRAEI 8BHi 88C°"Y6 - RPrBLRod “4886Pdi ng to

C'a'ﬁkﬂ5 ﬁé&'@otbﬁedg gkﬁ §E§ Bded,poLypuc! sot Ldgsi, swaki-aghedavha a dial
Ilnkage I's cl eaved by trea ment with a chemcal cleavage agent 20
ConprISIngo@hleodat&nded template polynucleotide comprises a target
double stranded polynucleotide;
(b) treating the plurality of double stranded template
polynucleotides to denature said double stranded template
15 polynucleotides to allow hybridisation of a sequencing
primer;
(c) hybridising a first sequencing primer to one of the
template polynucleotides generated in part (b);
(d) carrying out a first sequencing reaction to monitor the
20 incorporation of labelled nucleotides onto the first
sequencing primer using cycles of primer extension with a
polymerase and labelled nucleotides to generate a first
extended sequencing primer and determine the sequence of a
first region of the template polynucleotide;
25 (e) removing the extended sequencing primer from step (d);
(f) hybridising a second sequencing primer to the one
template polynucleotide of step (c) or a complement thereof;
and
(g) carrying out a second sequencing run to monitor the
30 incorporation of labelled nucleotides onto the second
sequencing primer using cycles of primer extension with a

polymerase and labelled nucleotides to generate a second



17. A nmethod according to claim 14, wherein said cleaving involves an
enzymatic treatnent that cleaves one of the imuopbilised strands of the

pol ynucl eotide. 25 18. A method according to claim 17, wherein cleavage is
perfornmed using a restriction endonucl2ease. 19. A method according to
claim 14, wherein said double 30 stranded pol ynucl eoti des are denatured by
heating 75 20. A nethod according to claim 14, wherein said double
stranded pol ynucl eoti des are denatured by chenical denaturation. 5 21. A
met hod according to claim20, wherein said chem cal denaturation is

performed usin odi um hydr oxj de | ygj,0 1 S L Of,cULea

e A S i

concent r agboon@f regtbnm hydnextdepsateat pobyhacyeeatde, t thrreifs M 23. A

met hod according to an% precedi ng clain% wherein the glur Iitg.of tegplate
¢ she a e

doubl e stdehelEBiPENYNEEE cBEAWRRCEF 25 pftaFtafBpPESER ©BFuStered
° s . e = F g
array g%%ﬁTgﬁéfggeagg?gg?89e5918€aéahgéveﬂhﬁéﬁkwlgQesEhUéﬁbhhﬁ eff

tenpl ate trand ynucl eoti des of step (a) are present within a
si ngl & cl ustér fonssaaddckeasbededegioay. 0cf0sa28. targethdauadeorsdiragdady one
of the precEding clgias, wherein the clustered array is formed by

sol i d- phaBRLHBRFEFRCLEFd anplification. 25 26. The method according to
claim1l1, wherein pairw se sequencing of first and second regions of a
target doubl e stranded pol ynucl eotide is_perfornmed sinultaneously for a

pl urality2efAteaphade2pePyRuebebPi 823 1Bokpr FEPAELI PPEPeRtTé8GFences,

wher ei n Sf&%afﬁ”é%k%&%eaftgegﬂgagﬁr%gcgglXHHCE%QbEdQ§)i%nﬁ”ﬁ%@ib&éed on a
single solId Support.
10 performed by heating and cooling.

3. A method according to claim 1, wherein both strands
remain attached to the surface, and steps (e) and (f) are
performed by heating and cooling.

15
4. A method according to claim 1, wherein both strands
remain attached to the surface, and step (b) is performed by

chemical denaturing.

20 5. A method according to claim 1, wherein both strands
remain attached to the surface, and step (e) 1s performed by

chemical denaturing.

6. A method according to claims 4 or 5, wherein said
25 chemical denaturing is performed using sodium hydroxide

solution, formamide solution or urea solution

7. A method according to claim 6, wherein the concentration
of sodium hydroxide solution is greater than 0.05 M

30
8. A method according to claim 1, wherein the target double

stranded polynucleotide contains a known primer region
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between said first and second regions of the target double
stranded polynucleotide and the target double-stranded
polynucleotide is denatured to allow hybridisation of a

sequencing primer.

9. A method according to claim 8, wherein the internal known
primer region contains a site recognised by a restriction
enzyme, wherein said treating of step (b) is performed using
said restriction enzyme to denature the target double
stranded polynucleotide, and heat is used to remove non-
covalently attached single stranded polynucleotide regions

from the surface

10. A method according to claim 8, wherein the internal
known primer region contains a site recognised by a
restriction enzyme, wherein said treating of step (b) is
performed using said restriction enzyme to denature the
target double stranded polynucleotide, and chemical
denaturing is used to remove non-covalently attached éingle

stranded polynucleotide regions. from the surface.

11. A method according to claim 10, wherein said chemical
denaturing is performed using sodium hydroxide solution,

formamide solution or urea solution

12. A method according to claim 11 where the concentration

of sodium hydroxide solution is greater than 0.05 M

13. A method according to claim 9, wherein said first and
second regions of immobilised polynucleotides are sequenced
using said first and second sequencing primers, said

sequencing primers being complementary to different regions
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of the known internal primer at either side of said

restriction site.

14. A method according to claim 8, wherein either one of the
first or second strands is cleaved from the surface to leave
a double stranded polynucleotide immobilised at one end,
said double stranded polynucleotide containing two known
regions capable of hybridising to a sequencing primer, and
said method further comprises treating said double stranded
polynucleotide to produce an immobilized single stranded

polynucleotide.

15. A method according to claim 14, wherein said cleavage
step is a chemical or photochemical treatment to cleave the

5’—- end of one of the strands of the polynucleotide.

16. A method according to claim 15, wherein the double
stranded polynucleotide is attached via a diol linkage which
is cleaved by treatment with a chemical cleavage agent

comprising periodate.

17. A method according to claim 14, wherein said cleaving
involves an enzymatic treatment that cleaves one of the

immobilised strands of the polynucleotide.

18. A method according to claim 17, wherein cleavage is

performed using a restriction endonuclease.

19. A method according to claim 14, wherein said double

stranded polynucleotides are denatured by heating
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20. A method according to claim 14, wherein said double
stranded polynucleotides are denatured by chemical

denaturation.

21. A method according to claim 20, wherein said chemical
denaturation is performed using sodium hydroxide solution,

formamide solution or urea solution

22. A method according to claim 21, wherein the
concentration of sodium hydroxide solution is greater than

0.05 M

23. A method according to any preceding claim, wherein the
plurality of template double stranded polynucleotides of

step (a) are present on a clustered array.

24. A method according to claim 23, wherein the plurality
of template double stranded polynucleotides of step (a) are

present within a single cluster on said clustered array.

25. A method according any one of the preceding claims,
wherein the clustered array is formed by solid-phase nucleic

acid amplification.

26. The method according to claim 1, wherein pairwise
sequencing of first and second regions of a target double
stranded polynucleotide is performed simultaneously for a
plurality of template polynucleotides comprising different
sequences, wherein said plurality of template

polynucleotides is immobilized on a single solid support.



