
US 200901 l8l28Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0118128 A1 

Liu et al. (43) Pub. Date: May 7, 2009 

(54) PREPARATION OF TEMPLATES FOR (30) Foreign Application Priority Data 
NUCLEIC ACID SEQUENCING 

Jul. 20, 2005 (GB) ................................. .. 05149364 

(76) Inventors: Xiaohai Liu, Essex (GB); John 
Milton: Essex (GB); Geoffrey Paul Publication Classi?cation 
Smith, Essex (GB); Colin Barnes, 
Essex (GB); Isabelle Marie Julia (51) Int‘ Cl‘ 
Rasolonjatovo, Essex (GB); C40B 20/00 (200601) 
Roberto Rigatti, Essex (GB); C07H 1/00 (200601) 
Xiaolin Wu, Essex (GB); Tobias C121) 19/34 (200601) 
William Barr Ost, Essex (GB); C40B 50/06 (200601) 
Graham John Worsley, Essex 

James Earnshaws U.S. ............ .. Essex (GB); Gerardo Turcatti, 

Geneva (CH); Anthony Romieu, 
Rouen (FR) (57) ABSTRACT 

The invention relates to methods of generating templates for 
a nucleic acid sequencing reaction Which comprise: 

providing at least one double-stranded nucleic acid mol 
ecule, Wherein both strands of the double-stranded 

Correspondence Address: 
KLAUBER & JACKSON 
411 HACKENSACK AVENUE 

HACKENSACK’ NJ 07601 nucleic acid molecule are attached to a solid support at 

_ the 5' end, 
(21) Appl' NO" 11/989,169 cleaving one or both strands of the double-stranded nucleic 

(22) PCT Filed: Jul. 20, 2006 aFld molecule’ and _ _ _ 
subjecting the cleaved strand(s) to denaturing cond1t1ons to 

(86) PCT NO; PCT/GB2006/002687 remove the portion of the cleaved strand(s) not attached 
to the solid support, thereby generating a partially or 

§ 371 (c)(l), substantially single-stranded template for a nucleic acid 
(2), (4) Date: Dec. 22, 2008 sequencing reaction. 

(a) (b) (6) 
DNA ' molecup 

After initial cle?vat‘fle : Cleavable Cleaved _ 
extension and pr me slte 

denaturation Sequencing » I 
primer , 





Patent Application Publication May 7, 2009 Sheet 2 0f 8 US 2009/0118128 A1 

X 

26 Emma m 0233 

X 
X 

N .OE ucmbw 2308.5 239.2. 5 EmEoumEwE ucmbw \5 mucmsamw . 
< 

l‘llllll 8.553% M01 @l: 

x225 229:2. 



Patent Application Publication May 7, 2009 Sheet 3 0f 8 US 2009/0118128 A1 

\\\\\\\\\\ 

\\\\\\\\\\ \\\\\\\\\\ \\\\\\\\_\\ . d 

cowwmm? 53 

All’ All 
8.62255 5.55350 \\\\\\\\\\ 

BEE mgocwsvww 

3V 

hm ummmommmmmmummowumummmmuloduoqwmlmuuomuumuuumo muuvmuoupoumoomumumvuuum|0H 

uuuuommuommmmmmooumuomumoodwm?ukommummuomoomumuumuu .?ocwmlummmummummmvmommmmuummoouuuummmummomummaunawdmuomoommommomummumm Amy 
3.5.5 w?uagvum 

, dam mm 



Patent Application Publication May 7, 2009 Sheet 4 0f 8 US 2009/0118128 A1 



Patent Application Publication May 7, 2009 Sheet 5 0f 8 US 2009/0118128 A1 



Patent Application Publication May 7, 2009 Sheet 6 0f 8 US 2009/0118128 A1 

FIG. 7 



1 Patent Application Publication May 7, 2009 Sheet 7 0f 8 US 2009/0118128 A 

.652; mm 

.SEEQ wow “.52: $25.5 hm 



Patent Application Publication May 7, 2009 Sheet 8 0f 8 US 2009/0118128 A1 

{3; 

v ii 



US 2009/0118128 A1 

PREPARATION OF TEMPLATES FOR 
NUCLEIC ACID SEQUENCING 

FIELD OF THE INVENTION 

[0001] The invention relates to the preparation of templates 
for nucleic acid sequencing reactions and to methods of 
sequencing such templates. In particular, the invention relates 
to the preparation of template nucleic acid molecules ready 
for sequencing by cleavage of one or both strands of a double 
stranded nucleic acid immobilised on a solid support. 

BACKGROUND TO THE INVENTION 

[0002] Nucleic acid sequencing methods have been knoWn 
in the art for many years. One of the best-known methods is 
the Sanger “dideoxy” method Which relies upon the use of 
dideoxyribonucleoside triphosphates as chain terminators. 
The Sanger method has been adapted for use in automated 
sequencing With the use of chain terminators incorporating 
?uorescent labels. 
[0003] There are also knoWn in the art methods of nucleic 
acid sequencing Which are based on successive cycles of 
incorporation of ?uorescently labelled nucleic acid ana 
logues. In such “sequencing by synthesis” or “cycle sequenc 
ing” methods the identity of the added base is determined 
after each nucleotide addition by detecting the ?uorescent 
label. 
[0004] In particular, U.S. Pat. No. 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 
labelledpolynucleotides complementary to a template strand. 
In such a “sequencing by synthesis” reaction a neW poly 
nucleotide strand based-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 sequenc 
ing reaction are labelled at the 3' position With different 3' 
labels, permitting determination of the identity of the incor 
porated nucleotide as successive nucleotides are added. 
[0005] In order to maximise the throughput of nucleic acid 
sequencing reactions it is advantageous to be able to sequence 
multiple template molecules in parallel. Parallel processing 
of multiple templates can be achieved With the use of nucleic 
acid array technology. These arrays typically consist of a 
high-density matrix of polynucleotides immobilised onto a 
solid support material. 
[0006] Various methods for fabrication of arrays of immo 
bilised nucleic assays have been described in the art. Of 
particular interest, WO 98/44151 and W0 00/ 18957 both 
describe methods of nucleic acid ampli?cation Which alloW 
ampli?cation 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 polynucle 
otide strands and a plurality of identical immobilised comple 
mentary strands. Arrays of this type are referred to herein as 
“clustered arrays”. The nucleic acid molecules present in 
DNA colonies on the clustered arrays prepared according to 
these methods can provide templates for sequencing reac 
tions, for example as described in WO 98/44152. 
[0007] The products of solid-phase ampli?cation reactions 
such as those described in WO 98/44151 and WO 00/18957 
are so-called “bridged” structures formed by annealing of 
pairs of immobilised polynucleotide strands and immobilised 
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complementary strands, both strands being attached to the 
solid support at the 5' end. Arrays comprised of such bridged 
structures provide inef?cient templates for nucleic acid 
sequencing, since hybridisation of a conventional sequencing 
primer to one of the immobilised strands is not favoured 
compared to annealing of this strand to its immobilised 
complementary strand under standard hybridisation condi 
tions. 
[0008] In order to provide more suitable templates for 
nucleic acid sequencing it is preferred to remove substantially 
all or at least a portion of one of the immobilised strands in the 
“bridged” structure in order to generate a template Which is at 
least partially single-stranded. The portion of the template 
Which is single-stranded Will thus be available for hybridisa 
tion to a sequencing primer. The process of removing all or a 
portion of one immobilised strand in a “bridged” double 
stranded nucleic acid structure may be referred to herein as 
“linearisation”. 
[0009] It is knoWn in the art that bridged template structures 
may be linearised by cleavage of one or both strands With a 
restriction endonuclease. A disadvantage of the use of restric 
tion enZymes for linearisation is that it requires the presence 
of a speci?c recognition sequence for the enZyme at a suitable 
location in the bridged template structure. There is a risk that 
the same recognition sequence may appear elseWhere in the 
bridged structure, meaning that the enZyme may cut at one or 
more further sites, in addition to the intended cleavage site for 
linearisation. This may be a particular problem Where the 
bridged structures to be linearised are derived by solid-phase 
ampli?cation of templates of partially unknoWn sequence, 
since it cannot be predicted in advance Whether a particular 
enZyme Will cut Within the region of unknoWn sequence. 
[0010] Therefore, in one general aspect the invention pro 
vides methods of template lineari sation Which do not require 
cleavage With restriction endonucleases, or With nicking 
endonucleases. 
[0011] In another general aspect the invention relates to 
methods of template linearisation Which are compatible With 
a particular type of solid supported microarray. More speci? 
cally, the invention provides lineari sation methods Which are 
compatible With arrays formed on solid supported polyacry 
lamide hydrogels. 
[0012] In preparing hydrogel-based solid-supported 
molecular arrays, a hydrogel is formed and molecules dis 
played from it. These tWo featuresiformation of the hydro 
gel and construction of the arrayimay be effected sequen 
tially or simultaneously. Where the hydrogel is formed prior 
to formation of the array, it is typically produced by alloWing 
a mixture of co-monomers to polymerise. Generally, the mix 
ture of co-monomers contain acrylamide and one or more 

co-monomers, the latter of Which permit, in part, subsequent 
immobilisation of molecules of interest so as to form the 
molecular array. 
[0013] The co-monomers used to create the hydrogel typi 
cally contain a functionality that serves to participate in 
crosslinking of the hydrogel and/or immobilise the hydrogel 
to the solid support and facilitate association With the target 
molecules of interest. 
[0014] The present inventors have shoWn that clustered 
arrays may be formed on such solid-supported hydrogels by 
solid phase nucleic acid ampli?cation using forWard and 
reverse ampli?cation primers attached to the hydro gel at their 
5' ends, leading to the production of clustered arrays of ampli 
?cation products having a “bridged” structure. In order to 
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maximise the ef?ciency of sequencing reactions using tem 
plates derived from such bridged products there is a need for 
linearisation methods Which are compatible With the hydro 
gel surface and With subsequent nucleic acid sequencing 
reactions. 

SUMMARY OF THE INVENTION 

[0015] In a ?rst aspect the invention provides a method of 
generating a template for a nucleic acid sequencing reaction 
comprising, 
(i) providing a solid supported polyacrylamide hydrogel hav 
ing attached thereto one or more double-stranded nucleic acid 
molecules, Wherein both strands of the double-stranded 
nucleic acid molecule are attached to the polyacrylamide 
hydrogel at the 5' end, 
(ii) cleaving one or both strands of the double-stranded 
nucleic acid molecule, and 
(iii) subjecting the cleaved strand(s) to denaturing conditions 
to remove the portion of the cleaved strand(s) not attached to 
the polyacrylamide hydrogel, thereby generating a partially 
or substantially single-stranded template for a nucleic acid 
sequencing reaction. 
[0016] In a preferred embodiment of this aspect of the 
invention step (ii) does not comprise cleavage With a restric 
tion endonuclease or a nicking endonuclease. 
[0017] In a second aspect the invention provides method of 
generating a template for a nucleic acid sequencing reaction 
comprising, 
(i) providing at least one double-stranded nucleic acid mol 
ecule, Wherein both strands of the double-stranded nucleic 
acid molecule are attached to a solid support at the 5' end, 
(ii) cleaving one or both strands of the double-stranded 
nucleic acid molecule, and 
(iii) subjecting the cleaved strand(s) to denaturing conditions 
to remove the portion of the cleaved strand(s) not attached to 
the solid support, thereby generating a partially or substan 
tially single-stranded template for a nucleic acid sequencing 
reaction, 
characterised in that step (ii) does not comprise cleavage With 
a restriction endonuclease or a nicking endonuclease. 
[0018] In one embodiment of both the ?rst and second 
aspects of the invention the double-stranded stranded nucleic 
acid molecule may be cleaved at a pre-determined cleavage 
site. By “pre-determined” cleavage site is meant a site Whose 
location is determined in advance of the cleavage reaction, as 
opposed to cleavage at a random site the location of Which is 
not knoWn in advance. 
[0019] In one embodiment of both the ?rst and second 
aspects of the invention cleavage may occur at a cleavage site 
in one or both strands of the double-stranded nucleic acid 
molecule Which comprises one or more or any combination of 
non-natural nucleotides, ribonucleotides or a non-nucleotide 
chemical modi?cations. The position of this cleavage site is 
preferably pre-determined. 
[0020] In one embodiment of both the ?rst and second 
aspects of the invention the double-stranded nucleic acid 
molecule may be cleaved in one or both strands via a non 
enZymatic chemical cleavage reaction. In a speci?c non-lim 
iting embodiment one strand of the double-stranded nucleic 
acid molecule may comprise a diol linker and this strand may 
be cleaved by treatment With periodate. 
[0021] In a further embodiment of both the ?rst and second 
aspects of the invention one strand of the double-stranded 
nucleic acid molecule may be treated to generate an abasic 
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site and then cleaved at the abasic site. In a non-limiting 
speci?c embodiment, Wherein one strand of the double 
stranded nucleic acid molecule includes a uracil base, the 
abasic site may be generated by treatment With uracil DNA 
glycosylase and then cleaved With endonuclease, heat treat 
ment or alkali treatment. 

[0022] In a further embodiment of both the ?rst and second 
aspects of the invention one strand of the double-stranded 
nucleic acid may comprise one or more ribonucleotides and 
step (ii) may comprise cleaving this strand adjacent to a 
ribonucleotide using an RNAse or a non-enzymatic chemical 
cleavage agent. Suitable non-enzymatic chemical cleavage 
agents include metal ions, and in particular rare earth metal 
ions, e.g. La3+ or Lu3+. 
[0023] In a further embodiment of both the ?rst and second 
aspects of the invention one strand of the double-stranded 
nucleic acid may comprise one or more methylated nucle 
otides and step (ii) may comprise cleaving this strand using an 
enZyme speci?c for a recognition sequence including said 
methylated nucleotide(s). 
[0024] In a further embodiment of both the ?rst and second 
aspects of the invention step (ii) may comprise cleaving one 
or both strands of the double-stranded nucleic acid in a pho 
tochemical reaction. 
[0025] In a further embodiment of the ?rst and second 
aspects of the invention one strand of the double-stranded 
nucleic acid molecule may have a peptide covalently linked at 
the 5' end and step (ii) may comprise cleaving the peptide. 
[0026] In a third aspect the invention also provides methods 
of sequencing nucleic acid templates generated according to 
the methods of the ?rst and second aspects of the invention. 
[0027] The present inventionWill noW be further described. 
In the folloWing passages different features of the various 
aspects of the invention are de?ned in more detail. Each 
feature so de?ned in connection With one aspect of the inven 
tion may be combined With features described in connection 
With any other aspect of the invention unless clearly indicated 
to the contrary. In particular, any feature indicated as being 
preferred or advantageous may be combined With any other 
feature or features indicated as being preferred or advanta 
geous. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1. is a schematic illustration of cluster forma 
tion by solid-phase PCR and subsequent linearisation and 
annealing of a sequencing primer. The starting material in 
step (a) is a solid support grafted With a mixture of ampli? 
cation primers, one of Which comprises a cleavage site. The 
primers are covalently attached to the solid support at the 5' 
end. A substrate molecule to be ampli?ed is also applied to the 
solid support, either by hybridisation to one of the immobil 
ised primers or by direct covalent attachment to the support at 
the 5' end. FIG. 1(b) schematically illustrates the “bridged” 
ampli?cation products resulting from solid phase ampli?ca 
tion. For simplicity only a small number of bridged products 
are shoWn. The ampli?cation products are then “linearised” 
by cleavage at the cleavage sites derived from the ampli?ca 
tion primers (FIG. 1(0)). The products of the cleavage reac 
tion may thenbe subjected to denaturing conditions, resulting 
in removal of the portions of the cleaved strands Which are no 
longer covalently attached to the solid support (FIG. 1(d)). 
The remaining single stranded products may then be hybri 
dised to a sequencing primer (FIG. 1(e)). 
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[0029] FIG. 2. is a schematic illustration of linearisation by 
cleavage at an abasic site generated by treatment of a U-con 
taining polynucleotide With uracil DNA glyco sylase. Bridged 
ampli?cation products are generated by ampli?cation of the 
template structure schematically illustrated in FIG. 2(a) With 
primers immobilised on a solid support. One of the ampli? 
cation primers contains a deoxyuridine nucleotide repre 
sented as U. A single bridged product is illustrated in FIG. 
2(b) for simplicity. An abasic site is generated in one strand by 
treatment With uracil DNA glycosylase. This strand may then 
be cleaved by hydrolysis of the abasic site to generate the 
“nicked” structure illustrated in FIG. 2(c). Hydrolysis of the 
abasic site generates a free 3' hydroxyl group Which can serve 
as an initiation point for a sequencing reaction. Sequencing 
may be carried out using a strand displacing polymerase (as 
shoWn in FIG. 2(d), or the portion of the cleaved strand not 
attached to the solid support may be removed by denaturation 
prior to sequencing. In the latter case the sequencing reaction 
could be initiated by hybridisation of a sequencing primer as 
an alternative to priming from the cleaved strand itself. 

[0030] FIG. 3. illustrates linearisation by cleavage With a 
restriction enZyme. FIG. 3(a) shoWs the sequence of a repre 
sentative double-stranded nucleic acid molecule Which 
includes sequences derived from the ampli?cation primers P5 
and P7 utilised in the accompanying examples, a restriction 
site for cleavage by the enZyme BglII and a site for binding of 
a sequencing primer. “Genomic” represents a sequence 
derived from a genomic DNA fragment. The genomic frag 
ment Will typically be from 400-700b in length, although the 
invention is not limited to sequences of this length, and may 
be of knoWn, partially knoWn or unknown sequence. FIG. 
3(b) schematically illustrates linearisation of a single bridged 
double-stranded nucleic acid product having the sequence 
shoWn in FIG. 3(a). The tWo complementary strands forming 
the bridged product are covalently attached to a solid support 
at their 5' ends. The bridged product is ?rst cleaved With BglII 
and then denatured to remove substantially all of one strand. 
The single strand remaining on the solid support may then be 
hybridised to a sequencing primer. 
[0031] FIG. 4. graphically illustrates cleavage of a diol 
linker by treatment With sodium periodate. 

[0032] FIG. 5. shoWs signal intensity versus time for SyBr 
green stained colonies treated With periodate, illustrating 
selective cleavage of colonies containing diol linkers. 
[0033] FIG. 6. graphically illustrates cleavage of colonies 
containing diol linkers. 
[0034] FIG. 7. is a schematic representation of an 8 channel 
?oWcell suitable for carrying out the methods of the inven 
tion. 

[0035] FIG. 8. illustrates the structure and sequence of an 
exemplary DNA template used for solid-phase PCR ampli? 
cation in the accompanying examples. Sequences of the 
ampli?cation primers P5 and P7 are shoWn in bold type. 
[0036] FIG. 9. shoWs ?uorescent CCD images of clustered 
arrays of nucleic acid colonies folloWing a single cycle of 
nucleotide incorporation under standard sequencing condi 
tions. Panel (A) illustrates nucleotide incorporation on colo 
nies of nucleic acids Which have not been linearised. Panel 
(B) illustrates nucleotide incorporation of colonies of nucleic 
acidtemplates Which have been linearised by periodate cleav 
age of a diol linker. 
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[0037] FIG. 10. shoWs histogram plots (?uorescence inten 
sity vs number of colonies) corresponding to the ?uorescent 
CCD images shoWn in FIG. 9. 

DETAILED DESCRIPTION OF THE INVENTION 

[0038] In its various aspects the invention generally relates 
to methods of forming templates for nucleic acid sequencing 
starting from double-stranded nucleic acid molecules immo 
bilised on a solid support, and to methods of sequencing such 
templates. 
[0039] The double-stranded nucleic acid molecules Which 
provide the starting point for sequencing template formation 
according to the ?rst and second aspects of the invention are 
characterised in that they are formed from annealed comple 
mentary nucleic acid strands that are attached to the solid 
support at their 5' ends, preferably via covalent attachment. 
When the complementary strands of the double-stranded 
nucleic acid molecule are annealed, such as Will generally be 
the case When the molecules are maintained under non-dena 
turing conditions, such molecules may be referred to herein as 
“bridged” structures. 
[0040] The methods of template formation provided by the 
invention involve cleavage of one or both strands of the 
double-stranded molecule. FolloWing the cleavage step the 
cleaved products may be subjected to denaturing conditions 
so as to remove the por‘tion(s) of the cleaved strand(s) Which 
are not attached to the solid support, i.e. the portion located 
doWnstream of the site of cleavage When a given strand is 
vieWed 5' to 3'. 
[0041] The resulting template molecule Will be at least 
partially single-stranded and may be substantially single 
stranded. The length of the single-stranded portion Will 
depend on the position of the cleavage site relative to the 5' 
ends of the complementary strands and Whether the cleavage 
step cuts one or both strands. It Will be appreciated that the 
location of the cleavage site determines hoW much of each 
strand remains attached to the solid support after cleavage and 
denaturation. 
[0042] The double-stranded nucleic acid molecule from 
Which the sequencing template is to be derived comprises tWo 
annealed (complementary) polynucleotide strands Which are 
both attached to a solid support at or near the 5' end. Linkage 
to the solid support Will preferably be via covalent attach 
ment. It Will be appreciated that the annealed strands need not 
necessarily be fully complementary along their entire length. 
[0043] When referring to 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 otherWise, either 
explicitly or by context. In certain embodiments of the inven 
tion 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 intended to use the support, for 
example in applications requiring nucleic acid ampli?cation 
and/or sequencing. 
[0044] Certain embodiments of the invention make use of 
solid supports comprised of an inert substrate or matrix (e.g. 
glass slides, polymer beads etc) Which is been “functiona 
lised”, for example by application of a layer or coating of an 
intermediate material comprising reactive groups Which per 
mit covalent attachment to biomolecules, such as polynucle 
otides. Examples of such supports include, but are not limited 
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to, polyacrylamide hydrogels supported on an inert substrate 
such as glass. In such embodiments, the biomolecules (e.g. 
polynucleotides) may be directly covalently attached to the 
intermediate material (e. g. the hydrogel) but the intermediate 
material may itself be non-covalently attached to the substrate 
or matrix (eg the glass substrate). The term “covalent attach 
ment to a solid support” is to be interpreted accordingly as 
encompassing this type of arrangement. 
[0045] In all aspects of the invention, covalent attachment 
can be achieved through a sulphur-containing nucleophile, 
such as phosphorothioate, present at the 5' end of a polynucle 
otide strand. In the case of arrays based on solid-supported 
polyacrylamide hydrogels, this nucleophile Will bind to a “C” 
group present in the hydrogel. 
[0046] The “double-stranded” nucleic acid to be cleaved 
may in fact be partially single-stranded at the 5' end(s) of one 
or both strands. As Will be discussed in further detail herein 
beloW, the double-stranded nucleic acid Will typically be 
formed from tWo complementary polynucleotide strands 
comprised of deoxyribonucleotides joined by pho sphodiester 
bonds, but may additionally include one or more ribonucle 
otides and/or non-nucleotide chemical moieties and/or non 
naturally occurring nucleotides and/or non-naturally occur 
ring backbone linkages. In 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, phos 
phorothioate groups, also peptide conjugates etc. Such non 
DNA or non-natural modi?cations may be included in order 
to permit cleavage, or to confer some other desirable property, 
for example to enable covalent attachment to a solid support, 
or to act as spacers to position the site of cleavage an optimal 
distance from the solid support. 
[0047] The site for cleavage of a strand of the double 
stranded nucleic acid may, depending on the nature of the 
cleavage reaction, be positioned in a region of the molecule 
that is single-stranded When the complementary strands are 
annealed. As outlined above, the double-stranded nucleic 
acid may in fact be partially single-stranded at one or both 5' 
ends, e. g. proximal to the site of linkage to the solid support. 
It is Within the scope of the invention for a cleavage site to be 
positioned Within such a single-stranded region. In other 
embodiments the cleavage site may be present in a non 
nucleotide chemical moiety covalently attached to the 5' end 
of one strand of the double-stranded nucleic acid, for example 
a linker moiety. 
[0048] The double-stranded nucleic acid Will typically 
comprise a “target” region that it is desired to fully or partially 
sequence. The nature of the target region is not limiting to the 
invention. It may be of previously knoWn or unknoWn 
sequence and may be derived, for example, from a genomic 
DNA fragment, a cDNA, etc. The double-stranded nucleic 
acid molecule may also include non-target sequences, for 
example at the 5' and 3' ends of both strands, ?anking the 
target region. If the double-stranded nucleic acid is formed by 
solid-phase nucleic acid ampli?cation, these non-target 
sequences may be derived from the primers used for the 
ampli?cation reaction. Sites for cleavage of one or both 
strands of the double-stranded nucleic acid may be positioned 
in the non-target sequences. 
[0049] The double-stranded nucleic acid may form part of 
a cluster or colony comprised of many such double-stranded 
nucleic acid molecules, and the cluster or colony may itself 
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form part of an array of such clusters or colonies, referred to 
herein as a “clustered array”. On such an array each double 
stranded nucleic acid molecule Within each colony Will com 
prise the same target region, Whereas different colonies may 
be formed of double-stranded nucleic acid molecules com 
prising different target regions. In a preferred embodiment at 
least 90%, more preferably at least 95% of the colonies on a 
given clustered array Will be formed from double-stranded 
nucleic acid molecules comprising different target regions, 
although Within each individual colony on the array all 
double-stranded nucleic acid molecules Will comprise the 
same target region. 
[0050] On such a clustered array it is preferred that all 
double-stranded nucleic acidmolecules Within all of the colo 
nies on the array comprise the same type of cleavage site. This 
is preferred even When different colonies on the array are 
formed of double-stranded nucleic acid molecules compris 
ing different target regions, since it enables all the double 
stranded molecules on the array to be cleaved simultaneously 
under identical cleavage reaction conditions. 

Cleavage Methods 

[0051] Various cleavage methods may be used in accor 
dance in accordance With the ?rst and second aspects of the 
invention to cleave one or both strands of the double-stranded 
nucleic acid molecule. Preferred but non-limited embodi 
ments of suitable cleavage methods are discussed in further 
detail beloW. Methods i) to vii) are common to the ?rst and 
second aspects of the invention. 

i) Chemical Cleavage 

[0052] 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 strands of the double-stranded nucleic acid molecule. 
If required, one or both strands of the double-stranded nucleic 
acid molecule may include one or more non-nucleotide 
chemical moieties and/or non-natural nucleotides and/ or non 
natural backbone linkages in order to permit a chemical 
cleavage reaction at a pre-determined cleavage site. 
[0053] In a preferred but non-limiting embodiment one 
strand of the double-stranded nucleic acid molecule may 
include a diol linkage Which permits cleavage by treatment 
With periodate (eg sodium periodate). The diol linkage may 
be positioned at a pre-determined cleavage site, the precise 
location of Which may be selected by the user. It Will be 
appreciated that more than one diol could be included at the 
cleavage site. 
[0054] Diol linker units based on phosphoamidite chemis 
try suitable for incorporation into polynucleotide chains are 
commercially available from Fidelity systems Inc. (Gaithers 
burg, Md., USA). One or more diol units may be incorporated 
into a polynucleotide using standard methods for automated 
chemical DNA synthesis. 
[0055] In order to position the diol linker at an optimum 
distance from the solid support one or more spacer molecules 
may be included betWeen the diol linker and the site of attach 
ment to the solid support. The spacer molecule may be a 
non-nucleotide chemical moiety. Suitable spacer units based 
on pho sphoamidite chemistry for use in conjunction With diol 
linkers are also supplied by Fidelity Systems Inc. One suit 
able spacer for use With diol linkers is the spacer denoted arm 
26, identi?ed in the accompanying examples. arm 26 may be 



US 2009/0118128 A1 

modi?ed to include a phosphorothioate group at the 5' end in 
order to facilitate attachment of the 5' end of the polynucle 
otide strand to a solid support. The phosphorothioate group 
can easily be attached during chemical synthesis of a “poly 
nucleotide” chain including the spacer and diol units. 
[0056] Other spacer molecules could be used as an alterna 
tive to arm 26. For example, a stretch of non-target “spacer” 
nucleotides may be included. Typically from 1 to 20, more 
preferably from 1 to 15 or from 1 to 10, and more particularly 
2, 3, 4, 5, 6, 7, 8, 9 or 10 spacer nucleotides may be included. 
Most preferably 10 spacer nucleotides Will be positioned 
betWeen the point of attachment of the polynucleotide strand 
to a solid support (typically the extreme 5' end) and the diol 
linker. It is preferred to use polyT spacers, although other 
nucleotides and combinations thereof can be used. In one 
preferred embodiment the strand to be cleaved may include 
l0T spacer nucleotides upstream of the diol linker. 
[0057] The diol linker is cleaved by treatment With a “cleav 
ing agent”, Which can be any substance Which promotes 
cleavage of the diol. The preferred cleaving agent is perio 
date, preferably aqueous sodium periodate (NaIO4). FolloW 
ing treatment With the cleaving agent (e.g. periodate) to 
cleave the diol, the cleaved product may be treated With a 
“capping agent” in order to neutralise reactive species gener 
ated in the cleavage reaction. Suitable capping agents for this 
purpose include amines, such as ethanolamine. Advanta 
geously, the capping agent (e.g. ethanolamine) 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. 

[0058] The combination of a diol linkage and cleaving 
agent (e.g. periodate) to achieve cleavage of one strand of a 
double-stranded nucleic acid molecule is preferred for lin 
earisation of nucleic acid molecules on solid supported poly 
acrylamide hydrogels because treatment With periodate is 
compatible With nucleic acid integrity and With the chemistry 
of the hydrogel surface. HoWever, the invention is not 
intended to be limited to the use of diol linkages/periodate as 
a method of linearisation on polyacrylamide hydrogel sur 
faces but also extends to use of this cleavage method for 
linearisation of nucleic acids immobilised on other surfaces, 
including supports coated With functionalised silanes (etc). 

ii) Cleavage of Abasic Sites in a Double-Stranded Molecule 

[0059] An “abasic site” is de?ned as a nucleoside position 
in a polynucleotide chain from Which the base component has 
been removed. Abasic sites can occur naturally in DNA under 
physiological conditions by hydrolysis of nucleoside resi 
dues, but may also be formed chemically under arti?cial 
conditions or by the action of enZymes. Once formed, abasic 
sites may be cleaved (eg by treatment With an endonuclease 
or other single-stranded cleaving enZyme, exposure to heat or 
alkali), providing a means for site-speci?c cleavage of a poly 
nucleotide strand. 
[0060] In a preferred but non-limiting embodiment an aba 
sic site may be created at a pre-determined position on one 
strand of a double-stranded polynucleotide and then cleaved 
by ?rst incorporating deoxyuridine (U) at a pre-determined 
cleavage site in the double-stranded nucleic acid molecule. 
This can be achieved, for example, by including U in one of 
the primers used for preparation of the double-stranded 
nucleic acid molecule by solid-phase PCR ampli?cation. The 
enZyme uracil DNA glycosylase (UDG) may then be used to 
remove the uracil base, generating an abasic site on one 
strand. The polynucleotide strand including the abasic site 
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may then be cleaved at the abasic site by treatment With 
endonuclease (e.g. EndoIV endonuclease, AP lyase, FPG 
glycosylase/AP lyase, EndoVIII glycosylase/AP lyase), heat 
or alkali. 

[0061] Abasic sites may also be generated at non-natural/ 
modi?ed deoxyribonucleotides other than deoxyuridine and 
cleaved in an analogous manner by treatment With endonu 
clease, heat or alkali. For example, 8-oxo-guanine can be 
converted to an abasic site by exposure to FPG glycosylase. 
Deoxyinosine can be converted to an abasic site by exposure 
to AlkA glycosylase. The abasic sites thus generated may 
then be cleaved, typically by treatment With a suitable endo 
nuclease (e.g. EndoIV, AP lyase). If the double-stranded 
nucleic acid molecule is formed by solid-phase PCR ampli 
?cation using an ampli?cation primer Which comprises the 
relevant non-natural/modi?ed nucleotide, then it is essential 
in this embodiment that the non-natural/modi?ed nucleotide 
is capable of being copied by the polymerase used for the 
ampli?cation reaction. 
[0062] In one embodiment, the double-stranded nucleic 
acid molecules to be cleaved may be exposed to a mixture 
containing the appropriate glycosylase (to generate the abasic 
site) and one or more suitable endonucleases (to subsequently 
cleave). In such mixtures the glycosylase and the endonu 
clease Will typically be present in an activity ratio of at least 
about 2:1. 

[0063] Cleavage of double stranded nucleic acids at pre 
determined abasic sites has particular advantages in relation 
to the creation of templates for nucleic acid sequencing. In 
particular, cleavage at an abasic site generated by treatment 
With a glycosylase such as UDG 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 starting double-stranded nucleic acid con 
tains only one cleavable base (e.g. uracil) on one strand then 
a single “nick” 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 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 speci?c sequence, there is a 
possibility that the enzyme may create nicks at other sites in 
the duplex (in addition to the desired cleavage site) if these 
possess the correct recognition sequence. This could present 
a problem if nicks are created in the strand it is intended to 
sequence rather than the strand that Will be fully or partially 
removed to create the sequencing template and is a particular 
risk if the target portion of the double-stranded nucleic acid 
molecule is of unknoWn sequence. 
[0064] The fact that there is no requirement for the non 
natural residue (e.g. uracil) to be located in a detailed 
sequence context in order to provide a site for cleavage using 
this approach is itself advantageous. In particular, if the cleav 
age site is to be incorporated into an ampli?cation primer to 
be used in the production of a clustered array by solid-phase 
ampli?cation, it is necessary only to replace one natural 
nucleotide in the primer (e. g. T) With a non-natural nucleotide 
(e.g. U) in order to enable cleavage at a pre-determined cleav 
age site. There is no need to engineer the primer to include a 
restriction enzyme recognition sequence of several nucle 
otides in length. Oligonucleotide primers including U nucle 
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otides, and the other non-natural nucleotides listed above, can 
easily be prepared using conventional techniques and appa 
ratus for chemical synthesis of oligonucleotides. 

[0065] Another advantage gained by cleavage of abasic 
sites in a double-stranded molecule generated by action of 
UDG on uracil is that the ?rst 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. Hence, if the double-stranded nucleic acid molecule 
forms part of a clustered array comprised of many such mol 
ecules, all of Which are cleaved in this manner to produce 
sequencing templates, then the ?rst base universally incorpo 
rated across the Whole array Will be T. This can provide a 
sequence-independent assay for cluster intensity at the start 
of a sequencing “run”. 

iii) Cleavage of Ribonucleotides 
[0066] Incorporation of one or more ribonucleotides into a 
polynucleotide strand Which is otherWise comprised of deox 
yribonucleotides (With or Without additional non-nucleotide 
chemical moieties, non-natural bases or non-natural back 
bone linkages) can provide a pre-determined site for cleavage 
using a chemical agent capable of selectively cleaving the 
phosphodiester bond betWeen a deoxyribonucleotide and a 
ribonucleotide or using a ribonuclease (RNAse). Therefore, 
the invention also encompasses production of sequencing 
templates by cleavage of one strand (of a double-stranded 
nucleic acid molecule) at a site containing one or more con 
secutive ribonucleotides using such a chemical cleavage 
agent or an RNase. Preferably the strand to be cleaved con 
tains a single ribonucleotide to provide a pre-determined site 
for chemical cleavage. 
[0067] Suitable chemical cleavage agents capable of selec 
tively cleaving the phosphodiester bond betWeen a deoxyri 
bonucleotide and a ribonucleotide include metal ions, for 
example rare-earth metal ions (especially La3+, particularly 
Tm3+, Yb3+ or Lu3+ (Chen et al. Biotechniques. 2002, 32: 
518-520; Komiyama et al. Chem. Commun. 1999, 1443 
1451)), Fe(3) or Cu(3), or exposure to elevated pH, e. g. treat 
ment With a base such as sodium hydroxide. By “selective 
cleavage of the phosphodiester bond betWeen a deoxyribo 
nucleotide and a ribonucleotide” is meant that the chemical 
cleavage agent is not capable of cleaving the phosphodiester 
bond betWeen tWo deoxyribonucleotides under the same con 
ditions. 

[0068] The base composition of the ribonucleotide(s) is 
generally not material, but can be selected in order to optimise 
chemical (or enzymatic) cleavage. By Way of example, rUMP 
or rCMP are generally preferred if cleavage is to be carried 
out by expo sure to metal ions, especially rare earth metal ions. 

[0069] The ribonucleotide(s) Will typically be incorporated 
into one strand of the double-stranded nucleic acid molecule, 
and may be situated in a region thereof Which is single 
stranded When the tWo complementary strands of the double 
stranded molecule are annealed (i.e. in a 5' overhanging por 
tion). In particular, if the double-stranded nucleic acid 
molecule is prepared by solid-phase PCR ampli?cation using 
forWard and reverse ampli?cation primers, one of Which con 
tains at least one ribonucleotide, the standard DNA poly 
merase enZymes used for PCR ampli?cation are not capable 
of copying ribonucleotide templates. Hence, the products of 
the solid-phase PCR reaction Will contain an overhanging 5' 
region comprising the ribonucleotide(s) and any remainder of 
the ampli?cation primer upstream of the ribonucleotide(s). 
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[0070] The phosphodiester bond betWeen a ribonucleotide 
and a deoxyribonucleotide, or betWeen tWo ribonucleotides 
can also be cleaved by an RNase. Any endocytic ribonuclease 
of appropriate substrate speci?city can be used for this pur 
pose. If the ribonucleotide(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' overhang 
ing portion), then the RNase Will be an endonuclease Which 
has speci?city for single strands containing ribonucleotides. 
For cleavage With ribonuclease it is preferred to include tWo 
or more consecutive ribonucleotides, and preferably from 2 to 
10 or from 5 to 10 consecutive ribonucleotides. The precise 
sequence of the ribonucleotides is generally not material, 
except that certain RNases have speci?city for cleavage after 
certain residues. Suitable RNases include, for example, 
RNaseA, Which cleaves after C and U residues. Hence, When 
cleaving With RNaseA the cleavage site must include at least 
one ribonucleotide Which is C or U. 
[0071] Polynucleotides incorporating one or more ribo 
nucleotides can be readily synthesised using standard tech 
niques for oligonucleotide chemical synthesis With appropri 
ate ribonucleotide precursors. If the double-stranded nucleic 
acid molecule is prepared by solid-phase nucleic acid ampli 
?cation, then it is convenient to incorporate one or more 
ribonucleotides into one of the primers to be used for the 
ampli?cation reaction. 

iv) Photochemical Cleavage 

[0072] The term “photochemical cleavage” encompasses 
any method Which utilises light energy in order to achieve 
cleavage of one or both strands of the double-stranded nucleic 
acid molecule. 
[0073] A pre-determined site for photochemical cleavage 
can be provided by a non-nucleotide chemical spacer unit in 
one of the strands of the double-stranded molecule. Suitable 
photochemical cleavable spacers include the PC spacer phos 
phoamidite (4-(4,4'-Dimethoxytrityloxy)butyramidom 
ethyl)-1-(2-nitrophenyl)-ethyl]-2-cyanoethyl-(N,N-diiso 
propyl)-phosphoramidite) supplied by Glen Research, 
Sterling, Va., USA (cat number 10-4913-XX) Which has the 
structure: 

DMTOM No2 NH 

[0074] The spacer unit can be cleaved by exposure to a UV 
light source. 
[0075] This spacer unit can be attached to the 5' end of a 
polynucleotide, together With a thiophosphate group Which 
permits attachment to a solid surface, using standard tech 
niques for chemical synthesis of oligonucleotides. Conve 
niently, this spacer unit can be incorporated into a forWard or 
reverse ampli?cation primer to be used for synthesis of a 
photocleavable double-stranded nucleic acid molecule by 
solid-phase ampli?cation. 

O—CNEt 

v) Cleavage of Hemimethylated DNA 

[0076] Site-speci?c cleavage of one strand of a double 
stranded nucleic acid molecule may also be achieved by 
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incorporating one or more methylated nucleotides into this 
strand and then cleaving With an endonuclease enzyme spe 
ci?c for a recognition sequence including the methylated 
nucleotide(s). 
[0077] The methylated nucleotide(s) Will typically be 
incorporated in a region of one strand of the double-stranded 
nucleic acid molecule having a complementary stretch of 
non-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 endo 
nuclease. For the avoidance of doubt, enZymes Which cleave 
such hemimethylated target sequences are not to be consid 
ered as “restriction endonucleases” excluded from the scope 
of the second aspect of the invention, but rather are intended 
to form part of the subject-matter of the invention. 
[0078] Polynucleotides incorporating one or methylated 
nucleotides may be prepared using standard techniques for 
automated DNA synthesis, using appropriately methylated 
nucleotide precursors. If the double-stranded nucleic acid 
molecule is prepared by solid-phase nucleic acid ampli?ca 
tion, then it is convenient to incorporate one or more methy 
lated nucleotides into one of the primers to be used for the 
ampli?cation reaction. 

vi) PCR Stoppers 

[0079] In another embodiment of the invention the double 
stranded nucleic acid may be prepared by solid-phase ampli 
?cation using forward and reverse primers, one of Which 
contains a “PCR stopper”. A “PCR stopper” is any moiety 
(nucleotide or non-nucleotide) Which prevents read-through 
of the polymerase used for ampli?cation, such that it cannot 
copy beyond that point. The result is that ampli?ed strands 
derived by extension of the primer containing the PCR stop 
per Will contain a 5' overhanging portion. This 5' overhang 
(other than the PCR stopper itself) may be comprised of 
naturally occurring deoxyribonucleotides, With predomi 
nantly natural backbone linkages, ie it may simply be a 
stretch of single-stranded DNA. The molecule may then be 
cleaved in the 5' overhanging region With the use of a cleavage 
reagent (eg an enzyme) Which is selective for cleavage of 
single-stranded DNA but not double stranded DNA, for 
example mung bean nuclease. 
[0080] The PCR stopper may be essentially any moiety 
Which prevents read-through of the polymerase to be used for 
the ampli?cation reaction. Suitable PCR stoppers include, but 
are not limited to, hexaethylene glycol (HEG), abasic sites, 
and any non-natural or modi?ed nucleotide Which prevents 
read-through of the polymerase, including DNA analogues 
such as peptide nucleic acid (PNA). 
[0081] Stable abasic sites can be introduced during chemi 
cal oligonucleotide synthesis using appropriate spacer units 
containing the stable abasic site. By Way of example, abasic 
furan (5'-O-Dimethoxytrityl-1',2'-Dideoxyribose-3'-[(2-cya 
noethyl)-(N,N-diisopropyl)]-phosphoramidite) spacers com 
mercially available from Glen Research, Sterling, Va., USA, 
can be incorporated during chemical oligonucleotide synthe 
sis 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 ampli?cation. If an abasic site is incorpo 
rated into either forWard or reverse ampli?cation primer the 
resulting ampli?cation 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 
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the action of a suitable chemical agent (e.g. exposure to 
alkali) or an enZyme (e.g. AP-endonuclease V1, Shida et al. 
Nucleic Acids Research, 1996, Vol. 24, 4572-4576). 
vii) Cleavage of Peptide Linker 
[0082] A cleavage site can also be introduced into one 
strand of the double-stranded nucleic molecule by preparing 
a conjugate structure in Which a peptide molecule is linked to 
one strand of the nucleic acid molecule. The peptide molecule 
can subsequently be cleaved by a peptidase enZyme of the 
appropriate speci?city, or any other suitable means of non 
enZymatic chemical or photochemical cleavage. Typically, 
the conjugate betWeen peptide and nucleic acid Will be 
formed by covalently linking a peptide to one strand only of 
the double-stranded nucleic acid molecule, With the peptide 
portion being conjugated to the 5' end of this strand, adjacent 
to the point of attachment to the solid surface. If the double 
stranded nucleic acid is prepared by solid-phase ampli?ca 
tion, the peptide conjugate may be incorporated at the 5' end 
of one of the ampli?cation primers. Obviously the peptide 
component of this primer Will not be copied during PCR 
ampli?cation, hence the “bridged” ampli?cation product Will 
include a cleavable 5' peptide “overhang” on one strand. 

[0083] Conjugates betWeen peptides and nucleic acids 
Wherein 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 com 
ponents of the desired amino acid and nucleotide sequence 
can be synthesised separately, eg by standard automated 
chemical synthesis techniques, and then conjugated in aque 
ous/organic solution. By Way of example, the OPeCTM system 
commercially available from Glen Research is based on the 
“native ligation” of an N-terminal thioester-functionaliZed 
peptide to a 5'-cysteinyl oligonucleotide. Penta?uorophenyl 
S-benZylthiosuccinate is used in the ?nal coupling step in 
standard Fmoc-based solid-phase peptide assembly. Depro 
tection With tri?uoroacetic acid generates, in solution, pep 
tides substituted With an N-terminal S-benZylthiosuccinyl 
group. O-trans-4-(N-a-Fmoc-S-tert-butylsulfenyl-1-cys 
teinyl)aminocyclohexyl 0-2-cyanoethyl-N,N-diisopropy 
lphosphoramidite is used in the ?nal coupling step in standard 
phosphoramidite solid-phase oligonucleotide assembly. 
Deprotection With aqueous ammonia solution generates in 
solution 5'-S-tert-butylsulfenyl-L-cysteinyl functionaliZed 
oligonucleotides. The thiobenZyl terminus of the Modi?ed 
Peptide is converted to the thiophenyl analogue by the use of 
thiophenol, Whilst the Modi?ed oligonucleotide is reduced 
using the tris(carboxyethyl)phosphine. Coupling of these tWo 
intermediates, folloWed by the “native ligation” step, leads to 
formation of the Oligonucleotide-Peptide Conjugate. 
[0084] The conjugate strand containing peptide and nucleic 
acid can be covalently attached to a solid support using any 
suitable covalent linkage technique knoWn in the art Which is 
compatible With the chosen surface. For example, covalent 
attachment to a solid supported polyacrylamide hydrogel sur 
face can be achieved by inclusion of a thiophosphate group on 
the “free” end of the peptide component (i.e. the end not 
conjugated to the nucleic acid). If the peptide/nucleic acid 
conjugate structure is an ampli?cation primer to be used for 
solid-phase PCR ampli?cation, attachment to the solid sup 
port must leave the 3' end of the nucleic acid component free. 
[0085] The peptide component can be designed to be cleav 
able by any chosen peptidase enZyme, of Which many are 
knoWn in the art. The nature of the peptidase is not particu 
larly limited, it is necessary only for the peptidase to cleave 
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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. 
[0086] The length and precise sequence of the nucleic acid 
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 ampli?ed. 

Denaturation 

[0087] In all embodiments of the invention, regardless of 
the method used for cleavage, the product of the cleavage 
reaction may be subjected to denaturing conditions in order to 
remove the portion(s) of the cleaved strand(s) that are not 
attached to the solid support. Suitable denaturing conditions 
Will be apparent to the skilled reader With reference to stan 
dard molecular biology protocols (Sambrook et al., 2001, 
Molecular Cloning, A Laboratory Manual, 3rd Ed, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor Labo 
ratory Press, NY; Current Protocols, eds Ausubel et al.). 
[0088] Denaturation (and subsequent re-annealing of the 
cleaved strands) results in the production of a sequencing 
template Which is partially or substantially single-stranded. A 
sequencing reaction may then be initiated by hybridisation of 
a sequencing primer to the single-stranded portion of the 
template. 
[0089] In other embodiments of the invention, sequencing 
can be initiated directly after the cleavage step With no need 
for denaturation to remove a portion of the cleaved strand(s). 
If the cleavage step generates a free 3' hydroxyl group on one 
cleaved strand still hybridised to a complementary strand then 
sequencing can proceed from this point using a strand-dis 
placement polymerase enZyme Without the need for an initial 
denaturation step. In particular, strand displacement sequenc 
ing may be used in conjunction With template generation by 
cleavage With nicking endonucleases, or by hydrolysis of an 
abasic site With endonuclease, heat or alkali treatment. 

Features of Solid Supports 

[0090] In all embodiments of the invention, the term “solid 
support”, as used herein, refers to the material to Which the 
polynucleotides molecules are attached. Suitable solid sup 
ports are available commercially, and Will be apparent to the 
skilled person. The supports can be manufactured from mate 
rials such as glass, ceramics, silica and silicon. Supports With 
a gold surface may also be used. The supports usually com 
prise a ?at (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-pla 
nar, e.g., a microbead. Any suitable siZe may be used. For 
example, the supports might be on the order of 1-10 cm in 
each direction. 

[0091] The ?rst aspect of the invention relates to generation 
of sequencing templates on a particular type of surface, 
namely solid supported polyacrylamide hydrogels. 
[0092] As aforesaid, in preparing hydrogel-based solid 
supported molecular arrays, a hydrogel is formed and mol 
ecules displayed from it. These tWo featuresiformation of 
the hydrogel and construction of the arrayimay be effected 
sequentially or simultaneously. 
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[0093] Where the hydrogel is formed prior to formation of 
the array, it is typically produced by alloWing a mixture of 
comonomers to polymerise. Generally, the mixture of 
comonomers contain acrylamide and one or more comono 

mers, the latter of Which permit, in part, subsequent immo 
bilisation of molecules of interest so as to form the molecular 
array. 
[0094] The comonomers used to create the hydrogel typi 
cally contain a functionality that serves to participate in 
crosslinking of the hydrogel and/or immobilise the hydrogel 
to the solid support and facilitate association With the target 
molecules of interest. 
[0095] Generally, as is knoWn in the art, polyacrylamide 
hydrogels are produced as thin sheets upon polymerisation of 
aqueous solutions of acrylamide solution. A multiply unsat 
urated (polyunsaturated) crosslinking agent (such as bisacry 
lamide) is generally present; the ratio of acrylamide to 
bisacrylamide is generally about 19: 1. Such casting methods 
are Well knoWn in the art (see for example Sambrook et al., 
2001, Molecular Cloning, A Laboratory Manual, 3rd Ed, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor 
Laboratory Press, NY) and need not be discussed in detail 
here. 
[0096] Some form of covalent surface modi?cation of the 
solid support may be practised in order to achieve satisfactory 
immobilisation of either hydrogel-based molecular arrays or 
hydrogels to Which it is desired to array molecules. HoWever, 
the inventors have observed that such functional modi?cation 
of the support is not necessary in order to achieve satisfactory 
immobilisation of arrays of polynucleotides. In order to make 
useful supported arrays capable of binding molecules of 
interest, a mixture of comonomers comprising at least one 
hydrophilic monomer and a functionalised comonomer 

(functionalised to the extent that the monomer once incorpo 
rated into the polymer is capable of binding the molecule of 
interest to the surface of the hydrogel) may be polymerised so 
as to form a hydrogel capable of being immobilised on a solid 
supported, preferably a silica-based, substrate. In particular, 
the hydrogel may be substantially free of any binder silane 
components. 
[0097] In one embodiment the hydrogel may be formed by 
a method comprising polymerising on said support a mixture 
of: 
[0098] (i) a ?rst comonomer Which is acrylamide, meth 
acrylamide, hydroxyethyl methacrylate or N-vinyl pyrrolidi 
none; and 
[0099] (ii) a second comonomer Which is a functionalised 
acrylamide or acrylate of formula (I): 

H2C:C(H)4C(:O)-A-B4C (I); 

or a methacrylate or methacrylamide of formula (II): 

or H2C:C(CH3)4C(:O)-A-B4Ci (11) 

(wherein: 
[0100] A is NR or 0, wherein R is hydrogen or an option 
ally substituted saturated hydrocarbyl group comprising 1 to 
5 carbon atoms; 
[0101] iBi is an optionally substituted alkylene biradi 
cal of formula i(CH2)ni Wherein n is an integer from 1 to 
50; and Wherein n:2 or more, one or more optionally substi 
tuted ethylene biradicals 4CH2CH2i of said alkylene 
biradical may be independently replaced by ethenylene and 
ethynylene moieties; and Wherein n:1 or more, one or more 
methylene biradicals 4CH2i may be replaced indepen 
dently With an optionally substituted mono- or polycyclic 
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hydrocarbon biradical comprising from 4 to 50 carbon atoms, 
or a corresponding heteromonocyclic or heteropolycyclic 
biradical Wherein at least 1 CH2 or CH2 is substituted by an 
oxygen sulfur or nitrogen atom or an NH group; and 

[0102] C is a group for reaction With a compound to bind 
said compound covalently to said hydrogel) to form a poly 
merised product, 
[0103] characterised in that said method is conducted on, 
and immobilises the polymerised product to, said support 
Which is not covalently surface-modi?ed. 
[0104] It has been found that omission of a covalent sur 
face-modi?cation step (particularly of the solid support) 
affords a surface having greater passivity than in the prior art, 
particularly When compared to those instances Where the use 
of the silane-modifying agents described above With silica 
based substrates are employed. 

[0105] The solid upon Which the hydrogel is supported is 
not limited to a particular matrix or substrate. Suitable sup 
ports include silica-based substrates, such as glass, fused 
silica and other silica-containing materials; they may also be 
silicone hydrides or plastic materials such as polyethylene, 
polystyrene, poly(vinyl chloride), polypropylene, nylons, 
polyesters, polycarbonates and poly(methyl methacrylate). 
Preferred plastics material are poly(methyl methacrylate), 
polystyrene and cyclic ole?n polymer substrates. Alterna 
tively, other solid supports may be used such as gold, titanium 
dioxide, or silicon supports. The foregoing lists are intended 
to be illustrative of, but not limited to, the invention. Prefer 
ably, the support is a silica-based material or plastics material 
such as discussed herein. 

[0106] The methods by Which the mixture of comonomers 
are polymerised in the invention are not characteristic of this 
invention and Will be knoWn to the skilled person (eg by 
recourse to Sambrook et al. (supra). Generally, hoWever, the 
polymerisation Will be conducted in an aqueous medium, and 
polymerisation initiated by any suitable initiator. Potassium 
or ammonium persulfate as an initiator is typically employed. 
Tetramethylethylenediamine (TMEDA or TEMED) may be 
and generally is used to accelerate the polymerisation. 
[0107] It is not necessary that a polyunsaturated crosslink 
ing agent such as bisacrylamide or pentaerythritol tetraacry 
late is present in the mixture Which is polymerised; nor is it 
necessary to form PRP-type intermediates and crosslink 
them. 

[0108] Generally, in producing hydrogels according to this 
invention, only one compound of formulae (1) or (11) Will be 
used. Use of a compound of the formulae (1) or (II) permits 
formation of a hydrogel capable of being immobilised to solid 
supports, preferably silica-based solid supports. The com 
pounds of these formulae comprise portions A, B and C as 
de?ned herein. 

[0109] Biradical A may be oxygen or N(R) Wherein R is 
hydrogen or a C l_5 alkyl group. Preferably, R is hydrogen or 
methyl, particularly hydrogen. Where R is a C l_5 alkyl group, 
this may contain one or more, eg one to three substituents. 
Preferably, hoWever, the alkyl group is unsubstituted. 
[0110] Biradical B is a predominantly hydrophobic linking 
moiety, connectingA to C and may be an alkylene biradical of 
formula i(CH2)ni, Wherein n is from 1 to 50. Preferably n 
is 2 or more, eg 3 or more. Preferably n is 2 to 25, particularly 
2 to 15, more particularly 4 to 12, for example 5 to 10. 

[0111] Where n in i(CH2)ni is 2 or more, one or more 
biradicals iCHZCHZi (-ethylene-) may be replaced With 
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ethenylene or ethynylene biradicals. Preferably, hoWever, the 
biradical B does not contain such unsaturation. 
[0112] Additionally, or alternatively, Where n in i(CH2) 
"i is 1 or more, one or more methylene radicals iCH2i in 
B may be replaced With a mono- orpolycyclic biradical Which 
preferably comprises 5 to 10 carbon atoms eg 5 or 6 carbon 
atoms. Such cyclic biradicals may be, for example, 1,4-, 1,3 
or 1,2-cyclohexyl biradicals. Bicylic radicals such as napthyl 
or decahydronaphthyl may also be employed. Corresponding 
heteroatom-substituted cyclic biradicals to those homocyclic 
biradicals may also be employed, for example pyridyl, pip 
eridinyl, quinolinyl and decahydroquinolinyl. 
[0113] It Will be appreciated that the scope of iBi is thus 
not particularly restricted. Most preferably, hoWever, iBi 
is a simple, unsubstituted, unsaturated alkylene biradical such 
as a C3 -C 10 alkylene group, optimally C5 -C8, such as n-pen 
tylene: i(CH2)5i. 
[0114] Where an alkyl group (or alkylene, alkenylene etc) 
is indicated as being (optionally) substituted, substituents 
may be selected from the group comprising hydroxyl, halo 
(i.e. bromo, chloro, ?uoro or iodo), carboxyl, aldehydro, 
amine and the like. The biradical iBi is preferably unsub 
stituted or substituted by feWer than 10, preferably feWer than 
5, eg by 1, 2 or 3 such substituents. 
[0115] Group C serves to permit attachment of molecules 
of interest after formation of the hydrogel. The nature of 
Group C is thus essentially unlimited provided that it contains 
a functionality alloWing reaction betWeen the hydrogel and 
the molecules to be immobilised. Preferably, such a function 
ality Will not require modi?cation prior to reaction With the 
molecule of interest and thus the C group is ready for direct 
reaction upon formation of the hydrogel. Preferably such a 
functionality is a hydroxyl, thiol, amine, acid (eg carboxylic 
acid), ester and haloacetamido, haloacetamido and in particu 
lar bromoacetamido being particularly preferred. Other 
appropriate C groups Will be evident to those skilled in the art 
and include groups comprising a single carbon-carbon double 
bond Which is either terminal (i.e. Where a C group has an 
extremity terminating in a carbon-carbon double bond) or 
Where the carbon-carbon double bond is not at a terminal 
extremity. When a C group comprises a carbon-carbon double 
bond, this is preferably fully substituted With C l_5 alkyl 
groups, preferably methyl or ethyl groups, so that neither 
carbon atom of the C:C moiety bears a hydrogen atom. 
[0116] The C moiety may thus comprise, for example, a 
dimethylmaleimide moiety as disclosed in Us. Pat. No. 
6,372,813, WO01/01143, WO02/12566 and WO03/014394. 
[0117] The (meth)acrylamide or (meth)acrylate of formula 
(I) or (11) Which is copolymerised With acrylamide, methacry 
lamide, hydroxyethyl methacrylate or N-vinyl pyrrolidinone 
is preferably an acrylamide or acrylate, i.e. of formula (I). 
More preferably it is an acrylamide and still more preferably 
it is an acrylamide in Which A is NH. 
[0118] The reaction betWeen a comonomer of formula (I) 
or (H) and acrylamide, methacrylamide, hydroxyethyl meth 
acrylate or N-vinyl pyrrolidinone methacrylamide, particu 
larly acrylamide, has been found to afford hydrogels particu 
larly suitable for use in the generation of molecular arrays. 
HoWever, it Will be appreciated by those skilled in the art that 
analogous copolymers may be formed by the reaction 
betWeen comonomers of formula (I) or (II) and any vinylo 
gous comonomer, hydroxyethylmethacrylate and n-vinyl 
pyrrolidinone being tWo examples of such vinylogous 
comonomers. 
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[0119] Control of the proportion of monomer of formula (I) 
or (II) to that of the ?rst comonomer (e.g. acrylamide and/or 
methacrylamide, preferably acrylamide) allows adjustment 
of the physical properties of the hydrogel obtained on poly 
merisation. It is preferred that the comonomer of formula (I) 
or (II) is present in an amount of 21 mol %, preferably 22 
mol % (relative to the total molar quantity of comonomers) in 
order for the hydro gel to have optimum thermal and chemical 
stability under conditions typically encountered during the 
preparation, and subsequent manipulation, of the molecular 
arrays produced from the hydrogels. Preferably, the amount 
of comonomer of formula (I) or (II) is less than or equal to 
about 5 mol %, more preferably less than or equal to about 4 
mol %. Typical amounts of comonomer of formula (I) or (II) 
used are 1.5-3.5 mol %, exempli?ed herein by about 2% and 
about 3%. 
[0120] The amounts of acrylamide or methacrylamide from 
Which the hydrogels are primarily constructed are those typi 
cally used to form hydrogels, eg about 1 to about 10% W/v, 
preferably less than 5 or 6% W/v, eg about 1 to about 2% W/v. 
Again, of course, the precise nature of the hydrogel may be 
adjusted by, in part, control of the amount of acrylamide or 
methacrylamide used. 
[0121] When forming the hydrogels, acrylamide or meth 
acrylamide may be dissolved in Water and mixed With a 
solution of a comonomer of formula (I) or (II). The latter may 
be conveniently dissolved in a Water-miscible solvent, such as 
dimethylformamide (DMF), or Water itself. The most appro 
priate solvent may be selected by the skilled person and shall 
depend upon the structure of the comonomer of formula (I) or 

(II). 
[0122] The methods by Which the monomers of formula (I) 
or (II) are synthesised Will be evident to those skilled in the 
art. By Way of example, the synthesis of a particularly pre 
ferred monomer (of formula (I) Wherein AINH, iBi:i 
(CH2)5i and 4C:iN(H)4C(:O)CH2Br is provided as 
an example hereinafter. 
[0123] As noted above, the general methods by Which the 
polymerisation is carried out are knoWn to those skilled in the 
art. For example, generally acrylamide or methacrylamide is 
dissolved in puri?ed water (eg Milli Q) and potassium or 
ammonium persulfate dissolved separately in puri?ed Water. 
The comonomer of formula (I) or (II) may be conveniently 
dissolved in a Water-miscible organic solvent, e.g. glycerol, 
ethanol, methanol, dimethylformamide (DMF) etc. TEMED 
may be added as appropriate. Once formulated (a typical 
preparation is described in the examples), the mixture is poly 
merised With as little delay as possible after its formulation. 
[0124] The polymerisation process may be conducted by 
any convenient means. 

[0125] The second aspect of the invention is not limited 
With respect to the nature of the solid support and can be used 
in conjunction With essentially any type of support knoWn in 
the art for production of polynucleotide arrays, and more 
speci?cally With any type of support Which is compatible With 
solid-phase nucleic acid ampli?cation. Suitable supports 
include those coated With functionalised silanes. In particular, 
the method of the second aspect of the invention can be used 
in conjunction With the silane-coated solid supports described 
in WO 98/44151 and WO 00/18957. 

Construction of Arrays by Solid Phase Ampli?cation 

[0126] In a particular embodiment of the invention, the 
methods according to the ?rst and second aspects of the 
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invention may be used to prepare templates for sequencing 
starting from double-stranded nucleic acid molecules present 
in clustered arrays of nucleic acid colonies generated by 
solid-phase nucleic acid ampli?cation. In this context, the 
term “solid-phase ampli?cation” refers to an ampli?cation 
reaction Which is analogous to standard PCR, except that the 
forWard and reverse ampli?cation primers are immobilised 
(e.g. covalently attached) to a solid support at or near the 5' 
end. The products of the PCR reaction are thus extended 
strands derived by extension of the ampli?cation primers that 
are immobilised on the solid support at or near the 5' end. 
Solid-phase ampli?cation may itself be carried out, for 
example, using procedures analogous to those described in 
W0 98/ 44151 and WO 00/18957, the contents of Which are 
incorporated herein in their entirety by reference. 
[0127] As a ?rst step in colony generation by solid-phase 
ampli?cation a mixture of forWard and reverse ampli?cation 
primers may be immobilised or “grafted” onto the surface of 
a suitable solid support. The grafting step Will generally 
involve covalent attachment of the primers to the support at or 
near the 5' end, leaving the 3' end free for primer extension. 
[0128] The ampli?cation primers are typically oligonucle 
otide molecules have the folloWing structures: 
ForWard primer: A-L-Sl 
Reverse primer: A-L-S2 
[0129] WhereinA represents a moiety Which alloWs attach 
ment to a solid support, L represents an optional linker moiety 
and S1 and S2 are polynucleotide sequences Which permit 
ampli?cation of a substrate nucleic acid molecule comprising 
a target region that it is desired to (fully or partially) sequence. 
[0130] The mixture of primers grafted onto the solid sup 
port Will generally comprise substantially equal amounts of 
the forWard and reverse primers. 

[0131] Group A can be any moiety (including a non-nucle 
otide chemical modi?cation) Which enables attachment (pref 
erably covalent) to a solid support. In all aspects of the inven 
tion group A may comprise a sulphur-containing nucleophile, 
such as phosphorothioate, present at the 5' end of a polynucle 
otide strand. The mo st preferred means of grafting primers to 
a solid support is via 5' phosphorothioate attachment to a 
hydrogel comprised of polymerised acrylamide and N-(5 
bromoacetamidylpentyl)acrylamide (BRAPA). 
[0132] L represents a linker or spacer Which may be 
included but is not strictly necessary. The linker may be 
included in order to ensure that a cleavage site present in the 
immobilised polynucleotide molecules generated as a result 
of the ampli?cation reaction is positioned at an optimum 
distance from the solid support, or the linker may itself con 
tain a cleavage site. 

[0133] The linker may be a carbon-containing chain such as 
those of formula (CH2)n Wherein “n” is from 1 to about 1500, 
for example less than about 1000, preferably less than 100, 
eg from 2-50, particularly 5-25. HoWever, a variety of other 
linkers may be employed With the only restriction placed on 
their structures being that the linkers are stable under condi 
tions under Which the polynucleotides are intended to be used 
subsequently, e.g. conditions used in DNA ampli?cation, 
cleavage and sequencing. 
[0134] Linkers Which do not consist of only carbon atoms 
may also be used. Such linkers include polyethylene glycol 
(PEG) having a general formula of (CH24CH24O),", 
Wherein m is from about 1 to 600, preferably less than about 
500. 
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[0135] Linkers formed primarily from chains of carbon 
atoms and from PEG may be modi?ed so as to contain func 
tional groups Which interrupt the chains. Examples of such 
groups include ketones, esters, amines, amides, ethers, thio 
ethers, 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 
rings may, for example, be connected to a PEG or (CH2)n 
chain through their 1- and 4-positions. 
[0136] As an alternative to the linkers described above, 
Which are primarily based on linear chains of saturated car 
bon atoms, optionally interrupted With unsaturated carbon 
atoms or heteroatoms, other linkers may be envisaged Which 
are based on nucleic acids or monosaccharide units (eg 
dextrose). It is also Within the scope of this invention to utilise 
peptides as linkers. 
[0137] In a further embodiment the linker may comprise 
one or more nucleotides. Such nucleotides may also be 
referred to herein as “spacer” nucleotides. Typically from 1 to 
20, more preferably from 1 to 15 or from 1 to 10, and more 
particularly 2, 3, 4, 5, 6, 7, 8, 9 or 10 spacer nucleotides may 
be included. Most preferably the primer Will include 10 
spacer nucleotides. It is preferred to use polyT spacers, 
although other nucleotides and combinations thereof can be 
used. In one preferred embodiment the primer may include 
10T spacer nucleotides. 
[0138] For the primer grafting reaction to proceed a mix 
ture of the ampli?cation primers is applied to a solid support 
under conditions Which permit reaction betWeen moiety A 
and the support. The solid support may be suitably functiona 
lised to permit covalent attachment via moiety A. The result 
of the grafting reaction is a substantially even distribution of 
the primers over the solid support. 
[0139] In certain embodiments the template to be ampli?ed 
may be grafted onto the solid support together With the ampli 
?cation 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. Ampli?cation may then proceed using the 
immobilised template and primers in a reaction analogous to 
that described in WO 00/18957. The ?rst step in such a 
reaction Will be hybridisation betWeen surface-bound tem 
plates and surface-bound ampli?cation primers. 
[0140] If a mixture of primers only is grafted onto the solid 
support, the template to be ampli?ed may be added in free 
solution. The ampli?cation reaction may then proceed sub 
stantially as described in WO 98/44151. Brie?y, folloWing 
attachment of the primers the solid support is contacted With 
the template to be ampli?ed under conditions Which permit 
hybridisation betWeen the template and the immobilised 
primers. The template is usually added in free solution under 
suitable hybridisation conditions, Which Will be apparent to 
the skilled reader. Typically hybridisation conditions are, for 
example, 5><SSC at 400 C., folloWing an initial denaturation 
step. Solid-phase ampli?cation can then proceed, the ?rst step 
of the ampli?cation being a 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 molecule immobilised on the solid support. 
Further rounds of ampli?cation (analogous to a standard PCR 
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reaction) lead to the formation of clusters or colonies of 
template molecules bound to the solid support. 
[0141] Sequences S1 and S2 in the ampli?cation primers 
may be speci?c for a particular target nucleic acid that it is 
desired to amplify, but in other embodiments sequences S1 
and S2 may be “universal” primer sequences Which enable 
ampli?cation of any target nucleic acid of knoWn or unknoWn 
sequence Which has been modi?ed to enable ampli?cation 
With the universal primers. 
[0142] Suitable substrates to be ampli?ed With universal 
primers may be prepared by modifying polynucleotides com 
prising the target region to be ampli?ed (and sequenced) by 
addition of knoWn adaptor sequences to the 5' and 3' ends of 
the target polynucleotides to be ampli?ed. The target mol 
ecules themselves may be any double-stranded polynucle 
otide molecules it is desired to sequence (e.g. random frag 
ments of human genomic DNA). The adaptor sequences 
enable ampli?cation of these molecules on a solid support to 
form clusters using forWard and reverse primers having the 
general structure described above, Wherein sequences S1 and 
S2 are universal primer sequences. 
[0143] The adaptors are typically short oligonucleotides 
that may be synthesised by conventional means. The adaptors 
may be attached to the 5' and 3' ends of target nucleic acid 
fragments by a variety of means (eg subcloning, ligation. 
etc). More speci?cally, tWo different adaptor sequences are 
attached to a target nucleic acid molecule to be ampli?ed 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 ?anked by adaptors 
may be referred to herein as a “substrate nucleic acid con 
struct”. The target polynucleotides may advantageously be 
siZe-fractionated prior to modi?cation With the adaptor 
sequences. 
[0144] The adaptors contain sequences Which permit 
nucleic acid ampli?cation using the ampli?cation 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 
ampli?cation, a single strand of the template construct must 
contain a sequence Which is complementary to sequence S1 
in the forWard ampli?cation primers (such that the forWard 
primer molecule can bind and prime synthesis of a comple 
mentary strand) and a sequence Which corresponds to 
sequence S2 in the reverse ampli?cation primer molecules 
(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 20-40 nucleotides in length, although the invention is 
not limited to sequences of this length. 
[0145] The precise identity of sequences S1 and S2 in the 
ampli?cation 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 the ampli? 
cation sequences in order to direct PCR ampli?cation. The 
criteria for design of PCR primers are generally Well knoWn 
to those of ordinary skill in the art. 
[0146] Solid-phase ampli?cation by either the method 
analogous to that of WO 98/44151 or that of WO 00/18957 
Will result in production of a clustered array comprised of 
colonies of “bridged” ampli?cation products. Both strands of 
the ampli?cation products Will be immobilised on the solid 
support at or near the 5' end, this attachment being derived 




























