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Description

Field of the invention

[0001] The invention relates to a method of preparing template constructs for solid-phase nucleic acid amplification
and to use of the templates in methods of solid-phase nucleic acid amplification.

Background

[0002] Molecular biology and pharmaceutical drug development now make intensive use of nucleic acid analysis. The
most challenging areas are whole genome sequencing, single nucleotide polymorphism detection, screening and gene
expression monitoring.
[0003] One area of technology which has improved the study of nucleic acids is the development of fabricated arrays
of immobilised nucleic acids. These arrays typically consist of a high-density matrix of polynucleotides immobilised onto
a solid support material. Fodor et al., Trends in Biotechnology (1994) 12:19-26, describe ways of assembling the nucleic
acid arrays using a chemically sensitised glass surface protected by a mask, but exposed at defined areas to allow
attachment of suitably modified nucleotides. Typically, these arrays may be described as "many molecule" arrays, as
distinct regions are formed on the solid support comprising a high density of one specific type of polynucleotide.
[0004] An alternative approach is described by Schena et al., Science (1995) 270:467-470, where samples of DNA
are positioned at predetermined sites on a glass microscope slide by robotic micropipetting techniques.
[0005] WO 98/44151 and WO 00/18957 both describe methods of forming polynucleotide arrays based on "solid-
phase" nucleic acid amplification, which is analogous to a polymerase chain reaction wherein the amplification products
are immobilised on a solid support in order to form arrays comprised of nucleic acid clusters or "colonies". Each cluster
or colony on such an array is formed from a plurality of identical immobilised polynucleotide strands and a plurality of
identical immobilised complementary polynucleotide strands. The arrays so-formed are generally referred to herein as
"clustered arrays" and their general features will be further understood by reference to WO 98/44151 or WO 00/18957.
[0006] As aforesaid, the solid-phase amplification methods of WO 98/44151 and WO 00/18957 are essentially a form
of the polymerase chain reaction carried out on a solid support. Like any nucleic acid amplification reaction these methods
require the use of forward and reverse amplification primers capable of annealing to a template to be amplified. In the
methods of WO 98/44151 and WO 00/18957 both primers are immobilised on the solid support at the 5’ end. Other
forms of solid-phase amplification are known in which only one primer is immobilised and the other is present in free
solution (Mitra, R.D and Church, G.M., Nucleic Acids Research, 1999, Vol.27, e34; Shendure J, Porreca G.J., Reppas
N.B. et al,. Science, 2005, Vol.309, 5741, 1728-1732; Margulies M., Egholm M., Altman W.E. et al, Nature, 2005, 437,
376-380).
[0007] In common with all nucleic acid amplification techniques, solid-phase amplification requires the use of forward
and reverse amplification primers which include "template-specific" nucleotide sequences which are capable of annealing
to sequences in the template to be amplified, or the complement thereof, under the conditions of the annealing steps of
the amplification reaction. The sequences in the template to which the primers anneal under conditions of the amplification
reaction may be referred to herein as "primer-binding" sequences.
[0008] The amplification reaction cannot occur in the absence of annealing of the forward and reverse primers to
primer binding sequences in the template to be amplified under the conditions of the annealing steps of the amplification
reaction, i.e. if there is insufficient complementarity between primers and template. Some prior knowledge of the sequence
of the template is therefore required before one can carry out an amplification reaction to amplify a specific template.
The user must usually know the sequence of at least the primer-binding sites in the template in advance so that appropriate
primers can be designed, although the remaining sequence of the template may be unknown. The need for prior knowl-
edge of the sequence of the template increases the complexity and cost of solid phase amplification of complex mixtures
of templates, such as genomic DNA fragments.
[0009] Certain embodiments of the methods described in WO 98/44151 and WO 00/18957 make use of "universal"
primers to amplify templates comprising a variable template portion that it is desired to amplify flanked 5’ and 3’ by
common or "universal" primer binding sequences. The "universal" forward and reverse primers include sequences
capable of annealing to the "universal" primer binding sequences in the template construct. The variable template or
target) portion may itself be of known, unknown or partially known sequence. This approach has the advantage that it
is not necessary to design a specific pair of primers for each template to be amplified; the same primers can be used
for amplification of different templates provided that each template is modified by addition of the same universal primer-
binding sequences to its 5’ and 3’ ends. The variable template sequence can therefore be any DNA fragment of interest.
An analogous approach can be used to amplify a mixture of templates, such as a plurality or library of template nucleic
acid molecules (e.g. genomic DNA fragments), using a single pair of universal forward and reverse primers, provided
that each template molecule in the mixture is modified by the addition of the same universal primer-binding sequences.
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[0010] Such "universal primer" approaches to solid-phase amplification are advantageous since they enable multiple
template molecules of the same or different, known or unknown sequence to be amplified in a single amplification reaction
on a solid support bearing "universal" forward and reverse primers.
[0011] The drawback of the standard "universal primer" approach is that hitherto it has been necessary to carry out
several solution phase ligation reaction and purification steps on the targets in order to prepare the target-adaptor (or
template) constructs suitable for amplification using the universal forward and reverse primers. Suitable template con-
structs, or libraries of template constructs, to be amplified with universal primers must be prepared by modifying the
target polynucleotides that it is desired to amplify by addition of known adaptor sequences to the 5’ and 3’ ends of the
target molecule(s). The target molecules themselves may be any polynucleotide molecules it is desired to amplify (e.g.
random fragments of human genomic DNA). The adaptors are typically short oligonucleotides that may be synthesised
by conventional means. The adaptors are usually attached to the 5’ and 3’ ends of target nucleic acid fragments by
ligation in solution phase, prior to attachment of the template to a solid support, or by subcloning of the target into a
vector at a cloning site that is flanked by suitable adaptor sequences.
[0012] All of the known template preparation methods require solution-phase reaction steps, after which the prepared
template must be immobilised on a solid support such that solid-phase amplification can proceed.
[0013] The present inventors now describe a method of directly preparing template constructs for solid-phase ampli-
fication that reduces or removes the need for solution phase ligation reaction steps. The method involves the use of a
ligation reaction to directly attach a first end of an unmodified target polynucleotide to the adaptor constructs immobilised
on a solid support. The second end of the target polynucleotide can undergo a ligation reaction once immobilised, or
can have been treated prior to the ligation of the first end. The method produces template construct(s) immobilised on
a solid support that can subsequently be amplified by solid-phase amplification using multiple copies of a single primer-
pair, or even a single primer. The method of the invention is applicable to whole-genome amplification as well as mono-
template amplifications.

Summary of the invention

[0014] The invention provides a method as defined in the claims.

Brief description of the drawings

[0015]

Figure 1 is a schematic illustration of one embodiment of the method according to the first aspect of the invention,
based on use of double-stranded polynucleotide templates;

Figure 2 illustrates the results of solid-phase amplification reactions carried out following solid-phase "ligation"
reactions in the presence of different combinations of reagents. Figure 2a graphically represents fluorescent imaging
intensity (y axis) for an exemplary ligation reaction plus appropriate controls. (a), (b) and (c) represent the results
of triplicate experiments. Figure 2b shows actual fluorescence microscope images for an eight-channel chip treated
as described in the accompanying experimental examples.

Detailed description of the invention

[0016] In its first aspect the invention relates to a method of preparing template constructs for solid-phase nucleic acid
amplification which comprises two distinct ligation reactions. It is an essential feature of the method that one of the
ligation reactions takes place on a solid support, i.e. it results in the joining of two polynucleotide molecules, one of which
is already attached to a solid support.
[0017] The method as a whole results in the formation of a template construct which comprises a target molecule that
it is desired to amplify, modified by the addition of adaptor sequences to its 5’ and 3’ ends. A key feature of the method
is that it leads to formation of a template construct which is already attached to a solid support, ready for solid-phase
amplification. The method of the invention thus avoids the complexity and cost of prior art methods which require separate
steps in order to modify a template by addition of adaptor sequences and subsequently attach the resultant template
construct to a support ready for solid-phase amplification.
[0018] As used herein the terms "nucleic acid template construct" or "template construct" refer to a nucleic acid
construct which is formed by ligation of adaptors to the 5’ and 3’ ends of a target molecule in the method of the invention.
The template construct thus comprises a target polynucleotide sequence that it is desired to amplify in a solid-phase
nucleic acid amplification reaction flanked 5’ and 3’ by adaptor polynucleotide sequences. Template constructs thus
have the general structure:
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5’-adaptor sequence-target sequence-adaptor sequence-3’

[0019] The adaptor sequences (derived from the adaptor molecules ligated to a target molecule in the method of the
invention) will include primer-binding sequences required for solid-phase amplification. The target sequence can be any
sequence that it is desired to amplify and may be known, unknown or partially known. In the case of the ligation reaction
performed in solution, the adaptor sequence can be longer than the primer binding sequence (such that the amplification
primers are shorter than the adaptors). In the case of the solid phase ligation reaction, the adaptor sequence and primer
sequence may be exactly the same (i.e. the ligation can attach the target directly to the reverse amplification primer),
or the adaptor sequence may be longer than the primer binding sequence if both the adaptor and a reverse amplification
primer containing fewer bases than the adaptor at the 3’-end are both attached to the surface.
[0020] In the case of solid-phase amplification using forward and reverse amplification primers to amplify a template
construct, the template construct must include (when viewed as a single strand) at the 3’ end an adaptor-derived sequence
comprising a primer-binding sequence which is capable of annealing to the forward amplification primer, a target sequence
that it is desired to amplify, and at the 5’ end an adaptor-derived sequence comprising a primer-binding sequence, the
complement of which is capable of annealing to the reverse amplification primer (i.e. the 5’-end of the template contains
the same bases as the reverse amplification primer). In this context, the "forward" primer will be that which anneals to
the free 3’ end of the immobilised template construct and is extended in the first amplification cycle, and the copy of the
molecule produced in the first amplification cycle is capable of hybridising to the reverse amplification primer.
[0021] It will be appreciated, however, that the template construct to be amplified will commonly be in double-stranded
form, in which case the complementary strand includes at the 3’ end an adaptor-derived sequence comprising a primer-
binding sequence capable of annealing to the reverse amplification primer and at the 5’ end an adaptor-derived sequence
comprising a primer-binding sequence the complement of which is capable of annealing to the forward amplification
primer.
[0022] The term "annealing" as used in this context to describe specific hybridisation under the conditions to be used
for the annealing steps of the amplification reaction. The conditions encountered during the annealing steps of a solid-
phase amplification reaction will be generally known to one skilled in the art, although the precise annealing conditions
will vary from reaction to reaction. Typically such conditions may comprise, but are not limited to, (following a denaturing
step at a temperature of about 94°C for about one minute) exposure to a temperature in the range of from 40°C to 72°C,
more specifically 50°C to 65°C, and still more specifically 55-58°C for a period of about 1 minute in standard amplification
reaction buffer, (optionally supplemented with 1M betain and 1.3% DMSO). It will be appreciated that 100% comple-
mentarity between the primer binding sequences and the amplification primers is not absolutely required for annealing
under such conditions, although it is generally preferred. It is also possible to amplify the nucleic acid strands isothermally,
where the denaturation steps are carried out at the same temperature as the extension steps. Examples of method used
in the isothermal amplification of clusters are detailed in WO0246456.
[0023] The term "target polynucleotide molecule" is used to refer to a polynucleotide molecule that it is desired to be
able to amplify by solid-phase amplification. The target polynucleotide molecule is modified by the addition of adaptor
sequences to its 5’ and 3’ ends in the method of the invention in order to produce a template construct ready for
amplification. Thus, the "target polynucleotide molecule" corresponds to the variable portion in the template construct
but lacks the universal adaptor sequences.
[0024] In the various embodiments of the method of the invention the "target polynucleotide molecule" may be a fully
or partially double-stranded polynucleotide molecule. The precise sequence of the target molecule is not material to the
invention. Generally the target molecule will be a DNA molecule. Modified DNA molecules including non-natural nucle-
otides and/or non-natural backbone linkages could be used as the target, provided that the modifications do not preclude
copying in a nucleic acid amplification reaction. The target nucleic acid may be fragmented, for example using nebulisation,
hydrodynamic shearing, sonication or enzyme treatment, prior to ligation of the adaptors, and thus the terms "target"
and "target fragments" are used interchangeably.
[0025] The method of the invention may be applied to multiple copies of the same target molecule (so-called mono-
template applications) or to a mixture of different target molecules which differ from each other with respect to nucleotide
sequence over all or a part of their length. In one embodiment the method can be applied to a library of nucleic acid
target molecules, such that common or "universal" adaptor molecules are added to the 5’ or 3’ ends of each of the
individual target molecules in the library to produce a library of template constructs. The resulting library of template
constructs may subsequently be amplified using a pair of common or "universal" forward and reverse primers which are
capable of annealing to "universal" primer binding sequences in the adaptors.
[0026] The "library" of target molecules may be a plurality of target molecules derived from a common source, for
example a library of genomic DNA fragments derived from a particular individual. In a preferred embodiment the library
will comprise random fragments of human genomic DNA. The library may be derived from a whole genome or from part
of a genome (e.g. a single chromosome or sub-fraction thereof). The library may contain genomic fragments derived
from one individual or several individuals.
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[0027] As aforesaid, the method of preparing template constructs according to the first aspect of the invention requires
two ligation reactions as follows:

a) a ligation reaction in which the first end of one or more target polynucleotide molecules are ligated to surface-
bound adaptor polynucleotide molecules; and

b) a ligation reaction in which solution-phase adaptor polynucleotide molecules are ligated to the second end of said
target polynucleotide molecules.

[0028] Each ligation reaction requires joining of at least one polynucleotide strand to another polynucleotide strand.
In this context "joining" means covalent linkage of two polynucleotide strands which were not previously covalently linked.
Preferably such "joining" will take place by formation of a phosphodiester linkage between the two polynucleotide strands
but other means of covalent linkage (e.g. non-phosphodiester backbone linkages) may be used. However, it is an
essential requirement that the covalent linkages formed in the ligation reactions allow for read-through of a polymerase,
such that the resultant construct can be copied in a nucleic acid amplification reaction using primers which binding to
sequences in the regions of the template construct that are derived from the adaptor molecules.
[0029] The ligation reactions will preferably be enzyme-catalysed. The nature of the ligase enzyme used for enzymatic
ligation is not particularly limited. Non-enzymatic ligation techniques (e.g. chemical ligation) may also be used, again
provided that the non-enzymatic ligation leads to the formation of a covalent linkage which allows read-through of a
polymerase, such that the resultant construct can be copied in a nucleic acid amplification reaction.
[0030] In the various embodiments of the method of the invention the ligation reactions may involve joining of two
double-stranded polynucleotide molecules such that covalent linkages are formed between both strands of the two
double-stranded molecules, or may involve joining of two double-stranded polynucleotide molecules such that one strand
of one of the double-stranded molecules is covalently linked to one strand of the other double-stranded molecule.
[0031] The adaptor molecules added in the ligation reactions may be fully or partially double-stranded polynucleotide
molecules generally referred to herein as "adaptor duplexes".
[0032] The adaptor duplexes must contain primer-binding sequences which enable specific annealing of amplification
primers when the template constructs into which the adaptors are incorporated are used in an amplification reaction.
The precise nucleotide sequence of the primer-binding sequences is not limiting to the invention, and is determined by
the sequence of the primers to be used in the amplification reaction. The sequence of the primers will in turn generally
be selected to avoid or minimise binding of the primer to the target portion of the template construct under the conditions
of the amplification reaction, but is otherwise not particularly limited.
[0033] The length of the primer-binding sequence in each adaptor is also not particularly limited but will typically be
between 20 and 100 nucleotides, more preferably between 20 and 50 nucleotides and still more preferably between 20
and 35 nucleotides. The adaptors may include further nucleotide sequences in addition to the primer-binding sequences.
By way of example, the adaptors may include tag sequences, which can be used to tag or mark template molecules
derived from a particular source. The general features and use of such tag sequences is described in the applicant’s
pending application published as WO 05/068656. In other embodiments the adaptors may include additional sequences
which provide a binding site for a sequencing primer to initiate a subsequent nucleic acid sequencing reaction.
[0034] The structure of the adaptors must be such that primers annealing to the primer-binding sequences can be
extended by addition of nucleotides at the 3’ end to permit copying of the target portion of the template construct in the
amplification reaction. Thus, the adaptors cannot contain any moiety which prevents the polymerase to be used for the
amplification reaction from "reading-through" into the target sequence. Outside of these constraints the precise structure
of the adaptor molecules is not particularly limited. The adaptors may contain non-natural nucleotides, non-natural
backbone linkages, non-nucleotide chemical moieties or any combination thereof, provided that such features do not
prevent primer-binding and subsequent primer extension. The adaptors to be attached to a solid surface may include
non-nucleotide chemical moieties to enable such attachment. For example, they may include a thiophosphate or phos-
phorothioate group or an amino group at the 5’ end of a polynucleotide strand in order to enable covalent attachment
to a suitably functionalised solid support.
[0035] The method of the invention requires two adaptor duplexes, referred to as the "surface bound adaptor" and the
"solution phase adaptor". The general features of the two types of adaptors are as described above and are generally
similar, except that the surface bound adaptor must be capable of being attached to a solid support and may therefore
include specific features or modifications to permit such attachment.
[0036] The term "solid support", as used herein, refers to the material to which the surface-bound adaptors (and
amplification primers required for subsequent solid-phase amplification) are attached. Suitable solid supports are avail-
able 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 support may comprise a flat
(planar) surface, or at least a structure in which the surface-bound adaptors are attached in approximately the same



EP 1 957 668 B1

6

5

10

15

20

25

30

35

40

45

50

55

plane. In other embodiments, the solid support may be non-planar and may even be formed from a plurality of discrete
units, e.g. microbeads. The beads may be present at such a concentration to ensure a significant percentage of the
beads only ligate to a single target molecule, and the beads can be amplified in an emulsion to ensure each bead contains
multiple copies of the same single target. Supports of any suitable size may be used. For example, planar supports
might be on the order of 1-10 cm in each direction. Preferred supports include, but are not limited to, solid-supported
polyacrylamide hydrogels, particularly those described in WO 2005/065814.
[0037] When referring to attachment or immobilisation of molecules (particularly nucleic acids such as adaptors,
amplification primers etc.) to a solid support, the terms "immobilised" and "attached" are used interchangeably 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 invention covalent attachment may be preferred, but generally
all that is required is that the molecules (e.g. surface-bound adaptors or amplification primers) remain immobilised or
attached to the support under the conditions in which it is intended to use the support, for example during.ligation reaction
(a) and subsequent applications requiring nucleic acid amplification and/or sequencing.
[0038] Certain embodiments of the invention make use of solid supports comprised of an inert substrate or matrix
(e.g. glass slides, glass or polymer beads etc) which is been "functionalised", for example by application of a layer or
coating of an intermediate material comprising reactive groups which permit covalent attachment to biomolecules; such
as polynucleotides. Examples of such supports include, but are not limited 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 (e.g. the glass substrate). The term "covalent attachment to a solid support" is to be
interpreted accordingly as encompassing this type of arrangement.
[0039] The "surface-bound adaptor" is so-called because it must be attached to a solid support prior to ligation reaction
a). Attachment to the solid support must involve linkage of at least one strand of the surface bound adaptor to the support.
If the surface bound adaptor is single-stranded it will generally be attached to the solid support at or near the 5’ end,
leaving the 3’ end free for ligation to a 5’ phosphate group on one strand of a template polynucleotide. If the surface-
bound adaptor is a duplex then generally only one strand will be attached to the solid support, again at or near the 5’
end leaving the 3’ end of this same strand free for ligation to a template molecule. The complementary strand of the
duplex will generally not be directly attached to the solid support, but will be held by hybridisation to the strand that is
attached to the support.
[0040] The "solution-phase adaptor" is so-called because it is added as reagent in free solution to ligation reaction b).
The target molecule to which the solution phase adaptor is joined in ligation reaction b) may itself be added to the ligation
reaction as a reagent in free solution but will preferable already be attached to a solid support via a surface-bound
adaptor. Thus, in preferred embodiments of the invention ligation reaction a) is carried out before ligation reaction b).
[0041] As aforesaid, the adaptors used in the method of the invention may be fully or partially double-stranded poly-
nucleotide molecules. Depending on the nature of the ligation reaction, double-stranded adaptor molecules may be blunt
ended or may include overhangs of one or more nucleotides at one or both ends. In one embodiment such overhangs
may be a short stretch of nucleotides of defined sequence forming a cohesive or "sticky" end which facilitates ligation
to target polynucleotides having a complementary sticky end. Sticky ends are typically generated by digestion with a
restriction endonuclease. In other embodiments the overhang may be a single nucleotide. Single nucleotide overhangs
can be easily generated by enzymatic addition of a single nucleotide to a blunt ended molecule, for example using Taq
or klenow exo minus polymerase.
[0042] The individual polynucleotide strands of the adaptor molecules may be phosphorylated at the 5’ end or non-
phosphorylated and may include other non-nucleotide chemical modifications at the 5’ end (e.g. biotinylation).
[0043] In certain embodiments of the invention the surface-bound adaptor molecule may comprise an amplification
primer attached to the solid support. In a preferred embodiment surface-bound adaptor duplexes may be formed by
annealing single-stranded oligonucleotides to amplification primers which are already attached to a solid support.
[0044] Non-limiting specific embodiments of the method of the invention will now be described in further detail with
reference to the accompanying drawings. Features described as being preferred in relation to one specific embodiment
of the invention apply mutatis mutandis to other specific embodiments of the invention unless stated otherwise.
[0045] Figure 1 is a schematic illustration of one embodiment of a method according to the invention which is based
on ligation of surface-bound and solution-phase adaptor duplexes to a double-stranded template polynucleotide to form
a template construct attached to a solid support.
[0046] The starting material in Fig.1(a) is a solid support 1 of a type generally known in the art. The solid support is
shown as substantially planar but other supports such as microbeads etc. could be used. A plurality of amplification
primers 2 are covalently attached to the solid support at or near their 5’ ends, leaving the 3’ ends of the primers free for
primer extension. Amplification primers are generally single-stranded polynucleotide structures. They may contain a
mixture of natural and non-natural bases and also natural and non-natural backbone linkages, provided that any non-
natural modifications do not preclude function as a "primer", that being defined as the ability to anneal to a template
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polynucleotide strand during the conditions of a nucleic acid amplification reaction and act as an initiation point for
synthesis of a new polynucleotide strand complementary to a template strand.
[0047] Amplification primers may additionally comprise non-nucleotide chemical modifications, again provided that
such modifications do not prevent "primer" function. Chemical modifications may, for example, facilitate covalent attach-
ment of the primer to a solid support. Certain chemical modifications may themselves improve the function of the molecule
as a primer, or may provide some other useful functionality, such as for example providing a site for cleavage to enable
the primer (or an extended polynucleotide strand derived therefrom) to be cleaved from the solid support
[0048] The precise sequence of the amplification primers is generally not material to the invention but will be determined
by the requirements of the solid-phase amplification reaction be carried out on the solid support. Typically a mixture of
substantially equal amounts of one type of forward amplification primer and one type of reverse amplification primer (of
different sequence to the forward primer) will be attached to the surface. In other embodiments the forward and reverse
primers attached to the surface may in fact be of identical sequence. Still further embodiments could involve the use of
several different primer-pairs on a single support. Covalent attachment or "grafting" of primers onto the solid support
may be carried out using techniques generally known in the art (described for example in WO 9844151, WO 0018957,
WO05030695 and WO 05065814).
[0049] In order to form surface-bound adaptors for the first ligation reaction single-stranded oligonucleotides are
hybridised to a subset of the amplification primers attached to the solid support to form surface-bound adaptor duplexes.
The single-stranded oligonucleotides will typically be synthetic oligonucleotides and may include or lack 5’ phosphate
groups. For simplicity only a single surface-bound adaptor duplex is shown in Fig. 1(b). Conditions for hybridisation of
single-stranded oligonucleotides to surface-bound primers in order to form the surface-bound adaptor duplexes will
generally be well known to persons skilled in the art. In order to form an array suitable for amplification, the density of
ligation should be controlled to enable attachment at a surface density capable of individual resolution of the separate
single molecules. Such densities are limited by the optical resolution of the imaging system, but for a typical wide field
imaging device (such as an optical microscope) will be at a density of less than one molecule per 250 nm by 250 nm,
or approximately 107 molecules per mm2. A typical density of ligated single molecules will be between 104 to 106

molecules per mm2.
[0050] In order to provide a surface which will support subsequent solid-phase amplification it is important that only a
portion of the adaptor duplexes undergo ligation, leaving an excess of single-stranded primers on the surface. This can
be controlled by using a dilute solution of the target strands; typically less than 100 pM concentration. In embodiments
such as that illustrated in Figure 1, the density and spacing of adaptor duplexes on the surface can also be controlled
by adjusting the amount and concentration of single-stranded oligonucleotides allowed to hybridise to primers attached
to the support, such that the resulting adaptor duplexes (and the template constructs subsequently attached thereto)
are fairly evenly spaced on the support and surrounded by an excess of "free" primers. In an alternative embodiment,
the adaptor sequence can be longer than the amplification primer sequence, as long as the sequence at the 5’- end of
both species is identical, to ensure hybridisation during amplification. Design of a suitable single stranded oligonucleotide
can ensure hybridisation to solely the dilute adaptor primer rather than the excess of the shorter amplification primer. In
a typical experiment the total density of primers on the solid support will be at least 1 fmol/mm2, preferably at least 10
fmol/mm2.
[0051] In an alternative embodiment (not illustrated) the surface-bound adaptor duplexes may be pre-formed in solution
by hybridisation of two complementary oligonucleotides and then attached to the solid support. If the adaptor is pre-
formed in solution, the step of attaching the adaptor duplexes to the surface may be carried before, after or at the same
time as attachment of the amplification primers required for the subsequent solid-phase amplification reaction. If the
adaptors are pre-formed in solution and subsequently attached to the surface it is again important to ensure that an
excess of unhybridised amplification primers is attached to the surface to support the subsequent solid-phase amplifi-
cation.
[0052] Once the surface-bound adaptor duplexes are formed on the solid support, a double-stranded target polynu-
cleotide molecule can be joined to each of the surface-bound adaptors in ligation reaction (a). For simplicity only a single
ligation event with a single target molecule is shown in Figure 1. However, it will be appreciated that in practical embod-
iments the ligation reaction will usually contain a plurality of target molecules and the solid support will bear multiple
surface-bound adaptors. For monotemplate applications multiple copies of a single target molecule will be added to the
ligation reaction, whereas in other embodiments a mixture of different target molecules may be added to the ligation
reaction, for example a mixture of random genomic DNA fragments. In the latter case a different target molecule may
be added to each surface-bound duplex on the solid support. Subsequent solid-phase amplification will thus produce a
clustered array wherein each individual cluster or colony on the array is derived from amplification of a different template
molecule.
[0053] Each target molecule added to the ligation reaction is typically phosphorylated at both 5’ ends and may be blunt
ended, in which case the surface-bound adaptor may also be blunt ended, at least at the end not attached to the solid-
surface. In other embodiments the target molecules and surface-bound adaptors may have complementary sticky ends
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generated by restriction enzyme digestion. In the illustrated embodiment both target molecule 5 and adaptor duplex 4
are blunt ended. However, due to the lack of 5’ phosphate on the adaptor duplex only one strand of the target is covalently
joined to the adaptor in the ligation reaction, via phosphodiester linkage between the free 3’ hydroxyl group on the adaptor
and a 5’ phosphate on one strand of the target. As is shown, the strand of the adaptor duplex to which the target is joined
by formation of a phosphodiester linkage in ligation reaction (a) is the same strand as is attached to the solid support.
[0054] If the target molecule 5 is blunt ended, then it may be ligated to the surface-bound adaptor in either orientation.
In most embodiments, and particularly when the target is a polynucleotide of unknown sequence such as a random
genomic fragment, it is generally not necessary to control the direction of this ligation such that the target is attached in
a particular orientation. Ligation reaction (a) can be catalysed by any suitable ligase enzyme having specificity for double-
stranded polynucleotides (e.g. T4 DNA ligase).
[0055] When ligation reaction (a) is complete the support shown in Fig.1(c) may be washed to remove excess ligase,
buffers and any unligated target polynucleotides.
[0056] Ligation reaction (b) is then carried out in which a solution phase adaptor duplex 6 is joined to the free second
end of each target polynucleotide molecule 5 now attached to the support via the surface-bound adaptor. In the illustrated
embodiment the solution phase adaptor duplex 6 is blunt ended at the end which will be joined to the target polynucleotide
but includes a short 5’ overhang of at least one nucleotide at the other end. Inclusion of such an overhang provides a
means to control the directionality of the ligation reaction such that the solution-phase adaptor 6 is joined to the target
5 in a particular orientation. It may be important to control the orientation of the adaptor in this ligation reaction to ensure
that the correct combination of primer-binding sequences are added to the target, such that it may be amplified in a
solid-phase amplification reaction. Other means of controlling directionality of the ligation reaction include the addition
of blocking groups to one end of the adaptor (which may be denoted the "non-ligatable" end). Typically such modifications
will be 5’ modifications on one strand of the adaptor, and may comprise the addition of a chemical blocking group for
example biotin.
[0057] In the embodiment illustrated the solution-phase adaptor duplex 6 is formed from complementary polynucleotide
strands that lack 5’ phosphate groups (e.g. chemically synthesised oligonucleotides). Thus, ligation reaction (b) results
in joining of only one strand of the adaptor duplex 6 to one strand of the target polynucleotide 5 via phosphodiester
linkage between the free 5’ phosphate on target 5 and the free 3’ hydroxyl group at the blunt end of the adaptor duplex
6. Ligation reaction (b) may also be catalysed by any suitable ligase enzyme having specificity for double-stranded
polynucleotides.
[0058] The resulting product shown schematically in Fig.1(d) includes two nicks formed where the 3’ ends of the
template polynucleotide 5 abut the non-phosphorylated 5’ ends of the surface-bound and solution phase duplexes (4,6).
As a final step in the formation of the template constructs these nicks may be filled in by methods generally known in
the art, for example by action of a polymerase enzyme capable of extending the template from its 3’ ends (e.g. Bst
polymerase).
[0059] In other embodiments of the method (not illustrated) both the surface-bound and solution-phase adaptor du-
plexes may have phosphorylated 5’ ends. In such embodiments both strands of the surface-bound adaptor will be joined
to target strands in ligation reaction (a) and both strands of the solution-phase adaptor will be joined to target strands
in ligation reaction (b), and the "filling in" step is not required. In such embodiments side-products can potentially be
formed by ligation of the surface-bound and solution-phase adaptor molecules. Ligation of surface-bound and solution-
phase adaptors can be minimised by using an excess of target in ligation reaction (a) to ensure that all available surface-
bound adaptors are joined to templates in this ligation reaction. The excess unbound targets should then be removed
prior to ligation reaction (b). Alternatively, formation of the side-products can be avoided by engineering the surface-
bound and solution-phase adaptors to each contain half of a restriction enzyme recognition site, such that the full site
is formed only when the two adaptors are ligated together. Inclusion of the appropriate restriction enzyme during the
ligation reaction will ensure that any complexes formed by ligation of the surface-bound and solution-phase adaptors
are cleaved as soon as they are formed.
[0060] In the foregoing embodiments the surface-bound and solid-phase adaptor duplexes may be of different se-
quence or may be identical in sequence, depending on the form of the subsequent solid-phase amplification reaction.
[0061] The end products of this method, schematically illustrated in Fig. 1(e), are double-stranded template constructs
comprised of a surface-bound adaptor 4, a target molecule 5 and a solution-phase adaptor 6, covalently joined such
that the adaptors flank the target molecule. One strand only of the template construct is attached to the solid support at
the 5’ end. For simplicity only a single template construct is shown in Figure 1, whereas in a typical embodiment many
such constructs (typically in the range of from 104/mm2 to 107/mm2) will be immobilised on the support at a fairly even
spacing and surrounded by an excess of amplification primers, ready for solid-phase amplification.
[0062] If a mixture of target molecules of different sequence (e.g. a library of genomic DNA fragments) is added to
ligation reaction (a), each (or at least a majority) of the template constructs formed on the solid support will comprise a
different target sequence, flanked by common or universal adaptor sequences. Subsequent solid-phase amplification
using corresponding universal primers will result in the formation of a clustered array wherein each individual colony or
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cluster on the array is derived from amplification of a different template.

Solid-phase amplification

[0063] Once formed, template constructs prepared according to the methods described above can be used for solid-
phase nucleic acid amplification.
[0064] Thus, in further aspects the invention provides a method of amplifying nucleic acid template constructs by solid-
phase amplification comprising:

preparing template constructs for solid-phase amplification comprising one or more templates to be amplified using
the method according to the first aspect of the invention and carrying out a nucleic acid amplification reaction wherein
said templates are amplified.

[0065] The term "solid-phase amplification" as used herein refers to any nucleic acid amplification reaction carried out
on or in association with a solid support such that all or a portion of the amplified products are immobilised on the solid
support as they are formed. In particular, the term encompasses solid-phase polymerase chain reaction (solid-phase
PCR), which is a reaction analogous to standard solution phase PCR, except that one or both of the forward and reverse
amplification primers is/are immobilised on the solid support. The method also covers isothermal methods, where the
denaturation and extension reactions of the amplification are carried out at the same temperature.
[0066] Although the invention encompasses "solid-phase" amplification methods in which only one amplification primer
is immobilised (the other primer usually being present in free solution), it is preferred for the solid support to be provided
with both the forward and the reverse primers immobilised. In practice, there will be a "plurality" of identical forward
primers and/or a "plurality" of identical reverse primers immobilised on the solid support, since the amplification process
requires an excess of primers to sustain amplification. References herein to forward and reverse primers are to be
interpreted accordingly as encompassing a "plurality" of such primers unless the context indicates otherwise.
[0067] As will be appreciated by the skilled reader, any given amplification reaction requires at least one type of forward
primer and at least one type of reverse primer specific for the template to be amplified. However, in certain embodiments
the forward and reverse primers may comprise template-specific portions of identical sequence, and may have entirely
identical nucleotide sequence and structure (including any non-nucleotide modifications). In other words, it is possible
to carry out solid-phase amplification using only one type of primer, and such single-primer methods are encompassed
within the scope of the invention. Other embodiments may use forward and reverse primers which contain identical
template-specific sequences but which differ in some other structural features. For example one type of primer may
contain a non-nucleotide modification which is not present in the other.
[0068] In other embodiments of the invention the forward and reverse primers may contain template-specific portions
of different sequence.
[0069] In certain embodiments, two types of forward primers differing in some property may be used in conjunction
with a single reverse primer (or vice versa). It is also possible to carry out "multiplex" PCR, in which two or more sets of
forward and reverse primers are used to amplify two or more templates in parallel in a single reaction. All of these
variations of the basic amplification reaction are contemplated by the invention in the context of "solid-phase" amplification.
[0070] In all embodiments of the invention, amplification primers are preferably immobilised by covalent attachment
to the solid support at or near the 5’ end of the primer, leaving the template-specific portion of the primer free for annealing
to it’s cognate template and the 3’ hydroxyl group free for primer extension. Any suitable covalent attachment means
known in the art may be used for this purpose. The chosen attachment chemistry will depend on the nature of the solid
support, and any derivatisation or functionalisation applied to it. The primer itself may include a moiety, which may be
a non-nucleotide chemical modification, to facilitate attachment. In one particularly preferred embodiment the primer
may include a sulphur-containing nucleophile, such as phosphorothioate or thiophosphate, at the 5’ end. In the case of
solid-supported polyacrylamide hydrogels (as described below), this nucleophile will bind to a bromoacetamide group
present in the hydrogel. The most preferred means of attaching primers and templates to a solid support is via 5’
phosphorothioate attachment to a hydrogel comprised of polymerised acrylamide and N-(5-bromoacetamidylpentyl)
acrylamide (BRAPA).
[0071] It is preferred to use the template constructs prepared according to the first aspect of the invention to prepare
clustered arrays of nucleic acid colonies, analogous to those described in WO 0018957, WO 9844151, WO 05065814
or WO05030695 by solid-phase amplification. The terms "cluster" and "colony" are used interchangeably herein to 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 array" refers to an array formed from
such clusters or colonies. In this context the term "array" is not to be understood as requiring an ordered arrangement
of clusters.
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Use in sequencing/methods of sequencing

[0072] The invention also encompasses methods of sequencing amplified nucleic acids generated by solid-phase
amplification. Thus, the invention provides a method of nucleic acid sequencing comprising amplifying one or more
nucleic acid template constructs using a method as described above and carrying out a nucleic acid sequencing reaction
to determine the sequence of the whole or a part of at least one amplified nucleic acid strand produced in the amplification
reaction.
[0073] Any suitable method for of sequencing may be used to determine a sequence read of the immobilised enriched
targets. Suitable methods of sequencing include the use of sequencing by addition of nucleotide bases, for example
sequencing by synthesis (SBS) using nucleoside triphosphates (as described in WO04018497) and DNA polymerases,
or using oligonucleotide cassettes and ligases; as described in US6306597 or Science, 309:5741,1728-1732 (2005).
The enriched targets may also be sequenced by pyrosequencing (Nature. 437:376-380 (2005)), or by MPSS where the
strands are degraded rather than,extended (Nat Biotechnol. 6:630-6344 (2000)).
[0074] In "sequencing by synthesis" or SBS a new polynucleotide strand based-paired to a template strand is built up
in the 5’ to 3’ direction by successive incorporation of individual nucleotides complementary to the template strand. In
one embodiment of SBS the substrate nucleoside triphosphates used in the sequencing reaction are each labelled on
the base with different labels permitting determination of the identity of the incorporated nucleotide as successive nu-
cleotides are added. The labelled nucleoside triphosphates also have a 3’ blocking group which prevents further incor-
poration of complementary bases by the polymerase. The label of the incorporated base can then be determined and
the blocking group removed to allow further polymerisation to occur.
[0075] The initiation point for the sequencing reaction may be provided by annealing of a sequencing primer to a
product of the solid-phase amplification reaction. In this connection, one or both of the adaptors added during formation
of the template construct may include a nucleotide sequence which permits annealing of a sequencing primer to amplified
products derived by amplification of the template construct. The ligation step b, using adaptors in solution is more
amenable to adding a sequence longer than the amplification primer sequence, but this can be performed during ligation
step a if desired.
[0076] The products of solid-phase amplification reactions wherein both forward and reverse amplification primers are
covalently immobilised on the solid surface are so-called "bridged" structures formed by annealing of pairs of immobilised
polynucleotide strands and immobilised complementary strands, both strands being attached to the solid support at the
5’ end. Arrays comprised of such bridged structures provide inefficient 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 conditions for hybridisation.
[0077] 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 hybrid-
isation 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 "linearization".
[0078] Bridged template structures may be linearised by cleavage of one or both strands with a restriction endonuclease
or by cleavage of one strand with a nicking endonuclease. Other methods of cleavage can be used as an alternative to
restriction enzymes or nicking enzymes, including inter alia chemical cleavage, cleavage of abasic sites by cleavage
with endonuclease, or by exposure to heat or alkali, cleavage of ribonucleotides incorporated into amplification products
otherwise comprised of deoxyribonucleotides, photochemical cleavage or cleavage of a peptide linker.
[0079] It will be appreciated that a linearization step may not be essential if the amplification reaction is performed
with only one primer covalently immobilised and the other in free solution.
[0080] Following the cleavage step, 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, for example hydroxide or formamide solution will be apparent to the
skilled reader with reference to standard molecular biology protocols (Sambrook et al., 2001, Molecular Cloning, A
Laboratory Manual, 3rd Ed, Cold Spring Harbor Laboratory Press, Cold Spring Harbor Laboratory Press, NY; Current
Protocols, eds Ausubel et al.).
[0081] Denaturation 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.
[0082] Thus, the invention encompasses methods wherein the nucleic acid sequencing reaction comprises hybridising
a sequencing primer to a single-stranded region of a linearised amplification product, sequentially incorporating one or
more nucleotides into a polynucleotide strand complementary to the region of amplified target strand to be sequenced,
identifying the base present in one or more of the incorporated nucleotide(s) and thereby determining the sequence of
a region of the target strand.
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[0083] One preferred sequencing method which can be used in accordance with the invention relies on the use of
modified nucleotides that can act as chain terminators. Once the modified nucleotide has been incorporated into the
growing polynucleotide chain complementary to the region of the template being sequenced there is no free 3’-OH group
available to direct further sequence extension and therefore the polymerase can not add further nucleotides. Once the
nature of the base incorporated into the growing chain has been determined, the 3’ block may be removed to allow
addition of the next successive nucleotide. By ordering the products derived using these modified nucleotides it is possible
to deduce the DNA sequence of the DNA target. Such reactions can be done in a single experiment if each of the
modified nucleotides has attached a different label, known to correspond to the particular base, to facilitate discrimination
between the bases added at each incorporation step. Alternatively, a separate reaction may be carried out containing
each of the modified nucleotides separately.
[0084] The modified nucleotides may carry a label to facilitate their detection. Preferably this is a fluorescent label.
Each nucleotide type may carry a different fluorescent label. However the detectable label need not be a fluorescent
label. Any label can be used which allows the detection of an incorporated nucleotide.
[0085] One method for detecting fluorescently labelled nucleotides comprises using laser light of a wavelength specific
for the labelled nucleotides, or the use of other suitable sources of illumination. The fluorescence from the label on the
nucleotide may be detected by a CCD camera or other suitable detection means.
[0086] 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 example, Pyrosequencing™, FISSEQ (fluorescent in situ se-
quencing), MPSS (massively parallel signature sequencing) and sequencing by ligation-based methods.
[0087] The target polynucleotide to be sequenced using the method of the invention may be any polynucleotide that
it is desired to sequence. Using the template preparation method described in detail herein it is possible to prepare
template constructs starting from essentially any double or single-stranded target polynucleotide of known, unknown or
partially known sequence. With the use of clustered arrays prepared by solid-phase amplification it is possible to sequence
multiple targets of the same or different sequence in parallel.
[0088] The invention will be further understood with reference to the following experimental example:

Example

[0089] Solid-phase amplification was carried out in 8 channel glass chips such as those provided by Micronit (Twente,
Nederland) or IMT (Neuchatel, Switzerland) coated with aminopropyltriethoxysilane derivatised with 1,3,5-benzene-
triacetic acid (BTA). The experimental conditions and procedures are readily applicable to other solid supports.
[0090] The reaction steps of the coating procedure as follows:

Step 1: conversion of glass to amine-terminated glass

[0091]
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Step 2: preparation of active ester

[0092]

Step 3: conversion of amine-terminated glass to carboxylated glass

[0093] The 8 channel glass chips were pre-treated and silanized with 5% aminopropyltriethoxysilane, as described in
the materials and methods of WO 00/18957.
[0094] Ester activation of BTA was carried out by reacting the following components:

1,3,5-benzenetriacetic acid (BTA) 60.5 mg Fluka 17383 N-Hydroxysuccinimide (NHS) 99.5 mg Fluka: 56480 N,N’-
Dicyclohexylcarbodiimide (DCC)149.6 mg Fluka: 36650 N-ethyldiisopropylamine (DIEA) 41.2 ml Perkin Elmer DMF,
anhydrous on molecular sieves SDS 0341021

[0095] The silanized glass channels were carboxylated by treatment with the activated BTA ester then washed with
DMF, ethanol, water, 5% NaHCO3 pH8.8 and water. The chips were dried under pure nitrogen and stored prior to use.
[0096] The BTA coated chips were grafted with the following oligonucleotide primers in a 1:1 ratio:

P5: NH2-ss-AATGATACGGCGACCACCGA (SEQ ID NO:1)
P7: NH2-CAAGCAGAAGACGGCATACGA (SEQ ID NO:2)

[0097] Grafting was carried out for 30 minutes at 50°C in a grafting solution (70ml per channel) containing 0.5mM of
each primer, 10 mM carbodiimide and 10 mM 1-methyl-imadazol.
[0098] After grafting of the P5 and P7 primers, an oligonucleotide denoted P5’ (concentration of 500 nM) complementary
to the grafted P5 oligonucleotide (5’-TCGGTGGTCGCCGTATCATT, no 5’ terminal phosphate, SEQ ID NO:3) was
hybridised to the grafted surface in channels 1 to 6 and 8, whilst channel 7 had no complementary P5’ oligo hybridised.
The hybridisation reaction was performed by heating the chip to 97.5°C, then cooling slowly to 40°C, then washing
sequentially with 5xSSC, 0.3xSSC and 5xSSC.
[0099] The hybridisation of P5’ to P5 on the surface creates a double stranded P5 adaptor on the surface. After the
hybridization, the chip was washed for 5 minutes with milliQ water to remove salts.
[0100] First ligation reactions were set up on ice containing 5ml 10x ligase buffer (NEB), 0.5ml sonicated lambda DNA
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and 2.5ml T4 DNA ligase (NEB) in a total volume of 50ml per channel. Controls for this ligation reaction contained template
and no ligase (channel 5), or ligase and no template (channel 6). Ligation reactions were pumped into the channels of
the chip at room temperature, and left static for 1 hour. Channels were then washed with 0.1xSSC/0.1% Tween for 5
min and 5xSSC for 5 min. These first ligation reactions should ligate fragments of the sonicated lambda DNA onto the
P5 adaptors on the surface of the chip.
[0101] Second ligation reactions were then set up on ice containing 5ml 10x ligase buffer, 0.5ml of a pre-annealed P7
adaptor and 2.5ml T4 DNA ligase in a total volume of 50ml per channel. The control for this ligation contained ligase and
no adaptor (channel 4). These second ligation reactions were pumped into the channels of the chip at room temperature,
and left static for 1 hour. Channels were then washed with 0.1xSSC/0.1% Tween for 5 min and 5xSSC for 5 min. These
second ligation reactions should ligate the P7 adaptors onto the other ends of the lambda DNA fragments attached to
the surface in the first ligation reactions.

P7 adaptor:

[0102] Both strands of the adaptor lacked 5’ terminal phosphate groups. The adaptor sequence can be extended to
include a sequencing primer in addition to the P7 sequence. Amplification using a P7 forward primer will result is copying
the (universal) sequencing primer region as well’as the (variable) target nucleic acid.
[0103] Klenow reactions were set up containing 5ml of 10x ligase buffer, 0.165ml of 10mM dNTPs and 0.5ul of Klenow
polymerase (NEB) in a total volume of 50ml per channel. The control for this reaction contained no Klenow enzyme
(channel 3). These Klenow reactions were pumped into the channels of the chip at room temperature, and then the chip
incubated at 25° C for 15 min. Channels were then washed with 0.1xSSC/0.1% Tween for 5 min and 5xSSC for 5 min.
The Klenow step aims to fill in the nicks present between the 3’ OH of the ligated template strands and the 5’ ends of
the adaptors (non-phosphorylated).
[0104] Surface amplification using the grafted P5 and P7 primers and newly-created template strands was carried out
by thermocycled amplification in an MJ Research thermocycler.
[0105] A typical amplification program is as follows:

1- 97.5°C for 0:45
2- 57°C for 1:30
3- 73°C for 1:30
4- Goto 1 [40] times
5- 73°C for 5:00
6- 20°C for 3:00
7- End

[0106] As with any amplification reaction, the annealing temperature (step 2) depends on the primer pair that is used.
Typical annealing temperatures are in the range of 55-58°C For any given primer-pair the optimum annealing temperature
can be determined by experiment. The optimum annealing temperature for P5/P7 primers was determined to be 57°C
The number of amplification cycles may be varied if required.
[0107] Amplification was carried out in a reaction solution comprising 1x PCR reaction buffer (supplied with the enzyme)
1M betain, 1.3% DMSO, 200 mM dNTPs and 0.025 U/mL Taq polymerase.
[0108] Following amplification the chips were stained with SyBr Green-I in TE buffer (1/10 000), using 100 ml per
channel, and the amplified colonies visualised using objective 0.4, Filter Xf 22 and 1 second acquisition time (gain 1).
The results are shown in Figure 2.

Table 1 - summary of reagents added to the chip

Channel Grafting oligos Hyb oligo 1st ligation 2nd ligation Klenow

1 P5/P7 P5’ Target + ligase Adaptor + ligase +

2 P5/P7 P5’ Target + ligase Adaptor + ligase +

3 P5/P7 P5’ Target + ligase Adaptor + ligase -

4 P5/P7 P5’ Target + ligase Ligase only +
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Results

[0109] Clusters were clearly present in channels 1, 2 and 4, with a lower number of clusters in channel 3. The lack of
clusters in channel 5 shows that ligase is required in the first ligation for successful template formation. The lack of
clusters in channel 6 shows that the sonicated DNA target is also required in the first ligation for successful cluster
formation - therefore the clusters formed in other channels of the chip are not the result of ligating adaptors together.
Channel 7 shows that the complementary P5’ oligo was needed to form the surface bound P5 adaptor, and channel 8
shows that the oligos grafted onto the surface are needed for cluster formation. The lower number of clusters in channel
3 indicates that the Klenow treatment is preferable but not critical for template formation - nick translation in this channel
was probably partially completed by Taq polymerase during the first cycle of PCR.
[0110] The clusters were linearised using Tris (2-carboxyethyl)-phosphine hydrochloride (TCEP) to cleave the disulfide
linkage as described in WO 06/064199.
[0111] Clusters can also be prepared on a polyacrylamide surface and linearised using sodium periodate as described
in WO 06/064199.
[0112] The clusters can be heated to denature the cleaved strand, hybridised with a sequencing primer and sequenced
according to the methods described in WO 06/064199.

SEQUENCE LISTING

[0113]

<110> Solexa Limited

<120> Preparation of templates for solid phase amplification

<130> P80274WO00

<160> 3

<170> PatentIn version 3.3

<210> 1
<211> 20
<212> DNA
<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 1
aatgatacgg cgaccaccga 20

<210> 2
<211> 21
<212> DNA
<213> Artificial sequence

<220>

(continued)

Channel Grafting oligos Hyb oligo 1st ligation 2nd ligation Klenow

5 P5/P7 P5’ Target only Adaptor + ligase +

6 P5/P7 P5’ Ligase only Adaptor + ligase +

7 P5/P7 - Target + ligase Adaptor + ligase +

8 - P5’ Target + ligase Adaptor + ligase +
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<223> Synthetic oligonucleotide

<400> 2
caagcagaag acggcatacg a 21

<210> 3
<211> 20
<212> DNA
<213> Artificial sequence

<220>
<223> Synthetic oligonucleotide

<400> 3
tcggtggtcg ccgtatcatt 20

Claims

1. A method of amplifying nucleic acid template constructs by solid-phase nucleic acid amplification comprising:

i) preparing nucleic acid template constructs for solid-phase nucleic acid amplification comprising one or more
templates to be amplified by performing the following ligation reactions a) and b):

a) a ligation reaction in which the first end of each of a mixture of target polynucleotide molecules of different
sequence are ligated to universal surface-bound adaptor polynucleotide molecules; and
b) a ligation reaction in which universal solution-phase adaptor polynucleotide molecules are ligated to the
second end of said target polynucleotide molecules

thereby producing template constructs attached to a solid support, wherein each of said template constructs
comprises a target polynucleotide molecule ligated to a universal surface-bound adaptor polynucleotide molecule
and a universal solution-phase polynucleotide molecule; and
ii) carrying out a solid-phase nucleic acid amplification reaction wherein said template constructs are amplified.

2. A method according to claim 1 wherein ligation reaction a) is carried out before ligation reaction b).

3. A method according to claim 1 wherein the target polynucleotide molecules and the surface-bound adaptor polynu-
cleotide molecules are fully or partially double stranded.

4. A method according to any one of the preceding claims wherein the solution-phase adaptor polynucleotide molecules
used in ligation reaction b) are fully or partially double stranded.

5. A method according to any one of the preceding claims wherein the solid support has attached thereto a plurality
of forward and/or reverse amplification primers.

6. A method according to claim 5 wherein the forward and/or reverse amplification primers attached to the solid support
all contain identical template-specific nucleotide sequences.

7. A method according to claim 1 wherein the target polynucleotides are fragments of genomic DNA.

8. A method according to any one of claims 1-7 wherein said template constructs are amplified by solid-phase ampli-
fication using forward and reverse amplification primers.

9. A method according to claim 8 wherein the forward and reverse amplification primers are all attached to the same
solid support to which the target constructs are attached.

10. A method according to claim 8 wherein the reverse amplification primers are attached to the same solid support to
which the template constructs are attached and the forward amplification primers are present in free solution in the
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amplification reaction.

11. A method of nucleic acid sequencing which comprises amplifying one or more nucleic acid template constructs
using a method as defined in any one of claims 1 to 10 and carrying out a sequencing reaction to determine the
sequence of the whole or a part of at least one amplified nucleic acid strand produced in the amplification reaction.

Patentansprüche

1. Verfahren zum Amplifizieren von Nukleinsäurematrizen-Konstrukten durch Festphasen-Nukleinsäureamplifikation,
umfassend:

i) Herstellung von Nukleinsäurematrizen-Konstrukten für Festphasen-Nukleinsäureamplifikation, die eine oder
mehrere zu amplifizierende Matrizen umfasst, durch Durchführung der folgenden Ligationsreaktionen a) und b):

a) eine Ligationsreaktion, in der das erste Ende eines jeden aus einer Mischung von Zielpolynukleotidmo-
lekülen unterschiedlicher Sequenz an universelle oberflächengebundenen Adapter-Polynukleotidmoleküle
ligiert wird; und
b) eine Ligationsreaktion, in der universelle Adapter-Polynukleotidmoleküle in löslicher Phase mit dem
zweiten Ende der Zielpolynukleotidmoleküle ligiert werden,

wodurch Matrizenkonstrukte hergestellt werden, die an einem festen Träger befestigt sind, wobei jedes der
Matrizenkonstrukte ein Zielpolynukleotidmolekül aufweist, das mit einem universellen oberflächengebundenen
Adapter-Polynukleotidmolekül und einem universellen Adapter-Polynukleotidmolekül in löslicher Phase ligiert
ist; und
ii) Durchführen einer Festphasen-Nukleinsäureamplifikationsreaktion, wobei die Matrizenkonstrukte amplifiziert
werden.

2. Verfahren nach Anspruch 1, wobei Ligationsreaktion a) vor Ligationsreaktion b) durchgeführt wird.

3. Verfahren nach Anspruch 1, wobei die Zielpolynukleotidmoleküle und die oberflächengebundenen Adapter-Poly-
nukleotidmoleküle vollständig oder teilweise doppelsträngig sind.

4. Verfahren nach einem der vorhergehenden Ansprüche, wobei die in Ligationsreaktion b) verwendeten Adapter-
Polynukleotidmoleküle in löslicher Phase vollständig oder teilweise doppelsträngig sind.

5. Verfahren nach einem der vorhergehenden Ansprüche, wobei an dem festen Träger eine Vielzahl an Vorwärts- und
/ oder Rückwärts-Amplifikationsprimern befestigt sind.

6. Verfahren nach Anspruch 5, wobei die an dem festen Träger befestigten Vorwärts- und / oder Rückwärts-Amplifi-
kationsprimer alle identische Matrizenspezifische Nukleotidsequenzen enthalten.

7. Verfahren nach Anspruch 1, wobei die Zielpolynukleotide Fragmente genomischer DNA sind.

8. Verfahren nach einem der Ansprüche 1-7, wobei die Matrizenkonstrukte durch Festphasen-Amplifikation unter
Verwendung von Vorwärts- und Rückwärts-Amplifikationsprimern amplifiziert werden.

9. Verfahren nach Anspruch 8, wobei die Vorwärts- und Rückwärts-Amplifikationsprimer alle an dem gleichen festen
Träger befestigt sind, an dem die Zielkonstrukte befestigt sind.

10. Verfahren nach Anspruch 8, wobei die Rückwärts-Amplifikationsprimer an demselben festen Träger befestigt sind,
an dem die Matrizenkonstrukte befestigt sind, und die Vorwärts-Amplifikationsprimer in freier Lösung in der Ampli-
fikationsreaktion vorhanden sind.

11. Verfahren zur Nukleinsäuresequenzierung, umfassend das Amplifizieren eines oder mehrerer Nukleinsäurematri-
zen-Konstrukte unter Verwendung eines wie in einem der Ansprüche 1 bis 10 definierten Verfahrens, und Durch-
führung einer Sequenzierungsreaktion, um die Sequenz des gesamten oder eines Teils mindestens eines amplifi-
zierten Nukleinsäurestranges, der in der Amplifikationsreaktion hergestellt wird, festzustellen.
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Revendications

1. Procédé d’amplification de constructions de matrice d’acide nucléique par amplification d’acide nucléique en phase
solide comprenant :

i) préparer des constructions de matrice d’acide nucléique pour une amplification d’acide nucléique en phase
solide comprenant une ou plusieurs matrices devant être amplifiées en réalisant les réactions de ligature sui-
vantes a) et b) :

a) une réaction de ligature dans laquelle la première extrémité de chacune d’un mélange de molécules
polynucléotidiques cibles de différente séquence est ligaturée à des molécules polynucléotidiques adap-
tatrices universelles fixées en surface ; et
b) une réaction de ligature dans laquelle des molécules polynucléotidiques adaptatrices universelles en
phase soluble sont ligaturées à la seconde extrémité desdites molécules polynucléotidiques cibles,

produisant de ce fait des constructions de matrice reliées à un support solide, dans lequel chacune desdites
constructions de matrice comprend une molécule polynucléotidique cible ligaturée à une molécule polynucléo-
tidique adaptatrice universelle fixée en surface et une molécule polynucléotidique universelle en phase soluble ;
et
ii) effectuer une réaction d’amplification d’acide nucléique en phase solide, dans lequel lesdites constructions
de matrice sont amplifiées.

2. Procédé selon la revendication 1, dans lequel la réaction de ligature a) est effectuée avant la réaction de ligature b).

3. Procédé selon la revendication 1, dans lequel les molécules polynucléotidiques cibles et les molécules polynucléo-
tidiques adaptatrices fixées en surface sont entièrement ou partiellement à double brin.

4. Procédé selon l’une quelconque des revendications précédentes, dans lequel les molécules polynucléotidiques
adaptatrices en phase soluble utilisées dans la réaction de ligature b) sont entièrement ou partiellement à double brin.

5. Procédé selon l’une quelconque des revendications précédentes, dans lequel le support solide est relié à une
pluralité d’amorces d’amplification avant et/ou inverses.

6. Procédé selon la revendication 5, dans lequel les amorces d’amplification avant et/ou inverses reliées au support
solide contiennent toutes des séquences nucléotidiques spécifiques à la matrice identiques.

7. Procédé selon la revendication 1, dans lequel les polynucléotides cibles sont des fragments d’ADN génomique.

8. Procédé selon l’une quelconque des revendications 1 à 7, dans lequel lesdites constructions de matrice sont am-
plifiées par amplification en phase solide en utilisant des amorces d’amplification avant et inverses.

9. Procédé selon la revendication 8, dans lequel les amorces d’amplification avant et inverses sont toutes reliées au
même support solide auquel les constructions cibles sont reliées.

10. Procédé selon la revendication 8, dans lequel les amorces d’amplification inverses sont reliées au même support
solide auquel les constructions de matrice sont reliées et les amorces d’amplification avant sont présentes en
solution libre dans la réaction d’amplification.

11. Procédé de séquençage d’acide nucléique qui comprend l’amplification d’une ou plusieurs constructions de matrice
d’acide nucléique en utilisant un procédé tel que défini dans l’une quelconque des revendications 1 à 10 et effectuant
une réaction de séquençage pour déterminer la séquence de l’ensemble ou d’une partie d’au moins un brin d’acide
nucléique amplifié produit dans la réaction d’amplification.
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