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Method of library preparation avoiding the formation of

adaptor dimers

Field of the invention

The invention relates to a method of preparing a
library of template polynucleqtides which reduces and/or
prevents the formation of adaptor-dimers. The invention also
relatés to the use of a library of templates prepared using
the method of the invention for solid-phase nucleic acid
amplification. In particular, the invention relates to a
method of preparing a library of template polynucleotides
which have common sequences at their 5' ends and at their 3'

ends which is substantially free of adaptor dimers.

Background of the invention

‘ Several publications and patent documents are
referenced in this application in order to more fully
describe the state of the art to which this invention
pertains. The disclosure of each of these publications and
documents is 1ncorporated by reference herein.

The ability to acquire and analyse DNA sequence data
has increased phenomenally over the past few years. As a
result nucleic acid analysis has become increasingly
important in many areas of biology, biotechnology and
medicine. 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, which typically require generation
and énalysis of large amounts of nucleic acid sequence data.

One area of technology which revolutionised the study

of nucleic acids was the development of nucleic acid
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amplification techniques, such as the polymerase chain
reaction (PCR). Amplification reactions, such as PCR, can
enable the user to specifically and selectively amplify a
particular target nucleic acid of interest from a complex
mixture of nucleic acids. However, there is also an ongoing
need for nucleic acid amplification techniques which enable
simultaneous amplification of complex mixtures of templates
of diverse sequence, such as genomic DNA fragments (e.g.
‘whole genome’ amplification) or cDNA libraries, in a single
amplification reaction.

PCR amplification cannot occur in the absence of
annealing of forward and reverse amplification primers to
primer binding sequences in the template to be amplified
under the conditions of the annealing steps of the PCR
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 a PCR reaction to amplify a specific template,
unless random primers are used with a consequential loss of
specificity. 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 knowledge of the sequence of the template
increases the complexity and cost of PCR amplification of
complex mixtures of templates, such as genomic DNA
fragments.

Several of the new methods employed for high throughput
DNA sequencing (Nature. 437, 376-380 (2005); Science. 309,
5741, 1728-1732 (2005)) rely on a universal amplification
reaction, whereby a DNA sample is randomly fragmented, then

treated such the ends of the different fragments all contain
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the same DNA sequence. Fragments with universal ends can be
amplified in a single reaction with a single pair of
amplification primers. Separation of the library of
fragments to the single molecule level prior to
amplification ensures that the amplified molecules form
discrete populations, that can then be further analysed.
Such separations can be performed either in emulsions
(Nature. 437, 376-380 (2005); Science. 309, 5741, 1728-1732
(2005)), or on a surface (Nucleic Acids Research 27, e34
(1999); Nucleic Acids Research 15, e87 (2000)) .

WO 98/44151 and WO 00/18957 both describe methods of
forming polynucleotide arrays based on ‘solid-phase’ nucleic
acid amplification, which is a bridging amplification
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, the contents of both documents being incorporated
herein in their entirety by reference.

In common with all amplification techniques, solid-
phase bridging 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
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of the amplification reaction may be referred to herein as
‘primer—binding"sequences.

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 portion, or
‘target’ 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
target sequence 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
target sequence can therefore be any DNA fragment of
interest. An analogous approach can be used to amplify a
mixture of templates (targets with known ends), such as a
plurality or library of target 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.

Such ‘universal primer’ approaches to PCR
amplification, and in particular solid-phase bridging
amplification, are advantageous since they enable multiplé
template molecules of the same or different, known or
unknown sequence to be amplified in a single amplification
reaction, which may be carried out on a solid support

bearing a single pair of ‘universal’ primers. Simultaneous
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amplification of a mixture of templates of different
sequences would otherwise require a plurality of primer
pairs, each pair being complementary to each unique template
in the mixture. The generation of a plurality of primer
pairs for each individual template is not a viable option
for complex mixtures of templates.

The addition of universal priming sequences onto the
ends of targets to be amplified by PCR can be achieved by a
variety of methods known to those skilled in the art. For
example, a universal primer consisting of a universal
sequencé at its 5’ end and a degenerate sequence at its 3’
end can be used in a PCR (DOP-PCR, eg PNAS 1996 vol 93 pg
14676-14679) to amplify fragments randomly from a complex
target sequence or a complex mixture of target sequences.
The degenerate 3’ portion of the primer anneals at random
positions on DNA and can be extended to generate a copy of
the target that has the universal sequence at its 5’ end.

Alternatively, adaptors that contain universal priming
sequences can be ligated onto the ends of the target
sequences. The adaptors may be single-stranded or double-
stranded. If double-stranded, they may have overhanging ends
that are complementary to overhanging ends on the target
molecules that may have been generated with a restriction
endonuclease, or added with a DNA polymerase or terminal
transferase. Alternatively, the double-stranded adaptors may
be blunt, in which case the targets are also blunt ended.
The blunt ends of the targets may have been formed during a
process to shear the DNA into fragments, or they may have
been formed by an end repair reaction, as woulane well
known to those skilled in the art.

A single adaptor or two different adaptors may be used

in a ligation reaction with target sequences. If a target
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has been manipulated such that its ends are the same, i.e.
both are blunt or both have the same overhang, then ligation
of a single compatible adaptor will generate a template with
that adaptor on both ends. However, if two compatible
adaptors, adaptor A and adaptor B, aré used, then three
permutations of ligated products are formed: template with
adaptor A on both ends, template with adaptor B on both
ends, and template with adaptor A on one end and adaptor B
on the other end. This last product is, under some
circumstances, the only desired product from the ligation
reaction and consequently additional purification steps are
necessary following the ligation reaction to purify it from
the ligation products that have the same adaptor at both
ends.

A major drawback in preparing nucleic acid fragment
libraries by ligating adaptors to the ends of template
nucleic acid fragments is the formation of adaptor-dimers.
Adaptor-dimers are formed by the ligation of two adaptors
directly to each other such that they do not contain a
template nucleic acid fragment as an insert. Such molecules
are undesirable, in that during any amplification steps, for
example during a universal amplification reaction, adaptor-
dimers are amplified alongside the nucleic acid fragment
library. Since adaptor-dimers are generally smaller than the
fragments contained in the libraries they amplify and
accumulate at a faster rate. This reduces the efficiency of
the amplification reaction by limiting amplification of the
library fragments by depletion of components, such as for
example dNTP’s and primers, in the amplification reaction.
Another more serious concern that when such amplified
fragments are sequenced they do not give useful sequence

information since they contain no insert. In the case of
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clustered arrays, a significant population of clusters that
have no target DNA sequence is undesirable due to the lower
density of real sequence data obtained from a chip of finite
size. Hence the efficiency of sequencing can be
significantly reduced. Thus, the preparation of libraries
with a low level of adaptor-dimers is highly advantageous in
the sequencing of polynucleotides, particularly when such
processes are high-throughput.

The invention presented herein is directed to a method
of generating a library of template polynucleotides using a
single adaptor construct in a ligation reaction which
reduces and/or prevents the formation of adaptor-dimers. The
method can be applied to preparing simple or complex
populations of templates for amplification, for example on a
solid surface, using primer sequences, with no prior
knowledge of the target sequences. The invention is
applicable to the preparation of templates from complex
samples such as whole genomes or mixtures of cDNAs, as well

as mono-template applications.

Summary of the invention

A first aspect of the invention provides a method for
generating a library of template polynucleotide molecules
from one or more primary polynucleotide molecules; said

method comprising:

(a) fragmenting said one or more primary polynucleotide

molecules to produce target polynucleotide duplexes;

(b) ligating an adaptor polynucleotide construct to both
ends of the target polynucleotide duplexes to form combined

ligated adaptor-target-adaptor sequences;
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(c) preparing an amplification reaction comprising said
combined ligated adaptor-target-adaptor sequences and at
least two different primer oligonucleotides wherein said
primer oligonucleotides are complementary to both a part of
the adaptor polynucleotide sequence portion of the combined
ligated adaptor-target-adaptor sequences, and complementary
to at least one base of either the target polynucleotide

duplexes, or an overhang attached to the target duplex;

(d) carrying out an amplification reaction in which said at
least two different primer oligonucleotides are annealed to
complementary parts of the adaptor-target-adaptor sequence
and extended by sequential addition of nucleotides to
generate amplification products complementary to at least
one strand of the combined ligated adaptor-target-adaptor
sequences, wherein said amplification products have a first
common sequence at their 5’ ends and a second common
sequence at their 3’ ends and collectively provide a library
of template polynucleotide molecules. See Figure 1 for
schematic representation.

A second aspect of the invention provides a method for
generating a library of template polynucleotide molecules
from one or more primary polynucleotide molecules; said

method comprising:

(a) fragmenting said one or more primary polynucleotide

molecules to produce target polynucleotide duplexes;

(b) ligating an adaptor polynucleotide construct to both
ends of the target polynucleotide duplexes to form combined

ligated adaptor-target-adaptor sequences; wherein said
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adaptor polynucleotide construct contains at least one
overhanging base that is modified such that the nucleic acid

strand is resistant to exonucleolysis;

(c) preparing an amplification reaction comprising said
combined ligated adaptor-target-adaptor sequences and at
least two different primer oligonucleotides wherein said
primer oligonucleotides are complementary to a part of the
adaptor polynucleotide sequence portion of the combined

ligated adaptor-target-adaptor sequences;

(d) carrying out an amplification reaction in which said at
least two different primer oligonucleotides are annealed to
complementary parts of the adaptor-target-adaptor sequence
and extended by sequential addition of nucleotides to
generate amplification products complementary to at least
one strand of the combined ligated adaptor-target-adaptor
sequences and wherein said amplification products have a
common sequence at their 5’ ends and a common sequence at
their 3’ ends and colleétively provide a library of template
polynucleotide molecules.

A third aspect of the invention combines the first and
second aspects, and provides a method for generating a
library of template polynucleotide molecules from one or
more primary polynucleotide molecules; said method

comprising:

(a) fragmenting said one or more primary polynucleotide

molecules to produce target polynucleotide duplexes;

(b) ligating an adaptor polynucleotide construct to both

ends of the target polynucleotide duplexes to form combined
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ligated adaptor-target-adaptor sequences; wherein said
adaptor polynucleotide construct contains at least one
overhanging base that is modified such that the nucleic acid

strand is resistant to exonucleolysis;

(c) preparing an amplification reaction comprising said
combined ligated adaptor-target-adaptor sequences and at
" least two different primer oligonucleotides wherein said
primer oligonucleotides are complementary to both a part of
the adaptor polynucleotide sequence portion of the combined
ligated adaptor-target-adaptor sequences, and complementary
to at least one base of either the target polynucleotide

duplexes, or an overhang attached to the target duplex;

(d) carrying out an amplification reaction in which said at
least two different primer oligonucleotides are annealed to
complementary parts of the adaptor-target-adaptor sequence
and extended by sequential addition of nucleotides to
generate amplification products complementary to at least
one strand of the combined ligated adaptor-target-adaptor
sequences and wherein said amplification products have
common sequences at their 5’ ends and common sequences at
their 3’ ends and collectively provide a library of template
polynucleotide molecules.

A fourth aspect of the invention relates to the use of
a library of template polynucleotide molecules prepared
according to the method of the first, second or fhird
aspects of the invention as a template for solid-phase
nucleic acid amplification. Thus, in a particular embodiment
the invention provides a method of solid-phase nucleic acid
amplification of template polynucleotide molecules which

comprises: preparing a library of template polynucleotide

10
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molecules which have common sequences at their 5’ and 3’
ends using the method according to the first, second or
third aspects of the invention and carrying out a solid-
phase nucleic acid amplification reaction wherein said
template polynucleotide molecules are amplified.

Accordingly, the fourth aspect of the invention relates
to methods wherein a library of template polynucleotide
molecules prepared according to the method of the first,
second or third aspects of the invention is used as a
template for solid-phase nucleic acid amplification.

In a fifth aspect, the invention provides a kit for use
in preparing a library of template polynucleotide molecules
which have common sequences at their 5' and 3' ends wherein
the common sequence at the 5' end of each individual
template in the library is not identical and not fully

- complementary to the common sequence at the 3' end of said
template, the kit comprising mismatched adaptor
polynucleotides as defined herein in relation to the first,
second or third aspects of the invention and oligonucleotide
amplification primers capable of annealing to the mismatched

adaptor polynucleotides.

Brief Description of the Drawings

Figure 1 shows a schematic of a modified PCR step
whereby adaptor dimer amplification is reduced and an
increased length of primers used in PCR.

Figure 2 shows a scan of a polyacrylamide gel stained
to visualize DNA following electrophoresis. The lanes are
as follows: M) marker lane; a) Amplification of library
using unmodified PCR primers; b) Amplification of library

using PCR primers having a phosphorothioate bond

11
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modification; c) Amplification of library using PCR primers
having a phosphorothiocate bond and 2’-OMe modification.
Figure 3 shows a scan of a polyacrylamide gel stained
to visualize DNA following electrophoresis. The lanes are
as follows: M) marker lane; a) Amplification of library
using unmodified PCR primers; b) Amplification of library
using unmodified long PCR primers; c) Amplification of
library using PCR primers having a phosphorothiocate bond
modification;
d) Amplification of library using exonuclease I treated PCR

primers, which have a phosphorothioate modification.

Detailed description of the invention

The invention relates to a method of preparing a
library of template polynucleotides which reduces and/or
prevents the formation of adaptor-dimers during preparation
of the library. As a result, the method of the invention is
advantageous because it reduces the number of adaptor
sequences recorded during any subsequent sequencing process.

As explained in further detail below, all templates
within the library will contain regions of common sequence
at (or proximal to) their 5’ and 3’ ends, wherein the common
sequence at the 5' end of each individual template in the
library is not identical and not fully complementary to the
common sequence at the 3' end of said template.

The term ‘library’ refers to a collection or plurality
of template molecules which share common sequences at their
5’ ends and common sequences at their 3’ ends. Use of the
term ‘library’ to refer to a collection or plurality of
template molecules should not be taken to imply that the
templates making up the library are derived from a

particular source, or that the ‘library’ has a particular

12
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composition. By way of example, use of the term ‘library’
should not be taken to imply that the individual templates
within the library must be of different nucleotide sequence
or that the templates be related in terms of sequence and/or
source. '

In its various embodiments, the invention encompasses
formation of so-called ‘monotemplate’ libraries, which
comprise multiple copies of a single type of template
molecule, each having common sequences at their 5’ ends and
their 3’ ends, as well as ‘complex’ libraries wherein many
of the individual template molecules comprise different
target sequences, although all share common sequences at
their 5’ ends and 3’ ends. Such complex template libraries
may be prepared using the method of the invention starting
from a complex mixture of target polynucleotides such as
(but not limited to) random genomic DNA fragments, cDNA
libraries etc. The invention also extends to ‘complex’
libraries formed by mixing together several individual
‘monotemplate’ libraries, each of which has been prepared
separately using the method of the invention starting from a
single type of target molecule (i.e. a monotemplate), or
libraries made from different ‘complex’ libraries further
pooled. All templates in a given library will share common
sequence at their 5’ ends and common sequence at their 3’
ends.

Use of the term ‘template’ to refer to individual
polynucleotide molecules in the library merely indicates
that one or both strands of the polynucleotides in the
library are capable of acting as templates for template-
dependent nucleic acid polymerisation catalysed by a
polymerase. Use of this term should not be taken as limiting

the scope of the invention to libraries of polynucleotides

13
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which are actually used as templates in a subsequent enzyme-
catalysed polymerisation reaction.

The library of the invention is formed by first
ligating identical adaptor polynucleotide molecules
(‘mismatched adaptors’, the general features of which are
defined below) to the 5' and 3' ends of one or more target
polynucleotide duplexes (which may be of known, partially
known or unknown sequence) to form adaptor-target constructs
and then carrying out an initial primer extension reaction
in which extension products complementary to both strands of
each individual adaptor-target construct are formed. The
resulting primer extension products, and optionally
amplified copies thereof, collectively provide a library of
template polynucleotides.

The adaptor polynucleotides used in the method of the
invention are referred to herein as ‘mismatched’ adaptors
because, as will be explained in detail herein, it is
essential that the adaptors include a region of sequence
mismatch, i.e. they must not be formed by annealing of fully
complementary polynucleotide strands.

Mismatched adaptors for use in the invention are formed
by annealing of two partially complementary polynucleotide
strands so as to provide, when the two strands are annealed,
at least one double-stranded region and at least one
unmatched region.

The ‘double-stranded region’ of the adaptor is a short
double-stranded region, typically comprising 5 or more
consecutive base pairs, formed by annealing of the two
partially complementary polynucleotide strands. This term
simply refers to a double-stranded region of nucleic acid in
which the two strands are annealed and does not imply any

particular structural conformation.

14
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Generally it is advantageous for the double-stranded
region to be as short as possible without loss of function.
By 'function’ in this context is meant that the double-
stranded region form a stable duplex under sténdard reaction
conditions for an enzyme-catalysed nucleic acid ligation
reaction, which will be well known to the skilled reader
(e.g. incubation at a temperature in the range of from 4°C
to 25°C in a ligation buffer appropriate for the enzyme),
such that the two strands forming the adaptor remain
partially annealed during ligation of the adaptor to a
target molecule. It is not absolutely necessary for the
double-stranded region to be stable under the conditions
typically used in the annealing steps of primer extension or
PCR reactions.

Since identical adaptors are ligated to both ends of
each template molecule, the target sequence in each adaptor-
target construct will be flanked by complementary sequences
derived from the double-stranded region of the adaptors. The
longer the double-stranded region, and hence the
complementary sequences derived therefrom in the adaptor-
target constructs, the greater the possibility that the
adaptor-target construct is able to fold back and base-pair
to itself in these regions of internal self-complementarity
under the annealing conditions used in primer extension
and/or PCR. Generally it is preferred for the double-
stranded region to be 20 or less, 15 or less, or 10 or less
base pairs in length in order to reduce this effect. The
stability of the double-stranded region may be increased,
and hence its length potentially reduced, by the inclusion
of non-natural nucleotides which exhibit stronger base-

pairing than standard Watson-Crick base pairs.

15
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It is preferred, but not absolutely essential, for the
two strands of the adaptor to be 100% complementary in the
double-stranded region. It will be appreciated that one or
more nucleotide mismatches may be tolerated within the
double-stranded region, provided that the two strands are
capable of forming a stable duplex under standard ligation
conditions.

Adaptors for use in the invention will generally
include a double-stranded region forming the ‘ligatable’ end
of the adaptor, i.e. the end that is joined to a target-
polynucleotide in the ligation reaction. The ligatable end
of the adaptor may be blunt or, in other embodiments, short
5’ or 3’ overhangs of one or more nucleotides may be present
to facilitate/promote ligation. The 5’ terminal nucleotide
at the ligatable end of the adaptor should be phosphorylated
to enable phosphodiester linkage to a 3’ hydroxyl group on
the target polynucleotide.

The term ‘unmatched region’ refers to a region of the
adaptor wherein the sequences of the two polynucleotide
strands forming the adaptor exhibit a degree of non-
complementarity such that the two strands are not capable of
fully annealing to each other under standard annealing
conditions for a primer extension or PCR reaction. The
unmatched region(s) may exhibit some degree of annealing
under standard reaction conditions for a enzyme-catalysed
ligation reaction, provided that the two strands revert to
single stranded form under annealing conditions in an
amplification reaction.

The adaptor constructs'may contain exonuclease
resistant modifications as described below. Such
modifications lower the level of adaptor-dimers present in

the library as the two adaptors can not undergo ligation
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without removal of their non complementary overhangs, which
are non-complementary. The adaptors can be treated with an
exonuclease enzyme, as described below, prior to the
ligation reaction with the target, to ensure that the
overhanging ends of the strands can not be removed during
the ligation process. Treatment of the adaptors in this
manner reduces the formation of the adaptor-dimers at the
ligation step.

Each strand of each template molecule in the library
formed in the primer extension reaction will therefore have

the following structure, when viewed as a single strand:

5'-[common sequence I]-[target sequence] - [common sequence

IT]1-3"

wherein ‘common sequence I’ represents a sequence derived
from copying a first strand of the mismatched adaptor and is
common to all template molecules in the library generated in
the initial primer extension reaction; ‘target’ represents a
sequence derived from one strand of the target
polynucleotide duplex and may be different in different
individual template molecules within the library; and
‘common sequence II’ represents a sequence derived from
copying of a second strand of the mismatched adaptor and is
also common to all template molecules in the library
generated in the initial primer extension reaction.

Since ‘common sequence I’ and ‘common sequence II’ are
common to all template strands in the library they may
include ‘universal’ primer-binding sequences, enabling all
templates in the library to be ultimately amplified in a

solid-phase PCR procedure using universal primers.

17
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It is a key feature of the invention, however, that the
common 5' and 3' end sequences denoted ‘common sequence I’
and ‘common sequence II’ are not fully complementary to each
other, meaning that each individual template strand can
contain different (and non-complementary) universal primer
sequences at its 5' and 3' ends.

It is generally advantageous for complex libraries of
templates to be amplified, for example by PCR or isothermal
amplification (e.g. whole genome amplification), either in
solution or on a solid support, to include regions of
‘different’ sequence at their 5' and 3' ends, which are
nevertheless common to all template molecules in the
library, especially if the amplification products are to be
ultimately sequenced. For example, the presence of common
unique sequence at one end only of each template in the
library can provide a binding site for a sequencing primer,
enabling one strand of each template in the amplified form
of the library to be sequenced in a single sequencing
reaction using a single type of sequencing primér. Equally
the method of the invention may be applied to the
preparation of libraries which are amplified in-vivo, such
as for example bacterial cDNA libraries and the like.

Typically ‘common sequence I’ and ‘common sequence II’
will consist of no more than 100, or no more than 50, or no
more than 40 consecutive nucleotides at the 5' and 3 ends,
respectively, of each strand of each template
polynucleotide. The precise length of the two sequences may
or may not be identical. The nucleotide sequences of ‘common
sequence I’ and ‘common sequence II’ in the template
polynucleotides will be determined in part by the sequences
of the adaptor strands ligated to the target polynucleotides

and in part by the sequence of the primer used in the
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initial primer extension reaction, and any subsequent rounds
of nucleic acid amplification.

In embodiments wherein the initial primer extension
product is subjected to further amplification by
conventional PCR, then the products of the amplification
reaction will be double-stranded polynucleotides, one strand

of which has the structure:

5'-[common sequence I]-[target sequencel-[common sequence
I7r;-3

It will be appreciated that ‘common sequence II’ in the
amplification products may differ somewhat to the ‘common
sequence II’' present in the products of the initial primer
extension reaction, since the former will be determined in
part by the sequence of the PCR primer used to prime
synthesis of a polynucleotide strand complementary to the
initial primer extension product, whereas the latter will be
detérmined solely by copying of the adaptor sequences at the
3’ ends of the adaptor-template constructs in the initial
primer extension. Nevertheless, since the PCR primer is
designed to anneal to a sequence in the initial extension
products which is complementary to the 3’ adaptor, the two
forms of ‘common sequence II’ will contain identical
sequence, at least at the 3’ end. Additional sequence may be
included at the 5" end of ‘common sequence II’ in the
amplified products, for example by the use of ‘tailed’ PCR
primers, as described in detail below. In other embodiments
the common sequences present in the amplification products
may actually be shorter than the common sequences included
in the adaptors originally ligated to the target.

The precise nucleotide sequences of the common regions

of the template molecules in the library are generally not
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material to the invention and may be selected by the user.
The common sequences must at least comprise ‘primer=binding’
sequences which enable specific annealing of amplification
primers when the templates are in use in a solid-phase
amplification reaction. The primer-binding sequences are
thus determined by the sequence of the primers to be
ultimately used for solid-phase amplification. The sequence
of these primers in turn is advantageously selected to avoid
or minimise binding of the primers to the target portions of
the templates within the library under the conditions of the
amplification reaction, but is otherwise not particularly
limited. By way of example, if the target portions of the
templates are derived from human genomic DNA, then the
sequences of the primers to be used in solid phase
amplification should ideally be selected to minimise non-
specific binding to any human genomic sequence.

The conditions encountered during the annealing steps
of an amplification reaction will be generally known to one
skilled in the art, although the precise annealing
conditions will vary from reaction to reaction (see 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.). 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 (preferably 50-68°C) for a
period of about 1 minute in standard PCR reaction buffer.

Different annealing conditions may be used for a single
primer extension reaction not forming part of a PCR reaction
(again see Sambrook et al., 2001, Molecular Cloning, A

Laboratory Manual, 3rd Ed, Cold Spring Harbor Laboratory
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Press, Cold Spring Harbor Laboratory Press, NY; Current
Protocols, eds Ausubel et al.). Conditions for primer
annealing in a single primer extension include, for example,
exposure to a temperature in the range of from 30 to 37°C in
standard primer extension buffer. It will be appreciated
that different enzymes, and hence different reaction
buffers, may be used for a single primer extension reaction
as opposed to a PCR reaction. There is no requirement to use
a thermostable polymerase for a single primer extension
reaction.

It is to be understood that the ‘unmatched region’ is
provided by different portions of the same two
polynucleotide strands which form the double-stranded
region(s). Mismatches in the adaptor construct can take the
form of one strand being longer than the other, such that
there is a single stranded region on one of the strands, or
a sequence selected such that the two strands do not
hybridise, and thus form a single stranded region on both
strands. The mismatches may also take the form of ‘bubbles’,
wherein both ends of the adaptor construct(s) are capable of
hybridising to each other and forming a duplex, but the
central region is not. The portion of the strand(s) forming
the unmatched region are not annealed under conditions in
which other portions of the same two strands are annealed to
form one or more double-stranded regions. For avoidance of
doubt it is to be understoqd that a single-stranded or
single base overhang at the 3' end of a polynucleotide
duplex that subsequently undergoes ligation to the target
sequences does not constitute an ‘unmatched region’ in the
context of this invention.

The lower limit on the length of the unmatched region

will typically be determined by function, for example the
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need to provide a suitable sequence for binding of a primer
for primer extension, PCR and/or sequencing. Theoretically
there is no upper limit on the length of the unmatched
region, except that in general it is advantageous to
minimise the overall length of the adaptof, for example in
order to facilitate separation of unbound adaptors from
adaptor-target constructs following the ligation step.
Therefore, it is preferred that the unmatched region should
be less than 50, or less than 40, or less than 30, or less
than 25 consecutive nucleotides in length.

The precise nucleotide sequence of the adaptors is
generally not material to the invention and may be selected
by the user such that the desired sequence elements are
ultimately included in the common sequences of the library
of templates derived from the adaptors, for example to
provide binding sites for particular sets of universal
amplification primers and/or sequencing primers. Additional
sequence elements may be included, for example to provide
binding sites for sequencing primers which will ultimately
be used in sequencing of template molecules in the library,
or products derived from amplification of the template
library, for example on a solid support. The adaptors may
further 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.

Although the precise nucleotide sequence of the adaptor
is generally non-limiting to the invention, the sequences of
the individual strands in the unmatched region should be
such that neither individual strand exhibits any internal

self-complementarity which could lead to self-annealing,
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formation of hairpin structures etc. under standard
annealing conditions. Self-annealing of a strand in the
unmatched region is to be avoided as it may prevent or
reduce specific binding of an amplification primer to this
strand.

The mismatched adaptors are preferably formed from two
strands of DNA, but may include mixtures of natural and non-
natural nucleotides (e.g. one or more ribonucleotides)
linked by a mixture of phosphodiester and non-phosphodiester
backbone linkages. Other non-nucleotide modifications may be
included such as, for example, biotin moieties, blocking
groups and capture moieties for attachment to a solid
surface, as discussed in further detail below.

The method comprises a first step of fragmenting one or
more primary polynucleotide molecules to produce target
polynucleotide duplexes.

As used herein, the term ‘polynucleotide’ refers to
deoxyribonucleic acid (DNA), but where appropriate the
skilled artisan will recognise that the method may also be
applied to ribonucleic acid (RNA). The terms should be
understood to include, as equivalents, analogs of either DNA
or RNA made from nucleotide analogs and to be applicable to
single stranded (such as sense or antisense) and double
stranded polynucleotides. The term as used herein also
encompasses CDNA, that is complementary or copy DNA produced
from an RNA template, for example by the action of reverse
transcriptase.

The primary polynucleotide molecules may originate in
double-stranded DNA (dsDNA) form (e.g. genomic DNA
fragments, PCR and amplification products and the like) or
may have originated in single-stranded form, as DNA or RNA,

and been converted to dsDNA form. By way of example, mRNA
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molecules may be copied into double-stranded cDNAs suitable
for use in the method of the invention using standard
techniques well known in the art. The precise sequence of
the primary polynucleotide molecules is generally not
material to the invention, and may be known or unknown.

In a particular embodiment, the primary polynucleotide
molecules are DNA molecules. More particularly, the primary
polynucleotide molecules represent the entire genetic
complement of an organism, and are genomic DNA molecules
which include both intron and exon sequence (coding
sequence), as well as non-coding regulatory sequences such
as promoter and enhancer sequences. Although it could be
envisaged that particular sub-sets of polynucleotide
sequences or genomic DNA could also be used, such as
particular chromosomes, for example. Yet more particularly,
the sequence of the primary polynucleotide molecules is not
known. Still yet more particularly, the primary
polynucleotide molecules are human genomic DNA molecules.
The DNA target molecules may be treated chemically or
enzymatically either prior to, or subsequent to any random
fragmentation processes, and prior to or subsequent to the
ligation of the adaptor sequences.

The sequence of the primary polynucleotide molecules
may be the same or different, for example, a mixture of
primary polynucleotide molecules of different sequences may
be prepared by mixing a plurality of individual primary
polynucleotide molecules. For example, DNA from more than
one source can be prepared if each DNA sample is first
tagged to enable its identification after it has been
sequenced. Many different suitable DNA-tag methodologies
already exist in the art and are well within the purview of

the skilled person.
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Random fragmentation refers to the fragmentation of a
polynucleotide molecule in a non-ordered fashion by
enzymatic, chemical or mechanical means. Such fragmentation
methods are known in the art and utilise standard methods
(Sambrook and Russell, Molecular Cloning, A Laboratory
Manual, third edition). For the sake of clarity, generating
smaller fragments of a larger piece of nucleic acid via
specific PCR amplification of such smaller fragments is not
equivalent to fragmenting the larger piece of nucleic acid
because the larger piece of nucleic acid sequence remains in
intact (i.e., is not fragmented by the PCR amplification).
The random fragmentation is designed to produce fragments
irrespective of the sequence identity or position of
nucleotides comprising and/or surrounding the break. More
particularly the random fragmentation is by mechanical means
such as nebulisation or sonication to produce fragments of
about 50 base pairs in length to about 1500 base pairs in
length, still more particularly 50 to 700 base pairs in
length, yet more particularly 50-400 base pairs in length.
Most particularly, the method is used to generate smaller
fragments of from 50-150 base pairs in length.

Fragmentation of polynucleotide molecules by mechanical
means (nebulization, sonication and Hydroshear for example)
results in fragments with a heterogeneous mix of blunt and
3'- and 5'-overhanging ends. It is therefore desirable to
repair the fragment ends using methods or kits (such as the
Lucigen DNA terminator End Repair Kit) known in the art to
generate ends that are optimal for insertion, for example,
into blunt sites of cloning vectors. In a particular
embodiment, the fragment ends of the population of nucleic
acids are blunt ended. More particularly, the fragment ends

are blunt ended and phosphorylated. The phosphate moiety can
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be introduced during an enzymatic treatment, for example
using polynucleotide kinase.

In a particular embodiment, the target polynucleotide
sequences are prepared with single overhanging nucleotides
by, for example, activity of certain types of DNA polymerase
such as Taq polymerase or Klenow exo minus polymerase which
has a nontemplate-dependent terminal transferase activity
that adds a single deoxynucleotide, for example
deoxyadenosine (A) to the 3° ends of, for example, PCR
products. Such enzymes can be utilised to add a single
nucleotide ‘A’ to the blunt ended 3’ terminus of each strand
of the target polynucleotide duplexes. Thus, an ‘A’ could be
added to the 3’ terminus of each end repaired duplex strand
of the target polynucleotide duplex by reaction with Taqg or
Klenow exo minus polymerase whilst the adaptor
polynucleotide construct could be a T-construct with a
compatible ‘T’ overhang present on the 3’ terminus of each
duplex region of the adaptor construct. This end |
modification prevents self-ligation of both vector and
target such that there is a bias towards formation of the
combined ligated adaptor-target sequences.

The term ‘target polynucleotide duplexes’ refers to
nucleic acid molecules that it is deéired to sequence. The
term ‘template’ refers to the target sequences ligated to
the adaptor sequences; and thus the ‘templates’ are suitable
for amplification; whereas the ‘targets’ without the
adaptors are not.

The second step of the method comprises ligating a
double stranded adaptor polynucleotide sequence to both ends
of the target polynucleotide duplexes to form combined
ligated adaptor-target-adaptor polynucleotide sequences. It

is particularly advantageous to use the same adaptor
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construct for both ends of the target duplex, although two
sets of adaptors can also be utilised.

Ligation methods are known in the art and utilise
standard methods (Sambrook and Russell, Molecular Cloning, A
Laboratory Manual, third edition). Such methods utilise
ligase enzymes such as DNA ligase to effect or catalyse
joining of the ends of the two polynucleotide strands of, in
this case, the adaptor duplex construct and the target
polynucleotide duplexes, such that covalent linkages are
formed. The adaptor duplex construct may contain a 5’¥
phosphate moiety in order to facilitate ligation to the
target 3’-OH. The target contains a 5’-phosphate moiety,
either residual from the shearing process, or added using an
enzymatic treatment step, and has been end repaired, and
optionally extended by an overhanging base or bases, to give
a 3'-0H suitable for ligation. In this context, joining
means covalent linkage of polynucleotide strands which were
not previously covalently linked. In a particular aspect of
the invention, such joining takes 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.

Whilst the method of TA ligation (or TA cloning) is
known in the art, the presence of the ‘T’ overhang does not
fully remove the formation and presence of adaptor-dimer
constructs in the library. The Inventors have made the
surprising discovery that during ligation, even with an
enzyme which is purported not to have measurable exonuclease
activity, the overhanging nucleotide(s) is/are removed from
the adaptors with surprising frequency. Thus even with the

TA method of cloning, adaptor-dimers are not prevented. The
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deficiencies of the TA ligation protocol are addressed by
the methods disclosed herein.

According to a particular aspect of the invention, in
addition to the mismatched region previously described, the
adaptor construct or constructs contains an overhanging base
or bases at the 3’- end of one of the strands that is
complementary to the overhanging base or bases at the 3’-
end of the target duplexes, and a 5’ -phosphate moiety on the
complementary hybridised strand, The adaptor constructs may
also contain a region on one, or both, of the strands that
does not hybridise with a sequence on the other strand of
the adaptor. Such ‘mismatched’ adaptors can serve as priming
sites for further amplification reactions, and may allow for
amplification with primers extending beyond the sequence of
the ligated adaptor. Thus the region of known sequence in
the template for amplification may be longer than the
adaptor sequence ligated to the target. See Figure 1.

The library of template polynucleotide molecules is
particularly suitable for use in solid phase sequencing
methods. Because sequence reads may be short, that is around
25-50 base pairs in length, unlike conventional methods of
library preparation, it is of no consequence if multiple
different target polynucleotide duplexes are ligated into a
single template polynucleotide. Because the sequence read is
shorter than the length of the individual target
polynucleotide duplexes, there is no risk of artificial
concatamers of sequence data being produced. The formation
of target concatamers is minimised by the presence of an
excess of the adaptor constructs.

Optionally the combined ligated polynucleotide
sequences and unligated adaptor polynucleotide constructs

may be purified from any components of the ligation

28



WO 2008/015396 PCT/GB2007/002865

reaction, such as enzymes, buffers, salts and the like.
Suitable purification methods are known in the art and
utilise standard methods (Sambrook and Russell, Molecular
Cloning, A Laboratory Manual, third edition).

In a next step according to the invéntion an
amplification reaction is prepared. The contents of an
amplification reaction are known by one skilled in the art
and include appropriate substrates (such as dNTPs), enzymes
(e.g. a DNA polymerase) and buffer components required for
an amplification reaction. Generally amplification reactions
require at least two amplification primers, often denoted
‘forward’ and ‘reverse’ primers (primer oligonucleotides)
that are capable of annealing specifically to a part of the
polynucleotide sequence to be amplified under conditions
encountered in the primer annealing step of each cycle of an
amplification reaction. In certain embodiments the forward
and reverse primers may be identical. Thus the primer
oligonucleotides must include an ‘adaptor-target specific
portion’, being a sequence of nucleotides capable of
annealing to a part of, that is, a primer-binding sequence,
in the polynucleotide molecule to be amplified (or the
complement thereof if the template is viewed as a single
strand) during the annealing step.

In the context of the present invention, the term
‘polynucleotide molecule to be amplified’ refers to the
original or starting adaptor-target-adaptor sequence added
to the amplification reaction. The ‘adaptor-target specific
portion’ in the forward and reverse amplification primers
refers to a sequence capable of annealing to the original or
initial adaptor-target-adaptor present at the start of the
amplification reaction and reference to the length of the

‘adaptor-target specific portion’ relates to the length of
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the sequence in the primer which anneals to the starting
adaptor-target. It will be appreciated that if the primers
contain any nucleotide sequence which does not anneal to the
starting adaptor-target in the first amplification cycle
then this sequence may be copied into the amplification
products (assuming the primer does not contain a moiety
which prevents read-through of the polymerase). Hence the
amplified template strands produced in the first and
subsequent cycles of amplification may be longer than the
starting adaptor-target strands. Typically the invention
relates to the use of forward and reverse primers of
sufficien£ length to hybridise to the whole of the adaptor
sequence and at least one base of the target sequence. The
forward and reverse primers may also contain a region that
extends beyond the adaptor construct, and therefore the
amplification primers may be at least 20-100 bases in
length. The forward and reverse primers may be of
significantly different lengths; for example one may be 20-
40 bases, and one may be 40-100 bases in length. The
nucleotide sequences of the adaptor-target specific portions
of the forward and reverse primers are selected to achieve
specific hybridisation to the adaptor-target sequences to be .
amplified under the conditions of the annealing steps of the
amplification reaction, whilst minimising non-specific
hybridisation to any other target sequences present. Skilled
readers will appreciate that it is not strictly required for
the adaptor-target specific portion to be 100%
complementary, a satisfactory level of specific annealing
can be achieved with less than perfectly complementary
sequences. In particular, one or two mis-matches in the
adaptor-target specific portion can usually be tolerated

without adversely affecting specificity for the template.
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Therefore the term ‘adaptor-target specific portion’ should
not be interpreted as requiring 100% complementarity with
the adaptor-target. However, the requirement that the
primers do not anneal non-specifically to regions of the
adaptor-target other than their respective primer-binding
sequences must be fulfilled.

Amplification primérs are generally single stranded
polynucleotide structures. They may also 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
polynucleotide strand during conditions of the amplification
reaction and to act as an initiation point for synthesis of
a new polynucleotide strand complementary to the template
strand.

Primers may additionally comprise non-nucleotide
chemical modifications, again provided such that
modifications do not prevent primer function. Modifications
may, for example, facilitate attachment of the primer to a
solid support, for example a biotin moiety. Certain
modifications may themselves improve the function of the
molecule as a primer, or may provide some other useful
functionality, such as providing a site for cleavage to
enable the primer (or an extended polynucleotide strand
derived therefrom) to be cleaved from a solid support.

To reduce the amplification of ligated adaptor-dimers,
the Inventors have made the discovery that the forward and
reverse amplification primers should anneal to at least one
base ‘originating’ from the target nucleic acid fragment
(described below). See Figure 1. Such a base, or bases, can

be part of the sequence of the target nucleic acid fragment,
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such as for example genomic sequence, or may be attached by
a nucleotide tailing reaction, or by a ligation reaction and
a subsequent cleavage reaction, for example with a
restriction endonuclease. Attachment of a single nucleotide
3’ -overhang is preferred. Accordingly the forward and
reverse primers therefore contain the complementary base to
the nucleotide triphosphate used in the target tailing
reaction. The use of dATP in the enzymatic tailing reaction
of the target nucleic acids means that the primers should
contain a single 3’-'T’ overhang. This base can be
chemically introduced during primer synthesis, or introduced
eniymatically in a similar tailing reaction used to tail the
blunt ended target nucleic acids. For the avoidance of
doubt, any bases added to the target in treatment steps
carried out before the adaptor ligation step are considered
to originate from the attached target during the adaptor
attachment process.

In order to accurately copy the target DNA sequence, it
is desirable to use a DNA polymerase with a high fidelity.
Such high fidelity polymerases often have a ‘proofreading’
exonuclease domain to read and remove incorrectly
incorporated nucleotides. Such high fidelity polymerases
include Phusion™ DNA polymerase, PfuUltra™ DNA polymerase,
Deep Vent® DNA polymerase or KOD DNA polymerase

The invention is directed to methods of using forward
and reverse amplification primers, as described herein,
designed such that the 3’-terminal base of the primers only
hybridises to constructs that contain the target nucleic
acid sequence, and not to adaptor dimers. This reduces
amplification of the adaptor dimers, which is desirable to
lower the number of adaptor-dimers from the template

library. Not wishing to be bound by hypothesis, it is
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believed that since the primers have an additional 3’
terminal base which only hybridises to the target nucleic
acid sequence, and because such a base is not present in the
adaptor-dimers, the 3’ end of the primer forms a mis-matched
end when hybridised to an adaptor-primer. The efficiency of
the polymerase to extend this mis-matched end during
amplification appears to be reduced. Hence the efficiency of
amplification of adaptor-dimers is also reduced and the
number of adaptor-primers contaminating a library is
similarly lowered.

The Inventors have also made the further discovery that
exonuclease activity of some polymerase enzymes used in an
amplification reaction may, however, remove the terminal non
hybridised bases from the amplification primers. This has
the effect that amplification of the adaptor-dimers can
occur, albeit at a reduced level. Therefore in a further
particular embodiment of the invention, the amplification
primers are modified to prevent removal of nucleotides from
the 3’- end.

In a particular embodiment, the modification is a
chemical modification. Exonucleoytic attack on the primer
molecules can be efficiently prevented by the introduction
of a single phosphorothiocate bond at their 3’- termini
(Nucleic Acids Research, 1992, 29, (14), 3551-4). Other such
exonuclease resistant modifications may include
phosphorodithiocates, methyl phosphonates and 2'-O-methyl
sugars, either separately or in combination. A number of
other modifications are known to reduce the exonuclease
degradation of single DNA strands, including
phosphoramidites (P-NR2), phosphorofluoridates (P-F),
boranophosphanes (P-BH3) or phosphoroselenocates (P-Se), and

modifications to the sugar rings, such as 2’-0 alkyl groups,
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2'- fluoro groups, 2’-amino groups such as 2-amino propyl
(PNAS, 1999, 96 (25) pld4240-45) or locked nucleic acids
(LNA) where the 2’ and 4’ sugar positions are connected.

The amplification primers or adaptor constructs can
optionally be treated with an exonuclease enzyme, for
example a DNA polymerase with exonuclease activity, or
exonuclease I, priér to use in the amplification reaction.
In the case of the phosphorothioate modifications this
removes the synthetic failure phosphate sequences, and also
the phosphorothioate isomer that remains susceptible to
exonucleolysis. The remaining material can be re-purified,
if desired, then used in the amplification reaction. Such
material is thereby completely resistant to exonucleolysis
in the amplification reaction. Therefore the ability of the
ligated adaptor-dimers to amplify is significantly reduced
or even prevented, and they are thus removed from the
library of ligated material. The result is that the
efficiency of both amplification and/or sequencing of a
library prepared according to the methods of the invention
is significantly improved. This results in both a reduction
of the costs of sequencing whilst increasing the quantity of
useful sequence data.

The combination of both processes, namely the
exonuclease treatment of the adaptor construct prior to
ligation, to prevent the formation of the adaptor-dimers,
and the exonuclease treatment of the amplification primers
that overlap the target, to prevent amplification of the
adaptor dimers is especially prefered, although both methods

in isolation are within the scope of this invention.
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Use of the template library

Template libraries prepared using any of the methods of
the invention may be used in essentially any method of
nucleic acid analysis which requires further amplification
of the templates and/or sequencing of the templates or
amplification products thereof. Exemplary uses of the
template libraries include, but are not limited to,
providing templates for whole genome amplification and also
solid-phase PCR amplification or solid-phase isothermal
amplification (of either monotemplate or complex template
libraries). A particularly preferred use is in whole-genome

amplification carried out on a solid-support.

Whole-genome amplification

Template libraries prepared according to the methods of
the invention starting from a complex mixture of genomic DNA
fragments representing a whole or substantially whole genome
provide suitable templates for so-called ‘whole-genome’
amplification. The term ‘whole-genome amplification’ refers
to a nucleic acid amplification reaction (e.g. PCR) in which
the template to be amplified comprises a complex mixture of
nucleic acid fragments representative of a whole (or

substantially whole) genome.

Solid-phase amplification

Once formed, the library of templates prepared
according to the methods described above can be used for
solid-phase nucleic acid amplification.

Thus, in further aspects the inventions provide use of
the methods in solid-phase nucleic acid amplification of

template polynucleotide molecules which comprises:
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preparing a library of template polynucleotide molecules
which have common sequences at their 5' and 3' ends using a
method according to the first, second or third aspects of
the invention described herein and carrying out a solid-~
phase nucleic acid amplification reaction wherein said
template polynucleotide molecules are amplified.

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) and solid phase isothermal amplification
which are reactions analogous to standard solution phase
amplification, except that one or both of the forward and
revefse amplification primers is/are immobilised on the
solid support. Solid phase PCR covers systems such as

'emulsions, wherein one primer is anchored to a bead and the
other is in free solution, and colony formatién in solid
phase gel matrices wherein one primer is anchored to the
surface, and one is in free solution.

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,rthere 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
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encompassing a ‘plurality’ of such primers unless the
context indicates otherwise.

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.

In other embodiments of the invention the forward and
reverse primers may contain template-specific portiohs of
different sequence.

In all émbodiments of the invention, primers for solid-
phase amplification 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 to anneal to its 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
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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. A more particular 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).

The library may be amplified on beads wherein each bead
contains a forward and reverse amplification primer. It is
preferred to use the library of templates prepared according
to the first, second or third aspects of the invention to
prepare clustered arrays of nucleic acid colonies, analogous
to those described in WO 00/18957 and WO 98/44151, by solid-
phase amplification and more particularly solid phase
isothermal 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.

The term solid phase, or surface, is used to mean
either a planar array wherein primers are attached to a flat
surface, for example glass, silica or plastic microscope
slides or similar flow cell devices; beads, wherein either
one or two primers are attached to the beads and the beads
are amplified; or an array of beads on a surface after the

beads have been amplified.
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Clustered arrays can be prepared using either a process
of thermocycling, as described in patent WO9844151, or a
process whereby the temperature is maintained as a constant,
and the cycles of extension and denaturing are performed
using changes of reagents. Such isothermal amplification
methods are described in patent application number
US60/783618 (Isothermal methods for creating clonal single
molecule arrays). Due to the lower temperatures required in

the isothermal process, this is particularly preferred.

Use in sequencing/methods of sequencing

The invention also encompasses methods of sequencing
amplified nucleic acids generated by whole genome or solid-
phase amplification. Thus, the invention provides a method
of nucleic acid sequencing comprising amplifying a library
of nucleic acid templates using whole genome or solid-phase
amplification 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 whole genome or solid-phase
amplification reaction.

Sequencing can be carried out using any suitable
sequencing technique, wherein nucleotides are added
successively to a free 3' hydroxyl group, resulting in
synthesis of a polynucleotide chain in the 5' to 3!
direction. The nature of the nucleotide added is preferably
determined after each nucleotide addition. Sequencing
techniques using sequencing by ligation, wherein not every
contiguous base is sequenced, and techniques such as
massively parallel signature sequencing (MPSS) where bases
are removed from, rather than added to the strands on the

surface are also within the scope of the invention, as are

39



WO 2008/015396 PCT/GB2007/002865

techniques using detection of pyrophosphate release
(pyrosequencing). Such pyrosequencing based techniques are
particularly applicable to sequencing arrays of beads where
the beads have been amplified in an emulsion such that a
single template from the library molecule is amplified on
each bead.

The initiation point for the sequencing reaction may be
provided by annealing of a sequencing primer to a product of
the whole genome or solid-phase amplification reaction. In
this connection, one or both of the adaptors added during
formation of the template library may include a nucleotide
sequence which permits annealing of a sequencing primer to
amplified products derived by whole genome or solid-phase
amplification of the template library.

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.

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
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the template which is single-stranded will thus be available
for hybridisation 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’.

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 (e.g. cleavage of a
diol linkage with periodate), cleavage of abasic sites by
cleavage with endonuclease (for example ‘USER’, as supplied
by NEB, part number M5505S), 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.

It will be appreciated that a linearization step may
not be essential if the solid-phase amplification reaction
is performed with only one primer covalently immobilised and
the other in free solution.

In order to generate a linearised template suitable for
sequencing it is necessary to remove ‘unequal’ amounts of
the complementary strands in the bridged structure formed by
amplification so as to leave behind a linearised template
for sequencing which is fully or partially single stranded.
Most preferably one strand of the bridged structure is
substantially or completely removed.

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
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the solid support. Suitable denaturing conditions, for
example sodium hydroxide solution, formamide solution or
heat, will be apparent to the skilled reader with reference
to standard molecular bioclogy 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.).

' 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.

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 template 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 template strand.

One preferred sequencing method which can be used in
accordance with the invention relies on the use of modified
nucleotides having removable 3’ blocks, for example as
described in W004018497. 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
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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 template. Such reactions can be
done in a single experiment if each of the modified
nucleotides has a different label attached thereto, known to
correspond to the particular base, to facilitate
discrimination between the bases added during each
incorporation step. Alternatively, a separate reaction may
be carried out containing each of the modified nucleotides
separately.

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, for example as described in US
Provisional Application No. 60/801,270 (Novel dyes and the
use of their labelled conjugates). However the detectable
label need not be a fluorescent label. Any label can be used
which allows the detection of an incorporated nucleotide.

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. Suitable instrumentation for
recording images of clustered arrays is described in US
Provisional Application No. 60/788,248 (Systems and devices
for sequence by synthesis analysis).

The invention is not intended to be limited to use of
the sequencing method outlined above, as essentially any
sequencing methodology which relies on successive

incorporation of nucleotides into a polynucleotide chain can

43



WO 2008/015396 PCT/GB2007/002865

be used. Suitable alternative techniques include, for
example, Pyrosequencing™, FISSEQ (fluorescent in situ
sequencing), MPSS and sequencing by ligation-based methods.
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 library preparation
method described in detail herein it is possible to prepare
template libraries 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.

Kits

The invention also relates to kits for use in preparing
libraries of template polynucleotides using the method of
the first, second or third aspects of the invention.

Preferred embodiments of the kit comprise at least a
supply of a mismatched adaptor as defined herein, plus a
supply of at least one amplification primer which is capable
of annealing to the mismatched adaptor and at least one base
originating from the attached target, and priming synthesis
of an extension product, which extension product would
include any target sequence ligated to the adaptor when the
adaptor is in use.

The preferred features of the ‘mismatch’ adaptors for
inclusion in the kit are as described elsewhere herein in
relation to other aspects of the invention. The structure
and properties of amplification primers will be well known
to those skilled in the art. Suitable primers of appropriate

nucleotide sequence for use with the adaptors included in

44



WO 2008/015396 PCT/GB2007/002865

the kit can be readily prepared using standard automated
nucleic acid synthesis equipment and reagents in routine use
in the art. The kit may include a supply of one single type
of primer or separate supplies (or even a mixture) of two
different primers, for example a pair of amplification
primers suitable for PCR or isothermal amplification of
templates modified with the mismatched adaptor in solution
phase and/or on a suitable solid support (i.e. solid-phase
amplification).

In one embodiment the kit may include supplies of
different primer-pairs for use in solution phése and solid
phase PCR and more particularly isothermal amplification. In
this context the ‘different’ primer-pairs may be of
substantially identical nucleotide sequence but differ with
respect to some other feature or modification, such as for
example surface-capture moieties, etc. In other embodiments
the kit may include a supply of primers for use in an
initial primer extension reaction and a different primer-
pair (or pairs) for solution and/or solid phase
amplification.

Adaptors and/or primers may be supplied in the kits
ready for use, or more preferably as concentrates requiring
dilution before use, or even in a lyophilised or dried form
requiring reconstitution prior to use. If required, the kits
may further include a supply of a suitable diluent for
dilution or reconstitution of the primers. Optionally, the
kits may further comprise supplies of reagents, buffers,
enzymes, dNTPs, etc., for use in carrying out PCR or
isothermal amplification. Suitable (but non-limiting)
examples of such reagents are as described in the Materials
and Methods sections of the accompanying Examples. Further

components which may optionally be supplied in the kit
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include ‘universal’ sequencing primers suitable for
sequencing templates prepared using the mismatched adaptors
and primers.

The invention will be further understood with reference

to the following non-limiting experimental example:

Example 1

The DNA source used was a purified 10kb region of Human
BAC. The DNA was first prepared for ligation to forked
adaptors by: fragmentation of the DNA by nebulisation, end
repair of the DNA ends to make them blunt-ended and
phosphorylation, then the addition of a single ‘A’
nucleotide onto the 3’ ends of the DNA fragments. The
ligation reaction was performed with the prepared fragmented
DNA and adaptors pre-formed by annealing ‘Oligo A’ and
'‘Oligo B’ (sequences given below). The product of the
reaction was isolated/purified from unligated adaptor by gel
electrophoresis. Finally, the product of the ligation
reaction was subjected to cycles of PCR to selectively
amplify ligated product that contained genomic DNA with
adaptor at both ends of the fragments.

Materials and Methods
DNA Sample Preparation

" Amplified 10kb region of human BAC DNA (140K human
chromosome 6 insert in a pTARBAC vector) using two 5’
phosphorylated primers (LRPCR primer 1: 5’ Phosphate
TGGAACAGCCGCTCTCACCT SEQ ID NO:1 and LRPCR primer 2:

5’ Phosphate TCCTGGAGGGAAGTGACTAT SEQ ID NO:2). Used 0.5 uM
each primer, 200 pM each dNTP, 0.02 ng/pl BAC DNA, 0.02U0/n1
Phusion™ polymerase (NEB/Finnzymes #F530S), diluted in 1X
Finnzymes GC buffer.

PCR Programme
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98°C 2 mins

98°C 30 secs

60°C 30 secs 35 cycles
72°C 5.5 mins

72°C 10 mins

Hold at 4°C

Gel purified 10kb product on 0.7% TAE agarose gel, using
Qiagen gel extraction kit (Qiagen #28706), according to

manufacturer’s instructions.

Nebulization

Materials:

10kb region of human BAC (from above)

Buffer (glycerol 53.1 ml, water 42.1 ml, 1 M TrisHC1
(pH7.5) 3.7 ml, 0.5 M EDTA 1.1 ml)

. Nebulizer Invitrogen (#K7025-05)

. Qiagen columns PCR purification kit #28104

Mix: 100pl (0.8 micrograms) of DNA
660pul Buffer

Procedure:

Chilled DNA solution was fragmented in the nebulizer on
ice for 6 minutes under 32 pounds per square inch (psi) of
pressure. The recovered volume was purified with a Qiagen
PCR purification kit column and eluted in 30pl of EB
(Qiagen) .

End-repair

Materials:

. T4 DNA Polymerase NEB #MO0203L
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. 10xNEB 2 buffer NEB #B7002S

. 100x BSA NEB #B9001S

. dNTPs mix (10mM each) NEB #NO0447S

. E. coli DNA Pol I large fragment (Klenow) NEB
#M0210sS

. T4 polynucleotide kinase NEB #M0201L

. T4 PNK buffer NEB #B0201S

. 100 mM ATP Amersham #27-2056-01

. Qiagen columns PCR purification kit
#28104

End repair mix was assembled as
DNA 30ul
Water 7.5ul
10xNEB2 5ul
100xBSA 0.5ul1
10mM dNTPs 2pl
T4 DNA pol (3U/ul) 5pl
50pl total

follows:

The reaction was incubated for 15 min at room

temperature, then 1lpl of E. coli DNA Pol I large fragment

(Klenow) was added and the reaction incubated for a further

15 min at room temperature. The DNA was purified from

enzymes, buffer, etc. by loading the reaction mix on a

Qiagen column, and eluting in 30ul EB (Qiagen). The 5’ ends

of the DNA were then phosphorylated using polynucleotide

kinase as follows:

DNA 30ul

Water 9.5pl
10xPNK buffer 5ul
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100mM ATP 0.5p1
T4 PNK (10U/pl) 5nl
50ul total

The reaction was incubated for 30 min at 37°C, then
heat inactivated at 65°C for 20 min. DNA was then purified
from enzymes, buffer, etc by loading the reaction mix on a

Qiagen column, finally eluting in 30ul EB (Qiagen).

A- tailing reaction

Materials:

. Taqg DNA polymerase NEB #M0267S

. 10x thermopol buffer NEB #B9004S

. 1mM dATP Amersham-Pharmacia #272050
. Qiagen MinElute column PCR purification kit
#28004

The following reaction mix was assembled:

DNA 30pl
10x thermopol buffer 5ul
1mM dATP 10pl
Tag pol (5U0/ul) 3pl

~50ul total

The reaction was incubated for 30 min at 70°C, then the
DNA purified from enzymes, buffer, etc. by loading the
reaction mix on a Qiagen MinElute column, eluting in 10pl EB

(Qiagen) .
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Anneal forked adaptor

Materials:

. Oligo A: 5’ACACTCTTTCCCTACACGACGCTCTTCCGATCXT (x =
phosphorothiocate bond) SEQ ID NO:3

. Oligo B: 5’Phosphate-GATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG
SEQ ID NO:4

. 50mM Tris/50mM NaCl pH7

. PCR machine’

100pM Oligo A 20ul

100pm Oligo B 20ul

Tris/NaCl 10ul
50pl at 40pM duplex in 10mM Tris/10mM NaCl
(pH 7.5)

The adaptor strands were annealed in a PCR machine
programmed as follows:

Ramp at 0.5 °C/sec to 97.5 °C

Hold at 97.5 °C for 150 sec

Then a step of 97.5 °C for 2 sec with a temperature drop of
0.1 °C/cycle for 775 cycles

Forked adaptor was diluted to 15 uM final concentration in

10mM Tris/10mM NaCl (pH 7.5).

Ligation reaction

Materials:

. 15pM forked adaptor (from above)

. A-tailed genomic DNA (from above)

. Quick Ligase NEB #M2200L
. Quick Ligase 2x buffer NEB #B2200S
. PCR machine

. Qiagen columns PCR purification kit #28104
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Reaction mix was assembled as follows:
DNA 10ul
2x buffer 25pl
15 uM adaptor 10ul
Quick Ligase Sul
50ul total

The reaction was incubated for 30 min at room
temperature, then the DNA purified from enzymes, buffer,
etc. by loading the reaction mix on a Qiagen column, and

eluting in 30pl EB (Qiagen).

Gel purification

Materials:

. Agarose Biorad #161-3101

. 100 base pair ladder NEB #N3231L

. TAE

. Loading buffer (50 mM Tris pH8, 40 mM EDTA, 40% w/v
sucrose)

. Ethidium bromide

. Gel trays and tank. Electrophoresis unit

. Qiagen MinElute columns Qiagen(#28004)

The entire sample from the purified ligation reaction
was loaded into one lane of a 2% agarose gel containing
ethidium bromide and run at 120V for 50 min. The gel was
then viewed on a ‘White-light’ box and fragments from 300bp
to 700bp excised and purified with two minElute columns,

eluting each in 15pl EB (Qiagen) and pooled.
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PCR amplification

Materials:
. Gel purified ligated DNA (from above)
d PCR PRIMER 1: 5’

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCYT,
where y= phosphorothioate bond and 2'-OMe SEQ ID NO:5

. PCR PRIMER 2: 5’ CAAGCAGAAGACGGCATACGAGCTCTTCCGATCyYT,
where y= phosphorothiocate bond and 2'-OMe SEQ ID NO:6

. DeepVent NEB #M0258L

. 10x Thermopol buffer NEB #B9004S

. dNTPs mix (10mM each) NEB #N0447S

. PCR machine

. Qiagen columﬁs PCR purification kit
$#28104

The PCR reaction was prepared as follows:

DNA 1pl
10x Thermopol buffer 5ul
dNTPs (10mM each) lul
25 uM PCR primer 1 lul
25 uyM PCR primer 2 1pl
DeepVent lul
Water 40pl
50ul total

Thermocycling was carried out in a PCR machine under the

following conditions:

. 2 min @ 94°C
. [45 sec@ 94°C, 45 sec @ 65°C, 2 min @ 70°C] 18 cycles
. 5 min @ 70°C

. Hold @ 4°C
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PCR products were purified from enzymes, buffer, etc.
on a Qiagen column, eluting in 30pl EB (Qiagen). The
resulting DNA library is ready for amplification on a

surface amplification platform.

Validation of Library by Gel Analysis

3ul of library was run on a 4-20% TBE PAGE gel
(Invitrogen #EC62252) and stained in Vistra green stain
according to manufacturer’s instructions (Amersham,
RPN5786) . The stained DNA was visualised using a Typhoon
scanner and is shown below. The library was amplified
(visualised as a smear from 300-700bp) and no adaptor dimer
(forked adaptor that has ligated to itself) was visible by
eye using PCR primers 1 and 2 (from above), which have a
phosphorothiocate bond and 2’-OMe modification. Using the
other 2 sets of primers (unmodified and modified with 3’
phosphorothioate), the genomic library was amplified, but so
was the adaptor dimer. The phosphorothiocate bond and 2’-OMe
modification of the primers prevents adaptor dimer
amplification with DeepVent polymerase.

Figure 2 shows a 4-20% TBE PAGE gel (Invitrogen,
EC62252) of 3 pl of purified library, stained in Vistra
green stain according to manufacturer’s instructions
(Amersham, RPN5786).

M) Marker lane
a) Amplification of library using unmodified PCR primers

(AATGATACGGCGACCACCGACACTCTTTCCCTACACGACGCTCTTCCGATCT

SEQ ID NO:7 and CAAGCAGAAGACGGCATACGAGCTCTTCCGATCT SEQ

ID NO:8).

b) Amplification of library using PCR primers, which have

a phosphorothiocate bond modification

(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCG
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ATCxT SEQ ID NO:9 and
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCXT SEQ ID NO:10, where
x is a phosphorothioate bond).

c) Amplification of library using PCR primers, which have
a phosphorothioate bond and 2’'-OMe modification (see

PCR amplification method above).

Validation of Library by Conventional Sanger Sequencing
4 pl of the library was cloned into a plasmid vector

(Zero Blunt TOPO PCR cloning kit, Invitrogen #K2800-20) and
plated out on agar, according to manufacturer’s
instructions. Colonies were picked, mini-prepped and the
cloned inserts sequenced by conventional Sanger sequencing.
These results confirm that the library preparation
method produces a library of ‘sequenceable’ DNA templates
containing a mixture of genomic fragments of different
sequence, flanked by the two adaptors
(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT SEQ ID NO:7 and
AGATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG SEQ ID No:11), required for cluster
formation and SBS sequencing. The insert DNA from each of
the clones sequenced was found to align to the human BAC
reference sequence. The genomic DNA is amplified with low
error rates by using Deep Vent®, a high fidelity polymerase.
The adaptor sequences have no mutations/deletions at
adaptor-genomic DNA boundaries, which should allow the
hybridisation of the SBS sequencing primer and successful
SBS sequencing of inserts. None of the clones were adaptor

dimers (lacked genomic insert).

Conventional Sanger sequencing of 20 clones from library.

Clone 1 SEQ ID NO:16

CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTGCTGGAGGGARATCCARACTCAGGGGTGCCTGTGCCACAGCAAACACTCTCCCTCT
CACACCACCTGGAATAGAGATCAGCTAGAGCAGAGGCTGCTAAGAGAGGGARCAGAGGCTCCTTGTGACAGGGAGACTAGGATCAGAAGT
CAGGGAAGGGACAGCCGGGTGAAATGACTGGARAGAGGAGCAATCACTCAGCAGTAAGGCAGGTTCTTCCARAGACAAAAGGACACAGAG
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ATAAGTCAGGGCACTTCCAAGGAACCCAACTACCTACTCCACACTCCCAAATTTATTCTGGGTTGGGCCCTTTTTGGTTCCAATATCACC
TCGGATACCATAACTTGTCCAAGGTCTCTTCTTACCTCTCCCACCCTAAATGAAGACGGGCCCAGATCGGAAGAGCGTCGTGTAGGGAAA
GAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 2 SEQ ID NO:17
ATTTAAATTTGGGGAACCATTGATGGATATAAGTGGTATTTAAAGCCACAGGATTAGGCTGGGCACAGTGGCTCATGCCTATAATCCCAG
CCCTTTGGGAGGCTGAGGCAGGTGGATCACTTGAGGCCAGGAGTTTGAGACCAGCCTGGCCAACATGGTGAAACCCTGTCTCTACCAAAA
AATACAGAAAATTAGCCGTGTGTGGTGGTGCGTGCCTGTAGTCCCAGATACTCAGGAGGGTGAGGCAGGAGAATTGCTTGAATCAGATCG
GAAGAGCTCGTATGCCGTCTTCTGCTTG

Clone 3 SEQ ID NO:18
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTGGCCCCGCCAGCTCTTGTGGTTGCCTGGAAGCATTATTTCCATCAACACTATCCCC
AGCTCCACGTCGTCL1111CACCTL1111CCTCGGGACCCCCGCACCCCACAGGATCCTAGTAGTGGTGAGTGGGCAATGAGAGAGGGCA
ACTTGGGAGAGGTGAGTTGGCAGGGGACAAAGGGGAGAACAGAGAGGCTTATTGACAAGGGGGCACCTGGTCTTGGGCCTAAGGGTGGTG
GGAGATCGGRAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 4 SEQ ID NO:19
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTTTTGCCATTTCCACAGCAGTATGTCCCATCCCTAGAATATCTGGCACCTGGTTAAG
TGTTCAGTACATATTTGTTGAATGGGTAAATGAATGAGAGCTGGAGGGAAATCCAAACTCAGGGGTGCCTGTGCCACAGCAAACACTCTC
CCTCTCACACCACCTGGAATAGAGATCAGCTAGAGCAGAGGCTGCTAAGAGAGGGAACAGAGGCTCCTTGTGACAGGGAGACTAGGATCA
GAAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 5 SEQ ID NO:20
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGCACAATTTCAGTTCTATCAAGTTTGAAAGCT
GCAAAATTAAGCTGCATTGTTGAGAGATACACAGGTCATAAACTAAAGAGAAATGTAAGGAGTTGATTTCCTTAAAAGGATAAAGCTTGC
ATGTATAGAGGGAGAGGATTATGATCAAGAAGGATGAGTGGCGGCCGGTATGGTGGCTCATCCCTGTAATCCTAGCACTTTGGGAGGCTG
AGGCAGGCGCATTACTTGAGGTCAGGAGTTTGAGACCAGCCTGGCCAACATGGCAAAACCCTATCTCTACTAAAAATACAAAAAGTTAGC
CAGGTGTGGAGCCGCACGCCTGTGGTCTCAGCTACTCAGGAGGTTGAGGCACGAGAATCGCTTGAACCTGGGAGGATGAGGTTGTAGTGA
GCCAACATCGCACCACTGCACTCCAGCCAGATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG

Clone 6 SEQ ID NO:21
GATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCCACCCTGCCCTGCARAACCACCAGCTCCGTGGTC
TCTGGATGGGACTCCCAGGTGCCTGGGGAACCAAAACARGAARARAATGGAGGAGAGTTTTGAGCAAGAACTARAGCCARGGAAAGATGG
GGAAGAGGCAAAGACTAGGAATAACAATAATCTTTAGAGCTGCTGGCATTCATTCATTCATCCAGATCGGAAGAGCTCGTATGCCGTCTT
CTGCTTG

Clone 7 SEQ ID NO:22
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTAGAAAATGAGATCGCTGATGGCTTGCAGTTGG
CACGTGAAGGAAAGTGAGGATAAAGAAGGACTTCCAGGTTTTTGTCTTGAGCAACTGGAAATACTGAGATGGGAAGACTGGGGGAGAAGC
AGATTTGAAGGCTTTGGGGAGGAGAGGGGAATCAGAAATGAAATTTCAGATTCTTTTTAAATATCCCTAGTGGAGATGTTGAATAGGCAG
TGGGTAAGTAGTCAGCAGCTTAGGGGAGAGAAGAGGACGGAAATTTGAATTTGGGAAAGATTTAAATTTGGGGAACCATTGATGGATATA
AGTGGTATTTAAAGCCACAGGATTAGGCTGGGCACAGTGGCTCATGCCTATAATCCCAGCCCTTTGGGAGGCTGAGGCAGGTGGATCACT
TGAGGCCAGGAGTTTGAGACCAGCCTGGCCAACATGGTGAAACCCTGTCTCTACCAAAAAATACAGAAAATTAGCCGTGTGTGGTGGTGC
GTGCCTGTAGTCCCAGATACTCAGGAGGGTGAGGCAGGAGAATTGCTTGAATCCTGGAGGCGGAGGTTACGGTGAGCCAAGATCATACCA
CTGCACTCAGATCGGARGAGCTCGTATGCCGTCTTCTGCTTG

Clone 8 SEQ ID NO:23
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGGTGAAAAAAGTAGGTAAGTCTTTTAAGGAGT
TTTCCTGCAAAGCGGACAGAGAACTAGGTCTGGTGGTGGTCGTCAAAGGAGAACTTTTTTCTCCCTCCTTCCCTCCCTTCCTCCTAGATA
CTTGCATGTGTTGTAAAGAGTGAGCACAGTGGTACATCTTTTCTTAGCCACAGTCAGCTGCCCAGGAGCAGTGCTGAATGGGCAGAGCTG
GATTTTACAGGGTTGGGATTTTGCCAGGTGAGTAAGATAGAGGGGAGAAGTGGGACCAGGGAGTTCCAGGTCTGTGAACGGCCCTGGCTG
AGGAGCTGGATCATGAAATCTGAGTCAAGTAAGAAGGAAATTGAGGACACGAGTTGGGTATTGCATAGTGTTACTGTGTTAAGGTCAGGG
GTCAAAGACTTACTGGCATGGAGTAACCAGAGTAAGTGAGCTGGAAAGATGAGTTGTCAGATCGGAAGAGCTCGTATGCCGTCTTCTGCT
TG

Clone 9 SEQ ID NO:24
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTCAGGGAGGAGGTAGAGAGGAGAAAGAGAGCAGCCCGGGAGCAAGTTCTACAGCCGG
TCAGTGCTGAGTTGTTGGAGCTGGACATCCGGGAGGTGTATCAGCCTGGCTCAGGTGAGTGAGAGCAAGACAGGCATTGGGCTGGGGAAG
GAGTTTGGAAAGGTAAAAGCCGACTGTGAGGAAGGAGGGGTCTAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTC
GCCGTATCATT

Clone 10 SEQ ID NO:25
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTTGGAACAGCCGCTCTCACCTCAGTTCATCTGGGGAAGGGGCTACAAAGCAAACAAT
CTTTATTCACAATTGGGGTGGCAGAGGGGAGATACCCCCAGGTCAGTCCAAAAGCAAAGATACTGGGAGGGAAGATGGCGCTGGGCGAGG
AACTCAGCACTCATCCTCACCCAGCAGGGCATAAGGGTTTCGGCCAGCCAGGCTGGACCCTGGAGCCGAGGTTGGGGTCTCCTCATCCCC
TTCTCCCTCCTCATCCGCATCCCGGTCCTCCTCTCCCTCCTCCTCACAGGAGCTGCTCAGCTCTTCCTCTTCCTCCACCTCCTCGTCACC
TGCTGGCCCCACCCTGCCCTGCAAAACCACCAGCTCCGTGGTCTCTGGATGGGACTCCCAGGTGCCTGGGGAACCAAAACAAGAAAAAAA
TGGAGGAGAGTTTTGAGCAAGAACTAAAGCCAAGGAAAGATGGGGAAGAGGCAAAGACTAGGAATAACAATAATCTTTAGAGCTGCTGGC
ATTCATTCATTCATCCATTCATTCAACTTCCAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT
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Clone 11 SEQ ID NO:26
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTTGGAGTGCAGTGGCACAATCATAGCTCACTGCAGCCTTGAACTCTTGGGCTCAAGT
GATCCTCCTGCCTCAGCCTCTGAAGTAGCAGAGACTACAGGCACATACCACCACACTTGGCTAGTTTTCTTTATCTTTTGTARAGATGGG
GTTTCACTATGTTGCCCACACTAGTCTTGAGCTCCTGGTCTCAAGCAATCCTCCCACCTCAGCCTCCCARAGCGCTGGGACTATATAGGC
ATGAGCCCTCACACATGGCCGTCATCCATTCTTTTACTCAGGTATCAATGTCCTTATTTTTAAAATCAAAGTAACTARGACTCAGAGTAG
CAAAATCACTTACTCAAGACCTCACAGCTGAGAAGAGGTGGAATTTAACTCAGGCTGTCATGATCCTTCCACTGCAGCAGACGCCTCTTC
TGCCTTGCCCACCGCCACTGGCAGAGATCACCCCTCAGACACCCTGGGGCCTAATGAGACCTGATCGAGATCGGAAGAGCGTCGTGTAGG
GAAAGAGTGTAGACTCGGTGGTCGCCGTATCATT

Clone 12 SEQ ID NO:27
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTCTCGCCTTTTACCCTTCCCTGTCTCCTTTCCTCTCCTCAGAGATTCTGCCATTGAT
GAAGCTGCTGTCCACTCACCCCTAGATTTTTGTTGCATAGCCAGTAAGATCTCTGGCCTGGAATGTTTTGGGGARAACTGGAAGGACTGT
GTTATGGGAGTGGGAGTATAACTGGTACCTGGTTAATGCTTTCCCTTTCCATTATTCTTTTCTTCCTCCAGCCTGGGCAGAGAARCGTGG
TTACAAGACAGCCAAGGCGGCTCGGAATGATGTGTACAGAGCAGCCAACAGTCTCTTGCGGCTGGCAGTGGACGGCCGCCTCAGCCTGTG
TTTTCATCCCCCAGGCTACAGTGAACAGAAAGGTCAGAGCCCAGATATTCTTCCCCAGCCCCCTGCTATAGCGTAGGTAARAGGGTGTGG
GCTTTGTGGCCAGAGAGAGGGTCAGATCGGAAGAGCGTCGTGTAGGGARAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 13 SEQ ID NO:28
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTAGGAAAGTGAGGATAARGAAGGACTTCCAGGTTTTTGTCTTGAGCAACTGGRAATA
CTGAGATGGGAAGACTGGGGGAGAAGCAGATTTGAAGGC TTTGGGGAGGAGAGGGGAATCAGAAATGARATTTCAGATTCTTTTTARATA
TCCCTAGTGGAGATGTTGAATAGGCAGTGGGTAAGTAGTCAGCAGCTTAGGGGAGAGARGAGGACGGARATTTGAATTTGGGARAGATTT
AMTTTGGGGAACCATTGATGGATATAAGTGGTATTTAAAGCCACAGGATTAGGCTGGGCACAGTGGCTCATGCCTATAATCCCAGCCCT
TTGGGAGGCTGAGGCAGGTGGATCACTTGAGGCCAGGAGTTTGAGACCAGCCTGGCCAACATGGTGARAACCCTGTCTCTACCAARAAATA
CAGARAATTAGCCGTGTGTGGTGATGCGTGCCTGTAGTCCCAGATACTCAGGAGGGTGAGGCAGGAGATCGGAAGAGCGTCGTGTAGGGA
AAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 14 SEQ ID NO:28
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTGGGCTGGTGGGGCGGAAAGTCGTGAGTGTCTCCAGAACCCCGGGCCATACCCGATA
CTTTCAGACCTACTTTCTTACCCCCTCTGTGAAGCTCTGTGACTGCCCAGGCCTCATCTTCCCATCTCTTCTGCCTAGGCAGTTGCAGGT
ATGACGGGGAGGGTGGGTAAGGGAAAGAGAGAAGGTGGGACATTGAGGARAGTACTGAGTGCTCATTTCCCTCAGATCGGAAGAGCGTCG
TGTAGGGABAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 15 SEQ ID NO:30
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTCACGCCTGTGGTCTCAGCTACTCAGGAGGTTGAGGCACGAGAATCGCTTGAACCTG
GGAGGATGAGGTTGTAGTGAGCCAACATCGCACCACTGCACTCCAGCCCGGGTGAGGGAGTGAGACTCTGTCTCAAAAACAAAAACAAAA
AAAAACAAGGACAGATGGAACATGTTGTCACACATTGGGTGGTATGGGGTTCATCAGGCTGCACATGTATGTTCTGTGCATTTTTTTGTA
TGTTGTAGTTTACAGTTACAAAGAAGATAGCAGGAAGAAATGGTGAAAAAAGTAGGTAAb1LL111AAGGAG11LLCCTGCAAAGCGGAG
ATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 16 SEQ ID NO:31
GATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTGGAACAGCCGCTCTCACCTCAGTTCATCTGGGGA
AGGGGCTACAAAGCAAACAATCTTTATTCACAATTGGGGTGGCAGAGGGGAGATACCCCCAGGTCAGTCCAAAAGCAAAGATACTGGGAG
GGAAGATGGCGCTGGGCGAGGAACTCAGCACTCATCCTCACCCAGCAGGGCATAAGGGTTTCGGCCAGCCAGGCTGGACCCTGGAGCCGA
GGTTGGGGTCTCCTCATCCCCTTCTCCCTCCTCATCCGCATCCCGGTCCTCCTCTCCCTCCTCCTCACAGGAGCTGCTCAGCTCTTCCTC
TTCCTCCTCCTCCTCGTCACCTGCTGGCCCCACCCTGCCCTGCAAAACCACCAGCTCCGTGGTCTCTGGATGGGACTCCCAGGTGCCTGG
GGAACCAAAACAAGAAAAAAATGGAGGAGAGTTTTGAGCAAGAACTAAAGCCAAGGAAAGATGGAGATCGGAAGAGCTCGTATGCCGTCT
TCTGCTTG

Clone 17 SEQ ID NO:32
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTAGAGAAAGGAARATAGTTGGAGRAGAGGAGGTC
AAGGACTGAGCCTTAGGACAAGCCAGCATTTAGTTGGGCAAAGGACAGTGAGAAGGAGGAAAACCAAGGGAGCGTCCCAGAAGTCAAATG
AAGAAGGTGTTTGAAGAGGAAAGGAGGAATCAGCTGTGTCAACTGTTGCTGACAGGCCARATGAGAGAACAGAGAGCTGCTCAGCAGGCT
TGGCAATGTGBAGATCCGTGGTTTCAGTGGGGTGGAGARAGCCARACTGGAGTAGGCCCATGAGAGAAGGTGCAACAACTTCACATAACA
TTGTGTGAAAAGAGTCTGACCCAATAGCATCCATACTGCACAATTTCAGTTCTATCAAGT TTGAAAGCTGCAARATTARGCTGCATTGTT
GAGAGATACACAGGTCATAAACTAAAGAGAAATGTAAGGAGTTGATTTCCTTARAAGGATARAGCTTGCATGTATAGAGGGAGAGGATTA
TGATCAAGRAAGGATGAGTGGCGGCCGGTATGGTGGCTCATCCCTGTAATCCTAGCACTTTGGGAGGCTGAGGCAGGCGCAAGATCGGAAG
AGCTCGTATGCCGTCTTCTGCTTG

Clone 18 SEQ ID NO:33
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTGGGATGAGGTCAGCAAGATCACCAGGGCCCACATCATGTAGAGCCCTGAGGCTGTG
ACAGCCATTTTGGATTTTATTCCAAGTCTCATGAGAAGCCAAGGGTAGGTTTTGAACAGGGGAATGATAGGATCTGATTTTGTTTCTTAT
AAGTTTACCTCCTGAGTAGAGAATAAATGATGGGGGGTGGGCAAGAAAGGGAGCAGAGAGAGCAGTTGAGGCTATTTCAGTAATCTAGGA
GAGAAATAAGAGTTGCTTAGAGTAGGATGCTGGAGCTGGAGGTGGTGAGACAGGGCCGGAAGCATGATATATTTTGAAGGTAGAGAAAAT
GAGATCGCTGATGGCTTGAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 19 SEQ ID NO:34
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGGGAGGACTGAACATCGGAAGAAGTTGAGTGG
GATGAAAGGGAGTCAGGCCGATGGGGGAGAGGGTCTTATGGCCCCTGAGAGCTGGCCAGCACTGGCGTCACCGGCCCCTCCCCGCAGGGC
TTCAAGATGGGCTGCGCTCCAGTTCCAACAGCCGCAGCGGGAGCCGGGAGCGGCGAGAGGAACAGACCGACACCTCGGACGGGGAGTCTG
TGACCCATCATATCCGCAGGCTTAACCAGCAGCCTTCTCAGGGGCTGGGTCCACGAGGCTACGACCCAAATCGGTGAGGGTGGGAGGGGG
CGCTGGTCCCGGCTTTCCCGCCTACCCGGAAGTCAGAGCTTTGGGGAGATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG
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Clone 20 SEQ ID NO:35
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCGACCCAAATCGGTGAGGGTGGGAGGGGGCGC
TGGTCCCGGCTTTCCCGCCTACCCGGAAGTCAGAGCTTTGGGGGAAAGCGGGCTGCTACTGGTGAAGACGGTGGGCCTGGGATGCCACAG
TTCTCCGCTAGCCACTCGGCTCCCCACAGCGGGCCACAGTCTTCCTTTCCAGAGGGGCTGGAGAGAGTTGGGCTTTTAGAAGGAGAAGGC
TGAGTATTGCCTGAAAGAAGGACTTGGGGGAAGTCTGACTTGAGAGAGGAGACTTGAACGACTCTGGAGAGAATGGTTTGCGAAGTTGAT
TGTACAAGAGGGGAGAAAATAGGAGTTTGTGGCCACAGGATTGCTCTGGATGTCTCGGTCCCTGTTCCCTTAGATACCGACTGCATTTTG
AGAGAGACAGCAGGGAGGAGGTAGAGAGGAGAAAGAGAGCAGCCCGGGAGCAAGTTCAGATCGGAAGAGCTCGTATGCCGTCTTCTGCTT
G

Example 2

The DNA source used was a purified 10kb region of Human
BAC. The DNA was first prepared for ligation to forked
adaptors by: fragmentation of the DNA by nebulisation, end
repair of the DNA ends to make them blunt-ended and
phosphorylation, then the addition of a single ‘A’
nucleotide onto the 3’ ends of the DNA fragments. The
ligation reaction was performed with the prepared fragmented
DNA and adaptors pre-formed by annealing ‘Oligo A’ and
‘Oligo B’ (sequences given below). The product of the
reaction was isolated/purified from unligated adaptor by gel
electrophoresis. Finally, the product of the ligation
reaction was subjected to cycles of PCR to selectively
amplify ligated product that contained genomic DNA with
adaptor at both ends of the fragments.

Materials and Methods
DNA Sample Preparation

Amplified 10kb region of human BAC DNA (140K human
chromosome 6 insert in a pTARBAC vector) using two primers
(LRPCR primer 3: CGAGGAACTCAGCACTCATC SEQ ID NO:12 and LRPCR
primer 4: ATGCCGAGGAAGAAGCCATT SEQ ID NO:13). Used 0.3 uM
each primer, 500 pM each dNTP, 0.08 ng/pl BAC DNA, 0.1U/ul
pfu ultra hotstart polymerase (Stratagene #600384) diluted
in 1X pfu ultra hotstart buffer (Stratagene #600380).

PCR Programme
92°C 2 mins

1 .
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92°C 10 secs
58°C 30 secs 10 cycles
68°C 22 mins
92°C 10 secs
58°C 30 secs 25 cycles
68°C 24 mins
Hold at 4°C

Gel purified 10kb product on 0.7% TAE agarose gel, using
Qiagen gel extraction kit (Qiagen #28706), according to
manufacturer’s instructions.

The purified PCR product was 3’ tailed with dCTP, using
the following: 1.5 pg of purified 10kb product, 800uM dCTP,
250uM CoCl,, (NEB #B0252S), 0.2 U/pl of Tdt (NEB #M0252L),
diluted in 1x NEB4 buffer (NEB # B7004S), in a total volume
of 50ul. After a 30 minute incubation at 37°C, the reaction
was heat inactivated at 70°C for 10 mins. The tailed PCR
product was purified from enzymes, buffer, etc. by loading
the reaction mix on a Qiagen column (Qiagen #28104), and

eluting in 80ul EB (Qiagen).

Nebulization

Materials:

. 10kb region of human BAC, dCTP tailed (from above)

. Buffer [glycerol 53.1 ml, water 42.1 ml, 1 M TrisHCl
(pH7.5) 3.7 ml, 0.5 M EDTA 1.1 ml]

. Nebulizer Invitrogen (#K7025-05)

. Qiagen columns PCR purification kit #28104

Mix: 70ul (1.1 micrograms) of DNA
700ul Buffer
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Procedure:

Chilled DNA solution was fragmented in the nebulizer on
ice for 6 minutes under 32psi of pressure. The recovered
volume was purified with é Qiagen PCR purification kit

column and eluted in 30ul of EB (Qiagen).

End-repair

Materials:

* T4 DNA Polymerase NEB #MO20éS

. 10xNEB 2 buffer NEB #B7002S

. 100x BSA NEB #B9001S

. dNTPs mix (10mM each) NEB #NO0447S

. E. coli DNA Pol I large fragment (Klenow) NEB
#M02108S

. T4 polynucleotide kinase NEB #MO0201L

. T4 PNK buffer NEB #B0201S

. 100 mM ATP Amersham #27-2056-01

. Qiagen columns PCR purification kit

#28104

End repair mix was assembled as follows:

DNA 30ul
Water 7.51l1
10xNEB2 5ul
100xBSA 0.5ul
10mM dNTPs 2ul
T4 DNA pol (3U/nul) 5ul

50ul total

The reaction was incubated for 15 min at room
temperature, then 1lul of E. coli DNA Pol I large fragment

(Klenow) was added and the reaction incubated for a further
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15 min at room temperature. The DNA was purified from
enzymes, buffer, etc. by loading the reaction mix on a
Qiagen column, and eluting in 30pl EB (Qiagen). The 5’ ends
of the DNA were then phosphorylated using polynucleotide

kinase as follows:

DNA 30ul
Water 9.5ul
10xPNK buffer S5ul
100mM ATP 0.5ul1
T4 PNK (10U/nl) Spl
50ul total

The reaction was incubated for 30 min at 37°C, then
heat inactivated at 65°C for 20 min. DNA was then purified
from enzymes, buffer, etc. by loading the reaction mix on a

Qiagen column, and eluting in 30pl EB (Qiagen).

A- tailing reaction

Materials:

. Tag DNA polymerase NEB #M0267S

. 10x thermopol buffer NEB #B9004S

. 1lmM dATP Amersham-Pharmacia #272050
. Qiagen MinElute column PCR purification kit #28004

The following reaction mix was assembled:

DNA 30ul
10x thermopol buffer 5ul

1mM dATP 10ul

Tag pol (5U/ul) 3pl
' ~50pl total

The reaction was incubated for 30 min at 70°C, then the

DNA purified from enzymes, buffer, etc. by loading the
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reaction mix on a Qiagen MinElute column, and eluting in

10pl EB (Qiagen) .

Anneal forked adaptor

Materials:

. Oligo A: 5'ACACTCTTTCCCTACACGACGCTCTTCCGATCXT SEQ ID
NO:3 (x = phosphorothicate bond)

. Oligo B: 5’ Phosphate-GATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG
SEQ ID NO:4

. 50mM Tris/50mM NaCl pH7

. PCR machine

100uM Oligo A 20pl

100pum Oligo B 20ul

Tris/NaCl 10pl
50pul at 40uM duplex in 10mM Tris/10mM NaCl
(pH 7.3)

The adaptor strands were annealed in a PCR machine
programmed as follows:

Ramp at 0.5 °C/sec to 97.5 °C

Hold at 97.5 °C for 150 sec

Then a step of 97.5 °C for 2 sec with a temperature drop of
0.1 °C/cycle for 775 cycles

Forked adaptor was diluted to 15 uM final concentration in

10mM Tris/10mM NaCl pH 7.5.

Ligation reaction

Materials:
. 15uM forked adaptor (from above)
. A-tailed genomic DNA (from above)

. Quick Ligase NEB #M2200S
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. Quick Ligase 2x buffer NEB #B2200Ss
. PCR machine

. Qiagen columns PCR purification kit #28104

Reaction mix was assembled as follows:

DNA 10ul
2x buffer 25ul1
15 pM adaptor 2nl
Water 8ul
Quick Ligase Spl
50ul total

The reaction was incubated for 30 min at room
temperature then the DNA purified from enzymes, buffer, etc.
by loading the reaction mix on a Qiagen column, and eluting

in 30pl EB (Qiagen).

Gel purification

Materials:

. Agarose Promega #V3841
. 100 base pair ladder NEB #N3231L

. TAE

. Loading buffer (50 mM Tris (pH8), 40 mM EDTA, 40% w/v

sucrose)
. Ethidium bromide
. Gel trays and tank. Electrophoresis unit
+  Qiagen gel extraction kit Qiagen #28706

The entire sample from the purified ligation reaction
was loaded into one lane of a 4% agarose gel containing
ethidium bromide and run at 120V for 90 min. The gel was

then viewed on a ‘White-light’ box and fragments from 120bp
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to 170bp excised and purified with a Qiagen column, eluting

in 30pl EB (Qiagen).

Exonuclease I Treatment of PCR Primers
Exonuclease I (E. coli) NEB M0293S 20,000 Units/ml

Exonuclease I storage conditions:
100 mM NaCl, 10 mM Tris-HCl (pH 7.5), 0.5 mM EDTA, 5 mM 2~
mercaptoethanol, 100 ng/ml BSA and 50 % glycerol

1 x Exonculease Reaction Buffer
67 mM Glycine~KOH

6.7 mM MgCl,

10 mM 2-mercaptoethanol

(pPH 9.5 @ 25 °C)

Protocol:

DNA Primers with a phosphorothioate at the n-1 position
(5 x 85ul of each Primer (approx 25 uM) were aliquoted into
eppendorf tubes. 10 pl of 10 x Exonuclease I Reaction Buffer
and 5 pl of Exonuclease I was added to each tube. Each
Eppendorf tube was placed in a rack and stored in an oven
set at 37 °C for 16 hours. After 16 hr, the tubes were
placed on a hotblock set at 80 °C f§r 2 minutes. Then the
solutions from the eppendorfs were passed through P6 Bio Rad
columns and spun in a centrifuge at 2000 rpm for 2 minutes.
An extra 20 nl bf H,0 was added and the columns respun. The
filtered solutions were placed into a speedvac and
evaporated until each was at 20 ul, and the fractions
combined. The pooled fractions were injected into a reverse
phase HPLC system, and the main peak was collected. The
collected fractions were evaporated to dryness in a
speedvac, 50 pl of water was added and the fraction was

subjected again to evaporation to dryness. The resulting
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pellets were dissolved in 50 pl of water, pooled and the UV
measurement taken to determine the concentration of the

oligonucleotide.

PCR amplification

Materials:
. Gel purified ligated DNA (from above)
. PCR PRIMER 3: exonuclease I treated 5

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCXT,
where x= phosphorothiocate bond SEQ ID NO:9

. PCR PRIMER 4: exonuclease I treated 5’
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCXT, where x=
phosphorothioate bond SEQ ID NO:10

. 2X Phusion™ PCR mix NEB/Finnzymes #F531
. PCR machine

. Qiagen MinElute column PCR purification kit
#28004

The PCR reaction was prepared as follows:

DNA 0.5ul
2x Phusion™ PCR mix 12.5ul
8 uM PCR primer 3 1.5ul
25 puM PCR primer 4 0.5pl
Water 10pl
' 25ul total

Thermocycling was carried out in a PCR machine under the
following conditions:

. 30 sec @ 98°C

. [10 sec@ 98°C, 30 sec Q@ 65°C, 30 sec @ 72°C] 18 cycles
. 5 min @ 72°C

. Hold @ 4°C
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PCR products were purified from enzymes, buffer, etc.
on a Qiagen minelute column, eluting in 10upl EB (Qiagen).
The resulting DNA library was then ready for amplification

on a surface amplification platform.

Validation of Library by Gel Anaylsis

20% of total library was run on a 4-20% TBE PAGE gel
(Invitrogen #EC62252) and stained in Vistra green stain
according to manufacturer’s instructions (Amersham,
RPN5786) . The stained DNA was visualised using a Typhoon
scanner and shown below.

The library was amplified (visualised as a smear from
150-200bp) and no adaptor dimer (forked adaptor that has
ligated to itself) was visible by eye using PCR primers 3
and 4 (from above), which have a phosphorothiocate
modification and were exonuclease I treated. Using the other
3 sets of primers (unmodified and modified with 3’
phosphorothioate, but not exoﬁuclease treated), the genomic
library was amplified, but so was the adaptor dimer. The
exonuclease I treated primer with 3’ phosphorothioate
modification prevents adaptor dimer amplification with
Phusion™ polymerase

Figure 3 shows a 4-20% TBE PAGE gel (Invitrogen,
EC62252) of 20% of a total library, stained in Vistra green
stain according to manufacturer’s instructions (Amersham,
RPN5786) .

M) Marker lane

a) Amplification of library using unmodified PCR primers
(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGA SEQ ID
NO:14 and CAAGCAGAAGACGGCATACGA SEQ ID NO:15).
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b) Amplification of library using unmodified PCR primers
(AATGATACGGCGACCACCGACACTCTTTCCCTACACGACGCTCTTCCGATCT
SEQ ID NO:7 and CAAGCAGAAGACGGCATACGAGCTCTTCCGATCT SEQ
ID NO:8).

c) Amplification of library using PCR primers, which have
a phosphorothiocate bond modification
(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCG
ATCxT SEQ ID NO:9 and
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCXT SEQ ID NO:10, where
X is a phosphorothioate bond).

d) Amplification of library using exonuclease I treated
PCR primers, which have a phosphorothiocate modification

(see PCR amplification method above).

Validation of Library by Conventional Sanger Sequencing
4 nl of the library was cloned into a plasmid vector

(Zero Blunt TOPO PCR cloning kit, Invitrogen #K2800-20) and
plated out on agar, according to the manufacturer’s
instructions. Colonies were picked, mini-prepped and the
cloned inserts sequenced by conventional Sanger sequencing.
These results confirm that the library preparation
method produces a library of ‘sequenceable’ DNA templates
containing a mixture of genomic fragments of different
sequence, flanked by the two adaptors
(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT SEQ ID NO:7 and
AGATCGGRAGAGCTCGTATGCCGTCTTCTGCTTG SEQ ID No:11), required for cluster
formation and SBS sequencing. The insert DNA from each of
the clones sequenced was found to align to the human BAC
reference sequence. The genomic DNA is amplified with low
error rates by using Phusion™, a high fidelity polymerase.
The adaptor sequences have no mutations/deletions at
adaptor-genomic DNA boundaries, which should allow the

hybridisation of the SBS sequencing primer and successful
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SBS sequencing of inserts. None of the clones were adaptor

dimers (lacked genomic insert).

Conventional Sanger sequencing of 20 clones from library.

Clone 1 SEQ ID NO:36
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGCCGTGTGTGGTCGTGCGTGCCTGTAGTCCCA
GATACTCAGGAGGGTGAGGCAGGAGAATTGCTTGAATCCTGGAGGCGGAGGTTACGGTGAGCCAAGATCATACCACTGCACTCCAGCCTG
GGTGACAGAGCAAGACTTCGTCAAARANANAAANNAANNAGCCATGGAAT TGGATGAGATGTAGGAGAGARAGGAAATAGTTGGAGAAGA
GGAGGTCAAGGACTGAGCCTTAGGACRAGCCAGCATTTAGT TGGGCARAGGACAGTGAGAAGGAGGAAAACCAAGGGAGCGTCCCAGAAG
TCAAATGAAGAAGGTGTTTGAAGAGGARAGGAGGAATCAGCTGTGTCAACTGTTGCTGACAGGCCAAATGAGAGAACAGAGAGCTGCTCA
GCAGGCTTGGCAATGTGAAGATCCGTGGTTTCAGTGGGGTGGAGAAAGCCARACTGGAGTAGGCCCATGAGAGAAGGTGCAACAACTTCA
CATAACATTGTGTGAAAAGAGTCTGACCCAATAGCA?CCATACTGCACAATTTCAGTTCTATCAAGTTTGAAAGCTGCAAAATTAAGCTG
CATTGTTGAGAGATACACAGGTCATAAACTAAAGAGAAATGTAAGGAGTTGATTTCCTTAAAAGGATAAAGCTTGCATGTATAGAGGGAG
AGGATTATGATCAAGAAGGATGAGTGGCGGCCGGTATGGTGGCTCATCCCTGTAATCCTAGATCGGARGAGCTCGTATGCCGTCTTCTGE
TTG

Clone 2 SEQ ID NO:37
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTGTGGTGAGTGAGCAGAGTGGCAGTGAGCCCCARGGCTTCCAGTTTTCTCCTTGGAC
ARGTCATCGTAATTATTATTATTATTTTTTGAGATGGAGTTTAGATCGGAAGAGCGTCGTGTAGGGARAGAGTGTAGATCTCGGTGGTCG
CCGTATCATT

Clone 3 SEQ ID NO:38
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTAARACCTACCCTTGGCTTCTCATGAGACTTGG
AATAAAATCCAAAATGGCTGTCACAGCCTCAGGGCTCTACATAGATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG

Clone 4 SEQ ID NO:39
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTGATAGGATCTGATTTTGTTTCTTATAAGTTTACCTCCTGAGTAGAGAATAAATGAT
GGGGGGTGGGCAAGAAAGGGAGCAGAGAGAGCAGT TGAGGCTATTTCAGTAATC TAGGAGATCGGAAGAGCGTCGTGTAGGGARAGAGTG
TAGATCTCGGTGGTCGCCGTATCA

Cilone 5 SEQ ID NO:40
CARGCAGAAGACGGCATACGAGCTCTTCCGATCTCCAGCAGGTGACGAGGAGGAGGAGGAAGAGGAAGAGC TGAGCAGCTCCAGATCGGA
AGAGCGTCGTGTAGGGARAAGAGTGTAGATCTCGGTGGTCGCCGTATCA

Clone & SEQ ID NO:41
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTGAGAGCAGTTGAGGCTATTTCAGTAATC TAGGAGAGARATAAGAGTTGCTTAGAGT
AGGATGCTGGAGCTAGATCGGAAGAGCGTCGTGTAGGGARAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 7 SEQ ID NO:42
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTCTCCCACCCTCACCGATTTGGGTCGTAGCCTCGTGGACCCAGCCCCTGAGARGGCT
GCTGGTTAAGCCTGCGGATATGAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCA

Clone 8 SEQ ID NO:43
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTAGGTGAGTGAGAGCAAGACAGGCAT TGGGCTGGGGAAGGAGTTTGGAAAGGTARAA
GCCGACTAGATCGGAAGAGCGTCGTGTAGGGARAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 9 SEQ ID NO:44

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTGCAC TCCAGCCCGGGTGAGGGAGTGAGACTC
TGTCTCAAAAACARRAACAAARAAAAACAAGGACAGATGGAACATGTTGTCACACATTGGGTGGTATGGGGTTCATCAGGCTGCACATGT
ATGTTCTGTGCATTTTTTTGTATGTTGTAGTTTACAGTTACAAAGAAGATAGCAGGAAGAAATGGTGARAAAAGTAGGTAAGTCTTTTAA
GGAGTTTTCCTGCABAGCGGACAGAGARACTAGGTCTGGTGGTGGTCGTCAAAGGAGAACTTTTTTCTCCCTCCTTCCCTCCCTTCCTCCT
AGATACTTGCATGTGTTGTARAGAGTGAGCACAGTGGTACATCTTTTCTTAGCCACAGTCAGCTGCCCAGGAGCAGTGCTGAATGGGCAG
AGCTGGATTTTACAGGGTTGGGATTTTGCCAGGTGAGTAAGATAGAGGGGAGAAGTGGGACCAGGGAGT TCCAGGTCTGTGAACGGCCCT
GGCTGAGGAGATCGGRAGAGCTCGTATGCCGTCTTCTGCTTG

Clone 10 SEQ ID NO:45
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTGAAGCTCAGAGAAACGTGCGTGATTCCAGGGAGGGTAGGGTCAAATGACTTTTGGG
AGATTCTCTAGATCGGAAGAGCGTCGTGTAGGGARAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 11 SEQ ID NO:46
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTGGARATTCACAACCTAGGACAGAGTTGATAAGAGGATGGAGCAGTGARAGTCAACC
CAGAGTTCTCTAGATCGGARGAGCGTCGTGTAGGGARAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 12 SEQ ID NO:47

CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTAATAAGAGT TGCTTAGAGTAGGATGCTGGAGCTGGAGGTGGTGAGACAGGGCCGGA
AGCATGATATATTAGATCGGAAGAGCGTCGTGTAGGGARAGAGTGTAGATCTCGGTGGTCGCCGTATCATT
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Clone 13 SEQ ID NO:48
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCGTGTGTGGTGGTGCGTGCCTGTAGTCCCAGA
TACTCAGGAGGGTGAGGCAGGAGAATTGCTTGAATCCTAGATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG

Clone 14 SEQ ID NO:49
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTAAAGCAATGAAAGGGGATAGAGAGTGACTGAGAGGAGAGGTGCTCAGGGAAAACCT
CCCTGAGGAGAGAACTGGATGATGAGATGAAGTGAGCCATTCAGAACTGTGGGGAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGA
TCTCGGTGGTCGCCGTATCATT

Clone 15 SEQ ID NO:50
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTTAAAAGGATAAAGCTTGCATGTATAGAGGGAGAGGATTATGATCAAGAAGGATGAG
TGGCGGCCGGTATGGTGGCAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 16 SEQ ID NO:51
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTCTGAGATGGGAAGACTGGGGGAGAAGCAGATTTGAAGGCTTTGGGGAGGAGAGGGG
AATCAGAAATGAAATTTCAGATTCTAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Clone 17 SEQ ID NO:52
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTGAGAGGTGAGTTGGCAGGGGACAAAGGGGAGA
ACAGAGAGGCTTATTGACAAGGGGGCACCTGGTCTTGGGCCTAAGAGATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG

Clone 18 SEQ ID NO:53
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTCAAGAAAGGGAGCAGAGAGAGCAGTTGAGGCTATTTCAGTAATCTAGGAGAGAAAT
AAGAGTTGCTTAGAGTAGGATAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCG

Clone 19 SEQ ID NO:54

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTAAAGCTTGCATGTATAGAGGGAGAGGATTATG
ATCAAGAAGGATGAGTGGCGGCCAGATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG

Clone 20 SEQ ID NO:55
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTTCTACCAAAAAATACAGAAAATTAGCCGTGTGTGGTGGTGCGTGCCTGTAGTCCCA
GATACTCAGGAGGGTGAGGCAGGAGAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCATT

Validation of Libraries by SBS Sequencing

Libraries were validated by SBS sequencing. Whole
genomic BAC libraries were made using the method detailed in
example 2 and sequenced by SBS sequencing. The protocols for
preparing clusters on hydrogel surfaces and performing SBS
sequencing are detailed in application WO06064199

The adaptor dimer contamination was reduced >300 fold
by using PCR primers 3 and 4 (from above), which have a
phosphorothiocate modification and were exonuclease I
treated, compared to using the shorter unmodified primers.
The exonuclease I treated primer with 3’ phosphorothioate
modification prevents adaptor dimer amplification with

Phusion™ polymerase.

SBS sequencing of genomic libraries amplified with
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a) unmodified shorter PCR primers
(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGA SEQ ID
NO:34 and CAAGCAGAAGACGGCATACGA SEQ ID NO:35)

b) exonuclease I treated longer PCR primers, which have a
phosphorothioate bond modification
(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCG
ATCXT SEQ ID NO:9 and
CAAGCAGAAGACGGCATACGAGCTCTTCCGATCXT SEQ ID NO:10, where

x is a phosphorothioate bond).

Percentage of adaptor dimers in genomic libraries is

reported.

Library Adaptor Dimer Contamination
a) 9.95% +/- 1.45

b) 0.03% +/- 0.02

While certain of the preferred embodiments of the
present invention have been described and specifically
exemplified above, it is not intended that the invention be
limited to such embodiments. Various modifications may be
made thereto without departing from the scope and spirit of

the present invention, as set forth in the following claims.
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Claims:

1. A method for generating a library of template
polynucleotide molecules from one or more primary

polynucleotide molecules, said method comprising:

(a) fragmenting said one or more primary polynucleotide

molecules to produce target polynucleotide duplexes;

(b) ligating an adaptor polynucleotide construct to both
ends of the target polynucleotide duplexes to generate

combined ligated adaptor-target-adaptor sequences;

(c) preparing an amplification reaction comprising said
combined ligated adaptor-target-adaptor sequences and at
least two different primer oligonucleotides, wherein each of
said at least two different primer oligonucleotides is
complementary to.at least a part of the adaptor
polynucleotide construct sequence of the combined ligated
adaptor-target-adaptor sequences, and complementary to at
least one base of either the target polynucleotide duplexes,

or an overhang attached to the target duplex;

(d) performing an amplification reaction wherein said at
least two different primer oligonucleotides anneal to
complementary parts of the adaptor-target-adaptor sequences
and are extended by sequential addition of nucleotides to
generate a plurality of amplification products complementary
to at least one strand of the combined ligated adaptor-
target-adaptor sequences, wherein each of said plurality of
amplification products has a first common sequence at its 5/

end and a second common sequence at its 3’ end, and wherein
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said plurality of amplification products comprises a library

of template polynucleotide molecules.

2. A method for generating a library of template
polynucleotide molecules from one or more primary

polynucleotide molecules, said method comprising:

(a) fragmenting said one or more primary polynucleotide

molecules to produce target polynucleotide duplexes;

(b) ligating an adaptor polynucleotide construct to both
ends of the target polynucleotide duplexes to generate
combined ligated adaptor-target-adaptor sequences, wherein
said adaptor polynucleotidé construct comprises a nucleic
acid strand comprising at least one overhanging base that is
modified to render the nucleic acid strand resistant to

exonucleolysis;

(c) preparing an amplification reaction comprising said
combined ligated adaptor-target-adaptor sequences and at
least two different primer oligonucleotides, wherein each of
said at least two different primer oligonucleotides is
complementary to at least a part of the adaptor
polynucleotide construct sequence of the combined ligated

adaptor-target-adaptor sequences;

(d) performing an amplification reaction, wherein said at
least two different primer oligonucleotides anneal to
complementary parts of the combined ligated adaptor-target-
adaptor sequences and are extended by sequential addition of
nucleotides to generate a plurality of amplification

products complementary to at least one strand of the

71



WO 2008/015396 PCT/GB2007/002865

combined ligated adaptor-target-adaptor sequences, wherein
each of said plurality of amplification products has a first
common sequence at its 5’ end and a second common sequence
at its 3’ end, and wherein said plurality of amplification
products comprises a library of template polynucleotide

molecules.

3. A method for generating a library of template
polynucleotide molecules from one or more primary

polynucleotide molecules, said method comprising:

(a) fragmenting said one or more primary polynucleotide

molecules to produce target polynucleotide duplexes;

(b) ligating an adaptor polynucleotide construct to both
ends of the target polynucleotide duplexes to generate
combined ligated adaptor-target-adaptor sequences, wherein
said adaptor polynucleotide comprises a nucleic acid strand
comprising at least one overhanging base that is modified to

render the nucleic acid strand resistant to exonucleolysis;

(c) preparing an amplification reaction comprising said
combined ligated adaptor-target-adaptor sequences and at
least two different primer oligonucleotides, wherein each of
said at least two different primer oligonucleotides is
complementary to at least a part of the adaptor
polynucleotide construct sequence of the combined ligated
adaptor-target-adaptor sequences, and complementary to at
least one base of either the target polynucleotide duplexes,

or an overhang attached to the target duplex;
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(d) performing an amplification reaction, wherein said at
least two different primer oligonucleotides anneal to
complementary parts of the adaptor-target-adaptor sequences
and are extended by sequential addition of nucleotides to
generate a plurality of amplification products complementary
to at least one strand of the combined ligated adaptor-
target-adaptor sequences, wherein each of said plurality of
amplification products has a first common sequence at its 5’
end and a second common sequence at its 3’ end and wherein
said plurality of amplification products comprises a library

of template polynucleotide molecules.

4. The method of any one of claims 1 to 3, wherein
fragmentation of the primary polynucleotide molecules is by

mechanical fragmentation.

5. The method of claim 4, wherein said mechanical
fragmentation of the primary polynucleotide molecules is by

sonication, nebulisation or hydrodynamic shearing.
6. The method of any one of claims 1 to 3, wherein
fragmentation of the primary polynucleotide molecules is by

chemical or enzymatic fragmentation.

7. The method of any one of claims 1 to 6, wherein the one

or more primary polynucleotide molecules are DNA molecules.

8. The method of claim 7, wherein the one or more primary

polynucleotide molecules are genomic DNA molecules.

9. The method of claim 8, wherein the one or more primary

polynucleotide molecules are human genomic DNA molecules.

73



WO 2008/015396 PCT/GB2007/002865

10. The method of any one of claims 1 to 3, wherein the
adaptor polynucleotide construct has a single nucleotide
overhang at either the 5’ or 3’ terminus of each duplex
strand and the target polynucleotide duplexes have
complementary single nucleotide overhangs at the 5’ or 3’

terminus of each duplex strand.

11. The method of claim 10, wherein the adaptor
polynucleotide construct has a single nucleotide ‘T’
overhang at the 3’ terminus of each duplex strand and the
target polynucleotide duplexes have complementary single
nucleotide ‘A’ overhangs at the 3’ terminus of each duplex

strand.

12. The method of claim 10 or 11, wherein the single
nucleotide overhang on the target polynucleotide duplex is

added using a DNA polymerase.

13. The method of claim 10, wherein the two primer
oligonucleotides of claim 1(c) or claim 3(c) have a 3’
nucleotide that hybridises to the single nucleotide overhang

attached to the target DNA.

14. The method of claim 11, wherein the two primer
oligonucleotides of claim 1(c) or claim 3(c) have a 3"-‘T’
nucleotide that hybridises to the ‘A’ overhang attached to
the target DNA.

15. The method of claim 13 or 14, wherein the two primer
oligonucleotides have a modification that makes the primers

resistant to exonucleolysis.
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16. The method of claim 2 or claim 15, wherein said
exonuclease resistant modification is a phosphorothioate

moiety.

17. The method of claim 2 or claim 15, wherein said.
exonuclease resistant modification is a methylphosphonate

moiety.

18. The method of claim 2 or claim 15, wherein said

exonuclease resistant modification is a 2’-O-methyl moiety.

19. The method of claim 2 or claim 15, wherein said
exonuclease resistant modification is both a thiophosphate

moiety and a 2’'-O-methyl moiety.

20. The method of any one of claims 15~19, wherein the
primer oligonucleotides are treated with an exonuclease

prior to amplification.
21. The method of any one of claims 1 to 3, wherein the
sequential addition of nucleotides is carried out by a DNA

polymerase.

22. The method of claim 21, wherein said polymerase is a

high fidelity DNA polymerase.

23. The method of claim 22, wherein said polymerase

possesses exonuclease activity.

24. The method of claim 21, wherein said polymerase is

Phusion™ DNA polymerase.
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25. The method of claim 1 or 3, wherein at least one of said
primer oligonucleotides is longer than the ligated adaptor

sequences in both the 3’ and 5’ directions.

26. The method of claim 2, wherein at least one of said
primer oligonucleotides is longer than the ligated adaptor

sequences in the 5’-direction.

27. The method of any preceding claim further comprising the

steps of:

(e) preparing clusters from the library of template

polynucleotide molecules;
(f) sequencing the clusters by sequencing by synthesis.

28. A library of template polynucleotide molecules prepared
by the method of any one of claims 1 to 26.

29. An array comprising the library of template

polynucleotide molecules of claim 28.

30. Use of the library of claim 28 or the array of claim 29
in seguencing.
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