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Description

BACKGROUND

[0001] The task of cataloguing human genetic variation
and correlating this variation with susceptibility to disease
is daunting and expensive. A drastic reduction in this cost
is imperative for advancing the understanding of health
and disease. A reduction in sequencing costs will require
a number of technical advances in the field. Technical
advances that could reduce the cost of genome analysis
include: (1) library generation; (2) highly-parallel clonal
amplification and analysis; (3) development of robust cy-
cle sequencing biochemistry; (4) development of ultra-
fast imaging technology; and (5) development of algo-
rithms for sequence assembly from short reads.
[0002] The creation of clonal amplifications in a highly-
parallel manner is important for cost-effective sequenc-
ing. Sequencing is generally performed on clonal popu-
lations of DNA molecules traditionally prepared from
plasmids grown from picking individual bacterial colo-
nies. In the human genome project, each clone was in-
dividually picked, grown-up, and the DNA extracted or
amplified out of the clone. In recent years, there have
been a number of innovations to enable highly-paral-
lelized analysis of DNA clones particularly using array-
based approaches. In the simplest approach, the library
can be analyzed at the single molecule level which by its
very nature is clonal. The major advantage of single mol-
ecule sequencing is that cyclic sequencing can occur
asynchronously since each molecule is read out individ-
ually. In contrast, analysis of clonal amplifications re-
quires near quantitative completion of each sequencing
cycle, otherwise background noise progressively grows
with each ensuing cycle severely limiting read length. As
such, clonal analysis places a bigger burden on the ro-
bustness of the sequencing biochemistry and may po-
tentially limit read lengths.
[0003] WO98/44151 and WO2010/038042 disclose
amplification by bridge PCR on a surface for subsequent
sequencing. US5928905 discloses rolling circle amplifi-
cation for generating concatamers of nucleic acids.
[0004] Thus, there exists a need to develop methods
to improve genomics analysis and provide more cost ef-
fective methods for sequence analysis. The present in-
vention satisfies this need and provides related advan-
tages as well.

BRIEF SUMMARY

[0005] The methods and compositions provided herein
enable surface amplification at improved densities. De-
scribed herein are methods for concatenating template
strands during the bridge amplification process, such that
each flowcell surface primer can end up with a multiple
copies of the template strand extended onto it. The meth-
ods and compositions provided herein enable creation
of clusters which are brighter, but at the same densities

as currently achieved using standard cluster amplifica-
tion. Brighter clusters may have a number of advantages,
for example, better quality of reads, support for longer
read lengths, faster scan times for sequencing, and in-
creased system robustness.
[0006] Presented herein is a method of preparing im-
mobilized templates for a nucleic acid sequencing reac-
tion comprising: (a) providing a solid support having a
forward and reverse amplification primer immobilized
thereon; (b) providing a target nucleic acid, wherein the
target nucleic acid comprises: (i) a first region of known
sequence complementary to the forward amplification
primer; (ii) a first template region; (iii) a second region of
known sequence substantially identical to the reverse
amplification primer, wherein the first template region is
between the first region of known sequence and the sec-
ond region of known sequence; and (iv) a third region of
known sequence complementary to the forward amplifi-
cation primer, wherein the first template region and the
second region of known sequence are between the first
region of known sequence and the third region of known
sequence; (c) applying the target nucleic acid to the solid
support under conditions suitable for hybridization
whereby the first region of known sequence hybridizes
to the forward amplification primer; and (d) extending the
hybridized forward amplification primer to generate an
immobilized template comprising a complementary copy
of the target nucleic acid.
[0007] In some embodiments, the method can further
comprise: (e) denaturing the target nucleic acid from the
immobilized template; (f) hybridizing the immobilized
template to the reverse amplification primer, whereby a
complementary copy of the second flanking sequence
hybridizes to the reverse amplification primer; and (g)
extending the hybridized reverse amplification primer to
generate a second immobilized strand comprising the
first template region positioned between the first region
of known sequence and the second region of known se-
quence.
[0008] In some embodiments, the method can further
comprise: (h) denaturing the second immobilized strand
from the first immobilized template; (i) hybridizing the
second immobilized strand to the first immobilized tem-
plate, whereby the first region of known sequence of the
second immobilized strand hybridizes to a complemen-
tary copy of the first region of known sequence in the
immobilized template; (j) extending a 3’ OH of the first
region of known sequence to generate a concatemer of
the second immobilized strand; and (k) extending a 3’
OH of the complementary copy of the first region of known
sequence to generate a concatemer of the first immobi-
lized template.
[0009] In some embodiments, the method can further
comprise: (1) denaturing the concatemers and repeating
steps (i), (j) and (k) to generate further concatemers of
each strand.
[0010] In some aspects of the above embodiments,
the forward amplification primer can comprise a forward
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complementarity region, said forward complementarity
region having complementarity to a reverse complemen-
tarity region of the reverse amplification primer.
[0011] In some aspects, the first complementarity re-
gion is positioned directly 5’ of a region having comple-
mentarity to the first region of known sequence of the
target nucleic acid.
[0012] In some aspects, the reverse complementarity
region is positioned directly 5’ of a region having se-
quence substantially identical to the second region of
known sequence of the target nucleic acid.
[0013] In some aspects, the forward complementarity
region and second complementarity region are config-
ured such that repeated cycles of hybridization and ex-
tension produces a concatemer of the first immobilized
strand, each copy in the concatemer separated from the
next by sequence from the forward complementarity re-
gion.
[0014] In some aspects, the forward complementarity
region and second complementarity region are config-
ured such that repeated cycles of hybridization and ex-
tension produces a concatemer of the second immobi-
lized strand, each copy in the concatemer separated from
the next by sequence from the reverse complementarity
region.
[0015] In some aspects, the concatemers comprises
multiple copies of said target nucleic acid molecule of at
least 10, 20, 50, 100, 200, 500, 1000, 2000, 3000, 4000,
5000, 6000, 7000, 8000, 9000 or at least 10,000 copies.
[0016] In some aspects, the solid support is planar. In
some aspects, the solid support comprises microwells.
[0017] In some aspects, the target nucleic acid has a
length of at least 10, 20, 50, 100, 200 or at least 500
nucleotides.
[0018] In some aspects, the target nucleic acid further
comprises a fourth region of known sequence substan-
tially identical to the reverse amplification primer, wherein
the first region of known sequence, the first template re-
gion and the second region of known sequence are be-
tween the third region of known sequence and the fourth
region of known sequence.
[0019] In some aspects, the forward amplification prim-
er comprises a non-nucleotide chemical linker moiety po-
sitioned to prevent copying of any nucleotides that are 5’
of the non-nucleotide chemical linker moiety. In some
aspects, the reverse amplification primer comprises a
non-nucleotide chemical linker moiety positioned to pre-
vent copying of any nucleotides that are 5’ of the non-
nucleotide chemical linker moiety. In aspects of any of
the above-described embodiments, the non-nucleotide
chemical linker moiety can comprises a diol moiety. In
some aspects, the non-nucleotide chemical linker moiety
comprises a non-nucleotide linker tethering the primer to
the solid support.
[0020] In some embodiments, the method can further
comprise sequencing the target nucleic acid. For exam-
ple, in some aspects, sequencing the target nucleic acid
comprises: hybridizing one or more sequencing primers

to the first immobilized template or the second immobi-
lized strand; extending the sequencing primers by incor-
porating one or more labeled nucleotides into the nascent
strand; and detecting the labeled nucleotides, thereby
obtaining sequence information about the target nucleic
acid.
[0021] In some embodiments, the target nucleic acid
is prepared by amplifying with a pair of primers configured
with a binding moiety whereby one strand of an amplifi-
cation product generated using the pair of primers can
be separated from the opposite strand. In some aspects,
the binding moiety comprises biotin and can be separat-
ed by binding to a solid support comprising streptavidin.
[0022] The details of one or more embodiments are
set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages will
be apparent from the description and drawings, and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a schematic showing solid phase amplifica-
tion according to one embodiment.
Fig. 2 is a schematic showing alternative library con-
structs for use in solid phase amplification.
Fig. 3 is a schematic showing solid phase amplifica-
tion according to one embodiment.
Fig. 4A is a fluorescence microscope image of am-
plification clusters according standard protocols
compared to one embodiment presented herein.
Fig. 4B is a plot of number of clusters versus the
SYBR signal intensity from the flowcells described
in Fig 4A.
Fig. 5 is a set of fluorescence images of fluorescent
nucleotides C, T and G incorporated into clusters
amplified according to standard protocols or accord-
ing to one embodiment presented herein.
Fig. 6 shows fluorescence images (top) and histo-
grams (bottom) of clusters amplified according to
standard protocols or according to one embodiment
presented herein.
Fig. 7 shows a comparison of cluster intensity and
size for various amplification protocols.
Fig. 8 shows a comparison of signal intensity over
100 cycles in surface concatemer-containing clus-
ters versus standard clusters.

DETAILED DESCRIPTION

[0024] Standard technology for surface amplification
of nucleic acid templates ("clustering") has enabled very
high densities (500-600k/mm2) on a typical flowcell. How-
ever, there remains a need for improved methodologies
for surface amplification of nucleic acid templates. The
methods and compositions provided herein enable sur-
face amplification at improved densities. Described here-
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in are methods for concatenating template strands during
the bridge amplification process, such that each flowcell
surface primer can end up with a multiple copies of the
template strand extended onto it. The methods and com-
positions provided herein enable creation of clusters
which are brighter, but at the same densities as currently
achieved using standard cluster amplification. Brighter
clusters may have a number of advantages, for example,
better quality of reads, support for longer read lengths,
faster scan times for sequencing, and increased system
robustness.
[0025] One embodiment is illustrated in Fig. 1, which
sets forth a method of forming concatemers of a target
nucleic acid. As shown in the boxed portion of Fig. 1, a
solid support is provided having immobilized thereon a
plurality of forward and reverse amplification primers,
designated P5 and P7 in the figure. A target nucleic acid
is also provided, having a first region of known sequence
(P5’), complementary to P5 primer, a second region of
known sequence substantially identical to the reverse
amplification primer (P7) and a third region of known se-
quence (P5’), complementary to P5 primer. A first tem-
plate region is positioned between the first (P5’) and sec-
ond (P7) regions of known sequence. The target nucleic
acid is applied to the solid support under conditions suit-
able for hybridization such that the P5’ sequence hybrid-
izes to the P5 sequence of the immobilized primer. The
primer is extended under conditions favorable to exten-
sion, for example in the presence of a DNA polymerase
and dNTPs. The resulting extension product is an immo-
bilized template comprising a complementary copy of the
target nucleic acid, as illustrated in Fig. 1 after the 1st

extension.
[0026] Further rounds of bridge amplification can in-
clude denaturing the target nucleic acid from the immo-
bilized template and allowing the immobilized template
to hybridize to the reverse amplification primer. In the
example shown in Fig. 1, the complementary copy of the
second known sequence (P7’) hybridizes to the reverse
primer (P7) and is extended under extension conditions
described above. The resulting extension product is a
second immobilized strand comprising the first template
region positioned between the first region of known se-
quence and the second region of known sequence, as
illustrated in Fig. 1 after the 2nd extension. Subsequent
cycles of denaturation, hybridization and extension allow
the process to continue such that the second immobilized
strand can hybridize to the first immobilized template and
one or both 3’ OH of the second immobilized strand
and/or the first immobilized template are extended to
generate further extension products. The further exten-
sion products that result from these additional cycles are
concatemers of one or both of the second immobilized
strand and/or the first immobilized template, as illustrated
in Fig. 1 after the next cycles. The concatemers can in-
clude 2 or more copies of the template region (or com-
plement thereof) positioned in between the known se-
quences. In some embodiments, the concatemers can

include 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 50, 100, 200, 500,
1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000
or more than 10,000 copies of the template region (or
complement thereof) positioned in between the known
sequences. After rounds of amplification, a sequencing
primer in solution can be hybridized to a region of known
sequence and extended. The sequencing primer will hy-
bridize to multiple locations on the same immobilized
strand and/or immobilized template. Multiple sequencing
reactions can therefore take place on the same strand,
resulting in a signal that is greatly amplified over previous
methods, where only one signal per strand is generated.
[0027] As used herein, the term "concatemer" refer to
a long continuous nucleic acid molecule that contains
multiple copies of the same sequences linked in series.
The multiple copies may be separated by other se-
quence, for example, by known sequence that flanks the
concatemerized sequence on the 3’ and/or the 5’ end.
Any number of copies of flanking sequence may be in-
terspersed between the concatemerized sequence. In
some embodiments, the concatemers can include 2, 3,
4, 5, 6, 7, 8, 9, 10, 20, 50, 100, 200, 500, 1000, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000 or more than
10,000 copies of a template region (or complement there-
of) on a single concatemer. In some embodiments, the
concatemers can comprise 2, 3, 4, 5, 6, 7, 8, 9, 10, 20,
50, 100, 200, 500, 1000, 2000, 3000, 4000, 5000, 6000,
7000, 8000, 9000 or more than 10,000 copies of known
sequence, positioned in a repeating manner between
copies of the known sequences. Further exemplification
of this embodiment is set forth in Example 1 below.
[0028] Fig. 2 illustrates an alternate embodiment,
where a strand complementary to the target nucleic acid
is provided. This may naturally result in embodiments
where the target nucleic acid is provided in double-
stranded form. As shown in Fig. 2, the opposite strand
hybridizes to the reverse amplification primer and is ex-
tended. However, in contrast to the embodiment illustrat-
ed in Fig. 1, a single copy of the target nucleic acid is
generated. Further cycles of amplification will not gener-
ate concatemers, as shown in Fig. 2. To avoid this result,
alternative library constructs can be generated that com-
prise both the first and second known regions on both
the 3’ end and the 5’ end of the double-stranded con-
struct, as illustrated in Fig. 2. Amplification of either the
top strand or the bottom strand will generate concatem-
ers, in a manner similar to that shown in Fig. 1.
[0029] Fig. 3 illustrates another embodiment, wherein
the forward and reverse amplification primers comprise
additional sequence positioned 5’ of the sequence that
hybridizes to the known sequence. In some embodi-
ments, the additional sequence of the forward primer is
complementary to the additional sequence of the reverse
primer. For example, as illustrated in Fig. 3, the surface
primers comprise an oligo dA and oligo dT sequence
positioned 5’ of the P5 and P7 sequences (designated
20T-P7 and 20A-P5). Thus, after a 1st extension cycle,
the immobilized template comprises the complementa-
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rity sequence (20mer A) immobilized at the 5’ end of the
template, as shown in Fig. 1 after the 1st extension. After
a subsequent extension, the resulting copy comprises
the complement of the complementarity sequence
(20mer T) immobilized at the 5’ end of the copied strand
and again at the 3’ end of the extension product. As fur-
ther rounds of amplification take place, the complemen-
tarity sequences are incorporated in tandem, flanking the
known sequences, for example P5 and P7, as illustrated
in Fig. 3. Further exemplification of this embodiment is
set forth in Example 2 below.

Cluster Amplification

[0030] Described herein are methods for concatenat-
ing template strands during the bridge amplification proc-
ess. Bridge amplification is also referred herein as "clus-
ter amplification." In some embodiments, the immobilized
DNA fragments are amplified using cluster amplification
methodologies as exemplified by the disclosures of US
Patent Nos. 7,985,565 and 7,115,400. These documents
describe methods of solid-phase nucleic acid amplifica-
tion which allow amplification products to be immobilized
on a solid support in order to form arrays comprised of
clusters or "colonies" of immobilized nucleic acid mole-
cules. Each cluster or colony on such an array is formed
from a plurality of identical immobilized polynucleotide
strands and a plurality of identical immobilized comple-
mentary polynucleotide strands. The arrays so-formed
are generally referred to herein as "clustered arrays". The
products of solid-phase amplification reactions such as
those described in US Patent Nos. 7,985,565 and
7,115,400 are so-called "bridged" structures formed by
annealing of pairs of immobilized polynucleotide strands
and immobilized complementary strands, both strands
being immobilized on the solid support at the 5’ end, pref-
erably via a covalent attachment. Cluster amplification
methodologies are examples of methods wherein an im-
mobilized nucleic acid template is used to produce im-
mobilized amplicons. Other suitable methodologies can
also be used to produce immobilized amplicons from im-
mobilized DNA fragments produced according to the
methods provided herein. For example one or more clus-
ters or colonies can be formed via solid-phase PCR
whether one or both primers of each pair of amplification
primers are immobilized.
[0031] In other embodiments, the immobilized DNA
fragments are amplified in solution. For example, in some
embodiments, the immobilized DNA fragments are
cleaved or otherwise liberated from the solid support and
amplification primers are then hybridized in solution to
the liberated molecules. In other embodiments, amplifi-
cation primers are hybridized to the immobilized DNA
fragments for one or more initial amplification steps, fol-
lowed by subsequent amplification steps in solution.
Thus, in some embodiments an immobilized nucleic acid
template can be used to produce solution-phase ampli-
cons.

[0032] It will be appreciated that any of the amplifica-
tion methodologies described herein or generally known
in the art can be utilized with universal or target-specific
primers to amplify immobilized DNA fragments. Suitable
methods for amplification include, but are not limited to,
the polymerase chain reaction (PCR), strand displace-
ment amplification (SDA), transcription mediated ampli-
fication (TMA) and nucleic acid sequence based ampli-
fication (NASBA), as described in U.S. Patent No.
8,003,354. The above amplification methods can be em-
ployed to amplify one or more nucleic acids of interest.
For example, PCR, including multiplex PCR, SDA, TMA,
NASBA and the like can be utilized to amplify immobilized
DNA fragments. In some embodiments, primers directed
specifically to the nucleic acid of interest are included in
the amplification reaction.
[0033] Other suitable methods for amplification of nu-
cleic acids can include oligonucleotide extension and li-
gation, rolling circle amplification (RCA) (Lizardi et al.,
Nat. Genet. 19:225-232 (1998)) and oligonucleotide li-
gation assay (OLA) (See generally U.S. Pat. Nos.
7,582,420, 5,185,243, 5,679,524 and 5,573,907; EP 0
320 308 B1; EP 0 336 731 B1; EP 0 439 182 B1; WO
90/01069; WO 89/12696; and WO 89/09835) technolo-
gies. It will be appreciated that these amplification meth-
odologies can be designed to amplify immobilized DNA
fragments. For example, in some embodiments, the am-
plification method can include ligation probe amplification
or oligonucleotide ligation assay (OLA) reactions that
contain primers directed specifically to the nucleic acid
of interest. In some embodiments, the amplification meth-
od can include a primer extension-ligation reaction that
contains primers directed specifically to the nucleic acid
of interest. As a non-limiting example of primer extension
and ligation primers that can be specifically designed to
amplify a nucleic acid of interest, the amplification can
include primers used for the GoldenGate assay (Illumina,
Inc., San Diego, CA) as exemplified by U.S. Pat. No.
7,582,420 and 7,611,869.
[0034] Exemplary isothermal amplification methods
that can be used in a method of the present disclosure
include, but are not limited to, Multiple Displacement Am-
plification (MDA) as exemplified by, for example Dean et
al., Proc. Natl. Acad. Sci. USA 99:5261-66 (2002) or iso-
thermal strand displacement nucleic acid amplification
exemplified by, for example U.S. Pat. No. 6,214,587. Oth-
er non-PCR-based methods that can be used in the
present disclosure include, for example, strand displace-
ment amplification (SDA) which is described in, for ex-
ample Walker et al., Molecular Methods for Virus Detec-
tion, Academic Press, Inc., 1995; U.S. Pat. Nos.
5,455,166, and 5,130,238, and Walker et al., Nucl. Acids
Res. 20:1691-96 (1992) or hyperbranched strand dis-
placement amplification which is described in, for exam-
ple Lage et al., Genome Research 13:294-307 (2003).
Isothermal amplification methods can be used with the
strand-displacing Phi 29 polymerase or Bst DNA
polymerase large fragment, 5’->3’ exo- for random primer
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amplification of genomic DNA. The use of these polymer-
ases takes advantage of their high processivity and
strand displacing activity. High processivity allows the
polymerases to produce fragments that are 10-20 kb in
length. As set forth above, smaller fragments can be pro-
duced under isothermal conditions using polymerases
having low processivity and strand-displacing activity
such as Klenow polymerase. Additional description of
amplification reactions, conditions and components are
set forth in detail in the disclosure of U.S. Patent No.
7,670,810.
[0035] Another nucleic acid amplification method that
is useful in the present disclosure is Tagged PCR which
uses a population of two-domain primers having a con-
stant 5’ region followed by a random 3’ region as de-
scribed, for example, in Grothues et al. Nucleic Acids
Res. 21(5):1321-2 (1993). The first rounds of amplifica-
tion are carried out to allow a multitude of initiations on
heat denatured DNA based on individual hybridization
from the randomly-synthesized 3’ region. Due to the na-
ture of the 3’ region, the sites of initiation are contemplat-
ed to be random throughout the genome. Thereafter, the
unbound primers can be removed and further replication
can take place using primers complementary to the con-
stant 5’ region.

Sequencing Methods

[0036] The methods described herein can be used in
conjunction with a variety of nucleic acid sequencing
techniques. Particularly applicable techniques are those
wherein nucleic acids are attached at fixed locations in
an array such that their relative positions do not change
and wherein the array is repeatedly imaged. Embodi-
ments in which images are obtained in different color
channels, for example, coinciding with different labels
used to distinguish one nucleotide base type from anoth-
er are particularly applicable. In some embodiments, the
process to determine the nucleotide sequence of a target
nucleic acid can be an automated process. Preferred em-
bodiments include sequencing-by-synthesis ("SBS")
techniques.
[0037] SBS techniques generally involve the enzymat-
ic extension of a nascent nucleic acid strand through the
iterative addition of nucleotides against a template
strand. In traditional methods of SBS, a single nucleotide
monomer may be provided to a target nucleotide in the
presence of a polymerase in each delivery. However, in
the methods described herein, more than one type of
nucleotide monomer can be provided to a target nucleic
acid in the presence of a polymerase in a delivery.
[0038] SBS can utilize nucleotide monomers that have
a terminator moiety or those that lack any terminator moi-
eties. Methods utilizing nucleotide monomers lacking ter-
minators include, for example, pyrosequencing and se-
quencing using γ-phosphate-labeled nucleotides, as set
forth in further detail below. In methods using nucleotide
monomers lacking terminators, the number of nucle-

otides added in each cycle is generally variable and de-
pendent upon the template sequence and the mode of
nucleotide delivery. For SBS techniques that utilize nu-
cleotide monomers having a terminator moiety, the ter-
minator can be effectively irreversible under the sequenc-
ing conditions used as is the case for traditional Sanger
sequencing which utilizes dideoxynucleotides, or the ter-
minator can be reversible as is the case for sequencing
methods developed by Solexa (now Illumina, Inc.).
[0039] SBS techniques can utilize nucleotide mono-
mers that have a label moiety or those that lack a label
moiety. Accordingly, incorporation events can be detect-
ed based on a characteristic of the label, such as fluo-
rescence of the label; a characteristic of the nucleotide
monomer such as molecular weight or charge; a byprod-
uct of incorporation of the nucleotide, such as release of
pyrophosphate; or the like. In embodiments, where two
or more different nucleotides are present in a sequencing
reagent, the different nucleotides can be distinguishable
from each other, or alternatively, the two or more different
labels can be the indistinguishable under the detection
techniques being used. For example, the different nucle-
otides present in a sequencing reagent can have different
labels and they can be distinguished using appropriate
optics as exemplified by the sequencing methods devel-
oped by Solexa (now Illumina, Inc.).
[0040] Preferred embodiments include pyrosequenc-
ing techniques. Pyrosequencing detects the release of
inorganic pyrophosphate (PPi) as particular nucleotides
are incorporated into the nascent strand (Ronaghi, M.,
Karamohamed, S., Pettersson, B., Uhlen, M. and Nyren,
P. (1996) "Real-time DNA sequencing using detection of
pyrophosphate release." Analytical Biochemistry 242(1),
84-9; Ronaghi, M. (2001) "Pyrosequencing sheds light
on DNA sequencing." Genome Res. 11(1), 3-11; Ron-
aghi, M., Uhlen, M. and Nyren, P. (1998) "A sequencing
method based on real-time pyrophosphate." Science
281(5375), 363; U.S. Pat. No. 6,210,891; U.S. Pat. No.
6,258,568 and U.S. Pat. No. 6,274,320). In pyrosequenc-
ing, released PPi can be detected by being immediately
converted to adenosine triphosphate (ATP) by ATP sul-
furylase, and the level of ATP generated is detected via
luciferase-produced photons. The nucleic acids to be se-
quenced can be attached to features in an array and the
array can be imaged to capture the chemiluminscent sig-
nals that are produced due to incorporation of a nucle-
otides at the features of the array. An image can be ob-
tained after the array is treated with a particular nucle-
otide type (e.g. A, T, C or G). Images obtained after ad-
dition of each nucleotide type will differ with regard to
which features in the array are detected. These differ-
ences in the image reflect the different sequence content
of the features on the array. However, the relative loca-
tions of each feature will remain unchanged in the imag-
es. The images can be stored, processed and analyzed
using the methods set forth herein. For example, images
obtained after treatment of the array with each different
nucleotide type can be handled in the same way as ex-
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emplified herein for images obtained from different de-
tection channels for reversible terminator-based se-
quencing methods.
[0041] In another exemplary type of SBS, cycle se-
quencing is accomplished by stepwise addition of revers-
ible terminator nucleotides containing, for example, a
cleavable or photobleachable dye label as described, for
example, in WO 04/018497 and U.S. Pat. No. 7,057,026.
This approach is being commercialized by Solexa (now
Illumina Inc.), and is also described in WO 91/06678 and
WO 07/123,744. The availability of fluorescently-labeled
terminators in which both the termination can be reversed
and the fluorescent label cleaved facilitates efficient cy-
clic reversible termination (CRT) sequencing. Polymer-
ases can also be co-engineered to efficiently incorporate
and extend from these modified nucleotides.
[0042] Preferably in reversible terminator-based se-
quencing embodiments, the labels do not substantially
inhibit extension under SBS reaction conditions. Howev-
er, the detection labels can be removable, for example,
by cleavage or degradation. Images can be captured fol-
lowing incorporation of labels into arrayed nucleic acid
features. In particular embodiments, each cycle involves
simultaneous delivery of four different nucleotide types
to the array and each nucleotide type has a spectrally
distinct label. Four images can then be obtained, each
using a detection channel that is selective for one of the
four different labels. Alternatively, different nucleotide
types can be added sequentially and an image of the
array can be obtained between each addition step. In
such embodiments each image will show nucleic acid
features that have incorporated nucleotides of a partic-
ular type. Different features will be present or absent in
the different images due the different sequence content
of each feature. However, the relative position of the fea-
tures will remain unchanged in the images. Images ob-
tained from such reversible terminator-SBS methods can
be stored, processed and analyzed as set forth herein.
Following the image capture step, labels can be removed
and reversible terminator moieties can be removed for
subsequent cycles of nucleotide addition and detection.
Removal of the labels after they have been detected in
a particular cycle and prior to a subsequent cycle can
provide the advantage of reducing background signal
and crosstalk between cycles. Examples of useful labels
and removal methods are set forth below.
[0043] In particular embodiments some or all of the nu-
cleotide monomers can include reversible terminators.
In such embodiments, reversible terminators/cleavable
fluors can include fluor linked to the ribose moiety via a
3’ ester linkage (Metzker, Genome Res. 15:1767-1776.
Other approaches have separated the terminator chem-
istry from the cleavage of the fluorescence label (Ruparel
et al., Proc Natl Acad Sci USA 102: 5932-7 (2005)).
Ruparel et al described the development of reversible
terminators that used a small 3’ allyl group to block ex-
tension, but could easily be deblocked by a short treat-
ment with a palladium catalyst. The fluorophore was at-

tached to the base via a photocleavable linker that could
easily be cleaved by a 30 second exposure to long wave-
length UV light. Thus, either disulfide reduction or photo-
cleavage can be used as a cleavable linker. Another ap-
proach to reversible termination is the use of natural ter-
mination that ensues after placement of a bulky dye on
a dNTP. The presence of a charged bulky dye on the
dNTP can act as an effective terminator through steric
and/or electrostatic hindrance. The presence of one in-
corporation event prevents further incorporations unless
the dye is removed. Cleavage of the dye removes the
fluor and effectively reverses the termination. Examples
of modified nucleotides are also described in U.S. Pat.
No. 7,427,673, and U.S. Pat. No. 7,057,026.
[0044] Additional exemplary SBS systems and meth-
ods which can be utilized with the methods and systems
described herein are described in U.S. Patent Application
Publication No. 2007/0166705, U.S. Patent Application
Publication No. 2006/0188901, U.S. Pat. No. 7,057,026,
U.S. Patent Application Publication No. 2006/0240439,
U.S. Patent Application Publication No. 2006/0281109,
PCT Publication No. WO 05/065814, U.S. Patent Appli-
cation Publication No. 2005/0100900, PCT Publication
No. WO 06/064199, PCT Publication No. WO
07/010,251, U.S. Patent Application Publication No.
2012/0270305 and U.S. Patent Application Publication
No. 2013/0260372.
[0045] Some embodiments can utilize detection of four
different nucleotides using fewer than four different la-
bels. For example, SBS can be performed utilizing meth-
ods and systems described in U.S. Patent Application
Publication No. 2013/0079232. As a first example, a pair
of nucleotide types can be detected at the same wave-
length, but distinguished based on a difference in inten-
sity for one member of the pair compared to the other,
or based on a change to one member of the pair (e.g.
via chemical modification, photochemical modification or
physical modification) that causes apparent signal to ap-
pear or disappear compared to the signal detected for
the other member of the pair. As a second example, three
of four different nucleotide types can be detected under
particular conditions while a fourth nucleotide type lacks
a label that is detectable under those conditions, or is
minimally detected under those conditions (e.g., minimal
detection due to background fluorescence, etc). Incor-
poration of the first three nucleotide types into a nucleic
acid can be determined based on presence of their re-
spective signals and incorporation of the fourth nucle-
otide type into the nucleic acid can be determined based
on absence or minimal detection of any signal. As a third
example, one nucleotide type can include label(s) that
are detected in two different channels, whereas other
nucleotide types are detected in no more than one of the
channels. The aforementioned three exemplary config-
urations are not considered mutually exclusive and can
be used in various combinations. An exemplary embod-
iment that combines all three examples, is a fluorescent-
based SBS method that uses a first nucleotide type that
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is detected in a first channel (e.g. dATP having a label
that is detected in the first channel when excited by a first
excitation wavelength), a second nucleotide type that is
detected in a second channel (e.g. dCTP having a label
that is detected in the second channel when excited by
a second excitation wavelength), a third nucleotide type
that is detected in both the first and the second channel
(e.g. dTTP having at least one label that is detected in
both channels when excited by the first and/or second
excitation wavelength) and a fourth nucleotide type that
lacks a label that is not, or minimally, detected in either
channel (e.g. dGTP having no label).
[0046] Further, as described in U.S. Patent Application
Publication No. 2013/0079232, sequencing data can be
obtained using a single channel. In such so-called one-
dye sequencing approaches, the first nucleotide type is
labeled but the label is removed after the first image is
generated, and the second nucleotide type is labeled only
after a first image is generated. The third nucleotide type
retains its label in both the first and second images, and
the fourth nucleotide type remains unlabeled in both im-
ages.
[0047] Some embodiments can utilize sequencing by
ligation techniques. Such techniques utilize DNA ligase
to incorporate oligonucleotides and identify the incorpo-
ration of such oligonucleotides. The oligonucleotides typ-
ically have different labels that are correlated with the
identity of a particular nucleotide in a sequence to which
the oligonucleotides hybridize. As with other SBS meth-
ods, images can be obtained following treatment of an
array of nucleic acid features with the labeled sequencing
reagents. Each image will show nucleic acid features that
have incorporated labels of a particular type. Different
features will be present or absent in the different images
due the different sequence content of each feature, but
the relative position of the features will remain unchanged
in the images. Images obtained from ligation-based se-
quencing methods can be stored, processed and ana-
lyzed as set forth herein. Exemplary SBS systems and
methods which can be utilized with the methods and sys-
tems described herein are described in U.S. Pat. No.
6,969,488, U.S. Pat. No. 6,172,218, and U.S. Pat. No.
6,306,597.
[0048] Some embodiments can utilize nanopore se-
quencing (Deamer, D. W. & Akeson, M. "Nanopores and
nucleic acids: prospects for ultrarapid sequencing."
Trends Biotechnol. 18, 147-151 (2000); Deamer, D. and
D. Branton, "Characterization of nucleic acids by nano-
pore analysis". Acc. Chem. Res. 35:817-825 (2002); Li,
J., M. Gershow, D. Stein, E. Brandin, and J. A.
Golovchenko, "DNA molecules and configurations in a
solid-state nanopore microscope" Nat. Mater. 2:611-615
(2003)). In such embodiments, the target nucleic acid
passes through a nanopore. The nanopore can be a syn-
thetic pore or biological membrane protein, such as α-
hemolysin. As the target nucleic acid passes through the
nanopore, each base-pair can be identified by measuring
fluctuations in the electrical conductance of the pore.

(U.S. Pat. No. 7,001,792; Soni, G. V. & Meller, "A.
Progress toward ultrafast DNA sequencing using solid-
state nanopores." Clin. Chem. 53, 1996-2001 (2007);
Healy, K. "Nanopore-based single-molecule DNA anal-
ysis." Nanomed. 2, 459-481 (2007); Cockroft, S. L., Chu,
J., Amorin, M. & Ghadiri, M. R. "A single-molecule nan-
opore device detects DNA polymerase activity with sin-
gle-nucleotide resolution." J. Am. Chem. Soc. 130,
818-820 (2008)). Data obtained from nanopore sequenc-
ing can be stored, processed and analyzed as set forth
herein. In particular, the data can be treated as an image
in accordance with the exemplary treatment of optical
images and other images that is set forth herein.
[0049] Some embodiments can utilize methods involv-
ing the real-time monitoring of DNA polymerase activity.
Nucleotide incorporations can be detected through fluo-
rescence resonance energy transfer (FRET) interactions
between a fluorophore-bearing polymerase and γ-phos-
phate-labeled nucleotides as described, for example, in
U.S. Pat. No. 7,329,492 and U.S. Pat. No. 7,211,414 or
nucleotide incorporations can be detected with zero-
mode waveguides as described, for example, in U.S. Pat.
No. 7,315,019 and using fluorescent nucleotide analogs
and engineered polymerases as described, for example,
in U.S. Pat. No. 7,405,281 and U.S. Patent Application
Publication No. 2008/0108082. The illumination can be
restricted to a zeptoliter-scale volume around a surface-
tethered polymerase such that incorporation of fluores-
cently labeled nucleotides can be observed with low
background (Levene, M. J. et al. "Zero-mode waveguides
for single-molecule analysis at high concentrations." Sci-
ence 299, 682-686 (2003); Lundquist, P. M. et al. "Par-
allel confocal detection of single molecules in real time."
Opt. Lett. 33, 1026-1028 (2008); Korlach, J. et al. "Se-
lective aluminum passivation for targeted immobilization
of single DNA polymerase molecules in zero-mode
waveguide nano structures." Proc. Natl. Acad. Sci. USA
105, 1176-1181 (2008)). Images obtained from such
methods can be stored, processed and analyzed as set
forth herein.
[0050] Some SBS embodiments include detection of
a proton released upon incorporation of a nucleotide into
an extension product. For example, sequencing based
on detection of released protons can use an electrical
detector and associated techniques that are commercial-
ly available from Ion Torrent (Guilford, CT, a Life Tech-
nologies subsidiary) or sequencing methods and sys-
tems described in US 2009/0026082 A1; US
2009/0127589 A1; US 2010/0137143 A1; or US
2010/0282617 A1. Methods set forth herein for amplify-
ing target nucleic acids using kinetic exclusion can be
readily applied to substrates used for detecting protons.
More specifically, methods set forth herein can be used
to produce clonal populations of amplicons that are used
to detect protons.
[0051] The above SBS methods can be advanta-
geously carried out in multiplex formats such that multiple
different target nucleic acids are manipulated simultane-
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ously. In particular embodiments, different target nucleic
acids can be treated in a common reaction vessel or on
a surface of a particular substrate. This allows convenient
delivery of sequencing reagents, removal of unreacted
reagents and detection of incorporation events in a mul-
tiplex manner. In embodiments using surface-bound tar-
get nucleic acids, the target nucleic acids can be in an
array format. In an array format, the target nucleic acids
can be typically bound to a surface in a spatially distin-
guishable manner. The target nucleic acids can be bound
by direct covalent attachment, attachment to a bead or
other particle or binding to a polymerase or other mole-
cule that is attached to the surface. The array can include
a single copy of a target nucleic acid at each site (also
referred to as a feature) or multiple copies having the
same sequence can be present at each site or feature.
Multiple copies can be produced by amplification meth-
ods such as, bridge amplification or emulsion PCR as
described in further detail below.
[0052] The methods set forth herein can use arrays
having features at any of a variety of densities including,
for example, at least about 10 features/cm2, 100 fea-
tures/cm2, 500 features/cm2, 1,000 features/cm2, 5,000
features/cm2, 10,000 features/cm2, 50,000 fea-
tures/cm2, 100,000 features/cm2, 1,000,000 fea-
tures/cm2, 5,000,000 features/cm2, or higher.
[0053] An advantage of the methods set forth herein
is that they provide for rapid and efficient detection of a
plurality of target nucleic acid in parallel. Accordingly the
present disclosure provides integrated systems capable
of preparing and detecting nucleic acids using techniques
known in the art such as those exemplified above. Thus,
an integrated system of the present disclosure can in-
clude fluidic components capable of delivering amplifica-
tion reagents and/or sequencing reagents to one or more
immobilized DNA fragments, the system comprising
components such as pumps, valves, reservoirs, fluidic
lines and the like. A flow cell can be configured and/or
used in an integrated system for detection of target nu-
cleic acids. Exemplary flow cells are described, for ex-
ample, in US 2010/0111768 A1 and US 2012/0270305
A1. As exemplified for flow cells, one or more of the fluidic
components of an integrated system can be used for an
amplification method and for a detection method. Taking
a nucleic acid sequencing embodiment as an example,
one or more of the fluidic components of an integrated
system can be used for an amplification method set forth
herein and for the delivery of sequencing reagents in a
sequencing method such as those exemplified above.
Alternatively, an integrated system can include separate
fluidic systems to carry out amplification methods and to
carry out detection methods. Examples of integrated se-
quencing systems that are capable of creating amplified
nucleic acids and also determining the sequence of the
nucleic acids include, without limitation, the MiSeq™ plat-
form (Illumina, Inc., San Diego, CA) and devices de-
scribed in US 2012/0270305 A1.
[0054] In the methods and compositions presented

herein, polynucleotides are immobilized to the solid sup-
port. In some embodiments, the polynucleotides are cov-
alently immobilized to the support. When referring to im-
mobilization of molecules (e.g. nucleic acids) to a solid
support, the terms "immobilized" and "attached" are used
interchangeably herein and both terms are intended to
encompass direct or indirect, covalent or non-covalent
attachment, unless indicated otherwise, either explicitly
or by context. In certain embodiments of the invention
covalent attachment may be preferred, but generally all
that is required is that the molecules (e.g. nucleic acids)
remain immobilized or attached to the support under the
conditions in which it is intended to use the support, for
example in applications requiring nucleic acid amplifica-
tion and/or sequencing.
[0055] Certain embodiments of the invention may
make use of solid supports comprised of an inert sub-
strate or matrix (e.g. glass slides, polymer beads etc.)
which has been functionalized, for example by applica-
tion of a layer or coating of an intermediate material com-
prising reactive groups which permit covalent attachment
to biomolecules, such as polynucleotides. Examples of
such supports include, but are not limited to, polyacryla-
mide hydrogels supported on an inert substrate such as
glass, particularly polyacrylamide hydrogels as de-
scribed in WO 2005/065814 and US 2008/0280773. In
such embodiments, the biomolecules (e.g. polynucle-
otides) may be directly covalently attached to the inter-
mediate material (e.g. the hydrogel) but the intermediate
material may itself be non-covalently attached to the sub-
strate or matrix (e.g. the glass substrate). The term "cov-
alent attachment to a solid support" is to be interpreted
accordingly as encompassing this type of arrangement.
[0056] Exemplary covalent linkages include, for exam-
ple, those that result from the use of click chemistry tech-
niques. Exemplary non-covalent linkages include, but
are not limited to, non-specific interactions (e.g. hydrogen
bonding, ionic bonding, van der Waals interactions etc.)
or specific interactions (e.g. affinity interactions, recep-
tor-ligand interactions, antibody-epitope interactions,
avidin-biotin interactions, streptavidin-biotin interactions,
lectin-carbohydrate interactions, etc.). Exemplary linkag-
es are set forth in U.S. Pat. Nos. 6,737,236; 7,259,258;
7,375,234 and 7,427,678; and US Pat. Pub. No.
2011/0059865 A1.
[0057] The terms "target nucleic acid," "target nucleic
acid molecule," "target nucleic acid species" and any
grammatical equivalent thereof, refer to nucleic acid mol-
ecules that are desired to be detected, sequenced or
otherwise analyzed. Any of a variety of desired target
nucleic acid molecules can be utilized, including but not
limited to exons, or nucleic acid molecules complemen-
tary thereto; cDNA molecules, or nucleic acid molecules
complementary thereto; untranslated regions (UTRs) or
nucleic acids complementary thereto; promoter and/or
enhancer regions, or nucleic acid molecules complemen-
tary thereto; evolutionary conserved regions (ECRs), or
nucleic acid molecules complementary thereto; tran-
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scribed genomic regions, or nucleic acid molecules com-
plementary thereto. Any of a variety of methods can be
used to obtain targeted nucleic acid molecules, as dis-
closed herein. Such methods include, but are not limited
to, obtaining a targeted nucleic acid molecule using hy-
bridization-extension capture enrichment; using targeted
restriction sites, for example, using an oligonucleotide
engineered with a hairpin having a Type IIS restriction
enzyme site such as a Fokl restriction enzyme site and
a locus-specific region; using locus-specific hyper-
branched rolling circle amplification; using random-lo-
cus-specific primer amplification; using multiplex emul-
sion PCR; using multiplex bridge PCR; using padlock
probe amplification; and using mini-libraries from target-
ed libraries, as disclosed herein.
[0058] As used herein, the terms "target nucleic acid
sequence," "sample nucleic acid sequence" and like
terms refer to nucleic acid sequences obtained from sam-
ples that are desired to be analyzed.
[0059] A nucleic acid sample that is amplified, se-
quenced or otherwise manipulated in a method disclosed
herein can be, for example, DNA or RNA. Exemplary
DNA species include, but are not limited to, genomic DNA
(gDNA), mitochondrial DNA, chloroplast DNA, episomal
DNA, viral DNA and copy DNA (cDNA). One non-limiting
example of a subset of genomic DNA is one particular
chromosome or one region of a particular chromosome.
Exemplary RNA species include, without limitation, cod-
ing RNA such as messenger RNA (mRNA), and non-
coding RNA (ncRNA) such as transfer RNA (tRNA), mi-
croRNA (miRNA), small nuclear RNA (snRNA) and ri-
bosomal RNA (rRNA). Further species of DNA or RNA
include fragments or portions of the species listed above
or amplified products derived from these species, frag-
ments thereof or portions thereof. The methods de-
scribed herein are applicable to the above species en-
compassing all or part of the complement present in a
cell. For example, using methods described herein the
sequence of a substantially complete genome can be
determined or the sequence of a substantially complete
targeted nucleic acid sequences such as mRNA or cDNA
complement of a cell can be determined.
[0060] Target DNA molecules of different sequence
may be prepared by mixing a number, greater than one,
of individual DNA molecules. In the preferred procedure,
genomic DNA is fragmented into small molecules, pref-
erably less than 1000 base pairs in length. Fragmentation
of DNA may be achieved by a number of methods includ-
ing: enzymatic digestion, chemical cleavage, sonication,
nebulisation, or hydroshearing, preferably nebulization.
[0061] Known sequences may be added to the 3’ and
5’ ends of target nucleic acid sequences using any of a
number of methodologies known in the art, as exempli-
fied, for example by those set forth in U.S. Patent Nos.
7,741,463, 7,985,565, and 7,115,400, For example, in
some embodiments, known sequences are added by li-
gating adapters to nucleic acid fragments. In some em-
bodiments, known sequences are added by amplification

using primers having additional known sequence at their
5’ ends. In some embodiments, known sequences can
comprise sequences that are identical or complimentary
to amplification primers immobilized on a solid support.
For example, in certain embodiments, known sequence
can include either one of two universal capture regions,
such as P5 or P7 regions. A P5 region includes the nu-
cleotide sequence 5’-AATGATACGGCGACCACCGA-
3’. A P7 region includes the nucleotide sequence 5’-
CAAGCAGAAGACGGCATACGA-3’. In certain embod-
iments, the known sequence is the reverse complement
of the P5 region sequence ("anti-P5": 5’-TCGGT-
GGTCGCCGTATCATT-3’) or the P7 region sequence
("anti-P7": 5’-TCGTATGCCGTCTTCTGCTTG-3’) ampli-
fication primer. In certain embodiments, the oligonucle-
otide can hybridize with Illumina® amplification primers
P5 (paired end) (5’-AATGATACGGCGACCACCGA-
GAUCTACAC-3’) or P7 (paired end) (5’-CAAGCAGAA-
GACGGCATACGA(8-oxo-G)AT-3’). In certain embodi-
ments, the oligonucleotide can hybridize with the reverse
complement of the Illumina® capture primer P5 (paired
end) ("anti-P5 (paired end)": 5’-GTGTAGATCTCGGT-
GGTCGCCGTATCATT-3’) or P7 (paired end) ("anti-P7
(paired end)": 5’-ATCTCGTATGCCGTCTTCTGCTTG-
3’).
[0062] The terms "solid surface," "solid support" and
other grammatical equivalents herein refer to any mate-
rial that is appropriate for or can be modified to be ap-
propriate for the attachment of the transposome com-
plexes. As will be appreciated by those in the art, the
number of possible substrates is very large. Possible
substrates include, but are not limited to, glass and mod-
ified or functionalized glass, plastics (including acrylics,
polystyrene and copolymers of styrene and other mate-
rials, polypropylene, polyethylene, polybutylene, poly-
urethanes, Teflon™, etc.), polysaccharides, nylon or ni-
trocellulose, ceramics, resins, silica or silica-based ma-
terials including silicon and modified silicon, carbon, met-
als, inorganic glasses, plastics, optical fiber bundles, and
a variety of other polymers. Particularly useful solid sup-
ports and solid surfaces for some embodiments are lo-
cated within a flow cell apparatus. Exemplary flow cells
are set forth in further detail below.
[0063] In some embodiments, the solid support com-
prises a patterned surface suitable for immobilization of
transposome complexes in an ordered pattern. A "pat-
terned surface" refers to an arrangement of different re-
gions in or on an exposed layer of a solid support. For
example, one or more of the regions can be features
where one or more transposome complexes are present.
The features can be separated by interstitial regions
where transposome complexes are not present. In some
embodiments, the pattern can be an x-y format of fea-
tures that are in rows and columns. In some embodi-
ments, the pattern can be a repeating arrangement of
features and/or interstitial regions. In some embodi-
ments, the pattern can be a random arrangement of fea-
tures and/or interstitial regions. In some embodiments,
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the transposome complexes are randomly distributed up-
on the solid support. In some embodiments, the trans-
posome complexes are distributed on a patterned sur-
face. Exemplary patterned surfaces that can be used in
the methods and compositions set forth herein are de-
scribed in US 2013/0116153 A1 or US Pat. App. Publ.
No. 2012/0316086 A1.
[0064] In some embodiments, the solid support com-
prises an array of wells or depressions in a surface. This
may be fabricated as is generally known in the art using
a variety of techniques, including, but not limited to, pho-
tolithography, stamping techniques, molding techniques
and microetching techniques. As will be appreciated by
those in the art, the technique used will depend on the
composition and shape of the array substrate.
[0065] The composition and geometry of the solid sup-
port can vary with its use. In some embodiments, the
solid support is a planar structure such as a slide, chip,
microchip and/or array. As such, the surface of a sub-
strate can be in the form of a planar layer. In some em-
bodiments, the solid support comprises one or more sur-
faces of a flowcell. The term "flowcell" as used herein
refers to a chamber comprising a solid surface across
which one or more fluid reagents can be flowed. Exam-
ples of flowcells and related fluidic systems and detection
platforms that can be readily used in the methods of the
present disclosure are described, for example, in Bentley
et al., Nature 456:53-59 (2008), WO 04/018497; US
7,057,026; WO 91/06678; WO 07/123744; US
7,329,492; US 7,211,414; US 7,315,019; US 7,405,281,
and US 2008/0108082.
[0066] In some embodiments, the solid support or its
surface is non-planar, such as the inner or outer surface
of a tube or vessel. In some embodiments, the solid sup-
port comprises microspheres or beads. By "micro-
spheres" or "beads" or "particles" or grammatical equiv-
alents herein is meant small discrete particles. Suitable
bead compositions include, but are not limited to, plas-
tics, ceramics, glass, polystyrene, methylstyrene, acrylic
polymers, paramagnetic materials, thoria sol, carbon
graphite, titanium dioxide, latex or cross-linked dextrans
such as Sepharose, cellulose, nylon, cross-linked mi-
celles and teflon, as well as any other materials outlined
herein for solid supports may all be used. "Microsphere
Detection Guide" from Bangs Laboratories, Fishers Ind.
is a helpful guide. In certain embodiments, the micro-
spheres are magnetic microspheres or beads.
[0067] The beads need not be spherical; irregular par-
ticles may be used. Alternatively or additionally, the
beads may be porous. The bead sizes range from na-
nometers, i.e. 100 nm, to millimeters, i.e. 1 mm, with
beads from about 0.2 micron to about 200 microns being
preferred, and from about 0.5 to about 5 micron being
particularly preferred, although in some embodiments
smaller or larger beads may be used.

EXAMPLE 1

[0068] This example describes solid phase amplifica-
tion according to one embodiment, as illustrated in Fig.
1. A standard universal PhiX or CT418 library containing
P5 and P7’ regions was used to attach the additional P5’
at the 5’ end of the already prepared library. This was
accomplished by performing additional 18 PCR cycles.
The libraries were diluted to 200pM final and amplified
using either standard primer or P7-P5’ primer. Each 50ul
PCR reaction contained 22ml of H2O, 25ml of 2X Phusion
Mastermix (NEB), 1ml each of the appropriate primer and
DNA. After PCR, the resulting library concentrations were
determined by the Nanodrop (Thermo Scientific) and di-
luted to 10nM in buffer EB (QIAGEN) + 0.05% Tween20.
A flowcell was prepared by grafting HEG primers (lanes
1 - 4) or standard PE primers (lanes 5 - 8) using the
protocol described in U.S. Patent Nos. 8,536,477,
8,715,966, and U.S. Patent Application Pub.
2008/0280773. The libraries generated above were used
to generate clusters on the grafted flowcell.
[0069] The clusters were amplified using TruSeq clus-
ter generation kit for Genome Analyzer (Illumina) as per
manufacturer’s recommended protocol for 35 cycles.
The flow cell was stained with SYBR Green (Molecular
Probes) and imaged on a fluorescence microscope. As
shown in the top panel of Fig 4A,, the clusters generated
with standard primers resulted in normal clusters where-
as the same with extra P5 modified primers were shown
to result in a mix of large and normal clusters (Fig 4A
bottom panel). The plots of number of clusters versus
the SYBR signal intensity from the flowcells described in
Fig. 4A are shown in Fig. 4B. The clusters from standard
primers resulted in low SYBR intensity (top graph) where-
as those from modified primer with added P5 resulted in
10 times higher intensity (bottom graph).
[0070] The flowcell was then prepared to do a first cycle
of sequencing incorporation, using a white light fluoro-
phore set. The first cycle images of C, T and G with the
grayscale of the image adjusted to the brightness of the
T image on the modified primer lane showed that the
clusters using the modified primers are brighter than the
clusters made on standard primers. (Fig. 5)

EXAMPLE 2

[0071] This example describes solid phase amplifica-
tion according to an embodiment, as illustrated in Fig. 3.
The experiments reported in Figure 6 show the results
from concatemerization of 20T /A linkers on the P5/P7
grafting primers (referred as 20T-P7/20A-P5) instead of
attaching the concatamer facilitating primers on to the
library during PCR process. In this experiment, the flow-
cell was grafted with 20A/T Paired-end P5 / P7 primers
alongside standard primers. The standard grafting pro-
tocol as described in U.S. Patent Nos. 8,536,477,
8,715,966, and U.S. Patent Application Pub.
2008/0280773 was followed and this grafted flowcell was
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used for cluster amplification on a cBOT clonal amplifi-
cation system (Illumina Cat # SY-301-2002) using the
TruSeq cluster generation kit for Genome Analyzer (Illu-
mina) as per manufacturer’s recommended protocol.
CT418 libraries were used as template; amplified 105
cycles at 60 °C. The flowcell was stained with SYBR
Green and imaged as described in Fig 4. The plots of
number of clusters versus SYBR signal intensity showed
that using 20T-P7/20A-P5 surface primers (6A) the clus-
ter brightness increased compared to the standard sur-
face primers (6B). However, fewer clusters with higher
intensity were observed as compared to the example giv-
en in Fig 4 and 5.
[0072] Effect of Temperature on Cluster intensity:
Temperature ranges from 50° to 60 °C and amplification
cycles ranging from 25 to 45 were tested for cluster gen-
eration. The grafting of flowcell and the experiment pro-
cedure were as described above for Fig 6 except tem-
peratures of 50 and 55 °C were tested for the cluster
amplification for 35 or 45 cycles. As shown in Fig. 7, the
20T / 20A surface primers amplified at 50 °C and stained
with SYBR Green showed that 20T/20A clusters are 3-5
times brighter than those with standard surface primers
(7A). The cluster diameter remained the same for
20T/20A surface primers and standard primers (7B). The
libraries used were 1, 9 and 18pM PhiX and 1pM CT418.
The inventors found that at temperatures at or below 55
°C and 45-cycle amplification resulted in brighter clusters
using 20T/20A primers compared to standard primers.
Increasing the Bst polymerase concentration along with
increased extension times to 72sec from standard 36sec
used during bridge amplification also resulted in brighter
clusters when 20T/20A primers were used compared to
standard clusters (data not shown).
[0073] Figure 8 is a side-by-side comparison of cluster
intensity over cycle number during a standard 100 cycle
sequencing run on a GA, showing that the intensity of
20T-P7/20A-P5 primer clusters at the end of a 100 cycle
run is similar to the intensity of clusters with standard
primers at the start of the run.
[0074] Throughout this application various publica-
tions, patents and/or patent applications have been ref-
erenced.
[0075] The term comprising is intended herein to be
open-ended, including not only the recited elements, but
further encompassing any additional elements.
[0076] A number of embodiments have been de-
scribed. Nevertheless, it will be understood that various
modifications may be made. Accordingly, other embod-
iments are within the scope of the following claims.

Claims

1. A method of preparing immobilized templates for a
nucleic acid sequencing reaction comprising:

(a) providing a solid support having a forward

and reverse amplification primer immobilized
thereon;
(b) providing a target nucleic acid, wherein the
target nucleic acid comprises:

(i) a first region of known sequence comple-
mentary to the forward amplification primer;
(ii) a first template region;
(iii) a second region of known sequence
substantially identical to the reverse ampli-
fication primer, wherein the first template re-
gion is between the first region of known
sequence and the second region of known
sequence; and
(iv) a third region of known sequence com-
plementary to the forward amplification
primer, wherein the first template region and
the second region of known sequence are
between the first region of known sequence
and the third region of known sequence;

(c) applying the target nucleic acid to the solid
support under conditions suitable for hybridiza-
tion whereby the first region of known sequence
hybridizes to the forward amplification primer;
(d) extending the hybridized forward amplifica-
tion primer to generate a first immobilized tem-
plate comprising a complementary copy of the
target nucleic acid;
(e) denaturing the target nucleic acid from the
first immobilized template;
(f) hybridizing the first immobilized template to
the reverse amplification primer, whereby a
complementary copy of the second region of
known sequence hybridizes to the reverse am-
plification primer; and
(g) extending the hybridized reverse amplifica-
tion primer to generate a second immobilized
strand comprising the first template region po-
sitioned between the first region of known se-
quence and the second region of known se-
quence;
(h) denaturing the second immobilized strand
from the first immobilized template;
(i) hybridizing the second immobilized strand to
the first immobilized template, whereby the first
region of known sequence of the second immo-
bilized strand hybridizes to a complementary
copy of the third region of known sequence in
the immobilized template;
(j) extending a 3’ OH of the first region of known
sequence to generate a concatemer of the sec-
ond immobilized strand; and
(k) extending a 3’ OH of the complementary copy
of the third region of known sequence to gener-
ate a concatemer of the first immobilized tem-
plate;
wherein the method further comprises sequenc-
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ing the target nucleic acid and the sequencing
comprises:

hybridizing one or more sequencing primers
to the first immobilized template or the sec-
ond immobilized strand;
extending the sequencing primers by incor-
porating one or more labeled nucleotides
into the nascent strand; and
detecting the labeled nucleotides, thereby
obtaining sequence information about the
target nucleic acid.

2. The method of claim 1, further comprising:

(1) denaturing the concatemers and repeating
steps (i), (j) and (k) to generate further concate-
mers of each strand.

3. The method of any of claims 1 - 2, wherein the for-
ward amplification primer comprises a forward com-
plementarity region, said forward complementarity
region having complementarity to a reverse comple-
mentarity region of the reverse amplification primer.

4. The method of claim 3, wherein the forward comple-
mentarity region is positioned directly 5 ’ of a region
having complementarity to the first region of known
sequence of the target nucleic acid; and/or
wherein the reverse complementarity region is posi-
tioned directly 5’ of a region having sequence sub-
stantially identical to the second region of known se-
quence of the target nucleic acid; and/or
wherein the forward complementarity region and re-
verse complementarity region are configured such
that repeated cycles of hybridization and extension
produces a concatemer of the first immobilized
strand, each copy in the concatemer separated from
the next by sequence from the forward complemen-
tarity region and/or wherein the forward complemen-
tarity region and reverse complementarity region are
configured such that repeated cycles of hybridization
and extension produces a concatemer of the second
immobilized strand, each copy in the concatemer
separated from the next by sequence from the re-
verse complementarity region.

5. The method of any of claims 1-2, wherein said con-
catemers comprises multiple copies of said target
nucleic acid molecule of at least 2, 3, 4, 5, 6, 7, 8, 9,
10, 20, 50, 100, 200, 500, 1000, 2000, 3000, 4000,
5000, 6000, 7000, 8000, 9000 or at least 10,000 cop-
ies.

6. The method of any of claims 1-5, wherein said solid
support is planar; or wherein said solid support com-
prises microwells or beads.

7. The method of any of claims 1-6, wherein said target
nucleic acid has a length of at least 10, 20, 50, 100,
200 or at least 500 nucleotides.

8. The method of claim 1, wherein said target nucleic
acid further comprises a fourth region of known se-
quence substantially identical to the reverse ampli-
fication primer, wherein the first region of known se-
quence, the first template region and the second re-
gion of known sequence are between the third region
of known sequence and the fourth region of known
sequence.

9. The method of any of claims 1-8, wherein the forward
amplification primer comprises a non-nucleotide
chemical linker moiety positioned to prevent copying
of any nucleotides that are 5’ of the non-nucleotide
chemical linker moiety.

10. The method of any of claims 1-9, wherein the reverse
amplification primer comprises a non-nucleotide
chemical linker moiety positioned to prevent copying
of any nucleotides that are 5’ of the non-nucleotide
chemical linker moiety.

11. The method of any of claims 9-10, wherein the non-
nucleotide chemical linker moiety comprises a diol
or, wherein the non-nucleotide chemical linker moi-
ety comprises a non-nucleotide linker tethering the
primer to the solid support.

12. The method of any of claims 1-11, wherein the target
nucleic acid is prepared by amplifying with a pair of
primers configured with a binding moiety whereby
one strand of an amplification product generated us-
ing the pair of primers can be separated from the
opposite strand.

13. The method of claim 12, wherein the binding moiety
comprises biotin.

Patentansprüche

1. Ein Verfahren zum Herstellen immobilisierter Matri-
zen für eine Nukleinsäuresequenzierungsreaktion,
das Folgendes beinhaltet:

(a) Bereitstellen eines festen Trägers, der dar-
auf immobilisiert einen Vorwärts- und einen
Rückwärtsamplifikationsprimer aufweist;
(b) Bereitstellen einer Zielnukleinsäure, wobei
die Zielnukleinsäure Folgendes beinhaltet:

(i) einen ersten Bereich bekannter Se-
quenz, der zu dem Vorwärtsamplifikations-
primer komplementär ist;
(ii) einen ersten Matrizenbereich;
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(iii) einen zweiten Bereich bekannter Se-
quenz, der im Wesentlichen mit dem Rück-
wärtsamplifikationsprimer identisch ist, wo-
bei der erste Matrizenbereich zwischen
dem ersten Bereich bekannter Sequenz
und dem zweiten Bereich bekannter Se-
quenz liegt; und
(iv) einen dritten Bereich bekannter Se-
quenz, der zu dem Vorwärtsamplifikations-
primer komplementär ist, wobei der erste
Matrizenbereich und der zweite Bereich be-
kannter Sequenz zwischen dem ersten Be-
reich bekannter Sequenz und dem dritten
Bereich bekannter Sequenz liegen;

(c) Aufbringen der Zielnukleinsäure auf den fes-
ten Träger unter Bedingungen, die zur Hybridi-
sierung geeignet sind, wodurch der erste Be-
reich bekannter Sequenz an den Vorwärtsamp-
lifikationsprimer hybridisiert;
(d) Erweitern des hybridisierten Vorwärtsampli-
fikationsprimers, um eine erste immobilisierte
Matrize zu erzeugen, die eine komplementäre
Kopie der Zielnukleinsäure beinhaltet;
(e) Denaturieren der Zielnukleinsäure von der
ersten immobilisierten Matrize;
(f) Hybridisieren der ersten immobilisierten Ma-
trize an den Rückwärtsamplifikationsprimer,
wodurch eine komplementäre Kopie des zwei-
ten Bereichs bekannter Sequenz an den Rück-
wärtsamplifikationsprimer hybridisiert; und
(g) Erweitern des hybridisierten Rückwärtsamp-
lifikationsprimers, um einen zweiten immobili-
sierten Strang zu erzeugen, der den ersten Ma-
trizenbereich beinhaltet, der zwischen dem ers-
ten Bereich bekannter Sequenz und dem zwei-
ten Bereich bekannter Sequenz positioniert ist;
(h) Denaturieren des zweiten immobilisierten
Strangs von der ersten immobilisierten Matrize;
(i) Hybridisieren des zweiten immobilisierten
Strangs an die erste immobilisierte Matrize, wo-
durch der erste Bereich bekannter Sequenz des
zweiten immobilisierten Strangs an eine kom-
plementäre Kopie des dritten Bereichs bekann-
ter Sequenz in der immobilisierten Matrize hyb-
ridisiert;
(j) Erweitern eines 3’-OH des ersten Bereichs
bekannter Sequenz, um ein Konkatamer des
zweiten immobilisierten Strangs zu erzeugen;
und
(k) Erweitern eines 3’-OH der komplementären
Kopie des dritten Bereichs bekannter Sequenz,
um ein Konkatamer der ersten immobilisierten
Matrize zu erzeugen;
wobei das Verfahren ferner das Sequenzieren
der Zielnukleinsäure beinhaltet und das Se-
quenzieren Folgendes beinhaltet:

Hybridisieren eines oder mehrerer Sequen-
zierprimer an die erste immobilisierte Matri-
ze oder den zweiten immobilisierten Strang;
Erweitern der Sequenzierprimer durch das
Einbinden eines oder mehrerer markierter
Nukleotide in den naszierenden Strang; und
Detektieren der markierten Nukleotide, wo-
durch Sequenzinformationen über die Ziel-
nukleinsäure erhalten werden.

2. Verfahren gemäß Anspruch 1, das ferner Folgendes
beinhaltet:
(l) Denaturieren der Konkatamere und Wiederholen
der Schritte (i), (j) und (k), um weitere Konkatamere
jedes Strangs zu erzeugen.

3. Verfahren gemäß einem der Ansprüche 1-2, wobei
der Vorwärtsamplifikationsprimer einen Vorwärts-
komplementaritätsbereich beinhaltet, wobei der
Vorwärtskomplementaritätsbereich Komplementa-
rität zu einem Rückwärtskomplementaritätsbereich
des Rückwärtsamplifikationsprimers aufweist.

4. Verfahren gemäß Anspruch 3, wobei der Vorwärts-
komplementaritätsbereich direkt 5’ eines Bereichs
mit Komplementarität zu dem ersten Bereich be-
kannter Sequenz der Zielnukleinsäure positioniert
ist; und/oder
wobei der Rückwärtskomplementaritätsbereich di-
rekt 5’ eines Bereichs mit einer Sequenz, die im We-
sentlichen zu dem zweiten Bereich bekannter Se-
quenz der Zielnukleinsäure identisch ist, positioniert
ist; und/oder
wobei der Vorwärtskomplementaritätsbereich und
der Rückwärtskomplementaritätsbereich so konfi-
guriert sind, dass wiederholte Zyklen von Hybridisie-
rung und Erweiterung ein Konkatamer des ersten
immobilisierten Strangs erzeugen, wobei jede Kopie
in dem Konkatamer von der nächsten durch die Se-
quenz von dem Vorwärtskomplementaritätsbereich
getrennt ist und/oder wobei der Vorwärtskomple-
mentaritätsbereich und der Rückwärtskomplemen-
taritätsbereich so konfiguriert sind, dass wiederholte
Zyklen von Hybridisierung und Erweiterung ein Kon-
katamer des zweiten immobilisierten Strangs produ-
zieren, wobei jede Kopie in dem Konkatamer von
der nächsten durch die Sequenz von dem Rück-
wärtskomplementaritätsbereich getrennt ist.

5. Verfahren gemäß einem der Ansprüche 1-2, wobei
die Konkatamere mehrere Kopien des Zielnuklein-
säuremoleküls von mindestens 2, 3, 4, 5, 6, 7, 8, 9,
10, 20, 50, 100, 200, 500, 1000, 2000, 3000, 4000,
5000, 6000, 7000, 8000, 9000 oder mindestens 10
000 Kopien beinhalten.

6. Verfahren gemäß einem der Ansprüche 1-5, wobei
der feste Träger eben ist; oder wobei der feste Träger
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Mikronäpfchen oder Perlen beinhaltet.

7. Verfahren gemäß einem der Ansprüche 1-6, wobei
die Zielnukleinsäure eine Länge von mindestens 10,
20, 50, 100, 200 oder mindestens 500 Nukleotiden
aufweist.

8. Verfahren gemäß Anspruch 1, wobei die Zielnukle-
insäure ferner einen vierten Bereich bekannter Se-
quenz beinhaltet, der im Wesentlichen mit dem
Rückwärtsamplifikationsprimer identisch ist, wobei
sich der erste Bereich bekannter Sequenz, der erste
Matrizenbereich und der zweite Bereich bekannter
Sequenz zwischen dem dritten Bereich bekannter
Sequenz und dem vierten Bereich bekannter Se-
quenz befinden.

9. Verfahren gemäß einem der Ansprüche 1-8, wobei
der Vorwärtsamplifikationsprimer einen chemischen
Nicht-Nukleotid-Linkerteil beinhaltet, der positioniert
ist, um das Kopieren jeglicher Nukleotide, die 5’ des
chemischen Nicht-Nukleotid-Linkerteils sind, zu ver-
hindern.

10. Verfahren gemäß einem der Ansprüche 1-9, wobei
der Rückwärtsamplifikationsprimer einen chemi-
schen Nicht-Nukleotid-Linkerteil beinhaltet, der po-
sitioniert ist, um das Kopieren jeglicher Nukleotide,
die 5’ des chemischen Nicht-Nukleotid-Linkerteils
sind, zu verhindern.

11. Verfahren gemäß einem der Ansprüche 9-10, wobei
der chemische Nicht-Nukleotid-Linkerteil ein Diol be-
inhaltet oder wobei der chemische Nicht-Nukleotid-
Linkerteil einen Nicht-Nukleotid-Linker beinhaltet,
der den Primer an den festen Träger anbindet.

12. Verfahren gemäß einem der Ansprüche 1-11, wobei
die Zielnukleinsäure durch Amplifizieren mit einem
Paar Primern, die mit einem bindenden Teil konfigu-
riert sind, hergestellt wird, wodurch ein Strang eines
Amplifikationsprodukts, das unter Verwendung des
Paars Primer erzeugt wird, von dem gegenüberlie-
genden Strang getrennt werden kann.

13. Verfahren gemäß Anspruch 12, wobei der bindende
Teil Biotin beinhaltet.

Revendications

1. Un procédé de préparation de matrices immobili-
sées pour une réaction de séquençage d’acide nu-
cléique comprenant :

(a) la mise à disposition d’un support solide
ayant une amorce d’amplification sens et une
amorce d’amplification antisens immobilisées

sur celui-ci ;
(b) la mise à disposition d’un acide nucléique
cible, l’acide nucléique cible comprenant :

(i) une première région de séquence con-
nue complémentaire à l’amorce d’amplifica-
tion sens ;
(ii) une première région de matrice ;
(iii) une deuxième région de séquence con-
nue substantiellement identique à l’amorce
d’amplification antisens, la première région
de matrice étant entre la première région de
séquence connue et la deuxième région de
séquence connue ; et
(iv) une troisième région de séquence con-
nue complémentaire à l’amorce d’amplifica-
tion sens, la première région de matrice et
la deuxième région de séquence connue
étant entre la première région de séquence
connue et la troisième région de séquence
connue ;

(c) l’application de l’acide nucléique cible sur le
support solide dans des conditions convenant
pour l’hybridation grâce à quoi la première ré-
gion de séquence connue s’hybride à l’amorce
d’amplification sens ;
(d) l’extension de l’amorce d’amplification sens
hybridée afin de générer une première matrice
immobilisée comprenant une copie complé-
mentaire de l’acide nucléique cible ;
(e) la dénaturation de l’acide nucléique cible de
la première matrice immobilisée ;
(f) l’hybridation de la première matrice immobi-
lisée à l’amorce d’amplification antisens, grâce
à quoi une copie complémentaire de la deuxiè-
me région de séquence connue s’hybride à
l’amorce d’amplification antisens ; et
(g) l’extension de l’amorce d’amplification anti-
sens hybridée afin de générer un deuxième brin
immobilisé comprenant la première région de
matrice positionnée entre la première région de
séquence connue et la deuxième région de sé-
quence connue ;
(h) la dénaturation du deuxième brin immobilisé
de la première matrice immobilisée ;
(i) l’hybridation du deuxième brin immobilisé à
la première matrice immobilisée, grâce à quoi
la première région de séquence connue du
deuxième brin immobilisé s’hybride à une copie
complémentaire de la troisième région de sé-
quence connue dans la matrice immobilisée ;
(j) l’extension d’un 3’ OH de la première région
de séquence connue afin de générer un conca-
témère du deuxième brin immobilisé ; et
(k) l’extension d’un 3’ OH de la copie complé-
mentaire de la troisième région de séquence
connue afin de générer un concatémère de la
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première matrice immobilisée ;
le procédé comprenant en sus le séquençage
de l’acide nucléique cible et le séquençage
comprenant :

l’hybridation d’une ou de plusieurs amorces
de séquençage à la première matrice im-
mobilisée ou au deuxième brin immobilisé ;
l’extension des amorces de séquençage
par incorporation d’un ou de plusieurs nu-
cléotides marqués dans le brin naissant ; et
la détection des nucléotides marqués, ob-
tenant de ce fait des informations de sé-
quence à propos de l’acide nucléique cible.

2. Le procédé de la revendication 1, comprenant en
sus :
(l) la dénaturation des concatémères et la répétition
des étapes (i), (j) et (k) afin de générer des conca-
témères supplémentaires de chaque brin.

3. Le procédé de n’importe lesquelles des revendica-
tions 1 à 2, dans lequel l’amorce d’amplification sens
comprend une région de complémentarité sens, la-
dite région de complémentarité sens ayant une com-
plémentarité avec une région de complémentarité
antisens de l’amorce d’amplification antisens.

4. Le procédé de la revendication 3, dans lequel la ré-
gion de complémentarité sens est positionnée direc-
tement en 5’ d’une région ayant une complémenta-
rité avec la première région de séquence connue de
l’acide nucléique cible ; et/ou dans lequel la région
de complémentarité antisens est positionnée direc-
tement en 5’ d’une région ayant une séquence subs-
tantiellement identique à la deuxième région de sé-
quence connue de l’acide nucléique cible ; et/ou
dans lequel la région de complémentarité sens et la
région de complémentarité antisens sont configu-
rées de sorte que des cycles répétés d’hybridation
et d’extension produisent un concatémère du pre-
mier brin immobilisé, chaque copie dans le conca-
témère étant séparée de la prochaine par séquence
de la région de complémentarité sens et/ou dans
lequel la région de complémentarité sens et la région
de complémentarité antisens sont configurées de
sorte que des cycles répétés d’hybridation et d’ex-
tension produisent un concatémère du deuxième
brin immobilisé, chaque copie dans le concatémère
étant séparée de la prochaine par séquence de la
région de complémentarité antisens.

5. Le procédé de n’importe lesquelles des revendica-
tions 1 à 2, dans lequel lesdits concatémères com-
prennent de multiples copies de ladite molécule
d’acide nucléique cible d’au moins 2, 3, 4, 5, 6, 7, 8,
9, 10, 20, 50, 100, 200, 500, 1 000, 2 000, 3 000, 4
000, 5 000, 6 000, 7 000, 8 000, 9 000 ou au moins

10 000 copies.

6. Le procédé de n’importe lesquelles des revendica-
tions 1 à 5, dans lequel ledit support solide est plan ;
ou dans lequel ledit support solide comprend des
micropuits ou des billes.

7. Le procédé de n’importe lesquelles des revendica-
tions 1 à 6, dans lequel ledit acide nucléique cible a
une longueur d’au moins 10, 20, 50, 100, 200 ou au
moins 500 nucléotides.

8. Le procédé de la revendication 1, dans lequel ledit
acide nucléique cible comprend en sus une quatriè-
me région de séquence connue substantiellement
identique à l’amorce d’amplification antisens, dans
lequel la première région de séquence connue, la
première région de matrice et la deuxième région de
séquence connue sont entre la troisième région de
séquence connue et la quatrième région de séquen-
ce connue.

9. Le procédé de n’importe lesquelles des revendica-
tions 1 à 8, dans lequel l’amorce d’amplification sens
comprend une partie-lieur chimique non nucléotidi-
que positionnée afin d’empêcher la copie de tous
nucléotides qui sont en 5’ de la partie-lieur chimique
non nucléotidique.

10. Le procédé de n’importe lesquelles des revendica-
tions 1 à 9, dans lequel l’amorce d’amplification an-
tisens comprend une partie-lieur chimique non nu-
cléotidique positionnée afin d’empêcher la copie de
tous nucléotides qui sont en 5’ de la partie-lieur chi-
mique non nucléotidique.

11. Le procédé de n’importe lesquelles des revendica-
tions 9 à 10, dans lequel la partie-lieur chimique non
nucléotidique comprend un diol ou, dans lequel la
partie-lieur chimique non nucléotidique comprend un
lieur non nucléotidique ancrant l’amorce au support
solide.

12. Le procédé de n’importe lesquelles des revendica-
tions 1 à 11, dans lequel l’acide nucléique cible est
préparé par amplification avec une paire d’amorces
configurées avec une partie de liaison grâce à quoi
un brin d’un produit d’amplification généré à l’aide
de la paire d’amorces peut être séparé du brin op-
posé.

13. Le procédé de la revendication 12, dans lequel la
partie de liaison comprend la biotine.
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