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more important to improve consequently the throughput of the sequencing methods.

The basic objective of such applications is the determination of the sequence of the
four bases adenine (A), cytosine (C), guanine (G) and thymine (T) or uracil (U)
comprised in the nucleic acids of interest, and belonging to a cell type, to an organism,
25 or to a population of individuals. Most of the nucleic acid sequencing methods
(reviewed in Yan H et al., Science 2000, 289 (5486):1890-2) allows the determination
of a nucleic acid sequence, either directly (using primer-driven nucleotide extension or
hybridization technologies) or indirectly (by electrophoretic and/or cleavage analysis).
However, the scientific and economic value of any application dedicated to nucleic acid
30  sequence analysis is highly dependent from the actual throughput of the method.

The efforts necessary to obtain an isolated nucleic acids in a quantity and of a
quality acceptable to have reliable results constitute one of the main issues to be
considered when evaluating the throughput of a sequencing method. The original
sample containing the nucleic acid to be sequenced often does not provide enough
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f) Provoking the separation of the resulting two stranded nucleic acid (one strand
belonging to the original template, the other containing the primer fused to the
sequence complementary to the region of the template where the nucleotide

25 extension was possible), so that each strand can become the template for
another hybridization and polymerization.

Usually, a second primer is also added into the amplification reaction to start
the polymerization by hybridizing it to a portion of newly synthetized strand adjacent, or
internal, as well to the sequence of interest. If two primers, each specific for one

30 complementary strand, are used, the repetition of these cycles allows the synthesis of
multiple copies of both strands of the template sequence comprised between the
sequences used to hybridize the primers. Alternatively, if only one primer is provided,
multiple copies of a single strand are produced.
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b) Hybridization (35°C-80°C for 30-90 seconds). Complementary sequence
contained in the primers and in the template molecules can hybridize once that

25 the temperature is lowered. This temperature, which has to be attentively
controlled to avoid the hybridization of molecule having only limited homology,
is calculated on a case-by-case basis since it is a function of both the length
and the C/G content of the nucleic acid sequence into primer and template
complementary regions.

30 c) Elongation (60°C-85°C for 60-180 seconds). It is the only step actually
producing new nucleic acid molecules. The temperature at which elongation is
performed is a function of the chosen polymerase and, apart from few
exceptions, it does not correspond to the hybridization temperature. Usually the

elongation of the newly synthetized strand is completed by the commonly used
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The Strand Diplacement Amplification (SDA) is an isothermal nucleic acid
amplification and detection method which makes use of a polymerase in conjunction

25 with an endonuclease that will cut only the polymerized strand such that the
polymerase will displace such strand while generating a newly polymerized strand (EP
497272; Walker GT, PCR Methods Appl 1993, 3 (1):1-6). This technique, based on the
repetition of the single strand nicking, extending and displacing steps, has been
variously adapted (WO 96/23904; Westin L et al., Nat Biotechnol 2000, 18(2):199-204),

30  but such approach has a limited applicability. An endonuclease must be added
together with the polymerase, and therefore the range of allowed temperatures at
which the whole process can be performed is restricted to the one maintaining the
activity of both enzymes. In the case of endonucleases, such range (usually 25°C-
50°C) is usually too low to avoid non-specific hybridization of the primers to the



50C) is usually too low to avoid non-specific hybridization of the priners
to the WO 02/ 46456 PCT/ EPO1/ 14369 5 tenplate, |eading to a considerable
proporti owoof/4qe@ct i ons whi ch are nonproductive or gener BCEEROIARESH ed
products. Mdreover, the nucleic acidsSacting as priners and/or tenplates
may have to be additionally nodified, since it is mandatory that the

endonucl et AehEREE b b AldSab d?ap%ra& BereBORARIHiEPHEIA o RITRHAL & T el on

to be 5 anmplif has ‘al wa present into 't priner
sequencegeﬂqﬁ@eﬂmdqslﬁgd Gr‘PQHCES AdgrePYSTC OWQ'R@)&)dﬁ 3ctingt ez WAMgFe aRdlkl ng use
of a DNAtenRffht¥Bhap hafbORD Pl aad.ﬁérrawlrﬁsa.ﬁ@& ghb@qw&'rﬁa&dagﬁwhamﬁeunder

isothermal conditions wth either |1 near or geonetric
gener at | ARdanyplgelris recagoltioncels b3s d@ henabsenarers| e ulempiaie ZagiPn ftp ke a

conseguegﬁlghf% @hﬂé’ﬁ%@élm&@r&&&ﬁé‘ Fé‘sen%ttnﬁt%rtﬂe Eaﬁm@k §&51L%?|€ém”t events (Walter
NG and Strunk G Proc Ci 7937-41; WD

94/ 03624) . Al $be iRelling @Ir@igﬂnpl@v@m RQMeISt%mmi%gymﬁ@@g wserphvaPNus| y
adapt edl géfl?ngrysé %&%at.h S FNEed ﬁ%dﬁ%@ﬁ@@b%ey %n@éf rsot@errﬁau%bﬁﬂuﬁ&wol

1999, suc techni ques have several limtations
i nst anceWIth w@h%rslé\e@f or @p@@etr@rklrzeé@s n¥cdegenasatingnigndemlyplinked copien obfthe he

anpl i fi eéNmolne&éeLﬁ’é temanﬁfﬁfySlaegbecé%eaaéﬁée' 2 QU&orﬁaefa Sterf SofObirimy ecul es

contai ning a variable nunb i es orig sequences, tandenly

| i nké® tdlsela@wmtwentsd/v?éter N@cﬂ‘ﬂﬁ W(ﬁa@r@cw@ﬁmw&éﬂwaﬂ 9bI({®: t he
pr obl em ybgughw@Noa/b 5621 "REb a4 ﬁn%ﬁ&eewt&hé qeéﬁhorbg 'h%etdé%ﬁ% iously

nultlenzyne reaction conta|n|n yner ase bonucl ease "and a

reverse et (Y&t 246919 bikmBﬁl‘b GHM@QQWPGSS@QW WQBIPMWZ% 1988bi noga M
and Cehl gpq f"ﬁ—@geéudﬁ te%Hﬁlqt]e@hQG@%@é@ﬁﬁ’mﬂat%%é I(k% A mgéﬁcg’lahe u§e 'o§

evi dent that several ro 'ens can be encount er ed u5|n ese
rel ated BHWarized trn@ee%s @nenipe quedustian iohriheupmrlifed H@Olé@ﬂﬁﬁ agl ag smglerl ndi ng

the jgondhdtieduttR dREAcSIF mdcufBIRaRhS é/voéﬂfaa}@rnﬁ%u ¥f ich .é@%f rtr?é‘c“ on
at the sane time, nmaintaining the specificity and the speedp

anpl i fi cQEIIRR sprvRNses, tapdemly dnked torgaeh aHSr f i cat | on t echnol ogi es ar e

instrunmental pehdrh@chnghess inavefpabRr develdiRbl tcARBNBT thef pralehPitfroagh Ghn .
sequences, the through&ﬁt B)(()J dnucI ei c aci d sequencing nethods 1S |inked not
1

onl'y to ingmediaie ANAR sl 3t sgtherepleineu Eﬁﬂzdg‘el ieagiPra ANIARINGAT f i ci ent

to be pr Rmsgggmaf&eolat AbshucRlabaing 4 néwrg@ttaaﬂacnd%ge aveo ol B4i4te Wo
qui ckl dwth limted human

possi bi | i t/é Q\/B& ocess several sanpl es

i nt ePYenP?BREOADYP BF/0¢1:5; ﬁ?%ﬁ’@t'\”@ﬂ%@éh'ﬁﬁ?q eiré: &Y |d Bieshergei¥SPat ed
using t eQ@@pﬂ Qﬁ|2§§~61b ik dflentirReE&RPA Yresiéms caW‘bbCéhcaurﬂen‘é!drﬁé%bstﬁé@% | abour
i ntensive, fflcu(ﬁ%to automate, and require relativel | a devi ces.

Nbr eover Metad 1 brth g fher rapidy RN degragalian 3nekto; th%lP‘?fT‘B'@é'Fy (ﬁrf'Bé'BS $hehg

conditions to make all the components work correctly in the reaction at the same time,
maintaining the specificity and the speed of the amplification process.

25 Even if the amplification technologies are instrumental in the analysis of very
small amount of nucleic acid sequences, the throughput of nucleic acid sequencing
methods is linked not only to the availability of isolated nucleic acids in an amount
sufficient to be processed and obtain reliable information, but also to the possibility to
process several samples quickly and with limited human intervention. Most of the

30  genetic information is still now generated using technologies, like gel electrophoresis,
which are cumbersome, labour intensive, difficult to automate, and require relatively
large devices. Moreover, such methods generally allow only the individual processing

of each nucleic acid entity to be sequenced. Therefore, many technologies were
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liquid phase in a range of temperature (58°C-74°C) allowing, in a very random and

uncontrolied way, an equilibrium between single/double stranded forms, as well as a
single base extension (Dubiley S et al., Nucleic Acids Res 1999, 27(18): e19).

25 The main disadvantage of these technologies is that, for each application, a
DNA chip has to be designed and manufactured first, an operation still quite lengthy,
complex, and.expensive, and therefore it can be afforded only when very large
numbers of the chip are required. Moreover, the chips can be often used only for
hybridization and/or single base elongation, are not reusable, and for each chip only

30 one sample of nucleic acids can be processed at each time (Cheung VG et al., Nat
Genet. 1999, 21(1 Supp!):15-9; Bowtell DD, Nat Genet. 1999, 21(1 Suppl): 25-32).

Other technologies were recently developed at the scope to solve, at least
partially, the problems related to the amplification and the sequencing throughput by
coupling the two processes more effectively.
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an number of copies of the target sequence attached to the surface.

The amplification technique disclosed in this document is generally called as
25  "Bridge Amplification" since, after the first cycle when the template is in solution, both
template and primer molecules are immobilized on the support through their 5’ end,

forming therefore a typical bridge-like structure when they hybridize.
Since this amplification process allows the immobilization only of the target
nucleic acid, the monitoring of the support allows a generically qualitative evaluation of
30 the presence or absence of a specific target sequence predefined by the operator
when designing the primers. The Bridge Amplification can be used, therefore, as an
high throughput sequence analysis method if different sets of first and second primers
are arrayed on different regions of the solid support, and if it is not desired a base-by-
base analysis of the target sequence. Moreover, such technology can provide a



hi gh t hroughput sequence analysis nethod if different sets of first and
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solid support, as well as the stability of the nucleic acids binding with the surface.

25 However, none of the isothermal amplification systems disclosed in the prior art
achieves, at the same time, the density of different template molecules, which can be
amplified and analyzed simultaneously, and the self-sufficiency characterizing the
Bridge Amplification technology.

It would be therefore advantageous to devise a method where the primer

30  hybridization, strand elongation and strand separation happen in a continuous fashion,
at constant temperature, applying the principles of Bridge Amplification. Actually, the
more critical point is to obtain the strand separation, since only the temperature or the
use of complex and specific techniques have been disclosed in the prior art to solve the
problem. WO 97/47767 (Sarnoff Corp.) suggested the use of chemical or electrostatic
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20  Figure 1:schematic description of the mechanism underlying the isothermal

amplification on solid supports. Letters and numbers refer to actions and
components defined in the description of the invention.

Figure 2: sequence of the template T1 plasmid insert. The sequences used to hybridize
the different primers and amplify the specific templates tested in the

25 examples are underlined. The primer name and direction of the extension
are indicated in the upper line.

Figure 3: screen copies of the digital inverted images of fluorescently stained, solid-
support isothermally amplified nucleic acids, observed with an
epifluorescence microscope equipped with a CCD camera. The scale of the

30 images is shown on the top left of the figure.

Figure 4: log-log plot of the density of DNA colony observed at the bottom of
PicoGreen™ stained wells after isothermal amplification when different
concentrations of template have been immaobilized. Each point is an average

of 3 observations. The slope of the line is one.



PicoG eenTM stained wells after isothermal anplification when different
concentrations of tenplate have been i mobilized. Each point is an average
of 3 obsavoari@ans. The slope of the |ine is one. WO 02/ 46E6HEPGT4BB0L/ 14369
10 Figure 5: variation of total fluorilescence obtained when tenpl ates of
different length are anplified isothermally. The sanme arbitrary unit is
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20 Figure 8: average of 2 counting experiments showing the amount of *P-dCTP
incorporated using isothermal amplification using different enzymes:
Dynazyme (Dyn.), Pfu polymerase (Pfu), Taq polymerase (Taq), Venf™
(Vent).
Figure 9: variation of the amount of fluorescence obtained by performing the isothermal
25 amplification using different temperatures (A) or DMSO percentages (B)
using templates of various length. Each curve has been normalized relative
to its highest value.
Figure 10: digitalized image of an agarose gel which has been run 30 minutes at an
electric field of 10V/cm and which has been loaded with the PCR products
30 obtained using different starting materials. Lane 1 and 8 is a 100bp DNA
ladder (Superladder low, Gensura), with relevant base numbers indicated on
the left. The PCR starting material was 0.1 nanograms of T386 (lane 2), no
starting material (lane 3), an aliquot of the wells where T386 was (lane 4 and
6) or not (lanes 5 and 7) immobilized, and the isothermal amplification was
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25  (reviewed in Strick TR et al., Annu Rev Biophys Biomol Struct. 2000, 29, 523-43.).

Such single / double stranded nucleic acid transitions have been also shown as natural

and not controlled phenomena when a double stranded molecule is exposed to

temperatures near to the denaturating temperature (Dubiley S et al., Nucleic Acids

Res. 1999, 27(18): e19). However, it has never been demonstrated that such

30 phenomena can be induced and usefully exploited if both 5 ends of (partially or

completely) double stranded DNA molecules are simultaneously immobilized on a solid

support. Moreover, none of them, as well as none of the document describing Bridge

Amplification related technologies, suggested that such energy can be willingly induced

to avoid thermocycling when performing Bridge Amplification.
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moment, the portion more weakly associated, and therefore more easily absorbing
25 such stress, is the 3' end of the template molecule, distal to the progressing nucleic
acid polymerase, which can become single stranded. The curvature-induced stress is
consequently reduced and the polymerase can proceed further until the stress is again
too strong to be absorbed. While this process is ongoing, therefore, the double
stranded nucleic acid molecules is progressively "unzipped", leaving a 3' end available
30 for hybridizing with another primer (4) and a second DNA polymerase molecule can
initiate a second copy of the template (5). This process may take place even as a base
by base process. The mechanical stress activated strand opening over 1~2 base(s) at
the 3' end of the template could be concomitant with 1~2 base(s) incorporation by the
polymerase at the 3' end of the neo-synthesized strand (Figure 1C).
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i denti Camse&iﬁpmrweéhp isothermal amplification of a template molecule into newly synthettzed
molecules, all immobilized in a discrete area of a solid surface.

The improvement to the Bridge Amplification method disclosed in the present

25  patent application allow the exponential production of complementary sequences

having mixed single / double stranded configurations in a discrete area of a solid

support, as for the DNA colonies disclosed in WO 98/44151 and WO 00/18957 but

isothermally and in a continuous manner. When the quantity of identical amplified

molecules is considered as sufficient, sequencing and other analytical methods

30 described in those patent applications can be equally applied on the DNA colonies

generated isothermally either on the support itself, or on molecules released from DNA
colonies into solution by methods disclosed in the prior art. ‘

The continuity of the amplification process disclosed in the present invention,

coupled with the isothermal conditions, provides evident advantages towards prior art
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solid supportamg@) bhata ddne S§ppd,=,gds of both the nucleic acid tenplate(s) and
b) forming one or more colony primers X, which can hybridize either to the
oligonucleotide sequence Z or to the oligonucleotide sequence Y and carries, at
the 5' end, the means for immobilizing said colony primers to a solid support;

25 ¢) mixing said nucleic acid template(s) and colony primers together with a solution
allowing their immobilization by the 5’ end on a solid support in the presence of
said solid support, so that the 5' ends of both the nucleic acid template(s) and
the colony primers are bound to said solid support;

d) applying an amplification solution, containing atleast a nucleic acid polymerase

30 and nucleotide precursors, to said solid support to generate and immobilize
isothermally nucleic acids having sequence identical or complementary to the
sequence of the immobilized nucleic acid template(s).
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present imeaoinghthat eayt devietes Bomwi ihgl ©mperature, initially chosen to perform the
method with a specific nucleic acid polymerase, is in the range of the deviation of a
commercial thermostat.
"Solid support" as used herein refers to any solid surface to which nucleic acids
can be attached, such as for example latex beads, dextran beads, polystyrene
25  surfaces, polypropylene surfaces, polyacrylamide gel, gold surfaces, glass surfaces
and silicon wafers. Preferably the solid support is a glass or a polystyrene surface.
"Nucleic acid template" as used herein refers to an entity comprising the nucleic
acid (DNA or RNA) to be amplified, and it is present into the reaction as a single, a
double, or mixed single-double stranded nucleic acid. The nucleotides making up the
30 nucleic acid templates may be naturally occurring or non-naturally occurring
nucleotides.
"Colony primer" as used herein refers to an entity which comprises an

oligonucleotide primer which can be immobilized onto a solid surface using its 5’ end,
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non- nat uved by4@scurring nucl eotides. "Colony prinmer" as BePHPHieredN refers
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i mobi |ized onto a solid surface using its 5 end, WO 02/46456
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to be fuphbB®naPrefctiesed before being used in nethods of he invention using

st andard geneti c engi neering techniques, as summarized in WO 00/ 18957, i n
Nucleic acids which may be amplified according to the methods of the invention

include DNA, for example, genomic DNA, complkementary DNA, recombinant DNA or
any form of synthetic or modified DNA. Their length may vary amongst template
molecules simultaneously immobilized on the same solid support, and they may be
fragments or smaller parts of larger nucleic acid molecules having a known or unknown
25 sequence. The nucleic acids to be amplified may be derived from any source (e.g.,
genomic DNA fragments obtained by limited restriction enzyme digestion). However,
they may need to be further processed before being used in methods of he invention
using standard genetic engineering techniques, as summarized in WO 00/18957, in
particular to add the Y and Z sequence necessary to hybridize with colony primers. In
30 the case of mMRNA, the isolated mRNA can be transformed into cDNA by the use of a
reverse transcriptase and, eventually, into double stranded DNA before being adapted

for the methods of the invention.
Alternatively, whenever the template is a natural, synthetic, or modified RNA
molecule, it can be directly amplified by the method of the invention using specific
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stranded DNA before being adapted faf the nethods of the invention.
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Once a nucleic acid template has been prepared, it may be amplified before
being used in the methods of the present invention. Such amplification may be carried ‘
out using methods well known and documented in the art, for example by inserting the
25 template nucleic acid into an expression vector and amplifying it in a suitable biological
host, or amplifying it by PCR. However, this amplification step is not essential, as the
method of the invention allows multiple copies of the nucleic acid template to be
produced in a nucleic acid colony generated from a single copy of the nucleic acid
template, and it can be performed just to introduce the 5 chemically maodified
30  immobilizing group, as shown in the examples.
Eventually, the nucleic acid template can be immobilized on the solid support as
a double stranded molecule, but it can be made into a single stranded form using
methods which are well known and documented in the art, for example by heating to

approximately 94°C and quickly cooling to 0°C on ice or rinsing in 0.1~0.5 M NaOH.
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prinmers equi pr esen
stranded), 'control' DNA sequences which direct protein/DNA interactions, such as a

promoter, an enhancer, a replication origin, or an operator DNA sequence which are
recognized by specific DNA-binding proteins.

25 The colony primers of the present invention may also include degenerate primer
sequences. Such degenerate primers thus do not require the presence of
oligonucleotide sequences Y or Z in the nucleic acid template(s) for hybridization to the
template to occur, although the use of degenerate primers to hybridise to a template
containing the oligonucleotide sequences X or Y is not excluded. However, for use in

30 the amplification methods of the present invention, the degenerate primers must
hybridise to nucleic acid sequences in the template at sites located on both sides, or
flanking, the nucleic acid sequence which is to be amplified.

The 5' end of the nucleic acid template and primers prepared as described
above is modified to carry the means of immobilizing the 5' ends of both the nucleic
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the sulfo (water-soluble) corresponding compounds. Most preferably, the nucleic acid
templates and primers are modified with thiol, phosphate or amino group at the 5' end
25  modification and immobilized using an immobilization solution containing 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (EDC) as crosslinking agent.
Although the solid support may be any solid surface to which nucleic acids can
be immobilized, such as for example latex or dexiran beads, polystyrene surfaces,
polypropylene surfaces, polyacrylamide gel, gold surfaces, glass surfaces and silicon
30 wafers, preferably the solid support is rigid enough to be not affected by the force
deployed during the elongation and allowing a covalent attachment of the nucleic acid
through functionalization using mono- or bifunctional crosslinking reagents, as
described before and in WO 00/18957. Once hoth the nucleic acid templates and

colony primers of the invention have been synthesized, or purified from a sample, and
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25  enough number of amplified sequences.

The isothermal amplification disclosed in the present patent application can be
performed using a DNA- or a RNA-dependent DNA polymerase, plus a supply of
nucleoside triphosphate molecules or any other nucleotide precursors, for example
modified nucleoside triphosphate molecules.

30 Examples of nucleic acid polymerases which can be used in the present
invention are DNA polymerase (Klenow fragment, T4 DNA polymerase), thermostable
DNA polymerases (Perler F. B. et al., Adv.Protein Chem. 1996, 48:377-435)identified
and cloned in a variety of thermostable bacteria (such as Taq, VENT, Pfu, Tfl DNA
polymerases) as well as their genetically modified derivatives (TaqGold, VENTexo, Pfu
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polymerase. The concentration of compounds like dimethyl sulfoxide (DMSQ), Bovine
Serum Albumin (BSA), Triton X-100, or MgClz is well known in the prior art as being
important to have an optimal amplification, and therefore the operator can easily adjust

25 such concentrations for the methods of the present invention on the basis of the
examples presented hereafter. A

The multiple copies of the nucleic acid strands making up the colonies are

generally immobilized on a solid support and may be in a single, double, or mixed

single-double stranded configurations, all simultaneously represented in the population

30 of amplified molecules belonging to a singie DNA colony. Therefore, if it is necessary

for a method to have all the nucleic acid molecules to be analyzed and / or sequenced

in specific configuration (either completely or in a segment of interest), further

treatments can be applied to the isothermally amplified products to have all (or at least

most) of them in such state. For example, temperature-, chemical-, or electric charge-
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distinct from the one(s) used for the isothermal ampilification can be used for specific
25  analytical methods and hybridized to the amplification products into the liquid phase,
accordingly to the optimal hybridization conditions which can be easily determined
empirically for each nucleic acid sequence using methods well known in the prior art.
Colony visualisation or the sequence determination methods which can be used
on DNA colonies have been described in WO 00/18957. A non-comprehensive list of
30 such methods comprises the hybridization with labeled oligonucleotides, the
incorporation of labeled nucleotides, the re-amplification using specific probes, the use
of DNA binding dyes, the digestion with sequence- or structure-specific endonucleases,
and the use of other DNA modifying enzymes (such as ligases, methylases,
exonucleases) and other DNA binding proteins.



rel eased from such support into the |liquid phase. Optionally, nucleic acid
nol ecul es, distinct fromthe one(s) used for the isothermal anplification
can be usedot/esepeci fic 25 anal ytical nethods and hybri dPerdPtiol4séve
anplification products into the |iqui2d phase, accordingly to the optinmal
hybri di zati on conditions which can be easily determned enpirically for

h | ei i d i t hqd L)l Kk in t ' :
Col ony vi sual T CeBRT0 AN HedcuifarBl Aeter Rrhat Tl selhohd fiddh 2, ve
used oncditfes chorbecsalcalatedbaeinr de tioz isbeukerice &N, 1180 bging Aluorescence
- h i | i,st 30 h. neth ' he h i di ' ith
"abel ed STPOBRUEFLGHT o8 kondn AER, (B 47t 3B PPk aETabien aty Sl Bl U1
Ei e-anpl i htecr@alitmg dge nguchpess fetridipmo besnidé k@ff EﬂmGreénTbNMcﬂédmtﬁr nl@rotliyssa,;sh t he
i gestiop wt uence- or .str re-spe i,Cc_e ; e use
of got er EW%{}%’S? 9/5 ﬂﬁereﬂ}eywéag d(‘@,l%tﬁm ni ﬁ‘“.gg“ggeé? Ufig{éﬁ‘ﬂl\z@ggﬁar %r)%@%ﬂt| eases)
and ot heto Bisiy Ithenddatigerpraty einmdified\VdoBle4SibtieBCTHbEROES 1idBtdhiliz23 drhé¢hedensity
d the di i f the isoth |l t ed. | e ' '
be.cal cur e, oy pBrorvs tenacaiChERelen G otk emDbEsforerlstreiienie ” °"
det ect i oshowet irodigurenl |Anyndsvice alidving nbe detedtibe and the-quaetitatignl of tene nay
(Nl coul 3PPranETe Eoeh tS e fharBSesfte bh ARadipl. B oA B HT RN hod, as
U i sys TMiétbimhinatidnaias Ruatres)zed it VE t08I 1896 NeAlies natives rtalal piceosobpd ardwelbubl e
t ded I | [ il he . f d ob th 't of
<t ai i ng vt 17 R o TG FerchEel 5 B s B e Shown T figure 3. Any
devi ce al | ow Tige fulieorchetriéal tsequeraes of bee quarte hatieioracti(s)tdee beagrerapnedt e
1o det or B ARSI IS TIEEF PGR Bhodioal ihePitel el S ehimes auence
m cr oscopesantdn welré thanms DA tchienpeSuchfadditibpalfstep(exeamtiecpaxfsmeshon tge devi ce.
The full : tial < j '
dot et PR sl AFEK RO b ot Sl ot 6L 86 RBE Bl Y e ¢ e
nucl ei ¢ accleic tamihlstrbeds bpioegiagt toi onenor endraaof theeDDNAcdohienyPrefualbly a

addi ti 0nﬁ*U{aﬁiéfe@(&%ﬁg&%Squ%}gﬁiﬁéﬁiﬂ"uﬂ%é@%l 15 anplified nucleic acids

either o suppor or arter releasing one or both nucleic
aci d strands belmanigulay, t whensyeordirest dabdlinghef DiNe cotpificadion Prasiuet, abty a

pluralit equ S LS fAeterm Si aneo, . 1.C r
\/\heneverg%clmegglﬁ 8@@@% %‘Bﬁ’ 8&%‘%@%@%‘%% ?Sglg%’ %Igérgfpérji ueé?d, mgpégé%quéﬁc?eng of
t he aompl inftiodatedointopthedaropljficatiord egluticendaften thatbibe edaction| rrocéatied canugie to 20

i nt roduc I I £ cati l.ut i . hat. i

pr oceedeggtg#c}%%ﬁttetg ?@g?é@[]felgSmeg%g%mgﬁkb%fﬁ\%%?&%gvé Q’Efé‘{“?%%%‘?gﬁep can be
r adi oact ilexasdred, landritecandrg addedkte the amplification solution, eventually together with a

primer different -from the ones used to amplify the template molecules, in an

appropriate concentration (typically, one tenth to one thousands of the cancentration of
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Therefore, the methods of the invention comprise the additional step of

performing at least one step of sequence determination, of one or more of the

30 isothermally amplified DNA colonies. The sequence determination can be consequent

to the incorporation of labeled nucleotide(s), making use of the colony primers or of

other primers, immobilized on the solid support or in the liquid phase. Alternatively, the

sequence determination can be consequent to the hybridization with labeled
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of the.invention, The nmethod of the invention
allows the simultaneous production of a number of such nucleic acid colonies, each of
them potentially containing different immobilized sequences.
The present application provides an alternative solution to the problem of

25 speeding up nucleic acid amplification and sequencing by providing means to
significantly simplify the procedures necessary for the isothermal amplification of
nucleic acids on a solid support. The present invention, even if it is applicable tonucleic
acid sequences having limited lengths (up to 1000 bases), can satisfy many of the
growing needs of high throughput methods.

30 Often, in field of genomics and related studies (pharmacogenomics, drug
discovery, food characterization, genotyping, diagnostics, gene expression monitoring,
genetic diversity profiling, whole genome sequencing and polymorphism discovery), the
nucleic acid sequences to be determined and compared are related to several

hundreds different genomic, recombinant, or retrotranscribed DNA fragments, each of
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analysis software. In this way, the frequency of each tag in the cDNA population can be
calculated without ligating all the tags in concatenamers to be cloned into plasmids.

A similar approach can be applied on ESTs or genomic DNA in order to identify

25  haplotypes, or specific SNPs, associated a disease or to other phenotypes, since, also

in this case, it is fundamental to identify quickly the sequence of thousand of small
single nucleic acids segments.

Thus, a further aspect of the invention is the use of the isothermal nucleic acids

amplification method on a solid support for providing nucleic acid molecules to be used

30 for nucleic acid sequencing and re-sequencing in the fields of genomics,

pharmacogenomics, drug discovery, food characterization, genotyping, diagnostics,

gene expression monitoring, genetic diversity profiling, whole genome sequencing and

polymorphism discovery, or any other applications involving the amplification of nucleic

acids.
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amplificati onnemodmoreeriwslyaiﬁs@sbedm ranfpsent ¢raignt Gpetination fand rﬁ@@ﬁtﬂgf yi ng
and charact erj zi. Qg arrpl ification products obtained by the nethods of the
present inventron and based on | abel ed 10 nucl eotides could be: 1a)
gener at i ng Hndreatisgdhe ampifiechpuelieicearidsuaicdi as icramoventhe infeecaldfingddyeur f ace

using net hoq%egrfgr\ﬁ[rgvgkﬂ Zgﬁgrgrl bed in the present patent application and
recording the resu treating the anplified nucleic acids such as to

renove the 1a)t@nstermainDngt Iaw pa]:tsallus@e grenlifieth audleis agidszato; Hingle sanded
transform ng, 8k mggst partially, the anplified nucleic acids into single
st randed nDIech 1d) providing oligonucleotide(s) in the liquid or in

the solid p‘rraﬁow@mpkgomh@egmeé@ in dhedliquicher infee splidgbiagel \warre dieg Bhasean be
the same used iy Qrtihe JigMREIIBE(s) can be the same used into the isothermal

20 amplification or different one(s), and where the oligonucleotide(s) should
comprise a 3’ end sequence capable of hybridizing with a sequence present in
at least one amplified product;

1e) providing the conditions for the hybridization between the oligonucleotide(s)
and the amplified molecule;

25 1f) providing a nucleic acid polymerase and at least one type of labeled nucleotide
into the liquid phase, together with a suitable buffer, in conditions dlowing
primer elongation;

1g) detecting the amplified nucleic acids incorporating the labeled nucleotide(s) by
the means of such label or by the means of the interaction of this label with the

30 amplified product, and recording the result;

1h) optionally removing the liquid phase and repeating step 1f) and 1g) using
nucleotide(s) having a label different from one used in the previous elongation,
and recording the result;1i) optionally repeating step 1c) to 1f) using
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present iwoO oatesbeast one anplified product; |e) providi ngeehereionRddt i ons
for the hybridizati on between the ol i2§onucl eotide(s) and the anplified
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t he baseprbgudiasbtairgsh by ribe rfgetbﬁds o3 tl@mmreﬁsanémwb@m@md lesetlhen ilabgst i on,
when the, fSh&%&Mﬁe¥@6mé%b°”S of 5 the results are converted into a S|gnal
and conpaPe I'n evidence the incorporation of a |abeled nucleotide,
as déscri be%a)mnmtloglamswahm axalfisdenusieipagide antodhe oplid slefacefugingg and

SPZEZ?}% elr In\z/lent I @ﬁwéa bas &SCHF&EE‘:&% &Q%I g(ﬁ%ﬁyagﬁ)h%etlgﬁgéggﬁ% g&j ntg10 2a)

gener ating arievesiltal i zi ng anplified nucI eic acids onto the solid surface

using et h%}ﬂstrégtiﬁ%:tﬂé'% nﬁ@&%&l@@c’ad gﬂ'ﬁo@fh%nlhte?&%élnﬁa@eon and

recordi ng treating t e arrp nucl ei c acids™such as to
renove the |m3@ddgntae|vr$g ion,used for the vi sual i zation; 15 2c)
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tranded no E@OVI ding ol'i gonucl eotl de in the liqui
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where the onuc shoul
and / or the ollgonucleotlde(s) can be the same used into the isothermal
amplification or different one(s), and where the oligonucleotide(s) should
20 comprise a 3’ end sequence capable of hybridizing with a sequence present in
at least one amplified product;
2e) providing the conditions for the hybridization between the oligonucleotide(s)
and the amplified molecules;
2f) detecting the amplified nucleic acids hybridizing with the labeled oligonucleotide
25 (s) by the means of such label or by the means of the interaction of this label
with the amplified product and recording the result;
2g) optionally repeating steps 2c) to 2f), or 2e) to 2f), using oligonucleotide(s)
containing a different sequence and/or different label, and recording the result.
An example of procedure for identifying and characterizing amplification
30 products obtained by methods of the present invention and based on restriction
enzymes could be:
3a) generating and visualizing amplified nucleic acids onto the solid surface using
methods previously described in the present patent application and recording

the result;
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applications of the invention.

20 EXAMPLES
Example 1: isothermal amplification of template DNA immobilized on a solid
surface
Methods

25  DNA sequences
Primers P1 (24-mer; SEQ ID NO: 1), P2 (24-mer; SEQ ID NO: 2), and P3 (40-
mer; SEQ ID NO: 3) are synthetic oligonucleotides carrying a C6 amino link group at
their 5' extremity. This chemical group has been used to immobilize primers and
templates on the solid surface to apply the methods of the invention.
30 The templates T3 (SEQ ID NO: 9) and T4 (SEQ ID NO: 10), which are 68mers
having a sequence corresponding to P1 at the 5’ end, and a sequence complementary
to P2 at the 3’ end, and T90 (90-mer having asequence corresponding to P1 at the 5’
end, and a sequence complementary to P2 at the 3’ end; SEQ ID NO: 11) are synthetic



Exanple 1: isothermal anplification of tenplate DNA i mobilized on a solid
surface Methods 25 DNA sequences Prinmers Pl (24-mer; SEQID NO 1), P2
(24- mer; vBEQ/ASNO. 2), and P3 (40- ner; SEQ ID NO 3) arPCEERINEBGIC

ol i gonucl eotides carrying a C6 am no2bink group at their 5 extremty.
This chem cal group has been used to i mmobilize prinmers and tenplates on

t he soli fea6i@ed B3 t iR t i t | at es
Ta (SEQ TS RD g ey ¢ TINER ol ol PO e, 02 Y Pgrheer

sequenc@@t?r@@ﬁb‘érﬁ ng to P1 at the 5 end, and a sequence conpl ementary

to P2 at the T%e t@%lat@é‘%é@@%ﬂﬁemd‘ﬁylm @)SW@@@U% rﬁ%@:‘r rEPANRY to Pl
at the 5 en sequ to P2 at 3" end; SEQ ID

NG 11 BT @RBrmer B @ AP abR d APCTIEFO ogmer: S5 1P bR B derelos

carryi ”Qeéué?@e@'&bﬁ@ 1ddn'alﬁg@tb(F'l‘{‘spatQi‘ie 5NRid aRd a%’é@uérﬁoaomﬁﬂ’éméntalgﬂgmt e
group (T3 and he tenpl ates T155 ( 155- ner T203

( 203- merthe %Et@dr wavelee}en qarsBusted By @mm'fysqu@mgrments ohhd (%@QD
(605- meNO:35Q 823 e ﬂaﬁ')séaﬁé!ﬁ‘ce e%nmaqﬁ%\eﬁaswrpfa%ﬁﬁ@@m% en‘é) R3 s%whhe 5

end, and a sequence conplenentary to P2 at the 3 have been
const r ud® éaursfé dme diregt HWH%E@@AfF}F}?Qr‘P@M@Q So¥eqpengesERgsponiiny [BP141823 base

pai I SeqHeBCEndE UMdt @é&JéH&e%oﬂw%@?nerﬁé@%‘amé ALEBLRARNENg TSN atl N

figure 2. The direct priner P3 (a 40-irer having a sequence corresg@_ndl ng to

Pl &l tth%3sen<br§EQdeNQ Stgefsae @ %mn@ﬁ@h@é@@ tlhedevgsepemest Pded | ong T1

sequencqsgh |b0thﬁ%3P2c?3?gSE§E© NE-: B'PP:@ar SgEQ' IBSN®: 5) eﬁﬂmm& |5 Skqapoup. The
reverse primnmers (SEQ I D 386r (SEQ ID

NO 6), Pémdﬂwe%mg@ng*wt'cmmgowcl%héemha\ﬁ@@ asSAqHiRRGs eorEﬁSIo@ngsrce82| des

havi ng a;SREULRHA, GRHT £ IRENEHRIdnbIdMentdly td18ifftrer® S nddlébiRes SSETEE
conpl enentary to different 16 nucleotides long T1 sequences). ese

t enpl at @@qmshnﬁpeﬁq &i“ﬂ@‘ieﬁgwirﬁoawpﬁf@l usiges 108 raicebiens ibrA 139IuigAt ai ni ng
5 Unjst s @htai Boummebf saa @mr&é (P& kih-Elrhr 3T<m T%f Eﬁfer ((Bs.rklﬂ Bmferrer) .

dNTPs (dAT har maci a) m cr oMo

nanogr arf8yTr rﬁscré‘{"ﬁ%r d’IG-'EFhe Sﬁﬁ? p1TdEni dphiﬁmal?ﬁ) P@OQ rﬁnlﬂ“ﬁ\ﬂﬂﬁér Sand 1

m cr O'Vb|r%hogr@fns?rﬁi@r&itérrro%ﬁ@ﬁ@Sl@%lés@M@r&ﬁné]ﬂ”:mfrmlcFBWEr}’archR nYeRsar( 94C for
30 seconds 62C for 30 seconds, 72C for 60 secon%‘# wer e perforned and

the res tt.%eorﬁseauemgws%e% PBmPF finetuBCRoCleS @Sy & 38 seconsadn§
fol | ow rgr 8d8eddmaib! P2I0 R eofsebbmsrym PEHOMRId, ahBhe F&¥uMing Prodiic® dakO
recover the (Purl fied nucl il C_aci ont ai ned sodi um borate 10
20  purified using a QiaQuick kit (Qiagen fol owing the instruction of the manufacturer The
solution used to recover the purified nucleic acids contained sodium borate 10
milliMolar (pH 7.5).

All synthetic oligonucleotides were obtained from Microsynth (Switzerland)

25  Protocol for the immobilization of primer and template nucleic acid on a solid surface
The solid surface used to demonstrate the feasibility of the methods of the
invention was represented by the interior of flat bottomed wells made of a
functionalized synthetic material called Nucleolink™ (Nunc, Denmark), and assembled
in plates having an overall shape that fits into a 96 wells PCR machine. When filled
30  with the volume of immobilization and amplification solution used in the examples (15-
20 microliters), the surface of each well actually exposed to these solutions
corresponds approximately to 30 mm?
Primers and templates were attached in Nucleolink™ plates, which were kept

on ice while the nucleic acids are diluted in an immobilization solution containing



mlliMlar (pH 7.5). Al synthetic oligonucleotides were obtained from

M crosynth (Switzerland) 25 Protocol for the immobilization of prinmer and
t enpl at e wonot/ed4s6 aci d on a solid surface The solid surfareT/EBed 486
denonstrate the feasibility of the nmBdbhods of the invention was
represented by the interior of flat bottonmed wells nade of a

functi Oqﬁﬁda%SIg sy pt hﬁ%hwgg; eriey Cﬁthﬁgsglh%ﬁyd?ﬁﬁ%&wgeam%w and

assenbl ed ;)I ates having an overa wel | s PCR

machi ne. hyWn@ﬁOF del (EBE) 30 milliMplar eng PdetiaotheiwaliebPnee et ah thenyellsnperef i cat i on
sol uti Or?lllafletge g%tééﬂ'\ﬁe iA a?e°d fo}ﬁ'() RRutEs it Obd-ce b, C#IIQQNe?Qrtlﬁé?‘P\ﬁanedeaCh

wel | actu Xpose ese solutions corresponds approxinmately to 30
mP. Pr iateeam derdperatvs mCe%rna% withaa salgtinaccontainiog Ne©H Mwlgr anedwedii ch were

kept 5 oy & otk ﬁnél@\%h 5/4 G a&m @&F%A R8ining T8 ﬁm Aqrbméon

sol ufi ofi contarni n PCT/ EPOL/ 14369 301 . nanoMl ar
and 1 - dpHylF-53- i Thot milliblelano PiveaeptaQ dateo diefaie deeingygitbetittest itdetheEDC) 10
mlli Ml AR fRdidp the wells. Once that all the wells were filled,
t he pl at'%gh%\er ea?ﬁcuga‘lt &d for 10 minutes at 50C. The wells were then washed
at roomterrperature two tinmes with a solution containing NaOH 0.4 Mol ar and

Tween 5 F%?{?goﬂfo/ e aléart’i?}w W%%,ﬁﬁ,&a@gaewab}aisTm, a solution containing

Tri s-HC 150 m1l1li Ml ar, Tween-20 0. 1%
bef dPe bei ng /%ftﬂbr‘iﬁet lS@tHletrbalt&i@p“flP@fdﬁrhéherrﬂﬁ”sa\fvfﬁlel fnsedtthres. tmms(jﬂJdl@’rH@Ior t he

vi suall 2 hﬂﬂw&gr W\A/Z?)?pédé il HUDe %Oéﬁleg%élrg \/gdaﬁie& W ndgﬁ Bé%r m | li Ml ar

arrpl|f|cat|on were rinse hree tines I n

(pH 7. 5)wellsnwith HPmth@ "Hnatesudar B@bﬂé)r @ md,qwle\ wéu:hbgs ﬂuﬂfgmm M@eﬂ he
wel I's wigdy E't&@&%‘tﬁ%?t?é\‘lo@%r@ ;foaﬁnéﬁr GRS 200'1‘) w.gymocm Ifl\/fbdé r(gAr escent

when boun tod e-stran rout i nel ut e in Tris-HC
20 m | | i) dach prell wassincutpies Wil 50 ymgolitas atﬁ@(f"wcﬁfﬁeﬁ rfilgtian for dPs of t he

Pi co@reerﬁl'ﬁmeglahrg o) nidérrat%%. 15 minutes at roomtenperature. The DNA
colonies imuobili ze e bottomof the wells were observed using an

n
epi f | uor escenthe PNAcolPpissdMmbilized on thebatiom pétheswellsavergrprergdiusifed with a
cool ed CfDef mua{eﬁ&gécrﬁmcéa@%m&,eﬁowtzasé NSLERA teduippe8 Witha NJ)

which is contro he W nvi ew software (Princeton | nstrunents,

Tr ent on, CoRIEA. Cﬁrﬁé:am%@ icomady @xEH Arinerion fnsiimentse Trigem N iwhichoils’ 2
seconds &moﬁé%w%miéwséfma@mmt& nr%ﬁnmﬁtrseﬂe%ﬁ NJJBBhd fnagest em

GrBH, Gernmany) or other equival ent software. Result
20  were obtained after an exposure time of 2 seconds and analyzed using the analySIS

software (Soft Imaging System GmBH, Germany) or other equivalent software.

Results
The primers P1 and P2 and the nucleic acid templates T90 and T386 were

k™ wells as described before. The templates contain a number of

25  attached on Nucleolin
nucleotides approximately 0.6 and 2.5 times the persistence length to identify a first
range of template length at which the methods of the invention are applicable.

The wells were filled with 20 microliters of immobilization solution containing the
primers P1 and P2 (each 250 nanoMolar), and template type and concentration

30 different for each well, as indicated in Table I:

35



The prinmers P1 and P2 and the nucleic acid tenplates T90 and T386 were 25
attached on Nucl eoli nkTM wel I s as descri bed before. The tenplates contain a
nunber ofwoOnued4eot i des approximately 0.6 and 2.5 tines t hpCpEPGI/EB@NCe
length to identify a first range of 3tenplate | ength at which the nethods
of the invention are applicable. The wells were filled with 20 mcroliters
of i mmoig biZption solution containing the primers Pl and P2 (each 250
nanoMol araB, and tenplate type and concentration 3o different for each

vel |, gs Ticat et Fampia € FeniVhiedoHataion EPQL/ 14369 31 Table |
Vel Temi@hBer €MP! ahgmeoncent rat i onpahuN@edr) name (nanohblar) Al T90 3.1
Bl T90 ii— Gy 190703 7dgt 79901 ﬁ—fgﬁ_»]@_@%_ﬁl_fgﬁ 0.01 Gl 190 0.003
HL - 0 —A2 @986 3T gy T38p +— €2 1386 P3 D2 T38610.1 E2 T386 0.03 F2
T386 0.[0F— & 1386 03—t —0 The—sgghermat—anptifi cati on was perforned
by i ncubatiig—the—welgsyt—hour—at— 5 78fwith—t5mieroliters of an
anplifileat il.‘%' soltt SfpEont a-rRg— Ut Ro—PHt—Pelbyjner ase (Strat agene),
10% Di et hyF SuH-oxi-d BVEO—dNFR (%/—‘q d¢GFP—dCctP, dTTP, Pharnacia) 80
m cro !ar,?!'ris HCl - 8-8)—200 M"1a KE—310+ mlliMlar, (NH4)2SMH
10 mil u_w_%L, MiySO420 | { Mot ar — Tri819o%-1000-1%| and 0.1 ng/m BSA.
i ther | _imcubati -

The is fBR—-ncubatt 3 ard 96-wel|s

B2 T386 1

C2 T386 0.3

D2 T386 0.1

E2 T386 0.03

F2 T386 0.01

G2 T386 0.003

H2 - 0

The isothermal amplification was performed by incubating the wells 1 hour at
5 78°C with 15 microliters of an amplification solution containing 1 Unit of Pfu
Polymerase (Stratagene), 10% Dimethyl Sulfoxide (DMSO), dNTP (dATP, dGTP,
dCTP, dTTP, Pharmacia) 80 microMolar, Tris-HCI (pH 8.8) 200 milliMolar, KCI 10
milliMolar, (NH4)2SO4 10 milliMolar, MgSO4 2 milliMolar, Triton X-100 0.1%, and
0.1mg/ml BSA. The isothermal incubation was performed using a standard 96-wells

10  PCR machine (MJ-Research PTC-200) set cohstantly at 78°C using the heated lid.

The resulting images are shown in figure 3. Due to the DNA staining procedure
used, the signal is due to the presence of (at least partly) double stranded DNA
amplified and immobilized into colonies onto the bottom of the Nucleolink™ wells. The
images have been inverted for a better printout. Signal smaller or equal to 130 AU

15  (Arbitrary Units, as calculated by the software controlling the CCD camera) appears
white and signal higher or equal to 350 AU appears black.

Figure 3 shows that, when primers only have been attached (H1 and H2), the
image is totally white, demonstrating that there is no detectable spontaneous
amplification. While at the highest concentrations of template (A1/2, B1/2), the

20 amplification products cover the whole surface saturating the image, distinct DNA
colonies have been obtained in wells C1/2, D1/2, and E1/2, at sub nanoMolar

concentrations of both templates. The number of such “spots” (each occupying an area



1o PCR machi ne (MJ- Research PTC-200) set constantly at 78C using the heated
lid. The resulting inmages are shown in figure 3. Due to the DNA staining
procedur avouzedse t he signal is due to the presence of (atPpPCEaBel/gast!y)
doubl e stranded DNA anplified and i Beobilized into colonies onto the
bottom of the Nucl eoli nkTM wel | s. The i mges have been inverted for a

bet t er “ n{s)oéj ﬂléa$e n on?e@sb)% | ng%b.ﬁ e?ycé% rr“%’r? l'teArc%'c%ﬁt%t%n rf' ts, as

cal cul at vvare c appears it e and
si gnal herghlate gsededjuinb the aﬁsmmamam@ceam arh;aitf:lkatldﬁ tgawrla:eéh gdriovmet mdih, when

ri mers a whi t e,
gem)nst ra P%’&e Sﬁ?& ngﬁﬁ'er e eﬁ%&ﬁg@ﬁ{é@[}%@%y e(r)énrt'genrg ?‘%Scéz’a‘t%g Wi | e

at the hhgmesbbilizatioe ptacaturens of terrpl ate (AI/2 Bl/ 2) the 20

G ot Prct DA™ AR RS applfe T BHRAR bR SgfendRaR ) )

sub nandafhsaof nuwoles exfitDNA icolosiesfis lpo&slentednplf@mm4 Mhtbe nestbe expdrirgarddl " spot s”

i or oneren ey OB LB SELRIAE BB Aok sl ons Aot o el °

t enpl at el Ousedktedufi mrngma at 6640 reeait twet ;Hpner§|ﬁ§0an1ﬂil\ldlarceaahmrtetmakateb;emn
perfor with te fe S _an 0 fferent
t enpl atrg[ﬁ%rl PHEF Orfa 3§% & ngfdgghg}q?%cﬁﬁ%ﬁ fh %‘ﬁ%%%‘é’@dﬁ@“t%% g

guani t atanmletomna:bymrabcﬁnst tvani leoainplified| isathpimdily cat DNA afidréet mvcanmhd | n

excper i noHare Coifind PavsEel R obeaRhe BEINE Golobies st bt iirblFat o

sol uti on, Nuc'thealsduthkﬂ’ermpllﬁcatlohmrncedmlresvaefapphmuIatsbllmmgaothéloné,mpﬂatel t wo

rimers 2

Pucl cor G i diBIeRt sEREMRIOEETPADES, Shies MiebB Mo sunl ™ iR et ar
concent rfdled ovit, ZQ:mmrblderanblnnrholahizmgseolhtwmabmymmg Disdnstehtosiberanoivatarsol i d
surface, I 0, uare
mll |%rret o%c@érﬂtﬁﬁbﬁ'%f %ﬂ%%ﬁtg,a&g%r {P]%I ca #lzﬁgnp?‘-’gcé %n&&iso?a%eqs go usi ng
ot her t ergobbiotar), efgt(id8aan.03i frfaeDMntar)coaImCEnDr 4t60en W4 plnar‘rm/kmr) Sé'hees of

ei ght Nugl izin
coi ut 1 ore BB beerBihoa or IRthalie oY el Sined Tor ion (BRRAG e "

t enpl at easfshownheflgtee#e‘grw’o(dfﬁ_ﬁ@no 14 nanoMbl ar), B (T203 0 2 nanoMol ar) C
T386, 0.08 6 frati ons
gtave been defi ne%/&ltwe} ggﬁggg’?g(ogf%guﬁtlz\/g@h%%?al nergﬁ%nosrs-néglgﬁﬁ? églrrglmate

show® in figure 4 for two of them The eight wells contained P1 and P2 at

t he concﬁ{btléﬁti ons shown in Table Il. 20
Well P1 P2
Number |(nanoMolar) | (nanoMolar)
1 250.0 250.0
2 75.0 75.0
3 55.0 55.0
4 37.5 37.5
5 225 22.5
6 6.8 6.8
7 2.0 2.0
8 0.6 0.6

After performing the isothermal amplification as described before, the
effectiveness of the method of the invention has been measured in terms of

25 fluorescence signal, normalized for the template length, at different primer
concentrations (figure 5). The normalization is necessary since longer templates

incorporate more DNA staining compound, so that the raw fluorescence signal, after



Table Il Well P1 P2 Nunmber (nanoMlar) (nanoMdlar) 1 250.0 250.0 2 75.0
75.0 3 55.055.0 4 37.537.5 5225225 66.86.8 72.02.0 80.6
0.6 Aftew@eridasén ng the isothermal anplification as descpChedoibader e, the
effectiveness of the method of the im@¥ention has been neasured in terns of
25 fluorescence signal, normalized for the tenplate length, at different

primer %Bﬁ&&%athbodb‘ékér%uwrﬁa@%nvnd@%\lxrlﬁé NBhdtF 3 tRE tdrSpIBRCRESBEJeSInNCe
| onger tenplates incorporate nore st ai ni ng conmpound, so that the raw

f 1 uor esd@pRases)-gnal , after 1 WD 02/ 46456 PCT/ EPO1/ 14369 33 subtracting the

background, Vggs @kHéth?XhéW@tHa@M Em@ﬁntt JS'I‘Epr‘irﬁéTn’BI B and PEPhHessedr
kllobases) Thi s experinents sh hat the anount of priners Pl and P2,

necessargptaip deggatahle lensl @étaam"ﬁcqt'eoefp"qwm%r%? in§thed |°f)rﬁh€f SVesiamE tee net hod

of the iipmweIbiizaNor] 'én&l @nplﬁcétlmoéﬁddit%ﬁé'&@ Mo@'béﬂ:&%&éﬁén&@%' frieons set
previ ously, partla Mﬁ'@l epends on the tenplate I'e the signal is

strong RBAkte RRE. Vihdethr slonglis sEMNY IR NeRthe Fptalipsimess goncraiatnno

nanoMbl ag Iééérth§ﬁm|doeﬁaﬁoﬁﬂ%lr%ﬁ§maﬁ’éﬁ t@&pPatés?ﬁQ\Tn %pléh@t}ﬁ'éﬁi‘)tréﬂﬂaﬁrﬁethe
persistence |ength (190 and T155, respectivel

per si stmstpe%lenyt% (Tﬁeﬁgérﬂﬁén@ﬁ%%e'yPa@enéﬂd'mﬂatb@ pe}rs-,igts@@,q iemh) 2.5 and
4 tinmes pherRehslhidsqTess Langshs, réébe@ﬁ@ewd énoaﬁrﬂhie%'tﬁéjp@ﬂéfstéh%éqier%tﬁ ot al

prl Mers concentrati on sup erior nanolb hese results suggest
t hat19] es?fe fllt pamlified byt ﬂ@%% aj tgtai ﬁam@r%P@qqatrﬁmwéwpquﬁm 109 nagoMalgel ei ¢

aci ds, WHegh rBéLﬂi%aQJg)QeQLaiﬂaﬁﬁe'%é'Wﬁeﬁbhl@élnﬁléés‘é%tlﬁd&iﬁ@ﬂﬁloﬂgéﬁl infrRGYilZdr at i on
absorbl ng a fraction of the mechanical stress necessar drive the

i sot her rficlelg psidg. Whigha PERDRBY 681 28PWPE RlienRative tI'Q'”FQﬁ’S@ﬂa'ePOTﬂf@UVPéIPﬂf y that
the anpldgsbshds aRUadrSorhe nﬁédhbmcabét@sg%cé%aap@r&%ltﬁé %oynerﬂnamradd' zi ng

prinmers and tenplates onto the solid surface, the foll ow ng control
separation and dlsplacement
15 In order to verify that the amplified products are truly obtained by appropriately
immobilizing primers and templates onto the solid surface, the following control
experiments were performed.

In a first experiment, the isothermal amplification and visualization protocol
previously described was performed with or without immobilized primers (P1 and P2,

20 250 milliMolar each), and with a template (T386, 0.08 nanoMolar), either immobilized
or in solution. As shown in figure 6, the total fluorescence is very weak when the
template is either in solution or absent, even if large amounts of primers are
immobilized. Such signal is probably due to marginal self-amplification. It is anyway
evident that only the immobilization of both primers and template enables the

25  isothermal amplification of double stranded DNA in the form of DNA colonies.

In a second control experiment, the same nucleic acids used in the previous
experiments were used in liquid phase using PCR conditions or the same isothermal
conditions applied on the solid surface.

The amplification solution used for the amplification experiments contained 0.05

30  Unit/microliter of Pfu Polymerase (Stratagene), dNTP (dATP, dGTP, dCTP, dTTP,
Pharmacia) 80 microMolar, Tris-HC! (pH 8.8) 200 milliMolar, KCI 10 milliMolar,
(NH4)2S04 10 milliMolar, MgSOa4 2 milliMolar, Triton X-100 0.1%, 0.1mg/ml BSA, primer
P1 1 microMolar, primer P2 1 microMolar, without or with the template (T386 0.13
nanoMolar, or T90 0.33 nanoMolar). The amplification solution was divided in three



experinments were perforned. In a first experinent, the isothermnal
anplification and visualization protocol previously described was

per f or redvoOw/vass W t hout i nmobilized prinmers (P1 and P2, PCREBPR3369
mlliMlar each), and with a tenpl ate&4(1386, 0.08 nanoMdl ar), either

i mmobi lized or in solution. As shown in figure 6, the total fluorescence is

very weak en th e i.f her |_ution absent, ven if large
arount < plgey hees. spERRefhdo 7 Sl eielfislien “PeridbanDy cule

mar gi nalth@ﬁofcydmileCfR @@t Cofor 30 tsecandsn govy for S0i sdeands, T2t C do ym]rhﬁe) 1

i mrobi li zati r 3¢ nd_te te e es _the ot her mal

oo 111 et 8RR abriu et P o eora TR e PR Sferodr i o PRt
second ohirned (Caagmt)lanénrmdetﬂw asz%r-aglamslecgec acids used in the preV| ous
experiments eh used % fui %ﬁﬁetu& n condibflair.l'o or sane

i sot Rer nal BT tYbis '%Lﬂﬁ | er(]f) 8 & 'SBﬁ“gd“sCLﬁ 158 PRI aWp'ISP e g8%' on

sol ut i orcouditidnd, asveh hthowgipthel prmtrso tare xpelifynibet sanco nerapiatd ir0 lilbd waen
Unit/mcgroli terI of P(; Pol ﬁlSdE (Stratagene), dNTP (dATP, dGIP, dCTP,
dTTP, IR RS 80 'ﬁ?’@r%ﬁ/@i Tris-HCl (pH 8.8) 200 milliMlar, KC 10
m | I i Mol ar, ThsHéJiesasy 1 diﬁéﬂmNtdommengSONAQ polynheérbsdsarfor applyiag ﬂieloo 0.1

% Mbl t hout

o it h%’fg'o?senﬁ}*ﬁt VdPian ot st RsRlrin e Tensparalotsf AoRBpAfve o

alrrpluof |t catcie@ﬂcﬂ]esdrhgt ns?nhemasl ahplifideitbn Waf Ipeeferlnwfa %hglMSﬁndDEI{@ﬁmﬁéréBw I 34
i quo ac m en i i O cycl es

o henpat RarondE et Julk or oyt $a R 73 erk ahpg bR ek e sl V)

m n_u]'E e) .in largb caxcest (57 aghocimlarlehm)r Tae )ngcﬂlﬁédrmﬁhednmrmxtatlbnoga; perfqirmedlmt s vver e

e LC ugns . age an 0 0 a ar

Bhown 1 PEE T Sinties g A udphBR B hp A ESFER SoB e R REHR CESIS: e

\(/:\gndi tiﬁ]JNA IEMyrlnertalseug% {OMSQr dNEP s(dAdP, ad(ﬂjGJTl?fgtCTﬁe_@a'ﬁ’e ermpiaaa)e 8dn | ![qw d
en er cli £ n ren

o et oAAPR Il BT 20 ribEE ke 1, Rl Tt asfla 0 s

t ested bylllmmﬁa;rurl\llgﬁpét Remilildalan oFrion oG 1@ oa% a@irlmgbnh B8A, 26d mit?-e6TiPde. The

th 250
o e TRl TRL bR oI o850 PRl e o, PRBREL 20,
added |I?fulpnlygmerexe:é§sn(e§a))érraqhmmneraae Nﬁ’erk'ﬁhélmes’btdn@r Yerht" ppiymérasatl on was

per for O mnutes using 20 mcroliters of an anplification
sol ut | gﬁ(ﬂlg@; faq‘?a%é&ab Unit DNA Pol ymerase, 5% DVSO dNTP (dATP, dGTP,

dCTRo dTTP, m:tsarrmasusa)heaﬁalmmfncamrtm Nudleolink Fovelisowe®, )sedGige ifriesi Mol ar
KC 10 rfhl'llrfsmla(EH f&% %%0%9 placed into scintillation fluid (Ultima gold; Packard),
and counted on a Beckmann scintillation counter to calculate the amount of labeled
nucleotide incorporated.
As shown in figure 8, all the tested polymerases allow the isothermal
25  amplification by the methods of the invention, but with different yields and different

background amplification levels. Pfu and Vent™

polymerases have the best ratio of
specific over unspecific signal.
Other alternative conditions for applying the isothermal ampilification of the
invention were tested regarding the temperature and the concentration of DMSO,
30  comparing the results obtained using the templates of different length.
Each template (T155 0.14 nanoMolar, T203 0.2 nanoMolar, T386 0.08
nanoMolar, and T606 0.04 nanoMolar) was immobilized in distinct series of
Nucleolink™ wells together with the primers P1 and P2, 250 nanoMolar each. The

isothermal amplification was then performed either using 10 % DMSO but in a PCR



mlliMlar, MgSO4 2 mlliMlar, Triton X-100 0.1% 0.1 ng/m BSA, and
a32P-dCTP 0.128 m croMl ar. The DNA pol ynerase used were DynazyneTM

(Fi nzyme wéonhkanssl), Pfu pol ynerase (Pronega), Taq pol ynepCEeP{1IPaBdo n

El mer), and Vent TM pol ynerase (New BAagl and Bi ol abs). 20 After the
isothermal anplification, the NucleolinkTMwells were rinsed five times in
Tris-HGly, %7 c@atn‘?r ani‘eH lljl‘%rgra@ileﬁpﬁ %Qﬁé’ séﬁéé"E)f Whifdl 1Pt 7ttt (i)u( H tim
gol d; Pac cou on a n scintillation counter

cal cul at@"eﬁﬂf‘f@eaﬁﬂamustﬁ'\ﬂﬁ%ﬂ@wts nucl eoti de incorporated. As shovvn in

figure 8, al 'céﬁé}e tﬁﬁsﬁs%ﬂweﬁ%b’@ﬁﬂﬁ@énﬂ | AKsihge érﬂOtJ@IaﬁthnoanSthé”%ﬂaf' cation

by the netho e invention, but wth different yields and different
backgr th@r@ﬂepnce i aDNdn colepies swap meaﬁﬂeWethh'prdW%r%{%'%é@Wf% best
ratig ofg, fi!h% u‘?t\éﬁfuty%’fsﬁ%ﬁé fsb&tssdrSs%'t on%é‘%aé’é LRI HOWNVR i f?QRé%' ga ons for
appl yi ng t ot her fi1cation i nvention were tested

regar di nand iﬂB t tepamaunt é’faﬁmplﬂfﬁé @&ﬁé’éhtqeé.‘t highlyofdepimsts, on3thec @pplied ng t he

results heryee | fish 60t hRNBE jate
(Tiss 0. TPPRicaich, cahdars s BB Mol 40 rgleah) il Yo a! o6
0. 04 naniemplaies, a«a@mnﬁﬁ@bra& betwern 7di and ritlt @eﬁn@sato@MSQJ@pwnitrﬁqum wel |'s

t oget her rs P1 and P2, 250 nanoMbl ar each. The i sot her mal
anplifi c%%%%‘&gs I-'?{11e4{r]15}3performed either using 10 % DVSO but in a PCR WD

02/ 48156 PCT/ EPO1/ 14369 35 machine creating a tenperature gradi ent al ong
the seri N/ lefdl nce of various DMSO anmounts

Af ter gi?_@%ﬁ'_dn%fy th é’%'?%%? 'I“?l‘f ?1%%3‘? and visualization, the total

f1 uor escence @ﬂCWtc@Bo@NéSCQMBeW&E%PQ@IWdt woﬁwrmwh/géomﬁwr@% t war e

> quant'\fvwerg&rfoh@eam été(s&%e?édturhg%fﬁ%%rﬁpl%&%@&huc%ud*she i mage. As shown
in figures an amount of anplified product can highly de ends on
the applied ’élnwverrag%@mmqﬁﬁuplﬁcm Stfﬁﬁ’éslpsQﬁeﬁb'ﬂr?@Ph SR Was |sAiM

part jcul Q§| qu{hf Dﬁh%élnlnpqndqrbblolabgﬁgln’ﬂcﬁe%tldé’é Jsﬁ‘n%ﬂﬁﬁ%}}f aaﬁéﬁ\@% 77 and
81 C, and a O concentrations between 8% and I4% 2:

anal ysi scasditions fampmmopiigatione peRbficaiion. vistalizaken emﬁecqymnwse%.feé theer e

obt ai nedg} @it nglréééme%qu Gsrerinents were performed to evaluate some
features of the anplified nucI ei c acids. The average anount of nucleic acid

strands presehe tempigienTdffovasraddassin saxies pf wells at ditferent concentrations (1
nanoMolar, 0.31 nanoMolar) or was absent. The counts were converted to number of

20  molecules per DNA colony considering the surface of the well covered by the volume of
amplification solution (approximately 27.56 mnt when using a volume of 15 microliters
and a well having a diameter of 4 millimeters), the size of each image analyzed
(approximately 0.08 mm?), as well as the label specific activity The results are

summarized in Table I

25
Table il
Wells containing T386 Wells containing T386 No
1 nanoMolar 0.3 nanoMolar T386
Counts 8304 [ 8536 | 6754 | 8615 | 6427 | 4867 | 3687 | 4787 [ 4988 | 2002 [ 3693 [ 4072 | 843

Colonies N°| 3846 | 3831 | 3149 | 3788 | 2844 | 2349 | 1808 | 2087 | 2408 | 1218 | 1638 | 1935| 0
Average  |3007 3103 [2987 |3167 | 3147 | 2885 | 2840 | 3194 | 2885 | 3318 | 3140 | 2931 | NLA.

strands N° 3049 +/-109 3051+/-193
per colony

N.A.: not applicable




15 using both DNA staining and radi ol abel ed nucl eoti des, using Pfu

pol ynerase and the conditions for imuobilization, anplification,

vi sual i zavoon4@ne counting used for the experinent repreBeNVERU/14B69 | gur e
8. The tenplate T386 was added in sempses of wells at different
concentrations (1 nanoMdl ar, 0.31 nanoMdl ar) or was absent. The counts

were convert odid QST Sows2thel Vgﬁétﬁedsoef R AnGHBRYaIANE dRfiY the

surface of the we covered by t fication sol uti
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(approxi mately O. m?), as well _as th bel ecific activity. The
resul ts the @Onc&ﬁﬁﬁ’éﬁﬂ QfemeH'ﬁtqra‘bPeefﬂ'Q'anZPfT"ﬁ)m@thqdl of\iiae [iRveption. MeAsHEPAT386

Vel ! S CO iR 9r i strahas 3P MK 3 iABAMABR: oifiGhe Ciushiaiba04 8530
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3167 3147 288|t5w§§éeo%%’nb%&é%@b%ﬁtt%%@d&%?éftNe/?sothérHa@a e GOASH - 109
3051+ - 193 per colony N A.: appl i'cabl e WO 02/ 46456 PCI/ EPOL/ 14369 36

Thi s expheisneace. sTﬁmwmcptalﬁz'aﬁlﬁe retbpR e seibedneeoie, was pRlied Inotut wellsrpl i fy
I sot her gk fiaﬁd pgifall @F‘ﬂ?\e&téhdnﬁs%%iﬁntt@o%ﬁtfﬁgﬂibu? Bﬁ’lb‘%ﬁ@%n@fwﬁta{rﬂnds

i mmobilize iscrete area. MNbreover he nunmber of DNA col oni es
i s cloeareng \Mléb@eha“é&ﬁ immehilizadh wese sulmitted to die sptheanp) amrlificatios rsetoreli ency of

t he met had @dcib8® Hefdr€NAIIGRe WEHBSWERhan Fitled Ul G’é n%H’rBht'eFé g]daslbégnds per

DNA col ony, 1s 1 ndependent fromthe concentration ate in

e
wor ki ng ientcpafaining 5 Enits of PRePelymennse 4Ptratages). 10% %§Oaﬂ|§gg}%§|§? ble to
recover §dp Qf(?lqmQit’ﬁ'POthérfPﬁadlaﬁolt()bQﬁ%Md?ﬁP*Fhé H@@’(bl—@@ g fz@mmninhslaﬁ LKélace The

i nmobi | i zati'on protocol descri'bed before was appli in four usi ng

P1 and P injlifilolarof(NHReSRa g FB'B@Ol@ﬁI MgSP4t %omé‘IM@ﬁ@nT ”tBl]txﬂﬁPyoﬂv@o one
wi t hysandy 4@q mmeagwtwbn}.%%ﬁpenaﬂmphs@reg m\’&%l\‘ﬁo@#‘%ﬁbﬁ)t @ﬁhet PcRNgcleSRt her mal

arrpllflcatlon protocol as described before. ll's weré than filled

with a oewrierpedlin itee wells @4HeHor $91 srRIEBEHS c@hpaf% %QJ sscwﬁ% J24% fpr §O
Pol yner as%eoﬁégr aﬁ@%‘hem n%@réh@\\@@f tHy\BER( M%noweféT Panéi&Té% m@oTZH:oR

Phar naci az) m cr oMb Tris-HC (pH %
e. As a control, another PCR tube was filled with 30 mlcrohters of the same PCR

solution to which 0.1 nanogram of T386 were added. Ten PCR cycles (94°C for 30
20 seconds, 60°C for 30 seconds, 72°C for 60 seconds) was then performed and 4
microliters of each sample were loaded on a 2% agarose gel. The result is given in
Figure 10. The isothermal amplification product gives a PCR product comparable to the
PCR product obtained when T386 is present in solution, while the product is barely
visible if the DNA attached to a tube that has not undergone isothermal amplification.
25  The controls show that no artifact, such as primer-dimers, are arising neither during

isothermal amplification nor during PCR amplification.



10 mlIliMlar, (NH)2SH4 10 milliMlar, MgSH4 2 mlli Ml ar, Triton X-100
0.1% 15 0.1 ng/mM BSA, and priners P3 and P386r (1 m croMdl ar each). One
PCR cycl avoe2/4qass forned in the wells (94C for 30 seconds, PE6DEP§HIONM3IB0
seconds, 72C for 60 seconds), and th&n 30 microliters of the PCR sol ution
were transferred into a PCR tube. As a control, another PCR tube was
filled wwth 30 mcroliters of the gi,ggCR solution to which 0.1 nanogram
of T386 were added. Ten PCR cycl es&? for 30 20 seconds, 60C for 30
seconds, 72C for 60 seconds) was then perfornmed and 4 mcroliters of each
sanpl e r preq}q%d Vs e leke s el T r It A L7 : Lgure 10.
The iso}tﬁlﬁe?nal arrprél??t Pgé%?{%n prl%gf%@ gégtfo\r)eége%t %%% %r}éogﬂg%l\ég%r@pgﬁgﬁa%uto t he
PCR pr oductcoptairangeyl tonHd nigketides eonagrising the falowing sleps:whi | e t he product is

bar el c f .
a0t for i ik of Ras e, BAGACBER bl KBRRAIRG WORLAEL LRAGTOIE,
pri mer - di mer symplified avtieséingaideiucteis add(s) agntains at Her sreeindaampdligeheciedtior nor
duri ng. POR arpbl,JAGoY LAt R 82045450, ESLEER 143090 3728 M Wiyl

met hod for the’'rsothermal a Icatio eaSt one nuclerc acid
segnent conttbé nucigicasid(s) caogpatntbel R end dibs meansfosinmohiliring sdid ovclaig st eps:
5 a) formng ic acid tenplate conprising the nucleic
acid(s) to beaﬂdé%?peq%lﬁ#lag{i}% %@Fgl n said nucleic acid(s) contains at the 5
end 1an ol i gonémrming iate os eqedceolonyarptinearst Me 8hickndaranhybiridigende | teet | de
sequence Z a i i td | el.e .acid , wd 5t end, the
means for | mqrﬂg?'?dlazel%ﬂgé séae?1 e%%%_{%i%%a%?%(s é)éto& 0 5‘;6‘%%% H%suntf)%g]rs t ;forlo b)
form ng one dammabiliging skidroplapy ipisness 10 a edlidctuppats hybri di ze to the
ol i gonucl eqi : st [ ol iteAls r
i mrobi | zi ﬁ\% @gpgég@ﬁ@h%% 'Cgarlci%qrrg} S t%ksgsaggﬁoghgE)nggrrf{;b%%ﬁefnﬁlgl ng stglfog nucl ei c
aci d tenpl at eflewingribeic mroekilizatiomby she 6gendhen awplichsuppod!inthepresandeonii ng
t heir. i rmobi | J i Bat ' i R I r ce of
15 931 d sol | oL uBbort 6 Bat RS 3a chB0lind HRRRIG addioriBeRIG R
tenpl at e(s) dhelcolphepriaersaye peuntetossaig solidsupePrto sai d solid support; d)
applying a gl fredrh AficS R4 diRHn, E4RLRINGY heasic i LiGsaci d
pol ynerasera)gér%g'y‘nrrgc%g%)q@@géﬁ ecursors, to ng;a%?geag% |n§ sfﬁp%(')cﬁlfﬁ{,@érg%gﬁerat e
and i nmobi | i zZ8d nydrdide maetuysaisic toe baid sdlid ssupagit ig asegate @adi inwmbilizal or
conpl ement ar ysdife bl a0 RURNRSIR] SLRALETRbIbAZE LoAL R iRty
tenpl ate(s). 52 ?A ne ﬁo@eas C aﬁmé isné]%nal m 1,I wherein two glﬁﬁﬂfoergnt
col @8y pri merssquencgrd the'immobilized nucleic acid template(s).
2. A method as claimed in claim 1, wherein two different colony primers, X' and X”
are mixed with the nucleic acid template(s), and the sequences of colony primers
X' and X" are such that the oligonucleotide sequence Z can hybridize to one of the
colony primers X' and the oligonucleotide sequence Y is the same as one of the
25 colony primers X".
3. A method as claimed in claim 1, wherein oligonucleotide sequence Z is
complementary to oligonucleotide sequence Y, and colony primer X is of the same
sequence as oligonucleotide sequence Y.
4. A method as claimed in claim 1, wherein one or more the colony primer X may
30 comprise a degenerate primer sequence and the nucleic acid template(s) comprise
the nucleic acid(s) to be amplified and do not contain oligonucleotide sequences Y

or Z at the 5' and 3' ends respectively.



are mxed with the nucleic acid tenplate(s), and the sequences of col ony
primers X and X' are such that the oligonucl eotide sequence Z can

hybri di zavo o2/eqas6 of the colony priners X and the ol i gonuetPaPIlda3I®equence
Y is the sane as one of the 25 colon$ primers X'. 3. A nethod as cl ai ned
in claim1, wherein oligonucleotide sequence Z is conplenentary to

ol i gonucl eot| de sequence Y, and colony priner X is of the sane sequence as
ol i gonudl. edt imdhark gaesigigned. indclaimsrdt teodl, whewimisaiddnugieie | agidriemplaigeisei n one

or more th eﬁBranNW b&ﬁbne%e DR, %mun%tw:egﬁwﬁhﬁ o@eyrnﬁét.os&quence
and the nucleic acid tenplate e nuclei'c acid(s) to be

anpl i fied dnefifips AN B HIRN‘%PF %;f?)’rf@@@gﬂrﬂ@t@éﬁlﬁ@??@@g RNAor Z at the 5

and 3' ed MesRer tHsv elaimedMA @Rird62L5@hEETH BRO hL1314i868cid 38mblateA coRfalied as
clained in clains ﬁ}@m wherein said nucleic acid tenplate is genomc
DNA, “conpl %ﬁl $82%8bi nant DNA or any form of synthetic or

nodi fi ed?. DMAMdiNA] asRMAinoed anglafmorén wtﬁeremntﬁeenuadeloramd)dierhpleté(sﬂtl\lh the. A

t hod 5, | ej d t 5
ot ween- g FSRGadh, S ngtl o4 PhohdelFafUi hfnGl TolifgPbANESf 0L 12
nucl ei ¢ acirgnoWeier and 0)1 nanoMedar. i mobi | i zat| on sol ution have a

concent r@t | OpheRIHPAd élg%é@h%yt}ﬁtﬁ@ﬁfév%us Wﬁmﬁérew}ﬁe QoBﬂa¥ Eﬁﬁ@l’g)inar . 8.
A nmethod as clainmed in an previ ous, cl al ns

prindrs int %GWHB”'@H?Bb%O?/LI“?aﬂ%% asC&PG?r?tEﬂii'OH&OE‘P&S%H%%’ﬁFP éPP%ﬁ“géﬁprl sed
bet ween 10({znamdiapO0 nanoMbl ar. 9. A met hod as clained in any of the

previ ous, cl i.n said nuc{t aci d ol ase is.a -de endent
B ol serera sttt 25 GrhelaBeriont ety yimie BneEsh 1Mok A9
clained in pnllymnema@e isviaeDBAFdepahdent UaNA | polaaerdse air yane Rildedapendidgt DINAI yrrer ase
which is acéﬁ)(ﬁe ween 70C and 85C. 11. A nethod as clainmed in claimclaim
6, wherein't aﬁ ‘ification is perforned at a tenperature conprised
bet wien 1707 @ awihen ag. claimed An Mo Wierenasaid Murksicanyd erlvMesass BvPYos
claims, whey nﬁbrtaghewn%ﬁI,@Q@ﬂ\,gq,ew?&nmoegtgna@sscof t he arrpl ification sol ut| on
are deox rléa eotldet ip ate fj n.any
the prevl! et PP R avirein BB ARG & RETEeES of bot h
t he nucl ei ciempedatmremphmleédsbetwedn 7R amﬂ 8MC.
12. A method as claimed in any of the previous claims, wherein the nucleotide
20 precursors of the amplification solution are deoxyribonucleotide triphosphates.
13. A method as claimed in any of the previous claims, wherein the means of
immobilizing the 5' ends of both the nucleic acid template(s) and the colony
primers are chemically modifiable functional groups which allow the formation of a
covalent binding between said molecules and a solid support.
25 14, A method as claimed in claim 13, wherein the nucleic acid templates and
primers are modified with thiol, phosphate or amino group at the &' end
modification and immobilized using an immobilization solution containing 1-ethyl-3-
(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC).
15. A method as claimed in claim13, wherein the solid support allow the covalent
30 binding of a nucleic acid through functionalization using mono- or bifunctional
cross-linking reagents.
16. A method as claimed in claims 1 to 12, wherein the means of immobilizing the &'
ends of both the nucleic acid template(s) and the colony primers are chemical

groups binding molecules immobilized on the solid support by affinity.



primers are chemcally nodifiable functional groups which allow the
formation of a coval ent binding between said nolecules and a solid
support. W 0d445A nmet hod as clained in claim13, wherein PORERUCI4849C aci d
tenplates and priners are nodified WwWth thiol, phosphate or am no group at
the 5 end nDdification and i nmmobi |l i zed using an i mobilization solution
cont ai nlgg -et hyl - ((3-di net hyl am nopr opyl ) - car badi i m de hydrochl oride

( EDC) . #)n\m@h%asﬁal@ﬁal ifeany AT deaPraVPUSWHAIMS: wherein Sbe i amalifippiont al | ow

t he coval ergo|ut|aacbmamgrﬂ,gw¢genas%%ae|l4% gansohr ough functional i zati on using
nono- naI ss- | i nki eagent s net hod as claijred in
o s 11 b Tao 88 cie 7 Ak bd eBRvg oGS tor 1 istaEmal Gerel i b t he
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PCT/ EPO1/°1 ious cl ai ns,
wher ei n t hegeaefsited is campgsed Q@M@en dA0C and 4900 Fet e@@rmfsﬁfo and 14% of DVBO.
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conpri sezh betiersd B8Xaimed hOOBRY 2b0rwh%8e§3ﬂil deleZQran@Jeﬂ”eIDNAdm@caﬂétmngEd in

clains 18 or ) npr i naI vi sual i zi ng t he
anpl % i ed rﬁ.ﬂﬁng I%’eg? |WCFe?Ege()§5] ?a??(? g%n%fqgﬁg (:)Larcel%ﬁ 20 wher ei n doubl e
st r ande DN mietticelrasadlaitned gn clabnsag@ i 21, Icatwhsdg thechdgiitianaeéte) of mledsaigel ed

ol i gonuo! eoiede mly Atk ffici 7S BOShASHALRITE S Lo bR, dyke 21

conpri sing tiona easi n I mobi I'i zed
nucl ei ¢ am@O@ﬂQm@O'@@?%Wéhﬁ emigab peticH, Pr'?‘W@a'(W eﬂhﬁnatm%ﬁc aci d col oni es

W th chegg cgl metRBd 'é‘sabl,aurﬁéb’ﬁh CAAInRr 18NBY PR EEmPRAR thel hddfioRBt 5@
clained in clrfalms 18 to 22, rrp@gsm t he addjthonal step of
e

per flor mi ng Rt r@@@tatdﬁ%ﬁs‘{”@ps SRIVEEEE deterninanon Ph N8t ro’HBreoPgm?re of
the nucl eimuckid atid cdlomess. 24. A nethod as cl ai rred in claim23 wherein the

seavences del et aRiRLd alloles AUASLy DY ] REUANAL Aot aRslads ekeal ] do(s).

25. A as c al rre 1am wher ern nucl eo s) are
20 i ncorporbMIewrwamliahgledwcbbtldeﬁe) colony priners. 26. A nethod as

clai med 34 &l RlefRodS a¥hEERhdY tiRechRPebedyniteihe@td dgbsidd ah&leotide(s) are
20 incorporated by making use of the colony primers.

26. A method as claimed in claim 25 wherein the labeled nucleotide(s) are
incorporated by making use of primers other than the colony primers, hybridizing
one or more amplified nucleic acids.

27. A method as claimed in claim 23 wherein the sequence determination is

25 consequent to the hybridization with labeled oligonucleotide(s) of one or both
nucleic acid strands belonging to one or more of the nucleic acid colonies.

28. A method as claimed in claim 23 to 27, wherein a label is a radioactive or a
fluorescent group.

29. A method as claimed in claim 23 wherein the sequence determination is

30 consequent to the release of one or both nucleic acid strands as claimed in claim
22.

30. A method as claimed in claim 22, wherein the full or partial sequences of the
amplified nucleic acid templates present, at least, in one nucleic acid colonies are
determined. |



i ncorporated by nmaking use of priners other than the colony priners,
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