e
N

;rstue3e}: VB6xT| 5 FI ELD OF THE | NVENTI ON t o BACKGROUND OF THE | NVENTI G\IA )
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i nvent i oworoeHetsées to the field ci d anplifi catREIAEPUIA 369
specifically, this invention rel ategd® a nethod for the isothernal
anplification of nucleic acids based on the use of a solid surface, and to

appar at us | a59ukRhia L ARMBLIFICATIGRIDE MUCIEIE AGIDS 08 ABOLID SURRDRTL , i n
parti cul ar—ruct uencing. Nuclerc acid sequence anal ysis has
becone a cornerstone in many activities in biology) biotechnol ogy and

medi cine. The ability to degfgup oF THEINRVENTION sequences has becone

increasingly inportant as efforts have comenced to deterni ne the sequences
of the | ar ge Thisiovensiopfrelpigrdd hedlirkd 6 ﬂ%‘?‘e'ﬁiagﬂeﬁmﬁif'ﬁﬁqﬂ”s%r%ﬁﬁe%ﬁ%aw' for

exanpl ey d p ShikH @idiCtoePinkefRd RS tMERdadrmEb athpiviialiorlef meddioacidsn Bassdr eeni ng
and gene expression nonitoring. The genetic i nformaft I on Prﬁ\“ ded by nucleic
acid . seduense ofalsalid surfageapns] tocarnakpiys ang kite ¥sefdl far applicgions ’ieﬁdﬁé

di scovewghtatﬂlqmﬁﬁ Liét(,j%dag@buléﬂinﬁa@%eadﬂsaé_kﬁgélﬁ@ﬂg-ri sk scoring, and organi sm

i dentification~a 30 characterization. Due to the rapidly increasing
demand of reliable data on the genetic information related to an organi sm

a disease, or to indivi dgalckdROOND OPAHEINVENTION i s nore and nore
i mportant to inprove consequently the throughput of the se [.ng. met hods.

The 1basi ¢ objNudeiv acidisequritse Applypis dascipsome a sRINGFSIAEL Héﬁﬂ%%g@*'g e
SequenC%-%g%:g?odéﬁo,oB?aﬁa rﬁé’tﬂ&hé‘.emeo‘bbilitgﬁbQiéitéiﬁl_ir(é:Mc_:lélU%&idn&q(.l@tc@nd

t hym ne { conprised in the nucleic acids of i nter%st, and
bel ongi mgst becomeelincreagigly topertantrafagifeny havet ePaMpRgRd i dsiergyne e

i ndi vi dual S ka@ | ' | blagAismis! #idi Ziy®dot N Yan H
et al., S§8§eennéc¥g cﬁd@%la‘}%g %6 %%%ﬂﬂhgmg{]ﬁi rget erm nat | ?E\ (c)) a

nucl ei ¢ exaimples equsingle, nusiectide pelimasPhisme USNRS) Flatertien AN, RTINS MG de
extensi g r L.di zat Lan: t eCRNO| RELES ) hilsH re6tided (Y rekreid raehor eti ¢
and/lgr cqéggvgg%'%ééﬂgﬁl‘y@\%@mp@v\g&er@g?ﬁ% 'Sﬁ?ﬁmuf e;nd eﬁgynom c val ye of
any appldseqaenang chasi cearyd applicationsei tor agxamrleq e Y89 al598} s ﬁ?c?‘éer}‘ni y
dependeny, AL | ARkeAE! UalaghbliQU9RR Uisc8find, hunde digshisrinadenitiication reraessary

to obtain an 1Tsolated nucleic acids in a quantity and of a quality
accept ahthardaterizatienr el i abl e results constitute one of the nmamin issues to be

consi dered whgh, gy o4 IdBRIAHERPYA refiibie dEBBIEREIRACEfuaatidh e
original sanple containing the nucleic acid to be seqluggnc%giso;n%%nagges not
proviode relatedyko an organism, a disease, or to individuals into a population,
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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2 material to performsuch analysis, unless either relatively high quantity
of starting material and/or consi derabl e human intervention are provided.
This is werieide4fearly inportant in the case of forensic orPGEMIIAI6SDNA
speci nens, or nRNA sanpl es obtained 2rom particular cell types, when
sequenci ng nmet hods needi ng hundreds of 5 nanograns of an isol ated DNA

sequencephiang foCp&forReshion %‘ély&%aﬁhlegﬁ dithemr&ameyy algh, q@émiltﬁ@s)staﬁmg ot al
genomi ¢ DNA. To overcone such oblem the sol utlog Lr ?{glﬁ s to
anpl i fy naaterigl %@Hﬁ'"eﬁeﬁs'%’aa@neﬁ"ﬁﬁn d@teé‘@\?g?%larﬁo?fpé' edn| 5‘50'15 PRTECHAY ei ¢
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. acid (tbtaiegghiramepartishianicall Apeenwher GeaHeNCIng em%%se%%e

second Hipb&lans2©f dad tiBSlattidl DA segiériteNhBde @t bbepaioraledi bfartihg ®@eh a
sequence conplenentary to a sequence contained in the first nucleic acid

and adj dw8agramss of leserofdptal genHeDYA- end of the sequence of interest; c)
Provi ding t hercpeoé’rb{@ﬂnersﬁcﬁldreyrbmgtﬁéﬁs‘omﬁ@ﬂmamwad@&te@% b bepmmyad ore0d

priner into 15 single stranded nol ecu] es) l'east in the conpl enentary
regi on cﬁequw@q%gmamgcse@rajffoma? oplyfithg ﬁgcle'ﬁeceoffﬁﬂm?'ﬁﬁi'f&q!fpewlmg t he

hybri dl lef%ﬂ th@faw&)ﬁgbéu%ﬁ o@grnahemoaﬁé@de%@e%flaem% bk Repeded:enpl at e

and in e prlner Provi d a nucleic acid ¥nerase able to

syntWet i | ze Q)@Otlémlaefﬁféh'ﬂ%‘%lc Q@d éthe demaplate) caatainingoing seavenge Shinderas i ng from
the 3' end tgfpr me.ngyapgééynaerﬁ.cmd A (tﬁ@ fp'rlﬁié"r)“&)rftélﬁiny\&éﬁ@é‘st%‘?ﬂs@ bRk Pase

pairing rul U, Provoki ng the separation of the
resul ting twPegtergeledMpiaaesiay &’c@ aequﬁmée@nwdueﬂ%aﬁguelecwe ¥ gi nal

tenplate, t heaoﬁ%dém of bRk ‘tc?‘@\et:«h@ncﬁ)bf ﬂﬁ%rseﬁuéft‘é dontbregt; sequence

conpl enent ary e region of the tenplate where the nucl eotide 25

ext ensi on vsas"rpwg@gtihey:on@'bon%%llowmﬂ?eéltana'ﬁen ehRohdeawiate Aed pamET B f or
anotfier hybr 'émg?f@tsltr%pdé&%&@wégerdt 484t 9R - thé e pidmeRafCreitth Bf tBBivd S al so

added into the anplitication reaction to start the polymerization by
hybri di zi ng inucteic acidsrti on of newly synthetized strand adj acent, or

internal, ap PRl %JQhEQ% §|ﬁ&¥§é\fb@/oﬁq theHyBFigiShtion 5eﬂ}v§@n e E@ﬁﬁem@ﬁ@i’y

specific for one enen ar ran are used, the repetition of these
cycles all omrssenhén@%/‘ﬁ?ﬁéél'%”@ftefﬁﬁ'latq MLNdBHPEFEGf both strands of the

tenpl ate S%Lﬁ%@@m‘gogpﬁdc‘&ﬁé‘ RFF PEGMerdte 5&6“@”§ﬁﬂhé&&@dthb0c@ﬁﬁléﬂn€htéﬁy the

priners. Alternatively, nly one priner growdd nul gle coples of
a siMgl e stra@ngdra the (;@mgl@ga reglongstartlng from the end of the hybndlz d prime

following the Watson and Crick base pairing rules (A-T, or A-U, and C-G);

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.



The key point is to restore continuously the conditions permtting the
dehybri di zati on of the original and the newy synthesized strands and their
hybri di za0iceRcts6e the free primer nolecules to restart thd(FoERHEM2at i on
and generate quickly the desired anodnt of the specific nucleic acid
sequence. Primers nolecules are generally 5 present at a concentration

consi derably y n{ag{?&y aﬁdﬁ” id B r&dtblelcBntiMiotsy! fe c‘bﬁdftlaﬁé (Bé}ﬁutﬁﬁ@otﬁént' al
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gener at an exter nal evi ap roach, usually called
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al ready i I I n all
subsequéén nﬁk‘/’%l @bg 3ol rﬁ%:%ﬁ%él%nﬂR&% %%% %Q§|8golé %Oﬁdﬁgﬁé‘% chaln
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H .
Cermar anlgrnro Bh' &, 8F, ERfa IRl BressFod GTRE W, id, Tolo B Sfep dr8 <
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content of ¥he RUCT sequence | nto primer an |'ate conpl ementary

regi ons. 30 (Bhe@ydmgfaelf@lm pﬁsb@t}aa@qsaaryawmsgéb@wment of thetweleign| y step

actually prodiif nediaIkeHE *ideP SLfliBRL %6 Wresk 1) hohBgiel iéradiionsh! C

el ongation is per function of hosen pol ynerase and, apart
f r ormof ew exceatilizing, dqub'%ﬁi@dﬁétcoﬁfmw@?ﬁoﬁbs tstf’Pt‘F?é' IPS/BY‘?WQA’&‘H’TB%@" in
temperature. byl E%%Wﬁh@'t&ﬂgl%iéé’ﬁh ﬁrf.méﬂaear@swéydysm $gib 38Enddd @A, | S
conpl eted by merises in-one or few m nut es')
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events can f—&@r‘fnﬁzéﬁoﬁci—’sﬁ"@tt&d CS Y6 38200PREEshdS).T @ihPiémanbnyT @bgasied, at

| east parti as a single stranded nol ecul e fromthe doubl e ‘st randed

nol ecul e res montarr@dflnélitﬁ phaew antyiatthe tempategnralgryigs cam hyhrigize encedhiftai n a

quaniity of ! u Qe elrrm@rwmml W to B@gentReRPs are
repgjtgt ed for qq‘g t@%ﬁel%@dr@ s %wtegéroemn;hlé mE @ nplifi ca?l on US?Ja| Ig,|O

reaches a pl aloeﬁgllagiu*@ E!V@'d( the @Hﬂﬁ@@i‘%ﬁf @P'eP‘P\'é '}%l“ﬁrﬁﬂw gr@ltectbgrﬁlo\ogy many

different tegh '&Qicglate%smn 3l éa%bﬁglc%%e bRBR JIRRCH I8 FGRABhLdf Wbt trﬂsvréngmen
devel oped on the basic schene, PCR has severe |[imtations due to series

of to speci fiandrbgubiGesentest Oﬁfh%ﬁuﬂ@ﬁt?% SEAKENCE INionBrmer, AR terph a@

pol ymeri se whigehdRERhiSelibad! y progressive and accurate even after many
cycles at the ﬁb% @ngtures reﬂw red for the nucleic acid den%}uratlon

c) t¥e frac®)i Eh)agatm E90°CrE5° Smbeni BT8P 89ca9HDe b 'Si Hieo ORYn§teRy 8FHRY so t hat
the 15 pol ymegigakiPRew hubllc &R hoMEIss. Pre tenperaiupe e flicwidldhghlien is

thernocycling process. The nucleic acid polynerization reacti on o nnot be

achi eved in aperiormedusud agtionsiahciae; Fh‘?5§"r g@mmgqug ARt.e APERbt TERIMt

reestabl i sh thgsGRpd] ﬁUQ@sSnBle@cﬁl%‘éﬁérYd {&hehbﬁld?zd@ubhdemaéﬂamae hedusmethe he free
» primer and terrpFate mol ecul es, sl ow ng down the entire process
elongation of the newly synthetized strand is completed by the commonly used



20 Various solutions have been disclosed in the prior art to overcone such
limtations of classical PCR, in particular in providing alternative

appr oach&® 0a64h| ow t he strand separation and hybri di zat i¥§T/F114%? her mal
conditions, without thernocycling. THe Strand Dipl acenent Anplification
(SDA) is an isothermal nucleic acid anplification and detection nethod

whi ch makes weRmrasesno biieer feveminuten tepandingon 2 langth aithenddeisecidase t hat

will cut only the polynerjzed . strand such tha O| YTl | R E i di spl ace
such strand Miqeeag‘BhéPaN%pamWY/e'ﬁ%I?%& %g%k@?%alﬁéﬂ?ﬂgm 'gic%d val ker
GI, PCR Met hegandmrhot¥883sed3 af kast parGidlly, Bhisssingie istranpes], mblesdld faom thee
repetition of the single sfr nd_ni cki extendinﬂ and di spl aci ng steps,

. has been var idoublestrandest walecyip rex ol WesPN9aofat a1 |, Nat Bi ot echnol
20005 18{2): 198nmBAl, im38rderto Lbedin @ppoandith ohasclaicl acd sefficeppiforchiohei ty. An

endonucl ease nust bé added together, _with the pol r,s . ore the
< range ofana|yﬁt§v£1?8?étﬁpéraé?lﬁ?%e§?%‘{ E\}'\Hl N rESWA reﬂﬂﬁb@ggfgC%}%n %lgg%g’fpforned

i s rest njsghRPrebehdd W pRiRUHRENS Hiebthausiun ofthe polymerfsebot h enzymes. In the

case of endonucl eases, such range g)u.sual I$/ 25C500) is .ug%%l Ii 'fsoﬁ \geow to

avoi d non- speeyem & many fifierent fesAngipoiefe SiE7iPRE?.s MG rea5Ho F%ﬁ% At 2J° | eadi ng

to a conglefedciopedPPAE iasikt Rheime@aPTRONas whverd limitationsnduentiug evies of

gener ate undesired products. Mreover, the nucleic acids acting as priners

and/16r tspepiliarediggieNiPave to be additionally nodified, since it is

mandat ory tfialn ditingRA@RbsIngeyicec recognition site has to be absent from

the tenplate regionto be 5 a%ﬁ”\igﬁ&, while it Pas al Yva%s t%e%em riyesent

into the prinPONBEIASSMNICHFRM |9l REOPEESEVARRF iACPYALT B8P KA a

t echni que makiJagslyt thedhigittdahiferatesrenaite fot thegficieigadid dendtanatiared

ol i gonucl eot i de gro_bes_under i sot hFr mal conditjons with iiths%r Ii%%zr or

geometric kentei tractionalipnyeh dhes AMRYTI¢alion RGeS TR nally PYeles, 10, {18

mol egul e t 0 apRrhézafSn ds CRALS BENN6Es Gut asyehiohizid Paith ehe tirmoayaling 1o
di spl acenent events (Walter NGdand Strun cad Aé‘ 1994,

. , unk Proc Nat | Ci
91 (17): 7937P@ges 4Deleio ACH RPQ/H‘Eif'ﬁaY%G&ea&L\%'é,"aﬁ'\‘/‘én erfacf‘%!e‘? g’fhnol ogy
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pi n Biotechnol 1999, 10(1 ):11-5), sych techpi ques have sever
limitations |PRESSAyr fqrniﬂeaﬂyé,r'd?%té)%g?t‘ﬁ?e%i 8ufr8?i E%'Ee?m%"ﬁl}%g'aéend t he
production of ohRuREMIbihg doWRtiesentrs praesais singl e 15 entities but as a

series of nolecules contalning a variable nunber of copies of th i gi nal
sequithces) t aMadoHsy sPIUiSy ey dgen @Fﬂg§§d & g &"8&}%3 es’® cé)\'ﬁee %gg{n

deveLOPemﬁté}io%l@ldf%lésla@appghl, fipadicQEom providingesltentitiae I@pammwmylmw din an

i sothermal, nultienzyme reaction containing.an RNA p I :

ri bonucf kgsdrandgegara %?%ﬁh‘g@ﬂ?? E‘t'ﬁgtgemcgﬁ%ll&tp{%t%%ﬁ%‘gg'o0, VO
971 04126; GebitRegstraide Dibi4dieni Sarhplifigatior (SBA) is) aBi sothermalogesleiz 3&siq 1- 2) :
256-61 ). It _is evide hat veral prabl e i ng
fhese meEMBESAIPRIAA0 RN RO EMIEET AR P ShR AR B S Bhatah
conphexi {wth 0fin f émibnnBleddte teatndilk icahoryo thekmolahérizele sttamth aveht thatvdhé
correctly in the reactjon at the sape tine,. nai |, ni i fdei ty and
he. speetobmerae WiiPIReE s gD BBt SbTEeuE R Hiolerpa BRER) (s
t echnol 0gbEs7 BNEalkerSET,PER Mithdds Appt 18931 3/6li)d-8)f Thie tachpinuel basedant the f
nucl ei ¢ aci d sequences, .the throughput of .nuclei a. ackd.s ng. t hods
i's | i nkefengbtionfythe sihgle %?Qpl '&'5‘3[‘5"[ §Xt8pd'F§o%n§t g'&B%E@Pel&gH%cﬁ%gs]%Fﬁﬁan
amount  syhffibleadapted (eO 63004 eatil ebaiaiNatBidtectinob200f, dB(AIPBR04kut al so
to the possibility to, proces ever al. I i it | ek ed
humad®i nPEk PERD | .'0‘1\98353%@ ﬁwﬁeéoap@gﬁiqq‘ﬂg ?ﬁf g’bjdr%’g‘tlﬁlh%ﬁé?g"‘\gﬁ% dﬁ%a
gener at eghgeHhdtowkie ahe poydictase, ldankethgssforel thet rang af ealiowpd wismphraiures at

- cunber sone, | abour intensive, difficult to aut e Lre relatively
| ar ge deWhighs theyypelg\RIpCess & %Pﬁﬁﬂ@%deﬁe?egﬁ|cgeragfol s an y ﬁéelhﬁ‘ﬁd@ %’/i dual
processi Rgtily SRERhNIYMEs. Icine ekl dfyetdonbeleasap snce dangrhbisuslyr 85°Grany

 technol o I()g(%) \évserugually too low to avoid non-specific hybridization of the primers to the



G devel oped to provide specific solutions to allow the parallel analysis of
several different nucleic acids. In the prior art, a conmon way to increase
t hr oughpwo 2s6tshe processing of many sanples in parall el ﬂfs‘”?@"%%‘él id
support, often defined as "DNA microdrray" or "DNA 5 chip", on which
nucleic acid are immbilized and then anal yzed usi ng dlfferent appr oaches

I nvol vi Q&n%b@?éadh@%'aeébr%idé@étﬂe ngbﬂi@hldﬂ@&dﬂbné abrhege ﬁUﬁ-bl@UQctﬁ/él(ﬁ‘S
( Sout hern et al Nat Genet Lockhart and

W noe! ergtmmpia e irelgpotuaes MoERNS) - 118 2ok SOk AR 7St BULbeLs

ol ecul ggmPiRls AR RS a8t bélasdditRRaly asodild] skscesitald efandatorg thats tranch as
ollgonucleotlde fimers, can_be 1o efficientl mkdtoasoh?sh port in
s (PEPIaR FedYL P i al 1y or

. a coval & met'cbgﬁf?ﬁﬁ?@?%zﬁ'tedPaScF%HPc%ﬂseﬁﬁa%g‘
usi “g é'vﬂm%hﬁmscﬁwbvaﬁer@% &bs&ﬂmt@ﬂﬂé frhesssdquen&. al ., Nucleic Acids

Res 2000, 28 20): E87; Okanbt o Nat Bi ot echnol 2000, 438- 41
+). The conbi e Bellig Giele émpéﬂqa&%t(ﬁ%) ifriac leShaigHa ATakNg Hs& & asé , and
m cr 0503&1 ﬁraé@é@ﬁ%&#@%ﬁ&lﬁﬁ%d Sﬁdvﬂuaabtﬁdé HroBes bh@erhb&h%@bsﬁhmtmom tion

and 15 SIS O I 1ons "of nucleic acids per cn? of su ?ort
Usi ng siwith atheaﬂjpeafa@h@%omanwm@e@s a@@eqeﬂetﬁﬁmeéae@%fa'm lipked B%P'%Pg Bed by

i mobi | i r ¢t h S, 0 t I 9d 75, WO
001 47767 A ATPISe LR, .téeimﬁff” e e e

conj wnctd@iamewt pyerds ﬁH@rNGlaﬁ‘dsQSNGB i% roaNasw\ane‘ScaHﬁﬁ 19%a?1 &W)and
at t achmepiz70fs- fy& gﬂ/@%@qg CA|$<9 H ansZ@asb;‘ gvafi ftRe ?e&}ﬁaﬂg? hds %eé@véﬂﬂl@ ri sey

LA, Nucleic Atids 8(2) . Primers can i mobi lized on
a mat ri xadaptedt (WOt @APP R lﬁwé@rmﬁegn%éané?ﬂremptﬁw "I(?Efﬁl%oi?ﬁ'é&% 1¥8% range

of te”pe{(gliﬂﬁs{%@h7@8%@%@%@se\}éﬂalahrﬁlﬁiti}bné qméomralﬂgtabl@@()ﬂﬂbrlﬁﬁé efl way,
an equi | 1 Briumbetween si bl e stranded forns, as well as ag\fﬂn Ie

base ext@itulagzed Dequwss sw&thwprodurz\tm ef éh%@ﬂwfﬂé@oi%@ﬁs th( ggyin

Thgl\ﬁi' neﬂftlﬁé‘%\éf"%aeg@el‘?és Bhﬁ%&%%%&%h?% &ridoi@humber oﬁ@@;ﬂe@l@f)hhéﬁat l on
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can initiate a second copy of the terrpl ate (5). This process may take pl ace

even as a base by base pr qEsERIPTIONOK TAB IGUREY ess activated strand
opening over 1 ~2 base(s) at the 3' end of the tenplate c

uld he
conc®¥ni tEiagreni t:schematic p desgripfion né’f)r BSr NP ¢ | M"?r’retﬁ?sé“oglenpﬁ‘e 3" end
of the neo- syntfigsifigsfbnSbh ¥dfid (ShbpeHss Lbtteds and nlfmbens fefeh & attivhsf aniast  copy

of the tenplate Is conpleted,, or IS | eted, the DNA
pol yner ase synt%ﬁ%‘?ﬂ'ﬁqeﬂée‘%@éaﬁﬂleﬁ%wogg @'3 gn'?o i nduce as well a

mechani Cﬁbut%ti Q8§udtiee o theStaRipRile TH IpRadehid wh.eﬂrrr hwsed@enmmgsfeﬁste Ihyedlcyze
separated and di splaced fromthe first _synthetized, str |aate§ é ig?]?e 1 DO}.
h

5 The reaction thandiffaent prseers anth aerlido e ctnesc femp %nds of

the fenpl ate argRYdy hremtRddriinedd T brimdrelamd and riirfettidneofithel éxtéresidri on as
descri bed previousl Once that al so the second copy of the tenplate is

conpl eted, or &€ ‘FﬂjeQE‘tB%”EB "€t ed, the 5 single stranded end of the

tenpl at erfgaR @esdreéreeé;ﬂéis 67}heaa@|tay|hvercadzmage§ rbfalnotdseentlynmhedi i sedid- pri mer
inthe proximty whi | e gl}ot her ucI ei ‘ﬁg‘ aci d p meraseﬁgol ecul e can
Ct i

restart synt hes?‘éppeg) isaghefmllys o APl % ny ERO RS Lved  Wile A topy can
hybridize with ghfidiedceptd ﬁﬁcﬁroédcﬁ))e étjlibpet iviithad €CO cmeraopsye scalevétte (11 ).
This process, as shown in fi lfl] e %%m neo- synt hesi zed copies to be
cont 3huous! y t ulASES iISTOVE ing tap $eic acids by a mechani cal
stress- dp;ggpen 4st;5g1|ya BRI adfatheOBersy i ENARIBANt obsentedh at ahe mtibepiobduced
- by any i mvobilized
PicoGreen™ stained wells after isothermal amplification when different
concentrations of template have been immobilized. Each point is an average

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



i5 tenplate nol ecule hybridizing with an inmobilized prinmer, wthout any
externally generated cycling activity. The present invention shows that the
f1 exi bi lwow2ftee6ur es of nucleic acids, which are consi derPHVEPO4i1#3%8r ent i f
the nucleic acid is either in a si ngl‘b stranded or in a doubl e stranded
form allowthe tenplates to be partially released as a single stranded 20

mol ecul gioWhi &.8,aBforP6f thEER Nligrabdene iobteridd Whemtaipigies Stidiffeiest legbth,arehe
present | nventl on shows al so that this event ect the activity

of the pol yner amplifiegisothermaliy. e spoer2dsragy Pv'g'stq@g?gﬁqlﬁh?ﬁlﬁy ®nplification
of a te?@b?et 8: EB&‘n?SHAo% bf”fh‘é Raiomspshtet bERmMetOleFURSten@ldte iTBBBLE! i zed in
e

a discret’e area o solid surface. npr ovene
. Anplification imnebilizeg e 3§e‘ﬁe||5rp"t"hé°|ﬁ§'%éﬁﬁfhez@"ﬁ‘iﬁt%ﬁ-ﬁhgﬁpﬁ’%isgaﬁ%'ﬁ al | ow

t he gxponenti a ,.R?Hggﬁd;,rbrggesgorrpl enentary sequences havi ng m xed single /
doubl e strande

urations in a discret a of a ort, as
for theFigne Zodlgll’fﬁ"égd dﬂ‘@@ﬁ gkad’% aQW@SP'Aﬂ@?L@%da ‘é{ﬁ'a twweﬁfﬁé@z 6’@[3‘“3
i SO]C hfer m;l | yI aegﬁamgdq,yqﬂm 'oPHQ!I&u@%WrmaW\ﬁﬂhﬁcbﬁorqu Has bB‘enlrdleGOI caI
anplified nol ec

es i$ considered as sufficient, sequegf % a(glg
anal ytical et ﬁmm-ﬁe%@toﬁs“s@leictf@df@ﬂ ethHAWCatLaRE hppt 1 P ofCTUUEHS 15 equal ly
appl i ed on theMB{\!fc | Qi dRaReAl qdup&idaer el V1@ tthee @airt kadsyppor t

itself, or on nolecul es rel eased from colonjes into soluti Orﬁ% met hods
di sdbosed in t Benpwiabrwitly relevanibasgrunhers {ndigatadhen thepeftslangi4 ek cess

disclosed in t@ enlﬂ{c:{%ﬁt%Fg df”‘éﬁ@hﬁé%ﬁ)ango%ﬂhﬁ‘éb WeHblété‘eTQ@Oééiﬂfa@dl @fmrrdl tions,

provi des evi dent advantages towards prior ar and
effort savi ngs theimoewling P&Foliang ). ﬁﬁlﬂ 'éP*@eHE@'d@"ﬁ'ﬁP'é%ﬁtI?e?s nf?"& ?’f) and in
a quantity all 9‘3"6‘ ah@%)a%hé@b? 'ahHstOéshhw?ol&é}é%fgé}ﬁpltfeaw @riﬂé@

net hods. It has olnted out also that the resenhlnvent i scl oses

the use of a sdﬁrhl@latﬁj genesated gfter H@"HO?X%PQP Rafla 96 "bﬁP Pf'@?
posteriors analygkifodf aﬁ'?f?‘*cf!aﬁé’ B 4R 260 @ané \®! Lakaaon 1i raridhe2:pzisor art),

but as a conponent essential ftor performng nucl.ei zpam ds SBI ification as

a continuous pmyeretiters of anaplifind apd PUERMReaaTME CORIR! APHMRIE @AY BBNSSS; st ence
length for a dogpl ﬁwe%g@ﬁﬁﬁ%P%I&%r 1®Sepmgoﬂ1@nﬂéfbohaﬁ@nsoau TBC (idme net hods

of the invention prove e workable on a wide ran

tenpl ate | engt HY) and 7REC olaner 18¥ E’éﬁ/&ealh%uﬁﬁ‘?réﬁa'ﬁgd rYU@I BNGC%%“ It can

lo be inferred (M*B?ég %yarbgegngggé;@ﬂ)ﬁ) be further extended to tenpl at es
containing up to 1 80 nucl eot 1 des, using conditions |dent @%8‘%{ lghe nmeans

of tive Sagwreelpiaveregp pfe 2h 6RNtAY sXNSEEENtS, ShANING Kigp PE‘SUB Rent
patent appli catipsdiaiedDNRINEP! iSStHE®Sal C @Riphficttios fosWn@l Qﬂ‘fér@ntGCb'i]zymeis eot i des.
The main object o the resent |nvent|on|@38%\é R&h)o i the 15
i sot her mal  anplPYagyne oyss). &ifu |roherergs (R &P Yrﬂe@éﬁ A¥ cotitai ni ng up
to 1000 nucl eot Vgﬁ conprising the follow ng steps a) formng at | east one
nucleic acid terrpl ate conpri sing_the nucl e|

Wher i n Mina % yeNticn ok draramownA Thoresance b aeeLEPert ey BR At ke
sequance Y and ghoiiiBftioh uSiRg dfferht Watﬁt‘dsl one) GletlmmepeZcemabeSI (B)

addi tion) 2o the nucleic aclds) car

i mobi | i zi ng sadisinchigEtates szr’ifé‘-)”sdﬁ'?%h E‘%‘Eﬂ ?W%GB?)G’PF” nBﬁmé%anr%Iat?one or
nore col ony prltgqg%gﬁesw;gw@ can hybridize either to the oligonucl eotide

sequence Z or to the oligonucl eoti de seque nd carr..es
q Figure 10: digitalized mgage of an agarose ggl wﬂlcﬁ hasabeen run 30 minuﬁlas 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



the 5 end, the nmeans for immobilizing said colony priners to a solid
support; 2s c) mxing said nucleic acid tenplates) and col ony priners

t oget herwaiozke#s6sol ution all owing their imobilization byGIHPII46RG on a
solid support in the presence of saill solid support, so that the 5 ends of
both the nucleic acid tenplates) and the colony priners are bound to said

sol id support; ?ﬁe aRphY) Bgn&fxla@aealsléddcn irevioss pérfcmedCcTRG geltiastherh | east a
nucleic acid pg

merase 30 and .pucl eot | recur sors ﬁt% ai_d tsoll support
to generate anatamﬁdnwth SykrGreent’ héM‘HﬁCPS‘?r &% EUgRRGO ‘ﬁéag tﬂﬁ.\'@d
| denti cal or CQF%%&BH%%& geltah@tr&%@lﬁmé\%s@a foriPER ampm.datuaﬁd nucl ei ¢ acid

tenpl ate(s). The nmethod of the invention have been successfully
. perfornmed for anplifying, isothermally and on a solid support) single
stranded DNA nol ecul ‘D‘ETW[EBiDESTﬂRIPT(mN@:THEGIVENEiQN The quantity of

I rmobi lized nuclei¢ acids in step, c det t he avera er of
- DNA col oni es Ther flexiRility f %HT‘?CrRWP@‘F ﬁggh?réajly e@eﬁi}"?ﬁe %Egﬁsés@éﬂg%t he
present | dRMENHAOR, theminimBDSSe of mammécmb st Aave it oaies itodart be bBAIA
nmol ecul es 10 be i mobjljzed have heen det

in th bei ng
bet ween Withaahwrefdng siqaifieady isdAeAls réthuf%q" r{"ﬁ%s ﬁ%?qugaﬁ%qasng?ﬁgag%?and
bet ween @ Aideid QR panmbRises dcavityl, haick abmath dorriesporgis @mbx;mtat;em Bat i ons
of nucleic acids allow the neratLon o& ?ﬁﬂ%coa@gm es V\{I tah %m ty of
10009 100000Metsrs faptoria t??@ﬁ ?;Prﬁta (SR PYP PRPPREE 1 % at i on
met god ?\%ﬁﬁﬁ'}b@?g (]tgfl té hgol Easﬁnbam fof d deutilengiaanaédimNAL(Tisareh Bt b ah,uﬂ ei (r:]
acid polynerise of choice sho act j a Wi show
t hat nudiirgremalerelep ol9PdesP d8): &7%#0%%%? &@ha Irb/rﬂﬁ%il MaE gjdﬁ‘ﬁ % cati on
system lﬁ?&a@ s| BlotBESRdi 2000, 29, (7-478 ) Ahshérsestds cdquble strandkd nmm dmi hod of
the invention at tenperature conprise 70C and 85C o

pr ef er atip yhe k?ég%léﬁ‘b?"i?f ReHCR/plen mfﬁrlagthrhﬁt\égl?;lgg 1§ ﬁ?PFtHFFdI'S y%cgm%, "the
hybryisdi 2g44 8fg IeséthQﬂe@(UNﬁ %ildr SbsBalBH we&mﬂaaltaealéwbr IRNA,adviearthenghnt s ar e

N dg t these t t he

Gqu val dhe epbmatianselios APRpaE Kot Gpe sEapded A qfidaih e Metl, ' °
devi ati ]Sfbnfu 58 7h %ah@fﬁgéf ERaridsVI} Bnabélyme{]scmmo 5417pe3417-60nll(ebh£ekast°hodf With
a specifilc nucleic aci 0 e.ran n or a
com?rer ciedl al;, hBioghemistry S5 |‘1t:I:3‘Q"§)poAr3(53 ésTh‘?&H’r‘ﬁ’eﬁ’gF )é rg@fj%%&{;‘#ﬂ% sol i d

surface jtpowki £hupifle] @ aeilsle srmdbe mbleanbedil expahienss fomuehahigher | at ex

beads dextrln beads, pol yst ne 2 rf ces pol ypropyl ene surfaces,
pol yi%chW&?ﬁ%%ﬂesséﬁ’?rﬂa§W9¢a§'@§‘degf"}9¥e§ arfaces and silicon wafers.

Preferably thgagpl bugpfg'éléﬁprs'tudlé% arigd &8s qodintify m)idysmaheelpeemrfsam theNucl ei c
acid t enc‘i);s?;b?llmnagseflfjesé?s of tﬁer ghgrg)rl ?es%rlt;shgtf%n?%e?:ﬂamca}f Sﬁ'egg) OIJI ﬁﬁenl% &%al%“?l eic

interactions present into a double stranded DNA, which can be consequent to
transcription, supercoiling, or mechanical separation of contiguous 5 1 3’ extremities

25  (reviewed in Strick TR et al., Annu Rev Biophys Biomol Sfruct. 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 Ampilification.



acid (DNA or RNA) to be anplified, and it is present into the reaction as a
single, a double, or m xed single-double stranded nucleic acid. The

nucl eot iwlew2Hedshing up the 30 nucleic acid tenpl ates may BETHEROWIEOPy
occurring or non-naturally occurring!?nucl eotides. "Col ony priner" as used
herein refers to an entity which conprises an oligonucl eotide primer which
can be i mob|guzed ofiinemariasl itk shsléadar nsdohgnists Bhdenying the 1Besend it is
capabl e of hybridizing to a conplenentary sequence using its 3 end to
initiat&g'4Pecific pol ynerise reacti on. "Degenerate priner sequences" as

used herein gy hetddniplehentanobéqencass belbngieg s ginglecstradded tprimers &abl e of
hybridi zing to any nuclejc.acid fragmept independept of € Se€ nce of

. sai d nu@ndizx) aed @mplg%&lpﬁ_lmmo N}E%fﬁ&af gre'? i"f‘isfpi(juﬂ%og? gﬂcargcc?t%;% to a

sol i § SWRBGHH fo AybrideRA(thesihnprraéer niptatamybrdizationaproduct rie mare emiless|

attachnment nethod  includjng chem ¢ally-nodifiable functiaonal .gr .

" At t achisEARYY FUVEE cdenegdin i (ﬁ'l‘-"z‘gﬁatlaﬁﬁa g?“"ﬁﬁ@l%? pﬁe?'géeggéjsegf’?&ﬁ g@%ports by

ei ther gagoval ent attachment or a non-covalent attachment 10

" Chem caIAI y-nodi fiabl e functional

,8roup" a}i%f d herc?i.n refer t(r) a group

such as for &x4RpIPEesenchRisHR-ABPIHFAT sgju X P BHGBRYTET S et y) a

thiol) Qpol8dlIe(H)8n StRtiPe exPinBlonict adrvdstemU ORlich &sa usprofitae &hmobi&zlfe&f s 1o a
nucl ej ¢ aci

discrete area conprising nmultiple copies of co nt ar

St ¥hds termplatepdion e 3 66 Bt sy origeed, SR (e e FRLR P RSaRH LB it ch
has been RgiehfifletbhdecheRitaa nital hgaization Bfgior and fies cemplspkentains@o, t hi ol
or acrylate groups. "Functionali sed,,suF|f ace" as, used herei,n rgf.ers. to a

der i vat i Pegressivas ducropsing amaunh ok ATHIGEIY UiV dRURIS-taNded HEET S,
groups, (f:@{,réamr_rpl e maleic or succinic functional noieties. 20 Nucleic
acids which may be anplified accordin ta he rretQBd§ qf ﬂgihe I nvention

i ncl ude DNA, Blﬁmgetharﬁt@)S'@bﬁB?nd@U%ﬂA%i’%‘ ﬁ‘é}lsgﬂ’g'ﬁf‘ FTaA, ?88er%5§nt DNA
or any fohBePderalitbi epbstaRbouthdad be effédidf thdricchbiticdl tstresminduesd/ bathengst
tenpl ate nol ecul es sinul t aneou sane Id support,

ly i bilized on the. ol
and t heycortigsiretveen ienstifngss 9?&&‘/91 %qumgﬁé?tf@dﬁ qogfod@fah%gp%?rbe VYD ecul es
havi ng 3%@9&% I'thé T8 WosRfonSETHeNS eendl BE bbtrc kBandsa(3)dThe ndnecorateht f i ed
may be derived from any source (e,qg. dgenagjc D(Ij\lA fra man[ts ogt ai nep by
limted intesaqtipes istakilgiioy the El?‘&é%ﬁ"gM? PUREG e7C t%Byg‘?qP&?a Reb&OPYSE f urt her
processegeAaiRae shesNd thee@miphtans Mot sorf ehougghi oy atddnamodsste reyick tliffdar d

geneti c engineering techni ques) as rized i 01.18957, i ticular
to adll tHeictare o e éﬁ'i‘(@ﬁénﬁﬁ%%@aﬁy%uhébﬁqﬁaﬁpgg\%ﬁﬁt%Jt@%%%vu%r afr”er s. In
30 thfe CiaSL afd |er§8|‘é%ce;§thmeiimgb§éde@hdrva?hb@ Wiantrtalegrtowh’lysﬁwnmd?ﬁ nunecavBlAt b%NtA he
use of a reverse transcrjptase an vent ual |. i,nto do n

bef ore bBISRFHISERFRSER iR “{%Hadﬁﬁ'ﬂﬁ'o%gﬁa? "fer?gari"ﬁ%)esﬁrte%%ﬁgn ﬁ? £ grpﬁéfe?ivog] ,
whenever b hejucmaRhatpdriich af that tehlate intotahdoutte strandexticonfigdraidid Ablisul e, it

can be d}ni)ren%%tl,ythg olrtlignI ?ndorcla3 ywetarp(E/ ggstogig%d?fanhht?xellfer\"'grgnulh'o%neg&g/nﬁ)sﬁpoefﬁd fic

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).



17 enzyme known in the art that can generate double stranded RNA starting
fromsingle stranded RNA. The nucleic acid tenplates of the invention not
only conWpigdetShe nucleic acid to be anplified but also {RHV/EPO1/14369

ol i gonucl eoti des sequence Y and Z whlth have a known 5 sequences and can be
of variable |length. A igonucl eotide sequences Y and Z for use in the

met hods of t%cgfﬁ%?%e ifitesdpyobrf ahe tBrplats adl condlletb@ast i igoingits ot i des
in |ength, @ﬁeferab ;va bet ween '5 and _ 100 nucleoé es.in Ien th and nore

pr ef er asPypEted i B hanerase sufbelizing HessacAnd SARY i, capRRledPiBIsE @Seot i de

Seque”C%u\é ﬁfégh%.&ﬁ strBSs b RNEhA8d mn@ewrmere@aﬁ ed piedgrassildly besaraiegues
whi ch are or conventi onal may be purchased from

. commer ciaaf d@@!ﬁcéé§0m the fiFd sgnthetized %waafié@uftgyf%whum ei c acid sequences to
be agplified ﬁ@%a&tgﬁ. fént feRnmBtedd u9|tb%ﬁh!ﬂi4ti%ﬁt L.8eshel ad Btrdndabr e carri ed

out 1n the sanme or erent reactigns. gonucl eqti de se%uences Y and
< Z cont aitereplatet ar¢ebgh @Nﬂoghzeén@ﬁd15k5?|lést}9e(',"t‘ti‘af‘él gmplificgtion, casjdesgihed

tenpl at g W L}p@ncﬁ%ét%tﬁg s@&oﬁ&‘@o;ﬁ?@frtﬁ@fen%lﬂé @Eomgeté@msagmg foor

exanpl e onucl eot1 de "sequences Y and are preferably

| ocat ed bat C(m’!plﬁ@dr thens’ 8n9|§n%tr83"deérﬁi§’ phthe @F‘?ﬁ'ﬂ?)cal“e%é%'??ﬁﬁ‘éﬁ () And; he
nucI e| C Bh&lzé Wl %fo%r(lﬁw% bﬁ%@mr%\éﬁ if hhé‘ p@m&rﬁlt)ﬂ-% QAE eRbirde uekict he 5

rmn ocat ed further away greater than 100
nuclleot |aaeispolymerase molezulearzars regtast svnthegs (Pnét ﬁ@? ﬁ@ﬂi‘? gi"?,e dbs §rst sipgleat e,
provi dedyLRaly by SFMBRAES winUbuforldefth (fo)Wifd RitiateAs néw <opyRgeRoihl ch s
to be ampli ger than 1000 bases. Once a nucleic acid tenplate
has beer{1px eTms aiocess, mayshownaifpliipicedEpaflewe nesrsy§thesizgdi ¢Ppiase tdehods of
t he pr e%%ﬂﬂnd él‘é@%ﬁ%'a mt%uﬁh%l@@tlahﬁé&%hb@i& AYs Bf acnﬁlééhé?ﬁhépléireébihﬂ‘%n”m hods

own and document ed | for exanpl e inserting the 25
t errpl at stnand@peraacn candndisplagerasmr adighopar, Bet @Pmc&’HGe‘herfl anyy impgoitizedn g
sui tabl a1 4y Hiz&y IBNE Bny tditémnall
I’rp|1?fl g%#t?'}) gb&@éullé;"?ﬁbndl% ent| agry '@5’%‘3 rret”hocs of the anent |n?)r¥ al | ows
mul ti pl @eoeratectcwfng Aetivityicl ei ¢ acid tenplate to be produced in a nucleic
acid col ony g@rq Irﬁ\feﬂﬂb@sﬁé\ﬁg tQWﬂeﬁ&ht&h@atﬁM@'&'rﬁlc@ﬁ &ld@rﬁﬂléﬁe and

it can be per to I ntroduce chem cally nodifi
i nobi | iare ngngderapl)' reﬁ&/me |nHC|?1¢eaCei<t§rﬁW§§'n aiagle gphged enip %ﬂRHb@ c acid

t enpl at eStl%g e@%? canmb it%E 4o RPlaldie t6> P! Haﬁﬁlﬁp%léaé‘a 8s WUukofe strbRdsrd

nol ecul e made Into a single stranded form using nethods
whi <0 armeoigelie hilevihe delymeseatinmiseetil andoNg- Aurprisingly. dR@RISSENIPVEERNI ng to

appfox' f%g)s YalSHraf s s&argf'abafs OO tﬁ@aém.tplaf treepayméﬂaaélmq |ﬂ dardbd. ~0.5 M

The sequences rised into
co rrpl eneisedrty drive theesqihergah aeplifisatign of é(ﬁl@ﬂ@@s’“ﬁ'ﬁﬁ‘ﬂg |"§% BeW[Y S(YHE"ef'éGr‘Pm at es)

are chosgpegyed aﬁlhﬁ?nobh%é/d iy @iséref &Feyiofalsoliy Birfatezi ng actl vity with its
conpl enentary_sequence and ver)éﬂl OW non- speci flﬁlagy ridi g activify to

any ot her seqUeniprovaneert e dhs BifgeAmpificatiop me IsciRse dg ke Preselhgt h,

but r ef erghl ¥pdieatich %ﬁoﬁ%@sekﬂbnbﬁmt ProdDEtionr at |cbmf|b£e¢mmar§lgsélfueﬁ@és
natural I'y occurring nucleotides may Btpresent in

ot T o rawna Diedeine: fsdedbls SEanadl copTayeions & mascEte Eh #f BFal co
the met hqgsoafl ab fisr ﬁ%%ﬁ,{?tcdldﬂ(éenﬂlbaased h W 3B 16MRdi WETI'OO/‘IB%V duf f er ent

colony priners, nd X" are mxed with the nuclelcrfgc iﬁ?‘i

step c), isetherneally qrasi %QU@W@BBO‘& masnghyWhen e quantity |gen hat the
ol i 90““%6@%&@@ iBCERMeRed. S5aBuKiRA, dse?cﬁehé]ngm&d)fotﬁdﬂeami/t&@b/ rsthedy s X

and the oligonucleotide sequence Yist as _.one O{F‘ﬁt col on pr| nmer s

X", M t edesgribediny thoshPatent pRRlications @0 264 eapB"?g %o TN

oli QOHUC%;&{&J_,@& istBteiRBREeither dRANS Slishibrt |%Ifﬂﬁfor?(fnb&c0lEestréIeasbﬂrfmr6WAence as
- ol i gonucT eot i de seciuence Y. %«iﬁé}gﬁn pr oduci ng the nucleic acid tenpl at es
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isolation of anplification products containing a given nucleic acid 20
tenpl ate sequence. O her desirable sequences include fol d-back DNA
sequences {which form hairpin | oops or other secondary structures when
rendered singlestranded), 'control' DNA sequences which direct protein/DNA
interactions, such as a pronoter, an enhancer, a replication origin, or an
operator DNA sequence which are recogni zed by specific DNA-binding
proteins. 25 The colony priners of the present invention may al so incl ude
degenerate priner sequences. Such degenerate prinmers thus do not require
the presence of oligonucleotide sequences Y or Zin the nucleic acid

S Y



30 the anplification nethods of the present invention, the degenerate
primers nmust hybridise to nucleic acid sequences in the tenplate at sites
| ocat ed WP RE6436si des, or flanking, the nucleic acid seql&TdPUHHMA is to
be anplified. The 5 end of the nucl¥ic acid tenplate and priners prepared
as described above is nodified to carry the nmeans of immobilizing the 5

ends of ;.batfs bhﬁm@ﬁi{ldeéffbrt savik9s 6 bFlidr edRbeiire AcIEio Acidl enaledueryinma forer s.  The
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Al ternativel ﬁeﬁﬁ%&fg(rhnm%ipl [ éati on It:l'éatn be 10, obtain gmléy i rreversi bl

passi ve 158 baseprh the mejhasg st #ie inMentionPrayed 19 keywey, OR & WEETANge bl ecul es

(for exﬁﬂ%l 'Nﬂ'fé*?ﬁ 1htB AR, AN o OF Beveralt IRmdrids T Gricleptiddsoti carl at ed
nol ecul es SESanp esdo chdeﬂ% cally modifiable functi s to, be added
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der i vat inssthedss slisatbsedpjsothe axamplest g | the. present patent app or
di met hy| AT ORRY aR¥hihGHoRoes jdBdi twtigedl ori de (EDO), succini ¢ anhydride,
phenyl di'i'sothi ocyanat € or nalefic anhydride, or a hetero-bifu gti ﬂ,nal
crossl i nker Sthehmain fabjeck ainthe cPrReeRil BVANURN, Bh 30 ProiEe, g Fil i 1% de
ester ( SR & -ori0AGAEE Md ségrhembeninsh cAB)00
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(wat er-sol u Ies .c%rrespo_nds:ﬁr;g conmpounds. Most Eg)re g,rabI%i t he n|ucl. ic acid
t enpl at es andamplifiggd, wherpig nyqleig agid{s conteBls at Shry 2 s 8¥90§HFﬁ8t'cgq' oup at
the 5 end 25Jmdidd ¢aiigon wae eraTBRIdibéRstiestiie SequericaT®B, i iAaiddiibnsol ut i on
contai ni ng 1-ethyl - 3- (3di met hyl am nqprop\g/]I ) - car bﬁ())dli m d_F Jhydrochl ori de
(EDQO as cr odbeintiRieisgadidiehearyapt hsugyiendniesyeanp ©f Spopbi 'Hﬂg spig 'Solid
surface to W&A’{wagis_@,"@%ﬁb@@an be i mobilized, such as for exanple
| at ex or dextran beads, polystyrene _surfasges ,Bolgglr{;hog'ﬁ.ene.ﬁur a&gs,
pol yacryl arh)dforgiso) oge|f gk 50108y RIIMRS Xy ivhiche Worqige IREE MY er s)
preferably t hﬁigaﬁlhéléotfde%alnéndei b1l @i tHe SligBigkiebiiddsequenhcelfandtcatridsy at he
force depl oyed durin he el ongati on .an ing_a covalcﬁigtsfuﬁhé‘%chrrent of
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the nucl eic abpd' 9%3@@%@%@( mePYzigg Paﬁ W&WMQ%WSHSO@ Y i onal
crossd i nki ng hepgesHic nudsic deasmpree(Sedmt eolomdprimersibdiherdfbia sGluten bot h

the nucleic acid tenplates and cqlo riners of. the iny i been
Synt hosi seq, “lowinst I damepRRRtond e & ehitan a SO Sigear ol wEhsley Bt pog
previously, thay semNshishorti ¥6 thdtAge Bhemdsadf isuh denhuadic aosl teaipiaté(a) eod t aki ng
into account the data showed in éhis gate t D?’ﬁ lication, as well as the

desi red densi thg colonpiimess fgikosnd i 831l S8 SHRPREY concentrati on of the
tenplate isy l Hﬁ'aﬁ{pliﬁ?ﬂoﬁ@bmﬂdn,w&miﬁg af Ileaé_i&-rﬁﬁj_mg@ﬁciﬂip:mbsnemes )
concentr at ed. ce that col ony priner nd nucleic acid t X ~have been
i oA | i zed oand iﬁ‘éd@@ﬁ'qetlp'ée&ld'ﬁ\éﬁ ,tomﬂséglfcgﬁ\‘%%o%*o 9ﬂ%er?ﬁv§'g¥i'r§hq%§gggt hen be
generated by gathelhay Mueié Aeids SRVINGrIByuends ldehiicior compleawntam  to dse
-depicted in figure 1, so_thab_ea h cal on.%é conggi es nmultiple copies of the
origi nal i mogequepes ohiheimmobligedinyclels pAdeRAG®)s conpl enent ary sequence.
The boundary of the nucleic acid colony fornmed is |imted to 1o a
relatively local area to the area in which the initial tenplate nucleic
acid was imobilized. Cearly) once nore copies of the tenplate nol ecule
and its conpl enent have been synthetized by carrying out the anplification
met hod of the invention, then the boundary of the nucleic acid col ony being
generated will be able to be extended further, although the boundary of the
colony fornmed is still limted to a small portion of 15 the solid support
whereon the nucleic acids were i mobiized.



The size and the nunber of DNA col onies can be controlled by nodul ating the
time during which the solid support is subjected to the isothermal

anpl i fi C&DIBAGISFhus t he nunber of nucleic acid col oni es fRETERPIAMPhe
surface of the solid support is depehblent upon the nunber of nucleic acid
tenpl ates which are initially immobilized to 20 the support, providing
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initial mﬁmm'ayy afd bha solid iseprork single; Hrasdad &“Aaﬁ@'%ﬂleﬁépﬁfalw 5o

situati go gﬁg % reached wherein a high density of individual nucleic acid
col oni e iy produced isothermally on a solid sgjp ort of a size

. suf ficient td’halquamtltyhei immekilizedi Rucigiel acidat iR Heme) FU@SZ@GG"W@[@? nunber
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bacter i ©DNA uolbnias withey d&sBNY of PPAD-10G000BNANESI yirer ases) as wel | as their
genetically d|f|
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results enoug [ ns of
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i vor st tRgReAn. Fntd FEREREGH BB RS YIRAOR ofo® BB ¢ can

be full yreﬂioceﬂoatphesdoﬂempﬁrathreﬁat ural pol ynerizing enzynes, maintaining the
base pairing b fyo te r @érﬁ é}gﬁ,tr@ as
recently revie e eﬁ%l SQBL&Ph&Fﬂﬁgkﬁuﬁaeﬂt Q&eﬂﬁéli} tﬁé S%E b 0 (2 i
39902039%)3an|id§|etha1t laay tdavjstian efrorg tbetmpeéatw 'B'F'alh/ E\W%F%@Gﬁ@r"&ﬁt}el t s
deS|red t | de £ i f 2hHa OF trklobblistiont sreaded
RNA, the™ %W%B Cfﬁa: n%{elic(r)rée?&; g%@?\&g nsWﬁle-'%ogéa DNA- dependent RNA
pol yrreraec&nmémal(ﬁ)emps@ta Vi raI RNA replicase or a ribozynme (Johnston WK et

al ., Science ‘%ﬁ@é sgé?&{?%z@ %T%}?‘% i fefers 1BYMY thd]&ur@éce% whidNilcRii€adigs ds Res

2001, 29(17): ication so ution will consequentl
cont ai n, cars mueﬂemeddestphe@%rfglblegampieblﬁﬁ%}bIb§69$ ddextiany RBds RASYePRer
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cor r espoant sﬂgcon W@‘ecaall?pefam@él tk'ﬁé@\lﬁi $L!PPPHé‘3 algiasaer BECHEYEITeRUTAG® t 0 support

the activity qf, cgg}g?ﬁ@g%%aasgosae usIB%eFéﬂ’FFe@é’i%rté‘bh%ﬁtnxfcoﬁfﬁlﬁlﬁgmnudléﬁ@

di met hyl sul f oxi vi ne Serum Al bum n on X-

MyCl z i saeigl(PNAnomRNA) to the appliiedannd }ds PEFSG i”‘r‘ﬁ)gﬁ Wt'?’baﬁé\/ﬁnéﬁ ﬁpt | mal
anmpl i fi Cg@ubqg  ordfkeli ﬁeﬁ‘?‘ﬁé @ﬁ?mrmcwc adia. TAS inlieaiicdshalkdhy P @he

concentrations for the Fresent i nvention on the basis of the

exanpb esnpeleiseACidd teoplatest anay Toee HAIVAIY| UG LT oNORRAMRIY| SCETHRY d

st rands Eﬁéé ficdp the colonies are generally imobilized on a solid support
e

- and may n a single) double, or mnixed single-double stranded

confi gurati on&Golany pyimer! tasne6ed | herpiapreleianie @n ﬁ”?tMeWBGBuF%[PPr&‘?SSBn of

amp! | 11 e i BRBES pRREP BjcAah Gednfhollzed D 6 SoR wurfdRSHORES érd,i L 1S

* necessary ave all the nucleic acid nolecules to be

anal yzed and | or sequenced in specific configuration (either conpletely or
in a segnent of interest), further treatnents can be applied to the
isothermally anplified products to have all (or at least nost) of themin
such state. For exanple, tenperature-, chemcal-, or electric charge 022
driven denaturation can be used to transformall the anplification products
into a single stranded DNA. Such nol ecul es can now hybridi ze nore
efficiently with a priner, added in the |iquid phase or attached on the
support, having a sequence conplenmentary to an



i nternal sequence of one anplified strand. Dependi ng on the sequencing
nmet hod, this 5 "hel per" oligonucleotide can allow the detection of a
sequencewomdifsber ent ways. It can be |abeled, or it can PST/ERYIAHEY
el ongation using | abel ed | nodified Wucl eoti de(s) Alternatively, it can
al l ow the use of an endonucl eol ytic enzymes recogni zing a specific sequence
or stru Fu’j’it?s f:é’damt&'o Ojtﬁttiuzm@%t&vévmpiérﬁaﬁtb%éqtehcmsn ite® ritetoshigagat i on
st ep. T e nucleic acid colonies of the invention can be generated in
di f f er edtspetifie polymesang raaélioN: i es dependi ng on the conditions used. The size
of col onies ‘ée@érf’efrﬁé%tﬁtﬁérfsé&fén@e@ 48 WedRY&ih Sefes © %Mrﬂﬂ@bmﬁdeotiﬂbe

density of nucleic acid colonies for use in the i,nvention is

. typi cal lsgquenge which isccapeblectf Iykydizing ¢ epy &éﬁ'@lct?%?gfa@?}?“‘e&%‘?&ﬁngeﬁ 0001mM?®
to 1000QQOL cﬂgﬂfe 8{@31@ Habik vcRGRigmEab! e by the methods of the inventi on
C

Only the te ogl es or i mage anal ysis (m croscopes,

. sof t war e) notAMéaly% fqvmmt@ﬂllzegpm&cle& 4’Q'¢ﬁ toag sl sypRth %H%gg)@ér%'\‘/é‘?ﬁﬁﬁ
pr obabl y, aﬁye @nf&éi ‘Ur@ton%eﬁ%l %tt%ﬂmérﬂﬁﬂethbuqml@ém@ lcﬁ@hﬁzaw\i‘ho@mbm@l es at
S

such densi e nucleic acid col onies have been generat

i sot her rieidtignalvaioupss "Attashmenbgrelales 4A igEneRization of; addeie z%;'dat‘i’&/ gplid
char act %Eb@é&i‘ﬁgﬁ&@%’déﬁabftﬁ h@énmraencﬂf _coVferPMAagthani es, for instance,

to veri densi tty he di mension of the 20 isot her mal |

gendoat ed DNACbemisallye-sicsi @bleﬁén@iﬁ’é@' FRHR cae HseDBYEiefRYS 19 Brﬂ“t"-FPeS‘é%‘em fic

t echni g pyt a, it 6A 3| dRByed hidigtgda Mo @iidror | ng

ei t her ﬁt?’efoé%?alﬁmseulpép sp@ﬁ onst%tedglPM*?hernal a?rpl i fllcgtlaonowas

per f or nexhinograupe nat eri al reI eased from such support into the liquid
phase. Option ! Plebdif Sefei %'é‘%s&ét@%rb@ﬂ:d?ﬁtﬁfs)n used for
t he i sot her maﬁlus%'c Qﬁacgitklgnoyﬁc%é;#g%de use eor specific 25 anal yti cal met hods
and hybrmmmzle@opnespﬁ@vcammlemeatanwct%aqetsgan% o the liquid phase,
accofdingl y t"E)ehlx;?usPPt él{WJceh%r LSHAZ Akl reRpglith | #surfabé GihieaMabebe&asi | y

det ePmi ned enpirica or each nucleic acid sequence usi ng met hods wel |
known i nnd)dtfaeqowmt)ch%mpa")(l’@la@th&e afPusafar $Xemple %F'”Ph@'%@h@@h' e HRYRS ni nati on

met hods _whi Ch'Fﬁﬁ&lORSll&%ngr%e% USOH PRIEHS r&@VsethSQiendéﬁééH' fpfce fWhWﬁ

001 18957. A non-co ensive |1st of 30 such nethods conprises the
hybr i di zuasi beerwimadifiesbwite BPerifig JHudiceal BreERS, {ReamRe soa! Pl‘lfn5‘t9°"‘|'°abel ed

nucl eot 'tgﬁaronéhﬁoﬁsg s@nplification using specific probes, the use of DNA
bi ndi ng dyes igestion with sequence- qgr structure- sgecn

endoruc eases\uckie acke which maY be REPITRRGRSETRG I ednsthads f(tE%HW egion  gases,
met hyl asﬁéud&W%ﬁ@?ﬁﬁﬁlea&é’ndﬁﬁl@@Nﬁp%nﬂiléhﬁ’éﬁwrymmetd&&mblnanQBNﬂh@' density

and the dinension of the isothermally ner at e1d nucl eic acid, col o%ées can

be cal cuanyt am pf synthetic ORaNedbRk NS afhgin, length Ay, ¥any amPigst dePRitE

det ect %ol@@&l@%ﬁnul%kabuéﬂﬁ%obmzédten 'fRE sdind BelicstippoFipane thsiphay e may
use an intercal ating dye such, as ethidium br 0{%%3 or PicoGreenI"'

(Mol ecul faagnmrseeesme"%meﬁ@f larggr nugleicAgbmolasy V'“W“?t”&u%uﬁb"% hod, as
Ui sysT"ge rggtlﬁé@cmeahuaé.em tol e émhﬁed Ry s tbevedeirdry ahynddufdectb.glpubl e

st randed ['ecul es i nmmobilized on e surface and observe,.t he result of

st ai ni ngoediomic &4 freemeptscaiained by IMMiss igslictioy eRRENR digestoyuHaweverny
devi ce ajp \Pﬁéawnéé&etoct% RiFthbP ProdBsketinf ity adirid Gdddoin rﬁéthbctbeofawwemuomt e

| abel , for” ex | uorescence or ragdi oacti vi S sequence
16 et o1 vainEieBarcgeReRamASNg oA abeRs BOBHIIRTEE R IeaT 1882,

M Cr 0SCOR&HANISr 168Add thBOWahE ztéé@uame Rdcedsdry tb albriaNAlte calong primersy Inlevi ce.
The full or partial sequences one or nore_nucl.eic CZ)WE% can_be
C

det eBdi nbg agpe d’éﬂ"@?ﬂf‘nﬁhﬁds‘?ﬁt@dﬁ?ﬁNA&P“ Perifansformeduaiq fhe usePi i ed

nucl ei c Pe%% tt%hﬁéts& aﬁ@S@«@htuhHSy Wb YoLbiB s trangedBA A bforRybeiadamelli t i onal
- steps) can perfornmed on anplified nucleic acids either on the

solid suf?@@?ﬁtmpt@gﬁpfm?r'n‘éﬁﬂt@? rel easi ng one or both nucleic acid strands

bel ongi ng to Rn&naﬁvélv)r\mu&fevéhﬂle%p% ¥ besaturdl, efyatriityoamplifledlRNA  of
* sequences is determ ned si mul t aneousl y.

In
| abel i ngmelectiiee taf¥) PPi FeacH AMPIBRAL BY )th‘?)W@E%&ﬁéh%@vﬂwrhesﬁﬂpﬁpephat| on
product, is desired, a |abeled nucleotide can be 20 introduced into the
anplification solution after that the reaction proceeded enough to detect
i sol ated DNA col onies. The | abeling group can be radi oactive or
fluorescent, |ike Texas Red, and it can be added to the anplification
sol ution, eventuaIIy together with a primer different ~ fromthe ones used
to anplify the tenplate nolecules, in an appropriate concentration
{typically, one tenth to one t housands of the coicentration of 25 the
non-| abel ed dATP). However) high concentrations of |abel ed nucl eoti des may
|nh|b|t the anpllflcatlon process, a phenonena mell knomn to the man of the
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24 oligonucl eotide(s), or to the release of one or both nucleic acid
strands bel onging to one or nore of the nucleic acid colonies. In a further
aspect oboth@eisnvention, the nethod conprises the additi SHIVERM/AHOD

rel easing one or both nucleic acid strands bel onging to one or nore of the
DNA 5 col onies generated isothermally, so that they can be recovered in

sol utiop fo s & Qbusi'sharuid RNA @iiflg #am BiAgiebt ai ned
W th chgﬂ‘?yééﬁ F(Hé)‘}()ﬁ?'lc’:g‘llé,ﬁbhh}gi%gg?}bﬁé%engy%ati camaans t hat c?eave t%e i nk
bet weenstriveledrRM&r s and the surface, or a specific sequence, structure) or
nucl eoti de c ' | f th RbtCorfy EtRpridetthe AsaBR!Rid WO
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Care i mmar sied mistheds ofy tenpresent frvertimswareaprafeeblyash Bashilive syeleotideseinpcr  Any
DNA col pny, det ection ISP blie4SiRdehGtn CAIP A pRitertibhoran 15
anal ysi e@%t%ﬁfelr bq)()rbéé'?éet%gbc@tdeﬁénq ﬁgat t}eﬁeﬁu[r%rbgréj‘and naturéJ of trr’{e
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each step of _priner NS i 8K r@parallu_iMgng the
sequence of Jﬁ'& Qﬁgerl'lgciféco(?'ggisg&?een%f l(Xféer%rvvlz ? _mh%gg&ég?ﬁveﬂr%gloﬁyp?o beWg

det epm neshniqliee whitt arksstahdarteori coneentiopal ipathe wst, (s sty be purdpsgbralc| e ¢

acid colonies .in 20 is Lk | & i i t he

i nventi C?H"WC'BQS%F%%’ 2{ Q%Fﬁgn{%? gmg%hygﬁgﬁ?cr%ﬁboaﬂﬂ gz‘éé‘g'eﬁﬁééﬁé’?% g@PIg@Perml ate
of the itheretid attachiffent stdiigonusiectities YnarthiZi ean Be|ceved: e i) the seE®edus

pr oduct I;ﬂofF of, a c;lurrber of such nucleic acid colonies, each of them

pot ent i AYEUSHRHIAPng different immobilized sequences. The present

appl i cati on prhevoligsualkeotide segagricee ¥ oang iZorontained eaptheb e @ndf3' 28nd$peedi ng
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documented in the art. Such additional sequences include, for example, restriction
enzyme sites, modified nucleotides, or other nucleic acid tags enabling the
identification and/ isolation of amplification products containing a given nucleic acid

20 template sequence. Other desirable sequences include fold-back DNA sequences
(which form hairpin loops or other secondary structures when rendered single-
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' erd 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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’ 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 dextran 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 both the nucleic acid templates and

colony primers of the invention have been synthesized, or purified from a sample, and
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to P2 atthe number of nucleic acid colonies formed on the surface of the solid support is
dependent upon the number of nucleic acid templates which are initially immobilized to
20 the support, providing there is a sufficient number of immobilized colony primers at a
distance allowing the hybridization with template molecules. By controlling the initial
density of the nucleic acid templates and primers, an optimum situation can be reached
wherein a high density of individual nucleic acid colonies can be produced isothermally
on a solid support of a size sufficient to allow their analysis and containing a large
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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specific technique, the output of analytical method can be obtained by monitoring either

the solid support whereon the isothermal amplification was performed, or the material

released from such support into the liquid phase. Optionally, nucleic acid molecules,

distinct from the one(s) used for the isothermal amplification 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.
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appropriate concentration (typically, one tenth to one thousands of the cancentration of

25 the non-labeled dATP). However, high concentrations of labeled nucleotides may
inhibit the amplification process, a phenomena well known to the man of the art for
other amplification techniques such as liquid phase PCR.

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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invention can facilitate the identification and the counting of the number tags. After

ligating appropriate linkers sequences to each tag to allow the immobilization and
20 isothermal amplification on a solid surface, single DNA colonies corresponding to given
tag can be visualized, sequenced directly or indirectly, and scored using an image
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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havi ng sequence |de tical or conplenentary to the 20 sequence of the

i mobi | i zed ran the emaliied melgpYlat e{s). 2. A nethod as clained in claim 1,
whergin t | i@ B¥idRidlyFRérEse #nd andast ondrigperbkiabeteti hiciebtidenucl ei ¢
uhe temmfg%@/@fng%nfzﬁélé’%ldﬂfdlymé 9p

nd the sequences of col ong péuié{nsrs X @Pd Xy.are such
that the ol i goleutheeliuidi@hase; iogethey withna piakla; butfer. Ny RANAITONS LAoWIng oy
primers X ang; Il ucl eoti de sequence Y is the sane as one of the 2s
col ony pri rreﬂglrﬁg}.%l%gb%mr’ret hod as clained in clai mé V\Gere‘en id
ol i gonucl eotd)dietestion thecamplified nuslais asidmingerporayng theyhaler dueegidaldRence v,

and col ony pry % sO&h 1BEI SrABEhESRSERRCS tRs intdragtionusfIteistidtdewite dheence Y.
4. A et hod aﬂggﬁ%alﬁgrsredsi n claim1, wherein one or nore the colony prinmer X

may Bo conpr i aepified Pirdvet aNd reFABE heESdhce and the nucleic acid
t enpl at es) ?I%”B;Stio?l '&@W e ligGil Phasé rlderepantinid steg thdandotg)atsipnt ai n

; 8 )
- ol i gonucl eoti‘de seg ] or Z at the 5 and 3 ,etnds respecti VEiJoX'
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



WO (12/-~G-SG PCT/ EPQL/ 1~3@ 38 5. A method as clained in clains 1 to 4,
wherein said nucleic acid tenplate is genomc DNA, conpl ementa )/

r ecombi MEOW2ONEGOr any form of synthetic or nodified DNAPGHEROAREA or any
formof synthetic or nodified RNA. 627 A nethod as clainmed in claimb5,
wherein the nucleic acid tenplate contains 5 between 68 and 605 bases. 7. A
met hod ‘as cl gy r%ﬁﬁg lé&ldébaérm Bor WBEIEI fuddbtidB(e} dffeperaCirai tomanisatiain)the n t he

i rmobi lizatio ?ut I on have a concentration conprised being between 1
nanoMbl ar anpregiogs eleagaiias. and recopdinhthed BBl as clained in any of the

previous cla MRS &lrBcddife Cig! padiclBHYTEGSefLIN téOaNdw ihenwaké-by-dkasen
sol uti on havgﬂg gonce trr at |uon |coB ri sedyrget wee @Pﬁ 50 n nol\/bl ar. 9. A

. met hod asquenginged th¢1 aHWﬂQﬁ PtQ‘i’éCtﬁer\ih%dﬁ’eBF"éﬁ g0 ey Ve JPHR fﬂﬁ‘élcgl c acid
POl yETET e hyd ERACBRRARACHo RAIGHRI YarRy apmparecine il dereindacs (b
0

pol yfrer ase d as clainmed in claim$5 erein said nucleic
- acid poinpnmoa@@nlféaﬂﬁb?'?ﬂ)nwlégea%’ﬁséﬁb?%'"awg 18 ween 70C and 85C. 11.

A met hod as (Ahabm%l'en of | FbB ik Bt %erYﬂ?ﬁﬁ@' ahd Nharedrizin (%C&tﬂpﬂlfbamn

performed at a te rature conprised between 77C and 81 12. A nmethod as

cl ai med produahyolaifalneﬁeprﬂ@n"mﬂEOdél ofi the, Prasenteinvertind And (based @8 BBeSPecursor s

of the 0 tion are deoxyribonucleotide tri phosphat es. 13 A
met hod § qu‘i;fe%ﬁ&dé &Uﬁpd)éj of the previous clains, wherein the nea

i mmabi | i zi 2g) gmratlngemwékﬂa'@tﬁ'gr?"t'M@e%GEP'GEC@% Wt?éﬁﬁ)ﬁ%ﬂde%ﬂfaﬁ?lél's'f’ﬂe col ony
primers are OGN L a}}uje%ol]%? dels@itled ihURE présunt pgfé?n't'l%‘awdéh@ﬁ\ afll Ire¥orting
formati on of a coval ent ngl ng between said nol ecul es and a solid support.
25 14. A net faresultcl aimed in claim13, wherein the nucleic acid tenplates
and primers,, ?rt fime'b Shphhdd nidbiOacidBNRRRNAL & Rimcel e isefiamting dyee 5 end
modi fi cati 68’ ang I Pze using an i mobilization solution containing

1- et hyl - 3( 3- dlsmlefdwiheamlmiﬁﬁtmyl) carbodi i mi de hydrochloride (EDC). 15. A
Tethgd as ouiidiididrir, At edst PARARY, MrbhampRiddl ibBRROGEIGS! ihtval Bingoval ent
30 bi'ndi ng“0of a nucl ert aci rough functionalization usi ng mono- or

bi f unct i onal strended mplekilgs: r eagents. 16. A nethod as clainmed in clains 1 to

12, wherei n %gﬁc}vﬁ;ﬁ‘?ﬁdgél,g%hublgmg%é) u?tﬂéglthéﬁorﬁn 1R 88idPhaBel vihdrb ehenpitdsei ¢ aci d

terrpl at es) ony prinmers are chem cal groups bindin | ecul es
i mobi | i zed @ndt her dbe icgenusissiide(e) &7 ibe; the. sameysed 'ﬂ@~%l %@g)%ﬁp?h/ 1.13®
39 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 resulit;



17. A nmethod as clained in any of the previous clainms, wherein the
anplification solution contains between 6% and 14% of DVBO_ 18. A nethod as
cl ai med W@ 0aHe456f previ ous clains for the isothermnal gené’rcérflip&lfl‘b]l” DNA
col onies on a solid support. 5 19. A8rethod as clained in claim18, wherein
the density of nucleic acid colonies generated is conprised between 1000
and 10000036p freélﬂghthﬁiﬁin@ﬁied Auckiih adidasuch aisnedreimove | the ristetc@lating ye
conprising the additi onal sIep of visualizing the anplified nucleic acid.
21. A met hodused ©F §ieMdyalizationai m 20, wherein doubl e stranded DNA

i ntercal at Beptrtggt.@gmt ambﬁfIwI AacleigCaaidst ivitie (5 splution |cabieirdnh at least one

ol i gonucl eot’i de(s) are us

as clained.in.c o 21,
. conpri sing t FRStARIAN (§NYABYC (ngsgp pGIerIt'gIIIIeQEI%H% igRed dO S i»aé‘deII?II)‘IgF‘ﬁ"il%%@ nucl ei c
aci ds st r ands phsid QROpreSeritonte2€ 26t oe ampfificatien pmdbe«aftlae:nmienhﬂrmncbbow\i th

chem cal, optical, phy5| cal. or 23. A nethod a imed in
. claims 18 t ooptinedsisf FEeIpnI@ i%éﬁﬁaﬁin%.%ﬁ%ﬁ&n%ﬂfe&a"%‘ B%'P(I]@%qila&ﬁ | east
one step of gggpgﬁg:yﬁqa@\g@gr nation of one or nore of the nucleic acid
colonies. 24. A nethod as clained. in ai m 23 wherein the sequence
det er ni nat Behraceveringshe eleasednyelss cp%ﬁ"gﬁ'i ng | abel ed nucl eotide(s). 25. A
met hod as %S?'résé’atiha SRR AhdVWRRBRIIMY tHE réqitelcompating s irdaidts aff the20
i ncor porat e use of the colony prinmers. 26. A nethod as clainmed
in dbai m 25 \X/iﬂa'ﬁb?iaﬁo'? geforea%i giterdigesliBhi des) are incorporated by maki ng use
of primers 3g)t %Ion&l%peglﬁigcﬁe&mbprtb [Be) with Rydifiérdnt fes@iction eadonuateaseypl i fi ed
nucl ei ¢ aci as clainmed in claim 23 wherein the sequence
det er i nat i o@nﬁge%d'eeﬁw&ée'ht to the hybridization with |abel ed

ol i gonucl eot '&?c{eshn@érsféﬂé P Ie&ltd‘reéiuéfl fHeC afpiifitation amdthobis! amyipngiucts one or
nore of the nucleic acid col onies. ned in clai.m 23 to

27, wherdigdpsgd| iahpresert aPFPIEaI'%CII"Pv@eQﬁSS'Q' iaI‘aoIf"é@(,‘gnﬁucbrBﬂﬂys'ﬁ‘@pe%{' et hod

as Ciha' ’Hﬂlqitibﬂalcst@béncgﬁ B@‘Sé@lk%édﬂﬁeéwuﬁvmi pesrnamass welli & S namsequent
to t rel ease of one or bot

nucl ej ¢ aci d, strand imedd | ai m 22.
30. A neimiig dellawing fisyresn apdaprarpples PI‘?gtﬁ'I? %F'F ﬁ? aﬂ%r?'? al®°¥quences
of the ae{jHI%IiéJtIoﬁQof‘IhﬁInWeﬁtléﬁ' d tenpl ates present at least, in one nucleic
acid col onies are determ ned. WD 02/ . 11 -t SG PCT/ EPOL/ 1~3C9 a0 31. A
method as clainmed in clainms 19 to 29, wherein the additional step{s) are
performed sinmultaneously on one or nore of the nucleic acid colonies. 32.
Use »f a nethod as defined in anyENMIIRﬁES:I ains 1 to 31 for providing

I d I I t f i :
- sequdstmgle, i fsatamia mpiins ot JempitF (AAJrRAdREE I 800oua o

food chaggfdceri zation, . genotypi ng, di agnosti CS, gene expression

noni toring, genetic diversity profiling, whole genone sequenci ng and

pol ynmor phi sm di scovery, or any other applications involving the

anplifi Cﬁbth@tiSOf nucleic acids. 33. A kit for use in nucleic acid

i sot hernB arrplifi cation conprising a nmethod as lo defined in any one of
cl ai¥s 1PNG sequenges provi ding nucleic acid nolecules to be used for nucleic
acid sequenC| PEmendPt 4smenSEQ Y NO: the2f(Reimbs; SEQJPrN@L 85 and P3 (40-
phar rraco di s t t

di agnost é%éﬁ@ '\iép?)eirgi ?III%%%Wé?‘ﬁ%le%naésagér%ﬁ%?v%éragﬂﬁjegﬁoqrgw whol e
genone smmeﬁlcextgenaiyd Thizl ghemichii groupi basobeety used taninreetilize BfYPEIscan ons

I nvolvi ntgenIpheetes1 gn?h@séln&'s%?f%&eofe éle)IIIﬁgIn?étﬁo@s%fqﬁe 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 &'
end, and a sequence complementary to P2 at the 3’ end; SEQ ID NO: 11) are synthetic
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| wr mhb] WJ] ca] calU] ca] ca] ca] ca] ca] ca] c¥] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca
Ul cral] cal] ca] ca] ca] caU] ca] ca] ca] caU] ca] ca

I Qr‘\ddi&&%éé’%a Ab SSTE drhihbiok-Fodp et nhelf BUbfd
] ca] Ca]g;:oup 1] ca] caU] g%] %a] cal] ca] ca] caU]bca] ca] ﬁﬂaﬂggﬂgﬁ%&aigﬂiﬂ;ﬁﬂafg

CZZZ[ [KI]- "aﬁﬁa"%‘iﬂlﬁt& Ti188A% §5-Fev SEQ @ N6} 12)i 208D ajeraSEQalclPea] ca] ca]
TR e sed NSl il b i <l
" &1{upk{ 4 Cgi\ee%laﬂéls pendiRd fAbs abhe® ead @h@b@@le@a&hcmbte&iehﬁmfd eajata] ca] ca]

cal ca] C cal ca] cal] ca] ca] caé\-’c Q)J
., GHKn34ths-¥ apdmidreyirave Peen canst &449] a"]“BB f)f'ﬁ? ogsted fiagenty A @5 caj cay ¢
a] ca] cajiga ﬁhggﬁh k&rrlﬁ]éé@]é\éé %ﬂtﬁﬁbﬁiﬂ QQBSRaﬂ)IQQrH]oC(&ratagene) as shown

hv2J b N
I:a] Caﬂ maf]ggreﬂ The dlrect primer PS[ (a lo-me ha mg a seque ac]ecc?chresp ndﬁjl rlgcffjl Vl!"? a]( c"a] cal

U]fi?]f _Cg}]se E]a h&&a&rﬁ Fn%]'u thor fadstided tong T1 séduenbb#H8&5: :

Wrhc?
Ca) ol ceceod G el Fi) i) £ Capsn CRPEC] T ]Q%?e]sfc,%?’#
aU] ca] ngﬁ LI % %@PE@@E}B}N@ Sba\PMM I[f)\ﬂd)C@.)]_ @ﬁMR%BﬁMQaDcaU] calc

Ul c~a] chped) esd é&%&lgfq?/n 31: %ﬁ%%@g CaU] v “WU%%% 49594%?\”%!9 ﬂmﬁo R&
Rt
] caU] ca]afsfhca??lef@a GF &ab&%wrﬁﬁm@ﬁ&@abcatﬁu@ai agUherddticed ara] T4 CM ]cg?J

] ca] ca] ca cal ca:

i K- 349199@Je(1§:e§)5(§:§|'1m aleg V(e)regml(j% (J§|ng3wl@e)gotlt)ers @_ a solution
OCV giﬁ%ﬂ @ £ )unj é%r&”‘l' 4 POV P4kt Etrrer},0%& Tal -buffer (Perkin-Elmer),

0& ()- @GWLP?) MJ‘-D"/&"@)TPM @18~ 2> 9TXB1 0oBRABALY ) - 290 0oRIcfIMAR% 109 () -
& () - %&%@mg){%gmht%ggﬁth@pm 28 LR H3 1 rdibroMblar, and 1 microMolar

10! Y: 10 L T 10%& zlL |10%& ) "Pl& 0%
O#10%&' 0] the! CorEsponding Yeverseoprimerg, TWe (€§°sz ‘3’3 @yéw P1! |
) #109%& (9rdPsedohdd BeC) fof 6bEEESMsS )Jvel'e p#ﬁ&%’ed( hnd théiﬂ&%&né)proddélﬂ%’é’

20 purified using a QiaQuick kit (Qiagen) following 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 06 wells PCR machine. When filled
10  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 mm2
Primers and templates were attached in Nucleolink™ plates, which were kept

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



& ()-CGH IJMLrP1! 1 ) #109&! 3" &10%& ()-2!3" &10%& ()-29& ! 109&' () -

10! 634&10%& () -' 1- & H*xV4P1! 3’ &10f(ya)&' ()-21"3 &1(()%/&' ()-2 OO 1010

3" &109% AVOP2/26458° &10%& () - 2! 3 &109&' ()- 2! 3" &109%& ()-2* PCT/EPO1/14369

}oPL! 3" &10%&' 9: ! 10%& ()- 10 10 10!° F0I00& ()-2! 3" &109%& ()-2! 3" &10%& ()-2
5§\ 353&){;:15 !381%0%&' (%ﬂi)g‘/zlog/&' ()- @$109%&' ()- @L0%& () -

! 0 ie Ynkadio Y&'and * W8 3{diA&hEaiinopk: catttrsdiing
!-Y3(&1(r)4ﬁ}«j&' )- 11 $109%& (IGM@ X‘%gﬁée/@g Q Q’%é%g) gﬁ%@ﬁul " C’ZSM
94109 (RyPOFhIDrideR ) 1© mjliMelar, led (g, the welly. Ofesit (3"-‘“§|\”?{éi'639£3& ()- 10

%g#ig%?n%% gh)éogﬂé’tbﬁ el INchbA&E ¥ d niikités at ;50°C. The wells were then washed

-1'63&#10% (& () - L4_1OCVE6)' {% 9#1_0%b 5%, 2
. 9#10% (& ropmIpmesEss hsa timgs i agolution cRtERM ff}' 304 fpgarand TWeeh- (10, (. (
s 20 0.1%, and finally three times with TNT, a solution containing Tris-HCI 100 milliMolar

(pH 7.5), NaCl 150 milliMolar, Tween-20 0.1%, before being submitted to the

isothermal amplification.

Protocol for the visualization of the amplified nucleic acids
10 After the isothermal amplification, the wells were rinsed three times in Tris-HCI
20 milliMolar (pH 7.5), and then the DNA colonies were visualized by incubating the
wells with PicoGreen™ (Molecular Probes), a molecule which is fluorescent when
bound to double-stranded DNA, routinely diluted 2000 fold in Tris-HCI 20 milliMolar (pH
7.5). Each well was incubated with 50 microliters of the PicoGreen™ dilution for 10
15 minutes at room temperature.
The DNA colonies immobilized on the bottom of the wells were observed using
an epifluorescence microscope (Axiovert 100TV, Zeiss, Germany) equipped with a
cooled CCD camera (Micomax 512x768, Princeton instruments, Trenton, NJ) which is
controlled by the Winview software (Princeton instruments, Trenton, NJ). The images
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
25 attached on Nucleolink™ wells as described before. The templates contain a number of
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



10. (.
4810%

% () -
& ()-2
0-2
&109%
"3 &l
16" $1
SSyuu
.V Fl 18
0% & (

(! NF
(. (& ()-!S3&#109B(3( & ()-5~67099: <xVAPL! | # 3s&L0%& ()- 2!~ 3s&L0%& () - 2
3581098 WP 024636 810%& () - 2! 35&10%&' () - 2!~ 3s&10%& () - 2<+>P %Ff.ﬂwvwkﬂqz! 9|(v|) 10

101010 |3s&10%& ()-2.!13s&10%31() - 2! @Bs&10%

|, 3s&10%&' () - 2? @\BCDE/ GyHxVArQR! |~ 37 &10%& () - 2! 3° &10%&' () - 2! 3" &10%&

3 HOVE ()-2!3° &10%& ()-2! 3  &10%& ()-2yHyl JJJIIKLsQ ! 9’
(&°()-y! " &LO% (& ()-yOM 10% & ()- 10 10 10!;3" &10%: ()-2
P umagtaew TTT TerApTdld £oREdntratidn S10YE( $( & () -
0% eb@%:.!i wamd (&() - ! (" Siddroiolan)- !#‘$10«((&'()f)
mCa Sk Cy=NBTTTIO% & {) - 10( 10( 10( Y7!10% & ()-
9%—(—%” /Iﬁol‘f < @ TTTDFIOYH|

BIWKXXYHZ= 7

V] 39+

—

&
"()- 1
qpe%f-&'—(—)—!:(-‘énﬁ?ﬁ;g’g(?:mc444 ;

. q;f:‘ﬂ/(f\cﬁr = E&TO%( & () -3

. %4.0% &
10( 10

Ne) <
AR E;\]

D
L))

m
N
-y
2
AR
o

@O

-~ P

5109 &

9&109%
9&109%
9&10%
9&10%
& ()-

§(& ()-2!
10(( 10((!+

I~
0 o o™ |
~A~A~ |
P,
1G] LI L R
NN DN M

01— I T
~ D Po
= g
N Q o O ¢
(O = © ¥
Ro ¢
RN o
l
~ -

_32?

OHQ/\—'

—N d 4o
TO NN S /4-
o §
Po [ # ” &
s h
o

-

d

& (B22nh;
(1 388200& |() - T

! -1 ARA
V7

3881004 () D2nf 386 1S4 100&' () - i % ()-

E2 386 0.03
F2 T386 0.01
G2 T386 0.003

10

15

20

H2 - 0

The isothermal amplification was performed by incubating the wells 1 hour at
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)2804 10 milliMolar, MgSOs+ 2 milliMolar, Triton X-100 0.1%, and
0.1mg/ml BSA. The isothermal incubation was performed using a standard 96-wells
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
(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
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
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10 minutes of incubation at 50°C, and two primers 250 milliMolar each), templates in
the range of 90-386 nucleotides, added into the immobilization solution at sub
10 nanoMolar concentrations, can be amplified isothermally as DNA colonies on a solid
surface, obtaining several tens of thousands of DNA colonies per square millimeter.
The isothermal amplification procedure was applied also using other template
lengths and different concentration of primers. Series of eight Nucleolink™ wells were
filled with 20 microliter of immobilizing solution containing a constant sub-nanoMolar
15  concentration of one template for the series A (T155 0.14 nanoMolar), B (T203 0.2
nanoMolar), C (T386, 0.08 nanoMolar), and D (T606 0.04 nanoMolar). The
concentrations have been defined on the basis of curves obtained for each template,
as shown in figure 4 for two of them.
The eight wells contained P1 and P2 at the concentrations shown in Table 1.

20
Table i
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 22.5 225
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
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template length. While the signal is strong enough when the total primers concentration
is less than 100 nanoMolar for smalier templates having a length approximating the
persistence length (T90 and T155, respectively 0.6 and 1 time the persistence {ength),
longer templates (T386 and T605, respectively 2.5 and 4 times the persistence length)

10 are still amplified but need a total primers concentration superior to 100 nanoMolar.
These results suggest that less mechanical stress is inducible in longer immobilized
nucleic acids, which probably can assume alternative tridimensional configuration
absorbing a fraction of the mechanical stress necessary to drive the isothermal strand
separation and displacement.

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, KC! 10 milliMolar,
(NH4)2S04 10 milliMolar, MgSO4 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
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methods of the invention was tested by measuring the incorporation of a radioactive

10 nucleotide. The isothermal amplification was performed using P1 and P2 as primers
(250 nanoMolar each), with or without T3 and T4, very short templates (68-mer) added
in large excess (5 nanoMolar each). The isothermal amplification was performed at
80°C for 90 minutes using 20 microliters of an amplification solution containing 0.5 Unit
DNA Polymerase, 5% DMSO dNTP (dATP, dGTP, dCTP, dTTP, Pharmacia) 80

15 microMolar, Tris-HC! (pH 8.8) 200 milliMolar, KCI 10 milliMotar, (NH4)2504 10
milliMolar, MgSO4 2 miliMolar, Triton X-100 0.1%, 0.1mg/ml BSA, and a*P-dCTP
0.128 microMolar. The DNA polymerase used were Dynazyme™ (Finzyme, Finland),
Pfu polymerase (Promega), Tag polymerase (Perkin Elmer), and Vent™ polymerase
(New England Biolabs).

20 After the isothermal amplification, the Nucleolink™ wells were rinsed five times
in Tris-HCI (pH 7.5) 20 milliMolar, 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 amplification 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
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Example 2: analysis of the amplified nucleic acid
Once that the DNA colonies were obtained isothermally, some experiments
were performed to evaluate some features of the amplified nucleic acids.
The average amount of nucleié acid strands present in each spot was estimated
15  using both DNA staining and radiolabeled nucleotides, using Pfu polymerase and the
conditions for immobilization, amplification, visualization and counting used for the
experiment represented in figure 8.
The template T386 was added in series of wells at different 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 mn? 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 111

25
Table ill
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 (31493788 | 2844 | 2349 | 1808 2087 [ 2408 | 1218 | 163811935 O
Average 3007 | 3103 | 2087 | 3167 | 3147 | 2885 | 2840 | 3194 (2885 | 3318 { 3140 { 2931 | NLA.

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

N.A.: not applicable
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94098~2§&Th) ot BAQMiE- EMBinhhciH) 100 microMolar, Tris-HCI (pH 8.8) 200 milliMolar, KCI
10 milliMolar, (NH4)2S04 10 milliMolar, MgSO4 2 milliMolar, Triton X-100 0.1%,
15 0.1mg/mi BSA, and primers P3 and P386r (1 microMolar each). One PCR cycle is
performed in the wells (94°C for 30 seconds, 60°C for 30 seconds, 72°C for 60
seconds), and then 30 microliters of the PCR solution were transferred into a PCR
tube. As a control, another PCR tube was filled with 30 microliters 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.
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1. A method for the isothermal amplification of at least one nucleic acid segment
containing up to 1000 nucleotides comprising the following steps:

5 a) forming at least one nucleic acid template comprising the nucleic acid(s) to be
amplified, wherein said nucleic acid(s) contains at the 5' end an oligonucleotide
sequence Y and at the 3' end an oligonucleotide sequence Z and, in addition,
the nucleic acid(s) carry, at the 5' end, the means for immobilizing said nucleic
acid(s) onto a solid support;

10 b) forming one or more colony primers X, which can hybridize to the
oligonucleotide sequence Z and carries, at the 5' end, the means for
immobilizing said colony primers to a solid support;

c) 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

15 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
and nucleotide precursors, to said solid support to generate and immobilize
isothermally nucleic acids having sequence identical or complementary to the

20 sequence of 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.
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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 5 end
modification and immobilized using an immobilization solution containing 1-ethyl-3-
(3-dimethylaminopropy!)-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

#
9,
&

cross-linking reagents.
16. A method as claimed in claims 1 to 12, wherein the means of immobilizing the 5'

ends of both the nucleic acid template(s) and the colony primers are chemical
groups binding molecules immobilized on the solid support by affinity.
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23. A method as claimed in claims 18 to 22, comprising the additional step of
15 performing at least one step of sequence determination of one or more of the
nucleic acid colonies.

24. A method as claimed in claim 23 wherein the sequence determination is obtained
by incorporating labeled nucleotide(s).

25 A method as claimed in claim 24 wherein the labeled nucleotide(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.

20. 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. |
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molecules to be used 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.

A kit for use in nucleic acid isothermal amplification comprising a method as
defined in any one of claims 1 to 31 for providing nucleic acid molecules to be
used 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.



