Met hod for hybridizing nucleic acids The invention

relates to the hybridization of nucleic acids with
w@biogosares eot i de- ol i gocati on conj ugat es used fBET/IB2008/002789

mani pul ating, isolating, datecting or anplifying

nucl eic acids and the applications thereof in the

nol ecul ar bi ol oMiethastfogibyhridizipg nu¢lgicacid,c| ej ¢

aci d- based technol ogies are widely used in cellular

and nol ecul ar research and in diagnostics. The

techni ques rely upon the sequence recognition between
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were shown to stabilize hybridization with a short
conpl ement ary sequence by decreasing interstrand
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the oV¥BSHULIBUREC hnd RAlirdIP@aséd 108K Ws{;h&ﬁm_ﬁﬁte chemistry used for the
o'l gonucl eoti deol i gocati on conjugate sticks none .
synthegpecoff | digonycleotigasospasat disgessdpsn ofW QeI O6BRR2. The resulting
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WO 2007/ 069092 and (Pons et ai, 2006). Indeed,
pol yam nes such as sperm ne or sperm di ne interact
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bi nding affinity and sequence ecificit. ener al | .
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oligoSRYR LOFuEHE LIS Rk LpLaB&1RAL PhB&hate groups of genomic DNA, thereby

decreasing the specific recognition of the targeted sequence. This concern may become more

acute when the polycation is a polyamine, as exemplified in WO 2007/069092 and (Pons et
al., 2006). Indeed, polyamines such as spermine or spermidine interact naturally with
genomic DNA in prokaryotic and eukaryotic cells (reviewed in Tabor and Tabor, 1984; Pegg
et al., 1986). Moreover, it is established that binding affinity and sequence specificity
generally negatively correlate, due to the mechanism that governs nucleic acid base;pairing
interaction (Demidov and Frank-Kamenetskii, 2004). Accordingly, oligonucleotide-
oligocation conjugates used to target a specific sequence in a whole genome are expected to

tolerate mismatches resulting in a decrease in specificity.



interaction (Dem dov and Frank- Kanenetskii, 2004).
Accordi ngly, oligonucl eotideoligocation conjugates

W@ s@d/083063 ar get a specific sequence in a whol ePCEBNNE5/002789
are expected to tolerate msmatches resulting in a
decrease in specificity. The present invention
di scl oses the unexpected finding that a specific
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ol i gonucl eoti de-ol i gocati on conjugates are

particularly efficient conpared to standard
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ol i gonucl eoti de-ol i gocati on conjugates in view of

targeting nucleic acids. Another object of the
An objegeef ithe inegdnsicasisttben he prgwdefa nigghod of hybridization using specific

: [ cl.eqotjde-oligocation canjugates as primers or
oligoffi HN B R B BRET I PO RO Pt afe Rig
invention relates to the biol ogical applications of
sai d conjugates. The nmethod for detecting, .isolating, .
Anotherppbiegti Ah 1Be warntim aglatey ta ther yer alulieepbgenrticipotide-gligocation
conju%?lgpé rh?ﬁe@%pgwﬁe ation with an '
I gonucl eot'i de-ol'i gocati on conjugate, conprises
allowing said nucleic acid to react with an
ol.i gonug| eot j de- ol i gocati on conjugate conpri sing at . )
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conjufhtes.a |inker , wherein . A is an i-mer
ol i gonucl eotide, with i = 3 to 50, where Alis an
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said nucleic acid to react with an oligonucleotide-oligocation conjugate comprising at least A,

and B; moieties linked together directly or via a linker ,

wherein

. Ajis an i-mer oligonucleotide, with i = 3 to 50, where A, is an oligomer with naturally or non
naturally occurring nucleobases and/or pentafuranosyl groups and/or native phosphodiester
bonds, optionally comprising a marker group

. Bjis a j-mer organic oligocation moiety, with j = 1 to 50, where B is

- HPO3-R-(NH-R;)s,-NH-R3-O-, where R;, R, and R; are lower alkylene, identical or

different, NH-R; moieties being identical or different when n is >1;



- HPG3-Ri -(NHR 2VNH-R 3-O, where R, R2 and R3 are

| oner al kyl ene, identical or different, NH R noieties
whingsizeenti cal or different when n is > 1;- MMPIB2008/002789

-Ri-CH(X)-R 3-O, where R zaand R3, identical or

different, are | over al kyl ene and X i s putrescine,

- HPerRi- @HQX)-RB -GpehoieR, arelsk gl identicd! bodidferait kark dmeer, aligdene and X
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thmpb@sehe 2aﬂu?ﬂ95‘?rta170rpt§‘ YOBIMPS- The ‘
ol i gonucl eoti deol i gocation conjugate is thus useful as
a substrate for DNA or RNA polynerases. In this first
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is thus useful mer for nucl.ej.c .acid,s esi s
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In this first embodiment, the oligonucleotide-oligocation conjugate is thus useful as a primer

for nucleic acid synthesis.
Mixed oligonucleotide-oligocation conjugates according to said first embodiment have

structure |

HO-*A{ -Bj-Ry
or structure []
HO->A* -Rs-Bj-Ry
or structure I1I

HO-* A;,* -Bj-Aip-Ry



chem cal noiety such as biotin, hydrophobic chain,
chol esterol derivative, antigen, protein, peptide,
WG e@ansss3 phosphate group ; - R -5 ,different PEDB2BI)8/002789
A, and B} is a linker between A and Bj and consists
of a chemcally stable or cleavable |inker. The
whaﬁnvention thus relates to a met hod such as above
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of - incubating a prinmer such as above defined with
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peptid@ Q& oﬂpﬁb@h@te@%@ ol ecul e as a terrpl ate. In said
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2 cheaically

- Ry AaliRoggt lipheHadeanthiol 2dmikar yueerhicind 6 sadicansyne
mﬂﬂé§r§%gﬁgeéﬂmﬁpe exanpl es, conpared to standard
unmodi f1 e

|gonucleot|des that contain natura
nucl eobases, prlners correspondlng to said nol ecul es
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nuclelc anplification nethods such as Pol ynerase Chain

Rea ners. ble to carry out
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- mcﬁ&@lﬁglappﬁm“ebl%hclﬂ%s R6bve Hkﬁheﬂowtth&h@u&rgbtaﬂﬁblﬂg a@fd infvldcyle under
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condlapns/@@yallwazg REBYE meldcaledo biaduisistagast puelaio 261g raolgpdnand
- exifTARARH L RTSRS [l IBER doMBELUE e 0 emplate,

at Iom15a|t concentration, nDre particularly MC
ration, The

conce hybri di zation te ture_can b .
In sofc PG bk TOIAH o et S8 aAaT BN & Rdnpglymerase which
Cmm§$ggﬁﬁécaéﬁs9ﬁmege nmodul at ed according to the Iength
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free of constralnlng adj ustnments of hybridi zation

As shownrpm the examples compared to standard unmodified oligonucleotides that contain
natural nucleobases, primers corresponding to said molecules are capable to significantly

improve the affinity for their target nucleic acid with unexpected high sequence specificity.

Particularly, said molecules are then powerful tools for reverse-transcription and acid nucleic

amplification methods such as Polymerase Chain Reaction.

Said primers indeed enable to carry out highly efficient, specific and sensitive amplification

reactions such as PCR.

Due to the outstanding affinity for their target, primers of the invention can be used at very
low concentrations reduced up to 10-fold when compared to standard primers (unmodified
oligonucleotides). Moreover, they perform efficiently at low salt concentration, more

particularly MgCl, concentration.



and salt concentration, nore particularly Md 2
concentration. Said priners are useful in applications
w@ amb/0sgsedrul ti pl ex PCR or high throughput PCR PCGHIB2008/002789

primers also allow inprovedsanplifications in AT-rich
regions known to be difficult to anplify by PCR
Particularly, molecules of the invention allow short

The ggbré@%q% deSI exgtuurgﬁcfalg o for(:{/eége%céblsg\ﬁeg geéjg%g%g@pfﬁgf 1O standard
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prinmers are al so useful in applications such as
reversetranscription as oligo(dT), hexamers or
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DNA sequencing. In sonme cases, the use of a nolecule
of the present invention with a cleavable |inker
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may be usef ul such met hod ere an
electrophoretlc separation of the anplification
., Pr. cts | i.f.ication cl eav
said BiREReH St b ok B PP eRRe 1€ BRatich Fgie Ry B8 difficult to
mnmﬁﬁby@hme In a second enbodi nent, the -OH group at
position 3 of A, is blocked and thus A, cannot be
extended in the presence of a pol ynerase. Mol ecul es of

S r h, r r V_R4_ -Bj,-3 Al r :
i 3, SO he RO b Yl b Bl A1 i
applisdtions tutches WihipliRéaticd iAMBohServdd BgiBhs ofR%nomes twithdiighi €ariability.
VIl R7- 3 A1,3-B -3 Ai2
As shown in the examples, said primers are also useful in applications such as reverse-

transcription as oligo(dT), hexamers or specific primers. Due to their outstanding affinity,

they may be particularly valuable for detecting low-expressed genes.

Said primers may also be used for DNA sequencing.

In some cases, the use of a molecule of the present invention with a cleavable linker between
the oligonucleotide and the oligocation moiety may be useful. In such methods where an
electrophoretic separation of the amplification products is required, the post-amplification

cleavage of the polycation prior to the separation may be valuable.

In a second embodiment, the —~OH group at position 3’ of A; is blocked and thus A; cannot be

extended in the presence of a polymerase.



5 -R4 or structure IXR7- 3 A11-B -5A12 3 -R38

or structure X R4 -Bf I- Al -Bj2 -R wherein - A and

woe@ognt i cal or different, are as above def i PETITE2008/002789
A ; - B I and Bj2 , identgcal or different, are as
above defined for BJ; - R4 and R are identical or

Moledulef eff et sectdd pouphaes above defi ned and R such as
abo defined for R4 and - R7 and R8, identical or

&HEHF?xgrent, are different fromH and are selected in
the group conprising a IinkemmqgﬁqHéquer, a marker
such as a chronophore or fluorophore group, or a

or strg¢tersi ¥al noi ety such as biotin, hydr ophobi ¢ chai n,
chol esterol derivative, ant@g%gl gngﬁe n, peptide,
phosphat e group or sugar. eduﬁ s“f “8ai d second
enbodi nent are used for detecting a target nucleic
acid in an assay conprising a DNA or RNA pol ynerase.

or strq¢{usg Vre nore particularly useful as probes to detect
a conplenmentary nucleic acid3ge q&@d by an in vitro
nucl eic acid anplification proces§ such as

or striEikeNDll ecul es of said second enbodi nent are nore
particularly useful as pro eg for toring real-tine
nucl eic acid anplification: 7TH% IﬁC@ﬂ%ﬁon relates to a

(xsugahgoﬂufor detecting a target nucleic acid wherein a
nol ecul e of structure IV to can bg used as probe to
hybridize to a target nucl Bi< &ci-Bi~ #he-Ravention thus
relates to a nmethod such as above defined for
detecting a target nucleic acid, conprising the steps

or str@éture IXNcubating said target nucleic acid with a probe

such as above defined in the ,presence of
R7- * 1‘1% 'Bj'g |29'R8

or structure X
R4-Bji-> A -Bjp-Re

wherein

- A;; and A, identical or different, are as above defined for A; ;

- Bj and Bj , identical or different, are as above defined for B;;

- R4 and R, are identical or different, R4 being as above defined and R¢ such as above defined
for R4 and

- R; and Rg, identical or different, are different from H and are selected in the group
comprising a linker, a quencher, a marker such as a chromophore or fluorophore group, or a
chemical moiety such as biotin, hydrophobic chain, cholesterol derivative, antigen, protein,

peptide, phosphate group or sugar.

Molecules of said second embodiment are used for detecting a target nucleic acid in an assay
comprising a DNA or RNA polymerase. They are more particularly useful as probes to detect
a complementary nucleic acid generated by an in vitro nucleic acid amplification process,

such as PCR.



a RNA or DNA pol ynerase under conditions that allow
said probe to hybridize to said target nucleic acid
wor000683763 and - detecting said hybridi zati on. PCT/IB2008/002789
Advant ageousl y, said nol ecubes are val uabl e
hybri di zati on probes and dual -1 abel ed probes for
MoldciRk of kdle sBXnd efsboslitawt aré nidie paoxianipt ¢ sisefpl abp®bes fdrheonitoring
present i nvention decrease the fluorescence
mal%@@ﬁg?@@ﬁ@‘ anHEBHEBYOR- npr ovi ng t he perfornmance of
anplicon detection. Particularly, conpared to standard
probes (dual -1 abel ed probes contai ning natura
The imvehtenb@bes)to aﬂmthoﬂafbekietﬂcthrgodomgﬂfnmhﬁ priéseamrein a molecule of
i nventign shom1 chi ng of th fluo escence
strucifiy BOIOR R D BeHEPTOe ‘Qrﬁé(gf‘g‘iz&&% bt RS SH.
shown in the exanpl es, conjugated probes detect the
target with a higher sensitivity. The invention thus
The mebratoelsthtm rdateetdhadngbahsud aabpee defingetpr fdgtecting a target nucleic
id, isti.n U|sh|n% getmeen a wld-type and a nutant target
ac ﬁﬁ’@PEF‘ gétb“ae Rdvant ageousl y, said nol ecul es al | ow t he

@ts%%bﬁnagoiamstaﬁ%et RliclEiE Q@ﬁlswnl‘ﬂ&%fdﬂe suth ad@ovk Id@ﬂhd:d)ﬁh the presence of
processes such as PCR by facilitating the design

atRciéAmru PR APy obEss éﬂdersmﬂmom g5 sllpw\saidapigbe 4¢ éwbrldlze to said
n%ﬁ%ﬁ%@k@%ci%h gagqgwllty Particularly, said

ecu es are en’ powerful tools for allelic

- dets@tfrignialtitiyibidizaddén.shown i n the exanpl es, conpared to
standard ol i gonucl eoti des, probes corresponding to
nol ecul es of the invention are particularly useful for

Adva%ﬁa%@&ﬁs'l}n alﬂ%q?léangé%ﬁfg uld bt‘?&]%at%'ﬁ o3 a§h‘“auﬁlsi'aﬂale§probes for

I"eot’| not her aspect, nol ecul es
real-tohe PARI Agcboen anbibdi ermmplw erobdy afitthe) mshylmfsedorasiecrease the

I i dj t hod f [ biti th :
fluorGie e e . ARERRa RS e S AT IB 0 47 PP e friestisne
acid. In a third enbodi nent, nol ecul es of the present
i nvention are nore generally used in a hybridization

Partibdarbd semagredhée e siehéard armgehtes ndduabilabeled dorpleesnotontpining  natural

nucl ﬁ@%@éhﬁ%}ﬁg%ﬁ gl g%gg:fg—? re-sren‘? mv@ﬁ?@ :lﬁer releéf%élt%is q[xgncﬂmg of the
fluoré8aeReUdRissibn Shrabsénte eofl aﬁlphﬁ%a‘ﬁlbﬁ hNRﬁe(ﬁBQVa&; defvmesl the examples,

used as a substrate for one or nore enzynes after
conjugated probes detect the target with a higher sensitivity.

The invention thus relates to a method such as above defined for distinguishing between a

wild-type and a mutant target nucleic acid.

Advantageously, said molecules allow the design of shorter probes, useful in amplification
processes such as PCR by facilitating the design of the primers/probe set.
Short probes have a greater discrimination capability. Particularly, said molecules are then

powertul tools for allelic discrimination.

As shown in the examples, compared to standard oligonucleotides, probes corresponding to
molecules of the invention are particularly useful for detecting and analyzing mutations such

as SNP (Single Nucleotide Polymorphism).



binding to a target nucleic acid. The invention
relates to a nethod for nucleic acid manipul ation
wob@wesiter nol ecul e of structure | to X such aBCHIB20€8/002789
defined binds to a target mucleic acid in presence of
one or nore enzynmes under conditions that allow said
In anethey aspsctt mobasaiiesyof saiddsecenrdgernbotimery QIC ad}/c’mtagﬁﬁésly used as clamps

provigB¥ e BLATRIRE & FRPLEG o andRE BEgkE ot g tpger mcteic
acid.a nol ecul e of structure I to X such as above deflned
to hybridize to a target nucleic acid. The invention
thus relates to a nmethod such as above defined for
In a ﬂ-g;de 8&155@81%{1{, %Ql%ttulgy %k (ﬁlec ?e%érq m%Hm[h' %" {1h en%hﬁﬁ/sused in a
of - T ncubatrng said targ eP Rucl €' ac
hybridizatidhebased/ e3hy Wlhe&l.thhtaa@t abdvie adifis netth tenghdate for a polymerase
conditions that allow said probe to hybridize to said
target nucleic acid nolecule; and - detecting said
The Yo ?e@itésofb a'vﬁlnleﬁl%ﬁl fé‘)? rﬁEleﬁahgdtﬁhﬁlgulﬁﬂ@@%H@Hh fhfolecule of
nore particularly useful probes for detecting
structurenitoi Xisnel as abget defunet] a5 US@caSoRSSlélsn’hteafsr one ar gwir¢ dnzymes after
bindiS &p ort or on flﬁed ti ssues. Said probes are useful
Indipg 104 trest PYFIEGBF Y di zat i on met hods. As shown in the
exanpl es, short probes of the invention can detect a
target nucleic acid i mobilized on a support with a
The mwghloslp@dﬁtfﬁsi cq rymaiedr fos tnuclsise a¢id comripeipbers wheagingg @nolecule of
structggenlt glg{]?muﬁg arsn% eocieé't nUC%tdQF df‘{aggeﬁ) Bgﬁglclxgideﬁl’blr&%ngg (gfn)ne or more
enzyrﬁémﬁﬂbm’dmﬂhidma&lﬁht aleweaidicdepmearte npdifyi said tardey nucleic acid.
advant ageous in view of their biological applications,
si nce phosphorot hi oate oligonucleotides are not
The 1H%é§n{i}gh ﬁ%l?tgs tdla %?é)gllé éJ %)F%o u@eftmgt Cﬁc %Iltt’rlkggﬁ tard@Gucleic acid
compdeing uagatok’suw ef atdummdgonsfuychsasaﬂnmseieﬁym he diybedizomo a target
an o] i gonucl eoti de synthesizer, via the
nuclepfiihhoramidite route according to the method of said
WO 2007/ 069092. The activated and protected

oligocations B are advantageously obt ai ned by
The ipventientthysgrelates to a method such as above defined for detecting a target nucleic

acid, comprising the steps of
- incubating said target nucleic acid with a probe of the invention such as above defined
under conditions that allow said probe to hybridize to said target nucleic acid molecule;
and

- detecting said hybridization.

Molecules of said third embodiment are more particularly useful as probes for detecting
immobilized target nucleic acids such as on a solid support or on fixed tissues. Said probes

are useful for In Situ Hybridization methods.

As shown in the examples, short probes of the invention can detect a target nucleic acid
immobilized on a support with a high specificity under stringent conditions that are not

permissive for the standard probe.



am no groups of a polyam ne, followed by a, wbis
hydr oxyl al kyl ation, leading to diols conpatible with
w@bkiogosares eot i de synthesis. C assical DMI and PCT/IB2008/002789
phosphoranmi dite el ongationsochem stry i s advantageously
i npl ement ed together with base-|abile TFA protecting
Molegrlcmwﬁh Adtcheteinhg madifedi micleotidesnsiich dv ahosphemtipateaicleotides are
on _are given

partic V5 Cod e B e e 16 bBloed™ o AP Pluh hblorotiote

oligoMRFdeiatd M8In¥i hfdr8lyE& ih cell isatel lod 6ioldBcad fluady.
ol i gonucl eoti de-o0 |gocat|on conjugate; Figure 2,

results obtalned with prinmers of the invention in

The a%g nv&qineg % %%Ql,te%tp (gr?? li %O%Iatgctﬂ ﬁoné%a(e%sé% %&aﬂ&%@é&@stepwnse

rrers O

synthéﬁiﬁ&fnadmligoaﬁded)tmu syathesiedd) Clazhe pnospﬁaﬂanﬂdltmrda@chccordmg to the
experinments; éyue 4, results obtained with said

methqsk ofrpaids WA 2007¢Pe98R¢ent ration in real -ti me PCR

experinments; Figure 5 results obtained wth said

primers in AT-rich context in real-tinme PCR
The xipated mrdtoteéted wligoGtionedhlatesadbnaigesdlyi nbiibed FGRpoecting the

CDNA primed with a of the N ntion: Figure 7, .
aming |gcfa+pé§tfemelyeﬁa?ea Bloved ioecatcbis dugroy s dod et o diols
comp%ﬂﬁEwh ggmﬁaﬂg%ggﬁﬂ&gsprobes of the invention in a

nuc e assay; Figure 8, results obtained with
quorescent hybridlzatlon probes of the |nvent|on in

Classief GNEE 2B g selse T (IoTERDBR PRNISeh TP aRiedaw pplemented

togetier WathQfabe-HbAk GiFA lls?l%te@uh #BRAbL.i zed on a solid
support.ln the follow ng exanples "S" designates a

sperm ne residue of structure: - HPG3-(CH2)4-NH2
Other ch(ada_cl@e)nstlcs and acg\g_@ges o'f_I%he invention are given in the following examples

wherein it is referred to Figures 1 to 9, which represent, respectively:

- Figure 1, the structure of an oligonucleotide-oligocation conjugate;

- Figure 2, results obtained with primers of the invention in conventional gradient PCR ;

- Figure 3, results obtained with primers of the invention at high annealing temperature
and low salt (MgCl,) in real-time PCR experiments;

- Figure 4, results obtained with said primers at low concentration in real-time PCR
experiments; |

- Figure 5, results obtained with said primers in AT-rich context in real-time PCR
experiments;

- Figure 6, results obtained in RT-qPCR on cDNA primed with a primer of the
invention;

- Figure 7, fluorescence characteristics and results obtained with dual-labeled
fluorogenic probes of the invention in a 5’ nuclease assay,

- Figure 8, results obtained with fluorescent hybridization probes of the invention in
real-time PCR;

- Figure 9, results obtained with a fluorescent probe of the invention used for detecting

a target nucleic acid immobilized on a solid support.



+-(CH2) 3-NH2 +- (CH2) 4-O and Sn indicates the nunber

of spermne residues with n=l to 50. - "Nm' designates
w@20m08376®1 | gonucl eoti de. Exanpl e 1: Struct ur ePOf/1B20€8/002789

ol i gonucl eoti de- ol i gocati om conj ugat e of the i nvention

The synthesis ig carried out accordin
In thez@ﬁ?WH’@%Q‘Z‘Piﬁ%d%t h‘%%ﬁ?‘ﬁ&? S €MyFe rf’ﬂguegog ste “Ctur e

micb %@ng-ﬁﬂsf @n@p 'Nz@@qt:mn P@I@ﬁl(@@BkeNH? (I 0-ahe®n indicates

thfl mtgxﬂmnofqmmmm mbudgcscwﬁh Oﬁl tao.‘rq ugates as PCR primers.

:&g‘g oupl es of oli onucLie E i de-oligocation priners
¢ atFBaé‘éHée§° FOUFOLFCof the human

papi | l omavirus type 16 (HPV 16) were conpared to their
standard counterparts (non conjugated
Examplq hdietueoef tes)igomurieatids-ebiap@sonroningate i tstinumtiger
al so conpared to Locked Nucleic Acid (LNA) nodified
primers. Sequences of E7 priners are from Hesselink et
The 8YnthesRORS cartiegueic ascoddink! topWOEZE 78069062 agnide thd somtde of the
Roda’ Husman et ai, 1995. E7 primer pair (46 %and 48 %
oligorgcfeogifler oligogstipepniygate 15(@@%%%"@6‘%‘@) illustrate two
different GC contents. Genomi c DNA of SiHa cells
(cervical carcinoma, ATCC HIB35) containing 1 to 2
Exampbyd: ddse of olipdmgilantidd-oHRM alibn wag ugmestasd¥CR arigers.genoni ¢
DNA. The genonic DNA of A549 cells (lung carcinons,
ATCC CCLI 85) which does not contain the virus was

wo t5UBEs 3% oNEGRICIGBIE! %ﬂgé&ltlon BrifeRY @e&ﬁc 174 gerl%rs%"b?edﬁd L1 of the human
i nvention are exar‘r‘p es of structure . Sequences of

papllbh@vmanm d 6ol(H§& oy | werei @reapa(rﬁi? tr theerr slanpandwgpenterparts (non

conjoisd Bligos 5patsd, The oeebies B eSOk TEAY oA Locked

Nucle%)lcﬁ%ms(&]@afﬁe& BEnfe¥ 3" Sequences of t he
ol i gonucl eoti de-ol i gocati on conjugates according t

Sequerises AN PTIBETS &%- E9mpHeessshaly porhar80Dr Persteness @Ebl | psimers are
adaptw&gézlde%&i)a Hg’smansz} al., % GAG GAG GAT GAA ATA GAT

E7 primer pair (46 % and 48 % GC) and L1 primer pair (30% and 20% GC) illustrate two

different GC contents.

Genomic DNA of SiHa cells (cervical carcinoma, ATCC HTB35) containing 1 to 2 copies of
integrated HPV16 was used as target genomic DNA. The genomic DNA of A549 cells (lung

carcinoma, ATCC CCL185) which does not contain the virus was used as negative control.
Primers of the present invention are examples of structure I.

¢ Sequences of the standard oligonucleotides (E7 primers)
Forward primer of SEQ ID N°l (E7F): 5’- GAG GAG GAG GAT GAA ATA GAT GGT- 3

Reverse primer of SEQ ID N°2 (E7R): 5’- GCC CAT TAA CAG GTC TTC CAA- ¥’

e Sequences of the oligonucleotide-oligocation conjugates according to the invention

(S4-E7 primers)



GGT- 3' Reverse priner of SEQID Nd (S4-E7R): 5 - $4 -

GCC CAT TAA CAG GIC TTC CAA- 3" Sequences of the LNA
w@omvasitehg ol i gonucl eoti des (LNA-E7 priners) FOT/¥0e8/002789
primer of SEQID N5 (LNA- E/F):5 - GaG GAg_GAG GAT GAA

ATA GAT GGT- 3' Reverse primer of SEQ ID N6 (LNA-E7R):
Forward-priaGy ofSEQ HA NCAGSGHIF)TE - SAA-GAG @Nﬁ Ga6l BoYT GésA ATA GAT
GGT . underlined and in |ower case S4 = 4 spernine

i eties Sequences of the standard oI i gonucl eot i des
Revex(sé&lgrif?fef BESEQ) Iﬁq{]"g?d -IPIR)T8T- RE GEQALr WA A ElAK) GTE TTC CAA- 3’

TTT GIT ACT GIT GAT ACT AC- 3' Reverse prinmer of

SEQID N8 (LIR: 5'- GAAAAATAAACT GTA AAT CAT ATT

t.h th
« Cvarreenol BRERR finiifeiiaBRids AR TN ES Al 5 o
Forwhréprishér) of §EQ 190 Nes TENACTE7AGST - @ét} GW&GQ&FG/@ITA@AA ATA GAT
Reverse priner of SEQID N10 (Sn-LIR): - Sn- GAA AAA

GGTT%A ACT GTA AAT CAT ATT C 3' Sn=n sperm ne noieti es;
tqoe PRk Al )
Revell el B S0 BAF RS TRy RO TR A RO TG TG a3
LBEQdc[éohﬁeslal:e (hddr)inedsand il Taveg casCT GTT GIT GAT ACT AC-
3" Reverse primer of SEQID N12 (LIR): 5 - GAa AAA t AA
Sa = YRPErOING MPGUSAT ATT G 3' LNA nucl eotides are
underlined and in | ower case Figure 2 depicts the use
of primers of the present invention in conventional
o PGRqudhapy ¢ffthe sandund pBgdracteatidess Digprineyjal uat ed at t he
end- poi nt of PCR as a function of annealing
tenperatures using a gradi ent PCR procedure. Target and

h r ’
Forw&&fa%n&ér of gggmND)\@ M5! ? qrmfﬁ GiredT 618 GERBAPACT AC-3

vol'unme of nple was anplified in the

Reverse pgmacef S)EQODLNWLDNA 5 1GAn‘3MAJ‘5rA FAACACTEDN, ASH Gl ATT C- 3
KQ, 1.5

o Sequences of the primers according to the invention (Sn-L1 primers)
Forward primer of SEQ ID N°9 (S,-L1F): 5’- Sn — TTT GTT ACT GTT GTT GAT ACT AC-
3 .
Reverse primer of SEQ ID N°10 (Sh-L1R): 5°-Sn—-GAA AAA TAA ACT GTA AAT CAT
ATT C-3°

Sn= n spermine moieties; n = 4 and 5

o Sequences of the LNA containing oligonucleotides (LNA-L1 primers)
Forward primer of SEQ ID N°11 (L1F): 5’- TTt GTT aCT GTT GTT GAT ACT AC- 3’
Reverse primer of SEQ ID N°12 (L1R): 5°- GAa AAA tAA ACT GTA AAT CAT ATT C- 3’

LNA nucleotides are underlined and in lower case

Figure 2 depicts the use of primers of the present invention in conventional PCR.
Amplification performances were evaluated at the end-point of PCR as a function of

annealing temperatures using a gradient PCR procedure.
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wo eiobosd7eg) prinmer pairs: 100 nM of E7 st andar dP@T/iBRees002789

(Figure 2a: upper panel) on23S4-E7 prinmers (Figure 2a:
| ower panel) , or - 500 nMof LI standard priners

Targgtring @o@trcztgenwmyeDNp?aWQre) amplifed)in agegctiep yolymeyek 25 ph:Each sample

r
was S e P}eusgrg&z fséﬁg&m%mggge 9%%{“5:%-%&?@?’)6 50 mM KCl, 1.5

mM M@l@aOd%)rﬂrnﬁli SX-(IHOQQO(G? 1M dNPPeeaqidy V)04 BAnlldf EconoTaq DNA
s perm ne moieties (Figure 2c: medi um
P Olyfﬁﬁﬁaﬁﬁ) (Luawen)saldume BPERg PUMERPEISs per i ne noi et i es

( FI'O% of &7 s!té?l‘ﬁﬁlrd @'ﬁ%r)s (F?&er rraﬂb%quﬂhélﬁ %F 9121'1-?7” 1Pﬁ’§rrs?F1gure 2a:

carried out 1n al Bl ora
f dbivemysanel)niot i al denaturation: 3 mn at 95C, cycllng

| es: . 940C fo 00C- 6
- (Uit obb1 Sgpa Asere ey peer 2L LS gprrag i gure 2b:
. thidaRl pagih; eﬁal%nu Brifiefs With Z%gemFﬁmbleP@?(mg@etzlbomer panel),
mere analy on agarose gel 4% E7 and LI product

-sise nMl msgulbptaachzddlmmw (Fn@lsrpe};t iuppky papy Shdunpamers with 4

LR ok R RO, P SBHAR S0UC1 B 1B 5 spormine

s pRsikfidsqRlduye 2eMbwé atnblel r target. Like the standard
prinmers, they indeed anplify a viral sequence fragnent

havi ng the expected size of 159 bp fromthe genomc

Grad%n?éhﬁc% iR weeda rfe%lclﬁcp &aﬁcn:? t&%&i&f (B&r%@fé follows:

|ca|on|sota|ne m genom C
m1t1abehdnla8,1ramxﬂleB niihat Qsﬁ@ cedimg 85 ¢nsc)ahd amob) dyicteat 949€. for 20 s, 60°C-

69°CARMPUYAL B0 SIC-EHE b 2ba, 7 GOR b § Braagsion: 5 min a 72°C

Fmaerf@@Féa@tnorﬁa\ﬂerQ%ngl%Jd &gaé%%seagtel goh Egrh%fi Hleﬁﬂ%@ﬁ@ts%e% 149 bp and
C depending on the priner pair) (Figures 2a and

142l@b¥$pmMVdmtageously, by using the ollgonucleotlde
conjugates of the invention, the hybridization
reaction can be carried out at a higher tenperature

As sHoR@n i Npue @At Bielionfghtek RElEGed 4cdafding &LthETi gkbhBoR Mhving 4 spermine
residues at the 5’end, specifically amplify their target. Like the standard primers, they indeed
amplify a viral sequence fragment having the expected size of 159 bp from the genomic DNA
of target SiHa cells. On the contrary, no amplification is obtained from genomic DNA of

A549 cells under the same conditions of amplification.

Advantageously, by using the oligonucleotide conjugates of the invention, the hybridization
reaction can be carried out at a higher temperature (4 to 7°C depending on the primer pair)
(Figures 2a and 2b).

Advantageously, by using the oligonucleotide conjugates of the invention, the hybridization
reaction can be carried out at a higher temperature than LNA containing primers (4-5°C, see

Figure 2b).

The results given in Figure 2c show that the gain in temperature can be modulated with the

number of spermines conjugated to the oligonucleotide.



The results given in Figure 2c show that the gain in
tenperature can be nodul ated with the nunber of
WG p@oBiTes conj ugated to the oligonucl eoti de. TPET/1B2008/002789
nol ecul es of the inventionixnere evaluated for their
use as prinmers in real-tinme PCR experinments. Prinmer
conjugates have been conpared to their unnndified
a unter arts as cont.ai ni
he SRR orify ThERER it RutlBapddir BB, EOPIReR Mreal-time PCR
expeﬁﬁ&rﬁE Q@Hﬁ‘ereQ:Q%ugﬁ‘t% I HARNtbebLOERBArdd | © ahéik nahmM@ﬂﬁléHE standard
. Reactions were carried out using the
Coun@@@ﬁﬁm WeN@Réf LISWAcqatainingpaimeate) at a final
concentration of 0.5X. Efficiency and sensitivity have
been eval uated by anplifying serial dilutions of
All rgefon tatNbeaf coedugedd MPY Réiopgsict 6000 QfslrhﬁleﬁtS((Habett) in a final
Cell%% i ked in 10 ng of control genom D@A
volumpef! log waps,caragheywsingdhs §er(SAsasd‘l%%¢ |1%I)JA Kft{Quantace) at
ner l'ified under various conditions of
aﬁmﬁaﬁglglzatﬁgﬁﬁ¥gnperature MgCl concentration or
pri mer concentratlon u5|ng SYBR Geen | for
det ect |

Ef f the \pd 2. . . ,
Efficlegiig g S BHUARE REenapHAG Th 5 R ReseEebfilutions of genomic

DNAdeé}!a bl MPVABRdsfiive akil9 (SiHRERAL) PcedWar ® REbF B6HTRA gRRomic DNA,
rég of tarmg};etS genom ?:SIDNA an)I dwth 100@%M of eac omie

ie. 3Qﬁ0|mpmeFDﬁHPVN@@hQVQ:@HGéAM%@qlbh was 1.5 nMor 3 mV
as indicated. A hot-start of 10 mn at 950C was
foll owed by 45 cycles of 94C for 20 s, 630C (a) or 66C

The dalpldsOwerdanspleed Jrﬂﬁﬁvﬁﬂbusl&)rﬁiltloné&)fﬂ’(y(DM1zJaﬂorFlteglhlpSe‘iature MgCl,.
3a, .the nol ecules of the invention %ﬁare opti ma

concapaRORAIRIENICEORECTBBEON, Ying, Y B Q’U’@@I‘ lzforéé Bt i vel y,
: standard prinmers and LNA containing prinmers are
inefficient as shown by the increase in cycle
Figurt I eBfifiaksd of 1le MyCle conecgattion afid tiixe anmeabing itemper3®ird on real-time
§Iandard primers and 24 for LNA containing priners).
a”“ﬂﬂﬁ€W¥h3|ng the MyCl concentration i nproves standard
and LNA containing priners performances. It al so
results fromsaid Figure 3 that a | ower annealing
Reactwnpearapcnf@'mezsi aretfung efitavget Bersinain dA¥ A apd iwitdr §)0and af ach primer.

rint S EERMBRRRECTRE ) S G S TNE SaheBl LR 6 1g pin o5
was flglgov\\lv@i by245 Eyc@sh sToReE mér At 4, 63°©{a) Rk BOET &) (3P0 HMd 2xPE for 15 s.

As shown in Figure 3a, the molecules of the invention (S4-E7) are optimal when annealed at
63°C in 1.5 mM MgCl,. Comparatively, standard primers and LNA containing primers are
inefficient as shown by the increase in cycle threshold (16 for conjugates of the invention, 33
for standard primers and 24 for LNA containing primers). Increasing the MgCl, concentration
improves standard and LNA containing primers performances. It also results from said Figure
3 that a lower annealing temperature is required with standard primers and LNA containing

primers, while said S4-E7 conjugates perform efficiently at 63°C.

As shown on Figure 3b and 3c, at a fixed concentration of primers (100 nM) and low

concentration of MgCl, (1.5 mM), up to 3 copies of the target are detectable with said S4-E7



concentration & MdA 2 ( 1.5 mM, up to 3 copies of
the target are detectable with said S4-E7conj ugat es,
wowaob/083763 gh reproduci bility, specificity and PCT/IB2008/002789
efficiency at an hybridi zat4 on tenperature of 66C.
Specific, efficient and sensitive amplifications are
conjugsieai wath wi hight Feprpducishitye cinpeifeibe angf efiseeniciy ain@n ohybridization
rature or Mg 2 conditions generally
temp&q ?g?féﬁﬁﬁfor the standard prinmers and LNA cont ai ni ng
prinmers. Effect of prinmer concentration is illustrated
by Figure 4. Figure 4a. 10-fold serial .dilutions of
Spectiigy gléicicgbrshtcasibne amsl Scaligssiarg eriapd Witighs prigier sppipgates of the
. J |
mverﬁ%ﬁ, gg%e%?l%%g?%gtdrge 12 QQHdIPOI‘FS girl%ﬁlW%%)pﬁﬁiag%le the standard
primnsmdeAgmmmlngMemre arrpl | f| ed usi ng vari abI e
anmount of primers: 10, 20 and 30 nM of priner
conj ugates of the invention (upper panel) ; 10, 25 and

Effec?Of prithéQondddfdah 6 H’lﬁ;kt'i‘éié@b}( mgqfél@ panel ) and LNA
containing priners (lower panel). MgQ 2 concentration

was 1.5 nMfor conjugates of the invention and 3 nmM

Flgur/g\né{?l ﬁbat“g?[a]c,egﬁgﬂq #%rlNAs CPP%%&H%&R:}[%WE%V&(& gglaﬁﬁ?%rwi%lo nM of
priméFicBnjughttOyLitie Weﬁﬁo@}’rﬁl emMMEEIRC for 10 s, 600C for 1
mn. Figure 4a shows that 10 nM of priner mol ecul es of

the present invention drive efficient and sensitive

Figur@nlm If h%%:f'tgr:ﬁt iggnddxmgl@fdgpsﬂo k& [ne"i‘?td OB comtr oé%'n%ﬁmofDNA were

the tar guantitative detec te
amplEiedwsingnvariabler @mehimt dfemilmmdrs o, 26 apdliﬁemMcmfnpxemmr adrijogates of the

does not n ce a as n val
invergIOp QPGB of OarSI R B IR RHE PR AN APang) and LNA
conta%ﬁé’ SARREL (l@@/gpﬁﬁﬁélj VI\@ (le c%gce’iMagf)n staandarfM for (;ﬁ\r}ll ogfates of the

ol 1'gonucl eoti des or -containing primers in 3
invenkig@land 3 awld foostamdaid mm;l bNA coptazmpg pfimetshe target in an

opti mal way as the conjugated prinmers do.

Advant ageousl y, prinmer conjugates of the invention

AmpBEfi@ifioas Gkefap&forieliaRifblow dsheifsr | @nhgatfoRdWebRg Stdyeies of 95°C
use at |low MyC 2 concentration conpared to standard

mrl%ﬁﬁ@d@é@]b@ﬂﬂdes and LNA containing priners. Said
nol ecul es all ow a reduction of the priner
concentration up to
Figure 4a shows that 10 nM of primer molecules of the present invention drive efficient and

sensitive amplifications in two-step PCR reactions. 3 copies of the target are indeed
~ quantitatively detected. As shown on Figure 4b, reduction in primer concentration does not
induce an increase in the Ct value. Only the final amount of amplicon at the reaction end-
point is decreased. Comparatively, 50 nM of standard oligonucleotides or LNA-containing
primers in 3 mM of MgCl; are not sufficient to amplify the target in an optimal way as the

conjugated primers do.

Advantageously, primer conjugates of the invention show a greater affinity to their target
allowing their use at low MgCl, concentration compared to standard oligonucleotides and
LNA containing primers. Said molecules allow a reduction of the primer concentration up to
10-fold compared to standard oligonucleotides and LNA containing primers, without loss of

sensitivity, efficiency, specificity nor reproducibility.



10-fol d conpared to standard ol igonucl eoti des and LNA

containing priners, without |oss of sensitivity,
webdwosBery, specificity nor reproducibility. ABCHB2WSE/002789

in Figure 5, prinmer nol ecuhgs of the invention inprove

PCR in AT-rich sequences. Advantageously, said

nnlecules allow to perforn1efficient reaction in

d|z d conditjo a2, a
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Advaﬁt@@&ﬁﬂsfy EAmWEcR ] 3pbivth @erfvdnt BfibRait Eﬁﬂbﬁéﬁn E}Oﬁdxrldﬂﬁilwi conditions
the invention. Final MgyC concentration was 1.5 nM

of
(1.5 mdMef-bn gnogaliag @aheQibat ed 95C for 10 min fol | owed by 45
cycles of 940C for 20 s, 600C for 20 s and 72C for 15
s . Under these conditions, conj ugates of the
In Figuie 8ayt 3-6o1d derialalikitiohs b rirget ResorhiceDNAawetaran@ifredewitie$00 nM of

conjugﬂgs?\npf E&Zhet: H]gelgtg{zneclflpgd I\/ig ;Ict@b%/)e;ltrg?grlf ;\;%sgﬁté ?nnlel aI%eactions were
mcubl&‘c‘aﬂ??‘@%rvl@l rMm(fEllWE@by's@% cy@80,{XAPEGS: B s, lAPOFES2(BY Snd 72°C for

iciently anplified by standard and LNA contal ni ng
15 s. gindeetisse @ondﬁnmns:; nenjugates tof ghd m\leotmm grive effgcioft Gseg gt standard

cuwegﬁg%gg Gé{Dg—lﬁ) égﬁgr (fseegltéljﬁlgfﬁ,l 62 at g‘s/@s %fé b te)q!e%egzaon of 1 copy

of targkl Ng a two-step anplification protocol (95C for 10
mn followed by 45 cycles of 950C for 10 s, 600C for 1
mn) with 150 nM of conjugates of the invention (wth

Compa nm%vel? (‘;FE) eurrgn rgg%)orol(cﬁgﬁgr { Qaa}geg% )a.re &1@8" eMéll){gﬁQi%ﬁl&MdWst&ndard and

&haa e pane

LNA coftatiifig Tinfdrs. nGbﬁdl(lbmWerqoarbeEdlloM@ 2 o€ antgeatgemymic DNA
was, 1.5 nM for conjugates of the |nvent| n and. BDgN
(repropgiytingt et sPRIcRA thpl) cBHed 1A Hy ngra hrgamnirol EfROPIce DY A have been

| t
amplie§ uQEg?(}r %2%;); S@ﬁﬂ&ﬁoﬁgkl X g P ﬁ)?ribq{i’ﬂ f@ﬁo@@d b¥ 45 cycles of

pri ner trans n The nol ecul es of
95°C ifowv ébrtsj 60°Chvgorel ewia) wathetSd oM dheomjugmes af ther unnemtldeIth 4 or 5

spermSEA] HBEFLOtRe | Mtk 2 RER AN Gk Sraion RYRCH (iddle panc) and

LNA cORthRidY PSmeR ((&edrdiaas) Cplrgb%g@;n@%tmtibh WasSREmAMNEr conjugates of
noi eti es ($4- Oll@oédT) or its unconjugated

the ingenionangd drmM for pigodaid ped L NASinsaine primRYs. q PCR
reactions for anplification of the cyclin Bl
transcript were performed to conpare the

ExempRVEU5e of bAfGRiclcptil©0ligddation ed1ygatesSB Guigne €sr el ersdreranscription
primers

The molecules of the invention were evaluated for their use as primer for reverse-

transcription. cDNA from total RNA was synthesized using either a polydeoxyribothymidine

containing 20 residues conjugated with 4 spermine moieties (S4-oligo(dT)y0) or its

unconjugated counterpart (oligo(dT)yg). Subsequent RT-qPCR reactions for amplification of

the cyclin B1 transcript were performed to compare the reverse-transcription efficiency.

e Sequences of the primers
oligo(dT)e of SEQ ID N°13: 5°- TTTTTTTTTTTTTTTTTTTT -3’
S4-oligo(dT),e of SEQ ID N°14: 5°-S4- TTTTTTTTTTTTTTTTTTTT -3’

S4 = 4 spermine moieties



oligo(dT)20 of SEQ ID N13: 5 - tttttttttttttttttttt
.3. S4-0ligo(dT)20 of SEQ ID N14: 5'-S 4-
WO RaobsITe3 ttttttttttt .3 S = 4 spermne PCT/1B2008/002789
noi eti esCyclinBl forward pné mer of SEQ I D N15: 5'-
TCTGG ATAATGGTG AATGGAC A -3' clin Blreverse pr r
CyclioB1 $E®ardpmther oB5SEQ HRAY G GEeA @ﬁ@TWﬂﬁTQAAr&@ACA -3

e S 3R SR SR AT

(Pronega). One ng of total RNA was reverse-transcri bed
usi ng the Superscript Il First-Strand Synthesis
Totaﬁxﬁk%&% @ﬁﬁﬁé'({%hxt ??@@‘éc@szmsﬂs'&%@cm dsiH the SV Total
[Ter. eactlons were either prined using 50
RNAankaflom Het (iPdoecghle ©Ohe tu@ of netehtRNoh W&rwelrs}d(r@msyrlw) using the

sunesib P ESCRHREL S SoVRLerRae! phold 89Tl 0 g g by e

supplfé‘?rlfl&rcﬂ@ﬁjs @8r-00RE ke Qlithel I%Hé& uéing BOVW%T thélPfeRcule of the invention
anplifications of the clin Bl transcript carried out

(S4- oingo(ld"g?)zobnmtsymcnemg@tedmmemst (aiee(dHnmh)-Rikegetions without reverse-
of tgtal RNA. PCR reactions have
“”“%E%ﬁezgﬁg %Bm%%“g%%BfBP“éene 6000 i nst runent
(Corbett) in a final volune of 10 n1 . Final reaction
m xtures contained 2.5 Ref PCR kit

Figure @faﬁwaBéF)-qP§\FBRn@hfé@aﬁwoS s&the fcy@hﬁ rﬁleta%ﬁcwaamﬁds?ut using cDNA
o SEEL G PR AR AL TR RSP pptions b

been 8bdduted id@ Rotob@ere 6@0 ihstrament RCRrhettbduatfmaMolsme of 10 ul. Final
4@6 ar ose

reactlgg%%ﬁjggs&%/l q%&eldlufléepggegﬁgﬁg ogﬁé: ‘qt zga?r?tﬁceélgf{(BR Green 0.5x,
100 ;{;\mabﬁ cg;am BY 5t (1 SrirhE LARICIMNM wgm; es primed with the

nol ecul & of present invention or 1ts standard
Reacgasntreze prnbated ateft*Cofal 1o frlloshed by 4atcyeles 0€Rpéetasd0 s, 60°C for
1m1S|ze (157 bp) have been synthesized (Figure 6b). Late

of f - t ar get products occurred in absence of the

PCR pRMGES Sveld Aafel BY @8Pelbdiraphbresis BRl4€6 agalbie 0 (figaetody
ol i go(dT)-OH nol ecul e of the present |nvent|on enabl es

efficient cDNA synthesis when used as a prinmer for

e r
d with
FouNSHR AL RSN, sRAATBASn i3 o s s
the ni?%uterﬂb;ﬁed;dm ire&htion or its standard counterpart. Identical PCR products at the
expected size (157 bp) have been synthesized (Figure 6b). Late off-target products occurred in

absence of the reverse-transcriptase in all samples.

The conjugated oligo(dT)-OH molecule of the present invention enables efficient cDNA

synthesis when used as a primer for reverse-transcription.
Example 4: Use of oligonucleotide-oligocation conjugates as dual-labeled PCR probe in real-
time PCR.

Dual-labeled probes are the most widely used probes for monitoring the amplification in real-

time PCR. Also called TagqMan™ probes, they consist of an oligonucleotide sequence



time PCR Dual -1 abel ed probes are the nost w dely used
probes for nonitoring the anplification in real tine
WEAURY/08476D cal | ed TagMan(tm) probes, they consPGI/IRX0SA102789

ol i gonucl eoti de sequencehyhridizing internally to the

anplicon wwth a fluorophore attached at the 5 end_and
hybridizenge ins¢raallato tthe agiplisp With pafluesophgre attaghesh at the Joopd and a

lLab e, Gl enoughgd ly Ut : ;
avengfP R g ofiERGKEP RGP )18 il BBe1s LAPCIBISEeh ip sglution. the
energggriab®by therexdgd flieoplicre éssbsofbed Bl the flanchestbemgh the process of

energy transfer), ading.to a |l ow fl uorescence

I .
FRET; {iearscenss fngest ansiok [Fating 10p 194 dbierghencheignal. During the PCR
reacti?gadtaﬁ@c?%n E*?P%{clé‘aké apeh&t g@&;ana%lah, fd\?ﬁ),pt‘h@ttﬁo% BRls to the

e anplicon at each annealing step. \WWen one o
ampliche apreacte asndaling stepn Féknbynd e thkagribkys Podxiersied sw, thehbaq DNA

robe is displaced fromthe tenplate strand an

Polymgrage ‘E?E er°§€ ‘Fh&‘sﬁlaffifinérrog% ets’%%?piagi osﬁfﬁg? eaange(i!ly drolyzed by the
polyr@&hdeVs Ly - exbBclcAsRanagRy | PrRdsleh @ gt Neadsab RS geledsetdTahe fluorescent

fluorescent reporter and causes the increase in .
reporfer (o ecaweescthej intwsassi iny flpprspennes dntgnsityopropertipnantq ke gpantity of

geﬁq; ed PQR product. The oligonucl eotide-oligocation
genergls jﬁ%%?%@u%f the invention were evaluated for their -

use as real-tinme PCR detection probes in a 5 nucl ease

.assay designed to anplify the human Factor V gene. .
The qligogusleatidseligacatinnagangigates Qfbe MFRHOENTHFEY @%‘ﬁéormﬁg" use as

S . : ol . g _ .

real R B i o P AT G U GRT LR 1 Bafhan Factor
V gegenodiyqi 669 Pk abetatiandh e nemsn $actoent gsnaveae uaddps edmodel for

from [Luderey, et .,.,2004. T i gonuc|l eot i des .
evaluglipg i ??g’a&*}“)én(g‘.l 53id,, PEYBES ¢ }AogegHngFIB%lgs nyglpefide  polymorphism)
gemo@gﬂgugated with 4 spermne noities at their 3' end.

Id conjugates were 5 |abeled with a 6

Probesant) pxiyferussquerses wereedppiof foinghugdereimad ahi 2004 Bl ack

Hol e Quencher(tnm) (BHQ 1(tm, den Research) |inked

to the oligocation. These dual -1 abel ed fl uorogenic

Two RIigbgucotidbe chimy@nig 0N dadvE heesowdmpasiddest oetehedmjugmed with 4
ol rgocati on-conj ugated counterparts Al

spermyiag Mpifeas A dredet cof. SR aamjugatey pEral | labeled patfiack Cagboxyfuorescein

U SRR ER 58 SRR ik o

oligotAivhi Thes) dual-labeled fluorogenic probe of the invention have been compared to

their non oligocation-conjugated counterparts

All probes were designed to detect the wild-type allele. Factor V wild-type and Leiden DNA
were extracted from cell lines A549 (ATCC CCL-185) and GM14899 (Coriell Institute),

respectively.

Dual-labeled probes of the present invention are examples of structure IV.

e Sequences of the primers
Forward primer of SEQ ID N°15: 5°-GCC TCT GGG CTA ATA GGA CTA CTT-3’
Reverse primer of SEQ ID N°16: 5°-TT CTG AAA GGT TAC TTC AAG GAC AA-3’



respectively. Dual -1abel ed probes of the present
invention are exanples of structure IV. Sequences of

wo b@osizeers Forward prinmer of SEQ I D N15: 5' - BCXZIBROIB/002789
GGG CTA ATA GGA CTA CTT-3' 1RReverse primer of SEQ ID
N16: 5'-TT CTG AAA GGT TAC TTC AAG GAC AA-3' Seguences
of the probes - Sequence of the probe according to the

oi rBeqoércenof tBE@rdOs N15 (F-N17S4): 5" 6- FAM - ACC TGTI ATT
CCT CEC CT -S4 BHQ I S4 = 4 spermne noieties -

-Seq%ﬁ@%f‘@h@ pf?ébéi&oﬁﬁl@]‘l@hgnﬁ/’é@tﬂﬁﬁ SEQ I D N17 (F-NL7): 5
FAM - ACC TGI ATT CCT CcC C T -B SEQlDNlS

SEQ (EENQ:EQXF -Ng784 FAM-FAME-PSHC AT &ET €t $BHRHG |
he SNP site is underlined. PCR reactions have been

S4= I%%mc'%erame?{ea Rot or - gene 6000 instrunent (Corbett) in

-Seqaerfcbbﬁthe\sainum;ﬁf)béso m . 10 ng of wi | d-type genom c

SEQ BRAS B Trs sor R oA oo PR e fr g ar™ ©
SEQ Yrb *Ni {}Pﬁzg? ns‘"?tF%[N{ -9eneHicer v det cege @T@?@c@& BHQ-|

reaction m xtures contai ned 2.
SenS| m x NoRef PCR kit (Quantace), 200 nM each prl nmer

200 n rohe. Final Mgd 2 concentration was 3 mM
The %ggﬁﬁﬁlséﬁgl?ﬁ\“ﬁ&m was used as a negative control (non
t ar get The raw background fl uorescence neasured

at the begl nni ng of the PCR reaction by the instrument
PCersacanns hafiec beenopongiucter dn se Rtogizen: RPPQ 1estringang Aegrbsit) in a final

voluna%ﬂf g(g g! lgar%e %ﬁwﬂ@%%’% %enﬁn%lvé W #))c I.lg%@gis%ngﬁdhﬁtgb%ts of W1ld-type

genoMRIDEA dpilearif g 0aipcst catesIichNAg Y franl 0 4G o tvélddigpe or mutant genomic
counterpart (F-N22) (background fl uor escence val ue

DNA4dp weesr ugd 234 GRIPLaS. il dpRoiiph gnikSirefesnanaiestt 2o SriliSpasimix NoRef
PCR prglu&ﬁ!i e 0%2?@' dﬂ‘ﬂd C?égﬂftprlh{éf gltéc%’\?OGjMﬁls ro@é’ lflﬁélq{/lg@lz%n&}ﬁratlon was

onuc ostatic interactions
3 mMhdaimat sperm DN Ageasi ustdapa negative gordtiod (ricartargea DINA).
attached fl uorophore/ quencher pair. Ml ecules of the
pr esent

The raw background fluorescence measured at the beginning of the PCR reaction by the
instrument is an indication of the self-quenching efficiency of the dual-labeled probe. As
shown in Figure 7a, the conjugated probe of the invention (F-N22S4) exhibits a better
fluorescence quenching than its standard counterpart (F-N22) (background fluorescence
values 4.8 versus 24 units). Quenching is dependent on the physical proximity of the two
dyes. By folding on the oligonucleotide due to electrostatic interactions, the polycation brings
into proximity the terminally attached fluorophore/quencher pair. Molecules of the present

invention are valuable dual-labeled probes with improved quenching characteristics
Figure 7b shows the compared performances of the probe according to the invention and its
standard counterpart in 5’ nuclease assay. The conjugated probe exhibits a higher signal-to

noise ratio leading to earlier detection (2.5 cycles) and greater end-point fluorescence.

Thus, probes according to the invention exhibit a higher sensitivity for detecting their targets.



i nvention are val uabl e dual -1 abel ed probes with
i nproved quenchi ng characteristics Figure 7b shows the
wa@ ormpasEa3 per f or mances of the probe accordi ng POT/IBRE08/002789
invention and its standardizounterpart in 5 nucl ease
assay. The conj ugated_probe exhi bits a higher signal
A shoR gopyeased PERRS |7 B ﬁ-ﬁ" ¢7bvé%1ﬁ1€inépnu>éfeéictf>iaoﬁn@é.t"’g’gard probe (22-
mer, PYRLSSAs SAcvd ﬁr?ﬂg{%‘ie ORGP OB hrbBlosEHE SRESioR THSN,;S,) detects the
probes according to the invention exhibit a higher
wild-sygresinhplicoh ywitho thederece ffinpnthend sersitgpatysasAhs Hong standard probe (F-

Naa) G0 HEReT il Bresalfe Bl inkl BorteekBEyalRong BRAAARIE nder the
samegciogél‘i'ii%nsz he HBR sEIhAhld REBDE-RE,) b@@oﬂrﬂb’;ﬁﬁ?l&%ﬂigﬁ% ). 7S )

etects the wld-type anplicon with the sane
efficiency and sensitivity as the | ong standard probe

risof bS50 oSBT PURRLS 67 B} OBhpgs e Focor v

Leid&i0DWMA 9 AStemblige, tho mMutatdndplidopiohdl (Etedad vadr fier lvag wild-type
poorlg (FLFure,7dLi Figure 7d addresses the question

standgrd pipbe Whilediosignahisphesised With ceningated apdhHandand siprt pabes.

Factor V Leiden DNA as a tenplate, the nutated

anplicon is still detected with the long wld-type
Thusstshodapebbps cdveordity Ite the &ivgntdn i exhdbs exquald paifohmance as longer

conj ugat ed and, stapdard short probes. .. Thus,.short. ..
com R GRS RIPG Mo e O e it U ggh Sapebilicy.

performance as | onger conventional standard probes.

Moreover, they have a greater discrimnation S
Exampd@abUké pg/oli@nanlpbédesohgg@eti@f conjugates as fluorescent hybridization probe
. l i | eoti de-ol i gocati on conjugates as fluorescent
“”e%§5&$@¢gation probe in real-time PCR The nol ecul es of

the invention were evaluated for their use as adjacent

fluorescent probes in real-time PCR (Bernard et

ah, ‘
The molggyles ghide inysatopvege e wdyateshior dhgieyse gscdiacped fluorescent probes in

i~ai i t 2 i . . o
e PH G050 S0 R o
two prbeesaidienthat ta thé oter eptiar arhpliveh. O erobedtak agy’ alvaer label, while
are bound to the specjfi | icon, the excited 3 .
e e T
excit?(?/ 3t REnSRED MBLRARS S M3EEN1d thel AHcBptBMIdbe (lj)y the FRET mechanism

uorescence. The | ncrease | n. donor em tte . .
which i oire sméts dbiorescgcopding insrealse iroderioe emigedeiweresagneCR proportional

r oduct.. adj acent probes were designed to bind to
o tdipgiepeaielilpiha

scri bed human papill omavirus type 16
(HPV 16) E7 anplicon during the annealing step of
gPCR. The donor probe was

Two adjacent probes were designed to bind to the previously described human papillomavirus
type 16 (HPV16) E7 amplicon during the annealing step of QPCR. The donor probe was
labeled at the 3 end with a 6-FAM and the acceptor probe was labeled at the 5” end with the
ROX dye (carboxy-x-Rhodamine).

~ The standard donor probe was compared to molecules of the present invention.
The donor probe is an example of structure VII.

300 copies (a) or serial dilutions (3000 to 30 copies) (b) of target genomic DNA (from SiHa
cells) spiked in 10 ng of control genomic DNA (from A549 cells) were amplified in a Rotor-



| abel ed at the 3' end with a 6-FAM and the accept or
probe was | abeled at the 5 end with the ROX dye
W@ cawlogdvy3 x- Rnodam ne). The standard donor pr oPET/¥W908/002789
conpared to nol ecul es of the present invention. The
donor probe is an exanple of structure VII. 300 copies
gene GAY0 arstrsmenta(Cadbétt)tin @arfoal 300Mmetad 18ule Bmaége)ac@@) maftures contained

25 1 REE5h OSPREL GRSl 20) G Aol 300

rever@é’"?hin@:i edoi MVt B7IROK IR0 (Eidbénts®NPreieo B NRSF i B7-S4N25F
i nal volume of 10 mnl Fi nal reaction m xtures

and Elo$dN2MFewerz 2900mM Gorear 500MERef PCR kit (Quantace), 3
e L

10 s, BEZ°ANBR RO sE7- S4N25F and E7- SAN20F were 200 nM (a) and

50 nM (b). Reactions were incubated at 95C for 10 m n
foll owed by 45 cycles of 950C for 5 s, 550C for 10 s,

As shb %b %ugg |8§ the ﬁ%njé%%ﬁ?ﬂoﬂe gﬂa@}érsQheséfﬁcfegﬁdéi&molﬁgﬁtﬂ%damphcon

es t ent detection of the anplicon.
Because of the spectral overlap of both |abels, a hlgh

Beca%?:gk @%{an;%ﬁﬁlalgg\gflﬁlagf (Pf Hﬁ)tﬁrl\éggs h?g%sga egrgl}cndaggnal Bbserved in

abserRk! FFOMPHCBRT Dq@ 18thG@P &ahi ANnkP NI 1HBAh@EotRIeColROREEIEEorj Bzates are
reduce the fluorescence background |evel by driving

expetd tarasince det Buotesnenes baakgrawod deyd rbat qiroﬂng bl @ensedetection at low

conceg}ln%ag%q] ;’I é)?eg)té/lgﬁd S%Pglgingcg?c?}fdgl ellgggat% tgl?%l S ar gggtgcg tcg Qllow the
desig@ldf effitiedy SRNprobss RhGIRBICH ﬂh;ﬁwdnﬂﬁnlﬂa{ mti)sfmaté%sdldﬁphmb&oh

in Figure 8b, a shorter probe of the present g@?§%<?
As d?FE?te@Afo(Hﬂfe s Shoftrs quolieRhihe Bresent fpEERtRmE ) does indeed

shovJﬁ%ﬁer‘éﬂ?ﬁ%&?&% ﬁg [br\;\t; gekgfgeﬁtrh?loﬁ ttl?ajﬁqﬁé SaRd L8 gr({bgqib@f"z@)

es o I'nvention are v
hybri di zati on probes for real-time PCR  Sequences of
the E7 prinmers Forward pri f.SEQID N (E7F):.5" -
Molceshes cIHbE pisGE AT A ATeA P pridiza %B&b\%%ﬁr‘#}éi‘“eo}r)c}"
SEQID N2 (E7R): 5'- GCC CAT TAA CAG GIC TTC CAA- 3
Sequences of the probes SEQ ID N19 (E7-ROX): 5'-
* RO¢qiEHCET o MBARAGEABACACGTAGAC AT 3

Forward primer of SEQ ID N°1 (E7F): 5°- GAG GAG GAG GAT GAA ATA GAT GGT- 3’
Reserve primer of SEQ ID N°2 (E7R): 5°- GCC CAT TAA CAG GTC TTC CAA- 3’

» Sequences of the probes

SEQ ID N°19 (E7-ROX): 5’- ROX-TGCGTACAAAGCACACACGTAGACAT 3’
SEQ ID N°20 (E7N25F): 5° - GCAAGTGTGACTCTACGCTTCGGTT-6-FAM 3’
SEQ ID N°21 (E7N25F): 5’ -S4-GCAAGTGTGACTCTACGCTTCGGTT-6-FAM 3’
SEQ ID N°22 (E7S4N20F): 5° -S4-TGTGACTCTACGCTTCGGTT -6-FAM 3’

S4 = 4 spermine residues



SEQ I D N20 (E7N25F): 5' -
GCAAGTGTGACTCTACGCTTCGGIT- 6- FAM 3' SEQ | D N21
WQ@ BEWONASFH3 5 - S4- GCAAGTGTGACTCTACGCTTCGGT T- 6- FAIVIER008/002789
SEQ | D N22 (E7SAN20F): 5' 264- TGTGACTCTACGCTTCGGTT
e resi duesExanple 6: Use of

rm
%m| & eofin O%Lg@pv@ FUHROCH L ERTY el 55, % fRBFeaSL robes for
detecﬁﬁgg%%%tq{ucl@ﬁ:ta%?& inﬁ}goﬁil&&f&% s&%uﬁ?&‘t.ac' d i nmobilized
on-a s support. The nol ecul es 0f the invention
were eval uated for their use as hybrldization pr obes

The ﬁa[ﬂcget K tt}lagnvae%%/aﬁﬁ\g negv}qﬁ@ée%gg)éﬁgng uéflf Zagqayté)?lrdg%egi{m probes for
detec@}}g\aﬁw&r%&kbwdg%mﬁiédm@at nublgc hadget nucl ei ¢ acids

were pG- PGL3 Luciferase Reporter vectors
(Pronega). A short probe (14-nmer) was designed for

F igur? %rsg'%g_vtélré{suﬂa hlcﬂ)g b o? [5]? l'&sg’lglth?gg g{peﬁﬁ%xﬂﬂﬁk}{e %%{ Hl?clelc acids

Sal sequence

were plBE.2P4RIS POL3 IINNEBtab® Rep@iterO@apay Rloidepd). Al shadt prudar(@4-mer) was
counterpart. Both probes were 5 |abeled with a

designed, o PsHestly m@ﬁél%gwdhe paLs \é?ﬁ@rplémw%mgéo\»&l@ said sequence
t
formé( g‘g@ﬁgdt@ye Efbb@%fo{hg@%@ ANAvdeh \kfé(selc&gggﬁﬂg\evgh its standard

I ng at for 60 mn and nat ured by
countbmanbﬁbﬂhrpgoltdsezvm'eﬁblraheied withNafQkdréscdinM f or 5 ni n.
Menbranes were then washed briefly in 2X SSC (Sodi um
Salt Citrate buffer) and air dried. Prehybridization

One ?%f‘(ﬁ 6%@§2 Renf ﬂﬁﬂ?@eb@ré&e&s%n%l%@ har 8ltnyfors %e‘rﬂﬂrﬁﬂb positively

m n at C. Menbranes were incubateéed for
chargad (R(a:theBEEbwkmg m@OWf@r@b@m and geng8Ed baf me\dba@n@ahmelﬁmbrane in

NaOIgB%;}ghts g n}e}t lgg raglygizvg{ﬁn‘bmnqﬁgr%n ¥ ér\é\?%ﬁsc?%;: (aano i SMt Citrate

buffeawairidiiell] Bréhgbritlizdiidg sppas petfothel inMSSCQﬂX@Hﬂhhﬁs’s solution
the detection of the target nucleic aci

for 6&min pgENE. Mnmhiranesecre gEeEbaAd qrd\%Ogramta} 55\/@1“{1@ tGheM probe in 1X
SSC. %xf?e?%%ﬁshg HP?XdSQﬁSStEﬁT 1%'9 b?ari%@ E&nﬁg? BF%eTyphoon

m simat C target, OWIngth speCI Icity o
imagipp eternf( Ahfeeshanvigiobdiente). Sequences of the probes SEQ

I D N23 (N14): 5'-Fluorescei n- AAG ATG GAA CCG CT-3'
As shown in Figure 9, the probe of the invention enables the detection of the target nucleic
acid under stringent conditions (55°C and low salt), while the standard probe does not. No

signal is detected on the mismatched target, showing the high specificity of the probe of the

invention.

e Sequences of the probes

SEQ ID N°23 (N14): 5’-Fluorescein-AAG ATG GAA CCG CT-3’
SEQ ID N°25 (S4N14): 5’-Fluorescein -S4-AAG ATG GAA CCG CT-3°
S4 = 4 spermine residues

The mismatched site is underlined.



SEQ I D N25 (S4N14): 5'-Fluorescein -S4- AAG ATG GAA CCG
CT-3' $4 = 4 spermne residues The m smatched site is
waie@ensi7eed. Ref erences Bernard PS, Aji oka RS, MUBIB2E08/002789
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Bi ochem J. 1986 Mar | ;234(2):249-62. Review. Pons B,
Kotera M Zuber G Behr JP.Online synthesis of diblock
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Rev Bi ochem 1984;53:749-90. Review.Clains 1 - A

nmet hod for manipul ating, isolating, detecting or
anplifying a target nucleic acid in a sanple by
hybri di zati on with an oligonucl eoti de-oligocation
conjugate, conprising allowing said nucleic acid to
react with an oIigonucIeoti@ UFF i gocat i on conj ugat e
conprising at least A and Bj noieties |inked together
directly or via a |inker group wherein . A is an

i -mer oligonucleotide, with i = 3 to 50, where Alis an

oligo with naturally or , non. naturally. occurrin . Dy
| - e Baos e e DelR R Ao RS AR R felfeecid n @
sampRN9S RN BSHE FwilP A SligQkcicaNad-bMo&caliBr c6hj0gata, doMifk®ing allowing
group . BJ is a j-ner organic olrgocation noiety, wth
said fjucteicadid tesBactwidr an gliganucleprdBoligocaips FON) wEaHCRBPIFING at least A,

ere. Ri. a ane |ower,. al k e, identical or

and ﬁé\ﬁfhof‘eglreghplfe%ﬁfﬂg‘%gernﬁ{eép 85 Vié ‘h‘g‘eur %‘Jé)ﬁpi cal or different
when nis > 1; HPB-R -CH(X)-R 3-O, where R and RS,
identical or different, are | ower alkylene and X is

whergjnt r esci ne, spernidine or spermine residue. 2 - The
met hod of claim1l, wherein A 1s selected fromthe

A i&érﬁi%eﬁ@?%&hﬁ&&%e?%ﬁxg PRMIL LRIl A8 an oligomer with naturally or non
ri ot

onuc es, and non naturally occurring
naturaliyc benloase sudedhasessandiak peht{futdapsyh @grdwst andéay, napiNa phosphodiester
b dmeIL giltheir.chenicgl nodi fications or substitutions
ondg ORHOHE'Y SRBPPAGE St RFGS FOUB - f1 uoro or a 2' - O al kyl
. B; isH P#BSorganic oliB6caBBh Rfetof with pmtd 507 where BRI €i n A,
conprises a marker group selected in the group .
- HROPRi-SVHR20-YH-Brrbphotherer RuoRosherRs greolpvaandkyleng identical or
SHERENRELET Qe Obc R SASRLARL JTR BN RElAGLed [0 the
grouap’ conprising amno or thiol noditier, spacer
- HPOUR,-CBI(X)-R3-O-hyndemodndR 3, identical or different, are lower alkylene and X

is putrescine, spermidine or spermine residue.

2 — The method of claim 1, wherein A; is selected from the group comprising
deoxyribonucleotides, ribonucleotides, and non naturally occurring nucleobases such as
locked (LNA) nucleotides, PNA as well as their chemical modifications or substitutions such

as phosphorothioate, 2’-fluoro or a 2’-O-alkyl groups.

3 — The method of claim 1 or 2, wherein A; comprises a marker group selected in the group
comprising a chromophore/fluorophore group and/or a quencher group, or a chemical moiety
selected in the group comprising amino or thiol modifier, spacer group, biotin, hydrophobic

chain, cholesterol derivative, antigen, protein, peptide, phosphate group or sugar.

4 — The method of anyone of claims 1 to 3, wherein a free -OH group is present at position 3’

vOf Ai.



chai n, chol esterol derivative, antigen, protein,
pepti de, phosphate group or sugar. 4 - The nethod of
w@ngoongs7es clains 1 to 3, wherein a free - OH grOL/pB2068/002789
present at position 3 ofAx45 - The nethod of claim4,
wherei n said oligonucl eotide-oligocation conjugates
have structure | or structure Il or structure II1
5- Tﬂmﬁétﬁb@og clAin? B 0w Rer€in s'afdﬁﬂtfoﬁ@éle&fdechlfgﬁ)&{tﬁﬁtoo _gfgﬁteﬁfﬁave
above defined for A bei ng oriented or
3'; - RAis Hor a linker, a quencher, a marker such
as chr onophore or fluorophore group, or a chem ca
Stmcﬂ’d?gty such as biotin, hydrophobic chain, cholestero
derivative, antigen, prlq()ei,nl, -Beaptide, sugar or
phosphate group ; - RS dlfferent fromH A and BJ is
a chemcally stable or cleavable i nker between A and
oF st d-ql The nmethod of claim4 or 5 wherein said
W%Vgcules bind a target nucleic acid and are
substrates for a DNA or RNA pol ynerase. 7 - The nethod
of claim5 or 6, conprlsbqg .t he steps of - incubating
a nol ecul e of structurldO I, IIS&% such as above
defined in claim5 with a target nucleic acid nol ecul e
under conditions that allow said nolecule to hybridize
or strb@uredild target nucleic acid nolecule and - extending
said nolecule with said target nucl eic acid nol ecul e
as a tenplate.8 - The nmethod of anyone of clains 5 to
7, allow ng nucleic agyﬁ}gﬂblgtAga&lon usi ng at | east
one nol ecul e of structure I, Il 'or 111. 9 - The met hod
of anyone of clainms 4 to 8, wherein said nolecules are
used for reversetranscription. 10 - The nethod of
anyone of clains 1 to 3, wherein the -OH group at
whergi@si tion 3' of Al is bl ocked.

- A;; and Ay, identical or different, are as above defined for A; ; Aj; being oriented 3°-5" or 5°-
3%

- Ry is H or a linker, a quencher, a marker such as a chromophore or fluorophore group, or a
chemical moiety such as biotin, hydrophobic chain, cholesterol derivative, antigen, protein,
peptide, sugar or phosphate group ;

- R; different from H, A;and B, is a chemically stable or cleavable linker between A, and

B;..

6 - The method of claim 4 or 5 wherein said molecules bind a target nucleic acid and are

substrates for a DNA or RNA polymerase.

7 - The method of claim 5 or 6, comprising the steps of

- incubating a molecule of structure I, II or III such as above defined in claim 5 with a target
nucleic acid molecule under conditions that allow said molecule to hybridize to said target
nucleic acid molecule and

- extending said molecule with said target nucleic acid molecule as a template.



11 - The nethod of claim 10, wherein said
ol i gonucl eoti de-ol i gocati on conjugates have structure
WO YoR08Bp3 Al -R or structure V or structure VPCDIB2008/002789
structure VIl or structure2 1l R7- 3 'A1li5 -B -3
"Ai 25 >-R4 or structure I X R7- 3'Al | 5 -BJ-5 A2 3 |
8 - Thpaeghodsafranyeng ef olaires 3 ®) 7, allgwmesnuchjic acid pphiispigrmusing at least

onerr@?crﬂﬁje@”sfmttuk:dlerﬁbsﬁf or different are as above

and Bj2 , identical or
different, are as above defined for BJ; - R4 and R6
are |dent|cal or different , R4 hein above defi ned
9 - ThiAdngaBock gf AYRNCapiosiaimes i1 Sl WSFETRAMEOLECRIES AFeqused), or reverse-
transér %Iahl cal or different, are different fromH and are
ected in the group conprising a |linker, a quencher,
a mar ker such as a chrormphore or fl uorophore gr oup,

a chem_cal u lotin, hohic .. , .
10 - Bhexeihod s g of sty i 2 ubedin it GRBRCR position 3° of A, is
blockegpt i de, phosphate group or sugar. 12 - The nethod of .
claim10 or 11, wherein said nolecules are used for
detecting a target nucleic acid in an assay conpri si ng

- Brarthe TomE ) PErag ooy o §I8Ehn SR hove
conpri si ng
structure IV
R4-Bj- A’ -Re
or structure V

Re-Bj- Rs-> A -Re

or structure VI
Ry-> A -BjRy
or structure VII '
Rs-* A -Rs-Bj-R4
or structure VIII
Rs-> Ay 5)’Bj'37Ai25"R4

or structure IX
R7- 3,Ai 1 5’—BJ‘*SYAQT'R8

or structure X

R4'le'3YAi5"Bj2'R6

wherein

-Ajand App, ideniical or different are as above defined for A; ;

- Bji and By , identical or different, are as above defined for B;;

- R4 and Rg are identical or different , R4 being as above defined and R¢ such as above

defined for R4 and,



the steps of - incubating said target nucleic acid
Wi th a probe of structure IV to X such as above
waledovngifed n t he presence of a RNA or DNA pol yneCEHEE2008/002789

under conditions that allow said probe to hybridize to

said_target nucleic acid ecul e; and - detecting .
- R7 and Ry yientigl oF j @Hereny are %Dfléerﬁﬁ& E‘BH’ 8? aaﬁy%ﬁéeffﬁteg in the group

(Mys3N t rei [ I

e R Bt o L LB BhO L HEREpiRRe eroup, or o
chemR@Rmoldy stitte asrbidting hpdrophahiencidinpocholesterahdarbiative,aintigen, protein,

.ol ecul es are used as clanps for inhibiting the
pept‘f!ﬁatpgeiﬂhﬁﬁ EUR HeSUBHpl i fication of a target nucleic

acid. 16 - The nmethod of anyone of clainms 1 to 5, 10

or 11, allowi ng target nucleic acid manipul ation, such

as purifying, capturing and nodifying said target

2 - ELRLFRSt T8 B ERR) ERIPLIRERS e 57 BALER o v

nucle@ acidlin abhBEH1 ddndrisirRasDNeNer RINAgligerafe. st ructure | to
X is used for detecting a target nucleic acid. 18 -

The net hod of anyone of clains 1 to 5, 10 or 11

13 - merégffhgcri %gla}n ; dE of %ﬁﬁngg b && lljb,efopzletéétfnllég l{é{%& hgénlglcgicloe, comprising

use stingui shi between a w
the stapt@fnt target nucl eic acid.

- incubating said target nucleic acid with a probe of structure IV to X such as above
defined in the presence of a RNA or DNA polymerase under conditions that allow said
probe to hybridize to said target nucleic acid molecule; and

- detecting said hybridization.

14 — The method of anyone of claims 10 to 13, wherein said molecules are used as probes in

amplification assays such as the real-time PCR.

15- The method of claim 10 or 11, wherein said molecules are used as clamps for inhibiting

the detection or the amplification of a target nucleic acid.

16 - The method of anyone of claims 1 to 5, 10 or 11, allowing target nucleic acid
manipulation, such as purifying, capturing and modifying said target nucleic acid, using at

least one molecule of structure I to X.

17- The method of anyone of claims 1 to 5, 10 or li, wherein at least one molecule of

structure I to X is used for detecting a target nucleic acid.

18 - The method of anyone of claims 1 to 5, 10 or 11 wherein at least one molecule of
structure I to X is used for distinguishing between a wild-type and a mutant target nucleic

acid.



