Met hod for generating a double stranded nucleic acid with a single stranded
over hang Background of the invention In nolecular biology and rel ated
fields, iwois11oftam desirable to make a doubl e strandedPou@moc/@eisd such
as a PCR product available for interaction with an oligonucleotide, e.g. a
capture probe. This can e.g. be done by separating the two strands of the
nucl eic acid by increasing the tenperature or by increasing the pH until

t he doubl r ed leic acid dengtures. After depatyration, the capture
br obe. ey MEHALIG afiEiatite Bdy g haR0 e Els HAMth R S of ¢ he
capt ur e prstiended ovechaing However, if both strands are still present in the
sanple, they nmay renature and obviously conpete with the capture probe.
This of course decreases the efficiency of the capture process. One
solution is to physically separate the two strands of the nucleic acid
before capturing one of the strands with the capture probe. However, this
requi res &idikgronad ofdinepunvanitiors, whi ch takes tine and which may al so | ead
to loss of material. Thus, in PCR it would be advantageous to prevent the
DNA pol ynménasdetulambiotqgy arat ralgtedlfielddat isenfterodedimbd enchakk a daukilenpl at e,

hence | eayj Lnale. str. ' . ri. i,n U 25494
(Zonece: LonPRagh PELRICIAE 30868 ML RARAR: bSIAFE fir REraE M R RGR

pol yner aseligbtudeatideatelgp eastiung beobet Mhisdeth @ge bbatope-bybsdpanatitpthe tvie
benefit i cagy. _an bsequent .capt ure obtai ned. by the present
Prvent | on g optld ARGy BY BRFHTRA £5E BRI ittt R
nonsense ahtigthrudd doé isttanded|nanlee aclh dedatuaels, Aftergienaturagivedtieocdptarepr esent

invention is the potential t he nonsense oljgonucl eotide sequence to

17 b back e MENER: S end bt SR REDEERTBrtd 0B P Prali A G
struct ur e pobbd ban oeauroHolvienkerif bothhatsaridstarefstitliprgserittih théeampR, phky mer ase.
The carbon_linkers can, also coil-up, an rin he nopsepnse ol igonucl eoti de
seqguence o4 'ﬁ{’é-]%rreieffbdro \@8]\’153}%8”\&%{?1?”%?1&*185%’:’ ‘erﬂrHB?QQHHF Iog\ﬁf 'a‘et he PCR
pol yner aseet@asesithd &ffiolegby ohehd catare pMebs.i nt erf erence of the |inker
decreases subsequently the inter-assay wuniformty of the nmultiplex PCR
assay, and such interferences are not seen in present invention due to the
rigid SL r dm@?]tmdn kshte ;ﬂwslceyﬁdepaﬁiaymas@o bTr@ﬁ&{ﬁbf tH&D4Adi8 2Qidlipsferd be a
PCR net ho ich uses priners with a non-replicable region to generate PCR
i duct oGP ER AT e AT b 1 GBI el vER Bk 58 ™ vo
non- base additional fnbndHudtigranadhicl taked tind ana yHico mdydeex Ydadrtioblbtobd in the
PCR priners_.ta Frevent t he polynerase fromreplicating all of nucl eobases

of the ol U8 eotide used as primer, hence leaving a single stranded
over hang corresponding to the nucl eobases | ocated at the 5 side of the non

base anal qgs. | vVer, 421820 and US5525494 do ot discl ose pol ynerase
bl ocker o TP Belteh owquld BecIABLALR0UR T AT BB DIV BElVMaERes HaRh

Zensi tivi F&plﬁi&tihbaﬂl th_a@ifaly'TthoaﬁrQ FUhs ofdenteraplate)renet ééé\&n&’aﬂglr;]& ﬂdé&ﬁded
ummary of_,the invention The pre j hvention provi a nef hod that

conbi nes tSt%’eEWrGétqoeéﬁ”%?d Ebﬂ%ggé%‘%%a C?é—?"@@f’d)aﬁgﬂwec]a?q n products
with one or two single-stranded overhangs with inproved production of such

target anplification Efr oducts. The si ng/l e-stranded over han,gés) can be used
for post- anPITTPEYPoR RISpFINE&ha NARBYRIRsR, (GEE SEaatH9 7 sihals ptandedon. The
si ngl e- st baagrhgoVIaIthAIkG &) thenRlefitd 6 PeRrEdfieaNt aHEsibsdgtiest éapture

mani pul at i gn _Wl%é Bout interference fromthe conplenmentary strand in the
doubl e- st PHIRSA PALERPreFepr iTHEREONGHS 5P HoRsEt @ BFEY QY Ifes et pesda FER t he
figures Fipginied ahd HabRsdrseviRbndaratid 66qRARePTREWREad0aNtBEE BRiPFEEd PCR
product as a function of the amount of PCR product. For both detection

systems d&R®LITSA BY DA daFhauPeteaiphehiie Rutseaes CHIRNYStRAITTISRAURBER 19 ed
DNA capt urigy-8htig ORtCIRG GRS RT O tRIBOMALFEL dBX RIPhE nénfriYyid BB EtUrBfopkAAL i ON.

carbon linker - thus interfering with the PCR polymerase. The carbon linkers can
also coil-up and bring the nonsense oligonucleotide sequence and the primer
sequence within close proximity allowing the PCR polymerase to read-through the

linker. Such interference of the linker decreases subsequently the inter-assay



Figure 2: Schematic drawi ng of an exenplary bifunctional oligonucleotide
as used in the present invention. Figure 3: Schematic drawi ng of nultiplex
PCR wi t h woi2oev13zatts of 1 (upper panel) and 2 bifuncti orall/DK2011/050157

ol i gonucl eoti des. Figure 4A shows the ortho-TINA (row 1) and C3 spacer PCR
(row 2) products at 50 nMon the annealing-gradient. See exanple 2 for

details. gur e. ho- T1 NA Racer PCR (row 2)
or oduct s ATAGHTH R DIF Tl BER st i B e BEnee PR bt o 1 s
Fi gur e S5Apsdsewns irveation idue-tol tNA r(gidetriiytume df G3e epgi@redRERy ermwed)logkepduct s
at 200 nM on the annealing-gradient. See exanple 2 for details. Figure 5B
shows the ortho-TINA (row 1) and C3 spacer PCR (row 2) products at 400 nM
on the anmea94nPB20r dxbceibé a l&ﬂ%n@tﬁ@@h&uﬂw fisys mharhard with Ei pr-ecdicablews

bi funct i OFERPB? gBRTErBEH A d s IV Eh siglecotsa s HArBmeS (A1 B8ur e of ¢ he
i nventi onmmatm*s&fseattwbmwnbamarmlogs (es prop@Eidiel ammmsmrwgirbimedemps of :
a. Provi danﬁb%oIS in the LER?Jl#lCn!mgrls(io pre\(/jent the polymerase from replicating all of
nucleobases of the oligonucleotide used as primer, hence leaving a single
stranded overhang corresponding to the nucleobases located at the 5'side of the

non base analogs.

However, W09421820 and US5525494 does not disclose polymerase blockers
that benefit the PCR reaction in terms of specificity and sensitivity or that facilitate
subsequent capture of the PCR product.

Summary of the invention

The present invention provides a method that combines the construction of
double-stranded target amplification products with one or two single-stranded
overhangs with improved production of such target amplification products. The
single-stranded overhang(s) can be used for post-amplification capture and
subsequent detection / manipulation. The single-stranded overhang(s) enable
improved capture / detection / manipulation without interference from the

complementary strand in the double-stranded target amplification product.

Brief description of the figures
Figure 1:

Detection of denatured PCR product or BFO modified PCR product as a function of
the amount of PCR product. For both detection systems detection by DNA capture
oligonucleotides and para-TINA modified DNA capture oligonucleotides are shown.

See example 1 for more information.

Figure 2:



b. Providing a bifunctional oligonucleotide (bfo) conprising a
primer/tenplate (pt) region (conplenentary to part of the tenplate nucleic
acid) inwo0B/Bmdiand a capture region (Cr), wherein tkReTmK208gisor57and t he
cr region is separated by a polynerase block (B). c¢c. Mxing the conponents
of steps a-b and providing conditions that allow the pt region of the bfo
to anneal _.to the te Iat nucl ei condj.t.i ons al ng pri

ext anst onSCaRPENG P RTTRGT B0 ST o y1rEropro ont Pk 5 dnde 4t M

doubl e st pexsdadinveatienc acid with a single stranded overhang (dso)
corresponding to the cr region of the bfo In a preferred enbodi nent, the
bfo of step b. is constructed as: 5 'cr - B - pt 3 In another enbodi nent,
t he bfo ofigetep:b. is constructed as: X - B - pt 3 V\here "X" can be any
conbi nat i "

(I whi chSEagmatRgrangpiaf iR udoarime s dhitiiorper Panelbehd 25 o1 s
- 5 'cr - bunctiinaBoligdtiefedridbky, extension in step d. is done as part of a
reaction selected fromthe group consisting of : Exponential target
anplification (e.g. Polynmerase Chain Reaction (PCR), Ligase Chain Reaction
(LCR), RoFiguhg 4fighele tAeRIrtHd-TENA Qi 1) S6d 03T dpalceROR AW 23 |pré@id@e bit
anplification é ﬁ Nucl ei ¢ Acj d Se ence Fasgd Anigl i fication (NASBA),
Strand Di Spidt A & 3apRBR NG RGN ? Rrample,adet A8@ildn Medi at ed

Anplification (TI\/A)) | i near target arrpllflcatlon (e.g. Reverse
Transcri pti on, eoxy s%gtuenc % one enbodi nent, the_ tenpl at e nucl ei c
acid is Rﬁlﬂ“r‘%\ﬁgr ¥sgh @%1} and CBeaparePER AW 2) e

100 nM on the annealing-gradient. See example 2 for details.

Figure 5A shows the ortho-TINA (row 1) and C3 spacer PCR (row 2) products at

200 nM on the annealing-gradient. See example 2 for details.

Figure 5B shows the ortho-TINA (row 1) and C3 spacer PCR (row 2) products at

400 nM on the annealing-gradient. See example 2 for details.

Figure 6 shows results from Luminex capture analysis of ortho-TINA and C3

spacer modified bifunctional oligonucleotides. See example 2 for details.

Disclosure of the invention

The present invention provides a method comprising the steps of:

a. Providing a template nucleic acid

b. Providing a bifunctional oligonucleotide (bfo) comprising a
primer/template (pt) region (complementary to part of the template
nucleic acid) in its 3’end and a capture region (cr), wherein the pt
region and the cr region is separated by a polymerase block (B).

¢. Mixing the components of steps a-b and providing conditions that

allow the pt region of the bfo to anneal to the template nucleic acid



When the nethod is PCR it will be recognized that the nethod further
conprises the steps of: f. Providing a second priner, which is

conpl emrenwearyittid74ihe first extension product of step d gcrhaeratwosbrsg t he
product of the step d h. Under conditions allow ng prinmer extension,
extendi ng the second prinmer annealed to the first extension product Steps
f-h my be referred,tg as second strand synthesis. In one. enbodinent, the
second primer 1o &I Y5os” EpRitons aTowiRE RS PeTaRsar: PHENQEEIRE ATERR s
second strand synt hestise bfbhe second bfo typically differs fromthe first
bfo in the sequence_of the pt region and/or the sequence of the cr region.
2 vi 11 be under SodferamaterafiAdidbie et SiTHEAELIte Shffoguss an
nodi fi ed nucl eoti destrangedvolvkertamgt (o Rarrrep&iding te shotr tdwgorpof yhieetfase

bl ock may differ. Wen both the first and the second primer is a bfo, the
doubl e stranded product (anplicon) of the method has a single stranded
over hang (g apreferéEeimdoaimait, bBied Bfeeolstep Dhes BsHsyfRt&S8s:d s typical |y heat
stable such that multiple repetitions of denaturation, annealing and
extension can be perforned. O herw se, polynerase will have to be added
after each denaturation step. Normpidry Betyeen 2 and 45, nore preferably
between 5 and 35 and nost preferred between 10 and 30 repetitions are
performed. As will be understood, the nunber of repetitions typically
depends omn bhstEFEHbodIineheNiPleafe ofdedeh Cisadhstridteting: first cycle, the
desired amount of end product as well as the efficiency of the process.

Mul tiplex In the above descri bed embod? merft3 r el ating to PCR, two priners
are used. Prinmer 1 is the bfo, priner 2 nmay be a bfo or nay be a typi cal
PCR priner. Either way, the two priners may be referred to as a priner set
or primer YREE ?(héﬁntb@g%'tyh‘&m@ﬁag%y ¢l 187123 IR of a certain sequence to
generate a PCR product (anplicon). Instead of using just one priner pair,
t he met hod ma;/( enploy multiple primer pairs such that the PCR reaction is a
nul ti pl ex EFCR ’Fg"r:p PhriBrercrset - B, - eng Gn Whithhcasei therfarmalp foe thisispeciiad so
forth for paddilf bengt por Bnegr setg - 4 nrangenpogi ment, where only one of the
primers in each priner set is a bfo, the capture region of the bfo of
prinmer set 1 may be identical to the capture region of the bfo of priner
set 2. |. @refblfbiy Wta8RBbh GPBgep ®Yis RRNE ARIPHEEF B cEARINEFRES B thd h
identical sequences/noieties. In a nore preferred enbodi nent, the capture
regi on of SreiP BINSIBINGRf nExPanential fasgpoampliieationde.9-RolvaptaseeChadyi on of
the bfo ORALIGRIPGL), Ligask hait REalth AMH)I ROMA oI RnGAREASGH, by capture
probes with different sequences/noieties, 'i.e. lgwo Separate areas on a

sol i d_sur fsaserneal ¢xpeapalialitarass aiRpIGicaBan 6o ge ParckiGArig GRAUSASE BAseth ar r ay)
and so f onkhyirRatiGNdNAEBAR! StPAAdBispPRlefnent Amplification (SDA), Transcription

Mediated Amplification (TMA)), linear target amplification (e.g. Reverse

Transcription, dideoxy sequencing).

In one embodiment, the template nucleic acid is RNA, wherefore the polymerase

is a reverse transcriptase.

PCR

When the method is PCR, it will be recognized that the method further comprises
the steps of:
f. Providing a second primer, which is complementary to the first
extension product of step d

g. Denaturing the product of the step d



I n anot her enbodi nent, where both priners in each priner set is a bfo, the
capture region of the bfo used for subsequent capture of prinmer set 1 may
be i dentiwal2otioi3thie capture region of the bfo used for sohaaquantsowsapt ure

of primer set 2. I.e. the two anplicons may be captured by capture probes
wi th identical sequences/nnieties In a nore preferred enbodi nent, the
capture region of bf o for subsequent capture of priner set 1lis
o dent | cal 't hehc st EondEPen Sl PATRET HeERtel: SutpeBig BRisER ur e of
priner set 2. |.e. tphiendrwnraild wothe firey exensi@ptproedctby capture probes with
di fferent sequences/noieties, i.e. two separate areas on a solid surface

(e.g. separate beads or onto separate |locations on an array) and so forth
for additisessd f-Brmagbesefdred tb dbscopaieingedyinthadier e both primers in each
prinmer set is a bfo, the capture region of the bfo used for subsequent
det ecti on/ mani pul ati on of priner set 1 may be identical to the capture

region toihkpedfbssatént Whe%é@ﬁﬁ@lﬁéﬁﬁierd@b%@ta BfY. I’lWI!'sPtuHeaétl :@@.dﬁ‘ offtheer set
2. l.e. the two anpllcons det ect ed/ manl%_??ate g’éﬁro es Wth

i dent i cal SSeRJifbRCSYIRES ?F%’dy$tﬁaréj porBeF el s FerPnEdifa dy Wenlty difieEs tapt ur e

regi on of th&@rdtfiFo iis ek E&GueEb R ANEPE réGbR GhUPSY teridaubRdd omthef crifeivhl  set
1 is not identical to the capture region of the bfo used for subsequent

det ect i onATaMi A WIEREoH: BtSPrP@F lengthpcontept of Recleqiifeapalogisnssanthy be

det ect ed/ mReuined ALEHoBIeNR0RS ¥4 i ehdrherepiticS SOMRNSAFMBRISRIBIES: nRfyd SO
forth for additional prlner sets. The bifunctional ollgonucleotlde (bfo)

for use i Miffafe WhambeLNthE fisph ard heersroRdPriag 5P Risy ¥ae Poublersiranded
primer/t eppbAi@ (BRGIEH s thRemBirodneds &Qﬁqblé)ét'r%léé%\%?hbﬁ’g?(éém§#§t s
entirely of natural nucleotides. Thus, it wll nost often consi st

excl usi velr§9ignsIONADRHRr s. I n certain enbodlnents, it may al so conprise a
m x of DNA and RNA nononers or consist exclusively of RNA. In other

enbodi ments, the priner/tenplate region of the bfo may include one or nore
nodi fi ed ﬁbﬁd}%yrﬁevasr:m%tml@lu&@téﬁ%l@@ué& thatyae kipde EERebiGions @4t i ons, as
long as t'&%ﬁﬁttﬁ&h&ﬁ Mreanhd '&%d@xtér?éﬂbrpﬂaﬁ Betb%r%ﬁ\%adéghéyws% gﬁh%ﬁ&ra%ée
Thus, in one enbodi'ment it preferred that first 2, , or

nucl eot i d&sll bauate Bg a‘dldéﬁtatft?é ezchfignaturptien sten é‘bﬁrm@“&rb@t‘é?@fhéra"lﬁin‘h%dl fied
DNA MONOMgh S QrettrABI ﬁétﬁl@eﬁ%ﬂ@?Q%ﬁH%o&k&et@rP&i Bet¥echNf) kdBhAt €/ pri mer
regi on of the bifunctional oligonucleotid typically between 5 and 40
nucl eot i despetifianerayerperipsmedpre et rbédiﬂ@rﬁopénﬁtqﬂlb’ébﬁk@w@eﬁﬂ@n%o and nost
pref er 1 ed o seay Ggaliushe %%agnta&wte%%lmécﬁm.t%ﬁ inithe SRAUL I Ghe
recognlze that tenpl ate/ primer does not necessarily have

conpl enendgpiyed amawat végpH dredydicsevell asihe @ﬁflétertct’@fé'h@ PFQ,CeIS%ngt h. It may
e.g. have additional sequences between the pol ynerase bl ock and the region
that is conplenmentary to the tenplate nucleic acid. Such additional
sequences \RYplex9- conprise restriction sites. The capture region. It is
preferred that the capture region is between 5 and 40 nucleotides in
ength, Mok nPLBbeE ued b EomhitrRPLIERY t6 K] (A8 iDL REAf priARA TS a
| engt h bet ween nucl eoti des. The capture regi on may conprise both
nat ural ndcEdbe |b(ﬁ%spr(fnﬁrrr6dﬂ¢‘{ bd apMiA qroRavdes? Bitfdcal REBdRimed BR0&T vYener s)
and it maxfh@t»%e ‘Ff?ﬁ‘@fs'rﬁﬁy gEQSFérPéR’J ?@Wr%é\‘@t(yr grGeERdit Hatapghggres. The
nononers nay e (5) nodi at the sugar, and/or at the internucleotide

| i nkage area/abtesammlrf@ab%@f am@rtalrcgewerﬁﬁetpegernétatmaﬁ%rpgom (a@ligedi- f i ed
nucl eoti des such as 2-0-al kyl, 2-0-Flour, bicyclic nucleotides such as LNA

(I ocked nucl eic acid) and BNA, nnrphollno FANA etc.
Instead of using just one primer pair, the method may empioy multiple primer

pairs such that the PCR reaction is a multiplex PCR. For primer set 2, one or both

primers may be a bfo and so forth for additional primer sets.

In an embodiment, where only one of the primers in each primer set is a bfo, the

capture region of the bfo of primer set 1 may be identical to the capture region of



I n one enbodi nent, the capture region nmay conprise or consist of PNA
(peptide nucleic acid). In another enbodi nent, the capture regi on may
consi st owmbyoofi13muel eoti de anal ogues and nodi fi ed nucl eeCrdaotmsbiscan be

i ncor porated usi ng standard ol i gonucl eoti de (phosphoroamn date) chem stry.
In this enbodiment, PNA is not used. The capture region is typically

ol i gonucl eoti de sel ected oup,.consi sting of: apt aner and a

i ngle. ot PR BIOERITEF 856 Lahin b Wik E U pek B L sy PR PRBFS: s ¢ 0
an ol i gonwgtteidehtiealtdeaticnctepindictieshr ee- di nensi onal structure and binds to a
| igand by way of this structure (as opposed to binding via hybridization).
Thus, the aptaner may have been evol ved by SELEX to bind a certain protein.
The apt ane# anwr@bﬁeverbb@@nmdméhquy,cabmrMbglanﬂ&ﬁe bhe ofptimiEe setYs be

referred to _as an @:tope %entlbod g S|t§2 In an of these cases,
the capt uM@t IEEtiGR! S FaPRTE Tgaton it th 3 Rereel 2. éeprt ¢ EVR aMRIKOBS an
anti body @faybé cgptided BytcBQtJr@rm‘bﬂés ﬁltﬁlmér%nﬁ'@;é@ur@ft@sﬁhblgﬂé§q|eeQWOde

capabl e of annealing to the capture region. functional i t| es of the

bf o The bfBPP§ gredysn Pﬁol'q’\éuﬁe%&?jgo eRaiaty 'Pn‘%/aedrﬂqro‘?i"tﬁé?pé@ﬁ% Gcagions

addi ti onalonfamatrbpnand &b esrth Feaddiom@prnd: skonpri se a rel ease group, such
as a cleavable linker, e.g. a disulfide bridge or a photocl eavabl e noi ety.
The bfo nmay al so conprise a capture group such as e.g. biotin. In one

enbodi Mentp ahbehdrfedniS@ITRehs BwRErehbth GRPkEHsGn BaeN Rridfdl st i€h &R6angr oup. Al so
the other prinmer of the primer set (or sets) may caonprise ot her

f unct i onalcPP§uEs re@@p%hggﬁp Beestfor(sapseauant captitreicf primeerpiat demaY &%pl at e
regi on angheMirhl tcStHel @ ptaRt tilgfor SIHRMNBTuskBFobbdnsRELEMNE ptlROSOFHmMERE
prlner/tenplate region is easily distinguished fromthe capture region,
because t K&t gri- %FU%%?&P@C(P%F@M hexgapidiedt P aTRtHES Brokieg With tdestisglo to t he
first nuclsegtdii@sphofetibgr miety that does not allow further priner
extension - when the bfo is used as tenplate in an extension reaction, e.g.
during PCR Thus the first nucleotide or other noiety that does not aIIow
further prj %ﬁhor@ﬁe@@ﬁb@%nﬁb‘ooﬁr‘ﬂ@np%x'Eﬁbﬁﬁé r@{;i%ﬁ'%f tAB s N8edtqck may be one
of the nodified nucleotides or nucl eotide anal ogues nentioned above. It is
pr ef er r ed SHBERAUCHE CpRiLeef REEGHISGER if §iof steatisal qaphdre regioy ofithe bfo 15,
18, 21, 2408 igrisubich el dotuld M SN OftkbalRl Aheiddal Ady 8k the
prlner/tenplate region. Thus, in the correspondi ng enbodi nents, the
pri mer/ t eppPared by eakirerohes withrdifferent saguersesnoietes jige. cﬂwowpa_we 21, 24
or 27 NUCLBald 8PS doflQuriEhe (DlockpdiBle GaRuDEr GRS JERRILS Ib&Rfons ST
incorporated into th oné structure a nuc el c ac
t he DNA o@”RMAapdﬁvd@H@§brﬁﬂéﬁmﬂ@kPﬁ@ﬁréﬁ¥%n5|on when the bl ock |s
encountered by the polynerase. The block is typically selected fromthe
group consisting of nucleotide anal ogues, nodified nucleotides, a linking
moity and I@rﬁhlrsrem@b%mnbrwhwcb@hdorm%sogwégh paner. et ipa b_NAtherﬁarppW@l i no,
FANA, HNA, uch
y?ﬁene?ftﬁéb édq r% gﬁ%géﬁt &%rtéctﬁﬂ eﬁ%hlrﬁdlﬁa% Qﬁyr‘ﬁﬂ% Eét”i‘@ﬁ ay>

as pol yeth nke al'so be use
| nt er cal atberidentical to the capture region to the bfo used for subsequent

prevent

detection/manipulation of primer set 2. I.e. the two amplicons may be

detected/manipulated by probes with identical sequences/moities.

In a more preferred embodiment, the capture region of the bfo used for
subsequent detection/manipulation of primer set 1 is not identical to the capture
region of the bfo used for subsequent detection/manipulation of primer set 2. IL.e.
the two amplicons may be detected/manipulated by probes with different

sequences/moieties, and so forth for additional primer sets.



In one enbodinent, it is preferred that the pol ynerase bl ock conprise an
intercalator, i.e. a noiety that can intercal ate between the bases of DNA
or RNA. Iwbental3adiors typically conprise aromatic ri ngsysraro1ilizels7
intercalators to be used in the bfo may in principle be attached to the
nononers of the bfo via a Iinker that allows intercalation or the

i ntercal atTRe bW c?nél%(f’ ﬁe%ea&ﬁng n%l hrgolﬂggﬁ)r Inits broadest

enbodi nment's, SOOR PRsh S BEa"as | wherein Xis a
backbone n a be incorporated into the backbone of a

ol i gonucl gﬁfeopggﬁ%r?&éﬁ% %g%e E eoti de anal ogue, or PNA, or PNA anal ogues, L
is ali nkeiormlaily,r ﬁrezx)rimes’temptaee cedian of trme)mﬁmrhmormgl alugdreakiotrda@oesrstsnti ally

flat t acki f
DA R BRALED of KL nifeciies? TREAR i flask 8h 26 bR XUV G ERPRSSS ©
conpri ses naaddo;rhmd[mtertammnhedrmelmyi atglaycaibo compribe mahhxybfeDRylandeRMA whi ch
t [ 1 h t he | d i t h
oP eon Fhotndr s Tl HisE Bk BB AR Brre el et s T o Five o
Si i( Lrerrberprrmerﬁsmmauerregiozlﬁrncbmbl bfo Phﬁarxef intRider arad orrrmOsﬁlnmirmh ﬁrcxmrasm“eirt;{/ogen
ur, or. an n rer,era e a ene ec
L DR S SRalediies 7 AR e B o Aripad ok ShSRE P ouc BB Y
understoodegrbrattolbe d)dﬂeﬁde&r’rbpdlﬂ&ﬁherdshETﬁhésylgmeChrﬂﬂ)odgmeln_sﬁUrblprﬁf@rr?ﬁ{t of a
rin SSt Ca ne e odl.nen e |l 0,
omamey EREER2"3. §od. B RipieghsRh GotaHg fota ke SRR g beedopnar n or
aring or a@ﬁbh@%mmadrf‘ebe}mhm@@ gFulishodified QNS rhatoedrs. | n still

anot her enbodi nent, L conprises an al kyl chain or an oxaal kyl chain or an
azaal kyl chain or a thiaal kyl chain or a carboxam de group or an

t hi ocar boxasgilelegtlrappe @émaratéwrmh@ﬁas@icdeorgmtmfwws@artﬂli@@hu@rasuadaer eof . In
a preferred gﬂgodl ment h%ﬁﬁnlt gg f the backb noner gnit X

i ncl udi ng Y ¥ieshs ARG APINuCleolides iy fengthy: TBRES P %'rr@ i e h"BAckbone
unit | engbBtwéer BanalBY &6 ndt prefeediis ameAn® FaneaBrid shd b niekbtides.
Preferred intercalators for use as block that is added as an additi onal

nononers can be sel ected fromthe group consisting of a TINA nononer as

descri bedri shoM¥ B@G@éag&ﬁ%?tr(alﬂQém?ratemnﬁ@oa@ésaﬁbtbydceﬁﬁrﬂme»e t@bel NA
nononer as deged_\rar bed WO 2003/ 052134 and WO 2003/ 052133, W).2003/ 051901

(hereby i AEW SR B thetespRitepuclec agihayridis StyiedrN e - (hp@Yas9descri bed
in Narayapae §d§ftroﬁbl sdRn28DBetwitn h80Ho1¥AdAaseR6QbYnd BEOFaRs IR (DY

reference), TINA
complementary to the template nucleic acid. Such additional sequences may e.qg.

comprise restriction sites.

The capture region.
It is preferred that the capture region is between 5 and 40 nucleotides in length,
more preferred is a length between 8 and 30 and most preferred is a length

between 10 and 25 nucleotides.

The capture region may comprise both natural nucleotides (unmodified DNA
monomers and unmodified RNA monomers) and it may also comprise modified
monomers and/or nucleotide analogues. The monomers may e.g. be modified at
the sugar, and/or at the internucleotide linkage and/or at the base. Particular
preferred monomers are 2-O-modified nucleotides such as 2-O-alkyl, 2-O-Flour,
bicyclic nucleotides such as LNA (locked nucleic acid) and BNA, morpholino, FANA

etc.



TINA (tw sted intercalating nucleic acid) have been found to be particul ar
favorable for certain applications of the bfo, because it seens to direct

t he capt we oagiseniaway fromthe primer/tenpl ate regi onPoomKeerignsoiBhius, the
capture region will have little tendency to interact with the
prinmer/tenplate region when a TINA nononmer is used as bl ock. The TINA
nononmer may be described by the general structure Z2 X - L -I. - C- 12
wherein X is a backbone nononer unit that can be incorporated into the
backbone o oae ehigaitaehie dhe depiure aegibngoay cormpticel or anadisipefeRNA(pditidle or PNA
anal ogues is alinker,. | is. a first intercalator conprising at |east one
csaenti a YR Rorin gataEr SPePameinFich A tRe, Rk FEV cesSe Jol olg Wi 1 n
nucl eobasascledtidNAnalBYideandreddifipiesudlbetdasf thaCcars bannappoted usioigj ugat or
and 12 is_a second intercal gtpr conprisjn t least.one essentially flat
conj ugat eata§§1§E@Hﬁgwcﬁq?%gﬁeﬁﬁﬁ%gg 'J@Gg)s%éeéﬂ'isﬁ'd T £s sRosypsetd '\Iﬁ‘ DNA,
RNA or anglmguesdt hereof. In a preferred enbodi nent, the backbone X is
capabl e of being incorporated into a oligonucl eotide of DNA RNA, HNA M\A,
ANA, LNA, CAN, INA, CeNA, TNA (2'- NH-TNA, (3'-NH)-TNA, a-L-Ri bo-LNA,

g- /|&- Xyl OI-3 ?FNé\,c?&%ﬁ@i?ﬁii%&qaﬂ%-%lﬂﬁhﬂbb&?& _Béeé‘tieﬂ:l]frdrN/thgr Bireyis ltmmeNA g

- Am no- Bi cycl o- . b-epi -Bicycl o- \ i cycl o- , . Iricyclo- :

Bi cycl of 405 ) SRR & FEElE S aTITNR PGSR Re 31 e Brper 25

B- D- Ri bopysannsmin Neferstd-an- wHgenUcRirel thhibad@pts B tRiNde -dineAfRo A triturdE- RNA,
a- L- RNA, B—(E} ﬁ_g&& angd copbi nati onE_ and nodificati on$ t hereof . I n another
enbodi men@Nd PHESFRA MG l'ﬁ?tr%tHEﬁ]{ﬂsi@@é’sﬁ kS PEMIRSY@ such as
et hyl engl Mp@hdi@étidn)o-Tna&,kmbeﬂﬁsrﬁéeemaa,l had BEerppldl0a@bl \SEIES thitend a
aIkernedioI_BartI_ conmprised in arin Systenl such aﬁ_ﬂbécon. For
exanpl e, FHEIBRREIMe! HoABREIE YRR ?IS9DRA FRANTRODY o iy WNICh\F@SB NS i x nenber

rings whi gpta@v@thedlbeyrehaved behern e{ehESsBObhEMY sithr ogen, sul phur,
phosphor ous, and oxygen. Preferably, the al kyl enediol directly links

nei ghbouring nmononmer units of the oligonucleotide, and it is to be

under st 00¢h hRRlf tiedeldases MipRtiapRIte, regith @rkint@aedivth amyar, iel.§. Perqramt of a
ring systemsuch as e.gi.l)ﬁglﬁépon. In one enbodinent, the |inker L of the

f1exibl e Pédbat aeiantgo 19apgipithe &amn 068 sdierstrapded Rligertcleatsisdi nent |

L conpri sespabl€BprbAnSIing thl the AptienByiat i ons thereof and/or substitutions
thereof. In still another enbodinment, L conprises an alkyl chain or an

oxaal kyl chain or an azaal kyl chain or a thiaal kyl chain or a carboxam de

group or an thiocarboxam de group or an sul phonam de group or conbi nations
thereof . PEe fypetienalidigs ohbBeIPfRent, 11 is a nonocyclic or polycyclic

aromatic wh@w&? €6 @ inaRalrh¥thoal Fehe dnidreidht gy ¢bripPisefadaitkparene,
napht hal ene, azul ene_ bicyclic heteroaromatic ring systens and

subst i t ut fBHSOPAERSefThe B0 N3t &f%e CPEWPTISRIFOIRIFASEITOMP, SUchss? Clegnallewi th L

and C in perdr Q) aldidufidettiRIgEDEIOL BRblEIcANaPIRl HEXLEY . TheabRMRLY GIdol NgSyst em
In yet another enbodinent, Ii is positioned wth L and Cin position 1,3 of
t he nonoc§@MPES®R G3eLY ey PHE SHFb RS -8 PiPHBs)sPRerembodiment, the bfo

comprise both a capture group and a release group. Also the other primer of the

primer set (or sets) may comprise other functionalities.

Polymerase block (B)

As to what is the primer/template region and what is the capture region of the
bifunctional region, the primer/template region is easily distinguished from the
capture region, because the primer/template region extends from the 3’end of the
bfo to the first nucleotide or other moiety that does not allow further primer
extension — when the bfo is used as template in an extension reaction, e.g. during

PCR. Thus the first nucleotide or other moiety that does not allow further primer



I n anot her enbodinent, |i is positioned with L and Cin position 1,4 of the
nonocyclic or polycyclic aromatic ringsystem In a nore preferred

enbodi mrenwois1i37a1benzene ring with L and C in an ort heciprad/E0in
position 1,2)- or para- position (L and Cin position 1,4). C of the

fl exi bl e basest acki ng nononer is an optional conjugator. In a preferred

T kyl o PROMEIh & chS pBRPRAREt Bt Al B Sk ihSY b B diFedhédfed i

to 25 car bhonleotidesibarocleotidoabalnghéomentibeedabove.th a | ength of no nore
than 25 carbons or/and nitrogen atons. |In an alternative enbodi nent the

fl exi bl e basestacki ng nononer does not contain any conjugator. Thus, |i and
12 may belt isnkefercid et Ithe @olymaerase alockng gateatlatsieated 6,1 10,a)t1Er1s,

enbodi nen is | ected, fromthe gro consi sting of,  straight-chajn or
oo hoar GarA B2 niakd s P e i Br oM il (e GBSV iR alste ohi cn
evgnt ual | yedianeTings, e olaé comessinediccamboaiméntt) ogeprimet@hnplate pégisphor ous,

and oxyge

n. lp still t her odj t,. .t al kenyl of Cis an acetylene
or repeti W‘V@PQJS&H}‘F%%&?@EQ' jgb&reffg&e(?le o‘?fiﬁﬂ%/?le?qﬁ%ei}ﬂf‘@ l ength of the
backbone nonomer unit X including a phosphorous atomis |less than 6 atons,
wherein t ckbone unit length i.s the shortest distance from one nononer
Hot he netne BSFol i cafidse 2ty Bkt hehr Wt RarAsaBIery ToCKas S, | engt h
of at | eastructurt @i rAntkieweidt Ualill proems ess enet RNAHoN R ek Feda dufthem
ni trogen, sul phur and  oxy. Preferably | i nki ng noi ety

hur, phosphor ous, en. th | !
L has a |8ﬁEfHﬁ'°6‘e‘f’G§éﬁh‘§B5’ﬁb 'aen%qwﬁ%cedﬂqyr@%%?'M@ﬁass-aha @"%‘t'éﬁﬁf?'%?'hy a
nost pref eatee@deﬁamwh@%ﬂbuptcbﬁsikﬂiwbﬂgua@bme/aﬁaa%@ed enediNe®hudeatioss
correspondi _n% to 5 bonds between X and . 12 of the flexible basestacki ng

monomer i € MK BRI ANt Ht8TS8I2tonpri sing at | east one essentially flat
conj ugat ed system which is capable of co-stacking with nucl eobases of DNA,
RNA or anal olgues thereof. In a preferred enbodinent, 12 is selected from
the groupNSETSH; 203Jepyes By ragi be HIAgEEPRRINS, FANACNA-c aromati c
ringsystens, tetracyclic aromatic ringsystens, pentacyclic aromatic
ringsystens and heteroaromatic anal ogues thereof and substitutions thereof.

Most pr ef ErRTELErERbIIRIEDe YRy i@ PPIMGLYNeRIYEN IINKE P 3T BPMEthWA e, In a
par ti cul agrepwsitedrgPEGY20tHerdinkktshap A bOLed 0- d] i m dazol - 2-y1 group or

pyrene In a nost preferred enbodi ment Z can be described by the forml a:

Intercalators
In one embodiment, it is preferred that the polymerase block comprise an
intercalator, i.e. a moiety that can intercalate between the bases of DNA or RNA.

Intercalators typically comprise aromatic ringsystems.

The intercalators to be used in the bfo may in principle be attached to the
monomers of the bfo via a linker that allows intercalation or the intercalator may
be included as an additional monomer.

In its broadest embodiments, such monomers may be described as:

X-L-1

wherein X is a backbone monomer unit that can be incorporated into the

backbone of a oligonucleotide or a oligonucleotide analogue, or PNA, or PNA

analogues, L is a linker, I, is a first intercalator comprising at least one essentially



wherein Ris selected fromthe group of arylethynyl, pyreneethynyl, and
1Hphenant hro[ 9, 10-d] i m dazol -2-y1 and group R may be substituted in the
ort ho, neweori/PBagia position of benzene. More preferredrar®r2oa/Bntsio and
para positions. INA INA (intercalating nucleic acid) nmay be described by
the general fornmula X-Y-Q Werein X is a backbone monomer unit capabl e of
bei ng i ncqrporated into, the kbone_of nuclei.c acid or nucl ei id
anal ogue, 1B P DLERIS SCLSpMTRSS SPRoMs A aP e Bt itiechassy af BRA
conpri si NGNat ol @sdbguasethessefnt i al |y flat conjugated system which is
capabl e of co-stacking with nucl eobase of DNA, preferably Qis a fromthe
nonocyclic or a polycyclic aromatic ringsystem selected fromthe group

consi st i n@rereramy)zgaehacRBpid hﬁin@mﬁr UK @B mprisds bilgyerdisl, bedreapar omat i ¢
ring syste tricyclic aromatic rin romat i

, tet clic
ri ngsyst e IHHY SRl PEIL O-ReHRHENSY ¥GS ﬂ%‘ '%'ngﬁﬁ’t'ﬁﬂ?ll ’hﬁ%/ ?@W&f‘%'ognal ogues
ther eof apdripubshptisdd PNs rmbegy@.f,a‘m mtaspgleém et dxanipié rheydckbone
ringsystens and in particul ar ren WO 2011/ 137911P$‘gl’/ DK2011/6) 8157 Yis
a |inker MANYENXAINBE &R0t B oft¥e RBANREMRST {NgAYYICh aVeHLal:arY%E or .

The total hegstghtoned s@e@t@d f%m%uttrwércasluhpmbew@ﬁjho'éo@%éna%)&geﬁpr e
preferabI% bet ween 7 and preferred enbodi nent, the ;_.J‘:It | ength

of the ba R%‘Sf?é"Ynﬂ?Sr?é'ﬁy'ﬁrﬁﬁqm'ﬂ’ferﬁ'i'h’dtﬁikﬁd‘eégflﬂ‘?b!é'ﬁﬁd?%’&%mﬁ'f BRts 8 s than 6

atons, WwheligbhudédirtideaakbBone tord uh@sretdodi that iethsdembegimehtstiggnce from one
nmononer to the next. Capture region - ligand interactions The doubl e

stranded Rllenediolenay EWI‘TﬁFlp@T'h@f %ﬁ'@gcﬁys’f% surhgF & Ht%Red over hangs
(capture regions) is typically subjected to further manipulations,
preferabl)f where the capture region (cr) of the dso interacts vvlth a
| i gand, b ong e edimenbl o6t inger brof she mstngmer comprises 0-60 atoms.

In another embodiment, L comprises a chain or a ring or combinations thereof

and/or substitutions thereof.

In still another embodiment, L comprises an alkyl chain or an oxaalkyl chain or an
azaalkyl chain or a thiaalkyl chain or a carboxamide group or an thiocarboxamide

group or an sulphonamide group or combinations thereof.

In a preferred embodiment, the unit length of the backbone monomer unit X
including a phosphorous atom is less than 6 atoms, wherein the backbone unit

length is the shortest distance from one monomer to the next.

Preferred intercalators for use as block that is added as an additional monomers
can be selected from the group consisting of a TINA monomer as described in
WO0/2006/125447 (hereby incorporated byreference), an INA monomer as
described WO/2003/052134 and W0O/2003/052133, WO/2003/051901 (hereby
incorporated by reference), 5’-appended acylamido caps as described in
Narayanan S et al, NAR 2004, 32: 2901-2911 (hereby incorporated by reference),

10



Nano-structures Thus, the double stranded nucleic acid may e.g. be used in
nano-technol ogy for the generation of nucleic acid-based nano-structures.

I n such amoenbodiroment, the doubl e stranded nucl ei ¢ aci dPertnk2ei mghes7
stranded overhand is typically contacted with a second doubl e stranded
nucleic, preferably also a double stranded nucleic acid with single
stranded (ﬁllﬁéhang The single stranded overhangs are typically designed
such t hat y have conpl enentary regions, i.e. the can anneal to each

ot her. On&IsA mgdueteﬁtmeairdadmgﬁmbl@ltgaamyhdnwse@ forimgtto ttdﬁaértlahlaews anneal i ng

to nore than one other single stra er han e.

rigid dou Vé"’@‘?' ﬂﬁﬁ?ftﬂﬂlcﬂpgs'ﬁa%\so‘ré}clgﬁr??v b%CSHg%&%%m%to d'{}%FFltbﬁé':aM% to
bui | d nan@@lbhl%?ﬂalyefﬁom@B.étphdm;]n@eﬁ/&nmetéﬁﬁglcﬁfmmbﬁﬁﬁi.,Tl‘td"sfetlﬁ?t&%ﬂdré HeEditner
conprises a. ca e erein ca e regiaon (cr) of .the, dso

anneal eq- v BEEa i EnaPunblo T 3pb M ST r gt Hots B WRE 2ot Dln

i nventi onm@}ognerTgmge@Iggcamchked above, inproves capture as shown in exanple
1. Not intended to be bound be theory, it is believed that inproved capture
is based on the rigid TINA structure, which directs the capture region

away fromrhBqINAYRbEorfbr ARYasE d&ariBRd BydhBejtgerd nerran@sz.accessi bility of
the capture region. The capture probe is usually inmmbilized in a solid

support or alternatively the capture probe is adapted for i mobilization on
a solid support. The solid sugport [paycejg. be a bead, blot or an array.
After the dso has been contacted with the capture pr obe and the capture
probe annealed to the cr, a fractionation step is typically perforned to

separat e HeP@hodisbeaWoRS rhEnEF QA Eh&Y cdr BN GaRRAInes! th®! ecul es. In
a preferred enbodi nent, the capture probe conprises an intercalator, e.g. a

TI NA monoRaekkanef a Aligansrlsrtide £5 ad@éﬁ?r"#-‘ﬁ@ﬂ“ﬁ%@@élogmeo'éB'Bﬁu?'éplﬂﬁobe may

al so conpphsRgdedrL 0 fnkdi! Bf G AtsPlifterAtatdPe¥MphiBingf 18XAHLSsEREANON, A
capture probe conprising an intercal ator inproves the effici ency of

t he
capt ur e r 8aEEPHHIiRHesYSEdR, WhiCHE cappllpfof catstacking Mmhc@uqh%@aﬁééﬁ 9&&6&, ur ed

on a soli ﬂm%rfa%@gdé%eche%f ét.genvudtionbv&rﬁaééwraﬁdcw% i of the
following: a. a etectlonpase wher eby t I mmobi | i zed target

anpl i fi camt@ﬁ:aﬂﬁt@ag@mprlglnm%d%stm %seatl?ilyrﬂqq R YgRted pusteM WWaiER By t he
| mobi | Z%Qpéaé%?tco%mmrﬁq fathi AN EYHRAES br DNAP‘R'NAf beghflogFedal- gyt ation

phase, whereby the inmobilized target anplification
In a preferred embodiment, the backbone X is capable of being incorporated into
a oligonucleotide of DNA, RNA, HNA, MNA, ANA, LNA, CAN, INA, CeNA, TNA, (2'-
NH)-TNA, (3’-NH)-TNA, a-L-Ribo-LNA, a-L-Xylo-LNA, B-D-Ribo-LNA, B-D-Xylo-
LNA, [3.2.1]-LNA, Bicyclo-DNA, 6-Amino-Bicyclo-DNA, 5-epi-Bicyclo-DNA, a-
Bicyclo-DNA, Tricyclo-DNA, Bicyclo[4.3.0]-DNA, Bicyclo[3.2.1]-DNA,
Bicyclio[4.3.0]amide-DNA, B-D-Ribopyranosyl-NA, a-L-Lyxopyranosyl-NA, 2'-R-
RNA, 2’-OR-RNA, 2’-AE-RNA, a-L-RNA, B-D-RNA, and combinations and

modifications thereof.

In another embodiment, the backbone monomer unit X comprises alkylendiol,
such as ethylenglycol or 1-O-methyleneglycerol which optionaily has the
alkylenediol partly comprised in a ring system, such as glycon. For example, the
backbone monomer X may be a part of four, five or six member rings which
eventually have heteroatoms selected from nitrogen, sulphur, phosphorous, and

oxygen. Preferably, the alkylenediol directly links neighbouring monomer units of

11



product is further manipul ated. Exanples Introduction In the nethod of the
i nvention, a polynerase block such as e.g. a TINA nolecule is placed in a
bi functi omal2oolizgamucl eoti de. The part of the oligonucl ectindeoB/0sb137t he

TI NA nol ecul e functions as a conventional PCR prinmer, whereas the part of

t he oligonucleotide 5 to the TINA nolecule is a nonsense oligonucl eotide

tail. Thi h . has .t advant a h ca S rized in i)
increased%%f)w %%0198& 8?# '%'329?36? ll"jaar?ﬁ?ggjgat Ié‘n%'ll T_mEg? ee(ﬁs 9 vi ty upon
det ecti on am‘ylenddiolphaxSﬂHCBe mRACHA ®Asg system dact aas:egj gipaospeci fi c
cross-reactivity in mcroarray and bi osensor approaches for detection of
mul tiplex PCR products and iv) easier design and nore uniform PCR

reacti onsin bhe ehhihWifehgatkainkar Live thé flaxidld bawdstaukirgomoabeet icdmpsises |

i nproves thg efficacy of the PCR reaction, but the TINA nolecule also

el i mi nat e9-%@&tTHr ough by the PCR pol ynerase, |eaving the nonsense

ol i gonucl eoti de sequence as a single stranded overhang. The single standed
PCR overhang aIIo detection of the r’rHI_ti lex PCR re ctlon W}wtho
precedi ng IR 8Rather IHENBARCYPBUSRS @ Chain f & HEY 9f CPRPINAHANGthergo

sensi ti vi bydpdr gulbgt,aﬁmgtth@,réopf PCR anplicons. The risk of cross-reactivity
between mul ti ple PCR anplicons is dimnished, since the nonsense

ol i gonucl eoti de tag-sequence can freely be designed. As the PCR anplicons

are di scripmsfatadetdt énm%mm@56®@o@Fr|g@1mbﬁ@l tld@nto&@ns@&lé‘ﬂ(WQhaﬂhhﬁ’ &R

anpl i cons can be designed. with simlar |engths aling the | engt hs of
the PCR afphdlkydainal pdhigpbobchrintrm e b@@i“&erg@ée%r@@nthb‘é:aé'&q’ﬁaé‘(}' 8 -

si nplifyi ggowsreﬁfsumhéaam@db foourphsaréamhts.hm.@xs%&@rssay A final benefit of
the nmethod of the invention is a greater inter-assay uniformty of the

mul ti pl ex PCR assay. Exanple 1: The objective of the experinment was to

conpar e soh iathriaRap& 8@beainhéit, ofis demahbértc BERBoRIQeHCAromdtit edgatdran of

BFO nodi fi ed PCR product. PCR reactions: A priner set targ etlng the eltA
gene fronPRtioRY Sﬁﬁ@e@ﬁ'&‘éﬁh‘? éFo%ﬂﬂl%ﬁﬁl‘@ﬂﬁ npeRthajgnsy @zileaeppiorgelic set

tar geti ngheh&obFomafNanyRystdfrtadPEuRiitltidtd fHepsbfPCR. The sequences for
both prinmer sets were based on Brandal LT et al, 3 Mcrobiol Mthods. 2007

Feb; 68(2):331-41. Al oligonucleotides in the exarrpl e were purchased from

| BA GrbH g5 aDNGrlREBRbBEMEMIDIOR $bsitioheBMRikh SYHHANEH BosiEigh &, 2o fhdiPLC
purification and quality contfol. A clinical ETEC E. coli stfain D2262

(est A, el MENAgYClGer %%‘F\tql'Q@)’o'ﬂé@C Gesrstem-a SOS pl ate at 37C overni ght.
Hal f a col ony was dissolved in 100pL water and cells were |ysed at 95C for
15 mnutes. Cell debris was renoved by centrifugation at 2300 g for one

m nut e andn tyREaselher sabodimant lusepoigengsorith Lyynd C in position 1,3 of the
2011/ 1379 R ﬁ&g@&éﬂé@%é%ﬁﬁﬁti@rr?n@?&st@ﬁﬂ‘,r for conventional PCR on the

el t A gene wa equence:

In another embodiment, I, is positioned with L and C in position 1,4 of the

monocyclic or polycyclic aromatic ringsystem,

In a more preferred embodiment is I; a benzene ring with L and C in an ortho (L

and C in position 1,2)- or para- position (L and C in position 1,4).

C of the flexible basestacking monomer is an optional conjugator. In a preferred
embodiment where C is non-optional, C is selected from the group of an alkyl of
from 1 to 12 carbons, alkenyl of from 2 to 12 carbons, alkynyi 2 to 25 carbons or
diazo or combinations thereof with a length of no more than 25 carbons or/and

nitrogen atoms.
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el t A TAG 17 F AAGAGAAGGAGAAAGAGTCTCTATGTGCATACGGAGC el t A Bio

RBi ot i n- CCATACTGATTGCCGCAAT PCR fragnent |ength: 322 bp. The prinmer pair
for bifurwOi2zonai37ali gonucl eoti de PCR on the rrs gene wa®CRaISagosnce: rrs
T- TAGL7 FAGAGGAAGAAGAGAGAAXCCCCCTGGACGAAGACTGAC rrs Bio RBiotin

- ACCGCTGGCAACAAAGGATA PCR fragment |ength 401 bp. X equals para-TINA (Z as

descri bed .on page 13 wherein R reneeth l,,, which is substituted in
the para 68&’&?qg‘?{"Sﬁv%SH?@HEB‘e%%eW%feﬁqﬂ?ﬁaég%};%'f'aﬁa‘éwna?fo 95%.Ng5ERNRIE
per f or med any cnjegator. dhuegpl uarenl,aha belinket tifechy RGR nafaf @njudatéd 9/ L
Tris-HCl, 6.88 g/L Trizma-base, 2.12 g/L (NH4)2SO4, 100 pL/L Tween 80, 5

6
g/L Ficol PYa68):, 0.2 mM of each dNTP, 0.2 pM of each primer, 2.5 mv MyC12,
0.08% BSA, 1 pL tenplate DNA and 1 U KAPA2@& Robust HS DNA pol ynerase. The

PCR was ryn on,a SensoQues abcycl er _.using a PCR program consi sting of

step 1: Qg?:aPBFhei Wﬁ?&?f‘hsdgéi)s ectgd ﬂa;mtgg I6PURE '%'”tgoo@,t@glétpc@'n%.oc

for 15 seopmdsnchidethadn o¥rdridcydit $OERARSIng andsWsti MiomtheecsFwlsiciand st ep

6: 72C for 1 m'ﬁuthg.f/ Fﬁe\ivas 59.5C for the eltA PCR and 53.1C for the rrs
Yeve NeEereamip

PCR The B¢R § PrigateddTom HiagRm SR EoBpPSPIO R RANd | Ki t

from Machexeyddagel . DNA concentrations were neasured on a NanodropTM and
were 18.3 ng/pL for the eltA PCR reaction and 42.4 ng/pL for the rrs PCR
reaction. Lum nex detection of BFO nodified PCR product: The BFO nodified

rrs PCR preduntanseferdehiesdifénethlenakdrynon €x2 GRTAMeMAERE of AdldiftR e
ol i gonucl eoti des coupled to a set of three magnetic beads (MagPl exTm

targeting6fWENSEst A and rrs in each wel | . Capture oligonucl eotides for
est A were coupled to bead 15, rrs to bead 29 and eltA to bead 61. The
si ngl e stranded_overhangs of the BFO nodified PCR products were captured by

Wat son- Cr 12 R BEEEErhRaMbRdinagnte (e Upit dsngth aidbe ackkprneonoremieonait YoNA or
par a- TI NAiqeneihg @chHIIPhoHILBARER 8AEdsABEN 6 YRR WK r3irOthbRaEA PO bt 050157

Capture oligo nane: Capture oligo seguence:
length is the shortest distance from one monomer to the next.

In a preferred embodiment, the linking moiety L has a length of at least 2 atoms
and eventually possesses heteroatoms selected from nitrogen, sulphur,
phosphorous, and oxygen. Preferably, the linking moiety L has a length between 2
and 10 atoms, more between 2 and 5 atoms. In a most preferred embodiment,
the linking moiety has a length of 3 atoms corresponding to 5 bonds between X

and I

I of the flexible basestacking monomer is a second intercalator comprising at
least one essentially flat conjugated system, which is capable of co-stacking with
nucleobases of DNA, RNA or analogues thereof.

In a preferred embodiment, I, is selected from the group of bi-cyclic aromatic
ringsystems, tricyclic aromatic ringsystems, tetracyclic aromatic ringsystems,
pentacyclic aromatic ringsystems and heteroaromatic analogues thereof and
substitutions thereof. Most preferred are tetracyclic ringsystems and in particular

pyrene.
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C estA AD 008 Crrs_AD 008 C eltA AD 008 C estA AD 010 Crrs_AD 010

CeltA AD 010 N H 2-CX- H EG.- TTI CCTCTI CCTI T NH 2-CX- H EGL- TCTCTTCTTCCTCT
N H2- CX- HEGL20TiTB@ECCTTCTCTT NH2- CX- HEGL- X1 TTCCTCTTCCTTTXCIWDK2011/050157

H2- CX- HEGL- XTCTCTTCTI CCTCTX NH2- CX- HEQL- XTTTCTCCTTCTCTTX X equal s

para- TI NA, NH2-CX equal s an am nonodi fi ed cycl ohexan spacer and HEG. equal s

a Cl18 hexaet hyl enegl ycol ,spa . tion nucleotldes
here coupta HT YT EBesBRERGE 1 07t ROe W BB tr -G0S erdgaCs

Lum nex, phesreas para- TI NA nodi fi ed ol i gonucl eoti des were coupl ed u5| ng a
NHS- EDC based i n-house coupling procedure to ensure equal degrees of

ol i gonucl eoti de coating on the beads. The Lum nex assay was run using a
V-form m o atrmbsy prefated eNUbidingait Z aen b24R8bAhed By Zhekoradule@ach of the three
beads was m xed with PCR product, hybridization buffer and sterile water to
a final volunnen of 100pL. PCR product was diluted in a three-fold dilution
series starting fromO0.5 pL PCR product. The finpale buffer consisted of 20
mM NaH2PO4/ Na2HPO4, 400 nmM NaCl, 0.03% Tri 00 at pH 6.5. The plate
was i ncubated at 35C for 30 mnutes at a g speed of 900 rpm (i EMS

| ncubat or/ shaker TM from Ther noSci entific). )Fre plate was washed three tines
in 5 mM NaH2PO4/ Na2HPO4, 100 mv |, @03% Triton X100 at pH 6.5 and added
detection buffer. The detection buffer/consisted of 5 pg/nL
Streptavidine-R-PE (Prem Gade S-21388, Invitrogen), 100 pg/nL Al bum ne
Fraction V (K39619718921, Merck), 20 mM NaH2PO4/ Na2HPO4, 400 nM NaCl, 0.03%
Triton X-100 at pH 6.5. The pl at@=®a®7 ncubated at 35C for 15 mnutes and a
m xi ng speed of 900 rpm and washed ‘three tines in 5 nnM NaH2PO4/ Na2HPO4,

100 mM NaCdl, 0.03% Triton X-100 at pH 6.5 and anal yzed on the Lunm nex200TM
system cowrhrlerelg Rats debarsed BOON tie gaxip dfemgictihyml nexredetthyhiylpandflH-

conventi o o] Melal¥ ol S te
Lum neXZOg%ﬁ%&&@%{ﬁg?ﬁfmlgg@ﬁ| pV@?(rEG(C):Rr r’rﬁ’gnetl g\%égggt'ttjﬁ?aae t&)‘?ﬁ#h% 'argeting
eltA, est maamrmasa positiac lof behkendCaperermprefertedyareutlcemthalesd para rrs wer e
coupl ed tﬁg%gsg estAto bead 15 and eltA to bead 81. O igonucl eotides

't he

were coup MagPl exTM usi ng the sane protocols as for the Lum nex
detection of BFO nodified PCR product. Capture oligo name: Capture oligo
sequence:

INA

INA (intercalating nucleic acid) may be described by the general formula

X-Y-Q

Wherein X is a backbone monomer unit capable of being incorporated into the
backbone of a nucleic acid or nucleic acid analogue, preferably X comprises

alkylenediol.

Q is an intercalator comprising at least one essentially flat conjugated system,
which is capable of co-stacking with nucleobase of DNA, preferably Q is a from the
monocyclic or a polycyclic aromatic ringsystem selected from the group consisting
of benzene, naphthalene, azulene and bicyclic heteroaromatic ring systems,
tricyclic aromatic ringsystems, tetracyclic aromatic ringsystems, pentacyclic
aromatic ringsystems and heteroaromatic analogues thereof and substitutions

thereof. Most preferred is tetracyclic ringsystems and in particular pyrene.
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C_rrs_AD 004NH2- CX- HEG.- AGAGGAAGAAGAGAGAACCCCCTGG C_est A AD 005

NH2- CX- HEGL - AAAGGAAGAGGAAAAGGCACCCGGT

C el t A_ ADMBI20 GX3HEGL - AAGAGAAGGAGAAAGAGTCTCTATGTG C_r r s_ADT00&#11/050157
NH2- CX- HEGL- XAGAGGAAGAAGAGAGAACCCCCTGGX C_est A AD_006

NH2- CX- HEGL - XAAAGGAAGAGGAAAAGGCACCCGGT X

NFo. O eqlaP e ML AEO o g R e maprndy il and st P g

hexaet hyl eneglycol spacer. The Lumi nex assay was run using a V-form

e o e T Rt B SEna Hs ehnicRREhe R i Rk el stk o of e

0.03% i n babpeert gacidi zmAvol unen) and sterile water to a final vol umen of
80pL. PCR product was diluted in a two-fold dilution series starting from
1.0 pL PCR product. The plate was incubated at 95C for five mnutes on an
ﬁCEUBleC kTMaamtgfe%rFé@dedlngejﬁt{j mmetmrtrlembtlhcnfit:ae bfa@kbdfn/@im@hﬁmeﬁgnltﬁol ]‘3' |
ybri di zati on bu r S a to a total volunen o the finale
buff er colTUHBH 2oH OB RIALREAE P REATBOL SG50S Rt ehePGOB38I 1 o
X100 at plédyth.is Theshdredst ditanca ohnbee nidnofd®e toathe Hex@l nutes at a m xi ng
speed of 900 rpm (i EMS | ncubat or/ shaker TM from ThernoScientific). The plate
was washed three tines in 10 m\/l NaH2PO4/ Na2HPO4, 200 mM NaCl, 0.030/0
Triton Xl%@P? pH 6.5 fl nd 58 ﬂetectlon buffer. The detection buffer
consi st ed Lﬁ'ed&glﬂ[‘ St %Wf F@HCHBOR- PE (Pr em Grade S—21388 | nvi trogen),
100 pg/ niL Ct;) & ra(feéfnon \ %KS 619718921, gaHZP [ Na2HPO4,
200 mM Na nyelqi cyrp8s'8Y Wﬁ@rﬁwgtsén%ﬁétraﬁ' favetnaLsasc
:‘\;L %(FJ) O;r} n taﬁcueewlegaorm)xs ﬁﬂaléalﬁyeﬂlbjfcgeiﬂ}@oTfmgﬂﬁavmﬂtﬁtbrishbﬁgeiabmwhérelg v
riton X- anal yzed on
the Lum ﬁé%ﬁﬁwr%y%Q'g'Pn(E'\%Lﬂ{tthﬁélsat'nqeé%@? clilos ﬁﬂ%@&gbea&?%&% ey
Figure 1 epnrpsabesint he detection of eltA and rrs PCR products by capture of
DNA ol i gonucl eoti des and para-TI NA nodi fi ed DNA ol i gonucl eoti des. For both
PCRs, para-TINA nodified capture oligonucl eotides increased the sensitivity
of the Lum nex detection nethod. Capture of denatured eltA PCR product was
| ess sensiAIainwestt&Iﬁnre@apture of BFO m)di fied rrs PCR product. A nunber of
factors differ etween the two assays. For the detection CR
pr oduct Hse e1 bﬁ%?tré%%%d&c [nﬁve%sr Bs'°8 '%96‘”‘?6?‘: '?ﬁyn es and
a nonoval ené géﬁéﬂa@unnaﬁmmcf atit nsetl ndA0-sthdctufeer easuet bA eRBRddrhedt)chewas

det ect ed usi 7-mer. capture olj onu | eot i noval ent cation
oo PURR Aot Bt i) SaTe, S ap S oV arhind i B Bt St o o
to i ;:e f?rvwéh mséﬁirﬁﬁdnﬁtﬁb)e istfahBed nUleI@kitO[@aeileP@%y angd a F@%Ilbl@tsict?hdégjﬁrﬂ:@@léf ?r )15
m nut es Sl nhce. e reanne I S | Ke y e C e a er m _Nnut es
o born! aelngih aac 1088 Deting: (e ottt st B Brr g0 AR Hes vt ¢

test ed andebighebubh asstayey Maver@afplémantdryirbyionssi.ehechactnneantd gg&dmon: I n
t he present exper| ment, the detection of BFO nodi f%ﬁ@#%}“{ér oduct is

favoured IB¥N&n Qé‘esft”'r“-?'ﬁgiérﬁﬂ"dﬁgtoé(@mw PG diaveslepat VANEAENEER i on

concent r atmhgre thad dn@Wf-theE SRBRY @FaHRd Adhah@hel. D dr BetinGRRCRA, Iadidon
(taking |nto account t he Nanodr opTM DNA neasurenents and PCR fragrrent

| engt hs) , 9BHPIEoTIrANASdAUHSIC REINE Ctaﬁéed‘é%r\é‘@ﬁ@n'”ﬁ Vot WAKHtPEHIDr oduct i s
heavi |l y f auabéegctbyecapt ure ol i gonucl eoti des al nost twi ce as |long as the
capture oligonucl eotides for detection of the BFO nodified PCR product.
Bearing these factors in mnd we conclude that the sensitivity for
detection of BFO nodified PCR product is significant increased conpared to
det ect i on ‘GPtEnat ured PCR product. Exanple 2 W would like to show that
the orthoiflaNbthdr difbddieP Y e Trhbth Jdr RRtHRX @BRIRisds asdapBsretdtep, OMAeRM yTeEr ase
and the ortho-TINA inproves the PCR reaction. We conpare the ortho- TI NA
cont ai ni ngaBWrﬁéF@OPr{CT)HEf tbeﬁspéaeﬂneﬂed\xp@hca&twﬁ Fh@lbﬁpah? PebRIPAE ng a C3
spacer thalocki@RSed HetHIWrROMY IFREAGSEN, d.BETHIR deBH BRI aRAk! fmpFdveghown

bel ow.
capture as shown in example 1. Not intended to be bound be theory, it is believed

that improved capture is based on the rigid TINA structure, which directs the
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WO 2011/ 137911PCT/ DK2011/ 050157 Priner: ipaH oT m x v2oT Nane Sequences
Adigo no. Dissolved in (PO DECO82F

GATCTAGGAGOAN GTIBTIAGAAZ GT CCATCAGGCATCAGAAGG 672186 438 DECDAER011/050157

Bi 0- ZGGTAGACTTCTATCTCATCCAC 672187 249

capture region away from the double stranded region and hence increases

accessibility of the capture region.

The capture probe is usually immobilized in a solid support or alternatively the

capture probe is adapted for immobilization on a solid support.

The solid support may e.g. be a bead, blot or an array.

After the dso has been contacted with the capture probe and the capture probe
annealed to the cr, a fractionation step is typically performed to separate

annealed molecules (PCR products) from non-annealed molecules.

In a preferred embodiment, the capture probe comprises an intercalator, e.g. a
TINA monomer or an INA monomer as described above. The capture probe may
also comprise 2 or more intercalators. As shown in the examples section, a
capture probe comprising an intercalator improves the efficiency of the capture

reaction.

When the target amplification product has been captured on a solid surface, the
next step will typically be one or more of the following:
a. a detection phase, whereby the immobilized target amplification product is
visualized
b. a purification phase, whereby the immobilized target amplification product
is purified
c. a manipulation phase, whereby the immobilized target amplification

product is further manipulated.

Examples

Introduction

In the method of the invention, a polymerase block such as e.g. a TINA molecule
is placed in a bifunctional oligonucleotide. The part of the oligonucleotide 3’ to the
TINA molecule functions as a conventional PCR primer, whereas the part of the

oligonucleotide 5’ to the TINA molecule is a nonsense oligonucleotide tail. This
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Primer: ipaH C3 m x Nane Sequences Aigo no. Dissolved in (pl) DECO66F
GATCTAGGAGCATCTCTCGAA( C3) GTCCATCAGGCATCAGAAGG 12490395 69 DECO83R
Bi 0- ZGGTAEOCHTIABAMICT CATCCAC 672187 249 PCT/DK2011/050157

approach has multiple advantages, which can be summarized in i) increased
multiplex PCR efficacy, ii) improved analytical sensitivity upon detection of
multiplex PCR reactions, iii) decreased nonspecific cross-reactivity in microarray
and biosensor approaches for detection of multiplex PCR products and iv) easier
design and more uniform PCR reactions. The TINA molecule in the bifunctional
oligonucleotide still improves the efficacy of the PCR reaction, but the TINA
molecule also eliminates read-through by the PCR polymerase, leaving the
nonsense oligonucleotide sequence as a single stranded overhang. The single
standed PCR overhangs, allow detection of the multiplex PCR reaction without
preceding denaturation of PCR products - increasing the analytical sensitivity of
the detection of PCR amplicons. The risk of cross-reactivity between muiltiple PCR
amplicons is diminished, since the nonsense oligonucleotide tag-sequence can
freely be designed. As the PCR amplicons are discriminated by the nonsense
oligonucleotide tag-sequence, the PCR amplicons can be designed with similar
lengths. By equaling the lengths of the PCR amplicons, uniformized multiplex PCR
efficacy can be achieved - simplifying the optimization of the multiplex PCR assay.
A final benefit of the method of the invention is a greater inter-assay uniformity of

the multiplex PCR assay.

Example 1:
The objective of the experiment was to compare solid phase detection of
denatured PCR product with detection of BFO modified PCR product.

PCR reactions:

A primer set targeting the eltA gene from E. coli was chosen for conventional PCR,
whereas a primer set targeting the rrs gene was used for BFO modified PCR. The
sequences for both primer sets were based on Brandal LT et a/, J Microbiol
Methods. 2007 Feb;68(2):331-41. All oligonucleotides in the example were
purchased from IBA GmbH or DNA Technology A/S on a 0.2 pmol synthesis scale
with HPLC purification and quality control.

A clinical ETEC E. coli strain D2262 (estA, eltA and rrs positive) was grown on a
SOS plate at 37°C overnight. Half a colony was dissolved in 100puL water and cells
were lysed at 95°C for 15 minutes. Cell debris was removed by centrifugation at

2300 g for one minute and the supernatant was used for PCR.
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Z is as described on page 13 wherein R is pyreneethynyl, which is
substituted in the ortho position of benzene. The DECO82F and DECO83R
priners awewmdes7at DNA Technol ogy and the DECO66F is mede/pat20BumsofsTns MAG
Operon. The oligos are dissolved in ddH20 to a concentration at 100 pM The
PCR reactions are perforned at a bacterial |lysate (a colony of the bacteria
containing the tenplate gene is boiled in water for 15 mnutes and 1 pl of
the boiled lysate is used as tenplate in each PCR reaction). The bacterial
strain usé’djeimiméﬁ gaiekgrezonventional PR &S ceeits jedearlsd , fr1368 contai ning

t he ipaH The g reactions are perforned in a total volune of 25 p

on a Senso est Lab gRF%? € The final concentrations of the conponents of
the PCR r eddtTAGL BAAGAGAABGAGAPAGABTOVNECTATGTAOAHACBEAGCS- HCl, 56. 8 MV

Tri b . L mM (N 5 30 mM NaCl), 2rr1\/IdATP dGTP,
SO ang” Btading thrs anBop §gﬁ%€%§}g§§c§8 tMRga 2, 0.08% BSA, | x SYBR
green |, @CRIFrdgrbkericiehgtbNB2P ys.osyl ase (Fer mant as) and 1 U KAPA2G Robust HS

DNA pol ymer ase ( KAPA-Bi osystens). Four different prinmer concentrations are
used, 50 nM 100 nM 200 nM and 400 nM The PCR reactions are tested with

an anneal iThg-pgineeh gt fdrrofinéllot 8l oigenudBetiCRCRIPXhaA4 ?eﬁ@%‘é@ bel ow. PCR
program Eyro Optima_Masterm x: WO 2011/ 137911PCT/ DK2011/ 050157 StepTenp

(OTine | fameal dengf@Ye50n95C4 nin 30 cycles of: Denaturati on95CL5 sec
Anneal i ngr8-TAGACIO sec ABNGEIACRNEASAGARRCECRare R EIRIATG L M n The
plate setp g the preckt RRRRL BB AL B o PoT O

PCR fragment length 401 bp.

X equals para-TINA (Z as described on page 13 wherein R is pyreneethynyl, which

is substituted in the para position of benzene) and biotin is a standard biotin.

PCR was performed in a reaction volumen of 25uL with 1 x PCR buffer (1.61 g/L
Tris-HCI, 6.88 g/L Trizma-base, 2.12 g/L (NH4).S0., 100 HL/L Tween 80, 5 g/L
Ficoll 400), 0.2 mM of each dNTP, 0.2 uM of each primer, 2.5 mM MgCl,, 0.08%
BSA, 1 pL template DNA and 1 U KAPA2GO Robust HS DNA polymerase. The PCR
was run on a SensoQuest Labcycler using a PCR program consisting of step 1:
95°C for 4 minutes; step 2: 30 cycles of step 3 to 5; step 3: 95.0°C for 15
seconds; step 4: Y°C for 30 seconds; 5: 72.0°C for 30 seconds and step 6: 72°C
for 1 minute. Y was 59.5°C for the e/tA PCR and 53.1°C for the rrs PCR. The PCR
products were purified using the MN Nucleospin Extract II kit from Macherey-
Nagel. DNA concentrations were measured on a Nanodrop™ and were 18.3 ng/uL
for the e/tA PCR reaction and 42.4 ng/uL for the rrs PCR reaction.

Luminex detection of BFO modified PCR product:

The BFO modified rrs PCR product was detected on the Luminex200™ using
capture oligonucleotides coupled to a set of three magnetic beads (MagPlex™)
targeting eltA, estA and rrs in each well. Capture oligonucleotides for estA were
coupled to bead 15, rrs to bead 29 and eltA to bead 61. The single stranded
overhangs of the BFO modified PCR products were captured by Watson-Crick
based antiparallel duplex formation to conventional DNA or para-TINA modified

DNA oligonucleotides.
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Capture oligo name: Capture oligo sequence:

C_estA_AD_008 NH2-CX-HEGL-TTTCCTCTTCCTTT

C_rrs_AD_008 NH2-CX-HEGL-TCTCTTCTTCCTCT

C_eltA_AD_008 NH2-CX-HEGL-TTTCTCCTTCTCTT

C_estA_AD_010 NH2-CX-HEGL-XTTTCCTCTTCCTTTX

C_rrs_AD_010 NH2-CX-HEGL-XTCTCTTCTTCCTCTX

C_eltA_AD_010 NH2-CX-HEGL-XTTTCTCCTTCTCTTX

X equals para-TINA, NH2-CX equals an aminomodified cyclohexan spacer and
HEGL equals a C18 hexaethyleneglycol spacer.

Conventional DNA capture oligonucleotides were coupled using a EDC based
coupling procedure as recommended by Luminex, whereas para-TINA modified
oligonucleotides were coupled using a NHS-EDC based in-house coupling

procedure to ensure equal degrees of oligonucleotide coating on the beads.

The Luminex assay was run using a V-form microtiter plate (NUNC cat. no.
249952). 0.2 pL of each of the three beads was mixed with PCR product,
hybridization buffer and sterile water to a final volumen of 100uL. PCR product
was diluted in a three-fold dilution series starting from 0.5 pL PCR product. The
finale buffer consisted of 20 mM NaH,PO4/Na,HPO,4, 400 mM NacCl, 0.03% Triton
X-100 at pH 6.5. The plate was incubated at 35°C for 30 minutes at a mixing
speed of 900 rpm (iEMS Incubator/shaker™ from ThermoScientific). The plate was
washed three times in 5 mM NaH,PO,4/Na,HPO,4, 100 mM NaCl, 0.03% Triton X-
100 at pH 6.5 and added detection buffer. The detection buffer consisted of 5
Hg/mL Streptavidine-R-PE (Prem. Grade S-21388, Invitrogen), 100 yg/mL
Albumine Fraction V (K39619718921, Merck), 20 mM NaH,P0O4/Na,HPO,4, 400 mM
NaCl, 0.03% Triton X-100 at pH 6.5. The plate was incubated at 35°C for 15
minutes and a mixing speed of 900 rpm and washed three times in 5 mM
NaH,PO4/Na,HPO,4, 100 mM NacCl, 0.03% Triton X-100 at pH 6.5 and analyzed on
the Luminex200™ system counting at least 300 of each bead.

Luminex detection of conventional PCR product:

The eltA PCR product was detected on the Luminex200™ system using a triplex of

magnetic beads (MagPlex™) targeting eltA, estA and rrs in each well. Capture
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60,0 61,8 63,6 65,5 67,3 69,1 70,9 72,7 74,5 76,4 78,2 80,0 A 50 nMipaH oT
m x v2o0T
WO 2011/137911 PCT/DK2011/050157

oligonucleotides for rrs were coupled to bead 13, estA to bead 15 and eltA to bead
81. Oligonucleotides were coupled to the MagPlex™ using the same protocols as
for the Luminex detection of BFO modified PCR product.

Capture oligo name: Capture oligo sequence:

C_rrs_AD_004 NH2-CX-HEGL-AGAGGAAGAAGAGAGAACCCCCTGG
C_estA_AD_005 NH2-CX-HEGL-AAAGGAAGAGGAAAAGGCACCCGGT
C_eltA_AD NH2-CX-HEGL-AAGAGAAGGAGAAAGAGTCTCTATGTG

C_rrs_AD_005TT NH2-CX-HEGL-XAGAGGAAGAAGAGAGAACCCCCTGGX
C_estA_AD_006 NH2-CX-HEGL-XAAAGGAAGAGGAAAAGGCACCCGGTX
C_eltA_AD_T NH2-CX-HEGL-XAAGAGAAGGAGAAAGAGTCTCTATGTGX

X equals para-TINA, NH2-CX equals an aminomodified cyclohexan spacer and

HEGL equals a C18 hexaethyleneglycol spacer.

The Luminex assay was run using a V-form microtiter plate (NUNC cat. no.
249952). 0.2 uL of each of the three beads was mixed with PCR product, Triton X-
100 (with a finale concentration of 0.03% in 100uL reaction volumen) and sterile
water to a final volumen of 80uL. PCR product was diluted in a two-fold dilution
series starting from 1.0 pL PCR product. The plate was incubated at 95°C for five
minutes on an AccuBlock™ and immediately transferred to ice for two minutes.
Cold hybridization buffer was added to a total volumen of 100pL and the finale
buffer consisted of 10 mM NaH,P0O4/Na,HPO,4, 200 mM NaCl and 0.03% Triton X-
100 at pH 6.5. The plate was incubated at 45°C for 15 minutes at a mixing speed
of 900 rpm (iEMS Incubator/shaker™ from ThermoScientific). The plate was
washed three times in 10 mM NaH,P04/Na,HPO,4, 200 mM NaCl, 0.03% Triton X-
100 at pH 6.5 and added detection buffer. The detection buffer consisted of 5
Hg/mL Streptavidine-R-PE (Prem. Grade S-21388, Invitrogen), 100 pg/mL
Albumine Fraction V (K39619718921, Merck), 10 mM NaH,PO4/Na,HPO,4, 200 mM
NaCl, 0.03% Triton X-100 at pH 6.5. The plate was incubated at 45°C for10
minutes and a mixing speed of 900 rpm and washed three times in 10 mM
NaH,P04/Na;HPO,4, 200 mM NaCl, 0.03% Triton X-100 at pH 6.5 and analyzed on
the Luminex200™ system counting at least 300 of each bead.

Results:
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B 50 nMipaH C3 m x C 100 nMipaH oT m x v2oT D 100 nMipaH C mx E 200 nM
I paH oT m x v2oT F 200 nMipaH C3 mx G 400 nMipaH oT m x v20T H 400 nM
i paH C3 mv® 2011/137911 PCT/DK2011/050157

Figure 1 compares the detection of e/tA and rrs PCR products by capture of DNA
oligonucleotides and para-TINA modified DNA oligonucleotides. For both PCRs,
para-TINA modified capture oligonucleotides increased the sensitivity of the
Luminex detection method. Capture of denatured eftA PCR product was less
sensitive than capture of BFO modified rrs PCR product. A number of factors
differed between the two assays. For the detection of rrs PCR product we used 14-
mer capture oligonucleotides at 35°C for 30 minutes and a monovalent cation
concentration of 420 mM, whereas el/tA PCR product was detected using 27-mer
capture oligonucleotides with a monovalent cation concentration of 210 mM and
denaturation at 95°C for five minutes, transfer to ice for 2 minutes (to inhibit
reannealing) and incubation at 45°C for 15 minutes (since the reannealing is likely
to be complete after 15 minutes). For both assays cross-reactivity to two other
capture oligonucleotides were tested and for both assays no cross-reactivity was
detected.

Conclusion:

In the present experiment, the detection of BFO modified PCR product is favoured
by less stringent detection condition (higher monovalent cation concentration and
lower temperature) and higher target concentration (taking into account the
Nanodrop™ DNA measurements and PCR fragment lengths), but on the other
hand the detection of denatured PCR product is heavily favoured by capture
oligonucleotides almost twice as long as the capture oligonucleotides for detection
of the BFO modified PCR product. Bearing these factors in mind we conclude that
the sensitivity for detection of BFO modified PCR product is significant increased

compared to detection of denatured PCR product.

Example 2

We would like to show that the ortho-TINA, like the para-TINA from example 1,
stops the DNA polymerase and the ortho-TINA improves the PCR reaction. We
compare the ortho-TINA containing primers in the PCR reactions with a primer-
pair containing a C3 spacer that stops the DNA polymerase. The used primer-pairs

are shown below.
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The PCR products are tested on agarose-gels for conparison. 5 pl of each
PCR product is tested on the gels. The 2,5% agarose-gels with Gel Red ran
at 130 vowD20uonzdiant) for 20 m nutes. Lane 1 contains PCpiDKroit@saise mar ker
(GeneRul er 100 bp Plus DNA Ladder (Fernentas, SMD323)). Lane 2-12 contains
the PCR products fromcolum 2-12. Each gel contains the two types of PCR
reactions Pat trheﬁg/aq:em gﬁ.nt ration. The ortho-TINA containing PCR
reactions af& a e first (row 1) followed by the C3 spacer PCR
reacti ong Nahea\2) Seqirasugkt s: Fi gure 4A shows the ort holide NA | Disseived iand | C3
spacer PCR (row|2) products at 50 nMon the anneali ng-gr adlf 5) Bot h
ortho-TINA PCR rneacti ons and the C3 spacer PCR reacfi Ons pe ¥'drm from 61. 8C
to 70. 9C [ando®F. WMSWEWNGAWWWAGWCB@E\GGI t kB2IBISNA PCR r edé8iions
per f or m hetter=that S rons—at— 50 it pr e concent gkl on.
Figure 4 ,‘55 %QV\%D\ 5"1%6 Zggﬁdgeﬂ(@% ?%Av?/%%d and C3 spacet g?%ﬂ#(?r ow 2) pro l:gmts
at 100 nM on the annealing- gradi ent. Both ortho-TINA PCR reactions and the
C3 spacer PCR reactions performfrom61.8C to 72.7C and 69. 1C respecti vely,
showi ng that the ortho-TINA PCR reactions performbetter than the C3 spacer
reactions pﬁpneq.ogap,l\éjom,)grer concentration. Figure 5A shows the ortho-TINA
(row 1) spacer PCR (row 2) products at 200 nMon the :
anneal i ngl\@m@jl LBequennes ort ho- TI NA PCR reactions and [{&ocm. spissetvepcr
reactiong performfrom 61.8C to 80.0C and 70.9C respectively, |ghgw ng that
the orthg-TINA PCR reactions performbetter than the 3 spacen reactions at
200 nM pr|DREP6&F ) RRETRFAAGHRCTITFEM (ROBHITATFRECCATIACHESE 1@4891%ns for (He
or t ho- Tl NAcosd 3% | geneicat asnseakrdrancisccks gur € 5B shows thecozidig- Tl NA2(4r9(W 1)

and C3 spacer—PCR{row 2)—products—at—400—nMon—the—annreaHng-gradient:

Bot h ortho-TI NA PCR reactl ons and the C3 spacer PCR reactions performfrom
61.8C to §0isQfs dadrifdd 6f Ja@BPETvherdily R i8 [pyvermebth@fl, Whithds sbhbstituted ACR
reactions ﬁerform better than the C3 spacer reactions at 400 nM pri ner
concent r ath®RNORASHAN &ibR1Z58Fon of the PCR results including the
ortho-TINA and C3 spacer priners. The ortho-TINA priners performgenerally
better than the C3 spacer containing priners. The ortho-TINA priners
perform at hi gher annealing-tenperatures than the C3 spacer prinmers at all

tested conpenbr@idFngnd ﬂihcasgﬁeyaﬁné@aatre@ﬁédeoaﬁbmWchﬁelbgycam the used at
| ower concentrations and performas good as th 5‘g)acer (o} g ﬂgq
98§é é{l’] A ca

primers o606 T PedecnEdicRingMYG RRFON dhe {ssalvg

anneal i ng-chRRAfRFAIIH & 800! uPErTherrirfeat60fs afe bogokded BBE HactiridlBysate (& S
| eads to a %gat advantage in nultiplex PCR si nc tlga Igrl nmer co centration

can be redQEEY drthe et A MNP ING %‘@Pﬁ eI IS 2Rt o8 12 petter
resul t. -ﬁhﬁuﬁ%xéncﬂl of %hé BoﬁéH)WsEf@l% dsea a@rtbhma_t'el\lﬁ dah tPlﬂ'R fdactibiianger

prinmer can stop Gi/marase and t hereby gener si.ngl e- stranded

over hang. T ttaé§‘?r'at' ﬁé"aaerF‘? {n BY's exeeryPERbISANR Y 1677€ ’érfof’hg' BRR pol yner ase

we make a c%ﬁEHIMh@ thb YsyH Ptané henPRER REgE s SarehektorimeeXin Reals iahedf\wst h
i the ortho-TINA has the abilit 0 stop.the DNA

si ngl e- st randed t
pol yner asé! &R éérr‘@%}(%t LARCY §1gITRE SinaheRk@nbREPARARG the Fg pnenfe %6@% bl e

to captur Grndwﬁ‘ea‘aﬂsm)a@ NA Eu:%g aFn% BuFrdrhe ol M exisheadsead mlMaarﬁtmas good
as the C3 spacer fragnents. he Lum nex capture test we us

purified FJ@Rea‘ i@én@ ("é‘t‘)hﬁ@ﬂe@ 0o THeea et @@@%Naﬁﬁa?y@?’lsd/\f\'}?erd@ﬁ%e used 5
pl of PCR Rt 0. 0mPRYETIS§hE L $HInth ADAPALINGM PIFRES, Bt 0B%BSA O EBR400
nM experinent, from where the PCR products are purified (se below. 1

green I, 0.25 U Uracil DNA glycosylase (Fermantas) and 1 U KAPA2G Robust HS

DNA polymerase (KAPA-Biosystems). Four different primer concentrations are

used, 50 nM, 100 nM, 200 nM and 400 nM. The PCR reactions are tested with an

annealing-gradient from 60 to 80°C. The PCR program is shown below.

AJ

PCR program Euro Optima Mastermix:
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Step Temp (°C) Time

Initial denaturation 95°C 4 min

30 cycles of:

Denaturation 95°C 15 sec

Annealing 70°C+/-10°C 30 sec

Extension 72°C 30 sec

Finale extension 72°C 1 min

The plate setup and the precise annealinggradient is shown below.

1 2 3 4 5 6 7 8 9 10 11 12
60,0|61,8/63,6|65,5/67,3|69,1|70,9(72,774,5|76,4|78,2|80,0
50 nM ipaH oT mix v2oT
50 nM jpaH C3 mix
100 nM ipaH oT mix v2oT
100 nM jpaH C3 mix
200 nM jpaH oT mix v2oT
200 nM jpaH C3 mix
400 nM ipaH oT mix v20T
400 nM jpaH C3 mix

o
(@]

I O M m O O @ >

The PCR products are tested on agarose-gels for comparison. 5 pl of each PCR
product is tested on the gels. The 2,5% agarose-geis with Gel Red ran at 130 volt
(constant) for 20 minutes. Lane 1 contains 1 yl molecule marker (GeneRuler 100
bp Plus DNA Ladder (Fermentas, SM0323)). Lane 2-12 contains the PCR products
from column 2-12. Each gel contains the two types of PCR reactions at the same
concentration. The ortho-TINA containing PCR reactions are always loaded first

(row 1) followed by the C3 spacer PCR reactions (row2).
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Results:

Figure 4A shows the ortho-TINA (row 1) and C3 spacer PCR (l;ow 2) products at
50 nM on the annealing-gradient. Both ortho-TINA PCR reactions and the C3
spacer PCR reactions perform from 61.8°C to 70.9°C and 67.3°C respectively,
showing that the ortho-TINA PCR reactions perform better than the C3 spacer

reactions at 50 nM primer concentration.

Figure 4B shows the ortho-TINA (row 1) and C3 spacer PCR (row 2) products at
100 nM on the annealing-gradient. Both ortho-TINA PCR reactions and the C3
spacer PCR reactions perform from 61.8°C to 72.7°C and 69.1°C respectively,
showing that the ortho-TINA PCR reactions perform better than the C3 spacer

reactions at 100 nM primer concentration.

Figure 5A shows the ortho-TINA (row 1) and C3 spacer PCR (row 2) products at
200 nM on the annealing-gradient. Both ortho-TINA PCR reactions and the C3
spacer PCR reactions perform from 61.8°C to 80.0°C and 70.9°C respectively,
showing that the ortho-TINA PCR reactions perform better than the C3 spacer
reactions at 200 nM primer concentration. Even though the last PCR reactions for

the ortho-TINA only generate weak bands.

Figure 5B shows the ortho-TINA (row 1) and C3 spacer PCR (row 2) products at
400 nM on the annealing-gradient. Both ortho-TINA PCR reactions and the C3
spacer PCR reactions perform from 61.8°C to 80.0°C and 72.7°C respectively,
showing that the ortho-TINA PCR reactions perform better than the C3 spacer

reactions at 400 nM primer concentration.

Overall conclusion of the PCR results including the ortho-TINA and C3 spacer
primers. The ortho-TINA primers perform generally better than the C3 spacer
containing primers. The ortho-TINA primers perform at higher annealing-
temperatures than the C3 spacer primers at all tested concentrations. This means
that ortho-TINA primers can be used at lower concentrations and perform as good
as the C3 spacer containing primers or ortho-TINA containing primers can be used
at a higher annealing-temperature and perform as good as the C3 spacer primers.
This leads to a great advantage in multiplex PCR, since the primer concentration

can be reduced and the annealing-temperature can be raised with a better result.
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The next step is to show that the ortho-TINA in the CliffHanger primer can stop
the DNA polymerase and thereby generate the single-stranded overhang. To test
the ability of the ortho-TINA to stop the DNA polymerase we make a capture
study of the PCR products on Luminex beads coated with single-stranded oligos. If
the ortho-TINA has the ability to stop the DNA polymerase and generate the
single-stranded overhang, it will be possible to capture the ortho-TINA fragments

on the Luminex beads at least as good as the C3 spacer fragments.

To the Luminex capture test we use 1 pul of purified PCR fragment compared to the
agarose-gel analysis where we used 5 ul of PCR product. We have selected 4
annealing-temperatures from the 400 nM experiment, from where the PCR

products are purified (se below).

°C|60,0|61,8/63,6|65,5/67,3|69,1|70,9|72,7|74,5|76,4|78,2|80,0

The PCR fragments are purified with the MN Nuéleospin Extract II kit (Macherey-
Nagel) in accordance with the protocol. To keep the track and trace in the
experiments, the purified PCR products are eluted in the same volume as the

starting volume.

The Luminex capture analysis is performed as: 1 pl of purified PCR product are
diluted 3-fold 6 times to generate a dilution-serie (1; 0.3333; 0.1111; 0.0370;
0.0123; 0.0041; 0.0014 pl). The PCR products are analysed in HB-buffer with a
final concentration of 20 mM NaH2P0O4/Na2HPO4 + 400 mM NaCl + 0.03% Triton
x-100, pH 6,94 and in the presents a luminex beads with the capture oligo (0.2 i
per well). The capture mix is incubated at 51°C and 900 rpm for 30 minutes. After
the incubation the reactions are washed 3 times with wash-buffer (HB-buffer
diluted 4 times). After the last wash the detection mix is added to the reactions
and it consists of 100 pg/ml Albumin fraction V (Merck) and 5 pg/ml Streptavidin-
R-PhycoErythrin (Sigma) in wash-buffer. The detection mix is incubated at 51°C
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X X X The PCR fragnents are purified with the MN Nucl eospin Extract
Il kit (MachereyNagel) in accordance with the protocol. To keep the track
and tracewpnotih7axperi nents, the purified PCR productsprar@&burmesdis7n t he
same volunme as the starting volunme. The Lum nex capture analysis is

per f or med as 1 pl of purified PCR product are diluted 3-fold 6 tinmes to

generate a tion:s 333, ,.0,111

00014 pi fn el pBETE T fupden ol peaashesdu i e BE ne Hotiex
concent r atristruneénta8 prddrleti@&Did a0 beaﬂzﬂﬁpeﬂ\ﬂvélh@ber@@s@ﬂ%d‘s‘rl ton x-100,
pH 6,94 and in the presents a | um nex beads with the capture oligo (0.2 pl

per well). The capture mx is incubated at 51C and 900 rpm for 30 m nutes.
After theResgitdati on the reactions are washed 3 tines vvith wash- buf f er

HB- buf fer, di |l ute After | as det s added
Lot ho 1 obf resdam e ahty e b i BE Pt 1 PEEeTINAR R s cie
and 5 pg/ mo@ktﬁmmbedapﬁr%yﬁmﬁrywam th&i wm)rtlnmmhablstd;ethe DNa
detection XISInC at ed tt510 (%) nutesfolovved by 3
Cashos v PAMVRArRsh ARd JEnSmt tod ol o aeast, AESThene: oo Biescresitonnt 300
beads per ramict tioy essuB@ fEi @R igaRBeuddlanalysis. The ortho-TINA PCR products

seems to have a higher concentration on the agarose-gels than the C3 spacer
products and in the Luminex analysis the ortho-TINA also generates a higher MFI
than the C3 spacer products. This shows that the ortho-TINA stops the DNA
polymerase at least as good as the C3 spacer. The MFI correlates with the
intensity of the bands of the PCR products on the agarose-gels. The Luminex
assay seems also to be more sensitive than the agarose-gels, since we can detect
down to 0.0014 pl PCR product (the dilution curve has a nice linearity). On the
agarose-gels the difference between the two types of primers is approximately
3°C, whereas in the Luminex analysis it is approximately 6°C showing that the

Luminex instrument is more sensitive and can discriminate better than a agarose-

gel.

Final conclusion.
We have showed that the ortho-TINA improves the PCR reaction compared to a
C3 spacer and that it also can stop the DNA polymerase at least as good as the C3

spacer.
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The results fromthe capture analysis (figure 6) show that the ortho-TI NA
PCR products can be captured, so this neans that the ortho-TINA can stop
t he DNA pwbynariasaiand generate the single-stranded overbhamgk20Tisoisam nex
results reflect the results fromthe agarose-gel analysis. The ortho-TINA
PCR products seens to have a higher concentration on the agarose-gels than
the C3 spaggfmproducts and in the Lum nex analysis the ortho-TINA al so
generates a higher MFl than the C3 spacer products. This shows that the
ortho-TI NA stops the DNA pol ynerase at | east as good as the C3 spacer. The
MFl correlates with the intensity of the bands of the PCR products on the
agar ose- gel s1. Phevethed semmpdsisayhestens eft so to be nore sensitive than the
agar ose-gel s, since we can detect down to 0.0014 pl PCR product (the
dilution curve has a nice linearity). On the agarose-gels the difference
bet ween the two t§pdsodflingra templaisnagpicadidmt el y 3C, whereas in the
Lum nex anal ysis jt X i nstrunent
b. F’révﬂfﬁ@ fﬁlf%&ﬁé%l%ﬁgé#@é@%&ﬁé Qﬁg) teclggplg gqe =

is nmore sensitive and can~di Scri m nat e Fi nal
concl usi on. W have psioewteroplate (pl regtonocombernantaoy ts paﬁeoth@EEtemanttEon

east o5 good as ¢ ne s LRadbite gari 4 BRI AR bRRARY BTN, I 1

A met hod conpri si ng regiensindheat: reglonFPs sepatiabe by beryyraemseunda Blaci d b.
Provi ding - bi funct \aRal Bk SRIMGILRAL belaebbLal B8TRLY ST ARIGIRHA! oP! at e

(pt) region (corrp enent nucl ic acid)y inits
3'end and a capt ur e atlegitba ptCeyionwfeheibfio tdnenpealrteghemempdate hneckerc ace@u on is

andprovi di mg-condl TBRECEngt PR s gl iR RRdE R B IS, o

the tenplate nuclei @cacid and the B to inprove the production of anplified

extondi ng the pt Tedngd seaiang AR uod i g s AR e b b B bR IR e B erandea

extending the pt Tegion o
nucleic acid with aoftimgbid stranded overhang (dso) correspondl ng to the cr

oGO0 O e O OV REE 405 RO H Bhaied RLoSRIREA Rsfsgcr oa e

stranded overhang (dso) corresponding to the cr region of the bfo

wherein the polymerase block (B) comprise an intercalator and can

be described by the general formula

X-L-1

wherein X is a backbone monomer unit that can be incorporated into
the backbone of a oligonucleotide or a oligonucleotide analogue, or
PNA, or PNA analogues, L is a linker, I is a intercalator comprising at
least one essentially flat conjugated system, which is capable of co-
stacking with nucleobases of DNA, RNA or analogues thereof.

2. The method of claim 1, wherein the intercalator is pyrene.

3. The method any of the preceding claims, wherein the intercalator is present

in a TINA monomer described by the general structure Z

X-L-I;-C-1,

27



X- L -1 wherein Xis a backbone nononer unit that can be incorporated into
t he backbone of a oligonucl eotide or a oligonucl eotide anal ogue, or PNA, or
PNA anal ogoes11/137913 a |inker, | is a intercal ator conpripsirmxK2ati/dses3t one
essentially flat conjugated system which is capable of co-stacking with
nucl eobases of DNA, RNA or anal ogues thereof. 2. The nethod of claim1,
wherein the intercalator is pyrene. 3. The nethod any of the preceding
clainms, wherein the intercalator is present in a TINA nononer described by
t he general st @odtwhrareld Xis albackhane mGnomep unitrithatvhan benncdrperagedirdkbone
monomer unit t c

ol i gonucl eot i dgﬁ%rbgg{bo e dfnréué(;:)lfgg)otl ggglﬁa 8 6@%&@@@@8%&0&@& %rnlzaall\légﬂ'és L
is a linker, |PN|AsaraaI¢gLre§t Liimadinkar,alt 43 acfmaq)lmtslcalgtcatcdnwmmg)aéle@stsene| ally

flat conj ugat e% Saht a‘ﬁmfﬁmbﬁﬁga%cc s%grlne vsﬁuch i)ggfgcﬂ‘ V\étggklﬁb'%ﬂﬁﬁ()bases of

DNA, RNA or anar ogues’there 1S’7an opti onal on uga
second i nt er calhatiepbasaspafi IBNAn,gRIwA dremstoguies tbersaef;tﬁ:ai ary optiatal conjugghdred

system which i apa stacking w.t.h n bases of RNA or
aal ogues t her 80012 i @ thei ERERE ARt im0 A BRET AR SRttt
al kyl enedi ol , konmigatdd syeeem;:wrnmh |S|c|agaal|e afl doystackiag withanudaatzd ey lof chai n,
an azaal kyl hi aal k car boxam de group, a thiocarboxam de
group, a sul ph?ﬁ%ﬁ@g{ aFguﬁloépes Q%F?Iatl ons thereof and conprises between
0-60, li is a rmnocycl ic or a pol ycycl iC arorratl c r| ngsystem sel ected from
t he group c t|n enzen a al ene bicyclic
het eroaromat &g\?gtg ,'mlg’ WE '% gcctoghor Stearﬂ eéﬁ(gub I%PXIB}(EE/d ic
aromatic ri ngsxcsm@rrml,ngtarn alkgl treainr ammekaalkyl dhgsy,sdreazaalkydchaioy el thtaatikydmat i ¢
ringsystens, peptacyclic_aromatic rin st enms .and heteroaromatic anal ogues
6 i SRR doh

thereof and subBfit GEiCSXEMIHRPEANP, EPGXANER 969U RA SYPN M Kte ¥ P ng

cl ai ns, wherei or eomnr&atmutugmooansebec;trfsdsfbleméme @,(IWS amardeytliodr 1 to
12 carbons al ken

to 12 carbon | k I to 25 carbagns or

drave orconbi AdtEIEls AETEREC HRetyssET AR rom B s S ubreanesE e A bone
3}:}/ and nlI tr Oggbigi@f@lnaﬁhth‘ﬁl@ndl%tzb:ﬁ@hecéndaﬂﬂyy@fc Hdnerqag@ﬂedt ﬂl@g@y@i:d_ms, Hod

erein |li an i in i rect vi.a a con ated system e met ho
of any of the. p Geslraied Eom His Sl e iftdle SO sEoa R LOC t he
fornul a: -\Aher@hatuarmgsméme; &.drafdy@rﬁ éhﬁn&ﬁﬂﬂﬁg@,&t‘@h&peﬂga@khar yl et hynyl,
pyreneet hynyl, and_1H-phenant hro[d d azol -2-y1

aromatic ringsystems an hetero roma canalogues thereof and

substitutions thereof.

5. The method of any of the preceding claims, wherein C is a conjugator
selected from the group of alkyl of 1 to 12 carbons, alkenyl of from 2 to 12
carbons, alkynyl 2 to 25 carbons or diazo or combinations thereof with a

length of no more than 25 carbons or/and nitrogen atoms.

6. The method of any of the preceding claims, wherein I; and I, is linked

directly via a conjugated system.

7. The method of any of the preceding claims, wherein the Z can be described

by the formula:
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8. The method any of the preceding clains further conprising the steps of

f. Providing a second priner, which is conplenentary to the first extension
product oVogbap3dig. Denaturing the product of the stepPdThK20NASN157
conditions allow ng prinmer extension, extending the second priner anneal ed
to the first extension product 9. The nethod of any of the preceding clains
conprising a second priner set for nultiplex PCR 10. The nethod of any of
the preceding clains further conprising a, captuke step, wherein the capture
region (cr) of the dso is annealed to a e probe. 11. The net hod of
claim 10, wherein the capture probe is i lized on a solid support or
alternatively is adapted for i’ bilization on a solid support. 12.The

nmet hod of claim 11, further cozg? ing“a fractionation step to separate
anneal ed nol ecul es from non-anneal € Dl ecul es. 13. The nmet hod of any of
clainms 10-12, wherein the captureQprobe conprises a TINA nononer as

descri bed any of the preceding 6£%L- . 14. The nethod of any of clains
10-13 further conprising a. a détection phase, whereby the i mmbilized
target anplification product is visualized and/or b. a purification phase,
whereby the immobilized target anplification product is purified and/or c.
a mani pul ati on phase, whereby the immobilized target anplification product
is further nmani pul ateberein R is selected from the group consisting of arylethynyl,

pyreneethynyl, and 1H-phenanthro[9,10-d]imidazol-2-yl

8. The method any of the preceding claims further comprising the steps of
f. Providing a second primer, which is complementary to the first
extension product of step d
g. Denaturing the product of the step d
h. Under conditions allowing primer extension, extending the second

primer annealed to the first extension product

9. The method of any of the preceding claims comprising a second primer set

for muitiplex PCR

10.The method of any of the preceding claims further comprising a capture
step, wherein the capture region (cr) of the dso is annealed to a capture

probe,
11.The method of claim 10, wherein the capture probe is immobilized on a
solid support or alternatively is adapted for immobilization on a solid

support.

12.The method of claim 11, further comprising a fractionation step to separate

annealed molecules from non-annealed molecules.

13.The method of any of claims 10-12, wherein the capture probe comprises a

TINA monomer as described any of the preceding claims.
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14.The method of any of claims 10-13 further comprising

a. a detection phase, whereby the immobilized target amplification
product is visualized and/or

b. a purification phase, whereby the immobilized target ampilification
product is purified and/or

Cc. a manipulation phase, whereby the immobilized target amplification

product is further manipulated.
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