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clainms the benefit of U S. Provisional Application No. 61/258,684, filed
Novenber 6, 2009, entitled "Conposition and Method for Synthesizing a
Deoxyri bonucl eoti de Chain Using a Double Stranded Nucleic Acid Conplex with
a Thernost abl e Pol ynerase" by Stephen Picone, et al. 10The entire teachings
of the above application are incorporated herein by reference. BACKGROUND
OF THE | NVENTI ON DNA pol ynerases are enzynes that catal yze the

pol ynmeri zati on of deoxyri bonucl eotides‘into strands of nucleic acid.

Pol yner ases are used in various DNA techni ques including PCR
15anplification, namely a process to copy or anplify DNA strands. A
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primng and production of NMYUEFRMOSTAEIE pONYMERMAISEeS of side-reactions,
such as msprimng of a background DNA and/or priner oligonerization and

subsequent priner extensi on event prior to the actual 20thernocycling

roced I ten occurs because thernostable DNA pol ynerases
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barrier of solid wax to separate the DNA pol ynerase fromthe reaction
BACKGROUND OF THE INVENTION
DNA polymerases are enzymes that catalyze the polymerization of deoxyribonucleotides
into strands of nucleic acid. Polymerases are used in various DNA techniques including PCR
15 amplification, namely a process to copy or amplify DNA strands. A significant problem with
certain PCR methods is the generation of non-specific amplification products (e.g., the creation of
unwanted DNA strands). In many cases, this is due to non-specific oligonucleotide priming and
production of non-target oligonucleotides of side-reactions, such as mispriming of a background
DNA and/or primer oligomerization and subsequent primer extension event prior to the actual
20 thermocycling procedure itself. This often occurs because thermostable DNA polymerases are
moderately active at ambient temperature.
In order to minimize this problem, a method known as "hot start" PCR can be performed.
In hot start PCR, one component essential for the amplification reaction is either separated from
the reaction mixture or kept in an inactive state until the temperature of the reaction mixture is
25 being raised for the first time. Since the polymerase cannot function under these conditions, there
is less primer elongation during the period when the primers can bind non-specifically. In order to
achieve this effect, several methods have been applied: Physical Separation of the DNA

polymerase (e.g., using a barrier of solid wax to separate the DNA polymerase from the reaction



WD 2011/ 057119PCT/ US2010/ 055701 -2- m xture), chem cal nodification of DNA
pol ynerase (e.g., DNA polynerase is reversibly inactivated, polynerase DNA
ant i bodi e’0o(e11gns711ant i bodi es bind at anbi ent tenperat ur @sTArsd01diosET8EOCI at e
at higher tenperatures during anpli f_i2(_:ati on), DNA pol ynerase inhibition by
nucleic acid additives, aptanmers (e.g., single strand form of nucl eotides
that form |l oops, pseudoknots, and 5 conplicated tertiary structures that
act like an antibody), blocked priners, and others. Several of these

met hods are either inconvenient or do not work as well as desired to
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10ext ensi on not only prior to the anplificatign process itself but also
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OF THE I NVENTI ON 15The prgese t 1nvention relates to a bl ocking doubl e
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In an nbodigﬁgﬁ, thg co Iex.igckfdez an$isolﬁte doa?le.stranded nuﬁleic
aci d ndIECHEER AL RAET RPMVERIENHAYTOHE WRET 85 WET AhEEHEY NG U™ 15 K WEtiEnce
conpri simpdfibgiopeen about 9 to about 40 nucleic acid bases, and a nucleic
aci d second strand having a second sequence conprising between about 9 to
about 40 nudicepidingty.d rigas esists e a wreuoodonisiraiEn cempositeon dnd methed fasequence,

uher el DotfifcdldStadtiRL SlSaPGlohShr AMnAR B egend ualel Ak dest rand
each having a 3 Ehd anJla end. an(ll1 erei it he dodbl e st Tanded nucl ei c
laci d mekeadbenbasppRalts e agslifafaticy pastdatsti€bundlch guaiy the tHefhodyliag r ange
bet ween about 50% and about 70% The doubl e stranded nucl eic. acid _conpl ex
al so i REIcatie Merepesilicaty. Hogedeyists, fopmedlErpative @nd rpRIRY ¢ o asitipnangd grethod
coval e@géj%t%gﬂ%to the 3" end or the 5 end of the first nucleic acid
25strand, the second nucleic acid strand, or both. In an aspect, the double
stranded nucleic acid nolecule (e.g., DNA, or RNA) has a nelting

t enper re | about 25C and about 90C. In an enbodi nent,

t he Dsgimwg}é@%ﬁ]\ﬁ%ﬁ n further includes the introduction of
uracil basegy, E%eﬁqlq\'re_tn'tieﬂ rQhteORE QbcIRé BoH186tkdndP@AESeit AciiR® ycher
reduces polynerase activity at roomtenperature when using a pol ymer ase

f r om afepeeiresuadic arid Amphifieitant dnian em®Odimeaparthd carmplex incheles an splagwlgloshlee or

the second segyence, of Lg, BSC, LUr HReL, SOTRLL 88 PRS0 o PR SoqulfRe
comprising between about 9 to about 40 nucleic acid bases, and a nucleic acid second strand
having a second sequence comprising between about 9 to about 40 nucleic acid bases that are

20 complementary to the first sequence, wherein the first nucleic acid strand and the second nucleic
acid strand each having a 3’ end and a 5’ end, and wherein the double stranded nucleic acid
molecule has a percentage of cytosine (C) and guanine (G) in a range between about 50% and
about 70%. The double stranded nucleic acid complex also includes a blocking molecule, wherein
the blocking molecule is covalently bonded to the 3’end or the 5° end of the first nucleic acid

25 strand, the second nucleic acid strand, or both. In an aspect, the double stranded nucleic acid
molecule (e.g., DNA, or RNA) has a melting temperature in a range between about 25°C and about
90°C. In an embodiment, the DSC of the present invention further includes the introduction of
uracil bases. The addition of one or more uracil bases to the DSC further reduces polymerase
activity at room temperature when using a DNA polymerase from a species of an Archaebacteria.

30 In particular, the first sequence or the second sequence of the DSC further comprises one or more



-3- uracil bases. Exanpl es of bl ocki ng nol ecul es incl ude
deoxyt hym di ne, di deoxynucl eoti des, 3' phosphoryl ation, hexanediol, spacer
nol ecul eswoRop/057dpdeoxyri bose, 2'-0-Met hyl RNA, and/ or PCoaiSeaoMssT0ei C
Acids (LNAs). In an enbodi nent, the hl ocking nol ecule has the foll ow ng
5structure: Inverted dT The presént invention also pertains to a

bl ocki ng doubl e stranded nucleic acid conplex for use in nucleic acid
anplification; wherein the conplex includes an isol ated doubl e stranded
nucleic acid nolecule that has a first nucleic acid strand having a first
sequenge ¢ i sing between about 109 to about 40 nucleic acid bases, and a
nucl ei ¢ acid second strand havi ng a second sequence conpri si ng betmeen
about 9 to &kaempleddf hlockiap cndAsduttshadede ddoaythanmhn@m]nieenmucémyldeg) 3the first

sequenc erejn the f rst nucle c acid strand ec nucl ic acid
st rand Pgasé’ﬁh%%ﬂoﬁgh%a%e %]nEPaﬁﬁrdna egules ff” ‘Q‘#ﬁ?xﬁfﬁ %o b@i | ei c
aci d mpleciy @udIds ARidTRLNAN. h?aﬁp&ﬁl%di'&gnt' the 14 &%&M@ﬁﬁ‘s ﬁ@%ﬁov%ﬁg and
about 90C. Thi s enbodi ment includes a bl ocking nol ecule that is
DP5covabkewting: bonded to the 3' end or the 5 end of the first nucleic acid
strand, the second nucleic acid strand, or both. In an aspect, the first
sequence or the second sequence further conprises one or nore uracil bases.
In yet another enbodi ment, the bl ocking double stranded nucleic acid
conpl ex of the present |nvention has a conpl ex that includes an isolated
doubl e stran ud eic acid nmolecule that has a 20first nucleic acid
strand havi ng~a-f-+r'§t nucl ei c acid sequence greater than or equal to about
70% i denti*ty with one of the follow ng sequences: SEQID NGO 1, 2, 3, 4, 5,
6, 7,8, 9, 10, 11, \2, 13, 14, WD 2011/057119PCT/ US2010/ 055701 -4- 15, 16,
or conblnatlon t 5 a conplenent of SEQIDNO 1, 2, 3, 4, 5 6, 7,8,

9, 10, 11, 12, 13 14 15, 16, or conbination thereof or a sequence that
hybridi zes to SEQ+D. ‘ 1, 2, 3, 4, 5, 6, 7,8, 9, 10, 11, 12, 13, 14, 15,
16, or conbination thereof The conpl ex further includes a second nucleic
aci d strand having a second sequence conprising between about 9 to about 40
nucl ei ¢ aci dinverted

The present invention also pertains to a blocking double stranded nucleic acid complex for use
in nucleic acid amplification; wherein the complex includes an isolated double stranded nucleic
acid molecule that has a first nucleic acid strand having a first sequence comprising between about

10 9 to about 40 nucleic acid bases, and a nucleic acid second strand having a second sequence
comprising between about 9 to about 40 nucleic acid bases that are complementary to the first
sequence, wherein the first nucleic acid strand and the second nucleic acid strand each having a 3’
end and a 5’ end, and the double stranded nucleic acid molecule has a melting temperature in a
range between about 25°C and about 90°C. This embodiment includes a blocking molecule that is

15 covalently bonded to the 3’ end or the 5° end of the first nucleic acid strand, the second nucleic
acid strand, or both. In an aspect, the first sequence or the second sequence further comprises one

or more uracil bases.

In yet another embodiment, the blocking double stranded nucleic acid complex of the present
invention has a complex that includes an isolated double stranded nucleic acid molecule that has a
20 first nucleic acid strand having a first nucleic acid sequence greater than or equal to about 70%

identity with one of the following sequences: SEQID NO: 1,2, 3,4,5,6,7.8, 9,10, 11, 12, 13, 14,



S5bases that are conplenentary to the first nucleic acid sequence, wherein
the first nucleic acid strand and the second nucleic acid strand each

havi ng a W0 2endsand a 5° end, wherein the doubl e strandedTrusedeioss7aci d

nol ecul e has a nelting tenperature in_a range between about 25C and about
90C. The conpl ex al so has a bl ocking nolecule that is covalently bonded to
the 3' end or the 5 end of the first nucleic acid strand, the second
nucleic acid strand, or both. In an aspect, the 3' end 10 of the first and
second nucl eic acid strand conprises the bl ocking nol ecul e, and when the
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strandedma&mkﬁtsfﬁxmd4$9ﬂplex Pol ynerase activity at roomtenperature
(e.g., between about 20C and 25C) is reduced in a range between about 50%
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nucl eic acid conplex Addi tionally, the methods of the present invention,
in an &epelex degrbed berein, grdathsrmystehle polymesaspaihe polyacraserbatbaePNA t he
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10X, 1&Xerw DOUA poiginease)]7 BN Acgsipac@ck; (Td DNA @mintahse b’h@%}ﬂdAfpmﬂyrhaa@et
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uracil ases yne ase acti vi ty roomtenperature 1s SO redu

descri Elh‘nhlhefrpelymerase The buffer can be a TRIS buffer, MOPS or a HEPES buffer. Methods of
amplifying a target nucleic acid molecule are further encompassed by the present invention. The
method includes contacting the target nucleic acid molecule with a DNA polymerase and the
double stranded nucleic acid complex, as described herein, wherein the double stranded nucleic

25 acid complex binds to the DNA polymerase, at a temperature, ranging from about 25°C to about

90°C. The production of one or more non-specific amplification products or secondary products is
reduced, as compared to that not contacted with the double stranded nucleic acid complex.
Polymerase activity at room temperature (e.g., between about 20°C and 25°C) is reduced in a range

between about 50% and about 90% (e.g., about a 50%, 60%, 70%, 80% or 90% reduction), as

30 compared to polymerase activity for target nucleic acid molecules not contacted with the double



Addi tional methods enbodi ed by the present invention include anplifying a
target nucleic 10acid nolecule by mxing a buffer, the target nucleic acid
nol ecul e,wonetias7more prinmers, a DNA pol ynerase, a supplPgTafS2@desi7oe,

guani ne, cytosine and thym ne, and the double stranded nucleic acid conpl ex
descri bed herein. The steps further include allow ng for anplification of
the target nucleic acid nolecule by increasing the tenperature in one or
nore cycles, wherein the tenperature ranges between about 25C to about 90C
The met hod allows for the production of 150one or nore non-specific
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descri bed herein, and a polynerase. The polynerase is a DNA polynerase can
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process. Specifically, the present invention provides a conposition that

i nhi bi tampesruepeelse reduged. o descaherl bereider ext ension prior to and during the
anplification process. Additionally, the present invention surprisingly

al | ows f OKJBEENdl BREAIRREbLAIADS Hhe MetdhOHveRtis @BIuHE GRAPLNHAPMBEeRhucleic
non-speci fic anplification product, and provides for an’i nproved
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pol ynerase. Lanes 3 and 4 depict reactions with non-npdified priners
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polymerase activity at room temperature is reduced and/or an increase in yield is obtained, as

further described herein.

The present invention further includes kits for nucleic acid amplification. Such a kit or system
20 includes the blocking double stranded nucleic acid complex described herein, and a polymerase.
The polymerase is a DNA polymerase can be e.g., Taq DNA polymerase; BST DNA Polymerase;
PFU DNA polymerase; Klenow DNA polymerase; T7 DNA polymerase; T4 DNA polymerase;
Phi29 DNA polymerase; or RB69 DNA polymerase.

Advantageously, the claimed invention provides compositions and methods for improving
25 the hot start PCR amplification process. Specifically, the present invention provides a
composition that inhibits non-specific priming and primer extension prior to and during the
amplification process. Additionally, the present invention surprisingly allows for PCR reactions
to occur without a significant amount of non-specific amplification product, and provides for an

improved composition for performing PCR.



Fig.2 depicts PCR product anplification of a 1.1 kb region of the pUC19
plasmid in the presence and absence of double stranded nucleic acid

nol ecul e wothn1zshilecki ng agent that has the sane sequeneeTas201@557@RCt | ON
primers. Lanes 1 and 2 include react I6(_)I’IS performed in PCR buffer 1, |anes 3
and 4 were carried out in PCR buffer . Lane M depicts DNA standard
marker. 15 Fig.3 illustrates the PCR arrpl ification in the presence of DSC
nol ecul es. All reactions contain 1 ng of E.coli genom c DNA as a conpeting
foreign DNA. Odd nunber | anes contain Lanbda tenplate DNA (except |ane 11),
wher eas even nunber |anes do not contain tenplate DNA. Reaction 1 us a
negative control having buffer |, DNTPs but with no DSC nol ecul e, no

t enpl aBRIERMESCRIPTIPNOF TaieDRAGEINGE s DNA st andard mar ker. 20Fi g. 4
depictstheﬁ arlson%ﬁﬁgllflcatlo of aﬁ}kar n fro ar.rbda% DNA.
Lanes 1-4 cdnf&MINTYJPPEFHIVRALT ctaipht legspanse rlavln%\ﬁﬁ‘fc‘gﬁ OrB 50

pol yne 'ﬂﬁ§ ﬁatént d”i”ithei’it a?p?i@ét dn%ﬁfbhbiho%R%l@&ﬁoWE&% X v&hﬁ bk ??ovﬁ?&i&ﬁ%%@ RicdSC

nol ecul es. Lanes 5-7 contain conmercially avallable hot start

pol ynemasmmquﬁthn@mmmgftmmcwgf«prerfor med |n t he presence of Lanbda DNA

S5mar ker - P10 [t R PRl B0 T) kodhon eEPE M B! Jm Y SR ¢
regi onlmudeerm@@nmh%rmapw iIPPCRYfuffePl mlere GBvamhbM hhtQd Was
carried out in Awith forward 5 CTGGCTGACATTTTCG 3' Q I D NO 1@2 and
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2011/ 0EATIREH CLOUT6 BRETo1 L 5 ek ddreisRectsilashs TR eBIBES. (Seo

10D NO: re2Q)tingrih aepEficoR pamﬂcththQiapmNArsftmdaﬁnnwmh 0.523 pg of Lanbda
DNA and 1 n% of E.coli_genomc ion were performed in du Ilcates

(l'ane 1 andF#82 deRifld PER profyy an@hflcqltwff 1ahhbsegl@ efrthe RUCA9 plagmiggy the 5 g
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Tenper atmue esjuehcrns shelredddion pnicheirn hiaixist loaryd Zohcdodé regctnmis @eﬂb&ﬁed(lh &QBshufter 17) .

Fig. 7A an epict th lLificati of odu rom DNA B usi ng
ol i gonlf¥ gflfl@g r?(‘:%“eﬁ%trer‘g ﬁ b@&%&fﬁ'ﬁge% ﬁ]\%étﬁfl ﬂnfaﬁketrhe presence
gf the di ff@E§@§ll@§ge§%qi@§h'[lnﬁﬁﬁcalﬁ%ﬂ?n fhesﬂ?&‘éﬁcet &%S@%lé&llé@fAﬁmchf)hscat Ion
in the absence of the DSC nol ecul e of the invention. Anmplification in | ane

5 i s exentainedngwiihceli goromee EINA by a aerapétaig ferecgrelNAal O¢gd nwubdrilamkslsontagt ar t
129, BOrTRARpbaR R 5, A B ARSALT BB e RBASEM B, 1000
i's 0. 4DNM ReRBoPERs aBLitivie@Bhir@hakthgfiugfer ¥ ADNBESs HIE Wit fEDSCrmsIehas, eloy
after set-up with no pre-incubation at bench
template, and no enzyme. Lane M depicts DNA standard marker.
20 Fig. 4 depicts the comparison in amplification of a 1.9 kb region from Lambda DNA.
Lanes 1-4 contain Taq (Enzymatics, Inc. (Beverly, MA) and Taq-B DNA polymerase (- and +
stabilizer in storage buffer) in the presence of DSC molecules. Lanes 5-7 contain commercially
available hot start DNA polymerases. All PCR reactions were performed in the presence of
Lambda DNA and Ing of contaminating E.coli genomic DNA. Lane M depicts DNA standard
25 marker.

Fig. SA and B emphasize the amplification of a 1.9 kb region of Lambda DNA in the
presence of DSC molecule. PCR amplification was carried out in A with forward
S’CTGGCTGACATTTTCG-3’ (SEQ ID NO: 17) and reverse
STATCGACATTTCTGCACC-3’(SEQ ID NO: 18) primers; in B with forward

30 S’GAAGTCAACAAAAAGGAGCTGGCTGACATTTTCG-3’ (SEQ ID NO: 19) and reverse



15top. The PCR anplification in Fig. 7B was performed after 24 hour

i ncubation at anbi ent Tenperature of 23C. Fig. 8 shows the

anpl i fi cavpan1as789100- bp product from DNA B usi ng ol i gecudaiseabiogzom x B.
Lanes 1-4 show the PCR anplification-in the presence of the different DSC
nol ecul es. Lane 5 shows the results of anplification in the absence of the
DSC nol ecul e of the invention. 20Anplification in lane 6 is executed with a
comercially avail abl e chenically nodi fied hot start Taqg pol ynerase. Lane M
depi cts DNA standard marker. | anes contain 5 copies of DNA B. The final
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20 Amplification in lane 6 is executed with a commercially available chemically modified hot start
Taq polymerase. Lane M depicts DNA standard marker. All lanes contain 5 copies of DNA B. The
final concentration of DSC molecule in lanes 1 and 3 is 0.4 uM whereas the final concentration of
DSC in lanes 2 and 4 is 4 uM. The PCR amplification was performed immediately after set-up
with no pre-incubation at bench top.

25 Fig. 9 illustrates the amplification of a 100-bp product from DNA B using oligonucleotide
mix B. Lanes 1-5 show the PCR amplification in the presence of the different DSC molecules.
Lane 6 shows the results of amplification in the absence of the DSC molecule of the invention.
Amplification in lane 7 is executed with a commercially available chemically modified hot start
Taq polymerase. Lane M depicts DNA standard marker. All lanes contain 5 copies of DNA B. The

30 final concentration of DSC molecule in lanes 1-5 is 4 uM. The PCR amplification was performed



Fig. 12 depicts the real-tinme PCR analysis of the formation of 100-bp
product from DNA C using detection by CY5 fluorescent dye. Reactions, which
cont ai nedwbroms280-5 copi es of DNA 20C were perfornmed iPaTgsadoopi7ocat e.
Average Ct values Standard Deviatior are shown for each copy Ievel.

St andard devi ati on above 0.6 is bolded. The overall PCR efficiency al ong
wth R-squared value for the equation line is also shown. Results are

depi cted by hat ched marki ngs. Fig. 13 depicts the real-tine PCR
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DESCRI ATINDNII@RP GRIEMpNUENTINAN F1S A Bdesscpdripringd aldér 2 lefue megblatemxd dimbrent s of
the in ntio? fo%%%gs. The present invention relates to a nucleic
aci d compPeX ¥er ‘in an anplification reaction, methods of using the
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ﬁ)Ci d Cmér%)f)%ﬁfom&ﬁrﬂ cfug@ﬁlsﬁgaté?‘mekggeﬁkjaﬂfgs + Standard Deviation are shown for each
copy level. Standard deviation above 0.6 is bolded. The overall PCR efficiency along with
R-squared value for the equation line is also shown. Results are depicted by hatched markings.
Fig. 13 depicts the real-time PCR analysis of the formation of 100-bp product from human
placental DNA using HBB2 oligo mix. Reactions, which contained from 1280-5 copies of DNA C
25 were performed in quadruplicate. Average Ct values = Standard Deviation are shown for each
copy level. Standard deviations above 0.6 are bolded. The overall PCR efficiency along with
R-squared value for the equation line is also shown. Results are depicted by hatched markings.
Fig. 14 A and B illustrate the real-time PCR analysis of the formation of 100-bp product
from DNA B using detection by HEX fluorescent dye. Reactions, which contained 1000, 100, and

30 10 copies of DNA B were performed in quadruplicate. Average Ct values + Standard Deviation



20reactions. The nucleic acid conplex is a double stranded ol igonucl eotide
conprising a blocking nolecule. The nucleic acid conplex of the invention
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complex, as well as a kit containing a nucleic acid complex and a polymerase. As described
herein, the present invention includes nucleic acid complexes which improve amplification
20 reactions. The nucleic acid complex is a double stranded oligonucleotide comprising a blocking
molecule. The nucleic acid complex of the invention is also known as a Double Stranded Complex
(DSC).
In particular, the present invention uses a nucleic acid complex, made of a short, double
stranded oligonucleotide covalently attached to a blocking molecule on the terminal end of each
25 strand. In other embodiments, the blocking molecule can be interspersed or attached to any
portion (e.g., a middle portion) of the nucleic acid complex. The nucleic acid complex binds to the
polymerase and enhances performance of an amplification reaction. The nucleic acid ligand is
carefully designed to improve the performance of the amplification reaction, while itself not able
to act as a primer for the amplification of the target sequence or another non-specific sequence in

30 the reaction.



[t.MDSC to 5,000 UnL of polynerase, up to 2mM DSC for every 5,000 U nL of
pol ynerase. More preferably the range is fromabout 20 [t. M DSC to 5, 000
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10 about 45°C to about 55°C (e.g., a range between about 25°C to about 90°C). In the most preferred
embodiment the nucleic acid complex has a melting temperature of about 48.9°C. This range of
melting temperatures is useful in various amplification reactions known to those skilled in the art
and as set forth herein.

Melting temperatures (T,) for the nucleic acid complex are calculated using the

15 nearest-neighbor thermodynamic parameters as provided by Integrated DNA Technologies, 1710
Commercial Park, Coralville, IA 52241 USA, using the calculations as described by Owczarzy,R.
et al., Biochemistry, 2004 Mar 30;43(12):3537-54 and in Owczarzy, R. et al., Biochemistry, 2008
May 13;47(19):5336-53 which are incorporated herein by reference.

The nucleic acid complex can have a range of concentrations for use in a variety of

20 applications. The range of concentrations for the nucleic acid complex can be greater than about 2
uM DSC to 5,000 U/mL of polymerase, up to 2mM DSC for every 5,000 U/mL of polymerase.
More preferably the range is from about 20 uM DSC to 5,000 U/mL of polymerase, up to 200 uM
DSC for every 5,000 U/mL of polymerase. In an embodiment, the most preferred concentration of
DSC to polymerase is about 5,000 U/mL Taq to 200 uM DSC.

25 The specific activity of Tag DNA polymerase was measured using a 2-fold serial dilution
method. Dilutions of enzyme were made in a reduced-glycerol (5%) containing Tag-B DNA
Polymerase storage solution ([Tag-B]f = 0.009-0.0001ng/uL) and added to 50 pL reactions
containing 12.5 pg Calf Thymus DNA, 25 mM TAPS (pH 9.3), 50 mM KCI, 1 mM DTT,
4mCi/mL 3H-dTTP and 200 uM dNTPs. Reactions were incubated 10 minutes at 75°C, plunged

30 on ice, and analyzed using the method of Sambrook and Russell (Molecular Cloning, v3, 2001, pp.



GCC AAT CCT ACG CC/InvT/ 51.5 2 DSC1l-1 GCC AAT CCT ACG CC/ Phosph/ 49.6 3
DSC1- 2 GCC AAT CCT ACG CC/ hexanediol/ 49.6 4 DSC2 GCC GGC CAA TGI/ I nvT/
49.6 5 DSEB 2€dNsGAC AAT GCC GCE I nvT/ 56. 2
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The present invention provides for a novel isolated nucleic acid complex, Table 1, derived,

for example from a double stranded DNA oligonucleotide with a blocking molecule. The nucleic

acid complex demonstrates the ability to inhibit the production of non-specific amplification

5 products or the amplification of nontarget oligonucleotides due to side-reactions, such as
mispriming of a background DNA and/or primer oligomerization. Amplification reactions
containing the nucleic acid complex were found to enhance the production of the target
oligonucleotide. Additionally the nucleic acid complexes of Table 1 have a 30% sequence identity
with each other.

10 Table 1

Seq ID | Name Sequence (5°-3’) Tw (°O)
No.

1 DSC1 GCC AAT CCT ACG CC/InvT/ 51.5
2 DSC1-1 GCC AAT CCT ACG CC/Phosph/ 49.6
3 DSC1-2 GCC AAT CCT ACG CC/hexanediol/ 49.6
4 DSC2 GCC GGC CAA TGT/InvT/ 49.6
5 DSC3 CCT GAC AAT GCC GCG/InvT/ 56.2
6 DSC3-1 CCT GAC AAT GCC GCG/hexane diol/ 54.3
7 DSC5 AGC GGA TAA CAA TAT CAC A/InvT/ 48.9
8 DSC6 GCC AAT CAT/InvT/ 26.0
9 DSC7 GCC AAT CCT A/InvT/ 30.7
10 DSC8 GCC AAT CCT AC/InvT/ 36.8
11 DSC9 GCC AAT CCT ACG/InvT/ 43.0
12 DSC10 GCC AAT CCT ACG C/InvT/ 47.8
13 DSC11 GCC AAT CCT ACG CCT CC/InvT/ 57.1
14 DSC12 GCC AAT CCT ACG CCT CCG T/InvT/ 60.0
15 DSC13 GCC AAT CCT ACG CCT CCG TGA CGA TCC/InvT/ 66.6
16 DSC14 GCC AAT CCT ACG CCT CCG TGA CGA TCC GCT 70.8

C/InvT/




6 DSC3-1 CCT GAC AAT GCC GCH hexane diol/ 54.3 7 DSCs AGC GGA TAA CAA TAT

CAC A/ InvT/ 48.9 8 DSC6 GCC AAT CAT/InvT/ 26.0 9 DSC7 GCC AAT CCT A InvT/
30.7 10 D802011/057119 PCT/US2010/055701
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The sequences of preferred nucleic acid complexes encompassed by this invention in one
embodiment are shown in Table 1. Abbreviations used in the table are: “InvT” = inverted
deoxythymidine (dT); “Phospho” = phosphate group. The nucleic acid complexes show similarity
to many sequences having an E-value below 1 as identified in a similarity search using BLAST
(Altschul, S.F., et al., J. Mol. Biol., 215: 403-410 (1990)).

The terms “nucleic acid complex™ and “Double Stranded Complex” (DSC), as used herein
have the same meaning and are used interchangeably.

The invention further pertains to a nucleic acid complex wherein double stranded
oligonucleotides about 16 nucleotides in length are made with a blocking molecule attached to
either end, with a sequence for an optimal melting temperature, while having a high percentage of
GC nucleotides at either end of the double stranded nucleic acid. The invention pertains to nucleic
acid complexes which have been modified in one or more the following ways: to prevent their
extension in an amplification reaction, to have a melting temperature that prevents the production
of non-specific amplification products, to have a high percentage of GC at either end, which have
a higher melting temperature than AT bonds and consequently are better able to maintain the
nucleic acid complex as a double strand. The invention further pertains to storage buffer
containing a double stranded nucleic acid with a blocking molecule, and a polymerase; and also to
a reaction buffer comprising a nucleic acid complex.

The enhanced stability of the double stranded nucleic acid complex allows their use under
conditions which would be prohibitive of other hot start methods, because the double stranded
nucleic acid complex is not irreversibly denatured at elevated temperatures, thereby increasing the
opportunities the nucleic acid complex can be employed to reduce non-specific amplification
products. For example, amplification in a multiplex PCR with multiple specific primers, the
opportunity for non-specific amplification products has a negative influence on the yield of the
reaction, while chemically modified and antibody type hot start methods are mostly deactivated
after the initial denaturing heat step, the nucleic acid complex of the present invention will
continue to interact during the first several cycles of amplification when the reaction mixture is
most vulnerable to non-specific priming. Additionally, the nucleic acid complex can be used, but
is not limited to, isothermal amplification reactions, Variable Number Tandem Repeats (VNTR)

PCR, asymmetric PCR, long PCR, nested PCR, quantative PCR, touchdown PCR, assembly PCR,



GCC AAT CCT AC/InvT/ 36.8 11 DSCO GCC AAT
AAT CCT ACG T InvT/ 47.8 13 DSC11 GCC AAT

CCT ACE I nvT/ 43.0 12 DSC10 GCC
CCT ACG CCT CC I nvT/ 57.1 14
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colony PCR, reverse transcription PCR, ligation-mediated PCR, and methylation-specific PCR.
The use of a double stranded nucleic acid complex in hot-start PCR reactions surprisingly
improves the amplification yield of the desired target sequences while also significantly reducing
off-target amplification of unwanted sequences. This is accomplished by reducing polymerase
activity at room temperature; both as compared to a typical hot-start PCR reaction not employing
DSC technology as disclosed herein (see Example 5 and Figs. 14-15). In one embodiment, use of
DSC in a hot-start PCR reaction provides at least a two-fold (2X) improvement in yield. In
another embodiment, such use provides at least a five-fold (5X) improvement in yield, while in
another embodiment, such use provides a seven-fold (7X) or ten-fold (10X) or higher
improvement in yield. In an embodiment, the increased amount in a yield ranges from about a 2X
increase to about a 20X increase (e.g., a 2X, 3X, 4X, 5X, 6X, 7X, 8X, 9X, 10X, 15X or 20X
increase), as compared to an amount of amplified target nucleic acid molecules that were not
subjected to the methods or compositions of the present invention. Similarly, in one embodiment,
use of DSC in a hot-start PCR reaction provides at least a fifty percent (50%) reduction in
polymerase activity at room temperature (e.g., between about 20 °C and about 25°C). In yet
another embodiment, such use provides at least a seventy percent (70%) reduction in polymerase
activity at room temperature, while in still another embodiment, such use provides an eighty
percent (80%) or higher reduction in polymerase activity at room temperature. In an aspect, the
present invention provides a reduction in polymerase activity at a temperature between about 20°C
and 25°C, wherein the reduction ranges between about 50% to about 90% (e.g., about a 50%, 60%,
70%, 80% or 90% reduction), as compared to polymerase activity in which the target nucleic acid
molecules are not subjected to the DSC of the present invention. Methods for assessing
polymerase activity are well known in the art, and include labeled-nucleotide incorporation assays.
Briefly, a detectable label can be incorporated into the nucleic acid molecule and an assay can be
performed to measure the activity of the polymerase e.g., on an automated fluorescence-based
sequencing apparatus e.g., from Applied Biosystems (Life Technologies Corporation, Carlsbad,
California.). Examples of detectable labels include fluorescent dyes, streptavidin conjugate,
magnetic beads, dendrimers, radiolabels, enzymes, colorimetric labels, digoxigenin, biotin,
nanoparticles, and/or nanocrystals). Methods for incorporating labels are known in the art.

Several assays for measuring polymerase assays exist. One example includes, as mentioned



15 DSC13 GCC AAT CCT ACG CCT CCG TGA CGA TCC/ InvT/ 66.6 16 DSCl4 GCC AAT
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Similarly, methods for assessing yield of PCR reactions are well known in the art, and
include quantitative-PCR (qQPCR) methods. For example, the yield can also be labeled and after

10 each cycle of PCR, a real-time PCR instrument can measure levels of the label (e.g., fluorescence).
Amounts of yield can be determined by comparing the results to a standard curve produced by
real-time PCR of serial dilutions (e.g. undiluted, 1:4, 1:16, 1:64) of a known amounts. Nolan,
Tania er al., Nature Protocols 1:1559 - 1582 (2006).

The term “primer” refers to an oligonucleotide capable of acting as a point of initiation of

15 DNA synthesis under conditions in which synthesis of a primer extension product complementary
to a nucleic acid strand in induced.

The nucleic acid complex of the invention can be DNA or RNA, including double stranded
RNA or DNA. In another embodiment of the invention the oligonucleotides of the nucleic acid
complex can be composed of modified nucleotides or synthetic nucleic acid molecules.

20 Modifications include, but are not limited to, those which provide other chemical groups that
incorporate additional charge, polarizability, hydrogen bonding, electrostatic interaction, and
fluxionality to the nucleic acid or to the nucleic acid complex as a whole. Modifications include,
but are not limited backbone modifications, methylations, 3’ and 5" modifications. The blocking
molecule, in an aspect, comprises one or more nucleotide analogs with modified bases, modified

25 sugars and or modified phosphate groups.

In another embodiment, the nucleic acids of the complex are for example, but not limited
to, a modified nucleic acid with an abasic moiety, an inverted abasic moiety, an inverted
nucleotide moiety, an inverted deoxynucleotide 3’ to 3’ linkage, a disaccharide nucleotide, locked
nucleic acids, 2'-Amino pyrimidines, 2'-Fluoro pyrimidines, 2'-O-methyl nucleotides,

30 Boranophosphate internucleotide linkages, 5S-Modified pyrimidines, 4'-Thio pyrimidines,
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embodiment, the method disclosed herein employs a DSC comprising such uracil base and at least

25 one thermostable DNA polymerase derived from a species of archaebacteria. In one embodiment,
such use of a uracil-containing DSC in a hot-start PCR reaction provides at least a fifty percent
(50%) reduction in polymerase activity at room temperature. In yet another embodiment, such use
provides at least a seventy percent (70%) reduction in polymerase activity at room temperature;
while in still another embodiment, such use provides an eighty percent (80%) or higher reduction

30 in polymerase activity at room temperature. In an aspect, the present invention use of a
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protected from exonucleases. Owing to its unusual structure, an exonuclease cannot remove the
20 inverted dT, the degradation of which would otherwise allow the DSC to non-specifically anneal
and act as a primer for DNA extension.

In one embodiment, the nucleic acid molecules of the invention are “isolated’; as used
herein, an “isolated”” nucleic acid molecule or nucleotide sequence is intended to mean a nucleic
acid molecule or nucleotide sequence which is not flanked by nucleotide sequences which

25 normally (in nature) flank the gene or nucleotide sequence (as in genomic sequences) and/or has
been completely or partially purified from other transcribed sequences. For example, an isolated
nucleic acid of the invention can be substantially isolated with respect to the complex cellular
milieu in which it naturally occurs. In some instances, the isolated material will form part of a
composition, buffer system or reagent mix. Thus, an isolated nucleic acid molecule or nucleotide

30 sequence of the nucleic acid complex can include a nucleic acid molecule or nucleotide sequence
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20 under high stringency conditions. For example, non-complementary bases can be interspersed in a
nucleotide sequence, or the sequences can be longer or shorter than the nucleic acid sequence of
the present invention, provided that the sequence has a sufficient number of bases to reduce
non-specific amplification during PCR.
In another embodiment, the present invention includes molecules that contain at least about
25 7 to about 20 contiguous nucleotides or longer in length (e.g., 7, 8,9, 10, 11, 12,13, 14, 15, 16, 17,
18, 19, or 20) of any nucleic acid molecules described herein, and preferably of SEQ ID NO: 1-16.
Alternatively, molecules of the present invention includes nucleic acid sequences having
contiguous nucleotides of about 60% and about 100% of the length of any one of the sequences

described herein, and preferably of SEQ ID NO: 1-16.

30 The invention also pertains to nucleic acid complexes which have a substantial identity
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the invention, there is provided a dqybl e stranded nucleic acid conplex as
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The term, “amplifying,” refers to increasing the number of copies of a specific or target
polynucleotide. For example, PCR is a method for amplifying a polynucleotide sequence using a
polymerase and two oligonucleotide primers, one complementary to one of two polynucleotide
25 strands at one end of the sequence to be amplified and the other complementary to the other of two
polynucleotide strands at the other end. Because the newly synthesized DNA strands can
subsequently serve as additional templates for the same primer sequences, successive rounds of
primer annealing, strand elongation, and dissociation produce rapid and highly specific
amplification of the desired sequence. PCR also can be used to detect the existence of the defined

30 sequence in a DNA sample. The DNA of the sample is amplified or replicated, in one
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t he sequences can be | onger or shorter than the nucleic acid sequence of

t he pré&sgegtivelivention, provided that the sequence has a sufficient nunber

Rf bases t O@gg&%ﬁﬁ@@ﬁg@?@ﬂ ihd r%d%ﬁg%leh%ci Gk l<aq 95‘&{0@% f?r%ag{eeégﬁqﬂ%rggorl cast

enbodi nent , resent 1nvention tncludes nolec tain
about other suitable vector to identify homologous nucleotide sequences. Corresponding clones can be

isolated, DNA can be obtained following in vivo excision, and the cloned insert can be sequenced
in either or both orientations by art recognized methods, to identify the correct reading frame
encoding a protein of the appropriate molecular weight. For example, the direct analysis of the
25 nucleotide sequence of homologous nucleic add molecules of the present invention can be
accomplished using either the dideoxy chain termination method or the Maxam Gilbert method
(see Sambrook et al., Molecular Cloning, A Laboratory Manual (2nd Ed., CSHP, New York
1989); Zyskind et al., Recombinant DNA Laboratory Manual, (Acad. Press, 1988)). Using these or
similar methods, the protein(s) and the DNA encoding the protein can be isolated, sequenced and

30 further characterized.



257 to about 20 contiguous nucleotides or longer in length (e.g., 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20) of any nucleic acid

nol ecul eswoestwasbad herein, and preferably of SEQ | D NOPCTABB010/055701

Al ternatively, nolecules of the presggt invention includes nucleic acid
sequences havi ng conti guous nucl eoti des of about 60% and about 100% of the
| ength of any one of the sequences described herein, and preferably of SEQ
ID NO 1-16. 30The invention also pertains to nucleic acid conpl exes which
have a substantial identity WO 2011/ 057119PCT/ US2010/ 055701 -18- with the
sequences o i i P i reel N, iy

rarerred ante ACcPGER it BRIR TR ERFACRE LB TH upBRalipgi RNAY

pr ef er atdhyasatethedsdbr abplificaZiofof MRNA pucdidn@abinyheats df élaesdor@bpantdir0dN Aor e

preferably at | east about 409 n re preferably I t about 50% vyet
mor e pref er Sbp jirder RS MeKolge DS PolrarsR ipesgr éf)@?ﬁaﬂn @ﬁétpq?@a%r@s%%ﬁt
80% amiRpg ARI BFO TR & ﬁa%ﬁlni(erésfe, keasly ]ﬁb@lﬁolﬁ%ﬁéeﬁj FAtd X goﬂ&‘i’erésfe', irh more

preferably 95%identity, with nucl eotide sequences described Herein.
Par t i c Mk Ipylypreedser Pladd DINA holymiersse.dhided BN\ palgineiase.a€hamostapledX®¥4 havi ng

an activjty of nucl.ei ¢ acid conpl ex . as descri bed herei T

ot o et BB SR et oF B fa T Er e Daval e = New gl ces
are al ipgsigek, ); NRikdEHE, IEONPA iHANIPINDIES pdlfmBrase &&pvemhq;déyﬁé@wwd
in the sequence of a first nucleotide 10sequence). The nucl eoti des at

cor r espondi Agoreankadimen. the spelpisasidgpapterdindsdorp dheamostyiie PNA polsimerase fnn
the fir 1 S.0ccupled. ti as. e in
bosi t 1 s RHBRGET RARRICRIP oS BT e By 95 3l LR R SRR
osi t i eie DNRepddpheasd rabidénbédoyheb@ahb@ad ahb ecHidy sthat@nbesansnildicingdi on of
t he nunber_ of identical positions shared by the sequences (i.e %

i dent | £9RPIHP5AROAET NUGlsit 3chFORRISY + oMW s ERbodimane rth%l?ucﬂf‘d(% Atif SARRIESO) .
15The i id..C . : g i.n: . . - i i,d conpl ex
e | honglib 8 die Bt G R SKERHE RRBIH QRN BEOR L dhplrRaBER Gl ], SONP
an anphdnpecattiredrelavethe medting temperaRCRof theaudeinacidl Iy af@kRr Eenblodimheng the nucleic

Principles and A ications for. DNA Anplification (ed. H. Erlich, .

Fr eemaA°H tagerent bhff*z_??n%@tﬂl}wlp@hlw Shecrciry of @%{%ﬁb&e RlEmghge in
1APpl i cah LRRaiERDS redctiBh Swh@tin@he DNACAHGITHG hEY @ﬁﬁltin%@é}n &A% o@?bfc&imat@%&o) ;
Mattila et al., Nucleic Acids Res. 19, 204967 (199I); Eckert et al., P

Met hod$1and. aph¢ D&t camsudt reduece thieaounPaRiqnespscifivaPipdifisatonggroduct., | RL
Press, Oxford),:. . an S. Pat. .No..4, 683, 202. The ter “anplifying, "
Fefers to i neiedRfly hmalihaeh®ss B 8iTel 6 complerdielsGn Hogh fEmblethie

pol ynugh getdfélead dritsod@xadtpihe bldkRgl oldcul® pReentt ee cbaakiohif B iucleic acid

pol ynucl eoti de sequence using a pol ynerase and two ol i gonucl eoti de priners,

one cofpheleshyariplyoeraste ibin ligsnasiyr gmbeiiment.dbe biosking ppdecate pAeedNd of t he
equen 'g' g £ r h of t
36y nuerebioge EFRLkeP LS ehCindt MEpROTRIREE L In ot R PR n B
st r andattsdhed saukigeg R’ loy 35eidvéel tas nadelt aitidnah ah@hgl préfesed embbdigmeanie pri mer
sequences, . successi ve rounds of , , ) )
blocking molecule provides resistance to 5’ and/or 3’ exonuclease digestion. In the most preferred
embodiment, the blocking molecule is an inverted deoxythymidine covalently attached to the 3’
terminus, and prevents extensions by a thermostable DNA polymerase and provides resistance to
25 3' exonuclease activity.
In an embodiment, the methods and reagents use double stranded oligonucleotides blocked
at the 3* hydroxyl terminus. In the preferred embodiment, Taqg DNA polymerase is combined with
a double stranded oligonucleotide that is capped with a blocking molecule. The blocking molecule

is covalently attached to the oligonucleotide. The blocking molecules are not able to be removed

30 by incubation in the amplification reaction at an elevated temperature. The combination of the



primer annealing, strand el ongation, and dissociation produce rapid and

hi ghly specific anplification of the desired sequence. PCR al so can be used
t o det ectwohelsigpence of the defined 30sequence in a PRAVUsanpioes70The DNA
of the sanple is anplified or replicated, in one WO

2011/ 057119PCT/ US2010/ 055701 -19- enbodi ment, with PCR Methods of PCR are
known in the art and are described for exanple in Mullis, K B. Scientific
Aneri can 256:56-65 (1990). Briefly, PCRis perforned with the use of
a DNA pol ynerase enzyne and include, for exanple, one that is isolated from
a genety i i f re

Ger vod Fe Y oEFLE oNaE LAY I Mookl A RACKARA RS e RIS
Addi t i SmahdgddTompeaseSCarBeadesorfitheblobldn gin]lecaled ireorecmpaslsme dtethodxsSGivile
ar cheabact eri al | ynerases, The_pol ynmerase, along with the priner t he
DSC cofff eéfadFﬁgyﬁP&%‘HﬁmiW%?i %i?%‘“&lﬁ%?eéloé ﬁ?ﬂ‘pﬁhg nB?leltcr?éldf'?ﬁﬁXterﬂﬁléi bythede

bases (adaRNe, If QYaRdHE the%%%‘i’éét%d@@f#h& imga Hb‘fg}'&e@{o%amhﬁﬁh & the L6 phifila N
conditions (e.g., 95C for 30 seconds), the Is denatured to allow the
$t r andsr the tereplareathe.bloakimeOnblecdipresohts thedASC dwinsactingas pn umptendéd pramenandhe
DNA str.ands, and then t?e .sotl. ution its heat.e ttg Ig)rom;t)te t he Tag}.ﬁ1 ol yner ase
to tak&OHPERFOMRTINE; MBS Hradiqileeeo VdAnPSEE ! BB CBLO Y A Es.a cans
Q her  gaH ih@%@n@ﬂ%{%ﬁbﬁﬁéﬂc@ of Aatdedacid@hplIR atiierché @RS ETHRVBn i @Ak ta Bk,
(LCR) (see Wi _and Wl lace, Genom cs, 4:560 (1989), Landegren, et al.,

Sci encéut iy agt Hipited, tq 98dyic acidapegplaxss ronpesplof fpwde stomdekabgonueleotdes thapr oc.

Nat | . . l 86 n - SUSt.al 1 uence
ol | o SR oI A R g pre e broiPhoR B on° SRR AR ES RIS 0GRy o)
1and nuthéh arandiod thadrtleseguésicaictiiphdid ceapleRomPAGEA) bloddity maldcale, Wikidh
anplification nethods, involve isothermal reactions based on isothernal.
t r ansc PI3seGtotie nuppicRcisicompie o KX Qiustiage dasradatier amhpsq RIS ths Abclgisaside
strand [PNAY : i.f [ - i : i o of about 30
or 100%{;]%191}[,%%0%&%&6\%?1;&% erh%lr)rgﬁs*)?dg%(p gl%%og% ﬁré'élﬁ%l abel | ed and
used as a pBikidfganolsculeent defiged as oy mcnde anymbkculs whicdhprevanecdxaension of the
identify honolo Olﬁ ucl eoti de segg%pces. Cor r espondi ng ¢l ones can be
i sol at 8HCIBRAERMALE Dot BY BTG PRFING TASHISFB RIS EMdO FRITElBifed
isnsert Jeafdffons eHHENERY phdledid HfbodheROMR bRSIKETR! AbIONS pRY etk bxIRGO9BY z€d
met hods, to identify the correct reading frane encoding a protein of” the
appr oppphrerasolewellas pwerithexcifion beamepinaclenive Therbdasikirgmablgsils caf be pleced
25nucl gobyde,seaucnce o 0OPRIR0MRR PLShS AT RhsT e ehbSuREESRD!
blocking molecule is an Inverted dT. Inverted dT's are synthetic nucleotides of deoxythymidine

whose bonds between the ribose structure and the thymidine base are in a position that is inverted

20 from the standard deoxythymidine:
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Inverted HT



acconpl i shed using either the dideoxy chain term nation nethod or the Maxam
G |l bert nethod (see Sanbrook et al., Mdlecular doning, A Laboratory Mnual
(2nd Ed.,wQSpR/0sMNaw York 1989); Zyskind et al., Recomnbi mamtuSBNA/oEzbOr at ory
Manual , (Acad. Press, 1988)). Using these or simlar nethods, the

protein(s) and the DNA encoding the protein can be isol ated, sequenced and
30further characterized. W) 2011/057119PCT/ US2010/ 055701 - 20- The
nucl eic acid conpl exes of the invention can also be used for anplification
of RNA, such as nethods for anplification of nRNA including synthesis of

the corres i . - fur I t nmerase i s
chosen froﬁ?%ggﬂgﬁﬁf%@F§ﬁ%?5%3%9$%*k%ﬁ§hg%F&ﬂggg?ggagﬁdggﬁgmggﬁek%rase,
Kl lenowd[d‘déxmlé%enadas & pl?biplﬁﬁdﬁlapoﬁ,%mmdm{l, s]iléceﬁ BMeq@dJe}sy mrampxgmoge, Ei)N;‘A

ol yner , o] rase. . ahl e A pol yner ases derjv rom
: pegi 2" DM RN bR e @a@&gf@@%ay Snifivts sl o R B A
Bi ol ab$eykftCextenston @l ageRIcid AGd ):@mﬁl@g ah6} 4d&eQst Mt [NARQbY B% h@sorRfkadent

DNA pol ymer ase. I n one enbodi nent, the nucleic acid conplex binds to
@ t her nost aflhe pRiNAntpoveptren alse relhtas & sPAIncbrsrbgdiompnising he isldédneclec ndd

conpl ex_ onl ntarily bji.nds with a ol r.as 0t he | ymer ase
oot i el IR RStk sREC ab FoftorErh 8 R R E e Al R RE e Com ex
or anothghplBUatIRHE ATRIS KR! BOPS, 6r ARPER&uffe R TRetheE te, prédst Ve tRInGeR ek d
conpl ex reduces the anount of non-specific anplification product in an

anpl i f tcastomnge betert ¢aampriingthe angleic acidreoniidd ont thhivaetian ag a laNHeradyeesof
the nucleic Ld. In t e I hen nucl ej ¢..aci. 0 i DNA
construct v\/hA :%g%r%imrﬁllﬁ ’ g%tnlgu(:? eﬁge a%gg?o\%%%;e %ffthgs ]ieﬁéeh(r% rlrlt?)vse g@f,éﬁl Bﬁf&g%{&ﬁi%ﬁtagsea in
15an adplblé keaidedRucleidakiduons e thra B1bekibNAokotBtakticHedRalsctad M@hi thagroup
tenperature of approximtely 51.5C or the DNA construct reduces the anount
of non€eFERingiof anplification product. Addi tionally, the nucleic

aci ds of the, nuclej ' j ki ng nol ecule. In a
preferred e%%odi%&%%Fgghgd%@%@kﬁﬁéﬁ%%Pé%%?gﬁgggggﬁts t he extension of the
nucleic acid conplex by a polynerase. In an_ alternative enbodi nent, the

bl ocki ng nobécul @ ngeleisastswithableskiiegnolsqule inhe middle of thsalugless asd, such as
a DNA pol ynerase. The bl ocki ng nol ecul e can be attached to either the 5 or

3" end of the nuglgkeiceidwith B bBRRIMEHIBESE StdcBed RdIadE BRNGS the hec1Bik asiki ng
nol ecul e provides resistance to 5 and/or 3' exonucl ease digestion. In the

st preferred embodi ment, the bl ockin lecule is an,inverted = |
ﬁgoxythynidpﬁe c8vaf HVFyiﬂﬁgééﬂﬁgnﬁﬁngﬁgﬁ%aﬁ¥zF%?h@gg 5%%“%@%9@ﬂ@§aﬂd;

extensions by a thernostable DNA pol ynerase and provi des resistance to

e) a nucleic acid which reduces non-specific amplification;
) a nucleic acid with the nucleic acid sequence of any of the sequences from Table 1;
2) a nucleic acid with a melting temperature of approximately 48.9°C to 51.5°C;

h) a nucleic acid with a GC content of approximately 64.3%;

20 1) a nucleic acid wherein the nucleic acid has one or more modified nucleotides;
) anucleic acid wherein the one or more artificial nucleic acids are contained therein,
k) a nucleic acid wherein the blocking molecule is spacer molecule;
m) a nucleic acid wherein the blocking molecule is an inverted nucleotide;

n) a fragment or derivative of a), b), c), d), e), ), g), h), 1), j), k), 1), m).
25
In another embodiment, the present invention relates to an isolated nucleic acid by itself,
and in various compositions, such as:

a) nucleic acid comprising the sequence of DSC1;



253" exonucl ease activity. In an enbodi ment, the nethods and reagents
use doubl e stranded ol i gonucl eoti des bl ocked at the 3' hydroxyl term nus.
In the prwbenrigd7aeabodi ment, Taq DNA pol ynerase i s conbipagdsastvioszrodoubl e
stranded ol igonucl eotide that is capgﬁg wi th a bl ocking nol ecul e. The

bl ocki ng nolecule is covalently attached to the oligonucl eotide. The

bl ocki ng nol ecul es are not able to be renoved 30by incubation in the
anplification reaction at an elevated tenperature. The conbination of the
WO 2011/ 057119PCT/ US2010/ 055701 -21- doubl e stranded ol i gonucl eoti de and

t he bl ockin e ed £ ' ubl e Stranded Conpl ex
(DSQ) . Becag)sgp%fac# BEET %‘f:%%lﬁlg}%?gﬁ %@6%58? D bodi ment , ¢ he. DSC Wil
nopdbg deg{aﬁﬁdmmmna?ﬁﬂﬂ@n?annm@mbmgdBkgexbﬁHMMéhfﬁ nor c?n tPe ngcle}cth
aci e exten y e pol yner ase. chance.the single strands o e
DSC happen %2 Rt Briweat %aét:?‘#%ﬁe%’ﬁ“ﬁ%ﬁgn%tydﬁﬂﬂi W_S%P%lﬁ‘ﬁl Aideseapeise
orm ng 2 commet e B B e g ey oduct PARSardingly, the present
iSnvent i on provides é means for inproving the perfornancé of a nucleic acid

anplificatigon reaction. This in i on_pertains, t is not, |im , 1.0
el e o aci dRBRELIEE 12 distbere Bk adtPERLE Hhn deet daltcrust o8 o ik
bi nd t gnv@nihifefitiy BB Ha&RnaNHe PXteest by NENX polyaletR8 Tfe iNRBitERERbEEDes
anplification groducts. 10Each strand of the double stranded nucleic acid

conpl exncompptps aighe3 indeKithrplizonedentisles oan thih fige bydrexy enteesuliizgen ao aeadgct

conpleé fﬁgg&ﬁﬁpnuclease degradation and al so prevents the nucleic acid

conplexn?ron1| Sel f becom ng the source of unspecific oligonucleotide

or i m ng. ExamBledcFigQ) fed edtibs aRER debiifiedioasviich denedrsaetcathyit g IDSCUbfe
whi ch prevents extension of the nucleic acid cqQ a pol yner ase.

lex b
Bl ocki M iRpinsenIdess %%mnlﬁbi_é@%%C?eégﬁlk%rahléﬁiaa%%ggclﬁ%a@éiowf dhegrlddbt i on. 1 n
a furt Ber R §h8hi& cf‘eafﬁsf%‘é a5bie stfaﬁlﬁeci)ﬁli%f‘e%hlk@)gvigﬁéaggéﬂ $ H@K@vﬁhgﬁg&% asion by

a pol ynerase as we prevents excl sion onucl ease. ocki ng
nol ecub&yueace Behpfaved @t reverdearadtiva psimens d&s nbemhibitube ofitcvme ofithelredctionci d

conplex. In_the S referred e Lment. t he bl ocking nol.ec is an
| nvert ed dT.EXFIﬁPg‘r)Qt %edgrdbleé W%&%ﬁgkla@ Pté%)tsi @é@d@% SeRgATk yti di ne whose
Bonds Q@&%?d?aﬁ%ag?lﬁ@ﬁ@t drf P@RP%@ Bl id e plré%&!i@g_fﬁf e RASR ﬂaﬁ%éd(}@%bﬁ ron

that is invertéd 20from the standard deoxythym dine: Inverte
2011/ 0BRlih oEDh WEHRUOMABET 0ot stdPconditions. Example 2 describes the detection of 1.9 kb

region of Lambda Phage DNA in the presence of E.coli genomic DNA as a competing foreign
DNA.
Fig.3 illustrates the results of the PCR amplification in the presence of DSC1, DSC2, DSC
20 3, DSC3-1 molecules. PCR amplifications were carried out with 10,000 copies of lambda phage
DNA, in odd number lanes. All reactions contain 1 ng of E.coli genomic DNA as a competing
foreign DNA. Reactions in which there was no DSC molecule added, no amplification of product
was achieved. When the DSC molecule was added in lanes 1, 5, 7, amplification of product was
achieved and yield was not comprised by non specific amplification. The presence of the DSC
25 molecule facilitates the detection of the target band without compromising the yield.
Fig. 4 depicts the comparison in amplification of a 1.9 kb region from Lambda DNA. All
PCR reactions were performed in the presence of Lambda DNA and 1 ng of contaminating E.coli
genomic DNA. Lanes 1-4 illustrate the amplification of product using Taq and Taq-B DNA
polymerase in the presence of DSC molecules. Tag-B has stabilizers in its storage buffer. In lanes

30 5-7 amplification was carried out with commercially available, chemically modified hot start DNA



Exanpl es of a bl ocking nol ecul e include, but are not limted to,
deoxyt hym di ne, di deoxynucl eoti des, 3' phosphoryl ation, hexanediol, spacer
nol ecul eswoRoi1A57dpdeoxyri bose, 2'-0- Met hyl RNA, LockedPRuaiSedio/ofgrnds
(LNAs), and synthetic or natural noleggules which prevent extension of the
nucl eic acid conplex and/or are resiStant to excision by an exonucl ease.
5The present invention also relates to a DNA construct conprising an

i sol ated nucleic acid nol ecule of the present invention, in solution with a
storage buffer. Such storage buffer, for exanple, includes a TRI' S buffer,

bu ‘ f . ngﬁﬁ?ggs.%fe{yﬁeﬁd oiF ﬁlﬂﬁd pr &ﬂ:%t 191&&?@&%&5;98@% IR hSleBHES: d ?n;% H629€

nprising e|c conp e i nvention and
pol ynepeser thndhe yllehgbtyamedlmthmhﬂ diemictliydnodifietThe of the present

Y1, un, SIE SIERSIENL ! 8, d00eule Sipeaces JVELRLE L et

a nUC|%k%mﬂ%k@[ﬁﬁﬁﬁ@ﬁﬁgboﬁnﬁ%?&%ﬁhpP@RQhﬁﬂﬁKﬁﬁ&gwap&nﬁaﬂ&ﬁkﬁﬂPﬁﬁ%b@.“‘th a
bl ocki ng nolecule in the md he nucleic acid; ¢c) a nucleic acid with

a b: ocC |5|@1"§G6‘61T€GQ¢AT§TT€G?5CKSE@ B Nﬁbr17)31m3ﬂ refersch® TMW@AGMS" Tiﬂ;;T(lGﬂﬁé: 3’| _
nere L0 NG [ DS D FRy R e et SERBF e L 5 pEREr Jhied B! i ¢

acid wahd4!eripyBliRé smpﬁﬂl&u%ﬁ%@@@@le@fouawm%rv&ahﬁ sequences from Tabl e 1;
g) anucleic acid with a neltin rgggrature of ap OX|natek% 48.9C to
51. 5C; SFQAéGﬁE%éCéAa%&\dGﬁA(ﬁCE%@@ Al 1diICGgpt ANy 1 AHQ%Ve@m )a

nust ef & QAL AL RLRANRIATEIPACAITHER%A 0P 2 BIRNADH L OHE| fRLILIeS:

anuc erc acid he ‘one or nore art| ICIa C aCI are
1@0 nt ai rn@@het mertﬁgrrenip)emma@}hzﬁn the pam@rswhied & Figl hendd oP&RRngnpldicete @as s spacer

mol ecul e, nl nucleic acid wherein the blocking nolecule is

an i nv@ﬁl{f@g}lqﬁld@[dbgégagg of ambda DNA and 1 ng of E.coli genomic DNA. Reacfion condition
were initial denaturation at 95°C for 5 min, followed by 40 cycles of 95°C for 40 s, of either 48°C
or 61°C for 30 s, 72°C for 2 min, final extension at 72°C for 7 min. The results show that
amplification of product was achieved in the presence of the DSC1 molecule. The melting

15 Temperature of the reaction primers and annealing at lower/higher Temperature did not have an
effect on the performance of Tag-B DSC.

Example 3 describes the amplification of a 653-bp fragment of the B-actin gene of human
placental DNA (Fig.6) in standard PCR, manual hot start PCR, hot start PCR, and PCR in the
presence of the DSC molecules. Under normal PCR, the yield of the desired band is compromised

20 by the amplification of non specific bands (Fig. 6, lane 11).

Under conditions of manual hot start, the yield is increased but not the PCR specificity
(Fig. 6, lane 12 and 13). The chemically modified polymerase is specific and it amplifies a robust
band (Fig. 6, lane 14). Inlanes 1-10, the melting temperatures of the DSC molecules are
increasing by about 5°C in each consecutive lane. Amplification performed in the presence of

25 DSC molecules with low melting temperatures turned out low yield of the desired band (Fig. 6,
lanes1-4). The results of amplification carried out in the presence of the DSC molecule of mid
melting Temperatures are similar to the ones obtained with amplification under manual hot start
(Fig. 6, lanes 5-7). The addition of DSC molecules of high melting temperatures increased the
specificity of the reaction and produced a robust desired band (Fig. 6, lanes 8-10). The difference

30 in blocking molecule also affected the amplification of the desired band. The DSC molecules used



n) a fragnent or derivative of a), b), c), d), e, f), g, h), i), j), k),
1), m. 25 I n anot her enbodi nent, the present invention relates to an
i sol at ed wochais7aei d by itself, and in various conposi PCOS201906370RS: a)
nucl eic acid conprising the sequence_zgf DSC1; WO

2011/ 057119PCT/ US2010/ 055701 -23- b) "a storage buffer containing the

nucl eic acid of DSCl; c) a reaction buffer containing the nucleic acid of
DSC1; or d) a DNA construct having at | east 90% sequence identity with the
nucl eic acid sequence of DSCl; and e) a fragnent or derivative of a), b) or

c). 5 .. m I Fi rJ . i f i i i .
deronst't &} ég’E}té at 6t nél lggbceg of 2;'Il)tp ﬁg%lﬁﬁlvde%ﬁ% {)e?]ltg eg [ vdé%éxl/lfe?)&rté@égrn%?n? :}gsmbly
ext ensiimerfdingaviNhepotaenenbaeplifidagon nhihbir¢asrign.nol ecul es i ncorporated at the

pr odict _anpERPREC] HETOEO SR ERIoE PLR Ereona hasgel e bOPa asesentor DNA
ampl 1,3 LAPCHiL 0 ARARNBIBHRS. PR bnplIfelRf Alerd BIE(d:ALE NhiONABES PRat

i nhibit the successful anplification o region of the pUCL9
Pl asmi dot stre POResigncleenofaltynmoditad Eezysie, andleclempbedat gamicorndicappeche3' ends

havi ng the sa ence as the forward d reyerse reaction priners, does
ot | | SRIBF R et SRR e e R Pe Eatrl RS d s 0 Bmiha of
PCR ampfied de€ap WeRScorpiedd i thekeShRBHATD AR idcaeABIESSioalat ¥mBiai leARpbRnor
start PCR, and PCR in the presence of the double stranded conplex of the

i nvention wiFisddt dapigtudie amptifisatianof@cklhn Rnduct BeanBNe B wgisseligheusladiide

det ot ARk B8R PR Oas1e5 PR P ACRCRLGHIRES By %

tohe PCR a3 ppiforfmedahingsdidtély tabter qt-ap entencofre DRubati65&EhenSC 20 ar&G3 of the

nol ecul es. PCR anplifications were carried out with 10,000 copies of |anbda

phage DNA present in the reactions is sufficient for the polymerase to amplify specifically without
compromising the yield (Fig. 7A, lanes 1-5). There is single band present in all lanes that
corresponds to the amplification of the desired product. Under the set-up in Fig.7A, there is no
need for the PCR amplification to be performed under hot start conditions.

15 In Fig. 7B the PCR amplification was performed after 24 hour incubation at ambient
temperature of 23°C. Under normal PCR conditions, the amplification of the desired band is
greatly reduced compared to the same amplification in lane 4 in Fig. 7A. The outcome is clearly
different when the DSC molecules of the invention are added to the reaction. The presence of the
DSC molecules in the reaction improves the amplification yield (Fig. 7B, lanes 1-3).

20 Fig. 8 illustrates the amplification of a 100-bp product from DNA B. All PCR
amplifications were carried out with 5 copies of DNA. The PCR amplification was performed
immediately after set-up with no pre-incubation at bench top. In lanes 1 and 3, the final
concentration of the DSC molecule is 0.4 uM whereas in lanes 2 and 4, the final concentration if
the DSC is 4 uM. The higher concentration of the DSC does not inhibit the outcome of the

25 amplification. Reactions containing both concentrations of the DSC amplify a good amount of
product.

Fig. 9 illustrates the amplification of a 100-bp product from DNA B. All PCR
amplifications were performed with 5 copies of DNA B. The PCR amplification was performed
after 24 hour bench top incubation at ambient temperature. Under standard PCR conditions, the

30 incubation period prevented the successful amplification of the desired product (Fig. 9, lane 6).



DNA, in odd nunber | anes. Al reactions contain 1 ng of E.coli genom c DNA
as a conpeting foreign DNA. Reactions in which there was no DSC nol ecul e
added, novemplidsioati on of product was achieved. Wien treTDS@w0EFOUl € was
added in lanes 1, 5, 7, anplification.of product was achieved and yield was
not conprised by non speC|f| c anplification. The presence of the DSC

25nmol ecul e facilitates the detection of the target band w t hout

conprom sing the yield. Fig. 4 depicts the conparison in
anplification of a 1.9 kb region from Lanbda DNA. All PCR reactions were
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Genont ST tike BERERGR O PCERRPROC e pifrk o BT TAC Al
and Tag-B1DNAl gokyireitias Thaumpldidties glletcﬁnohe pStenee béDSC&s(FlgTaqlaBe]has

bi | buf f 5 7 d
out i ERPEBAREE 11305 S SDECASY U e RbSTTISAy JroRURE R BTRUiE L A BRARd  ©
2011/ OSFAAARCTHLS2 RSSO 174y RALYTRESES RENGV A

product 1n the presence of nmol ecul € i s conparable or greater than
the i eh@nmblﬂﬁmnédlednenmmm@lgrﬂaﬂnr@aﬂ).l Thenmué¢dnmeel dnagdification perfargied Stheand B

h th f.a 1.9 k i Lanbd inth
o BoonbEeietBE et Py %’ﬁ}f%ﬂa%%ﬁaﬁgﬁt%%'e@ﬁ%%?ﬁ?f@%f Fantetdtied out
wi th forwar gi 50@@@@1@%@%& idatidnEQ@ 100- 190-bpl bd@dwrohemzsm C
5' TATCGACATTTCTGCACC 3 gg NGO 18) priners t have a | ower nelting

Tenper &spedsivehanliHeR gmp aj,loag 8Erd eRIEpoutvigny caples @f [pNg. T PGR

oL SRR Bl S e e o i e

15) CAGCAGA TARCEIBATIAT CCACAISIT EﬁB%&BGsB pM TEQ. 1014@:01%29) SprTHm}nghdrhat have a
10hi gher nelting Tenperature than t primers used

i.n PCR

anpl i f cerpentrions thebpErdnss nol inhidy. t%ez@ltﬁ@n%ff @am&flmna(ﬁtg iOﬁgC dﬁnfE col i
genom 9
ol | ouac oy 10y 2 ARGk FAoIlRRRLIALL R pRRa) e ¥l Moty g 7™
for 2 praduct iThabute&ﬂne $ tlerP@ER pd@iZ&@nfedrin Thenpresendef DEC LD tusd DBG\M titadot result
anplification uct was achi dint rese nol ecul e.
The meltf %ﬁg'lni%} ﬁ‘goé’r t%?@cﬁfprﬁsﬁ@agléfg%?ﬁ?‘&ﬁ OE% %é?%gtgﬁgﬂ‘%ﬁ Aes w??
1|50Wer / Gb&ﬁﬁénsTﬁfE&%l’s %tsﬁfg?e B c@%sﬂ@)ﬂ&ﬁﬂg% t}i%fJn?[ﬂfflcQ@oﬂ glethé)@ésfn%ﬁ t @fig.Taq- B

3 describes the anplification of ragment -~ of

t he f 3-184tC¢ rialgigprﬁe Sfhcehthak Rpdrapldimagibn msxp@ﬁprgled)lmmdmeim d&clclsePGRthemeawaal
hot start P th f .the DSC nol I
e R A T S i e

anplificati g, 0f ANOBesiOaRE Ahplifkafieds of £1Q0-180-bp pRRuddilom DNA A- On€dedectively.
condi tions of manual hot start, the yield is Increased but not the PCR

speci f iAdl RYR arpdjficgions aveee anﬂ@Eh@IUtI’Bl}h 5 TpriceofdAN dallhg PeBaintpldiapen yaer ase i s
2?)0 eci fi % &]ﬂ%dl atfteﬁal) k)blfuj b%ﬁc to qHé{%g gr?‘gtl 3( E' Phe ﬁnal cgf?ceengrét)iOn &ﬂgé ies 1-10,
he meP ures lP h 18:

I'ng tenpera ecul es are 1 ncreasing by about 5C in
each ceonseald isvqMane. 1Amﬂ i14res atﬂ)onhqolemlcsrdmﬁls P@Rtahq)mﬁfcmrmfo@ﬁle&& 1hsC
nol ecules with I ow nmelting tenperatures .turned out ield of the desired
band ( RPt§neeof thg s @OEYURSI'W@WWE@C@FO%Prf)ﬂ’rnofiil‘ééﬁgoh“?{& #ar@c@ome in the

presen %ﬁtc‘é}fne&? Qmpﬁﬁ }n%%ﬁn&f inThd g‘é@éntcb 3¢ D§@TB GhadDycEs (@Elﬁnﬁ.& B to the

ones obt ai ne i'flication un manual hot start (Fig. 6 anes
5-7). malr&ddblytHGR]unﬂerD&thnbsttattublﬁhtl@fs (Riggh1 AT tlaneg Staadhber at ures i ncreased

he specif i (fn H/ge?LAf gfn‘rg]% tcz;t{)orrll y?fﬂg 1£{h%%¥gs%gceaofr]§§)élls ncP]S§b1§9s s?ﬂan art Iﬂlaq .

Fanes 8- 10).
obtained with the chemically modified polymerase (Fig. 11A, lanes 1, 3 and 7). There is enhanced

yield obtained in the presence of DSC 5 (Fig. 11A, lane 2).
In Fig. 11B, amplification in the presence of the DSCI results in no product formation (Fig.
11B, lane 1). However, amplification in the presence of DSCS and DSCI2 results in the detection

30 of a single band corresponding to the target product (Fig. 11B, lanes 2 and3).



30i n bl ocking nol ecul e al so affected the anplification of the desired band.
The DSC nol ecul es used WO 2011/ 057119PCT/ US2010/ 055701 -25- in Fig. 6,

| anes 16 woadoldsaape capped with a different blocki ng meiceaisceoassohei r 3’
end possibly interfering with the sucgessful anplification of the reaction.
Exanpl e 4 describes a series of PCR reactions that anplify a 100-120 bp
fragnment of DNA A, B, and C at 1000 copies to 5 copies. PCR anplifications
wer e perfornmed under standard PCR, 5hot start PCR with chem cally nodified
enzynme, and under non-hot start conditions in the presence of the DSC

nol ecul es o e f tely
after set- ufpl)n rtlaw(;oa%g[g %gtl?lgmﬁgggsé%ﬁ%gmeg%é?;\Sggg{}?dlﬂ% gﬁagfnﬂperl od
at anbipemiuct fenpatiat efre@mparable yi€lidgo thadoblaipied wtht the clampiealty wadiified pofynaerds®0- bp
product_fr ng oli ucl eotide m x B. ti.on
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1-5). e band present in all |lanes that corresponds to the
anpl i f '8 ‘ﬁféﬁ%?‘ 5%&0385% rggmﬁr oduct. Under the set-up in Fig.7A there is

no need for Exh@pREIREWbdsfal eAtd FHHR Rachalsied ABGH1BNE 200-120-bp thakent of
conditions. 15l n Flg 7B the PCR anplification was performed after 24 hour
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both concentrations of the DSC anplify a good r oduct
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Under ®tafidadd affeRafeideipat®nstor bb@ Tag DSC1 and the chemically modified Tagq.
Fig. 13 depicts the real-time PCR analysis of the formation of 100-bp product of HBB2
20 from human placental DNA. A side by side comparison was performed evaluating Taq-B DSC1
against a commercially available chemically modified Taq. The final concentration of DSCI in
each reaction is 0.4 pM. qPCR amplifications, which contained from 1280-5 copies of human
placental DNA, were performed in quadruplicate. Average Ct values for Tag-B DSCI are lower
than the ones obtained with the chemically modified Taq, at each copy level. Standard deviations
25 are slightly lower too for Taq-B DSC1. At 10 copies, the chemically modified Taq has a standard
deviation that is higher than the acceptable value of 0.6 whereas for Tag-B DSCI that occurs at 5
copies. The overall PCR efficiency and with R-squared values are comparable for both Taq-B
DSC1 and the chemically modified Taq.
Fig. 14 A and B illustrate the real-time PCR analysis of the formation of 100-bp product
30 from DNA B using detection by HEX fluorescent dye. Fig. 14A represents the amplification of



30i ncubati on period prevented the successful anplification of the desired
product (Fig. 9, lane 6). WD 2011/057119PCT/ US2010/ 055701 -26- Lanes 1-5
show t he woteoms70p PCR anplifications in the presence @CTdistédienssrnl DSC

nol ecules at 4 [t.Mfinal concentratign. The anplification yield in the
presence of DSCl1 (Fig. 9, lane 1) is conparable to the yield obtained with
the chemcally nodified enzyne (Fig. 9, lane 7). The yield obtained with
DSC 5 and DSC12 (Fig. 9, lanes 2 and 3) is greater than yield obtained with
the 5chemically nodified enzyne (Fig. 9, lane 7). The outcone of
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presence of Cl and DSC12 is simlar to that obtained with the chemcally
nmodi f i eachpwipy heveh s thid-i @rcogyllayell Taes withogt thedST) molEheleshassnoadeieatedéddCyi el d

obtained in resence of. DSC 5 (Fig. 11 I 2 I n Fig.
Orb asaer taacle e BRRRGRER sl ast Bt opLiars? Bt TG fotesule hang msastinf
f or mat v@Re (c&ingaraﬂlwo tHeadh@ oblainddowey 8 chamhaily hfodifiedMdqnThdEt piieserse of
DSC5 and DSC12 results in the detection 30of a single band corresponding to

t he tadgaeasgs withércrgasing DSG gonceataionpA gy PCR efficiency is achieved with increased
20 DSC concentration.

Fig. 15B illustrates the amplification curves for each Taq-B DSC combination along with
Taq-B and FastStart alone. Higher amplitudes are achieved with increased DSC concentration.
The Taq-B DSCS formulation at 10x exceeds the performance of the chemically modified Taq.

Fig. 15C shows the final amplitude for each combination at each copy level. Overall, the
25 best performance is achieved in the presence of DSCS5 molecule at the 10x concentration.

The phrase “consists essentially of” or “consisting essentially of” refers to elements in the
claimed invention that are essential or needed for the claimed invention to work or operate in any
embodiment described herein. For example, the blocking double stranded nucleic acid complex of
the present invention, in an embodiment, consists essentially of the double stranded nucleic acid

30 complex and the blocking molecule, both as described herein.  Similarly, compositions, methods,



WO 2011/ 057119PCT/ US2010/ 055701 - 27- In Fig. 11C, anplification in
the presence of the DSCl, DSC5, and DSCl12 result in product formation of
conpar ablwoynald7tie t hat obtai ned with the chem cal |y mpdirfusedopsi7gyner ase
(Fig. 11C lanes 1-3). However, anpliication in the presence of DSC5 and
DSC12 results in the detection of a single band corresponding to the target
product. 5The anplification in the presence of DSC 5 of the invention in
assays illustrated in Fig. 10 and 11 gives the best overall results.

Exanpl e 5 describes a series of gPCR reactions that anplify a 100-120-bp
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t he presence, of. the DSC nol ecul es of the invention. Fig. 12 depicts
the reab J¢5°HE Wnal ysis of the formation of 120-bp product from DNA C
usi ng detection by CY5 fluorescent dye. A side by side conparison was
performed eval uati ng Tag-B DSC1 agai nst a commercially avail able chemcally
dodi f i EXEMBLIFTEATHONal concentration of DSC in each reaction is 0.4 [t. M
gPCR anplifications, which contained from 1280-5 copies of 15DNA C were
performed in quadruplicate. Average ¢ values for Taq DSCL are | ower than

t he ongxa@bleai ned with the chemcally nodified Tag, at each copy |evel.
Standard devi ations are slightly higher for Tag DSCL with at hi ghest at 10
copy | evel s A TaeBoppbmagrisepaRlyed PEiRewasypafdmed ubinRa syyerartiead apwlifiesa drlgb

conpar abl. f, 1 2. cal | i fie . Flg. .13
dopy ot L e LR AR AR a0 RO R e PR POt R i Sariong
19BB2  26vifhioons’ HR0dbicatan Cale piNfer sé is¢ldéedy side conpari son was perfornmed
eval uating Taq-B DSC1 agai nst a commercially available chemcally nodified

Taa.  THEAAGAN TEBRAGATKEM GACRECE PRUBRLNOF éhction 1 & 0. 4 [1. M | GPCR
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t han t penenes tlebdvailaEttywitthe 8108 glveup vealHlgcked ty bih @édvefad) d Tabodifichioappy

| evel . r jatjo r | i gh rt for Tag-B DSC1. At 10
copi es 55/%3@%?2?@@?4@@{\%&5@@ Vfﬂ%ﬁéﬁ%@ﬁﬁd@ ﬁ%dggi t gn that is higher
tshan t BecaeeErt@bAE TR EALG/RvEEL2ESED oD NG4S, RSEhod ' @hntRceWitheAlx 5

copies. The overall PCR efficiency and with R-squared val ues are conparabl e
f or boPK’RTagteB ] GBODVAKE Lt IHHem¥h¥eCda R0 ynvddisfiE€H pTad6 at 25°C) or 1x PCR trifigr 1114 A

o B S RS0S SPUHS TR00 Yl Sl PR A0 P

r epr es s HEHBHBWPht X5°CRtHaOR redtti ML ol dd DG Zh I RTS8 1N/ o8 88 bkimedB4ng of
pUCI19 DNA, and 5 U of Taq-B polymerase. All PCR reactions were carried out in 100pL volume

20 on 2720 PCR Thermal Cycler (Applied Biosystems). Reaction conditions were as follows: initial
denaturation at 95°C for 3 min, followed by 35 cycles of 95°C for 20s, 55°C for 20 s, 68°C for 1
min 135s, final extension at 68°C for 7 min. After PCR, 20uL of each sample was loaded on 1%
agarose gel and visualized under UV light with an Alpha Innotech Corporation Alphalmager HP,
2401 Merced St. San Leandro, CA 94577 USA. Taq-B Polymerase, part number P725L, is

25 available from Enzymatics, Inc. 100 Cummings Center, Suite 336H, Beverly, MA 01915 USA.
The DNA standard marker was the 1 kb DNA ladder, catalog # N3232S available from New
England Biolabs, 240 County Road Ipswich, MA 01938 USA.

Example 2
30 PCR amplification protocol used in experiments depicted in Fig.3-5 included 1x PCR



product in 25 jut reaction with 2.5 U of Tag-B and 0.4 [t.Mfi nal
concentration of DSClL. Fig. 14B shows the anplification curves of product
in 50 jutwoeattasondwith 2.5 U of Tag-B and 0.2 [t. M fi naCTasaeensizat i on of
DSC1. Anplification reactions, which,gontained 1000, 100, and 10 copies of
DNA B were performed in quadruplicaté.” By increasing the volunme of the
reaction, the final 5 anplitudes at each copy |evel increased for both
Taq-B DSC1 and the chemically nodified Taq suggesting that using |ess
units/mL of enzyne should be used. The increase is nore dramatic for Tag-B

DSC1 a I t%thlr ' 1.0 }.S
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invention that are essential or needed for the clained invention to work or
oper at €bem. 8hy2 endsdhneeporagd dynefoehchor g entirfiyr exanpl e, the bl ocki ng
doubl e stranded nucleic acid conplex of the present invention, in an

enbodi ment, consists essentially of the double stranded nucleic acid
30conplEg¥mgRd t he bl ocki ng nol ecul e, both as described herein. Sinmlarly,
conposi tions, methods, WO 2011/ 057119PCT/ US2010/ 055701 -29- kits or systens
of the preséhbighyeht-bpfragoaeathedgert garliionhunpephbsotddNA s dntpdifisdn,

3278 48 1A YBRL T Ao LA 5L Perc PHPEL Ay VT BUER o511

Exanpl &ri3-HCI, pH 8.6 at 25°C), 0.2mM dNTPs, 0.5uM of each forward
5S’AGAGATGGCCACGGCTGCTT-3’ (SEQ ID NO: 26) and reverse
5S-ATTTGCGGTGGACGATGGAG-3* (SEQ ID NO: 26) primers, 100 ng of template, and 5 U
of Taq polymerase. Thermal cycling conditions were initial denaturation at 94°C for 2 min,

25 followed by 35 cycles of 94°C for 30 s, 60°C for 30 s, 72°C for 45 s, final extension at 72°C for 7
min. After PCR, 20 pL of each sample was loaded on 1% agarose gel and visualized under UV
light with an Alpha Innotech Corporation Alphalmager HP. The PCR protocol for f-actin was
adopted from Lebedev et. al. (2008) Nucleic Acid Research 31:20 which is incorporated by

reference.

30



A Taq-B pol ynerase catal yzed PCR was perforned using a systemthat
anplifies a 1.1 kb region of pUCLl9 plasmd (Fig.1 and 2). PCR anplification
was carriwo 0utosgedng primers, with and 10w t hout 3' OH modiUsSe@atszynt One
primer set included 5'- AACAATTTCACACAGGAACAGCT-3' (SEQ ID NO 21) and

5' - GTTTTCCCAGICACGACGT-3' (SEQ I D NO™ '22) that have free 3'0OH group. In the
second priner set the availability of the 3'0OH group was bl ocked by an
inverted dT nodification, 5 AACAATTTCACACAGCAACAGC/ inverted T/-3" (SEQ ID
NO 23) and 155' - GITTTCCCAGICACGACH i nverted T/-3'(SEQ I D NO 24).

React i %%gmgﬁrg ained either Ix PCR buffer I (50 mM KC1, 1.5 nM MyC12, 20 niM
Tris-HCI, 8.6 at 25C) or Ix PCR buffer Il (10 mM (NH4) 2504, 10 nM KC1, 2
mM My504, 0T0&RCR arhgiticdtidd ProtaddVauddyio expdrim&Bs dddicted s-aHGE, 7-pHi@1Rledt1 x25C) .

Each i i .2 d . 0.2[1. M of, i , .4 ucC19
D, AARCE 5F UL AP AR U ok Hodiseh aaeyn Gadi WBreRaion s ok "1
L00L | L a¢phiHERicRAPR RARA SIERiTREK BRLachuHsB ik RAt A BHILRY MRS Repoti on

conditi ons were as - ihitial denaturation af 9 m n, foll owed
By 35 emplibsa 6H0-OBELbp tragROst, of THCATADIB,20d €, ri68&tively at 1AhcdBes, tofSi qugles.

ext ensi t 68C.for, 7 mn. After P O[IL o ach sanpl e s .o on
To agar il et it bl PosAHRtsaim sReR PbctioR Pyt As 55 R solBvine AR TP
Cor por akhfbseATRY ahAReindtdRigo 4R Ivave pepleSitirst S Bu L ERABIN umEd RARA 20WSof
Taqg- B Pol ynerase, part nunber P725L, is 25available from Enzymatics, Inc.

100 CutsiReigeixCeitadded. TR ex@agentsBesse peyyormgd apapiApplisA BiqyystemsA 739 sheaarld

51 of ab 0 Gl ERE et SR By R ol Bl s ane

1Al i f BEAET F@BORL S6 WL 1upiRd After KRG R0 NN acle pintileehak habBed)oB3% dgacdsedeld | x
PCR WD 2011/ 057119PCT/ US2010/ 055701 -30- buffer | (50 nmM KCl, 1.5 nmM
MyCL2, 2pdvirnplived endgeV highigwigh ap Ay Inngjech Gypartios Alphdmaesy IR ThePNA

Gsi g o3t e iy 1PG) DA KGO Baa CEEN RIS HARRIO MARERRNE, 26,
and r eBavlsles, 34CCEGAT ROGEAGAVIIN, CTSOACES BISA.SEQ | D NO. 26) priners that

anplify a 1.9 kb 5region from Lanbda phage DNA at 10, 000 copies in the
presence of 1 ng of E.coli genom c DNA as a conpeting foreign DNA. PCR

1Bxper i RRALFneFER RLSd MR AR TagVAR® ! prét BkQseyst ems 2720 thermal cycler.
Reaction condition were initial denaturation at 95C for 5 mn, followed by

40 cycles of 95C for 40 s, 56C for 30s, 72C for 2 mn, final extension at
72C fo? 7 nk§ After PCR, 20 [t.L of each sanple was | oaded on 1% agar ose
gel and™¥"8lral i zed under WV light with an

The PCR amplification used in experiments depicted in a Fig. 12-15 included 1x qPCR buffer, 0.4
mM dNTPs, and 2.5 U of Taq polymerase in 25 pL reaction volume (25 and 50 pL reaction

20 volume in Fig. 14B). PCR amplification was carried out using 1x of each oligo mix, A-FAM,
B-HEX, C-CYS5, and HBB2 that amplify a 100-120-bp fragment of DNA A, B, C, and human
placental DNA respectively at 1280 copies to 5 copies. DNA target series dilutions were prepared
in qPCR reaction buffer. Assay mix, containing dNTPs, trehalose, Taq enzyme and oligo mix were
prepared first in 5 pL final volumes to which 20 uL of target mix was added. Reaction condition

25 were initial denaturation at 95°C for 10 min, followed by 40 cycles of 95°C for 30 s, 56°C for 1

min.



10Al pha I nnotech Corporation Al phal mager HP. The commercially avail abl e hot
start DNA pol ynerases used include Anplitag Gold, part nunmber N3080246

avai | abl ewbrzorwodppbi ed Bi osystens, a division of Life TechnskagioeoCor p.
5791 Van Allen Way PO Box 6482, Carl§?ad CA 92008 USA. FastStart Tag DNA
pol ynerase, catal og Nunber 120329020 avai | abl e from Roche Di agnosti cs
Corporation, P.O Box 50414, 9115 Hague Road, Indianapolis, IN 46250-0414
15USA. The Lanbda PCR protocol was adapted from Koukhareva and Lebedev
(2009) Anal. Chem 81:12 and is incorporated by reference in its entirety.
Exanple 3 In Fig.6 a 653-bp fragnent of the fl-actin gene from human

pl acental DNA was anplified. 20AIl 100 [t.L PCR reactions contained | x PCR
buf fer | (5Chekdl&@ht tehctlingd\dMEALref@Onaeh] phtdnss ddGlqr pptdnBapipliattidis Cjted Ber2imiVi
dNTPs, 0.5[tM of each forward 5 AGAGATGGCCACGCCTCGCTT-3' (SEQ ID NO 26) and
r ever s @GN ARgH Sepgandhely SEEYD NO 26) primers, 100 ng of
tenplate, and 5 U of Taq pol ynerase. Thernmal cycling conditions were
initial denaturation at 94C for 2 mn, 25followed by 35 cycles of 94C for
30 s, 60C f dYhiBOths,inFd@of brs Wsngarticukvaly sbrtvensd descabed R@h freferericesitn.  Af t er

PCR, 20 [.t.L of h ded 1%, a lized
R T U R i ke TR A TR
pr ot 0C@harfe@§ inffbriAaid det¥iBSmALRNh ek theem weRee 8dpagting faév\%ﬂ(&éa@& ofb&in@b@ionci d

Research 31:20 which is incorporated by reference.

2011/ 057CNgRSFAbSAD apBBeFDdlaing1- Exanpl e 4 The PCR anplification
protocol used in experinents depicted in a Fig. 7-11 included | x gPCR
buffer, 0.4 mM dNTPs, and 2.5 U of Taqg polynmerase in 25 [t.L reaction
volunme. PCR amplification was carried out using | x of each oligo mx,

A-FAM B-HEX, and C-CY5 that 5anplify a 100-120-bp fragnent of DNA A, B,

and C, respectively at 1000 copies to 5 copies. DNA target series dilutions
were prepared in gPCR reaction buffer. Assay m x, containing dNTPs,

trehal ose, Taq enzyne and oligo m x were prepared first in Slut final

volunme to which 20 [t.L of target m x was added. PCR experinents were
performed on an Applied Biosystens 2720 thermal cycler. Reaction condition
were initial denaturation at 95C for 10 mn, followed by 40 cycles of 1095C
for 30 s, 56C for 1 mn. After PCR, 20 [t.L of each sanple was | oaded on 3%
agar ose ge



and visualized under W light with an Al pha I nnotech Corporation

Al phal mager HP. The DNA standard marker was the 100 bp DNA | adder, catal og
# N323 1Swvewvail@biie from New Engl and Bi ol abs, 240 Count yCRamdoopsswch, MA
01938 USA. 15Real Tinme PCR experinments with TagMan(r) probe detection
Exanple 5 The PCR anplification used’in experinents depicted in a Fig.
12-15 included | x gPCR buffer, 0.4 mM dNTPs, and 2.5 U of Taq polynerase in
25 [t.L reaction volunme (25 and 50 [t.L reaction 20volunme in Fig. 14B). PCR
anplification was carried out using | x of each oligo m x, A-FAM B-HEX
C-Cy5, and HBB2 that anmplify a 100- gfragment of DNA A B, C and
human pl acental DNA respectively at copies to 5 copies. DNA target
series dilutions were prepared in gPCR reaction buffer. Assay m X,

cont ai pi.ng.dNTPs, .trehal ose, Taq enzyne and oligo m x were prepared first
inb5 [tq’{.qlagfsl‘f]r%lfme\‘}df'urres to which 20 [t.L of target mix was added. Reaction

condi tijonA 280R1E dodble! sBhn@@NRCIE @A PBoRb1eR Bl fs@in A1 Beid hRlligwWathDY 40
cycles of 95C for 30 s, 56C for 1 mn. ~ WO 2011/ 057119PCT/ U§2010/ 055701
532- wherhip thetavplat compiaseisngs of all the references, patents and/ or

patent applications cited herein are incorporated herein by reference in
their entirgtyy, Wil Qobblk SuhRMERLLER Rgk thiaphigk! y shown and
descri bed vvithanrle%ﬁgreenges o pre?erre(ﬁggﬁggﬁ?ﬁgnts t[ﬁgregi‘, it will be
understood by those skilled in the art that various changes in form and

details may be ndde? filerusigic ogid psand haewardirpigeqycans eepisdrpetyeen gheut 9 to
i nventi on enconpass g g % 8 8%%%% %gai mn. WO
2011/ 057119PCT U201 8FbEL e TeiC YR LERY
il. anucleic acid second strand having a second sequence comprising between
10 about 9 to about 40 nucleic acid bases that are complementary to the first
sequence, wherein the first nucleic acid strand and the second nucleic acid

strand each having a 3’ end and a 5° end,

wherein the double stranded nucleic acid molecule has a percentage of cytosine

(C) and guanine (G) in a range between about 50% and about 70%; and

15 b. ablocking molecule, wherein the blocking molecule is covalently bonded to the 3’end

or the 5” end of the first nucleic acid strand, the second nucleic acid strand, or both.

2. The blocking double stranded nucleic acid complex of Claim 1, wherein the double stranded

nucleic acid molecule has a melting temperature in a range between about 25°C and about

90°C.

20 3. The blocking double stranded nucleic acid complex of Claim 1, wherein the complex

comprises DNA, or RNA.

4. The blocking double stranded nucleic acid complex of Claim 1, wherein the blocking molecule
consists from the group consisting of: deoxythymidine, dideoxynucleotides, 3’
phosphorylation, hexanediol, spacer molecules, 1°2’-dideoxyribose, 2’-0-Methyl RNA, and
25 Locked Nucleic Acids (LNAs).



What

is clained is: 1. A bl ocking double stranded nucleic acid

conplex for use in nucleic acid anplification; 5wherein the conpl ex
conpri seswoaotias7iigol at ed doubl e stranded nucl ei ¢ aci d morasedie/ osiTat
conprises: i. a first nucleic acid styyand having a first sequence

conpri sing between about 9 to about nucleic acid bases, and ii. a
nucl ei ¢ acid second strand having a second sequence conpri sing between 10
about 9 to about 40 nucleic acid bases that are conplenentary to the first
sequence, wherein the first nucleic acid strand and the second nucleic acid

st T and seag AW BRGANA: Ra EficORERIR | BRSRUAl Postnendidue

nucl ei ¢ aci

as a percentage cyt osi ne guani

range betsagmisabout 50% and about 70% and 15b. a bl ocki ng nol ecul e,
wherein the bl ocking nolecule is covalently bonded to the 3'end or the 5
end of the first nucleic acid strand, the second nucleic acid strand, or
both. 2. The bl ocki ng doubl e stranded nucleic acid conplex of Caim1l,
wher ei n the“dgubl e stranded nucleic acid nolecule has a nelting tenperature
in a range between about 25C and about 90C. 203. The bl ocki ng doubl e

stranded nucl

DNA,

Lic add conplex of daim1l, wherein the conplex conprises
or RNA. {4~ Th€ |bl ocki ng doubl e stranded nucleic acid conplex of C aim

1, whereiti the bl ocking nol ecul e consists fromthe group consisting of:
deoxyt hym di ne, _ di dgoxynucl eoti des, 3' phosphoryl ation, hexanediol, spacer
mol ecul es, 1'2' “=gi'degxyri bose, 2' -0-Methyl RNA, and 25Locked Nucleic
Acids (LNAs). WO/ 2013/ 057119PCT/ US2010/ 055701 -34- 5. The bl ocki ng doubl e
stranded nucl ei ¢ "&sid-canpl ex of Claim 1, wherein the bl ocking nolecul e
conpri ses: \

10

15

InveﬁedﬁT‘

6. The blocking double stranded nucleic acid complex of Claim 1, wherein the first sequence or

the second sequence further comprises one or more uracil bases.

7. A blocking double stranded nucleic acid complex for use in nucleic acid amplification;

wherein the complex comprises:
a. anisolated double stranded nucleic acid molecule that comprises:

1. afirst nucleic acid strand having a first sequence comprising between about 9 to

about 40 nucleic acid bases, and

il. anucleic acid second strand having a second sequence comprising between
about 9 to about 40 nucleic acid bases that are complementary to the first
sequence, wherein the first nucleic acid strand and the second nucleic acid

strand each having a 3’ end and a 5° end,

wherein the double stranded nucleic acid molecule has a melting temperature in

a range between about 25°C and about 90°C;

b. ablocking molecule, wherein the blocking molecules is covalently bonded to the 3’

end or the 5° end of the first nucleic acid strand, the second nucleic acid strand, or both.



I nverted dT 6. The bl ocki ng doubl e stranded nucleic acid conpl ex of
Claiml, wherein the first sequence or 5the second sequence further

conpri seswonetigs7mmwre uracil bases. 7. A bl ocki ng doubl ecstusamdassnucl ei c
acid conplex for use in nucleic acid,gnplification; wherein the conplex
conprises: a. an isolated double stranded nucleic acid nol ecul e that

conpri ses: i. afirst nucleic acid strand having a first
sequence conpri sing between about 9 to 10about 40 nucleic acid bases, and
ii. a nucleic acid second strand having a second sequence conpri sing

bet wee 3. &pf%"glo&lﬁ %d@&\%ﬁéjsttraﬂgec{]lﬁ&heﬁé Qm@%r%g]{é?%? élafnl? 9t Wﬁ‘érgin éagﬁg In%ﬁé(:ufe

the first sequenc erein irst nucleic acid stran second
nucl ei ¢ amn&s&ﬁrcmmdle@c&p drangistige af: Heo;@nldyrmﬂmeadﬁeomdcledﬂmm ei n the doubl e

stranded Ielc aci | e has | tjng tenperature i e between
about 25 ﬁﬂloébléﬁ?n g‘é@ne Sﬁécf‘{ﬁbg"fﬁeépﬁl %2%36}1’88%?0@'1913%-‘/{ g&%‘rﬁﬁg
bl ocki ng dQubl e stranded nucleic acid conplex of claim7, wherein the

bl ocki ng nol ecul e consists fromthe group consisting of : deoxyt hym di ne,
dideox§nucleot|des 3" phosphoryl ati on, hexanedlol pacer nplecules, 1'2

Sdi deoXy i bipskinggdonplepgepdad necieic agidicomplex faygise m Eﬂ“é‘“ék?ﬁé agRliGFE1o% r anded

nucl ei c a&h&eﬁQﬂPé&ﬁﬁ@QEoﬁ,ﬁcﬁn nucl eic acid anplification; wherein the
conpl ex conpri ses: a an | ?ated doubl e stranded nucl eic acid nol ecul e

that conprises: i. a first nucleic acid strand having a first nucleic acid
sequence gr éatdriselaigd dgrble qianded uglsisicidrpolerde mat €9Mpfites: a sequence

conpri si ng:
1. afirst nucleic acid strand having a first nucleic acid sequence greater than or

equal to about 70% identity with a sequence comprising:

10 a. SEQIDNO:1,2,3,4,5,6,7,8, 9,10, 11, 12, 13, 14, 15, 16, or

combination thereof;

b. acomplement of SEQIDNO: 1,2,3,4,5,6,7,8, 9,10, 11, 12, 13, 14,

15, 16, or combination thereof’; or

c. asequence that hybridizes to SEQ IDNO: 1, 2, 3,4,5,6,7.8, 9, 10, 11,
15 12,13, 14, 15, 16, or combination thereof; and

ii. asecond nucleic acid strand having a second sequence comprising between
about 9 to about 40 nucleic acid bases that are complementary to the first
nucleic acid sequence, wherein the first nucleic acid strand and the second

nucleic acid strand each having a3’ end and a 5° end,

20 wherein the double stranded nucleic acid molecule has a melting temperature in

a range between about 25°C and about 90°C;

b. ablocking molecule, wherein the blocking molecules is covalently bonded to the 3’

end or the 5° end of the first nucleic acid strand, the second nucleic acid strand, or both.

10. The blocking double stranded nucleic acid complex of Claim 9, wherein the 3’ end of the first

25 and second nucleic acid strand comprises the blocking molecule, wherein when the blocking



10SEQIDNO 1, 2, 3, 4, 5, 6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, or

conbi nation thereof; a conplenent of SEQID NGO 1, 2, 3, 4, 5 6, 7,8, 9,
10, 11, Mp208/05149 15, 16, or conbination thereof; or PCT/US2010/055701

a sequence that hybridizes to SEQID;NO 1, 2, 3, 4, 5, 6, 7,8, 9, 10, 11,
1512, 13, 14, 15, 16, or combi nation thereof and ii. a second nucleic acid
strand having a second sequence conpri sing betmeen about 9 to about 40

nucl eic acid bases that are conplenentary to the first nucleic acid
sequence, wherein the first nucleic acid strand and the second nucleic acid

strand eagf, l‘éas\ﬁ;aﬂgecfm%}] ei€d @&ﬁ)ﬁ:x FnteG0L widONRISE Aeili I*j&%lr?ﬂrpéﬁ%'eethét randed

nucl ei ¢ aC| ecu as a nelting tenperature in a t ween about
25C and aloutpeOificCantplifiaatbingorkdurgs aretlecedyeredwdedr ei n t he bIocklng nol ecul es
is covalently bonded to the 3' end or the 5 end of the first nucleic acid
strand, the second nucleic acid strand, or both. WD

2011/037 1111%9@%&{%3@&91‘19&%9&1 nt?t@elc Qélkl%ﬁlpfetxf&@%ﬁl o l&%&élﬁ t}?&édﬁlﬁ&ms%

interacts with a nucleic acid pol ynerase, the non-specific anplification
Pr oduct s aeléing tenpsnaturced wbewt.48.9°C. 11. The bl ocki ng doubl e stranded
nucl eic acid conplex of Claim9, wherein the conplex has a 5nelting

tenper ?}Eﬂ‘l‘f‘e Cgial i) %H&ub‘ff st%gdeciﬁucléf—nrpﬁcﬁ'cg élé}%f@&iﬁl ¢ whdréh n@‘Hé‘e’ Gliedt! d

conplex o wherein t I'rst sequence or the second seq dence
further cthepedosésequescedfurthar@mmaed dnebasese uracil bases13. A conposition for
nucleic acid anplification; the conposition conprises: 10a. a buffer; b.
t he bl ocki ng doubl e stranded nucleic acid conplex of claiml, and c. a

t her nost abl e pol yner ase.

13. A composition for nucleic acid amplification; the composition comprises:
10 a. a buffer;
b. the blocking double stranded nucleic acid complex of claim 1, and
c. athermostable polymerase.

14. The composition for nucleic acid amplification of Claim 13, wherein the polymerase is a DNA
polymerase consisting of the group: Taq DNA polymerase; BST DNA Polymerase; PFU DNA
15 polymerase; Klenow DNA polymerase; T7 DNA polymerase; T4 DNA polymerase; Phi29
DNA polymerase; and RB69 DNA polymerase.

15. A composition for nucleic acid amplification of Claim 13, wherein the range of concentration
is between about 2 uM nucleic acid complex to every 5,000 U/mL of polymerase and 2mM

nucleic acid complex for every 5,000 U/mL of polymerase.
20

16. The composition for nucleic acid amplification of Claim 13, wherein the buffer comprises a

TRIS buffer, MOPS, or a HEPES buffer.

17. A method of amplifying a target nucleic acid molecule, the method comprises:
contacting the target nucleic acid molecule with a DNA polymerase and the double

25 stranded nucleic acid complex of Claim 1, wherein the double stranded nucleic acid



14. The conposition for nucleic acid anplification of Caim13, wherein the
pol ynerase is a DNA pol ynerase consisting of the group: Taq DNA pol ynerase;
BST DNA Pwbynave@za9 PFU DNA 15pol ynerase; Kl enow DNA polPgwarSasie/ 055761 DNA

pol ynmerase; T4 DNA pol ynerase; Phi 29 ;DNA pol ynmerase; and RB69 DNA

pol ymerase. 15. A conposition for nuc¢leic acid anplification of C aim 13,
wherein the range of concentration is between about 2 [tMnnucleic acid
conplex to every 5,000 UnlL of polynmerase and 2nM nucl ei ¢ acid conpl ex for
every 5,000 UnL of polynmerase. 20 16. The conposition for nucleic acid

anplification L . I J : ff:
MOPS, or a N AR Eﬁ‘ﬁh@ﬁ%ﬁﬁé?’%éﬁgﬁﬁ?@g& Z@a@g@%@#& Lo g
nol ecul e, the abeuh@@fCconpri ses: contacting the target nucleic acid nol ecul e

with a DNA pol rase d the doub] e 25stranded nuc| ei.c aci d.conpl ex of
Claimi1, whgr eY¥ CTEHE T fiéarg‘itﬂl&ﬁﬂ]é&cﬁdﬁ?lé?@esaaﬁ Bgta\ﬂﬁi’ an% PrOducurgB O?One or

2011/ 057119PC%H%%%%9€1§Z QhptiAéatiocnProdRYs BsBehdhR rBGuddVR rRRICYITRS ase, at a

tenperature, ranging fromabout 25C'to about 90C, "wherein anplified target
Bucl ei ¢ aci d noingruddes that @obdingdatesidyitlate donbldsoinded nuflegraideomplee
non-specific anplification products or secondary products is reduced as
5conpared to that not contacted with the double stranded nucleic acid

conpl exg. e mdiaed BRCh@d 19f whkRinpolymeraheitivity ROA yeiRjeriere detwaeh ¥ o@dt208C
tenperature between about 20C and 25C is reduced as conpared to pol ynerase
activity #6r25C isliedetedrig ep@pered & polpperee hetivitytiocbiarzet nedeigiacid molecwdndy e

stranded | el.C .acj I . od of Claim18, wherein
pol yneras%%gag eidv‘?llﬁlyéhgtdggﬁ?esﬁ%)nedreé?l&%%mb% V\(feoer}hgyfjout 20C and 25C i s reduced

ion a range between about 50% and about 90% 15 20. The nethod of Caim 17,
wherein _an anmount of anplified target nucleic acid nolecules is increased,

as conpdr B Mehar otk Soherginpal REEPLIEIVER REP IRBIRSEAIN e Pebtreaiahedf ARHen not
cont act edy i Ashet R AQUh & 17 deHRARE MG % AR SePTREX-

15
20. The method of Claim 17, wherein an amount of amplified target nucleic acid molecules is
increased, as compared to an amount of target nucleic acid molecules obtained when not

contacted with the double stranded nucleic acid complex.

20 21. The method of Claim 20, wherein the amount of amplified target nucleic acid obtained is

increased in a range between about 2X and about 20X.

22. A method of amplifying a target nucleic acid molecule, the method comprises:
contacting the target nucleic acid molecule with a DNA polymerase from a species of
25 an Archaebacteria and the double stranded nucleic acid complex of Claim 6, wherein
the double stranded nucleic acid complex binds to the DNA polymerase, at a
temperature, ranging from about 25°C to about 90°C;
wherein amplified target nucleic acid molecules are obtained, and production of one or
more non-specific amplification products or secondary products is reduced as

30 compared to that not contacted with the double stranded nucleic acid complex.



2021. The nethod of C aim 20, wherein the amount of anplified target

nucl eic acid obtained is increased in a range between about 2X and about
20X. 22. wormetisadiief anplifying a target nucl eic aci d mpceask@p/osirel met hod
conprises: contacting the target nuclegic acid nolecule with a DNA

pol ynerase from a speci es of 25an Archaebacteria and the doubl e stranded
nucl ei ¢ acid conplex of Claim®6, wherein the double stranded nucleic acid
conpl ex binds to the DNA pol ynerase, at a tenperature, ranging from about
25C to about 90C; wherein anplified target nucleic acid nolecules are

obt ai neg, Tl?er&ﬂetBB@gﬁélaiiﬁ@z%H&%ﬁl 1 rﬂglf § &‘ﬁ'{‘/itzg?&ie‘}ﬂp%raﬁlﬂ%'blsiwe%ﬁtah&ﬂ 2@5@@“ S
or secondary products is feduce as Scorrpar to that not contacted with
t he doubl adsX5r@mdeducedek ebmpaed b padypleexe act\WlyZ0id 1af&T H1ABCTLISRARONOBET01

-38- 23. The net haod of aim 22, erein pol ynerase activity at a
t enper at u?oé‘t%éﬁfi\kﬁé‘ghthSﬁiBl?lPle%@‘éﬂ&‘Y\l%S@ chi‘?"é‘&lﬁ%d as conpared to pol ynerase
activity for a target nucleic acid nolecule not contacted with the double

stranded nucl eic acid conplex. 524. The nmethod of C aim 23, wherein
ol ynmeRdsEheapethod pfChima 3t ehpreimatalyreeaet antigity abotempRO@ahdtvA&SE abgutr28duced

in a range tween .about 50% and about 90% 25. A hod of amplifying a
target nutd %c&ﬁ%’ieéu Ilgéﬁ?lég,ee%{eﬂ‘%ee ﬂ%td%%%tf?bsoé%g&}ma. m xing a buffer,
the target nucleic acid nolecule, one or nore primers, a DNA pol ynerase, a
supply of adenine, guanine, cytosine and thym ne, and the double stranded

nucleic acid conplex of Caim1l;

25. A method of amplifying a target nucleic acid molecule, the method comprises:

10 a. mixing a buffer, the target nucleic acid molecule, one or more primers, a DNA
polymerase, a supply of adenine, guanine, cytosine and thymine, and the double
stranded nucleic acid complex of Claim 1;

b. allowing for amplification of the target nucleic acid molecule by increasing the

temperature in one or more cycles, wherein the temperature ranges between about

15 25°C to about 90°C,
wherein amplified target nucleic acid molecules are obtained, and the production of
one or more non-specific amplification products or secondary products is reduced as

compared to that not contacted with the double stranded nucleic acid complex.

20 26. The method of Claim 25, wherein polymerase activity at a temperature between about 20°C
and 25°C is reduced as compared to polymerase activity for a target nucleic acid molecule not

contacted with the double stranded nucleic acid complex.

27. The method of Claim 25, wherein an amount of amplified target nucleic acid molecules is
25 increased, as compared to target nucleic acid molecules not contacted with the double stranded

nucleic acid complex.

28. A kit for nucleic acid amplification; the kit comprises:

a. the blocking double stranded nucleic acid complex of claim 1, and



b. allowing for anplification of the target nucleic acid nol ecul e by
increasing the tenperature in one or nore cycles, wherein the tenperature
ranges bewoeen/@boat 1525C to about 90C, wherein anplif iped/usasigossoucl ei ¢
acid nol ecul es are obtained, and the,groduction of one or nore non-specific
anplification products or secondary products is reduced as conpared to that
not contacted with the doubl e stranded nucl eic acid conplex. 2026. The

met hod of C aim 25, wherein polynerase activity at a tenperature between
about 20C and 25C is reduced as conpared to polynerase activity for a
target nucl gic, ﬁﬁg%e‘[g%]ecul e not contacted with the double stranded nucleic
aci d conpl ex. e met hod of O aim 25, wherein an amount of anplified
target nucleic acid nolecules is 25increased, as conpared to target nucleic
aci d nol ecul es not contacted with the doubl e stranded nucleic acid conpl ex.
28. A kit for nucleic acid anplification; the kit conprises: a. the

bl ocki ng. -peull r SlalRndeghdbial el golﬁﬁlbﬁs&i%fmbm& ﬁlyrﬁé@bé&ohmsﬁﬂ@of WOgroup;

2011/ 057119PCT/ US2010/ 055701 - . a polynerase. 29. The kit of C aim 28,
wher ei n tHas ]BNIAyITﬁéYlaSI@SQ 8 IDNAB@VwasP@U:BM Blegra@¢ KlneowB\ry: Taq DNA
Iyrrerase BST ner ase F ol no ase;
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pol ymer asBNA polymerase.



