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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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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



-2- mxture), chem cal nodification of DNA pol ynerase (e.g., DNA pol ynerase
is reversibly inactivated, polynerase DNA anti bodies (e.g., antibodies bind
at anbi enwotzenpsrabur es and di sassoci ate at hi gher tenpecatuse@s/ o87ni ng
anplification), DNA polynerase inhibistion by nucleic acid additives,
aptaners (e.g., single strand forn109 nucl eotides that form | oops,
pseudoknots, and 5 conplicated tertiary structures that act |ike an

anti body), blocked primers, and others. Several of these nmethods are either
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| NVENTI ON 15The prtesent |nve§t|on relates to a bl ocking doubl e stranded
ducl ei complichtabieplagx st(OBE}s that aa ke hm amibeldg), blaked pamptsi fndcethéron Sevemalan
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covale@%h%tﬁgﬂqgﬂito 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 ps%iﬁﬁNVﬂgYgﬁgﬁgﬁﬁNﬁﬁbgﬁf1 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
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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



Exanpl es of bl ocki ng nol ecul es include deoxyt hym di ne, di deoxynucl eoti des,
3" phosphoryl ati on, hexanedi ol, spacer nol ecules, 1'2' -dideoxyribose,
2' - 0- Met wbD 2RNAS7EIRd/ or Locked Nucl ei ¢ Aci ds (LNAs). | npram/usatio@ssrent, t he
bl ocki ng nol ecul e has the follow ng 5structure: Inverted dT The present
invention al so pertains to a bl ocking doubl e stranded nucleic acid conpl ex
for use in nucleic acid anplification; wherein the conplex includes an
i sol ated doubl e stranded nucleic acid nol ecule that has a first nucleic
acid strand having a first sequence conprising between about 109 to about
40 nuclel.f 1acdd bases, and a nucleic acid second strand having a second
sequence conpri si ng betmeen about 9 to about 40 nucleic acid bases that are
conpl enent aBxaplet oéblockiap nsdeuéndesludddogythymiEnd, |dﬂcﬁoxmmll®t1desaéi d strand
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mol ecul e that iIs 15coval ently bonded to the 3' end or the 5
f5i r st nuwedtwiec 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 nent, the bl ocking doubl e
stranded nueleic acid conplex of the present i nvention has a conpl ex that
i ncl udes an i sol at ed doubl e stranded nucleic acid nolecule that has a
20first nucl e strand having a first nucleic acid sequence greater
than or equal™to.about 70%identity with one of the follow ng sequences:
SEQ ID NO~ T, 2, 3,|4, 5, 6, 7,8, 9, 10, 11, 12, 13, 14, WO
2011/057119PCT/U820‘0/055701 -4- 15, 16, or conbi nat i on t hereof; a
conpl enent of St 1530. 1, 2, 3, 4, 5 6, 7,8, 9, 10, 11, 12, 13, 14, 15,
h

16, or conbination thgreof; or a sequence that hybridizes to SEQ ID NO 1,
2, 3, 4, 5, 6, 7,8 ~10, 11, 12, 13, 14, 15, 16, or conbination thereof.
The conpl ex further yi ncl udes a second nucl ei ¢ acid strand havi ng a second
sequence conprisin Shbet ween about 9 to about 40 nucleic acid 5bases that
are conpl enehvegste athe first nucleic acid 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 nolecule has a
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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,



The present invention also includes conpositions for nucleic acid
anplification. In certain 15enbodi nents, the conposition includes a buffer,
t he bl ockwogodasbiie stranded nucl eic acid conpl ex descr iPbedshewmsstol and a

t her nost abl e pol ynerase. The polyner% se can be a DNA pol ynerase such as Taq
DNA pol ynmerase; BST DNA Pol ynerase; PFU DNA pol ynmerase; Kl enow DNA

pol ynmerase; T7 DNA pol ynerase; T4 DNA pol ynerase; Phi 29 DNA pol ynerase; or
RB69 DNA pol ynerase. The range of concentration can be between e.g., about
2 [tMnucleic 20acid conplex to every 5,000 UnL of polynerase and 2nmv
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20 acid complex to every 5,000 U/mL of polymerase and 2mM nucleic acid complex for every 5,000
U/mL of polymerase. 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



150ne or nore non-specific anplification products or secondary products to
be reduced as conpared to that not contacted with the doubl e stranded
nucl ei c awodotinspiiex. I n an enbodi ment, pol ynerase acti PCIYUSa010/06%701
tenperature is reduced and/or an increase in yield is obtained, as further
descri bed herein. The present invention further includes kits for nucleic
acid anplification. Such a kit or system 20 includes the bl ocking doubl e
stranded nucl ei ¢ acid conpl ex descri bed herein, and a pol ynerase. The

pol ynmerase is a DNA pol ynerase can be e.g., Taqg DNA pol ynerase; BST DNA
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Addi tionally, the present invention surprisingly allows for PCR reactions
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mon- oot e B AHPELER el b o dnftF s e R R S awptis
DNA st agid@bshplrdeséribed herein. FiTe 2tefRirGikSinPLle AN ORMGtfordRplifidatioh bOhe@irge 1. 1
kb region of the pUCL9 plasmd in the presence and absence of doubl e
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DNA. R Ion 1 us a negat control having buffer I, ut wth no
DSC nolfether descnbed karpinat e, and no enzyne. Lane M depicts DNA standard

mar ker. 20Fig. 4 depicts the conparison in anplification of a 1.9 kb region
from La ! ( i . o ( rl: and
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pol ymerases, Al P eactions were perfor in the pres of Lanbda DNA
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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.



25mar ker . Fig. 5A and B enphasize the anplification of a 1.9 kb

regi on of Lanbda DNA in the presence of DSC nol ecule. PCR anplification was
carried ow020n/0&7mPpt h forward 5 CTGGCTGACATTTTCG 3' ( SE@CImshiido/0357p1 and
reverse 5" TATCGACATTTCTGCACC-3' (SEQ I.LD NO 18) prinmers; in Bwth forward
305" GAAGTCAACAAAAAGGAGCTGECTGACATTTTCG 3" (SEQ I D NO 19) and reverse WO
2011/ 057119PCT/ US2010/ 055701 -7- 5' CAGCAGATACGGGATATCGACATTTCTGCACC- 3' ( SEQ
ID NO 20) primers. PCR anplification was perforned with 0.523 pg of Lanbda
DNA and 1 ng of E.coli genom c DNA Reaction were perforned in duplicates
(lane 1 and 2, 3 and 4 in Fig. 5A; lane 1 and 3, 2 and 4 in Fig. 5B). 5Fig.
6 depicts the anplification of a 653-bp fragnment of the f3-actin gene of
human BIRAEEMESCRINAION (’r)ﬁé“HEBRe\lWH\I(GSS DSC nol ecul es with varyi ng nmelting
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anplification of a 100-bp product from B using oligonucleotid
contain 1 ng of E.coli genomic DNA as a competing foreign DNA. Odd number lanes contam

Lambda template DNA (except lane 11), whereas even number lanes do not contain template
DNA. Reaction 11is a negative control having buffer I, DNTPs but with no DSC molecule, no
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



m x B. Lanes 1-5 show the PCR anplification in the presence of the
different DSC nol ecul es. Lane 6 shows the results of anplification in the
absence ovotha/B&AInol ecul e of the invention. AnplificaPConseenolossrel 7 is
executed with a commercially available chem cally nodified hot start Taq
pol ynerase. Lane M depicts DNA standard marker. Al |anes contain 5 copies
of DNA B. The 30final concentration of DSC nolecule in lanes 1-5is 4 p.M
The PCR anplification was perforned WD 2011/057119PCT/ US2010/ 055701 - 8-
after 24 hour incubation at anbient Tenperature of 23C Fig. 10A-C
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React i @ag§ pomfrieedse caime M deslctd @P0A sthBdard aidgker. 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
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Fig. 12 depicts the real-time PCR analysis of the formation of 100-bp product from DNA C
using detection by CYS5 fluorescent dye. Reactions, which contained from 1280-5 copies of DNA
20 C were performed in quadruplicate. Average Ct values = 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
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production of non- speC|
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.



S5products or the anplification of nontarget oligonucleotides due to
side-reactions, such as msprimng of a background DNA and/ or pri ner

ol i goner iwat2oarms7Aapl i ficati on reactions contai ni ng t hepoualsedto/oand

conpl ex were found to enhance the prqgduction of the target oligonucleotide.
Additionally the nucleic acid conplexes of Table 1 have a 30% sequence
identity with each other. 10Table 1 Seq I D No. Nanme Sequence (5'-3') T. (O
1 DSC1 GCC AAT CCT ACG CC/InvT/ 51.5 2 DSCl-1 GCC AAT CCT ACG CC/ Phosph/
49. 6 3 DSCl-2 GCC AAT CCT ACG CC/ hexanedi ol /

Also detailed experiments, described in the Exemplification Section, have been performed
using a number of combinations of the following: the DSC and derivatives thereof, multiple DNA
polymerases, multiple blocking molecules, and multiple concentrations of nucleic acid complex.
The methods and compositions of the present invention can be adapted with other nucleic acid

5 complexes and other polymerases to improve the performance of a nucleic acid amplification
reaction.

According to the present invention, the nucleic acid complex can have a melting
temperature up to about 90°C. The range of melting temperatures for the nucleic acid complex can
be greater than about 25°C, for example from about 45°C to about 75°C, or for example from

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.



49.6 4 DSC2 GCC GCC CAA TGI/InvT/ 49.6 5 DSC3 CCT GAC AAT GCC GCH | nvT/
56.2 6 DSC3-1 CCT GAC AAT GCC GCHE hexane diol/ 54.3 7 DSC5 AGC GGA TAA CAA
TAT CAC AVOrnoili/os4899 8 DSC6

10

A8.25-A8.26).

for example from a double stranded DNA oligonucleotide with a blocking molecule. The nucleic
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The present invention provides for a novel isolated nucleic acid complex, Table 1, derived,

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

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.

Table 1

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

1 DSCl1 GCC AAT CCT ACG CC/InvT/ 51.5
2 DSCl1-1 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/




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 DSCO GCC AAT CCT ACE InvT/ 43.0 12 DSC10 GCC AAT CCT ACG

C I nvT/ 4AY0R0LA57119 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,



DSC11 GCC AAT CCT ACG CCT CC/InvT/ 57.1 14 DSCl12 GCC AAT CCT ACG CCT CCG
T/ 1 nvT/ 60.0 15 DSC13 GCC AAT CCT ACG CCT CCG TGA CGA TCC I nvT/ 66.6 16
DSC14 GCOvAANMIGSTIIACG CCT CCG TGA CGA TCC GCT T I nvT/ 7@C8/USYD0/055701

2011/ 057119PCT/ US2010/ 055701 -12-

Table 1. Abbreviations used in the table are: "InvT" = inverted
deoxyt hym di ne (dT); "Phospho" = phosphate group. The nucleic acid
conpl exes show simlarity to many sequences having an E-val ue below 1 as

| denti fcbl%gy .T’@R?résvie{"geltﬁm(ﬁ%ti%ﬁ @t‘f{' h\glétﬁd?lgm@héég PCR, and methylation-specific PCR.

10

15

20

25

30

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

_12. The sequences of preferred nucleic
aci d conpl exes enconpassed by this invention in one enbodi nent are shown in
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tenperature, while having a high percentage of GC nucleotides at either end
of the double stranded nucleic acid. The invention pertains to nucleic acid
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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 herem 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



Amounts of yield can be determ ned by conparing the results to a standard
curve produced by real-tinme PCR of serial dilutions (e.g. undiluted, 1:4,
1:16, 1:04p20f1/@7kMown anounts. Nol an, Tania et aI., NatPaTaSEw1ot06%701 s

1: 1559 - 1582 (2006). The Lerm” prinmer” refers to an

ol igonucl eotide capable of acting as a point of initiation of 15DNA

synt hesi s under conditions in which synthesis of a prinmer extension product
conplenmentary to a nucleic acid strand in i nduced. The nucleic acid
conplex of the invention can be DNA or i ncl udi ng doubl e stranded RNA
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phosphat@sgip R thODNA pslymufkert dddesditional nucleotides. Furthermore, the inverted dT is
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



Preferably, the nucleic acid conplexes are conprised of a double stranded
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al. Proc. Natl. Acad. Sci. USA, 99: 596-602 (2002); Fogg et al.,
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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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ol ccunEe G o spaeriave PaRgPit S RPaRtautPr i BOR A Helafo S o Assea

by t he ERIi@S Bfdendal \PR&s | W, BI'E., NYE) EPCR 3¢6tdc SISOM ENERS 0o N0 anBMp plicNforRr
ot her DNA analogues whi ch are substanti al | conpl enentary to the DNA

sequenés. IHA§ el Aserlamie Brass. SenB¥esmGakif 9 Wordnieeiakr YuclgisAogs Res. 19,
Her Va%bgﬁ %CI«%W% d UG A% HP@%%HB&% 1”7‘?{1&%1? ??ecﬁxﬁfc Skay&hce

of the seq enc e’ present I nvent ut ‘nus Icien y simlar
i N sequENRE. PressExifidrt); Ay U, §li BatNant,683t302nucl ei ¢ aci d sequence of the
present invention . , , , -
he 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



20under high stringency conditions. For exanple, non-conplenmentary bases
can be interspersed in a nucl eotide sequence, or the sequences can be

| onger orweheortesriiwhan t he nucl eic acid sequence of thePprasen/053T0ENL I ON,
provi ded that the sequence has a suf bC|ent nunber of bases to reduce
non-specific anplification during PC& I n anot her enbodi nent, the present
i nvention includes nol ecul es that contain at |east about 257 to about 20
contiguous nucl eotides 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 es described

her ei N 808 el el BAPEN. et o BhCire kdn 1k SR P eri 0 B UL G510 e
present 1 nvention 1 nc es nucl eic acid sequences havi ng conti guou

nucl eoMulbs KB. Sbeut/ic60ferame Qébdlat651@9%)of the Il ength of any one of the

describ h f | f SEQID NO 1-16. 30Th
hvent i on alEBISCRG B e ITFACH L EE 4 o *SNR RS SHYE A Ielifbe Cint | a
i denti B(ame 2(91%@1&@3 ﬂs%ﬁ%&@%%@%tﬁ:‘éﬁy Q&glné&ed Wc&éﬂu@@&%ﬂé@@%&%&&set he

nucl ei ¢ aci d conpl exes described herein;  particularly preferred are
Bucl eoengencsarrudmoed o ﬂ:lhrrmlmrghmams, sabloast T/e@fs wmﬁzeu&a(ﬁlay) aAdiigimsal

about ZOW more prefera ast abo SOW er at | east
Shout FobmenvEre R g bt R p T AR BAS e B S il B ptasr S

| east pbRuierak®%losd with tHEpi@ndds, qieqns@lcwm@kxlo@afetpr@d@ﬁuhvéﬁf& Aach RpFNA tHEDr €
preferably at |east about 90%identity, and still nore eferably 5%

i dent i fgur wltehtldmleﬂswm@n@,@q&@nwgtqa@@@ﬁﬂ iesaniney &g pro t ilhgenedripin
pref er rgﬁdlhgnsf]&"gg 9'556%0"%% %n%sﬁ%gﬁhf% 4L Satur‘%HP(l %@%@Q%Yﬂaf?& t%@g%%t' Vipky of

a nucl &rc ac) Gescri ey ‘er cent
liodent i thye DNAt Sbﬁlti’@hi@oelsptha(phdleﬁs)lﬁiﬁﬂ X8 ,DN Aetrsmuaﬂrmn eheg oRltiog I‘kﬁld:afdalrto

opti mal conparlson pur poses (e.q., %ﬁp can be introduced in the seguence
of a fiPFY¥ROtRthe @&RO&@W@%@G@%&W \dlin e Bedtirydy AterésireSpénth Hg%0)

nucl eoti de @ﬂﬁértshf%% %%ﬁhﬁ&%%n CRARYs §ik1u ﬁ@ 11 RBELhL HORGHA gﬂgl?%g skd §ky and

sequence i s occuple e sane nucl eot the correspon position
in the%ﬂtaoad}mqu@néébomt%@)tEmdﬁyhmmnhb,sSmmeJmmm@aw&&) trdmadrippoai ti on.

The percent. iden eq ctlo of the, nunber
of i deﬁﬂpgéfatw&s(k{“fo n&t Foé?d&ﬁg fg‘haéi g‘é‘qﬂg%cié f(7% @9§9L§ oapﬁéﬁr’]rf PR her  of
isdenti cajueRQSkpliQfdh k@aﬁéulnwsbeproefmogb&d Qps 193%0)87 1%51 h@90}5¢ah@hﬁcl@ﬁ'a@1d

conpl exes described herein (e.g., a nucleic acid conplex as shown in Table

1) ar e basdfseduenge areplilcdatign KSASBPe cThe lattaTtwlommmléltcatmn inpthads anplve fsodwtmaln

t | 1y. PCR .Tec I I d
o 1 catieuf st NS RET Fep e e otk progtes Bt B B e Ay,
N Y., aﬁ@&ubleﬁ%neé@m@pddspm)@yt}fé@rﬂ;ﬂlﬁwﬁmq&i@mn%n@dw 6dbloa) dréd o 1,
Innis, et al., Academ c Press, San Diego, Calif., 1990); Mattila et al.

Nucl ei éespestsiyRes. 19, 204967 (1991); Eckert et al | , PCR Met hods and

Z%)p plicati Ont%“hgf R%li)?lﬂé%@%ﬂ%gaf l%%agi%gﬁlﬂq% s%g Hs %%fo%]g ‘for gc%}:nﬁl &S rar, fror d);

and U. S. Pa ern1 &fers
i ncr easthag salfaalemwtw Ito mfen@ﬁymoﬁﬁal@goua naae@tidel seq@encé U@ﬁtespmﬂmrgwmdre@t:mdl@e For
exanple, PCR is a hod for amplify a _pol ynucl eoti de sequence usin a

pol yrersebeds N fh%n Bff P‘&élﬁﬁ‘é f%ml%mp\flvwc‘ém% Rad dsrRiPneHRICE N O Serrven

pol ynugl g@fel 88both 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.



25strands at one end of the sequence to be anplified and the other
conplenentary to the other of two pol ynucl eotide strands at the other end.
Because twe 20emisy118ynt hesi zed DNA strands can subsequenPCY/USeevmsT81

addi tional tenplates for the sanme ppb@pr sequences, successive rounds of
prinmer annealing, strand el ongation, "and di ssoci ati on produce rapid and

hi ghly specific anplification of the desired sequence. PCR al so can be used
to detect the existence of the defined 30sequence in a DNA sanple. The DNA
of the sanple is anplified or replicated, in one

VO
2011/ 0571 19R¢: T/ Ligef) %Qfd%ﬁ? fdes %gglg‘?\ﬁ%g%ﬂ?m ?1ch‘4>$ Hi\f}ﬁﬁ;ﬁ asrhﬁwl%ﬂ&é% RRGR are

known in the art and are descri exanple In cienti’'fic
Aner i camchzben&dbeddTFof A@PIXication of mRBF A éddlydin PGRthesispd theoromedpmidiny dieAuse of

a DNA pol ynerase _enz and include, for exanple, one_ that .is.isolat from
a geneti cal 2 W&eﬁe%lggﬁnﬁah%ﬁ%obmw% Yo fFrey BreAyRE Ay B
deriveghnNx @Blﬁnﬁ'&és@lslf@@ﬁA %%ﬁ'@r%@?KIeﬁH&ﬂ)ﬁ% pUPﬁH&H&, a9 WA%EIAJ%‘&) T4

Addi ti onal pol ynerases are déscribed herein, and enconpass thernostable
d@r cheabB¥¢A eriyalerpel K29 B polyhergsel RBE B palymagsev ThertriostapleiDAs, t he
DSC co ex of the present Jinventio and a suppl f the four nucleotide
bases. PRuBHREs SRR RE ResiebuRet SRt R ra B Bl iR AT R
condi t BasIGbY, Brcd- Stra®end, Ahic. BCariBGENES YN DRy Pimiefasél @By BREONAD o h@wsd he
strands to separate. As 10the DNA solution cools, the prinmers bind to the

DNA st r ands In eneenptinsimentieths speleic epidicompieatbériisito a gieompitable PANATpelypsiagerelnase

to tak fac i B. Scientifi ' 256 56-.65 .
o her - Suronfehroghort frefbeie 58 FOBGL SaRTREhERT SR pa PAPS Bivmersse.
I0LCR)  (iseceNWhanteéd fapiity béserreriuabound:anl OetidB8ther loahel egicemcled add . |,

Sci ence, 241:1077_(1988), transcription anplification (Kwh, et al., Proc.
Nat | . Ae@alexgspnothgauglric acreqmplgy) In anpther smbpdigieat. Ahg ansleis agd Gamplex
replicatj TP Y- 1 ot ) [ 1874 (1990))
g nucyuBes GEHALE drmofispBiie afibfcaddrod Pt ookt il fiferddiidtof (0
anpl i f taagdranrerretdvodhs maitngd tempesotré ef thahucleiaatido s adralse dmbodinsot themoeleic

transcription, whi roduce hath, single stranded RNA and doub] e
st randétf BRB&PEE&M&?VQ%OQSHB“ R PR A Bt %@elfrﬂmiaﬁ@gﬁ)& BHYmBER 130
B 100,4 Qmilalifiéaﬁﬁ)lﬁ@%c'ti\'ﬁﬁ,l thr@iQTﬁbQDﬁ%Pédnfsﬂr&q h%ﬁﬁﬁg@&nﬁé}gﬂuﬁﬁ @@a%bfo@cﬂn@t@@

used as a probe for screening a |library or other suitable vector to
i dent i Hy.5Shonwithg DB\ pasiredtiedises dguerncesof Q- spesipicndiphidicetiormedean be

B N R T RO WA N R

et hodsn a Rfér@NinBodih @, GeblRkingBadiNE pfevaite tHRxessidg of thy RicRidacd t he

A O ablex by a palymerase. I alicrmative mbadirhent, the blocking moleule provents |

20 extension by a particular polymerase, such as a DNA polymerase. The blocking molecule can be
attached to either the 5° or 3’ end of the nucleic acid. In another preferred embodiment, the
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



25nucl eoti de sequence of honol ogous nucl ei ¢ add nol ecul es of the present

i nvention can be acconplished using either the dideoxy chain term nation
nmet hod orwoheliaxam G | bert net hod (see Sanbrook et al . pCihiSe@wioss7oCl oni ng,
A Laboratory Manual (2nd Ed., CSHP, w York 1989); Zyskind et al.,
Reconbi nant DNA Laboratory Manual, (Acad. Press, 1988)). Using these or
simlar nethods, the protein(s) and the DNA encodi ng the protein can be

i sol at ed, sequenced and 30further characterized. WO

2011/ 057119PCT/ USZOlO/ 055701 -20- The nucleic acid conpl exes of the
i nventi s 1o s for
anpl i fldglg?ltéﬁa of ém#%gﬁg%j%dgﬁg%%c 1@?&5161%?119% corfizésjg%ﬁ ng c%%A

In a fSuhhdd Grhddx RHT). t BexaDiAofpid lylnelnagmales:umhmsme efnitavahi nhexgy, HRDSC will

pol ymer ase, , BST. Pol yner ase, mer ase, Kl enow DNA pal rase,
T7 mnﬁbbmra&gé YTRY § P%’gr %zgogwépﬁﬁ T Brghp 5P TG DRI HE

pol yme E@E@neré’é@ e B ShARL & 169&1@63?5%@ @S@eﬁdp‘ﬁ@[gtof H}%HH&Q %&ih%?ea%tlon primers
archaebacteria are comrercially avail abl e .g. New Engl and Bi ol abs, 1Inc.

St r at agethe, tempal@te) thedomtkmgohuldeul@ pNVmAtlwdDSG'énoaw:tmgds vgnnlntalmecbpthlylmeamise
I n one_.enbodi he ?ucl etl c acid f@mﬁ&ﬁ ds to thter nost DNA
pol ynef%FE&“g?ﬁo%Péé]éléo‘f?&l LB ’P%P/ %B’ie&e“éWSPé% Ry & Fmeihy
nmonment &dilprdii Eyeffbrrﬁadaéléf Rabyer raartymplifichoPONACHR. YITEE Asentidiettadns,
becones unboun rebinds either to the sane nucleic acid conplex or
anot hebuhig @ptehl@ltabut@l ngpiglaeid, coml%ﬁéﬁmposeﬁﬁédwmmtranﬁh‘é Ohm@e@u@@ﬁutﬂat
conpl e t ec I i fi .G

B Y L e SR
tohe nuthéeh arandiod thd dbuarmsttﬂaﬁdiecﬂrd&wﬂct fEdtomprRx BUGIpEbS aaﬂbaq@g)ﬂipleeme; whizh DNA
construct which inhibjts the activity of a thernostahl e DNA pol ynerase, |n
15an aRiteats hanpelaicrsidqompiex iigie esphiclades dagrdagag pnd leo praxenss '#élntl?lﬁlg acid
t enper duces the anount
of non%éﬁgé Cl ? lltoél{fl g%ﬁgfc I car% e §&urgécl:afcl(ta{sp bdtfic %&1&9%5%{11 m{ %t he nucl ei c

aci ds of th@lmnkuigholeade@reda@iMSmmp]udsenmbleoullemﬂgchmbmmd extenlsionaf the
preferred enmbodi nent, the bIockln | ecul e reven s .t he .extensi on of the
nucl ei Eu‘gﬁﬁc&c@di‘?ﬁﬂ’é% b2 BOlyBICATer g?gﬁmlgr’fn%iﬁc BRSO B CEHY P ﬁ%‘?ﬂ“‘:?
Bl ocki HQ%IH@A&%%U 18 2 REENS DlFerfQEh EREMOR, ¥ okt hEleb@E pfé‘%lsﬁ{tg%kéﬁﬁon Ey'ﬁh as
a DNA polynerase. The bl ocking nol ecul e can be attached to either the 5 or
3' end polfyntehase pawvicBias preoets excnmalm by heexqruefeaser dihedidydiatigmolecule han bd pledddng

o B SRS A s e DR GPF PEh Phen e

deoxyt Bygekihigholeai@lsantThyertddtaT Naderted dRQras yntiRkidndbISotidR QBf RESMARSidine
extensi ons by a thernostable DNA pol ymerase and provi des resistance to
whose bonds between the ribose structure and the thymidine base are in a position that is inverted

20 from the standard deoxythymidine:

s, 5.,
™
3
s D
HN
T

Inverted dT



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 cap@%g 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 el evated tenperature. The conbi nati on of the
WO 2011/ 057119PCT/ US2010/ 055701 -21- doubl e stranded ol i gonucl eoti de and

t he bl ockin i f rej . £ | ex
(050). Becaddenprs $he bsPgrRolkel; iae it B3 WMo kL RARGHREE W1
not be dilegkadettobyesaByplosphapiatiat,ihegarizdiodxpaces nedsmlasot’ 2C-didebhgitose | ei ¢

acid be, extended hy the | ymerase. | f, by chance.the single strands of the
DSC ha‘éﬁ@%@yh‘%& idedde Aﬁ@‘g&ﬁéﬁ%@ﬁ rgpaets %frnam@ PlRpG WhiCh he
bl ocki B&v@i@ﬂ SEHs BnRIF BYeRicRid 8d P§t§plfe§< QRY/BEF b PEki A%t 3D e XUUiBE B g dx R %¢e. and

form ng a conpeting, contam nating product. Accordingly, the present
iSnvent i on pilbeipdesntanvesans afsorelptap tooy DA ¢dnstrpgrecbopnaing en afolaeduwdlat ecidei d
anplification action. Thi.s i.nvention.pertain ut. i ot lLlimted, to
el e P oG R Piehal sSSP DR e St e e ofiRae b e

bi nd t exanpRAnPRHNETREELERG, PIOPSS B HEPESHuoH Fukt@ey, Be preRnsRe&itfonGelates
anmplification products. 10Each strand of the double stranded nucleic acid
conpl efo ¢etphLe g@ﬁehcmm@mgf@e rutleic ik, copplaxoighe tneention He N Aepadymeriase-
conpl ex from exOMs! SRR ASILATHIAN AT LR RLRUERS if B AHELGhen AR £
conplex fromitse becom ng e source of "unspecitic ol rgonhucleoti de
Ior i M n@ouble strandBl @a&kidg cititdoa st svidhraebl0&dinhedleasletattadHed | stidete iy nimibk @edilpe
whi ch prevents extension of the nucleic acid conplex by a pol ynerase.

Bl ocki RENHBINEAd es can al so be resistant to exonucl ease 15 degradation. In
a further preferr j Ki ul e prevents extension by
a polynerasg?as &E@Fﬁggggggg@h?§£g§g?%§g%b@§ﬂgﬁhggbnucIease. The bl ocki ng
nol ecul e can be placed at either the 3' or 5 termnus of the nucleic acid
compl ex. | nbihe aoyelefsrasideyited blagsigi melaeule Hethp nyddle 9f thediusleif aidis an
Inverted dT. Inverted dTs are synthetic nucl eoti des of deoxythym di ne whose
bonds bet ween th@nhH@Qﬁﬁkﬁ@ﬁHﬁ%ﬂkﬁh%ﬁﬂdk&ﬁeh@&ﬂk&hﬂﬁﬂﬁﬁ&ﬂi@mﬁehﬂﬂécﬁaﬂttlOn
that is inverted 20from the standard deoxythym dine: Inverted dT WO

011/ 057119PCT/ US2010/ 055701, - 22- . anpl es of _a_bl ocki | ecul e
]i%ncl ude, bufare aﬂB‘g]e}Ci %54 wigh PﬁOC&H@W@ﬁ% g‘lrt)ar‘r‘ ed ify e dx Wfﬁ%t: tggmq@@g acigl
phosphoryl ati on, hexanedi ol, spacer nolecules, 1 '2'-dideoxyribose,

2' - 0- Met hyl eRNA, alhaclkithcNuwhieh ceddice dison4p8dsic angptidlicstyoit; het i ¢ or natura

nol ecul es whi ch prevent extension of the nuclei¢ acid conplex and/ or are
resistant to& excpélpgﬁlcwlda\ﬁlﬂé%ﬁweheg%éi_ 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;



5The present invention also relates to a DNA construct conprising an

i sol ated nucleic acid nolecule of the present invention, in solution with a
st or age bwbf2erios8@ueh storage buffer, for exanple, incluses/20iR0SOUSfer,
MOPS, or HEPES buffer. Further, the present invention relates to a storage
buffer conprising the nucleic acid conplex of the invention and a DNA

pol ynerase. Accordingly, the nucleic acid nolecule of the present

i nvention, in one enbodiment, is a 10doubl e stranded nucl eic acid construct
wi th a bl ocking nol ecul e attached sel ected fromthe group consisting of: a)

a nucl ei c agi | ' (d; b) a nucleic acid wth a
bl ocki ng nn?gggﬁg&?%%t %8%¥%g@gm%?9%%gp%ﬁ%ﬁ£?§tgéid; c) a nucleic acid with
a bl ocki ng rpheaulien miffaachedini e hhdeicerd @fDSGE onucl ei ¢ aci d; 15d) a

nucl eic acid with a blockjng nolecule attached to the 3' end. of .fhe nucleic
acid; e)a n&é@é?@*éf&?ﬁ%i’acvg“% @d%ééﬁ%éﬁq‘éﬁﬁéﬂd@@yﬁ& %Finb‘ 156119 BEUHGE ei c
acid wi th tRepRuql glfe)atrbns@dULAGR Qe 8MY), Bf orld)e sequences from Table 1;

g) a nucleic acid’wth a nmelting tenperature of approximtely 48.9C to

51.5C, h) a nucleic acid with a GC content of approxinmately 64.3% 20i)a

nucleic acid wherein.t nucl ei ¢ idh one or re i fi eqt.i des;
S huct of LREPl Mhitdf ARRbELTREE PrdEa Pt Rick MR SnRfts b o HSC S e
cont ai Ae@ntiBeemddiivell)peVRuEl thE Extaidich Ngh@D@J’A\n,\ﬁ@lbﬁl_e%@.Meﬂﬁhiﬁﬁb@%bl@cﬂl@s spacer
nmol ecul e; a nucleic acid wnherein the bl ocking nolecule is
an i nvérogmpraadiigbe 3 grnd of the oligonucleotidepyapethe frag hedroxrend easiolfigiig ao prodayt,

b), ¢) ey f), g, h)y, i), j), k), 1), m. 25 I n anot her
enbodi%%%pﬁcﬁﬁg"present invention relates to an isolated nucleic acid by

ot sel f, and BxBmpRr 1 @US 28 98P OSictib&nsRCR d@plifisdtion which demonstrates that the DSC of
the invention does not inhibit the successful amplification of a 1.1 kb region of the pUC19
plasmid. The presence of the double stranded molecule with capped 3’ ends having the same
sequence as the forward and reverse reaction primers does not inhibit the outcome of the reaction.

Example 2 describes a number of PCR amplifications, including standard PCR,

15 commercially available hot start PCR, and PCR in the presence of the double stranded complex of
the invention without manual hot start conditions. 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



a) nucleic acid conprising the sequence of DSCl; WO

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

nucl ei c awodoofosDSCL; c) a reaction buffer containing tireTrusedvioss7aci d of
DSC1; or d) a DNA construct having ay | east 90% sequence identity with the
nucl ei ¢ aci d sequence of DSCl; and e) a fragnent or derivative of a), b) or
c). 5 Exanple 1 (Fig. 1) describes a PCR anplification which
denonstrates that the DSC of the invention effectively prevents the

extensi on by a DNA pol ynerase. The inhi bi tory nol ecul es incorporated at the

3' end I})Bfg Pa%};? ihg 9&‘1‘&&%8@(1&%% p?@chCE @ﬁg@ ﬁrggen Qf {2 ﬂscelﬂglemé W (%E‘Iﬁrdbﬁ'e de

pr oduc I cation anple so describes a
anpl i flgrmtelrdmnvtha: yﬂelctkdjmned with élse dheaticdllyenddsfiedTad.he i nventi on does not

i nhi bit the successf Lifj catlo of a.l. b reqi of t UCl19
pl asni d. Thgl%%& 616‘ St %"t“loﬁﬁgéd]g &8 é)(%% d&ﬁi@&l ¢ ends

havi ngﬁ}éaenc%ms%e%fe@ﬁﬁ %?F@SAHH& P@Rdan%lﬁlcﬁﬁc‘!r%vﬁ@cafrﬁé&Bﬁt%tfpfdr%[ds does
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PCR anplCTGOAIIGOHSATIRECGdB NGESY Bh&: d7PaR, rei@@@WW@ACy\TéfMT%AQ%t

nvent FORIPTIRu D aihrty Db SR EIPFe ol e oo By ar s Pabe e pLe T
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anplification of a 1.9 kb region.from Lanbd actions were
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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



305-7 amplification was carried out with comercially available, chemcally
nodi fied hot start DNA WD 2011/ 057119PCT/ US2010/ 055701 -24- pol yner ases.
The vyi el awof20mmslitbi ed product in the presence of the DBCTmsk@owbzzoi s
conparabl e or greater than the yield,gbtained with the chemcally nodified
Taq. Fig. 5A and B enphasize thé anplification of a 1.9 kb regi on of
Lanbda DNA in the presence of DSC nolecule. In Fig. 5A the PCR
anplification was carried out with forward 55" CTGGCTGACATTTTCG 3' (SEQ I D
NO 17) and reverse 5 TATCGACATTTCTGCACC-3' (SEQ ID NGO 18) primers that
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10hi gher ne%ﬁ"ﬁlgk?e#%g@e aﬁ%ﬂqswéga&féaféwngﬁ%a%gqéfa%ﬁ?oﬁ%ﬁﬁ%ﬁﬁnw%
anpl i fixcq LANCURSOREESALITES Wbl ﬁbl@%&pﬂﬁgﬁ{ong%@ﬁe@}ﬁeéﬂgd& s&%d?&i pl‘egs,o! i

genom ¢ DNA. Reaction condition were initial denaturation at 95 or m n,
f5ol | owddt d3rt BORowyith elsenofals@oditied 4@zysne, ofid eiden @pn-H8Gtat c@ididorin 8@ s, 72C

for 2 mn, final ension at..72C for 7_pmin. e results show t hat.
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each consecuti v ane,. Anplification perforned in the presence of 25 DSC
mol ecul’8 é?ff}}? Wﬁllfl?%ntt%:‘?f)B?ré‘?rmeéiémfiﬁrr}PPéata&lftonflé‘\R%/i eld of the desired
Band (Fig. @ FlanBshelPAR-ambp ic]'c:l d&sspé?fqrﬁg@_lcll_fééﬂ LAtduP thetBAtidnel afitent N the

presence of the DSC nol ecul'e of md nmelting nperatures are simlar to the

ones oltrepengdrevitt2Zi °@nipihdefr inormnd] G Ruewhalitionanthe kmipbficgioaraf thieRdayiredbardanes
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anplification of the desired band. The DSC nol ecul es used

2011/ 0PI apkrrlosaothe rassggpymproves 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).



-25- in Fig. 6, lanes 16 and 17 were capped with a different bl ocking

nol ecul e at their 3 end possibly interfering with the successful

anpl i fi cavoenafs7tibe reacti on. Exanpl e 4 descri begCa/usestiomnss7of PCR
reactions that anplify a 100-120 bp fr6agrrent of DNA A, B, and C at 1000
copies to 5 copies. PCR anplifications were perforned under standard PCR,
5hot start PCR with chemcally nodified enzyne, and under non-hot start
conditions in the presence of the DSC nol ecul es of the invention. PCR
anplification reactions run inmediately after set-up were conpared to those
run af L. T7A
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All PCR amplifications were carried out with 5 copies of DNA. The PCR amplification was

20 performed after 24 hour bench top incubation at 23°C. The final concentration of the DSC
molecule is 4 uM (Fig. 11A-C, lanes 1-5). The results of the PCR amplification performed in the
absence of the DSC molecules were no amplification of product (Fig. 11A-C, lane 6). The
outcome of amplification performed in the presence of DSC13 and DSC14 is similar to that
obtained by PCR under non-hot start conditions (Fig. 11A-C, lanes 5 and 6).

25 In Fig. 11A, the amplification yield in the presence of DSC1 and DSC12 is similar to that
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).



-26- Lanes 1-5 show the outconme of PCR anplifications in the presence of
different DSC nolecules at 4 [t.Mfinal concentration. The anplification
yield i n wheoprissance of DSCL (Fig. 9, lane 1) is conparablus24i0/0537e1yi el d
obtained with the chemcally nodifi e%7_enzyrre (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 5chemcally nodified enzyne (Fig. 9, lane 7). The outcone
of anplification perforned in the presence of DSCL3 and DSCl14 is simlar to
t hat obtai ned by PCR under standard condi tions. Fig. 10 A-Ci I I ustrate t he
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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



In Fig. 11C, anplification in the presence of the DSCl, DSC5, and DSCl12
result in product fornmation of conparable yield to that obtained wth the
cheni cal Iworrodidsiad pol ymerase (Fig. 11C, |anes 1-3). HeGEUS2(10/055701
anplification in the presence of DSCigand DSCl2 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 fragnent of DNA A B, C and human
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2011/ 053111&QE@A&E%Q&Q{eQﬁéz)@ﬂamea&VH}Dﬂﬁ@!d@ﬁudaﬂy %ﬁ)dlﬂéfd TRAThE OOV ls.tsa 5 U of
Tag-B and 0.4 [t.Mfinal concentration of DSCL. Fig. 14B shows the
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5 2 [t entration of DSCL. Anplification reactions, which
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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,



Fig. 15A-Cillustrate the real-tinme PCR analysis of the formation of 100-bp
product from 10DNA B using detection by HEX fluorescent dye. Reactions,

whi ch conwei2na)s1080, 100, and 10 copies of DNA B were pemfuseomssizni
quadruplicate. In this assay, the qPGR anplifications perforned using
Tag-B, Tag-B DSC1, Tag-B DSC5, and chéenmically nodified Taq are comnpared.
The f| nal concentration of DSC5 nolecule in reaction was noted from | x- 20x,
where Ix was 0.2 [t.Mand 20x is 4 [t.M The final concentration of DSCl is
0.2 [t.M 15Fig. 15A depicts the aver age Ct val ues obtained by using each
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in the presence of DSC5 nol ecul e at the 10x concentrati on. The phrase
"consi sts edsE-Baolymease cgralyzed RERsWinppriosmed upiag layymm thas pepbifiena &ildibent s

in the gl S]{SE%%& Q)"ﬁgstn‘uSZFlg'laand"’zr PR %ﬁghg&mﬁrw %%91%9 BuP rshlgq)%rﬁérgﬁwnﬁl and

i nventl 0 "Wor In-any

Iexanpl &;ithobes’ bj}Dﬁlbtiﬂ@aﬁi@Ulﬂre }ﬁirﬂie&t@éiaﬂclﬁdléﬂ ei ¢ aci d corrpl ex of the present
invention, in an enbodi ment, consists essentially of the double stranded

nucl ei € é&%é@@g%%céﬁ?@f}%/%@%&(ﬁém NOuPE aot h as descri bed herein.
Si m | ar y ’GﬁemoﬂﬁgsEmﬁfbbllz%&%tlﬁf%e%’%%ﬂi%@ﬁgi%élé #ndki 1S

or systems of t e resent I'nvention consist” essenti all
descr i Ipeicheh eertelnenavaﬂhlmhg/ ofi thdr 3 TONA g ool ywesrbdsdced by fah mx&rtedxd?umniiﬁcamibnadeni ne,

[ [ -1 bed h
TEXENPEI AR EAT R ERGASALGARTAC Ao e s bu8D: 8T 2ea por v
1Ber f or BRdYSRaC@ABN TR Abelindild TA RS IEQ :tDJN(B D 4) et RN c RS dHhas d
(Fig.1 and 2). PCR anplification was carried out using priners, with and

10vm t h&GR B0 pftinM K& IdnmMONe Gy, 2frenM slats-HOk pbided at 25°C) or 1x PCR buffer I

(SEQ | BN DS TV ¥ eg ToneaDb s APRREX LI Sivoect 2am e

avai | allirisiH@I, pH 8§18 3°01 FAtR kWS cdQfkP0 2R aRTPR 3mq%feJchnp};iqhérI gt dfon,

5' AACAATTTCACACAGCAACAGC i nverted T/-3 éSEQ I D NO 23) and
pUC19 DNA, and 5 U of Taqg-B polymerase. All PCR reactions were carrled out in 100uL 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



155" - GTTTTCCCAGICACGACH i nverted T/-3'(SEQ I D NO 24). Reactions contained
either I x PCR buffer I (50 MM KC1, 1.5 mM MyC12, 20 nM Tris-HCl, pH 8.6 at
25C) or |woORGR/isaftber 11 (10 mM (NH4) 2504, 10 nM KC1, 2Priiusp&o0455701 01%
Triton X-100, 50% G ycerol, 20 nM Triyg- HCL, pH 8.8 at 25C). Each reaction
cont ai ned 0. 2nmM dNTPs, O. 2[1 M of each primer, 4ng of pUCLI9 DNA, and 5 U of
Tag-B pol ynerase. Al PCR reactions were carried out in 100[IL vol unme 200n
2720 PCR Thermal Cycler (Applied Biosystens). Reaction conditions were as
follows: initial denaturation at 95C for 3 mn, followed by 35 cycles of

25C 1 oy A0 BARYRN POy ARG, LA T 0nE By s 51 oAk OB 0 7
Vi sual iof €aly poigh@rrakd/inl i0Ghtl macttfonanolu@nhqo HACR ampli#ctioCovap otiraitd ont vilnpHa? pivbefr
HP, 2401 P

nuber CEPISNTHS BAGINPE O T Ak oe ST Noo e agee cont er

Sui t e 3F8GGARerRTEE A PACESCUWSR- 3 TIEPIING: %ﬁlﬁﬁ&eﬁ%ﬁ&e&"mﬁm atifAl kb DNA
| adder, catal og # N32325 avail abl e from New Engl and Bi ol abs 40 County

Road | p@mmfrpmmn@ﬂgmagﬂSANA@tdmﬂO@ chlBOi%GRe arepdrict io€ Ang oh Epobtgssahicd3Bd i n

experinments depicted i 5_incl uded VWO . .

2071/ 087 1SPCSaL ) ey SRR 3bHRAE R heEg R Rean ARPE RIS 2529
Tri s- HeHermpltyRB1c6. RdacB&onddtioh Wik diNfilisdenatuchton Wt 95°CTRE SRAINY fllodee by 30100
[t.L reaction volune. PCR anplification was carried out using 0.2 [t.M of

eac h f ereler of %5° BAGGHEE FEUETEAOAT T3 2 mnsfianl|cptangion 26 2°4nir 7 aviar S&er

o1 oo ohCTY OARSAS! HE By yb Fog i5p e B T RutengBlBY ght b

8. col i AgﬂmlﬂhcteﬂBBo@@rﬂloﬁoﬂpﬂdmgeﬁ 9P ewgﬁc@hﬂercﬂm BAEDIE henat DeIe
perfornmed on an plied Biosystens 2720 thernal cycler. Reaction condition

wer e |ﬁP}(YFI§FaSH%H§@d?%W%mQP ﬁ?lflfﬁar@ww‘wr NSgB¢ aggblafopyaprliedof 95C
for 40%&%%{&@2@ ofl%ﬁ f&ﬁn%o@eQCo{ﬂog%l @4k %“13)1% Poi%Q c{4%§ gaﬂgbgd

After eac e~ was ded on rose
vi sual @e@lZQﬂSdéSA.LEAstStghtraqm p«)\lyﬂrﬁﬁdsp,hataﬂwglksitlmbér mﬁ)Bmﬁ%)OilmvaAhhih&brmger

HP. Th co rcial I avai | ab Ses used i

Anpl i t genpEict “A m%%wnhégé%%éﬁé@% |1g%lﬁé 15 ‘Pﬁd agelis; H&@éﬁ}@m
16 Vi si @301 Thd f SnIBORR pRAL&ES \&Q@%@qptgﬂ@ém\f@éhkﬁhﬂe%‘awueﬂ:@e@@@O@ Ral.

Car | sbad, CA 92008 USA. FastStart Taq DNA pol ynerase, catal og nber

120329@6@1181ab?/andlasbh@orpm@wdmwh@r@pagnmctntE@yCorporat| on, P.O Box 50414,
9115 Hague Road, |ndianapolis, IN 46250-0414 15USA. The Lanbda PCR pr ot ocol
was adapt ed from Koukhareva and Lebedev (2009) Anal. Chem 81:12 and is

i ncor pexaipr Py reference in its entirety.

In Fig.6 a 653-bp fragment of the f-actin gene from human placental DNA was amplified.

20 All 100 pL PCR reactions contained 1x PCR buffer I (50 mM KCI, 1.5 mM MgCl,, 20 mM
Tris-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



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
buffer | WwoQomdskas, 1.5 nM MgCl2, 20 mM Tris-HCl, pH 8PETAIS2@5@55700. 2V
dNTPs, 0.5[tM of each forward 5' AGAG_QEGGCCACGGCTGCTT 3" (SEQ ID NGO 26) and
reverse 5' - ATTTGCGGTGGACGATGCGAG 3 QID NO 26) priners, 100 ng of
tenplate, and 5 U of Taq pol ynerase. Thernmal cycling condltl ons were
initial denaturation at 94C for 2 mn, 25followed by 35 cycles of 94C for
30 s, 60C for 30 s, 72C for 45 s, final extension at 72C for 7 mn. After
PCR, 2%\:7{11];3 pf each sanple was | oaded on 1% agarose gel and visualized
under ght with an Al pha I nnotech Corporation Al phal mager HP. The PCR
protocol f offht PCReimplifiasiondopée@d ufaddmekpdraniens ddpicted in {IZQOB) | Mudidedd xAci d

Researc nco ted by referenc W |

2011/ 059@%&%&%&5‘%@ nd 2 0 (E%ﬂﬂ lymerase 1 35 hefepqeigna Wopte- Pt i on
prot ocgly Hﬁ@ﬂldnﬂva%%‘aﬁ{éd%@hﬁng@i?'o%&ﬂ dh’},o%&' A-FAM1B- HEX' seed s gRCR
buf f er, 8 ) Taq pol ymerase in 25 [t.L reaction

Vol une.amlPIi‘Fif fahﬁ)ﬂ m bfafnagmem Di\&ArA & a0d C, vspedively amflo%ccbpl@i tp@o:omex

A- FAM - d that 5 [0 f 100-.12 t
o o oA e RO iRt g o Rt YPER riat RS AT TER. Rl BRe 4RTER: o

wer e preRabed Thdetyai arn@aﬁﬁgb%lxm&é BreparB8 $iddt iYL fRaMN@hmk RYWHNRPS.uL of
trehal ose, Taq enzyne and oligo m x were prepared first in Slut final

vol urretatrgetwc*fﬁszddqct AHCRexpesimypats werg pordernadcadn Aagried Besysieayit2d 2hheamal

perfor 9s: 7 C ti 0 i on
were in ‘glleraﬁ1 %lr?gtcﬁlrﬂg 1?%n A IY%E% na%ur%%)& Q(%g?o?rl %(%élg{ tg(ilﬂ%zf%%cbﬁ'cz{becsy%%g iOQSC
foor 309s°C ﬁﬁGOfsQSGYC foir N.miAf tAeter POR,, 28 QL] df.daclo§angsle kvas borge & omd% dg@ﬁﬁe@elon 3%
agar ose and visualized under W/ light with an Al pha | nnotech

Cor por aﬁg &lﬁuai}Zﬁﬁ Andradey light withan érlvilaslpawa%l} Horparakan Apla nager b

road | pafi bR R TR (R BAERGer CRTERNERE ?ﬂ%ﬁ?&%ﬁ%ﬁﬁéﬁ”“ ’
pr obe @atlelss 2o CExatyoad Ipsitieh, RCR (HAPE UiSiAcat i on used i n 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

1%|0v0| U'P&a]ﬂgl:e'ECRé%mf%ﬁmhdthﬁ@tﬁr%d’é@e%u%ﬁ““ ed out using |x of each
ol1go mx -

Example 5
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.



B- HEX, C-CY5, and HBB2 that anplify a 100-120-bp fragnent of DNA A B, C
and human pl acental DNA respectively at 1280 copies to 5 copies. DNA target
series diwotoarms7uere prepared in gPCR reacti on buffer. PATABZO10I0%3701

contai ning dNTPs, trehal ose, Taq enzyse and oligo mx were prepared first
in5([t.L final volunmes to which 20 F??L of target m x was added. Reaction
condition 25were initial denaturation at 95C for 10 mn, followed by 40
cycles of 95C for 30 s, 56C for 1 min. WD 2011/057119PCT/ US2010/ 055701

- 32- The rel evant teachings of all the references, patents and/or
patent applications cited herein are incorporated herein by reference in
their entirety. 5Wiile this invention has been particularly shown and
descri bed wiThhrelefaar encesgs o afirthd sferentes dacchitnanis pateat goficatidnswitkd hdrein
understoad by those skilled in the art. that various changes in form and
det ai | 785" %raﬁ'&al?retl% Yé‘ifﬁrewetlﬁéﬁ?lr HépEPting from the scope of the

i nvention enconpassed by the appended clainms. WO

2011/ 057119PCT/ US2010/ 055701 -33- CLAIMS What is clained is: 1. A
Bl ocki ng do(White thisriavaieidn hacben@agsiuthriyshpiveand descuibed with mefeteates taci d
anplification; Swherein the .conplex conprises: a..an .isolated double

U F and@E I e Pare: feretuf 8T hepndeaiBrd S6Gosd i ndts Shfify LS o

st rand chaite forrh bAiddet HRAHS ISR RE R WiGhdUe HYREIh A6 thcb e siiBdinvéRion
nucl eic acid bases, and ii. a nucleic acid second strand having a second
sequeneecarrpapTiddivribe perondechclaigs. about 9 to about 40 nucl eic acid bases that
are conplenentary 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 doubl e stranded nucleic acid nol ecul e has a percentage of
cytosine (C) and guanine (G in a range between about 50% and about 70%
and 15b. woORkboalsing nol ecul e, wherein the bl ocki ng nol eparaseaonsizal ent | y
bonded to the 3'end or the 5 end of ;hthe first nucleic acid strand, the
second nucleic acid strand, or both. 2. The bl ocki ng doubl e stranded

nucl eic acid conplex of Claiml, wherein the double stranded nucleic acid
nol ecul e has a nelting tenperature in a range between about 25C and about
90C. 203. The bl ocki ng doubl e stranded nucleic acid conmplex of Claima1l,
wherein the conplex conprises DNA qff R 4. The bl ocking doubl e stranded
nucl eic acid conplex of Claiml, wherein the blocking nolecule consists
fromthe group consisting of: deoxythym di ne, dideoxynucl eotides, 3
phosph | ati on, hexanediol, spacer nolecules, 1'2" -dideoxyribose, 2

- 0- Met HYhat iNARIMEAdS: 25 ocked Nucl ei ¢ Acids (LNAs). WO

2011/ 057 14 3R4H{ISRABRY AFRT A iRk achd cfcRLGSKE RonSiaubLEa SRR MUC ei ¢
acid conplex of "Claim 1, wherein the blocking nolecule conprises: Inverted
&1 whiereifilike bdroplkx ngmpiosed] e st randed nucl eic acid conplex of Caiml,
wherein the first sequence or 5the second sequence further conprises one or
more uraci | abagfSolaitd ok A4 nAAUR! RiGhbRAGEhAUGHEHGAct d compl ex for
use in nucleic acid anplification; erein the conplex conprises: a. an

i sol at ed doubl e stranded nucleic acid nol ecule that conprises:

i. a first nucl eilc adistnuslsiapdd paiddyvinepifisisequegoeeiePEbrEPat s eHRbIEt Wden
about 9 to 10about 40 .nuelehg.achdpasgsy and ii. a nucleic acid second
strand having a second sequence conprising between about 9 to about 40
nucl eic acid bases that are conplenentary to the first sequence, wherein
the first nuclei 8 athurleie peiddecond strived kevarenisasard edquengsicamprisiag deteesh

1'%)3‘“ ng a 3' end andab%u? 9 toezﬁ)%’ut 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).



15wherein the double stranded nucleic acid nolecule has a nelting
tenperature in a range between about 25C and about 90C, WO

2011/ 0571WORET/03803010/ 055701 - 35- 8. The bl ocki ng doubl eCstusandass7nucl! ei c
acid complex of claim7, wherein the Iocklng nol ecul e consists fromthe
group consisting of: deoxythynldlne i deoxynucl eoti des, 3
phosphoryl ati on, hexanedi ol, spacer nolecules, 1'2' -dideoxyribose,

2' -0-Met hyl RNA, and LNAs. 59. A bl ocki ng doubl e stranded nucl ei ¢ acid
conpl ex for use in nucleic acid anplification; wherein the conplex

conpri gesy hcabloap?% S s‘?ﬁﬂé&ﬁlef‘m&&cﬁ@ n@ ﬂgﬁtﬁﬁrﬁ 15 h&eﬂqhgﬁ]]ldl:lgné Hl%ﬁegule

conprlses

rst nucleic acid stra avl ng a’ |rst nucl el ¢ acl

sequence @mngaises: t han or equal to about 70%identity with a sequence
conprising: 10 a. SEQIDNO 1, 2, 3, 4, 5, 6, 7,8, 9, 10, 11, 12, 13, 14,

15, 16,

or conbi nati on thereof; b. a conplenent of SEQID NO 1, 2, 3,

4, 5 6, 7,8, 9, 10, 11, 12, 13, 15, 16, or conbination thereof; or 14,

10

15

InveﬁedﬁT‘

. 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.

. 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.



c. a sequence that hybridizes to SEQIDNO 1, 2, 3, 4, 5, 6, 7,8, 9, 10,
11, 15 12, 13, 14, 15, 16, or conbination thereof; and ii. a second
nucl ei ¢ awoaosfesand havi ng a second sequence conpri si ngPogfuseen/oadyout 9 to
about 40 nucleic acid bases that are gonplenentary to the first nucleic
acid sequence, wherein the first nuclé c acid strand and the second nucleic
acid strand each having a 3 end and a 5 end, 20wherein the double
stranded nucl eic acid nolecule has a nelting tenperature in a range between
about 25C and about 90C, b. a bl ocking nol ecule, wherein the bl ocking

ml: Fgrlz:%e Zl(“:}:l gel %&%ﬁ%ﬁ&%&?& f&c 5{{'8 cgmgl%g gf Ohirh Bewﬁerelﬁrfﬁe ﬂ]'cocﬁi@%nfoﬁercﬁfe

e second nucl el ¢ strand
2011/ 057 1MFRIETE/fkdB2 CitQrOGbathitistiBH of: dewtlwmﬁrmndlddomuﬂeomﬁead d conpl ex

interacts wth nucl ei c acid on e, the non-specific a cation
produt s HFEPIHORRY) HEbaisaRY sPhcerOHES: FRadsr ot Ry doUbYE Tl Rhdate
nucl ei ¢ acyggconpl ex of Claim9, wherein the conplex has a 5nelting
tenperature of about 48.9C. 12. The bl ocki ng doubl e stranded nucleic acid

conplex of Caim9, wherein the first sequence or the second s quence
furt heP: co ,@b}qugsdoahlg sglanc}ﬁsirrglc]&gcaqﬁlql c¢ygRlex for use in nucleic acid amphflca on;

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

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



13. A conposition for nucleic acid anplification; the conposition
conprises: 10a. a buffer; b. the bl ocking double stranded nucleic acid
conpl ex ovochavasrT9 and c. a thernostabl e pol ynerase. 12CT/Nis201008§70Ei t i on
for nucleic acid anplification of CL$%U113, wherein the polynerase is a DNA
pol ymerase consi sting of the group: Taq DNA pol ynerase; BST DNA Pol yner ase;
PFU DNA 15pol ynerase; Kl enow DNA pol ynerase; T7 DNA pol ynerase; T4 DNA

pol ynmer ase; Phi 29 DNA pol ynerase; and RB69 DNA pol ynerase. 15. A
conposition for nucleic acid anplification of Claim 13, wherein the range
of conce i ! i i tg.every 5,000
Ot of - psl e nd L ARl T BaRHes Sl S P ACh A BTN ety T o

pol ymer asen-9ecific .amphi€icatomposdidtoare tlarenyuetwied. aci d anplification of Caim
13, wherein the buffer conprises a TRIS buffer, MOPS, or a HEPES buffer.

17. A nmethod of anmplifying a target nucleic acid nol ecule, the nethod

conpri §€STheCO1BLIARS §0B1d {enbad B&leiRYEHbMpA&! & ATRLES UWge it the Sl has a
pol ymerase and the doubl e 25stranded nucPelc acid conplex of Claim1,

Wher ei n tineltidg tdmperatireaidéduti$cd°€l c acid WO 2011/ 057119PCT/ US2010/ 055701
-37- conmplex binds to the DNA pol ynerase, at a tenperature, ranging from

about 35Cridl BlGHE a9 sctABELhiLIAERL eI AT hinGl R Gn 3 B RGeik S ar e
obt ai ned, and production of one or nmore non-specific ain| i cation product s
or secondae yeqonddepiescd Sirthechonguti sesorsconpar edicildasdsat not contacted with

t he doubl e stranded nucleic acid conplex. 18. The nethod of C aim 17,
wherei n polynerase activity at a tenperature between about 20C and 25C is
reduced as conpared to polynerase activity for a target nucleic acid

mol ecul e not contacted with the doubl e stranded nucleic acid conplex. 10
19. Thé3mdrchvgosfiofainyrle®, acihunplifirapontheeeBrosiean aanmpyiset: a t enper at ur e
bet ween about 20C and 25C is reduced in a range between about 50% and about
190% 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



15 20. The nethod of Caim17, wherein an anmount of anplified target

nucl eic acid nolecules is increased, as conpared to an anount of target
nucl ei ¢ awodonwisenal es obt ai ned when not contacted w t hpPChaSdawlFszost r anded
nucl ei ¢ acid conmpl ex. 2021. The nethagd of C aim 20, wherein the amount of
anplified target nucleic acid obtainéd is increased in a range between
about 2X and about 20X. 22. A nethod of anplifying a target nucleic acid
nol ecul e, the nmethod conprises: contacting the target nucleic acid nol ecul e
with a DNA pol ynerase from a species of 25an Archaebacteria and the double

e el el e Pl RS L S

nucl eic acid co pol yner a nperat ure, ranging
from about 25Ctoot #56ut 90C, wherein anplified target nucleic acid

nol ecul es are optai ned,. and production of one or re. non-specific
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that not cont aghed W dhBeitiRemAAHPAtRNHrbRRAEH sBUT8HCorBGIEs §PMRIcEXas VO
2011/ 057119PCT/ US2010/ 055701 -38- 23. The nethod of Caim 22, wherein

pol ymer ase actdompayedap thatmengetated eith Stewosbleabonded20Ccanati®&mplsx.r educed
as conpared to polynerase activity for a target nucleic acid nol ecul e not
contacted with the doubl e stranded nucleic acid conplex. 524. The net hod of

G ai m 28, Tih@e@bad oPClayiEITasBe@t pol{hyradd ao@ivttgmefea{ FRuBSEWRRA aBHRWN°20C
and 25C is reduced in a range between about 50% and about 90% 25. A nethod
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m xing a BUtl el g LALaet trgﬁﬁh%h&eﬁcdcﬁd%%%&%%' €, one or nore primers,  a
DNA pol ynerase, a supply of 4 eni ne, guanlné? Cytosine and thym ne, and the
Idoubl e

19. The method of Claim 18, wherein polymerase activity at a temperature between about 20°C

and 25°C is reduced in a range between about 50% and about 90%.

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.



stranded nucleic acid conplex of Caiml,; b. allow ng for
anplification of the target nucleic acid nolecule by increasing the

t emrper at We 20n/nB9or nore cycl es, wherein the tenperat RCE/USANYASSTOEL ween
about 1525C to about 90C, wherein anpkified target nucleic acid nolecul es
are obtained, and the production of 6ne or nore non-specific anplification
products or secondary products is reduced as conpared to that not contacted
wi th the doubl e stranded nucl eic acid conplex. 2026. The nethod of O aim
25, wherein polynerase activity at a tenperature between about 20C and 25C
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27. The neidSAC of re@haidrms 26mpavkeé ltcepasiymnraacfrmwhty(fbr zampgeit hidéictaaidgadleaecheti c
acid nolecules jis 2 creased, s conpared tq target nucleic acid nolecul es
not cont aEGER Wi g‘ﬁgo g i rn&ﬁlﬁlé?dacﬁﬁ‘@ q‘EX -aci d conplex. 28. A kit for
nucleic acid anplification; the kit conprises: a. the blocking double
stranded nucl eic acid conplex of claiml1l, and WO

2011/ 03% 11@@3%@&@6@0}/11@525m’hereagpolymelasqamtlyrtg abs empRetuEhetvikden abfut@0sC m 28,

b0l yirer ast B DA R li}%ﬁ%&s 2B BRCTEH FRERRLYR Gnow DNA Spol ymorase:

T7 DNA pol ynerase; T4 polynerase; Phi 29 DNA pol ynerase; and RB69 DNA
pol ymer ase.
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
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b. a polymerase.

29. The kit of Claim 28, wherein the polymerase is a DNA polymerase consisting of the group:
Taq DNA polymerase; BST DNA Polymerase; PFU DNA polymerase; Klenow DNA
polymerase; T7 DNA polymerase; T4 DNA polymerase; Phi29 DNA polymerase; and RB69
DNA polymerase.



