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ABSTRACT 

Nucleotide triphosphate probes containing a molecular and/ 
or atomic tag on a a y and/ or [3 phosphate group and/or a base 
moiety having a detectable property are disclosed, and kits 
and method for using the tagged nucleotides in sequencing 
reactions and various assay. Also, phosphate and polyphos 
phate molecular ?delity altering agents are disclosed. 
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ENZYMATIC NUCLEIC ACID SYNTHESIS: 
COMPOSITIONS AND METHODS 

RELATED APPLICATIONS 

[0001] The present invention claims priority of US. patent 
application Ser. No. 10/007,621 ?led Dec. 3, 2001, Which 
claims provisional priority US. Provisional Patent Applica 
tion Ser. No. 60/250,764 ?led Dec. 1, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to compositions and 
methods for altering the ?delity of nucleic acid synthesis. 

[0004] More particularly, the present invention relates to 
the following general areas: (1) nucleotide triphosphate 
monomers having at least one molecular or atomic tag 
bonded to and/or chemically and/or physically associated 
With one or more of the phosphate groups of the triphosphate 
moiety of the monomers, the base moiety, and/or the sugar 
moiety in the case of a nucleoside analog; (2) methods for 
enZymatic DNA synthesis With altered ?delity; (3) methods 
of sequencing DNA, based on the detection of base incor 
poration using tags bonded to and/or chemically and/or 
physically associated With the [3 and/or y phosphates of the 
triphosphate of the nucleotide monomer, the base moiety of 
a nucleotide or nucleoside monomer, and/or the sugar moi 
ety of a nucleotide or nucleoside monomer, the polymerase 
or by the release of the tagged pyrophosphate (PPi); (4) a 
template-mediated primer extension reaction With improved 
monomer incorporation ?delity using the tagged monomers; 
(5) methods for performing a primer extension reaction, 
such as a DNA sequencing reaction, or a polymerase chain 
reaction using the tagged monomers; (6) methods for 
improving nucleotide incorporation ?delity by adding 
tagged pyrophosphate (PPi) to a monomer polymerization 
medium, Where the monomers can be tagged or untagged; 
and (7) kits for conducting nucleotide sequencing, a poly 
merase chain reaction, a templated-mediated primer exten 
sion reaction or similar reaction With improved monomer 
incorporation ?delity using either tagged pyrophosphate 
and/or untagged or tagged monomers. 

[0005] 2. Description of the Related Art 

Sequencing Nucleic Acids Using Tagged Monomers 

[0006] The primary sequences of nucleic acids are crucial 
for understanding the function and control of genes and for 
applying many of the basic techniques of molecular biology. 
The ability to do rapid and reliable DNA sequencing is, 
therefore, a very important technology. The DNA sequence 
is an important tool in genomic analysis as Well as other 
applications, such as genetic identi?cation, forensic analy 
sis, genetic counseling, medical diagnostics, etc. With 
respect to the area of medical diagnostic sequencing, disor 
ders, susceptibilities to disorders, and prognoses of disease 
conditions, can be correlated With the presence of particular 
DNA sequences, or the degree of variation (or mutation) in 
DNA sequences, at one or more genetic loci. Examples of 
such phenomena include human leukocyte antigen (HLA) 
typing, cystic ?brosis, tumor progression and heterogeneity, 
p53 proto-oncogene mutations and ras proto-oncogene 
mutations. See, e.g., Gyllensten et al., PCR Methods and 
Applications, 1: 91-98 (1991); US. Pat. No. 5,578,443, 
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issued to Santamaria et al., incorporated herein by reference; 
and US. Pat. No. 5,776,677, issued to Tsui et al., incorpo 
rated herein by reference. 

[0007] Various approaches to DNA sequencing exist. The 
dideoxy chain termination method serves as the basis for all 
currently available automated DNA sequencing machines. 
See, e.g., Sanger et al., Proc. Natl.Acad. Sci., 74: 5463-5467 
(1977); Church et al., Science, 240: 185-188 (1988); and 
Hunkapiller et al., Science, 254: 59-67 (1991)). Other meth 
ods include the chemical degradation method, see, e.g., 
Maxam et al., Proc. Natl. Acad. Sci., 74: 560-564 (1977); 
Whole-genome approaches see, e.g., Fleischmann et al., 
Science, 269,496 (1995); expressed sequence tag sequenc 
ing see, e.g., Velculescu et al., Science, 270, (1995); array 
methods based on sequencing by hybridiZation, see, e.g., 
Koster et al., Nature Biotechnology, 14, 1123 (1996); and 
single molecule sequencing (SMS), see, e.g., Jett et al., J. 
Biomol. Struct. Dyn. 7, 301 (1989), Schecker et al., Proc. 
SPIE-Int. Soc. Opt. Eng. 2386,4 (1995), and Hardin et al. 
US. patent application Ser. No. 09/901,782, ?led Jul. 9, 
2001, incorporated herein by reference. 

[0008] Fluorescent dyes can be used in a variety of these 
DNA sequencing techniques. A ?uorophore moiety or dye is 
a molecule capable of generating a ?uorescence signal. A 
quencher moiety is a molecule capable of absorbing the 
energy of an excited ?uorophore, thereby quenching the 
?uorescence signal that Would otherWise be released from 
the excited ?uorophore. In order for a quencher to quench an 
excited ?uorophore, the quencher moiety must be Within a 
minimum quenching distance of the excited ?uorophore 
moiety at some time prior to the ?uorophore releasing the 
stored ?uorescence energy. 

[0009] Fluorophore-quencher pairs have been incorpo 
rated into oligonucleotide probes in order to monitor bio 
logical events based on the ?uorophore and quencher being 
separated or brought Within a minimum quenching distance 
of each other. For example, probes have been developed 
Wherein the intensity of the ?uorescence increases due to the 
separation of the ?uorophore-quencher pair. Probes have 
also been developed Which lose their ?uorescence because 
the quencher is brought into proximity With the ?uorophore. 

[0010] These ?uorophore-quencher pairs have been used 
to monitor hybridiZation assays and nucleic acid ampli?ca 
tion reactions, especially polymerase chain reactions (PCR), 
by monitoring either the appearance or disappearance of the 
?uorescence signal generated by the ?uorophore molecule. 

[0011] The decreased ?uorescence of a ?uorophore moi 
ety by collision or direct interaction With a quencher is due 
mainly to a transfer of energy from the ?uorophore in the 
excited state to the quencher. The extent of quenching 
depends on the concentration of quencher and is described 
by the Stem-Volmer relationship: 

Wherein F0 and F correspond to the ?uorescence in the 
absence and presence of quencher, respectively, and [Q] is 
the quencher concentration. Aplot of FO/F versus [Q] yields 
a straight line With a slope corresponding to the Stem 
Volmer constant, KSV. The foregoing equation takes into 
account the dynamic and collisional quenching Which is the 
dominant component of the quenching reaction. A linear S-V 
plot can be obtained When the quenching is completely due 
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to a dynamic (or collisional) process or a static complex 
formation. A non-linear plot Will occur When both static and 
collisional quenching are occurring simultaneously (see, A. 
M. Garcia, Methods in EnZymology, 207, 501-511 (1992)). 

[0012] In general, ?uorophore moieties preferably have a 
high quantum yield and a large extinction coe?icient so that 
the dye can be used to detect small quantities of the 
component being detected. Fluorophore moieties preferably 
have a large Stokes shift (i.e., the difference betWeen the 
Wavelength at Which the dye has maximum absorbance and 
the Wavelength at Which the dye has maximum emission) so 
that the ?uorescent emission is readily distinguished from 
the light source used to excite the dye. 

[0013] One class of ?uorescent dyes Which has been 
developed is the energy transfer ?uorescent dyes. For 
instance, US. Pat. Nos. 5,800,996, and 5,863,727, issued to 
Lee et al., disclose donor and acceptor energy ?uorescent 
dyes and linkers useful for DNA sequencing, incorporated 
therein by reference. Other ?uorophore-quencher pairs are 
disclosed in PCT Application Serial No. PCT/US99/29584, 
incorporated herein by reference. In energy transfer ?uores 
cent dyes, the acceptor molecule is a ?uorophore Which is 
excited at the Wavelength of light corresponding to the 
?uorescence emission the excited donor molecule. When 
excited, the donor dye transmits its energy to the acceptor 
dye. 
[0014] Therefore, emission from the donor is partially or 
totally quenched due to partial or total energy transfer from 
the excited donor to the acceptor dye, resulting in the 
excitation of the latter for emission at its characteristic 
Wavelength (i.e., a Wavelength different from that of the 
donor dye Which may represent a different color if the 
emissions are in the visible portion of the spectrum). The 
advantage of this mechanism is tWofold; the emission from 
the acceptor dye is more intense than that from the donor dye 
alone When the acceptor has a higher ?uorescence quantum 
yield than the donor (see, Li et al., Bioconjugate Chem., 10: 
242-245, (1999)) and attachment of acceptor dyes With 
differing emission spectra alloWs differentiation among mol 
ecules by ?uorescence using a single excitation Wavelength. 

[0015] Nucleotide triphosphates having a ?uorophore 
moiety attached to the y-phosphate are of interest as this 
modi?cation still alloWs the modi?ed NTPs to be enZyme 
substrates. For instance, Felicia et al., describe the synthesis 
and spectral properties of a “alWays-on” ?uorescent ATP 
analog, adenosine-5'-triphosphoroyl-(5-sulfonic acid)naph 
thyl ethylamindate (y-1,5-EDANS) ATP. Yarbrough et al. 
1978, JBC. The analog is a good substrate for E. coli RNA 
polymerase and can be used to initiate the RNA chain. The 
ATP analog is incorporated into the RNA synthesiZed and is 
a good probe for studies of nucleotide-protein interactions, 
active site mapping and other ATP-utiliZing biological sys 
tems. See, e.g., Felicia et al., Arch. Biochem Biophys., 246: 
564-571 (1986). 

[0016] In addition, Sato et al., disclose a homogeneous 
enZyme assay that uses a ?uorophore moiety (bimane) 
attached to the y-phosphate group of the nucleotide and a 
quencher moiety attached to the 5-position of uracil. The 
quencher moiety is in the form of a halogen, bound to the 
C-5 position of the pyrimidine. The quenching that is 
effected by this combination is eliminated by cleavage of the 
phosphate bond by the phosphodiesterase enZyme. The 

Jul. 26, 2007 

halogen quencher used in the assay is very ine?icient 
producing only about a tWo fold decrease in ?uorescent 
e?iciency. 
Template-Mediated Primer Extension Reaction 

[0017] In a template-mediated primer extension reaction, 
an oligonucleotide primer having homology to a single 
stranded template nucleic acid is caused to anneal to a 
template nucleic acid, the annealed mixture is then provided 
With a DNA polymerase in the presence of nucleoside 
triphosphates under conditions in Which the DNA poly 
merase extends the primer to form a complementary strand 
to the template nucleic acid. In a Sanger-type DNA sequenc 
ing reaction, the primer is extended in the presence of a 
chain-terminating agent, e.g., a dideoxynucleoside triphos 
phate, to cause base-speci?c termination of the primer 
extension (Sanger). In a polymerase chain reaction, tWo 
primers are provided, each having homology to opposite 
strands of a double-stranded DNA molecule. After the 
primers are extended, they are separated from their tem 
plates, and additional primers caused to anneal to the tem 
plates and the extended primers. The additional primers are 
then extended. The steps of separating, annealing, and 
extending are repeated in order to geometrically amplify the 
number of copies of the template nucleic acid (Saiki). 

[0018] In both DNA sequencing and PCR, it is critically 
important that the primer extension product accurately rep 
licate the nucleotide sequence of the template nucleic acid. 
However, under certain conditions, peak “dropout” has been 
observed Wherein certain nucleotides are not represented in 
the primer extension product. This problem is believed to be 
caused by pyrophosphorolysis of the primer extension prod 
uct by a reverse nucleotide addition reaction promoted by 
the accumulation of pyrophosphates in the reaction mixture. 
See Mullis; Tabor 1990; Tabor 1996. 

Pyrophosphate Effects on Nucleic Acid Synthesis and/or 
Sequencing 
[0019] It has been recogniZed that pyrophosphorolysis, 
Where an oligonucleotide is reduced in length, is detrimental 
to primer extension reactions. The pyrophosphorolysis is 
caused by the availability of pyrophosphate. For example, 
PCR is inhibited by the addition of pyrophosphate even at 
very loW concentrations. According to US. Pat. No. 5,498, 
523, this pyrophosphorolysis can be prevented by providing 
an agent, for example, a pyrophosphatase, capable of remov 
ing pyrophosphate. Addition of pyrophosphatase to a PCR 
greatly enhances the progress of the reaction and provides 
superior results compared to the reaction Without a pyro 
phosphatase. See US. Pat. No. 4,800,159, incorporated 
herein by reference. 

[0020] Similarly, the addition of a pyrophosphatase to a 
sequencing reaction provides more uniformity in intensities 
of bands formed in a polyacrylamide gel used to identify 
products of the sequencing reaction. This uniformity is due 
to prevention of degradation of speci?c DNA products by 
pyrophosphorolysis. See also, Tabor, S. and Richardson, C. 
C., J. Biol. Chem. 26518322 (1990) and US. Pat. No. 
4,962,020, incorporated herein by reference. 

[0021] Each product or band in a dideoxy sequencing 
experiment is a polynucleotide complementary to the tem 
plate and terminated at the 3' end in a base-speci?c manner 
With a dideoxynucleotide. The dideoxy stabiliZes the prod 
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uct, preventing further polymerization of the polynucleotide. 
However, in certain regions of the template, the bands, 
especially after prolonged reaction, Will reduce in intensity 
or completely disappear (“drop-out” bands). In certain 
sequence contexts, the PPi contained Within the enzyme is 
thought to remain there for an extended period of time. A 
drop-out may not be readily detected by the operator, leading 
to errors in the interpretation of the data either by a human 
or computer-driven analyzer. Since this phenomenon is 
stimulated by inorganic pyrophosphate, the effect is presum 
ably due to pyrophosphorolysis (reverse polymerization), 
not 3'-exonucleolytic activity. It is hypothesized that DNA 
polymerase idling at the end of these terminated products 
and in the presence of suf?cient pyrophosphate Will remove 
the dideoxynucleotide, then extend from the noW free 3'-hy 
droxyl end to another dideoxy termination. In effect, the 
bands are converted to longer polynucleotides bands. 
Removal of pyrophosphate as it is generated in the poly 
merization reaction eliminates this problem. 

Sequencing by Direct Detection of Released Tagged Pyro 
phosphate 
[0022] Researchers have used a series of enzyme reactions 
coupled to pyrophosphate generation to measure DNA poly 
merase activity. In the ?rst (P. Nyren, Anal. Biochem. 
167:235 (1987)), Nyren used ATP: sulfate adenylyltrans 
ferase to convert pyrophosphate and adenosine 5'-phospho 
sulfate to ATP and sulfate ion. The ATP Was used to make 
light With luciferase. In the second (I. C. Johnson et al., 
Anal. Biochem. 26:137 (1968)), the researchers reacted the 
pyrophosphate With UDP-glucose in the presence of UTP: 
glucose-1-phosphate uridylyltransferase to produce UTP 
and glucose-1-phosphate. In tWo more steps, polymerase 
activity Was measured spectrophotometrically by the con 
version of NADP to NADPH. While these articles describe 
the use of ATP: sulfate adenylyltransferase and UTP: glu 
cose-1-phosphate uridylyltransferase in measuring DNA 
polymerase activity, they do not describe their use to prevent 
or inhibit pyrophosphorolysis in nucleic acid synthesis reac 
tions. 

[0023] DNA sequencing is an essential tool in molecular 
genetic analysis. The ability to determine DNA nucleotide 
sequences has become increasingly important as efforts have 
commenced to determine the sequences of the large 
genomes of humans and other higher organisms. 

[0024] The tWo most commonly used methods for DNA 
sequencing are the enzymatic chain-termination method of 
Sanger and the chemical cleavage technique of Maxam and 
Gilbert. 

[0025] Both methods rely on gel electrophoresis to 
resolve, according to their size, DNA fragments produced 
from a larger DNA segment. Since the electrophoresis step 
as Well as the subsequent detection of the separated DNA 
fragments are cumbersome procedures, a great effort has 
been made to automate these steps. HoWever, despite the 
fact that automated electrophoresis units are commercially 
available, electrophoresis is not Well suited for large-scale 
genome projects or clinical sequencing Where relatively 
cost-effective units With high throughput are needed. Thus, 
the need for nonelectrophoretic methods for sequencing is 
great and several alternative strategies have been described, 
such as scanning tunnel electron microscopy (Driscoll et al. 
1990, Nature, 346,294-296), sequencing by hybridization 
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(Bains et al., 1988, J. Theo. Biol. 135, 308-307) and single 
molecule detection (Jeff et al., 1989, Biomol. Struct. 
Dynamics, 7, 301-306), to overcome the disadvantages of 
electrophoresis. 

[0026] Techniques enabling the rapid detection of a single 
DNA base change are also important tools for genetic 
analysis. In many cases detection of a single base or a feW 
bases Would be a great help in genetic analysis since several 
genetic diseases and certain cancers are related to minor 
mutations. A mini-sequencing protocol based on a solid 
phase principle Was described (Hultman, et al., 1988, Nucl. 
Acid. Res., 17, 4937-4946; Syvanen et al., 1990, Genomics, 
8, 684-692). The incorporation of a radio labeled nucleotide 
Was measured and used for analysis of the three-allelic 
polymorphism of the human apolipoprotein E gene. HoW 
ever, radioactive methods are not Well suited for routine 
clinical applications and hence the development of a simple 
non-radioactive method for rapid DNA sequence analysis 
has also been of interest. 

[0027] Methods of sequencing based on the concept of 
detecting inorganic pyrophosphate (PPi) Which is released 
during a polymerase reaction have been described (WO 
93/23564 and WO 89/09283). As each nucleotide is added to 
a groWing nucleic acid strand during a polymerase reaction, 
a pyrophosphate molecule is released. It has been found that 
pyrophosphate released under these conditions can be 
detected enzymically eg by the generation of light in the 
luciferase-luciferin reaction. Such methods enable a base to 
be identi?ed in a target position and DNA to be sequenced 
simply and rapidly Whilst avoiding the need for electro 
phoresis and the use of harmful radio labels. See for example 
US. Pat. No. 5,498,523, incorporated herein by reference. 

[0028] HoWever, the PPi-based sequencing methods men 
tioned above are not Without drawbacks. The template must 
be Washed thoroughly betWeen each nucleotide addition to 
remove all non-incorporated deoxynucleotides. This makes 
it dif?cult to sequence a template Which is not bound to a 
solid support. In addition neW enzymes must be added With 
each addition of deoxynucleotide. 

[0029] Thus, there is a need for improved methods of 
sequencing Which alloW rapid detection, have increase ?del 
ity and provision of sequence information and Which are 
simple and quick to perform, lending themselves readily to 
automation. 

SUMMARY OF THE INVENTION 

[0030] The present invention overcomes the de?ciencies 
of the prior art and provides a nucleotide polymerization 
using nucleotides having a molecular and/or atomic tag 
bonded to or associated With the nucleotide or nucleoside to 
alter ?delity of nucleotide incorporation. In a preferred 
embodiment, the tag is bonded to or associated With a 
portion of the nucleotide that is released after nucleotide 
incorporation in a groWing polymer chain. Preferably, the 
released portion is the pyrophosphate moiety including the 
[3 and y phosphate groups. 

[0031] When a pyrophosphate group having a molecular 
and/or atomic tag bonded to or associated thereWith is 
released from the nucleoside triphosphate upon incorpora 
tion in a groWing polymer chain, the tagged pyrophosphate 
group does not (signi?cantly) stimulate pyrophosphorolysis. 
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[0032] The present invention also provides a method for 
preventing reverse polymerization or depolymerization of 
polymer formed using single-molecule sequencing methods 
as set forth in Us. Prov. Pat. Appln. Ser. No. 60/216,594, 
?led Jul. 7, 2000 and Us. patent application Ser. No. 
09/901,782, ?led Jul. 9, 2001, incorporated herein by ref 
erence. 

[0033] The present invention further provides a method 
for improving incorporation ?delity by adding a modi?ed 
PP_ to a nucleoside polymerization medium in an amount 
sufficient to improve incorporation ?delity and/or to inhibit 
of pyrophosphorolysis of formed products. Preferred modi 
?ed pyrophosphates include pyrophosphates bearing a group 
on one or both phosphate moieties that reduce, inhibit or 
prevent pyrophosphorolysis or pyrophosphates produced 
from NTPs or dNTPs having a group on the [3 and/or y 
phosphate moiety. 

[0034] The present invention provides a heterogeneous 
assay for detecting base incorporation and pyrophosphate 
cleavage. The assay utilizes labeled NTPs or dNTPs, a target 
nucleic acid, a primer nucleic acid and a polymerase. The 
assay includes the steps of ?oWing the labeled nucleotide 
triphosphate (NTP, dNTP, etc.) having a molecular and/or 
atomic tag bonded to or associated With the [3- and/or 
y-phosphate past an immobilized component selected from 
the group consisting of the polymerase, the primer and the 
target nucleic acid. Next, the appropriate labeled NTP or 
dNTP is incorporated on the primer strand hybridized to the 
target nucleic acid using the polymerase and results in the 
release of a tagged pyrophosphate from the dNTP. The 
incorporation event or the release event can be detected 
either by measuring a detectable property of the NTP or 
dNTP upon binding and/ or during incorporation or by mea 
suring a detectable property of the released pyrophosphate. 
The detectable property can be a property inherent in the 
molecular or atomic tags or produced as a result of the 
interaction betWeen the molecular or atomic tag on the 
phosphates of the label NTP or released pyrophosphate and 
other tags bonded to or associated With the polymerase, the 
matrix or mobile or immobile components in the media. 

[0035] The present invention also provides a polymerase 
immobilized on a solid support and a labeled nucleotide 
triphosphate selected from the group consisting of dATP, 
dCTP, dGTP, dTTP, dUTP, ATP, CTP, GTP, UTP and mix 
tures thereof, Where the tags are molecular and the mol 
ecules are ?uorophores and the detectable property is ?uo 
rescent light emission or quenching. The detection of the 
?uorescent light is preferably accomplished using single 
molecule detection such as a charge couple device (CCD) 
camera or intensi?ed CCD camera systems or the like. 

[0036] The present invention provides kits and integrated 
systems for practicing the assays described herein. In certain 
aspects, the present invention provides a kit for assaying 
pyrophosphate cleavage, comprising: (a) a plurality of 
nucleotides triphosphates each having a y-phosphate With a 
distinguishing ?uorophore moiety attached thereto and each 
having a quencher moiety su?iciently proximal to the dis 
tinguishing ?uorophore moiety to prevent ?uorescence of 
the distinguishing ?uorophore moiety; Wherein the distin 
guishing ?uorophore moiety exists quenched With at least 
about a 5 fold quenching ef?ciency When the y-phosphate is 
attached to each of the plurality of dNTP moieties and each 
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is unquenched When the y-phosphate is detached from each 
of the plurality of dNTP moieties; and (b) a polymerase. 
Preferably, the polymerase is immobilized on a solid sup 
port. 

[0037] The present invention provides a primer extension 
method in Which the extent of pyrophosphorolysis of a 
primer extension product is reduced, and solutions and kits 
useful for practicing the method. 

[0038] The present invention provides a primer extension 
method Wherein “peak drop-out” is reduced and the ?delity 
of template-sequence reproduction is maximized. 

[0039] The present invention provides an improved 
method for performing a primer extension reaction including 
the steps of annealing an oligonucleotide primer to a portion 
of a template nucleic acid thereby forming a primer template 
hybrid; adding primer-extension reagents including a NTP 
or dNTP having a [3- and/or y-phosphate moiety having a 
molecular and/ or atomic tag bonded to or associated With the 
[3- and/ or y-phosphate moiety to the primer-template hybrid 
for extending the primer; and optionally adding a co 
substrate-enzyme pair to the primer-template hybrid for 
conducting a pyrophosphate-utilizing reaction, Where the 
tagged, released pyrophosphate reduces the amount of pyro 
phosphorolysis in the reaction. One should recognize that 
the release PPi is a modi?ed PPi and acts to inhibit delete 
rious interference untagged PPi has on nucleotide polymer 
ization. 

[0040] The present invention provides a method of inhib 
iting or preventing pyrophosphorolysis during synthesis of a 
nucleic acid molecule, said method comprising: (a) combin 
ing one or more nucleotides having a molecular and/or 
atomic tag bonded to or associated With a [3- and/or y-phos 
phate moiety of the nucleoside and a nucleic acid template; 
(b) incubating the one or more nucleotides and nucleic acid 
template, under conditions suf?cient to form a second 
nucleic acid molecule complementary to all or a portion of 
the nucleic acid template. 

[0041] The method of the invention more speci?cally 
relates to a method of inhibiting or preventing pyrophos 
phorolysis, said method comprising: (a) combining a primer 
With a nucleic acid template under conditions suf?cient to 
form a hybridized product; and (b) incubating said hybrid 
ized product in the presence of (i) one or more nucleotides 
having a molecular and/or atomic tag bonded to or associ 
ated With a [3- and/or y-phosphate moiety of the nucleoside, 
and (ii) a polymerase, and (iii) optionally an enzyme 
selected from the group consisting of a pentosyltransferase, 
a phosphotransferase With alcohol group as acceptor, a 
nucleotidyltransferase, and a carboxy-lyase under condi 
tions su?icient to synthesize a second nucleic acid molecule 
complementary to all or a portion of said nucleic acid 
template. 

[0042] Speci?cally, the method of the present invention 
relates to inhibition of pyrophosphorolysis in the synthesis 
of DNA and RNA molecules using the appropriate nucle 
otides having a molecular and/or atomic tag bonded to or 
associated With a [3- and/or y-phosphate moiety of the 
nucleoside and polymerases (dNTPs/rNTPs and DNA poly 
merase/ RNA polymerase). 

[0043] The present invention provides a primer extension 
reaction to prevent the inhibition of nucleic acid synthesis 
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during ampli?cation and to prevent band drop out in 
sequencing reactions. Thus, the method to prevent inhibition 
of nucleic acid synthesis during ampli?cation of a double 
stranded nucleic acid molecule comprises: (a) providing a 
?rst and second primer, Wherein said ?rst primer is comple 
mentary to a sequence at or near the 3' termini of the ?rst 
strand of said nucleic acid molecule and said second primer 
is complementary to a sequence at or near the 3' termini of 
the second strand of said nucleic acid molecule; (b) hybrid 
izing said ?rst primer to said ?rst strand and said second 
primer to said second strand in the presence of (i) a poly 
merase, and (ii) optionally an enzyme selected from the 
group consisting of a pentosyltransferase, a phosphotrans 
ferase With an alcohol group as an acceptor, a nucleotidyl 
transferase and a carboxy-lyase under conditions such that a 
third nucleic acid molecule complementary to said ?rst 
strand and a fourth nucleic acid molecule complementary to 
said second strand are synthesized from nucleosides having 
a molecular and/or atomic tag bonded to or associated With 
a [3- and/or y-phosphate moiety of the nucleoside; (c) dena 
turing said ?rst and third strand and said second and fourth 
strand; and (d) repeating steps (a) to (c) one or more times. 
Again, the PPi released in the nucleotide polymerization of 
this invention do not cause the deleterious effects that 
nascent PPi can cause, therefore, the need to enzymatically 
degrade PPi is only for optional protection. 
[0044] The present invention also provides a method of 
sequencing a DNA molecule comprising: (a) combining a 
primer With a ?rst DNA molecule under conditions su?icient 
to form a hybridized product; (b) contacting said hybridized 
product With nucleotides having a molecular and/or atomic 
tag bonded to or associated With a [3- and/or y-phosphate 
moiety of the nucleoside, a DNA polymerase, optionally an 
enzyme selected from the group consisting of a pentosyl 
transferase, a phosphotransferase With an alcohol group as 
acceptor, a nucleotidyltransferase and a carboxy-lyase; and 
a terminator nucleotide to give a reaction mixture; (c) 
incubating the reaction mixture under conditions suf?cient 
to synthesize a population of DNA molecules complemen 
tary to said ?rst DNA molecule, Wherein said synthesized 
DNA molecules are shorter in length than said ?rst DNA 
molecule and Wherein said synthesized DNA molecules 
comprise a terminator nucleotide at their 3' termini; and (d) 
separating said synthesized DNA molecules by size so that 
at least a part of the nucleotide sequence of said ?rst DNA 
molecule can be determined. 

[0045] In addition to reducing band drop out, Which is 
believed to result from a ddNTP being added and then being 
release due to reattaching release pyrophosphate folloWed 
by standard extension, thereby, producing under represen 
tation of that position in the DNA sequence data, the use of 
[3- and/or y-phosphate modi?ed nucleotides Will result in 
improved sequencing using traditional ?uorescent sequenc 
ing reaction due to a decrease in background and/or reduc 
tion in band spreading. The ?rst improvement Would result 
from using [3- and/or y-phosphate modi?ed dideoxynucle 
otidesm Which are incorporated at improved accuracy (less 
incorporation of incorrect ddNTP, reducing background 
signal). While the second improvement Would result from 
using [3- and/ or y-phosphate modi?ed nucleotides to produce 
identical (or substantially identical) DNA polymers instead 
of the population of molecules that result from inaccurate 
incorporation of dNTPs. Thus, the traditional ?uorescent 
sequencing reaction can undergo a tWo stage improvement 
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by using [3- and/or y-phosphate modi?ed nucleotides and [3 
and/or y-phosphate modi?ed dideoxy nucleotides. 

[0046] The present invention provides a novel modi?ed 
PPi-based sequencing method for sequencing reactions, 
Where the method can be performed Without intermediate 
Washing steps, enabling the procedure to be carried out 
simply and rapidly, for example in a single micro titre plate. 
Moreover, the method can be performed With immobilized 
DNA in solution or on a support or With mobile DNA and 
immobilized polymerase in solution or on a support. Fur 
thermore, the method can be readily adapted to permit the 
sequencing reactions to be continuously monitored in real 
time, With a signal being generated and detected, as each 
nucleotide is incorporated. 

[0047] The present invention provides a method of iden 
tifying a base at a target position in a sample DNA sequence 
Wherein an extension primer, Which hybridizes to the sample 
DNA immediately adjacent to the target position is provided 
and the sample DNA and extension primer are subjected to 
a polymerase reaction in the presence of a deoxynucleotide 
having a molecular and/or atomic tag bonded to or associ 
ated With a [3- and/or y-phosphate moiety of the nucleoside 
or dideoxynucleotide having a molecular and/or atomic tag 
bonded to or associated With a [3- and/or y-phosphate moiety 
of the nucleoside Whereby the tagged deoxynucleotide or 
tagged dideoxynucleotide Will only become incorporated 
and release tagged pyrophosphate (tPPi) if it is complemen 
tary to the base in the target position, any incorporation 
and/or release of tPPi may be detected via any detection 
method capable of identifying a detectable property of the 
tagged deoxynucleotide, tagged dideoxynucleotide or 
tagged pyrophosphate, different tagged deoxynucleotides or 
tagged dideoxynucleotides being added either to separate 
aliquots of sample-primer mixture or successively to the 
same sample-primer mixture and subjected to the poly 
merase reaction to indicate Which tagged deoxynucleotide or 
tagged dideoxynucleotide is incorporated, optionally char 
acterised in that, a nucleotide-degrading enzyme is included 
during the polymerase reaction step, such that unincorpo 
rated nucleotides are eliminated. 

[0048] The present invention is also ideally suited for 
single nucleotide extensions reactions because the tagged 
PP released during incorporation does not cause the delete 
rious effects associated With the release of nascent PR, and 
Where the ?delity of the tagged nucleotide incorporation in 
improved. 

[0049] The invention also provides a kit for carrying out 
nucleic acid syntheses With improved ?delity comprising a 
container including a polymerizing compartment compris 
ing a nucleic acid polymerizing agent, a monomer compart 
ment comprising nucleotide monomers for the polymerizing 
agent and a ?delity enhancing agent compartment compris 
ing a ?delity enhancing agent, Where the ?delity enhancing 
agent comprises a tagged-phosphate, tagged-pyrophosphate 
or tagged-polyphosphate or derivatives thereof. 

[0050] The invention also provides a kit for carrying out 
nucleic acid syntheses With improved ?delity comprising a 
container including a polymerizing compartment compris 
ing a nucleic acid polymerizing agent and a monomer 
compartment comprising nucleotide monomers for the poly 
merizing agent, Where the monomers comprise dNTPs, 
ddNTPs, [3- and/or y-phosphate modi?ed nucleotides, [3 






























































