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ISOMETRIC PRIMER EXTENSION METHOD AND KIT FOR 
DETECTION AND QUANTIFICATION OF SPECIFIC 

NUCLEIC ACID 

5 BACKGROUND OF THE INVENTION 

· The present invention is related to a method for detecting and quantifying 

specific DNA or RNA by using an isometric primer extension (iPE) method. 

Conventional methods for detecting and quantifying special sequences of 

nucleic acids such as DNA and RNA include southern blotting, northern analysis, and 

10 RNase protection assays, and Polymerase Chain Reaction (PCR), among_ other 

methods. However, if the detection of a specific RNA species in a sample is 

considered, Northern blotting and RNase protection assay present limitations in 

efficiency, labor intensiveness, accuracy, high cost, sensitivity, greater RNA sample 

requirement, specialized equipment, and a large amount of bio-hazardous and 

15 radioisotopic waste material that are generated. In particular, both Northern blotting 

and RNase protection assay require 2-3 days for completion of the analyses. In 

addition, Northern blotting requires running a RNA gel, transferring the RNA to a 

solid support, preparing a probe, and carrying out a hybridization reaction. The 

sensitivity requirement is a 5 µg sample for adequate sensitivity. Northern blot is 

20 based on the principle of hybridization between the target and the probe nucleic acid. 

Moreover, the cost per reaction is fairly high, as is the amount of biohazardous and 

radioisotopic waste material that are generated. 

Similarly, RNase protection assay requires 2-3 days to obtain the appropriate 

results. The experimental procedure requires preparing template DNA, preparing . . 
25 RNA probe, carrying out hybridization reaction, enzyme digestion reaction, and 

running a gel. In order to obtain good results, a I µg sample of the target RNA is 

required. The principle behind RNase protection assay is a combination of 
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hybridization and enzyme digestion reactions. As in the Northern blotting method, it 

is expensive to carry out this reaction. Furthermore, biohazardous and radioisotopic 

waste products are generated in high amounts. A 'chart· comparing the various factors 

associated with Northern blotting, RNase protection assay and the multiple primer 

5 extension method of the present invention is set fon;h in Table 1. 

U.S. Patent No. 5,846,710 discloses using a primer extension technique to 

screen for variant DNA molecules. However, this patent does not disclose detecting a 

target DNA or RNA in a sample. 

U.S. Patent No. 5,994,079 discloses forming an RNA/DNA hybrid by 

10 annealing a DNA primer to a specific RNA and extending the primer by using reverse 

transcriptase. The hybrid is detected by an antibody specific for the RNA/DNA 

hybrid. However, this patent does not disclose detecting a target DNA or RNA in a 

sample as in the present invention. 

It is recognized that there is a need in the art for a nucleic acid· detection 

15 method that is simple, costs less time, is sensitive, cost effective and has a low 

adverse environmental impact. The present invention as described hereinbelow meets 

all of these needs. 

SUMMARY OF THE INVENTION 

20 The present invention has met the hereinbefore described need. 

25 

The present invention is directed to a method for detecting or quantifying a 

target nucleic acid in a sample comprising: 

(a) preparing a primer or primers specifically matched to a 

predetermined position of the target nucleic acid; 

(b) annealing the primer or primers from (a) with the target nucleic 

acid under high stringency conditions to obtain a primer-
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nucleic acid duplex at the predetermined position of the target 

nucleic acid; 

(c) mixing the primer-nucleic acid duplex from (b) with a mixture 

comprising: 

( 1) one or two or three types of free non-terminator 

nucleotides and at least one type of non-terminator 

nucleotide that is optionally labeled with a detectable 

marker, and 

(2) with or without a type of terminator nucleotide that is 

different from the one or two or three types of non­

terminator nucleotides in ( 1 ); 

( d) performing the primer extension by enzymatic or chemical 

reaction in an appropriate buffer; and either 

( e) detecting or quantifying the amount of labeling signal on the 

primer extended nucleotides, or 

(f) detecting or quantifying the amount of extended primers by mass 

spectrometry. 

In the above method, the primer can be a nucleic acid primer, an 

oligodeoxyribonucleotide, an oligoribonucleotide, or a copolymer of 

20 deoxyribonucleic acid and ribonucleic acid. The nucleic acid of interest can be a 

deoxyribonucleic acid, a ribonucleic acid, or a copolymer of deoxyribonucle~c acid 

and ribonucleic acid. 

In a preferred embodiment, the method may comprise using a mixture 

comprising a combination of non-terminator and terminator nucleotides as follows: 

25 (a) dATP, dCTP, dGTP, ddTTP or ddUTP, 

(b) dATP, dCTP, dTTP or dUTP, ddGTP, 

(c) dATP, dGTP, dTTP or dUTP, ddCTP, 

(d) dCTP, dGTP, dTTP, or dUTP, ddATP, 
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(e) dATP, dCTP, dGTP, 

(f) dATP, dCTP, dTTP or dUTP, 

(g) dATP, dGTP, dTTP or dUTP, or 

(h) dCTP, dGTP, dTTP or dUTP. 

5 The method of the invention may use at least one non-terminator nucleotide 

that is labeled with a detectable marker. The detectable marker may comprise an 

enzyme or protein moiety, radioactive isotope, a fluorescent moiety, or a chemical 

group such as biotin . Moreover, the detecting or quantifying method step may be 

carried out by mass spectrometry. 

IO Some of the enzymes used in the primer extension reaction of the invention 

include a template-dependent enzyme such as E. coli DNA polymerase I or the 

"Kienow fragment" thereof, T 4 DNA polymerase, T7 DNA polymerase, T. aquaticus 

DNA polymerase, a retroviral reverse transcriptase, or a combination thereof. 

These and other objects of the invention will be more fully understood from 

15 the following description of the invention, the referenced drawings attached hereto 

and the claims appended hereto. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 - a schematic of multiple primer extension reaction to detect and 

20 quantify a specific DNA sequence. 

Figure 2 - a schematic for using the multiple primer extension method to 

detect and quantify RNA. 

DETAILED DESCRIPTION OF U1E INVENTION 

25 The present invention is directed to a method for detecting and quantifying a 

specific nucleotide sequence by using an isometric primer extension (iPE) method. 
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To summarize the invention, the target DNA or RNA in the sample is hybridized to a 

single or multiple oligonucleotide primer. The primer(s} is then extended by DNA 

polymerase or reverse transcriptase in the presence of one, two or three types of the 

pre-labeled free nucleotide. At least one of the four required types of nucleotides for 

5 continuous extension is left out of the reaction or is replaced by the corresponding 

type of terminator nucleotide such as dideoxynucleotides. The sp~cific target nucleic 

acid can then be detected and quantified by measuring the presence or absence of the 

signal generated by the label on the extended primer(s). As the extended primer is 

separated away from the free nucleotides, the extended primer is assayed for 

10 incorporation of the label. 

The primer corresponding to a position on the target nucleic acid will be 

extended, and a population of equal length (isometric) primer extended nucleic acid 

will be made, because a definite number of nucleotides is sequence-dependently 

incorporated. Quantification of these equally extended primers will accurately 

15 quantify the number or amount of the target nucleic acid. If there are many copies of 

the target DNA or RNA in the sample, the number of copies of the primer extended 

product incorporating the labeled nucleotide will be correspondingly increased, 

contributing to a stronger overall signal. Thus, by comparing the strength of the 

signal observed in the unknown sample with a standardized known amount of DNA 

20 or RNA, it is possible to d~tect and/or quantify the amount of the target DNA or RNA 

in the sample. In another embodiment, the specific target nucleic acid can be detected 

or quantified by measuring the amount of these equal length primer extended nucleic 

acid species using mass spectrometry method. 

The lack.of a.free nucleotidein the reaction buffer causes the primer extension 

25 to terminate where the missing nucleotide would have been inserted. Thus, a discrete 

length of the primer extension product is obtained 

Many obvious variants are possible within the realm of the present invention. 

For example, not just one type of nucleotide but two or three types of nucleotides 
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maybe absent in the primer extension reaction. Also, various labels could be used, 

which are not limited to radioactive nucleotides but can be fluorescent, as well as 

enzymatic. 

As used herein, "nucleic acid" or "nucleotide" can be a deoxyribonucleic acid, 

5 a ribonucleic acid, or a copolymer of deoxyribonucleic acid and ribonucleic acid. The 

sample of nucleic acids can be natural or synthetic. The sample of nucleic acid can be 

naturally occurring nucleic acid, and can be obtained from any organism. Some , 

examples of organislll:s to which the method of the present invention is applicable 

include plants, microorganisms, viruses, birds, vertebrates, invertebrates, mammals, 

10 human beings, horses, dogs, cows, cats, pigs, or sheep.The target nucleic acid can 

occur naturally, or can be synthesized enzymatically in vivo, synthesized 

enzymatically in vitro, or synthesized non-enzymatically. 

The sample containing the nucleic acid or acids of interest can comprise 

genomic DNA from an organism, RNA transcripts thereof, or cDNA prepared from 

15 RNA transcripts thereof The sample containing the nucleic acid or acids of interest 

can also comprise extragenomic DNA from an organism, RNA transcripts thereof, or 

cDNA prepared from RNA transcripts thereof. Also, the nucleic acid or acids of 

int~rest can be synthesized by the polymerase chain reaction. 

The nucleic acid of interest can comprise non-natural nucleotide analogs such 

20 as deoxyinosine or 7-deaza-2-deoxyguanosine. These analogues destabilize DNA 

duplexes and could allow a primer annealing and extension reaction to occur in a 

double-stranded sample without completely separating the strands. 

The nucleic acid of interest can comprise one or more moieties that permit 

affinity separation of the nucleic acid of interest from the unincorporated reagent 

25 and/or the primer. For example, the nucleic acid of interest can comprise biotin which 

permits affinity separation of the nucleic acid of interest from the unincorporated 

reagent and/or the primer via binding of the biotin to the avidin family of molecules, 

which is attached to a solid support. The sequence of the nucleic acid of interest can 
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comprise a DNA or RNA sequence that permits affinity separation of the nucleic acid 

of interest from ·the unincorporated reagent and/or the primer via base pairing to a 

complementary sequence present in a nucleic acid attached to a solid support. The 

nucleic acid of interest can be labeled with a detectable marker; this detectable 

5 marker can be different from any detectable marker present in the reagent or attached 

to the primer. 

In this regard, the term "normal nucleotide" or "normal base" is defined as the 

wild-type or previously known standard nucleotide base from which a mutation is 

sought to be identified at the base site. By "standard nucleotide base", it includes any 

1 O known base, which may include wild-type or a known mutant base so long as the base 

is known and it is desired to know its variant. Thus, as an example, normal base can 

be a known wild-type base for which a mutation is sought at the position. Reversely, 

the known base can be a known mutant for which the presence of a wild-type base is 

sought at the position. Alternatively, the known normal base can be a known mutant 

15 for which another mutant variant base is sought. Therefore, the method of the 

invention can be applied to any known sequence that can be used to determine the 

presence of any other base variant at the site. 

As used herein, the term "primer" or "oligonucleotide primer" refers to an 

oligonucleotide which is capable of acting as a point of initiation of synthesis when 

20 placed under conditions that allow for synthesis of a primer extension product which 

is complementary to· a nucleic acid (template) strand, in the presence of various 

factors such as for example, nucleotides and enzymes such as DNA polymerase, and 

at a suitable temperature and pH. 

The term "primer" is alternatively defined as any nucleic acid fragment 

25 OQtained from any source. For example, the primer can be produced by fragmenting 

larger nucleic acid fragments such as genomic DNA, cDNA or DNA that has been 

obtained through PCR. In other words, the nature of the primer is not limited by how 

the primer is obtained, whether it be by fragmenting naturally or synthetically 
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occurring nucleic acid or by synthesizing the nucleic acid primer. Furthermore, the 

primer can be oligodeoxyribonucleotide, a copolymer of oligodeoxyribonucleotides, 

an oligoribonucleotides, a copolymer of ribonucleotides, or a copolymer of 

deoxyribonucleotides and ribonucleotides. The primer can be either natural or 

5 synthetic. The oligonucleotide primer can be synthesized either enzymatically in vivo, 

enzymatically in vitro, or non-enzymatically in vitro. The primer can be labeled with 

a detectable marker; this detectable marker can be different from any detectable 

marker present in the reagent or attached to the nucleic acid of interest. In addition, 

the primer must possess sequence corresponding to the flanking sequence at a specific 

I 0 position of interest adjacent to, and upstream of, the nucleotide base to be identified. 

In addition, the primer must be capable of hybridizing or annealing with 

nucleotides present in the nucleic acid of interest. One way to accomplish the desired 

hybridization is to have the template-dependent primer be substantially 

complementary or fully complementary to the known base sequence. 

15 The oligonucleotide primer can comprise one or more moieties that link the 

primer to a solid support for affinity separation of the primer from the 

unincorporated reagent and/or the nucleic acid of interest. Such affinity moeties 

include, but are not limited to, digitonin, magnetic beads, and ligands, such as protein 

ligands, including antibodies. Preferably, the moiety is biotin. In the case of using 

20 biotin, the primer comprising biotin permits affinity separation of the primer from the 

unincorporated reagent and/or nucleic acid of interest via binding of the biotin to 

streptavidin which is attached to a solid support. The sequence of the oligonucleotide 

primer can comprise a DNA sequence that permits affinity separation of the primer 

from the unincorporated reagent and/or the nucleic acid of interest via base pairing to 

25 a complementary sequence present in a nucleic acid attached to a solid support. 

As used herein, the term "primer extension reaction" refers to the reaction 

conditions in which the template-dependent nucleic acid synthesis reaction is carried 

out. The conditions for the occurence of the template-dependent, primer extension 
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reaction can be created, in part, by the presence of a suitable template-dependent 

enzyme. Some of the suitable template-dependent enzymes are DNA polymerases. 

The DNA polymerase can be of several types. The DNA polymerase must, however, 

be primer and template dependent. For example, E. coli DNA polymerase I or the 

5 "Kienow fragment" thereof, T4 DNA polymerase, . T7 DNA polymerase 

(" Sequenase"), T. aquaticus DNA polymerase, or a retroviral reverse transcriptase can 

be used. RNA polymerases such as T3 or T7 RNA polymerase could also be used in 

some protocols. Depending upon the polymerase, different conditions must be used, · 

and different temperature ranges may be required for the hybridization and extension 

10 reactions. 

As used herein, the term "primer extension strand" includes the strand that is 

formed opposite the template in a duplex after the primer has been added. Preferably, 

the extension of the primer is terminated by the incorporation of the terminator to the 

primer extension strand. 

15 As used herein, the term "template" is defined as a nucleic acid, including 

double strand DNA, single strand DNA and RNA, or any modification thereof, and 

can be any length or sequence. 

As used herein, the term "terminator" or "chain terminator" is meant to refer 

to a nucleic acid base, such as A, G, C, T or U, or an analogue that effectively 

20 terminates the . primer extension reaction when it is incorporated into the primer 

extension strand opposite the template strand. Preferably, the terminator is a 

dideoxynucleotide. Also preferably, the terminator is either unlabeled or is labeled so 

that it is distinguished from the label on the non-terminator. Also as used herein, 

when the term "terminator" or "chain terminator'' are referred to in the singular, it 

25 does not mean that a single nucleotide molecule is used. Rather, the singular form of 

the term "terminator" refers to the type of nucleotide, nucleic acid base or nucleic 

acid analogue that is used in the assay. For example, ifthe terminator is ddA, then all 

of the ddA's in the aggregate are referred to in the singular form, and not just a single 
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molecule of ddA Alternatively, the "terminator" may be the absence of the specific 

type of nucleotide so that primer extension is stopped by the lack of the specific 

nucleotide at the locus. For example, if it is desired that the primer extension reaction 

be stopped opposite a "C" on the template strand, the non-terminating bases A, T and 

5 G should be included in the primer extension reaction mixture, but not "G", which is 

the complement of "C". Thus, the absence of the complementary base will cause 

termination of the primer extension reaction with a similar result as adding a dideoxy 

terminator nucleotide, for example. 

As used herein, the term "non-terminator" or "non-chain terminator" includes 

10 a nucleotide base that does not terminate the extension reaction when it is 

incorporated jnto the primer extension strand. Preferably, at least one non-terminator 

in the primer extension reaction is labeled. Also as used herein, when the term "non­

terminator" or "non-chain terminator" are referred to in the singular, it does not mean 

that a single nucleotide molecule is used. Rather, the singular form of the term "non-

15 terminator" refers to the type of nucleotide, nucleic acid base or nucleic acid analogue 

that is used in the assay. For example, if the terminator is G, then all of the G's in the 

aggregate are referred to in the singular form, and not just a single molecule of G. 

As used herein, the term "mutant" or "mutation" indicates any base on the 

template strand that is different from the wild-type or normal base. The mutation that 

20 can be detected using the method of the instant invention can be any type of mutation 

at all, including, single base mutation, insertion, deletion, or gene translocation, so 

long as the base on the template directly opposite to the base immediately 3' to the 

annealed primer is affected. 

As used herein, the term "label" refers to any molecule that is linked to the 
. . 

25 terminator or non-terminator nucleotide to provide a detectable signal. The label may 

be radioactive, chemiluminescent, protein ligand such as an antibody, or if a 

fluorescent group is used, a different fluorescent group may be used for each type of 
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non-terminating nucleotide base. These fluorescent tags would have the property of 

·having spectroscopically distinguishable emission spectra. 

Alternatively, the method of determining the level of incorporation of a 

nucleotide base in the primer extension product can be measured by mass 

5 spectrometry techniques as exemplified in U.S. Patent No. 5,885, 775, which is 

incorporated herein by reference in its entirety. 

As used herein, the phrase "high stringency hybridization conditions" refers to 

nucleic hybridization conditions, such as but not limited to a wash condition of 

O. lXSSC, at 42°C. Hybridization conditions generally can be found in general 

10 Molecular Biology protocol books, such as Ausubel et al., Cun-ent Protocols in 

Molecular Biology Greene and Wiley, pub. (1994), which is incorporated herein by 

reference in its entirety. 

As used herein, "thin layer chromatography (TLC)" can be carried out in paper 

medium based on cellulose products, but can be made of any substance that allows for 

15 molecules to be finely divided and formed into a uniform layer. This substance includes, 

but is not limited to, inorganic substances such as silica gel, aluminum oxide, 

diatomaceous earth or magnesium silicate. Organic substances include, but are not 

limited to, cellulose, polyamide, or polyethylene powder. Thin layer chromatography 

methods are described generally in Chemical protocol books, such as generally set forth 

20 in Freifelder, Physical Biochemistry - Applications to Biochemistry and Molecular 

Biology, seconded, published by Freeman and Co. (1982), which is incorporated herein 

by reference in its entirety, especially Chapter 8, which discusses chromatographi.c 

techniques, and in particular thin layer chromatography at pages 229-232. 

A modification of the method for indentifying and/or quantifying a nucleic 

25 acid of interest is to separate the primer extended strand :from the nucleic acid of 

interest after the extension reaction by using appropriate denaturing conditions. The 

denaturing conditions can comprise heat, alkali, formamide, urea, glyoxal, enzymes, 
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and combinations thereof. The denaturing conditions can also ·comprise treatment 

with 2.0N NaOH. 

It can be appreciated by a person of skill in the art that the terminator can be 

labeled with a different label from the non-terminator, which can then be used to 

5 differentiate between incorporation of terminator or non-terminator in the primer 

extension strand. The terminator exemplified as being the absence of the particular 

type of nucleotide in the present application only for purposes of simplicity of 

illustration, but this illustration should not be construed to limit the claims in any way. 

Differentially labeled or unlabeled terminator is also encompassed by the invention, 

I 0 so long as the label on the terminator is different from the label on the non-terminator. 

It can also be appreciated by a person of skill in the art that so long as the 

sequence of the template is at least partially known, a primer can be designed that 

binds to the template strand such that the binding of the primer on the template strand 

can occur. It can also be appreciated by a person of skill in the art that the method of 

15 the invention can be practiced by using several primers in one or more assay tube. 

A feature of the method of the invention is that strong signal can be generated 

if the non-terminators are uniformly labeled because of the additive signal effect 

achieved by the incorporation of several labeled non-terminators incorporated in the 

primer extension strand. Accuracy is enhanced when signals are observed from using 

20 different labels specific to various terminators or non-terminators. 

It is also an object of this invention to provide a kit and reagents for rapidly 

and accurately determining the presence or absence of a target nucleic acid in a 

sample quantitatively or non-quantitatively as desired. Each component of the kit(s) 

may be individually packaged in its own suitable container. The individual 

25 containers may also be labelled in a manner which identifies the contents. Moreover, 

the individually packaged components may be placed in a larger container capable of 

holding all desired components. Associated with the kit may be instructions which 

explain how to use the kit. These instructions may be written on or attached to the kit. 
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The following examples are offered by way of illustration of the present 

invention, and not by way of limitation. 

EXAMPLE 

5 Total RNA was extracted from rat brain by RNAzol B (Tels-tel, TX) method. 

The concentration of total RNA was measured by O.D. 260 run absorbance. Total 

RNA was diluted by RNase-free diethylpyrocarbonate (DEPC) treated water. 5 µl of 

diluted RNA solution with different amounts as indicated in Table 2 was aliquoted 

into each tube and then mixed with 1 µl synthetic oligonucleotide primer 5'-

10 GTGGGAACCGTGTCA-3' (SEQ ID NO:l), which is a sequence matched to a rat 

brain specific cDNA (unpublished data). The RNA-primer mixture was heated at 70° 

C for 3 minutes and incubated on ice for 3 minutes. After quick spinning the tube, 

the primer extension reaction was started by adding 14 µl reaction mix containing 

Tris-HCl buffer (pH 7.5) at final concentration of 20 mM, 15 units RNase inhibitor, 

15 0.5 mM dATP, dGTP, 1 µl dC.TPa32I> and 100 units MMVL-reverse transcriptase. 

The reaction was performed at 3 7° C for 20 minutes and stopped by heating the 

reaction tube at 100° C for 2 minutes. A 1 µl reaction mixture was applied to a thin 

layer chromatography (TRIM: USA, Maryland) to separate out free· dCTPa32l>. The 

radioactivity of the labeled primer was then subjected to counting by scintillation 

20 counter (Beckman LS 5000). The results are shown in Table 2. 

All of the above steps involve chemistries, manipulations, and protocols that 

have been, or are amenable to being, automated. Thereby, incorporation of the 

preferred mqde of practice of this invention into the operation of ~ suitably 

programmed robotic workstation should result in significant cost savings and 

25 increases in productivity for virtually any diagnostic procedure that depends on the 
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detection of specific nucleotide seque~ces or sequence differences in nucleic acids 

derived from biological samples. 

All of the references cited herein are incorporated by reference in their 

entirety. 
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TABLE I 

Comparison of~E method with Northern analysis and RNase protection assay 

Methods Time Experiment procedure Sensitivity Principle · Expense Biohazard/ Radioisotope 
consuming wastes 

• Running RNA gel 
• RNA Transfer 

Northern 2-3 days • Prepare probe 5 µg Hybridization only High High 
analysis • Hybridization 

• Prepare template DNA 
RNase • Prepare RNA probe 1 µg Hybridization and High High 

Protection 2-3 days • Hybridization enzyme digestion 
Assay • Enzyme digestion 

• Running gel 

MPE 1 hour Primer extension Ing Hybridization and Low Low 
specific extension 
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TABLE2 
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Labeled primer ( cpm) 

31552 

29756 

26066 

16779 

11156 

6587 
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12 
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<400> 9 
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What is Claimed Is' 

1. A method for detecting or quantifying a target nucleic acid in a sample 

comprising: 

(a) preparing a primer or primers specifically matched to a 

predetermined position of the· target nucleic acid; 

(b) annealing the primer or primers from (a) with the target nucleic 

acid under high stringency conditions to obtain a primer­

nucleic acid duplex at the predetermined position of the target 

nucleic acid; 

(c) mixing the primer-nucleic acid duplex from (b) with a mixture 

comprising: 

(1) one or two or three types of free non-terminator 

nucleotides and at least one type of non-terminator 

nucleotide that is optionally labeled with a detectable 

marker, and 

(2) with or without a type of terminator nucleotide that is 

different from the one or two or three types of non­

terminator nucleotides in (1 ); 

(d) performing the primer extension by enzymatic or chemical 

reaction in an appropriate buffer; and 

(e) detecting or quantifying_the amount of labeling signal on the 

primer extended nucleotides, or 

_ (f) detecting or quantifying the amount of extended primers _by mass 

spectrometry. 
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2. The method according to claim I, wherein the primer is a nucleic acid primer, 

an oligodeoxyribonucleotide, an oligoribonucleotide, or a copolymer of 

deoxyribonucleic acid and ribonucleic acid. 

5 3. The method according to claim I, wherein the nucleic acid of interest is a 

deoxyribonucleic acid, a ribonucleic acid, or a copolymer of deoxyribonucleic acid 

and ribonucleic acid. 

4. The method according to claim l;wherein the non-terminator nucleotide is 

I 0 deoxyribonucleotide or ribonucleotide. 

5. The method according to claim I, wherein the tenninator is 

dideoxyribonucleotide. 

15 6. T_he method according to claim I, wherein a combination ofnon-tenninator 

20 

25 

and terminator nucleotide mix is: 

(a) dATP, dCTP, dGTP, ddTTP or ddUTP, 

(b) dATP, dCTP, dTTP or dUTP, ddGTP, 

(c) dATP, dGTP, dTTP or dUTP, ddCTP, 

(d) dCTP, dGTP, dTTP, or dUTP, ddATP, 

(e) dATP, dCTP, dGTP, 

(f) dATP, dCTP, dTTP or dUTP, 

(g) dATP, dGTP, dTTP or dUTP, or 

(h) dCTP, dGTP, dTTP or dUTP. 

7. The method according to claim I, wherein at least one non-tenninator 

nucleotide is labeled with a detectable marker. 
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8. The method according to claim 1, wherein the terminator nucleotide is 

labeled with or without a detectable marker that is different from the marker labeled 

with non-terminator nucleotides. 

5 9. The method according to claim 7 or 8, wherein said detectable marker 

comprises an enzyme or protein moiety, radioactive isotope, a fluorescent moiety or 

a chemical group. 

10. The method according to claim 1, wherein said non-terminator and terminator 

I 0 nucleotides are unlabeled and 'detecting or quantifying step is carried out by 

analyzing amount of extended primers using mass spectrometry. 

11. The method according to claim 1, wherein said enzyme is template-dependent. 

15 12. The method according to claim 11, wherein the template-dependent enzyme 

is DNA polymerase, RNA polymerase or reverse transcriptase. 

13. The method according to claim 12, wherein the template-dependent enzyme 

is E. coli DNA polymerase I, a Kienow fragment thereof, T4 DNA polymerase, T7 

20 DNA polymerase, Thermophilic DNA polymerase, retroviral reverse transcriptase, or 

a combination thereof 

14. The method according to claim 1, wherein the target nucleic acid is 

synthesized enzymatically in vivo, in vitro, or synthesized non-enzymatically. 

25 

15. The method according to claim 1, wherein the target nucleic acid is 

synthesized by polymerase chain reaction. 

19 
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16. The method according to claim 1, wherein the target nucleic acid comprises 

non-natural nucleotide analogs. 

17. The method according to claim 16, wherein the non-natural nucleotide 

5 analogs comprise deoxyinosine or 7-deaza-2'-deoxyguanosine. 

10 

18. The method according to claim 1, wherein the target nucleic acid comprises 

genomic DNA from an organism, RNA transcripts thereof, or cDNA prepared from 

RNA transcripts thereof. 

19. The method according to claim 18, wherein the organism is a plant, 

microorganism, bacteria, virus. 

20. The method according to claim 18, wherein the organism is a vertebrate or 

15 invertebrate. 

21. The method according to claim 18, wherein the organism is a mammal. 

22. The method according to claim 21, wherein the organism is a human being. 

20 

23. The method according to claim I, wherein an amplification step· is performed 

on the target nucleic acid. 

24. The method according to claim 23, wherein the amplification step comprises 

25 cloning, transcription, polymerase chain reaction (PCR), ligase chain reaction (LCR), 

strand displacement amplification (SDA), or loop mediated isothermal amplification 

(LAMP). 

20 
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25. The method according to claim I, wherein the primer comprises one or more 

moieties that permit affinity separation of the primer from the unincorporated reagent 

and/or the nucleic acid of interest. 

5 26. The method according to claim I, wherein the primer comprises one or more 

moieties that allows immobilization of primer onto a solid support to produce· an 

immobilized primer sequence. 

27. The method according to claim 25 or 26, wherein the moieties comprises a 

I 0 special chemical groups such as biotin or digitonin. 

15 

28. The method according to claim 25 or 26, wherein the moieties comprises a 

DNA or RNA sequence that allows the primer to link to a solid support via base 

pairing to a complementary sequence present in solid support. 

29. The method according to claim I, wherein the primer is directly synthesized 

on a solid support to produce an immobilized primer sequence. 

30. The method according to claim 29, wherein the synthesis is accomplished by 

20 enzymatic or chemical or physical method. 

31. The method according to claim 1, the primer is immobilized onto a solid 

support to produce an immobilized target nucleic acid sequence. 

25 32. The method according to claim I, wherein the primer is reversibly . 

immobilized on to a solid support. 

21 
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33. The method according to claim 32, wherein the prim.er can be cleaved from 

the solid support by a chemical, enzymatic or physical process. 

34. The method according to claim 1, wherein the target nucleic acid is 

5 immobilized onto a solid support to produce an immobilized target nucleic acid 

sequence. 

35. The method according to claim 1, wherein the target nucleic acid is reversibly 

immobilized onto a solid support. 

10 

36. The method according to claim 34, wherein the target nucleic acid can be 

cleaved from the solid support by a chemical, enzymatic or physical process. 

37. The method according to claim 31, 32, 34 or 35,, wherein immobiliz~tion is 

15 accomplished via a photocleavable bond. 

38. The method according to claim 26, 28, 29, 31, 32, 34 or 35, wherein the solid 

support comprises beads, flat surfaces, chips, capillaries, pins, combs or wafers. 

20 39. The method accordirig to claim 31, 32, 34 or 35, wherein said immobilization 

is accomplished by hybridization between a complementary capture nucleic acid 

molecule, which has been previously immobilized to a solid support, and a portion of 

the nucleic acid molecule, which is distinct from the target nucleic· acid sequence. 

25 40. The method according to claim 31, 32, 34 or 35, wherein said immobilization 

is accomplished via direct bonding between the solid support and a portion of the 

nucleic acid molecule, which is distinct from the target nucleic acid sequence. 

22 


