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(57) ABSTRACT 

The present invention provides methods for detecting the 
presence of a target molecule by generating multiple detect 
able oligonucleotides through reiterative enzymatic oligo 
nucleotide Synthesis events on a defined polynucleotide 
Sequence. The methods generally comprise using a nucleo 
Side, a mononucleotide, an oligonucleotide, or a polynucle 
otide, or analog thereof, to initiate Synthesis of an oligo 
nucleotide product that is Substantially complementary to a 
target Site on the defined polynucleotide Sequence, option 
ally using nucleotides or nucleotide analogs as oligonucle 
otide chain elongators, using a chain terminator to terminate 
the polymerization reaction; and detecting multiple oligo 
nucleotide products that have been Synthesized by the poly 
merase. In one aspect, the invention provides a method for 
detecting a target protein, DNA or RNA by generating 
multiple detectable RNA oligoribonucleotides by abortive 
transcription. 
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AACGGGCACANGG ANG CAACCAGGGAIGAAAAAAC WANCNGAGC (GATTATCCAGT 
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TGATAAGCTTAAAAAGTAGTAGTCACAGGAAAAATTAGAACTTTTACCTCCTTGCGCTTGTTATACTCTTTAGT 
GCTGTTTAACTTTCTTTGTAAGTGAGGGTGGTGGAGGGTGCCCATAATCTTTTCAGGGAGTAAGTTCTTCTT 
GGTCTTTCTTTCTTTCTTCTTTCTTTTTTTCTTGAGACCAAGTTTCGCTCTTGTCTCCCAGGCTGGAGTGCAA 
TGGCGCGATCTCGGCTCACTGCAACCTCCGCCTTCTCCTGGGTTCAAGCGATTCTCCTACATCAGCCTCCGA 
GTAGCTGGGATTACAGGCATGCGCCACCAAGCCCCGCTAATTTTGTATTTTTTAGTAGAGACAGGGTTTCGC 
CATGTTGGTCAGGCTTGTCTCGAACTCCTGGCCTCAGGTGATCCGCCTGTCTCGGCCTCCCAGAATGCTGG 
GATTATAGACGTGAGCCACCGCATCCGGACTTTCCTTTTATGTAATAGTGATAATTCTATCCAAAGCATTTTTT 
TTTTTTTTTGAGTCGGAGTCTCATTCTGTCACCCAGGCTGGAGGGTGGTGGCGCGATCTCGGCTTACTGCAA 
CCTCTGCCTCCCGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGAATTACACACGTGCGCCA 
CCATGGCCAGCTAATTTTTGTATTTTTAGTAGAGACGGGGTGTCACCATTTTGGCCAAGCTGGCCTCGAACTC 
CTGACCTCAGGTGATCTGCCCGCCTCGGCTTCCCAAAGTGCTGGGATTACAGGTGTGAGCCACCGCGTCCT 
GCTCCAAAGCATTTCTTTCTATGCCTCAAAACAAGATTGCAAGCCAGTCCTCAAAGCGGATAATCAAGAGC 
TAACAGGTATTAGCTTAGGATGTGTGGCACTGTTCTTAAGGCTATATGTATTAATACATCATTTAAACTCACA 
ACAACCCCTATAAAGCAGGGGGCACTCATATTCCCTTCCCCCTTTATAATTACGAAAAATGCAAGGTATTTTC 
AGTAGGAAAGAGAAATGTGAGAAGTGTGAAGGAGACAGGACAGTATTTGAAGCTGGTCTTTGGATCACTGTG 
CAACTCTGCTTCTAGAACACTGAGCACTTTTTCTGGTCTAGGAATTATGACTTGAGAATGGAGTCCGTCCTT 
CCAATGACTCCCTCCCCATTTCCTATCTGCCTACAGGCAGAATTCTCCCCCGTCCGTATTAAATAAACCTCA 
TCTTTTCAGAGTCTGCTCTTATACCAGGCAATGTACACGTCTGAGAAACCCTTGCCCCAGACAGCCGTTTTAC 
ACGCAGGAGGGGAAGGGGAGGGGAAGGAGAGAGCAGTCCGACTCTCCAAAAGGAATCCTTTGAACTAGGG 
TTTCTGACTTAGTGAACCCCGCGCTCCTGAAAATCAAGGGTTGAGGGGGTAGGGGGACACTTTCTAGTCGTA 
CAGGTGATTTCGATTCTCGGTGGGGCTCTCACAACTAGGAAAGAATAGTTTTGCTTTTTCTTATGATTAAAAGA 
AGAAGCCATACTTTCCCTATGACACCAAACACCCCGATTCAATTTGGCAGTTAGGAAGGTTGTATCGCGGAG 
GAAGGAAACGGGGCGGGGGCGGATTTCTTTTTAACAGAGTGAACGCACTCAAACACGCCTTTGCTGGCAGG 
CGGGGGAGCGCGGCTGGGAGCAGGGAGGCCGGAGGGCGGTGTGGGGGGCAGGTGGGGAGGAGCCCAGT 
CCTCCTTCCTTGCCAACGCTGGCTCTGGCGAGGGCTGCTTCCGGCTGGTGCCCCCGGGGGAGACCCAACC 
TGGGGCGACTTCAGGGGTGCCACATTCGCTAAGTGCTCGGAGTTAATAGCACCTCCTCCGAGCACTCGCTC 
ACGGCGTCCCCTTGCCTGGAAAGATACCGCGGTCCCTCCAGAGGATTTGAGGGACAGGGTCGGAGGGGGC 
TCTTCCGCCAGCACCGGAGGAAGAAAGAGGAGGGGCTGGCTGGTCACCAGAGGGTGGGGCGGACCGCGT 
GCGCTCGGCGGCTGCGGAGAGGGGGAGAGCAGGCAGCGGGCGGCGGGGAGCAGCATGGAGCCGGCGGC 
GGGGAGCAGCATGGAGCCTTCGGCTGACTGGCTGGCCACGGCCGCGGCCCGGGGTCGGGTAGAGGAGGT 
GCGGGCGCTGCTGGAGGCGGGGGCGCTGCCCAACGCACCGAATAGTTACGGTCGGAGGCCGATCCAGGT 
GGGTAGAGGGTCTGCAGCGGGAGCAGGGGATGGCGGGCGACTCTGGAGGACGAAGTTTGCAGGGGAATT . 
GGAATCAGGTAGCGCTTCGATTCTCCGGAAAAAGGGGAGGCTTCCTGGGGAGTTTTCAGAAGGGGTTTGTA 
ATCACAGACCTCCTCCTGGCGACGCCCTGGGGGCTTGGGAAGCCAAGGAAGAGGAATGAGGAGCCACGCG 
CGTACAGATCTCTCGAATGCTGAGAAGATCTGAAGGGGGGAACATATTTGTATTAGATGGAAGTATGCTCTTT 
ATCAGATACAAAATTTACGAACGTTTGGGATAAAAAGGGAGTCTTAAAGAAATGTAAGATGTGCTGGGACTAC 
TAGCCTCCAATTCACAGATACCTGGAIGGAGCTAICCTTACTAGGAGGGATTATCAGTGGAAATCTGT yr-per-rigge?teers referrerastrong-r: . 

. . . . . . . . . . FG. 29A 
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MOLECULAR DETECTION SYSTEMS UTILIZING 
RETERATIVE OLGONUCLEOTIDE SYNTHESIS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to the 
detection and kits for the detection of target molecules and, 
more particularly, to nucleic acid-based detection assays that 
produce multiple signals from a target molecule by gener 
ating multiple copies of detectable oligonucleotides through 
reiterative Synthesis events on a defined nucleic acid tem 
plate, particularly via abortive transcription initiation. The 
method and kits of the invention may be used to detect 
mutations, RNA molecules, pathogens, proteins, or pre 
cancerous conditions. 

0003 2. Related Art 
0004. The development of various methods for nucleic 
acid detection and the detection of nucleic acid amplification 
products has led to advances in the detection, identification, 
and quantification of nucleic acid Sequences in recent years. 
Nucleic acid detection is potentially useful for both quali 
tative analyses, Such as the detection of the presence of 
defined nucleic acid Sequences, and quantitative analyses, 
Such as the quantification of defined nucleic acid Sequences. 
For example, nucleic acid detection may be used to detect 
and identify pathogens, detect genetic and epigenetic alter 
ations that are linked to defined phenotypes, diagnose 
genetic diseases or the genetic Susceptibility to a particular 
disease, assess gene expression during development, dis 
ease, and/or in response to defined Stimuli, including drugs, 
as well as generally foster advancements in the art by 
providing research Scientists with additional means to Study 
the molecular and biochemical mechanisms that underpin 
cellular activity. 
0005 Nucleic acid detection technology generally per 
mits the detection of defined nucleic acid Sequences through 
probe hybridization, that is, the base-pairing of one nucleic 
acid Strand with a Second Strand of a complementary, or 
nearly complementary, nucleic acid Sequence to form a 
stable, double-stranded hybrid. Such hybrids may be formed 
of a ribonucleic acid (RNA) segment and a deoxyribonucleic 
acid (DNA) segment, two RNA segments, or two DNA 
Segments, provided that the two Segments have complemen 
tary or nearly complementary nucleotide Sequences. Under 
Sufficiently Stringent conditions, nucleic acid hybridization 
may be highly Specific, requiring exact complementarity 
between the hybridized Strands. Typically, nucleic acid 
hybrids comprise a hybridized region of about eight or more 
base pairs to ensure the binding Stability of the base-paired 
nucleic acid Strands. Hybridization technology permits the 
use of one nucleic acid Segment, which is appropriately 
modified to enable detection, to “probe' for and detect a 
Second, complementary nucleic acid Segment with both 
Sensitivity and Specificity. In the basic nucleic acid hybrid 
ization assay, a single-stranded target nucleic acid (either 
DNA or RNA) is hybridized, directly or indirectly, to a 
labeled nucleic acid probe, and the duplexes containing the 
label are quantified. Both radioactive and non-radioactive 
labels have been used. 

0006. However, a recognized disadvantage associated 
with nucleic acid probe technology is the lack of Sensitivity 
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of Such assays when the target Sequence is present in low 
copy number or dilute concentration in a test Sample. In 
many cases, the presence of only a minute quantity of a 
target nucleic acid must be accurately detected from among 
myriad other nucleic acids that may be present in the Sample. 
The Sensitivity of a detection assay depends upon Several 
factors: the ability of a probe to bind to a target molecule; the 
magnitude of the Signal that is generated by each hybridized 
probe, and the time period available for detection. 

0007. Several methods have been advanced as suitable 
means for detecting the presence of low levels of a target 
nucleic acid in a test Sample. One category of Such methods 
is generally referred to as target amplification, which gen 
erates multiple copies of the target Sequence, and these 
copies are then Subject to further analysis, Such as by gel 
electrophoresis, for example. Other methods generate mul 
tiple products from a hybridized probe, or probes, by, for 
example, cleaving the hybridized probe to form multiple 
products or ligating adjacent probes to form a unique, 
hybridization-dependent product. Still other methods 
amplify Signals generated by the hybridization event, Such 
as a method based upon the hybridization of branched DNA 
probes that have a target Sequence binding domain and a 
labeled reporting Sequence binding domain. 

0008. There are many variations of target nucleic acid 
amplification, including, for example, exponential amplifi 
cation, ligation-based amplification, and transcription-based 
amplification. An example of an exponential nucleic acid 
amplification method is the polymerase chain reaction 
(PCR), which has been disclosed in numerous publications. 
See, for example, Mullis et al., Cold Spring Harbor Symp. 
Quant. Biol. 51:263-273 (1986); Mullis et al. U.S. Pat. No. 
4,582,788; and Saiki R. et al. U.S. Pat. No. 4,683,194. An 
example of ligation-based amplification is the ligation 
amplification reaction (LAR) which is disclosed by Wu et al. 
in Genomics 4:560 (1989). Various methods for transcrip 
tion-based amplification are disclosed in U.S. Pat. Nos. 
5,766,849 and 5,654,142; and also in Kwoh et al., Proc. Natl. 
Acad. Sci. U.S.A. 86: 1173 (1989). 
0009. The most commonly used target amplification 
method is the polymerase chain reaction (PCR), which 
consists of repeated cycles of DNA polymerase-generated 
primer extension reactions. Each reaction cycle includes 
heat denaturation of the target nucleic acid; hybridization to 
the target nucleic acid of two oligonucleotide primers, which 
bracket the target Sequence on opposite Strands of the target 
that is to be amplified; and extension of the oligonucleotide 
primers by a nucleotide polymerase to produce multiple, 
double-Stranded copies of the target Sequence. Many varia 
tions of PCR have been described, and the method is being 
used for the amplification of DNA or RNA sequences, 
Sequencing, mutation analysis, and others. Thermocycling 
based methods that employ a single primer have also been 
described. See, for example, U.S. Pat. Nos. 5,508,178; 
5,595,891; 5,683,879; 5,130,238; and 5,679,512. The primer 
can be a DNA/RNA chimeric primer, as disclosed in U.S. 
Pat. No. 5,744,308. Other methods that are dependent on 
thermal cycling are the ligase chain reaction (LCR) and the 
related repair chain reaction (RCR). 
0010 Target nucleic acid amplification may be carried 
out through multiple cycles of incubation at various tem 
peratures (i.e., thermal cycling) or at a constant temperature 



US 2004/0175724 A1 

(i.e., an isothermal process). The discovery of thermostable 
nucleic acid modifying enzymes has contributed to rapid 
advances in nucleic acid amplification technology. See, 
Saiki et al., Science 239:487 (1988). Thermostable nucleic 
acid modifying enzymes, such as DNA and RNA poly 
merases, ligases, nucleases, and the like, are used in methods 
that are dependent on thermal cycling as well as in isother 
mal amplification methods. 
0.011) Isothermal methods, such as strand displacement 
amplification (SDA) for example, are disclosed by Fraiser et 
al. in U.S. Pat. No. 5,648,211; Cleuziat et al. in U.S. Pat. No. 
5,824,517; and Walker et al., Proc. Natl. Acad. Sci. U.S.A. 
89:392-396 (1992). Other isothermal target amplification 
methods include transcription-based amplification methods 
in which an RNA polymerase promoter Sequence is incor 
porated into primer extension products at an early Stage of 
the amplification (WO 89/01050), and a further, comple 
mentary, target Sequence is amplified through reverse tran 
Scription followed by physical Separation or digestion of an 
RNA strand in a DNA/RNA hybrid intermediate product. 
See, for example, U.S. Pat. Nos. 5,169,766 and 4,786,600. 
Further examples of transcription-based amplification meth 
ods include Transcription Mediated Amplification (TMA), 
Self-Sustained Sequence Replication (3SR), Nucleic Acid 
Sequence Based Amplification (NASBA), and variations 
there of. See, for example, Guatelli et al. Proc. Natl. Acad. 
Sci. U.S.A. 87: 1874-1878 (1990) (3SR); U.S. Pat. No. 
5,766,849 (TMA); and U.S. Pat. No. 5,654,142 (NASBA). 
0012. These and other techniques have been developed 
recently to meet the demands for rapid and accurate detec 
tion of pathogens, Such as bacteria, Viruses, and fungi, for 
example, as well as the detection of normal and abnormal 
genes. While all of these techniques offer powerful tools for 
the detection and identification of minute amounts of a target 
nucleic acid in a Sample, they all Suffer from various 
problems. 
0013. One problem, especially for PCR, is that conditions 
for amplifying the target nucleic acid for Subsequent detec 
tion and optional quantitation vary with each test, that is, 
there are no constant conditions favoring test Standardiza 
tion. Further, amplification methods that use a thermocy 
cling proceSS have the added disadvantage of extended lag 
times which are required for the thermocycling block to 
reach the “target” temperature for each cycle. 
0.014 Consequently, amplification reactions performed 
using thermocycling processes require a significant amount 
of time to reach completion. The various isothermal target 
amplification methods do not require a thermocycler and are 
therefore easier to adapt to common instrumentation plat 
forms. 

0.015 However, the previously described isothermal tar 
get amplification methods also have Several drawbackS. 
Amplification according to the SDA methods requires the 
presence of defined Sites for restriction enzymes, which 
limits its applicability. The transcription-based amplification 
methods, such as the NASBA and TMA methods, are limited 
by the need to incorporate a polymerase promoter Sequence 
into the amplification product by a primer. 
0016. Accordingly, there is a need for rapid, sensitive, 
and Standardized nucleic acid Signal detection methods that 
can detect low levels of a target nucleic acid in a test Sample. 
These needs, as well as others, are met by the inventions of 
this application. 
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0017 All patents, patent publications, and scientific 
articles cited or identified in this application are hereby 
incorporated by reference in their entirety to the same extent 
as if each individual document was specifically and indi 
vidually indicated to be incorporated by reference in its 
entirety. 

SUMMARY OF THE INVENTION 

0018. The invention provides methods and compositions 
for producing multiple detectable Signals through reiterative 
oligonucleotide Synthesis reactions on a defined polynucle 
otide for the detection of target molecules. The invention 
also provides applications for the reiterative Synthesis and 
detection methods. Important applications of the methods 
and kits of the invention, include but are not limited to 
detection of mutations and Single nucleotide polymor 
phisms, RNA molecules, pathogens, and detection of pre 
cancerous or cancerous mutations and conditions. 

0019. Accordingly, in one aspect, the invention provides 
a method for Synthesizing multiple complementary oligo 
nucleotides from a target DNA or RNA polynucleotide. The 
method comprises the Steps of: (a) hybridizing an initiator 
(nucleoside, mononucleotide, oligonucleotide or polynucle 
otide) with a single-stranded target polynucleotide (RNA or 
DNA); (b) incubating said target polynucleotide and initiator 
with an RNA-polymerase, a terminator, and optionally addi 
tional ribonucleotides; (c) Synthesizing multiple oligonucle 
otides from Said target polynucleotide, wherein Said initiator 
is extended until Said terminator is incorporated into Said 
oligonucleotides, thereby Synthesizing multiple reiterative 
oligonucleotides. 
0020. In another aspect, the invention provides a method 
for detecting multiple reiterated oligonucleotides from a 
target DNA or RNA polynucleotide. The method comprises 
the steps of (a) hybridizing an initiator with a single Stranded 
target polynucleotide; (b) incubating said target polynucle 
otide and initiator with an RNA-polymerase, a terminator 
and optionally additional ribonucleotides; (c) Synthesizing 
multiple oligonucleotides from Said target polynucleotide, 
wherein Said initiator is extended until Said terminator is 
incorporated into Said oligonucleotides thereby Synthesizing 
multiple reiterative oligonucleotides; and (d) detecting or 
quantifying Said reiteratively Synthesized oligonucleotide 
transcripts of a polynucleotide of interest. 
0021. In a further aspect, the invention provides a method 
of detecting multiple reiterated oligonucleotides from a 
target DNA or RNA polynucleotide. The method comprises 
the Steps of: (a) hybridizing an initiator to a single-stranded 
target polynucleotide; (b) incubating said target polynucle 
otide and initiator with a target Site probe, an RNA-poly 
merase, a terminator and optionally additional ribonucle 
otides, wherein Said target Site probe hybridizes with Said 
target polynucleotide; (c) Synthesizing an oligonucleotide 
transcript that is complementary to Said target Site from Said 
target polynucleotide, wherein Said initiator is extended until 
Said terminator is incorporated into Said oligonucleotide 
transcript, thereby Synthesizing multiple reiterative oligo 
nucleotide transcripts, and (d) detecting or quantifying said 
reiteratively Synthesized oligonucleotide transcripts, 
wherein Said oligonucleotides being Synthesized are one of 
the lengths Selected from the group consisting of about 2 to 
about 26 nucleotides, about 26 to about 50 nucleotides and 
about 50 nucleotides to about 100 nucleotides, and greater 
than 100 nucleotides. 
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0022. In a further aspect, the invention provides a method 
for detecting methylated cytosine residues at CpG sites in a 
target polynucleotide. The method comprises the Steps of: 
(a) deaminating a single-stranded target DNA sequence 
under conditions which convert unmethylated cytosine resi 
dues to uracil residues while not converting methylated 
cytosine residues to uracil; (b) hybridizing an initiator with 
a single Stranded target polynucleotide; (c) incubating said 
deaminated target polynucleotide and Said initiator with a 
terminator, an RNA-polymerase and optionally additional 
ribonucleotides, wherein at least one of Said initiator, ter 
minator, or optional ribonucleotides is modified to enable 
detection of hybridization to the CG sites; (d) synthesizing 
an oligonucleotide transcript that is complementary to Said 
CG sites from Said target polynucleotide, wherein Said 
initiator is extended until Said terminator is incorporated into 
Said oligonucleotide transcript thereby Synthesizing multiple 
reiterative oligonucleotide transcripts, and (e) detecting or 
quantifying Said reiteratively Synthesized oligonucleotide 
transcripts. 
0023. In still a further aspect, the invention provides a 
method for detecting methylated cytosine residues at a CpG 
Site in a target gene. The method comprises the steps of: (a) 
deaminating a Single-Stranded target DNA polynucleotide 
under conditions which convert unmethylated cytosine resi 
dues to uracil residues while not converting methylated 
cytosine residues to uracil; (b) hybridizing a target site probe 
with said single Stranded target polynucleotide; (c) incubat 
ing Said target polynucleotide and target Site probe with, an 
initiator, a terminator, an RNA-polymerase, and optionally 
additional ribonucleotides, wherein Said at least one of Said 
initiator, Said terminator or Said nucleotides are complemen 
tary to the CpG site; (d) Synthesizing an oligonucleotide 
transcript that is complementary to Said target Site from Said 
target polynucleotide, wherein Said initiator is extended until 
Said terminator is incorporated into Said oligonucleotides, 
thereby Synthesizing multiple reiterative oligonucleotide 
transcripts, and (e) detecting or quantifying Said reiteratively 
Synthesized oligonucleotide transcripts. 

0024. In still a further aspect, the invention provides a 
method for detecting the presence or absence of mutations in 
a target DNA sequence. The method comprises the Steps of: 
(a) hybridizing a target Site probe to a single-Stranded DNA 
polynucleotide, wherein Said DNA polynucleotide may con 
tain a mutation relative to a normal or wild type gene; (b) 
incubating Said target polynucleotide and target-Site probe 
with an RNA-polymerase, a initiator, a terminator and 
optionally additional ribonucleotides; (c) Synthesizing an 
oligonucleotide transcript from Said target polynucleotide 
that is complementary to a target mutation Site, wherein Said 
initiator is extended until Said terminator is incorporated into 
Said oligonucleotides thereby Synthesizing multiple abortive 
reiterative oligonucleotides; and (d) determining the pres 
ence or absence of a mutation by detecting or quantifying 
Said reiteratively Synthesized oligonucleotides transcribed 
from said target DNA polynucleotide. 
0.025 In another aspect, the invention provides a method 
for detecting mutations in a target DNA polynucleotide 
using a capture probe. The method comprises the Steps of: 
(a) immobilizing a capture probe designed to hybridize with 
said target DNA polynucleotide, (b hybridizing said capture 
probe to said target DNA polynucleotide, wherein said DNA 
polynucleotide may contain a mutation relative to a normal 

Sep. 9, 2004 

or wild type gene; (c) incubating said target polynucleotide 
and with an RNA-polymerase, initiator, a terminator and 
optionally additional ribonucleotides; (d) Synthesizing an 
oligonucleotide transcript that is complementary to a target 
Site from Said target polynucleotide, wherein Said initiator is 
extended until Said terminator is incorporated into Said 
oligonucleotide transcript, thereby Synthesizing multiple 
abortive reiterative oligonucleotide transcripts, and (e) 
determining the presence or absence of a mutation by 
detecting or quantifying Said reiteratively Synthesized oli 
gonucleotide transcripts from Said target DNA polynucle 
otide. 

0026. In another aspect, the invention provides a method 
for detecting DNA or RNA in a test sample. The method 
comprises the steps of: (a) hybridizing a single Stranded 
target polynucleotide with an abortive promoter cassette 
comprising a sequence that hybridizes to the Single Stranded 
target polynucleotide, and a region that can he detected by 
transcription by a polymerase; (b) incubating said target 
polynucleotide with an RNA-polymerase, an initiator, a 
terminator and optionally additional ribonucleotides; (c) 
Synthesizing an oligonucleotide transcript that is comple 
mentary to the initiation start site of the APC, wherein said 
initiator is extended until Said terminator is incorporated into 
Said oligonucleotides, thereby Synthesizing multiple reitera 
tive oligonucleotide transcripts, and (d) detecting or quan 
tifying Said reiteratively Synthesized oligonucleotide tran 
Scripts. 

0027. In another aspect, the invention provides a method 
for detecting the presence of pathogens in a test Sample. The 
method comprises the Steps of: (a) hybridizing a single 
Stranded target pathogen polynucleotide in Said test Sample 
with an abortive promoter cassette comprising a region that 
can be detected by transcription by a polymerase; (b) 
incubating Said target polynucleotide and initiator with an 
RNA-polymerase, a terminator and optionally additional 
ribonucleotides; (c) Synthesizing an oligonucleotide tran 
Script that is complementary to initiation Start Site of the 
APC, wherein said initiator is extended until said terminator 
is incorporated into Said oligonucleotides thereby Synthesiz 
ing multiple abortive reiterative oligonucleotide transcripts, 
and (d) determining the presence of a pathogen by detecting 
or quantifying Said reiteratively Synthesized oligonucleotide 
transcripts Synthesized from Said test Sample. 
0028. In still a further aspect, the invention provides a 
method for detecting pathogens in a test Sample using a 
capture probe. The method comprises the Steps of: (a) 
immobilizing a capture probe designed to hybridize with a 
target DNA polynucleotide in said test sample; (b) hybrid 
izing Said capture probe with a test Sample that potentially 
contains said target DNA polynucleotide; (c) hybridizing a 
Single Stranded target DNA polynucleotide in Said test 
Sample with an abortive promoter cassette comprising a 
region that hybridizes to the Single Stranded target pathogen 
polynucleotide, and a region that can be detected by tran 
Scription by a polymerase; (d) incubating said target poly 
nucleotide with an RNA-polymerase, initiator, a terminator 
and optionally additional ribonucleotides; (e) Synthesizing 
an oligonucleotide transcript that is complementary to Said 
initiation transcription Start Site of APC, wherein Said ini 
tiator is extended until Said terminator is incorporated into 
Said oligonucleotides thereby Synthesizing multiple reitera 
tive oligonucleotide transcripts, and (f) determining the 
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presence or absence of a pathogen by detecting or quanti 
fying Said reiteratively Synthesized oligonucleotide tran 
Scripts. 
0029. In still a further aspect, the invention provides a 
method for detecting mRNA expression in a test Sample. The 
method comprises the steps of: (a) hybridizing a target 
mRNA sequence with an abortive promoter cassette com 
prising a region that can be detected by transcription by a 
polymerase; (b) incubating said target mRNA sequence with 
an RNA-polymerase, an initiator, a terminator and option 
ally additional ribonucleotides; (c) Synthesizing an oligo 
nucleotide transcript that is complementary to transcription 
initiation Start Site, wherein Said initiator is extended until 
Said terminator is incorporated into Said oligonucleotide 
transcript, thereby Synthesizing multiple reiterative oligo 
nucleotides; and (d) determining the presence or absence of 
the mRNA by detecting or quantifying Said reiteratively 
Synthesized oligonucleotide transcripts Synthesized from 
Said test Sample. 
0.030. In still a further aspect, the invention provides a 
method for detecting an oligonucleotide Synthesized from a 
target DNA sequence. The method comprises the Steps of: 
(a) hybridizing a DNA primer with a single-Stranded target 
DNA sequence; (b) extending said DNA primer with a DNA 
polymerase and nucleotides, Such that Said DNA polymerase 
reiteratively Synthesizes a nucleotide sequence; and (c) 
detecting oligonucleotide comprised of repeat Sequences 
synthesized by said DNA polymerase. 
0031. In still a further aspect, the invention provides a 
method for producing a microarray. The method comprises 
the steps of: (a) Synthesizing multiple abortive oligonucle 
otide replicates from a target DNA sequence by the method 
of claim 1; and (b) attaching said multiple abortive oligo 
nucleotide replicates to a Solid Substrate to produce a 
microarray of Said multiple abortive oligonucleotide repli 
CateS. 

0032. In still a further aspect, the invention provides a 
method for detecting multiple reiterated oligonucleotides 
from a target DNA or RNA polynucleotide. The method 
comprises the steps of: (a) incubating a single-stranded 
target polynucleotide in a mixture comprising an initiator, an 
RNA-polymerase and optionally additional ribonucleotides, 
(b) synthesizing multiple oligonucleotide transcripts from 
Said target polynucleotide, wherein Said initiator is extended 
until terminated due to nucleotide deprivation, thereby Syn 
thesizing multiple abortive reiterative oligonucleotide tran 
Scripts, and (c) detecting or quantifying said reiteratively 
Synthesized oligonucleotides. 

0033. In still a further aspect, the invention provides a 
method of detecting multiple reiterated oligonucleotides 
from a target DNA or RNA polynucleotide with a target site 
probe. The method comprises the Steps of: (a) incubating a 
Single-Stranded target polynucleotide in a mixture compris 
ing an initiator, an RNA-polymerase, a target Site probe and 
optionally additional ribonucleotides, wherein Said target 
Site probe and Said target polynucleotide hybridize to form 
a bubble complex comprising a first double-Stranded region 
upstream of a target Site, a Single-Stranded region compris 
ing Said target Site, and a Second double-Stranded region 
downstream of Said target site; (b) Synthesizing multiple 
oligonucleotide transcripts from Said target polynucleotide, 
wherein Said initiator is extended until terminated due to 
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nucleotide deprivation, thereby Synthesizing multiple abor 
tive reiterative oligonucleotides; and (c) detecting or quan 
tifying Said reiteratively Synthesized oligonucleotide tran 
Scripts. 

0034. In still a further aspect, the invention provides a 
method for detecting methylated cytosine residues at a CG 
Site near a target gene. The method comprises the Steps of: 
0035 (a) deaminating a single-stranded target DNA 
Sequence under conditions which convert unmethylated 
cytosine residues to uracil residues while not converting 
methylated cytosine residues to uracil; (b) incubating a 
Single-Stranded target polynucleotide in a mixture compris 
ing an initiator, a terminator, an RNA-polymerase, a target 
Site probe and optionally additional ribonucleotides; (c) 
Synthesizing multiple oligonucleotide transcripts from Said 
target polynucleotide, wherein Said initiator is extended until 
terminated due to nucleotide deprivation, thereby Synthesiz 
ing multiple abortive reiterative oligonucleotide transcripts, 
and (d) detecting or quantifying said reiteratively synthe 
sized oligonucleotides. 
0036). In still a further aspect, the invention provides a 
method for detecting a target protein in a test Sample. The 
method comprises the steps of: (a) covalently attaching the 
target protein to an abortive promoter cassette (APC) by a 
reactive APC linker, wherein said APC comprises a region 
that can be detected by transcription by a polymerase; (b) 
incubating Said target protein with an RNA-polymerase, an 
initiator, a terminator and optionally additional ribonucle 
otides; (c) Synthesizing an oligonucleotide transcript that is 
complementary to transcription initiation start Site of APC, 
wherein Said initiator is extended until Said terminator is 
incorporated into Said oligonucleotide transcript, thereby 
Synthesizing multiple reiterative oligonucleotide transcripts, 
and (d) determining the presence or absence of the target 
protein by detecting or quantifying Said reiteratively Syn 
thesized oligonucleotide transcripts Synthesized from Said 
test Sample. 
0037. In still a further aspect, the invention provides a 
method for detecting cancer. The method comprises the 
Steps of: (a) obtaining a tissue sample from a patient in need 
of detection of a cancer; (b) deaminating the DNA under 
conditions which convert unmethylated cytosine residues to 
uracil residues while leaving the methylated cytosine resi 
dues unaltered; (c) hybridizing an initiator to a target poly 
nucleotide wherein Said initiator is a mononucleoside, 
mononucleotide, binucleotide, oligonucleotide, polynucle 
otide, or an analog thereof; (d) incubating said deaminated 
target polynucleotide and Said initiator with a terminator, an 
RNA-polymerase and optionally additional ribonucleotides, 
wherein at least one of Said initiator, terminator, or optional 
ribonucleotides is modified to enable detection of hybrid 
ization to the CG sites; (e) Synthesizing an oligonucleotide 
transcript that is complementary to Said CG sites from Said 
target polynucleotide, wherein Said initiator is extended until 
Said terminator is incorporated into Said oligonucleotide 
transcript thereby Synthesizing multiple reiterative oligo 
nucleotide transcripts, (f) detecting or quantifying said reit 
eratively synthesized oligonucleotide transcripts, and (g) 
comparing the results with those obtained similarly from a 
control Sample. 
0038. In still a further aspect, the invention provides a 
method for detecting pathogens. The method comprises the 
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Steps of: (a) obtaining a Sample in need of detection of a 
pathogen; (b) hybridizing a single Stranded target pathogen 
polynucleotide in Said Sample with an abortive promoter 
cassette comprising a nucleotide Sequence that hybridizes to 
Single Stranded target pathogen polynucleotide, and a region 
that can be detected by transcription by a polymerase; (c) 
incubating Said target polynucleotide and initiator with an 
RNA-polymerase, a terminator and optionally additional 
ribonucleotides; (d) Synthesizing an oligonucleotide tran 
Script that is complementary to initiation Start Site of the 
APC, wherein said initiator is extended until said terminator 
is incorporated into Said oligonucleotides thereby Synthesiz 
ing multiple abortive reiterative oligonucleotide transcripts, 
and (e) determining the presence of a pathogen by detecting 
or quantifying Said reiteratively Synthesized oligonucleotide 
transcripts Synthesized from Said test Sample. 
0.039 The present invention also provides kits for con 
ducting the oligonucleotide Synthesis and detection methods 
described herein. In one aspect, for example, the invention 
provides reagent containers, which contain various combi 
nations of the components described herein. These kits, in 
Suitable packaging and generally (but not necessarily) con 
taining Suitable instructions, contain one or more compo 
nents used in the oligonucleotide Synthesis and detection 
methods. The kit may also contain one or more of the 
following items: polymerization enzymes, initiators, prim 
ers, buffers, nucleotides, control DNA, antibodies, Strepta 
Vidin, and biotin. The kit may also contain reagents mixed 
in appropriate amounts for performing the methods of the 
invention. The reagent containers preferably contain 
reagents in unit quantities that obviate measuring Steps when 
performing the Subject methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040 FIG. 1: Abortive Promoter Cassettes. Abortive 
Promoter Cassettes (APC) are regions of nucleic acid that 
form a polymerase binding site and can be attached to other 
macromolecules through interaction with a specific nucleic 
acid sequence, which is termed the APC linker. APC linkers 
can be attached to target nucleic acids (DNA or RNA) by 
hybridization to complementary Sequences on either the 
template or non-template Strands of the target nucleic acid. 
An APC Linker can also hybridize to a complementary 
Sequence placed on any target molecule, Such as a protein, 
for detection of molecules that bind to said protein. Multiple 
detectable oligonucleotides are generated by polymerase 
bound to the Abortive Promoter Cassette. In this figure, the 
APC depicted contains two regions of essential complemen 
tarity (A, A and C, C), which are separated by a “bubble 
region.” In this Schematic, the “bubble region' is generated 
because regions of the two Strands are non-complementary 
(B, and E). Alternatively, the APC may have two completely 
complementary strands. Upon binding of the RNA poly 
merase, the DNA Strands Separate, which- leads to the 
formation of the “bubble region.” 
0041) Regions A, B, and Care on one strand. Regions C, 
E, and A are on the complementary strand. The APC may be 
made from two separate strands (ABC and CEA) or all 6 
regions may be on a single polynucleotide, in which regions 
C and C are Separated by a linker region D, which can 
modified to be as long as needed. Linker region D may serve 
only to join C and C" or the Sequence of region D may serve 
as a binding site for other factors that may enhance abortive 
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transcription, Such as transcription roadblock proteins, 
including but not limited to EcoRI QIII mutant, the lac 
repressor and other RNA polymerases. The linker region D 
may be designed for a single roadblock protein, or multiple 
roadblock proteins. The length of linker region D will 
depend on the function of the linker region. 
0042 FIG. 2: Signal Generation by Reiterative oligo 
nucleotide Synthesis. A signal is generated by the enzymatic 
incorporation of one or more nucleotide analogs into mul 
tiple (n) highly similar or identical oligonucleotide products. 
Under appropriate conditions, RNA oligonucleotides can be 
made from nucleic acid templates in the absence of a 
promoter. An initiator may be comprised of one or more 
nucleosides, nucleoside analogs, nucleotides, or nucleotide 
analogs. The initiar may contain one or more covalently 
joined nucleotides, including but not limited to, 1-25 nucle 
otides, 26-50 nucleotides, 51-75 nucleotides, 76-100 nucle 
otides, 101-125 nucleotides, and 126-150 nucleotides, 151 
175 nucleotides, 176-200 nucleotides, 201-225 nucleotides, 
226-250 nucleotides and more than 250 nucleotides, and 
may contain a functional R group. The initiator (n copies) 
can be elongated directly with n copies of a terminator to end 
chain elongation or n copies of other elongator nucleotides 
(Y positions) may be incorporated between the initiator and 
the terminator to form a longer oligonucleotide. The termi 
nator may contain a Second functional group. N=Initiating 
mononucleotide or oligonucleotide analog, N=Elongating 
mononucleotides or analog, N=Terminating mononucle 
otide or analog, Z=X+y; R = H, OH, or reporter group; R = H, 
OH, or reporter group; N=deoxy or ribonucleotides; Poly 
merase=RNA-dependent or DNA-dependent RNA poly 
merase. DNA or RNA may be attached to other molecules, 
Such as proteins 
0043 FIG. 3: 5' AEDANS-S-AMP synthesis. Example 
of a mononucleotide transcription initiator: IAEDANS 
(5-((2-((iodoacetyl) amino)ethyl)amino 1-Napthalene 
sulfonic acid alkylates AMPS (5-C-thio-AMP) to form the 
fluorescent transcription initiator. This analog can only ini 
tiate transcription because it lacks a 5' triphosphate group 
and can therefore not be incorporated internally or termi 
nally. 

0044 FIG. 4: Nucleotides that can be elongators or 
terminators. Nucleotide analogs that may be included at 
internal or 3' terminal positions in oligonucleotides. are 
shown. All of these analogs can be converted to terminators 
simply by replacement of the 3'OH group. 

0.045 FIG. 5: Other fluorescent groups that may be R or 
R. The oligonucleotides can be labeled with a variety of 
functional groupS. Several of the preferred fluorescent 
groups are shown. 
0046 FIG. 6: Dinucleotide synthesis via abortive initia 
tion on single-stranded DNA or RNA. Single stranded (ss) 
nucleic acid is DNA or RNA. Polymerase is a DNA 
dependent or RNA-dependent RNA polymerase. N=3'-OH 
nucleoside or nucleotide initiator; NT=5'-triphosphate 
nucleotide or nucleotide analog terminator. R may be on the 
5' phosphate group, the 2' position of the Sugar, or on the 
purine or pyrimidine base. R may be on the pyrimidine or 
purine base or 2 or 3' position of the Sugar/ribose or 
deoxyribose. R. H., OH, and/or any reporter group or 
reporter group precursor, as described herein. R=H, OH, 
and/or any reporter group or reporter group precursor, as 
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described herein. Signal may be any Signal that can be 
detected, and includes but is not limited to fluorescence, 
fluorescence resonance energy transfer (FRET), or colori 
metric. As one example, R may be AEDANS, and R may 
be Fluorescein. Signal is generated by FRET from R to R. 
0047 FIG. 7: 5'-AEDANS-SAU-FLUORESCEIN. 
Dinucleotide generated by abortive initiation for FRET 
detection. When excited by light of the appropriate wave 
length, R (AEDANS) donates fluorescent energy to R. 
(fluorescein), which then emits fluorescent light of a differ 
ent wavelength that can be detected and quantified. This 
fluorescence resonance energy transfer (FRET) only occurs 
when the two groups are joined together to form AEDANS 
SpApU-Fluorescein during transcription, which brings the 
two groups close enough to each other for efficient energy 
transfer, 
0.048 FIG. 8: Signal generation via dinucleotide produc 
tion. Oligonucleotides can be Synthesized that contain one R 
group on the initiator nucleotide and another on the termi 
nator nucleotide, Such that the R groups have different 
functions. For example, if R is biotin, it can be used for 
oligonucleotide product immobilization and R allows for 
Signal production. 
0049. Example 1: R tag=biotin, R tag=fluorescein: 
detection of fluorescein emission 

0050 Example 2: R tag=DNP, R tag=reactive thiol 

Ant DNP DNP NipNT-SH e- colored signal 

silver/ visible to naked eye 
gold without irradiation 
development point of care devices 

0051 FIG. 9: Signal generation for FRET detection by 
abortive initiation. Oligonucleotides can be reiteratively 
Synthesized that contain 2 to 25 nucleotides and have two 
different k groups, one at or near each end of the oligo 
nucleotide product made during transcription. Energy trans 
fer between the two R groups on the Substrates can only 
occur after they are brought into proximity during template 
directed oligonucleotide Synthesis by enzymatic phosphodi 
ester bond formation between the labeled initiator and the 
labeled terminator nucleotides. The R donor group on N 
can be excited by irradiating the Sample with light of 
wavelength of WA, where WA is the absorption maximum of 
group R. The excited R donor group emits light of wave 
length w, where w is the emission maximum for group 
R, and also a wavelength for absorption by group R (aa). 
The acceptor R group on NT absorbs light of wavelength 
a? a that was emitted by the excited R, donor group on 
N. The excited acceptor R group on Nr emits light of 
wavelength W, which is detected and quantified. Similarly, 
R may be an energy donor to R, with emission from R 
detected. In the absence of target-associated template, no 
oligonucleotide is Synthesized. 

0.052 FIG. 10: Trinucleotide energy transfer. Labeled 
oligonucleotide Synthesis is initiated with a labeled dinucle 
otide initiator. The label may be on either the 5' nucleotide 
(R) or the 3' nucleotide (R) of the dinucleotide initiator. 
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The initiator is elongated with a labeled (R) 5'-nucleoside 
triphosphate terminator nucleotide analog. Detection via 
energy transfer can be adjusted to utilize R or R with R, 
as shown. In the absence of nucleic acid template-directed 
phosphodiester bond formation between the initiator and 
terminator, the R groups remain Sufficiently Separated that 
no energy transfer is detected. In this example, the amount 
of energy emitted as was is directly proportional to the 
amount of template-associated target present. Similarly, the 
R groups may be varied for other applications, as demon 
Strated in FIG. 8. 

0053 FIG. 11: Target Site Probe. An RNA polymerase 
can be directed to specific nucleotide positions (sites) in 
target nucleic acids by the hybridization of a gene-specific or 
region-specific Target Site Probe (TSP). The target site is a 
nucleotide position in the DNA to be analyzed for Sequence 
(as in detection of Single nucleotide polymorphisms) or 
Structure (as in assessing the methylation status of a specific 
nucleotide), and it is located on the template Strand of the 
target Sequence at the junction of regions E and C' in the 
target Sequence. The TSP contains a region of homology to 
the target nucleic acid (Region A) which begins approxi 
mately 8-14 nucleotides and ends approximately 15-35 
nucleotides upstream of the target Site nucleotide. A Second 
region of the TSP is designed to be non-complementary to 
the 8-14 nucleotides immediately upstream of the target Site 
(Region B), so that a melted “bubble” region forms when the 
TSP hybridizes to the target nucleic acid. The TSP contains 
a third region (Region C) which is essentially complemen 
tary to the 5-25 nucleotides immediately downstream of the 
target site nucleotide. RNA polymerase will bind to the 
bubble complex such that transcription will start at the E/C 
junction and will move downstream into the C/C" hybrid. 
0054 FIG. 12: Methylation of CpG Islands in DNA. The 
human genome has a 4-5 fold lower frequency of CpG 
dinucleotides than expected given the overall frequency of C 
and G in human DNA. A large fraction of CpG sequence is 
distributed into clusters known as CpG islands. These 
sequence patterns are between 300-3000 nucleotides long 
and overlap with about 60% of all human promoters. The 
remaining CpG dinucleotides outside of CpG islands con 
tain methylated C. CpG methylation outside of CpG islands 
Stabilize the genome by inactivating the expression of para 
Sitic DNA, and independently play an essential role in 
development. Changes in the methylation Status of cytosine 
in CpG islands are early events in many cancers and 
permanent changes found in many tumors. These CpG 
islands are found in the regions next to genes that determine 
whether the gene is “ON” or "OFF". Many genes that are 
important for preventing cancer, Such as tumor Suppressor 
genes, need to be “ON” for cells to grow normally. Cellular 
enzymes can add methyl groups (methylation) to the C 
residues in these CpG islands. This methylation results in the 
shutting “OFF' of these genes. When tumor suppressor 
genes are shut "OFF", the cell no longer makes the proteins 
that they encode, and the cell begins to grow without control 
checkpoints. This is one of the early events that can lead to 
cell “transformation' and the progression of cancer. 
0055 FIG. 13: Deamination conversion of unmethylated 
cytosine groups in DNA. Deamination converts unmethy 
lated C to U. Methylated C groups, such as those in CpG 
islands that regulate eukaryotic genes, are resistant to deami 
nation and remain as C in the product DNA. If 100% 
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deamination occurs, methylated DNA will still contain CpG 
doublets, whereas unmethylated DNA will contain no 
cytosine and will now contain UpG where CpG doublets 
were before deamination. This difference in DNA sequence 
can be used to distinguish between methylated and unm 
ethylated DNA by abortive transcription because the two 
DNAS encode different dinucleotides. 

0056 FIG. 14: Detection of methylation using dinucle 
otide Synthesis. Dinucleotide Synthesis can be used to assess 
the overall methylation state of DNA. In the presence of 
RNA polymerase, CTP or a CTP analog (R-C-OH), and 
GTP or a GTP analog (R-CpG-R), the deaminated 
methylated DNA template will produce n copies of a labeled 
dinucleotide product, where n is proportional to the number 
of methylated CpG dinucleotides in the starting DNA. The 
deaminated unmethylated DNA template can produce no 
dinucleotide with these Substrates because the template no 
longer encodes “C” at any position. 

0057) If R and R are appropriately labeled, the dinucle 
otide will produce a Signal that is proportional to the number 
of methylated CpG sites. For example, if R is a fluorescent 
energy donor or acceptor that is compatible with a Second 
donor or acceptor, R., a signal will be detected by fluores 
cent resonance energy transfer (FRET) between R and R 
only when the two groups are brought into proximity after 
incorporation into the dinucleotide in an enzymatic, tem 
plate-dependent reaction. The reiterative Synthesis of these 
dinucleotides during abortive transcription results in mul 
tiple Signals from each CpG target and can be used to assess 
the methylation level of the DNA. 

0.058 Similarly, abortive synthesis of trinucleotides by 
transcription initiation with labeled dinucleotides that end in 
C (ApC, CpC, GpC, UpC) and termination with labeled GTP 
can be used to produce Signal from the deaminated methy 
lated template, but not the deaminated unmethylated tem 
plate. This trinucleotide Synthesis approach may be 
expanded by the addition of a Site-specific oligonucleotide to 
allow assessment of the methylation Status of a specific CpG 
site, rather than the entire island, as illustrated in FIG. 15. 

0059 FIG. 15: Assessing methylation status of specific 
CpG sites in CpG islands by abortive initiation. Target site 
probes can be used to examine the methylation Status of 
Specific CpG islands in Specific genes. In the deaminated 
methylated DNA, the dinucleotide CpG is encoded by the 
template at the 3 methylated sites 1, 3 and 4, but not by the 
unmethylated site 2. To specifically determine if Site 3 is 
methylated and if So, to what extent, position (C21) can be 
targeted with a Target Site Probe, as described in FIG. 11. 
The template C in question is positioned at the junction of 
the bubble region and the downstream duplex so that it 
encodes the next incorporated nucleotide for appropriately 
primed RNA polymerase that binds to the bubble region. If 
a labeled initiator R-NxpC-OH is used, where N may 
be C for a dinucleotide CpC initiator or N may be CpC for 
a trinucleotide initiator, etc., the initiator can be elongated 
with a labeled GTP analog pppG-R to form a trinucleotide 
RNCpG-R. Similarly, if the C in question was not 
methylated, the position will now be a U and will encode 
nucleotide A. If an ATP analog ppp A-R-A is present, it will 
be incorporated opposite positions where the C was not 
methylated. If the GTP analog is labeled with group R, 
which is an energy acceptor from the R group on the 
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initiator, R, then the amount of RNCpGR, which will 
be proportional to the amount of methylated C present at that 
position, can be quantified by measuring the emission from 
R2G. 
0060 at wavelength v. The similar situation exists for 
incorporation of the ATP analog and measurement of the 
emission from its R group, also an energy acceptor from the 
initiator R. By determining the ratio of the magnitude of 
emission from the GTP analog to the total emission from 
both the ATP and GTP analogs, the site can be assigned a 
methylation index M. If all of the Cs at that position are 
methylated, M=1. If none of the site is methylated, M=0. 

0061 FIG. 16: Genes with altered methylation in cancer. 
Forty-nine genes with methylation changes associated with 
cancer initiation and progression are plotted verSuS 13 
cancers. An oval indicates an abnormal methylation Status 
for a gene, coded by cancer type. Cancer is actively pre 
vented through the expression of close to 100 tumor-Sup 
preSSor genes that regulate the cell-division cycle. CpG 
methylation potentially is a powerful biomarker for cancer 
detection. Examination of the promoters of tumor Suppres 
Sor genes from tumor biopsies Suggests that CpG methyla 
tion is common enough to equal the impact of mutagenesis 
in tumor promotion. At least 60 tumor Suppressor and repair 
genes are associated with abnormally high levels of CpG 
methylation acroSS Virtually all of the common tumor types. 
In Virtually all cases, defective expression of tumor Suppres 
Sor genes begins at an early Stage in tumor progression. 
Detection of these early methylation events before advanced 
Symptoms appear should improve the chances that a cancer 
will be treated while it is highly curable. CpG methylation 
patterns are frequently biased to particular genes in particu 
lar types of cancers. Therefore, it should be possible to 
develop methylation signatures for common cancers, indi 
cating both cancer type and Stage. Data on the methylation 
Status of multiple promoters could give clues as to the 
location of a tumor in cases where Several organs can 
contribute to a Sample. For example, shed bladder, kidney or 
prostate cells can populate a urine Sample. Tumors from 
each of these tissues are frequently associated with distinct 
combinations of CpG island methylation. 

0062 FIG. 17: Single nucleotide polymorphism detec 
tion by abortive oligonucleotide synthesis. The identity of a 
nucleotide at a Specific position can also be determined by 
abortive initiation in the presence of target nucleic acid and 
a position-specific Target Site Probe. This can be applied to 
SNP identification by initiating transcription with an oligo 
nucleotide complementary to the DNA upstream from the 
SNP site. For example for synthesis of a trinucleotide, the 
dinucleotide initiator would be complementary to the know 
nucleotides at positions -1 and -2, relative to the SNP site. 

0063 FIG. 18: Detection and identification of single 
nucleotide polymorphisms (SNPs) by abortive transcription. 
The identity of a specific DNA nucleotide (A.C.G.T/dU) can 
be identified by abortive transcription with the use of a 
Target Site Probe (TSP). For example, to determine whether 
a DNA contains a normal nucleotide (wild type) or a mutant 
nucleotide (point-mutation, single nucleotide polymor 
phism/SNP), a gene-specific TSP can be added to target 
DNA (or amplification/replication product) such that the 
SNP position corresponds to the last nucleotide in the C/C 
hybrid at the junction of the downstream duplex and the 
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bubble region. A labeled initiator oligonucleotide (RNI 
OH) that is complementary to the region upstream of the 
SNP site can be elongated by an RNA polymerase to add the 
next encoded nucleotide, corresponding to the SNP. The 
labeled terminators (pppNF-R or pppU-R, ppp A-RA, 
pppC-R, pppG-R) can each be labeled with different R 
groups, for example, R2A, R2, R2 and R2 could each be 
resonance energy acceptors from R, with each emitting 
light with a different detectable wavelength. 

0064 FIG. 19: Signal Generation from abortive pro 
moter. An Abortive Promoter Cassette (APC) consists of one 
or more oligonucleotides or polynucleotides that together 
create a specific binding Site for an RNA polymerase 
coupled to a linker region (APC linker) for attachment to 
target molecules (DNA, RNA, Protein). The APC may 
contain an artificial promoter, or it may contain the promoter 
for a specific RNA polymerase. For example, trinucleotide 
or tetranucleotide products that could be generated from 
with a common phage RNA polymerase can be made with 
a labeled GpA or GpApA initiator and a labeled ppp G or 
pppA terminator. 

0065 FIG. 20: Detection of nucleic acids by abortive 
transcription. For detection of nucleic acids, Such as DNA or 
RNA associated with specific diseases or with viral and 
bacterial pathogens, one can either detect the nucleic acid 
directly or after replication or primer eXtension. In the first 
case, the APC linker in the Abortive Promoter Cassette 
would be designed to be complementary to a known DNA or 
RNA sequence of the target nucleic acid. Alternatively, one 
or more copies of the target DNA or cDNA copies of target 
RNA can be made by primer eXtension or reverse transcrip 
tion initiated with primerS containing a universal APC linker 
sequence at the 5' end. In either case, the target DNA or RNA 
can be retrieved from the Sample by attachment to a Solid 
Support, for example, to which an oligonucleotide that 
contains a Second target-Specific Sequence, which is termed 
a “capture Sequence,” has been attached via any number of 
immobilization tags, including but not limited to biotin, 
hexahistidine or any other hapten. Once attached, abortive 
transcription is initiated by addition of a polymerase and the 
appropriate labeled nucleotides, which results in Signal 
generation, as previously described. 

0.066 FIG. 21: Detection of mRNA by Abortive Tran 
scription. An Abortive Promoter Cassette for detection of 
mRNA will contain as its APC linker an oligo T tail. This tail 
is complementary to the poly A tail found at the 3' end of 
eukaryotic mRNAS and will be used for attachment of the 
APC to the target mRNA. The target mRNA can be retrieved 
from a Sample by attachment to an immobilized capture 
probe containing a capture Sequence, which is complemen 
tary to Some region of the target mRNA. 

0067 FIG. 22: Detection of proteins or other haptens/ 
antigens with abortive transcription. Signal generation via 
abortive initiation from an Abortive Promoter Cassette can 
be used to detect other molecules, Such as proteins. For 
example, an APC linker Sequence can be prepared to which 
thiol-reactive or amine-reactive protein crosslinking agents 
R will be covalently attached. The reactive APC linker will 
be added to the target protein, which may be purified or in 
a complex mixture (Such as a cell lysate), and the APC linker 
will be covalently attached to the target protein via modi 
fication of protein thiol and/or amine groups. The labeled 
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protein can then be immobilized utilizing a target-Specific 
probe (such as an antibody). The Abortive Promoter Cassette 
is then attached via the APC linker, and Signal is generated, 
as previously described. 

0068 FIG. 23: Enhanced detection of molecular targets 
via abortive transcription on APC particles. Even greater 
detection Sensitivity can be achieved with the use of par 
ticles to which multiple copies, including tens, hundreds, 
thousands, tens of thousands or even more of the Abortive 
Promoter Cassette (APC) have been attached. The sphere 
will also contain a linker that will be specific for binding to 
a group that can be attached to the target molecule. For 
example, streptavidin (SA) can be attached to the APC 
particles and biotin to the target molecule, which can then be 
immobilized via interaction with a target-Specific capture 
probe. Once the APC particles interact with the target, for 
example via the SA-biotin interaction, polymerase and 
labeled nucleotides can be added for Signal generation, as 
described. 

0069 FIG. 24: Coating of DNA or RNA targets with 
APC particles for ultra-sensitive detection or molecular 
imaging. An alternative method for the ultra-Sensitive detec 
tion or visualization of target DNA or RNA can be achieved 
by reverse transcription of target RNA or copying (single 
copy or amplification) of target DNA in the presence of 
probe labeled dNTP analogs. As an example. 5-SH-dUTP 
can be incorporated at very high frequency in DNA mol 
ecules, which can then be immobilized and further modified 
with other groups, Such as biotin. To this, APC particles can 
be added, as described in FIG. 23, each of which will 
interact with a nucleotide analog on the target. This essen 
tially coats the target DNA or RNA with APC particles 
capable of generating multiple oligonucleotide products for 
a variety of methods of molecular detection. 

0070 FIG. 25. Detection of telomerase activity with 
reiterative oligonucleotide Synthesis. Reiterative oligonucle 
otide synthesis with DNA polymerases can also be used for 
Signal generation, however, the product oligonucleotides 
need not be released, but may be joined tandemly in the 
product. AS an example, telomerase activity can be detected 
by immobilizing a telomerase-specific probe to a Solid 
matrix to capture cellular telomerase, which carries its own 
RNA template for DNA synthesis. For example, with human 
telomerase, the RNA template on the enzyme encodes the 
DNA sequence GGGTTA. The capture probe may contain 
the sequence GGGTTA, which will be added reiteratively to 
the end of the telomerase capture probe, if telomerase is 
present in the sample. Signal generation can be achieved in 
Several ways, one of which involves including one or more 
reporter tagged dNTPS in the Synthesis reaction to produce 
a product that has multiple R groups attached along the 
backbone of the DNA product. For detection, this product 
can then be hybridized to a complementary probe containing 
nucleotides with a second R group (R) attached that will 
hybridize to the R labeled product. This will bring the R 
and R groups together for Signal generation via FRET from 
between R and R, or via other methods. Alternatively, 
telomerase may incorporate 2 labeled nucleotides in the 
product DNA and look for energy transfer between the 2 
labeled nucleotides in the single strand of DNA. 
0071 FIG. 26. Synthesis of a dye labeled initiator. 5' 
EADANS-S-CMP was synthesized from the conjugation of 
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IAEDANS and C-S-CMP. The scanned image of the thin 
layer chromatography plate shows the control IAEDANS 
and the IAEDANS labeled product. Lane 1: Cytidine-5'-O- 
(1-Thiomonophosphate); Lane 2: Cytidine-5'-O-(1-Thiot 
riphosphate); Lane 3: 5-((((2-iodoacetyl)amino)ethyl)ami 
no)naphthalene-1-sulfonic acid (1.5-IAEDANS); Lane 4: 
Cytidine-5'-O-(1-Thiotriphosphate) and (1.5-IAEDANS); 
Lane 5: Cytidine-5'-O-(1-Thiomonophosphate) and (1.5- 
IAEDANS); Lane 6: Adenosine-5'-O-(1-Thiomonophos 
phate); Lane 7: Adenosine-5'-O-(1-Thiomonophosphate) 
and (1.5-IAEDANS); Lane 8: (1.5-IAEDANS); Lane 9: 
Cytidine-5'-O-(1-Thiotriphosphate); Lane 10: Cytidine-5'- 
O-(1-Thiomonophosphate). Lanes 4, 5, and 7 also contain 1 
U of E. coli RNA polymerase, Buffer T and 150 ng of 
denatured pBR322 
0072 FIG. 27. Abortive Transcription Initiation with 
labeled initiators. The photograph of the gel shows the 
results of an abortive transcription initiation reaction using 
three different dinucleotide initiators, which were (1) ApG; 
(2) Biotin-ApC; and (3) 5'TAMRA-SpApG, and a termi 
nating nucleotide, which was CP-UTP. All three dinucle 
otides allowed for incorporation of UTP in the 3' position 
to generate 5'TAMARA-SpApGpU. The unlabeled ApG 
incorporates more efficiently than does the Biotin-ApG, 
which incorporates more efficiently than the TAMARA 
ApG. 

0073 FIG. 28. Abortive Transcription Initiation with a 
labeled terminator. The Scanned image of the thin layer 
chromatography plate shows the results of an abortive 
transcription initiation reaction using an unlabeled dinucle 
otide initiator, ApG, and a labeled terminator, which was 
5'-SF-UTP (5-thioacetemidofluorescein-uridine 5'-triphos 
phate. The labeled terminator was efficiently incorporated to 
generate the oligonucleotide product ApGpU. 

0074 FIG. 29. Abortive transcription initiation reaction 
with a labeled initiator and a labeled terminator. The labeled 
dinucleotide initiator 5'TAMARA SpApG was mixed with 
the labeled terminator, SF-UTP, to generate the oligonucle 
otide product, TAMARA-SpApGpU-SF. The formation of 
TAMARA-SpApGpU-SF was measured in a temperature 
controlled microtiter plate reader by fluorescence energy 
transfer. The plate was set to read every hour at the following 
parameters: Excitation 485, Emission 620; Gain 35, 99 reads 
per well per cycle. (A) The signal over background. Back 
ground is defined as a well containing only distilled water. 
A reading was taken every hour for 12 hours starting at time 
0. Fluorescein is excited using a 360 nm wavelength filter; 
the resulting emission peak is at 515 nm. If the TAMRA is 
in close proximity to the fluorescein it becomes excited as its 
peak excitation is at 542 nm resulting in an emission peak of 
568 nm. (B) The signal over mock reaction. The mock 
reaction contains all the components of the reaction except 
the E. coli RNA polymerase and the pBR322 plasmid. A 
reading was taken every hour for 12 hours Starting at time 0. 
Fluorescein is excited using a 360 nm wavelength filter; the 
resulting emission peak is at 515 nm. If the TAMARA is in 
close proximity to the fluorescein, it becomes exited as its 
peak excitation is at 542 nm resuling in an emission peak of 
568 nm. (C) The signal over SF-UTP. The SF-UTP reaction 
contains all the components of the reaction except in place 
of TAMARA-ApG, it contains an unlabeled ApC. A reading 
was taken every hour for 12 hours Starting at time 0. 
Fluorescein is excited using a 360 nm wavelength filter; the 
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resulting emission peak is at 515 nm. If the TAMARA is in 
close proximity to the fluorescein, it becomes exited as its 
0075 FIG. 30. Portion of the contig sequence of the 
CDKN2A gene. The Sequence represents a Small portion of 
the contig starting at 856630 nucleotides from the start of the 
contig Sequence. The Sequence represents a CpG island. 
Contig number: NT 008410.4. 
0.076 FIG. 31. Schematic representation of a “capture 
probe' to determine the methylation Status of a specific 
gene. Oligonucleotide probes that are Specific for a region 
near the CpG island of the target gene are immobilized onto 
a microtiter plate. The DNA of interest is added to the 
immobilized probe and bound to the capture probe. The 
DNA is then chemically modified to convert unmethylated C 
to T, and leave methyl-C unaffected. The converted DNA 
can then be amplified by an optional PCR step to further 
enhance the Signal. A labeled CpG initiator is then added 
with an RNA polymerase and labeled nucleotide(s). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0077. The invention provides methods and kits for detect 
ing the presence of a target molecule (such as nucleic acid 
Sequence or protein) by generating multiple detectable oli 
gonucleotides through reiterative Synthesis events on a 
defined nucleic acid. The methods generally comprise using 
a labeled nucleotide or oligonucleotide transcription initiator 
to initiate Synthesis of an abortive oligonucleotide product 
that is Substantially complementary to a defined Site on a 
target nucleic acid; using a chain terminator to terminate the 
polymerization reaction; and, optionally, using either (1) a 
target Site probe to form a transcription bubble complex 
which comprises double-Stranded Segments on either side of 
a single-stranded target site or (2) an abortive promoter 
cassette comprising a transcription bubble region which 
includes a target site or (3) an abortive promoter cassette that 
is attached to any target molecule and then used to generate 
a signal. 

0078. In accordance with one aspect, the invention pro 
vides methods of Synthesizing multiple abortive oligonucle 
otide transcripts from portions of a target DNA or RNA 
Sequence, wherein the methods comprise combining and 
reacting the following: (a) a single-stranded target nucleic 
acid comprising at least one target site; (b) an RNA initiator 
that is complementary to a Site on the target nucleic acid that 
is upstream of the target site; (c) an RNA polymerase; (d) 
optionally, nucleotides and/or nucleotide analogs; (e) a chain 
terminator; and (f) optionally, either (1) a target Site probe 
that partially hybridizes to a target region on the target 
nucleic acid, forming a transcription bubble complex that 
includes first and Second double-Stranded regions on either 
Side of a single-stranded target Site or (2) an abortive 
promoter cassette comprising a transcription bubble region 
that includes a transcription start Site. The combination is 
Subjected to Suitable conditions, as described below, Such 
that (a) a target Site probe hybridizes with a target nucleic 
acid in a target region that includes the target site; (b) an 
RNA initiator hybridizes upstream of a target site; (c) an 
RNA polymerase utilizes the RNA initiator to initiate tran 
Scription at the target Site, elongation occurs, and an oligo 
nucleotide transcript is synthesized; (d) a chain terminator 
terminates transcription during elongation; (e) the RNA 



US 2004/0175724 A1 

polymerase releases the short, abortive oligonucleotide tran 
Script without Substantially translocating from the poly 
merase binding site or dissociating from the template; and 
(f) steps (c) through (e) are repeated until Sufficient signal is 
generated and the reaction is stopped. Alternatively, (a) an 
abortive promoter cassette hybridizes with an end of the 
target nucleic acid; (b) an RNA initiator hybridizes upstream 
of a transcription start site; (c) an RNA polymerase utilizes 
the RNA initiator to initiate transcription at the target Site, 
elongation occurs, and an oligonucleotide transcript is Syn 
thesized; (d) a chain terminator terminates transcription 
during elongation; (e) the RNA polymerase releases the 
Short, abortive oligonucleotide transcript without Substan 
tially translocating from the polymerase binding site or 
dissociating from the template; and (f) steps (c) through (e) 
are repeated until Sufficient signal is generated and the 
reaction is Stopped. 
0079 General Techniques 
0080. The practice of the present invention will employ, 
unless otherwise indicated, conventional techniques of 
molecular biology (including recombinant techniques), 
microbiology, cell biology, biochemistry, and immunology, 
which are within the skill of the art. Such techniques are 
explained fully in the literature, such as, “Molecular Biology 
Techniques Manual,” third edition, (Coyne et al., 2001); 
“Short Protocols in Molecular Biology, fourth edition, 
(Ausubel et al., 1999) “Molecular Cloning: A Laboratory 
Manual”, second edition (Sambrook et al., 1989); “Oligo 
nucleotide Synthesis” (M. J. Gait, ed., 1984); "Animal Cell 
Culture” (R. I. Freshney, ed., 1987); "Methods in Enzymol 
ogy” (Academic Press, Inc.); “Current Protocols in Molecu 
lar Biology” (F. M. Ausubel et al., eds., 1987, and periodic 
updates); “PCR: The Polymerase Chain Reaction” (Mullis et 
al., eds., 1994). 
0.081 Primers, initiators, oligonucleotides, and poly 
nucleotides employed as reactants in the present invention 
can be generated using Standard techniques known in the art 
or may be obtained from commercial Sources, including but 
not restricted to Sigma/Aldrich, Molecular Probes, Trilink 
Technologies. 

0082) Terms 
0083) To facilitate understanding of the invention, the 
following terms have the following meanings unless 
expressly Stated otherwise: 

0084) “About” as used herein means that a number 
referred to as “about” comprises the recited number plus or 
minus 1-10% of that recited number. For example, “about” 
50 nucleotides can mean 45-55 nucleotides or as few as 
49-51 nucleotides depending on the Situation. 
0085 “Transcription” is an enzyme-mediated process 
that Synthesizes a complementary RNA transcript that cor 
responds to a nucleic acid template Sequence. Transcription 
typically includes three phases, namely, initiation, elonga 
tion, and termination. The transcript of the template is 
processively Synthesized by a polymerase through the for 
mation of a phosphodiester bond between an initiator, which 
may be a mononucleoside, a mononucleotide, an oligonucle 
otide, or polynucleotide, and a Subsequent NTP, et cetera., 
without the dissociation of either the nascent transcript or 
the polymerase from the template, until the polymerase 
reaches either a termination Sequence on the template or the 
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end of the template Sequence or is stopped by other means, 
Such as protein-DNA transcription roadblockS. AS used in 
typical hybridization assays, the termination of transcription 
is generally achieved when the polymerase completes the 
elongation phase and reaches the end of the template 
Sequence or a specific transcription termination signal after 
translocating from the initial enzyme binding site (promoter) 
on the template. In this context, "translocation” means that 
the polymerase moves along the template Sequence from an 
initial enzyme binding site on the template to another point 
on the template which is at least 50 nucleotides downstream 
of the enzyme binding Site. 
0086) “Abortive transcription” is an enzyme-mediated 
process that reiteratively initiates and terminates the Synthe 
sis of oligonucleotides that correspond to at least one 
portion, or target Site, of a complementary nucleic acid 
template Sequence. The abortive oligonucleotides Synthe 
sized vary in length of nucleotides, and may contain from 
about 2 to about 26 nucleotides, about 26 to about 50 
nucleotides and about 50 nucleotides to about 100 nucle 
otides, and greater than 100 nucleotides. 
0087 “Abortive transcription” also includes three 
phases, namely, initiation, elongation, and termination. Dur 
ing the initiation phase, a polymerase forms a phosphodi 
ester bond between an initiator and a second NTP, and then 
adds Subsequent NTPS, etcetera., transcribing the template 
Sequence to Synthesize an oligonucleotide transcript of from 
about 2 to about 50 nucleotides in length and then termi 
nating the transcription event by releasing the nascent oli 
gonucleotide transcript, without the polymerase Substan 
tially translocating from the polymerase binding site or 
dissociating from the template. In other words, the RNA 
polymerase Substantially remains at the initial binding site 
on the template, releases a first nascent oligonucleotide 
transcript, and then is capable of engaging in another tran 
Scription initiation event to produce a Second oligonucle 
otide transcript, which is Substantially complementary to 
Substantially the same target Site that was transcribed to 
produce the first oligonucleotide transcript. In this manner, 
the polymerase reiteratively transcribes a Single portion of 
the template (i.e., a target region) and releases multiple 
copies of Substantially identical nascent oligonucleotide 
transcripts. 
0088 “Reverse transcription” refers to the transcription 
of an RNA template to synthesize complementary DNA 
(cDNA). 
0089) “Reiterative” refers to multiple identical or highly 
Similar copies of a sequence of interest. 
0090 “Replication' is an enzyme-mediated process 
which Synthesizes a complementary nucleic acid molecule 
from a single-Stranded nucleic acid template Sequence. The 
DNA replicate of the template is synthesized by a DNA 
polymerase through the formation of a phosphodiester bond 
between a primer and a first deoxyribonucleoside triphos 
phate (dNTP), followed by the formation of a second 
phosphodiester bond between the first dNTP and a subse 
quent dNTP, etcetera., without the dissociation of either the 
DNA replicate or the DNA polymerase from the template, 
until the DNA polymerase reaches either a termination 
Sequence on the template or the end of the template 
Sequence. In a typical DNA primer extension reaction, 
replication of the template terminates when the DNA poly 
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merase Synthesizes the entire template Sequence after trans 
locating from the initial enzyme binding Site on the template. 
In this context, “translocation” means that the DNA poly 
merase moves along the template Sequence from an initial 
enzyme binding Site on the template to another point on the 
template which is downstream of the enzyme binding site. 
0.091 “Oligonucleotide product” refers to the oligonucle 
otide that is Synthesized by the reiterative Synthesis reaction 
of the present invention. An oligonucleotide product may be 
an "oligonucleotide transcript, if the polymerization reac 
tion is a transcription reaction catalyzed by an RNA poly 
merase, or an "oligonucleotide repeat, if the polymerization 
reaction is a DNA Synthesis reaction catalyzed by telom 
erase or DNA polymerase. 

0092 “Termination” refers to the use of a chain termi 
nator to conclude a chain elongation or primer extension 
reaction that is catalyzed by a polymerase. A “chain termi 
nator” or "terminator” may comprise any compound, com 
position, complex, reactant, reaction condition, or proceSS 
Step (including withholding a compound, reactant, or reac 
tion condition) which inhibits the continuation of transcrip 
tion by the polymerase beyond the initiation and/or elonga 
tion phases. A “chain terminating nucleotide' is a chain 
terminator that comprises a nucleotide or nucleotide analog 
that inhibits further chain elongation once incorporated, due 
to either the Structure of the nuCleotide analog or the 
Sequence of the nucleic acid being copied or transcribed. 
0093. A “target sequence” or “target polynucleotide' is a 
polynucleotide Sequence of interest for which detection, 
characterization or quantification is desired. The actual 
nucleotide Sequence of the target Sequence may be known or 
not known. 

0094. A “target site' is that portion of the target sequence 
that is detected by transcription by a polymerase to form an 
oligonucleotide product. In accordance with the invention, 
there is at least one target Site on a target nucleic acid. The 
Sequence of a target Site may or may not be known with 
particularity. That is, while the actual genetic Sequence of 
the target nucleic acid may be known, the genetic Sequence 
of a particular target Site that is transcribed or replicated by 
a polymerase need not be known. 
0.095 A “target region” is that portion of a target 
Sequence to which a target Site probe partially hybridizes to 
form a bubble complex, as described in detail below. In 
accordance with the invention, there is at least one target 
region on a target nucleic acid, and each target region 
comprises a target Site. The Sequence of a target region is 
known with sufficient particularity to permit sufficiently 
Stringent hybridization of a complementary target Site probe, 
such that the target site probe forms a bubble complex with 
the target region. 
0.096 Generally, a “template” is a polynucleotide that 
contains the target nucleotide Sequence. In Some instances, 
the terms “target Sequence”, “template polynucleotide', 
“target nucleic acid”, “target polynucleotide”, “nucleic acid 
template”, “template Sequence', and variations thereof, are 
used interchangeably. Specifically, the term “template' 
refers to a Strand of nucleic acid on which a complementary 
copy is Synthesized from nucleotides or nucleotide analogs 
through the activity of a template-dependent nucleic acid 
polymerase. Within a duplex, the template Strand is, by 
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convention, depicted and described as the “bottom' strand. 
Similarly, the non-template Strand is often depicted and 
described as the “top” strand. The “template” strand may 
also be referred to as the “Sense' Strand, and the non 
template Strand as the “antisense' Strand. 
0097 “Synthesis' generally refers to the process of pro 
ducing at least one complementary copy of a target Site or 
other portion of a target Sequence. “Multiple copies' means 
at least 2 copies. A "copy' does not necessarily mean perfect 
Sequence complementarity or identity with the template 
Sequence. For example, copies can include nucleotide ana 
logs, intentional Sequence alterations (Such as sequence 
alterations introduced through a primer comprising a 
Sequence that is hybridizable, but not complementary, to the 
template), and/or sequence errors that occur during Synthe 
Sis. “Synthesis' encompasses both transcription of a target 
nucleic acid and replication of a target nucleic acid. 
0.098 “Polynucleotide" or “nucleic acid strand”, as used 
interchangeably herein, refers to nucleotide polymers of any 
length, Such as two or more, and includes both DNA and 
RNA. The nucleotides can be deoxyribonucleotides, ribo 
nucleotides, nucleotide analogs (including modified phos 
phate moieties, bases, or Sugars), or any Substrate that can be 
incorporated into a polymer by a Suitable enzyme, Such as a 
DNA polymerase or an RNA polymerase. Thus, a polynucle 
otide may comprise modified nucleotides, Such as methy 
lated nucleotides, and their analogs. If present, modification 
to the nucleotide Structure may be imparted before or after 
synthesis of the polymer. The sequence of nucleotides may 
be interrupted by non-nucleotide components. A polynucle 
otide may be further modified after polymerization, Such as 
by conjugation with a labeling component. Other types of 
modifications include, for example, “caps', Substitution of 
one or more of the naturally occurring nucleotides with an 
analog, internucleotide modifications Such as, for example, 
those with uncharged linkages (e.g., methyl phosphonates, 
phosphotriesters, phosphoamidates, cabamates, etc.) and 
with charged linkages (e.g., phosphorothioates, phospho 
rodithioates, etc.), those containing pendant moieties, Such 
as, for example, proteins (e.g., glutathione-s-transferase, 
methylases, demethylases, DNA repair enzymes, nucleases, 
toxins, antibodies, signal peptides, ply-L-lysine, etc.), those 
with intercalators (e.g., ethidium, acridine, psoralen, etc.), 
those with antibody-specific haptens (dinitrophenyl (DNP), 
biotin, etc.), those with affinity tags (hexahistadine, glu 
tathione, etc.), those containing chelators (e.g., metals, 
radioactive metals, boron, oxidative metals, etc.), those 
containing alkylators, those with modified linkages (e.g., 
alpha anomeric nucleic acids, etc.), those with chemical or 
photochemical activities (DNA or RNA cleavage agents, 
crosslinkers, fluorescent compounds, etc.) as well as 
unmodified forms of the polynucleotide(s). Further, any of 
the hydroxyl groups ordinarily present on the pentose (i.e., 
ribose or deoxyribose) ring of a nucleotide may be, for 
example, replaced by phosphonate or phosphate groups, 
protected by Standard protecting groups, activated to prepare 
additional linkages to additional nucleotides, or conjugated 
to a solid support. The 5' and 3' terminal OH groups on the 
pentose ring of a nucleotide can be phosphorylated or 
Substituted with amines or organic capping group moieties 
of from about 1 to about 50 carbon atoms. Other hydroxyl 
groups on the ribose or deoxyribose ring may also be 
derivatized to Standard protecting groupS. Polynucleotides 
can also contain analogous forms of ribose or deoxyribose 
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Sugars that are generally known in the art, including, for 
example, 2'-O-methyl-2'-O-allyl, 2'-fluoro- or 2’-azido-ri 
bose, carbocyclic Sugar analogs, anomeric Sugars, epimeric 
Sugars, Such as arabinose, Xylose, pyranose Sugars, furanose 
Sugars, Sedoheptuloses, acyclic analogs, and a basic nucleo 
Side analogs Such as methyl riboside. One or more phos 
phodiester linkages may be replaced by alternative linking 
groups. These alternative linking groups include, but are not 
limited to, embodiments wherein phosphate is replaced by 
P(O)S(“thioate”), P(S)S (“dithioate”), “(O)NR (“amidate”), 
P(O)R, P(O)OR, CO or CH (“formacetal”), in which each 
R or R' is independently H or substituted or unsubstituted 
alkyl (1-20 C) optionally containing an ether ( O ) 
linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl, or araldyl. 
Not all linkages in a polynucleotide need be identical. The 
preceding description applies to all polynucleotides referred 
to herein, including RNA and DNA. 

0099 “Nucleotide” or “NTP" refers to a base-sugar 
phosphate compound. “Base' refers to a nitrogen-containing 
ring molecule that, when combined with a pentose Sugar and 
a phosphate group, form a nucleotide. BaseS include Single 
ring pyrimidines, Such as cytosine (C), thymine (T), and 
uracil (U), and double ring purines, Such as adenine (A) and 
guanine (G). "Sugar or “pentose Sugar generally refers to 
a pentose ring, Such as a ribose ring or deoxyribose ring. 
Nucleotides are the monomeric subunits of both types of 
nucleic acid polymers, that is, RNA and DNA. "Nucleotide' 
or “NTP” refers to any nucleoside 5' phosphate, that is, 
ribonucleoside 5' phosphates (i.e., mono-, di-, and triphos 
phates) and deoxyribonucleoside 5' phosphates (i.e., mono-, 
di-, and triphosphates), and includes “nucleoside phosphate 
analogs”, “nucleotide analogs”, and “NTP analogs”. 
"Nucleoside phosphate analog”, “nucleotide analog, and 
“NTP analog” refer to any nucleoside 5' phosphate (i.e., 
mono-, di-, or triphosphate) which is analogous to a native 
nucleotide but which contains one or more chemical modi 
fications when compared to the corresponding native nucle 
otide. Nucleotide analogs include base-modified analogs 
(e.g. 5-mercapto pyrimidines, 8-mercapto purines), phos 
phate-modified analogs (e.g., C.-thio-triphosphates), and 
Sugar-modified analogs (3' OMe, 3' deoxy) and may com 
prise modified forms of deoxyribonucleotides as well as 
ribonucleotides. 

0100 “Nucleoside” refers to a base-sugar combination 
without a phosphate group. Nucleosides include, but are 
note limited to, adenosine (A), cytidine (C), guanosine (G), 
thymidine (T), and uridine (U). 
0101 The term “oligonucleotide’ generally refers to 
Short, typically Single-Stranded, Synthetic polynucleotides 
that are generally, but not necessarily, less than about 200 
nucleotides in length. More particularly, an oligonucleotide 
may be defined as a molecule comprised of two or more 
nucleotides, including deoxyribonucleotides and/or ribo 
nucleotides. The exact Size depends on many factors, which 
in turn depend on the ultimate function or use of the 
oligonucleotide. The oligonucleotide may be generated in 
any manner, including chemical Synthesis, DNA replication, 
degradation of longer DNA or RNA, transcription, reverse 
transcription, abortive transcription or reiterative Synthesis, 
as further described herein, and a combination thereof. 

0102 Because mononucleotides undergo a reaction 
which Synthesizes oligonucleotides by covalently bonding 
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the 3' oxygen of a first mononucleotide pentose ring to the 
5' phosphate of a Second mononucleotide through a phos 
phodiester linkage, a first end of an oligonucleotide is 
referred to as the “5' end” if the 5' phosphate of the terminal 
nucleotide is not linked to a 3' oxygen of a nucleotide 
pentose ring, and a Second end of an oligonucleotide is 
referred to as the “3' end” if the 3' oxygen of the terminal 
nucleotide is not linked to a 5" phosphate of a Subsequent 
nucleotide pentose ring. AS used herein, a nucleic acid 
Sequence, even if the Sequence is internal to a larger oligo 
nucleotide, also may be said to have 5' and 3' ends. For 
Single-Stranded DNA or RNA, a first region along a nucleic 
acid Strand is said to be “upstream” of a Second region, if the 
3' end of the first region is before the 5' end of the second 
region when moving along a Strand of nucleic acid in a 
5'-->3' direction. Conversely, a first region along a nucleic 
acid Strand is said to be "downstream” of a Second region, 
if the 5' end of the first region is after the 3' end of the second 
region when moving along a Strand of nucleic acid in a 
5'-->3' direction. 

0103) The term “3' generally refers to a region or 
position in a polynucleotide or oligonucleotide that is 3' 
(downstream) from another region or position in the same 
polynucleotide or oligonucleotide when moving along the 
polynucleotide or oligonucleotide in a 5'-->3' direction. 
0104. The term “5” generally refers to a region or 
position in a polynucleotide or oligonucleotide that is 5' 
(upstream) from another region or position in the same 
polynucleotide or oligonucleotide when moving along the 
polynucleotide or oligonucleotide in a 5'-->3' direction. 
0105 "Nucleic acid sequence” refers to an oligonucle 
otide or polynucleotide, and fragments, Segments, or por 
tions thereof, and to DNA or RNA of genomic or synthetic 
origin, which may be single or double-Stranded, and repre 
Sents either the Sense or the antisense Strand. 

0106 The term “substantially single-stranded', when 
used in reference to a nucleic acid Substrate, means that the 
Substrate molecule exists primarily as a single Strand of 
nucleic acid in contrast to a double-Stranded Substrate which 
exists as two Substantially complementary Segments or 
regions of nucleic acid that are held together by inter-Strand 
or intra-Strand base pairing interactions. 
0107 AS used herein, the terms “complementary” or 
“complementarity are used in reference to a first polynucle 
otide (which may be an oligonucleotide) which is in “anti 
parallel association” with a second polynucleotide (which 
also may be an oligonucleotide). AS used herein, the term 
“antiparallel association” refers to the alignment of two 
polynucleotides Such that individual nucleotides or bases of 
the two associated polynucleotides are paired Substantially 
in accordance with Watson-Crick base-pairing rules. For 
example, the Sequence "A-G-T' is complementary to the 
sequence “T-C-A.” Complementarity may be “partial,” in 
which only Some of the polynucleotides bases are matched 
according to the base pairing rules. Or, there may be 
“complete” or “total” complementarity between the poly 
nucleotides. The degree of complementarity between the 
polynucleotides has significant effects on the efficiency and 
strength of the hybridization between two polynucleotides. 
This is of particular importance in Synthesis reactions, as 
well as detection methods which depend upon binding 
between polynucleotides. Those skilled in the art of nucleic 
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acid technology can determine duplex Stability empirically 
by considering a number of variables, including, for 
example, the length of the first polynucleotide, which may 
be an oligonucleotide, the base composition and Sequence of 
the first polynucleotide, and the ionic Strength and incidence 
of mismatched base pairs. A general formula that may be 
used to calcuate the melting temperature of an oligonucle 
otide is: Tm=(2(UA)+4(GC))-0.5 C for every 1% forma 
mide. For DNA-DNA hybrids, the Tm is approximated by 
the following formula: Tm=81.5+16.6 (log M)+0.41 (% 
G+C)-500/L, M is the molarity of the monovalent cations; 
L is the length of the hybrid base pairs (Anal Biochem. 
138:267-284, 1984). 
0108). The terms “self-complementary” and “self 
complementarity', when used in reference to a polynucle 
otide (e.g., an oligonucleotide), mean that separate regions 
of the polynucleotide can base-pair with each other. Because 
this term refers only to intramolecular base-pairing, any 
Strand Said to have a region of Self-complementarity must 
have at least two regions capable of base-pairing with one 
another. AS defined above, complementarity may be either 
“complete' or “partial'. AS used in reference to the oligo 
nucleotides of the present invention, regions of an oligo 
nucleotide are considered to have significant Self-comple 
mentarity when these regions are capable of forming a 
duplex of at least 3 contiguous base pairs (i.e., three base 
pairs of complete complementarity), or when they may form 
a longer duplex that is partially complementary. 

0109 The term “primer' generally refers to a short, 
single-stranded oligonucleotide which has a free 3'-OH 
group and which can bind to and hybridize with a target 
Sequence that is potentially present in a Sample of interest. 
After hybridizing to a target Sequence, a primer is capable of 
promoting or initiating polymerization or Synthesis of a 
polynucleotide or oligonucleotide extension product that is 
complementary to the target Sequence or a portion of the 
target Sequence. A primer is Selected to be “Substantially' 
complementary to a specific portion of a target nucleic acid 
Sequence. A primer is Sufficiently complementary to hybrid 
ize with a target Sequence and facilitate either transcription 
or replication of a portion of the target nucleic acid. A primer 
Sequence need not reflect the exact Sequence of the template. 
For example, a non-complementary nucleotide fragment 
may be attached to the 5' end of the primer, with the 
remainder of the primer Sequence being Substantially 
complementary to the template Strand. Non-complementary 
bases can be interspersed within the primer, provided that 
the primer Sequence has Sufficient complementarity with the 
template Sequence to hybridize with the template and 
thereby form a template-primer complex for initiating Syn 
thesis of a polynucleotide or oligonucleotide product. 

0110. The term “initiator” refers to a mononucleoside, 
mononucleotide, oligonucleotide, polynucleotide or analog 
thereof, which is incorporated into the 5' end of a nascent 
RNA molecule and may be considered a “primer' for RNA 
synthesis (“initiator primer'). 

0111. In one embodiment, an RNA initiator facilitates the 
initiation of transcription at a target Site on a Single-Stranded 
target nucleic acid in the absence of a template promoter 
Sequence, as is known in the art. (See, U.S. Pat. No. 
5,571,669; Daube and von Hippel, Science, 258: 1320-1324 
(1992)). In another embodiment, initiators are used to ran 
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domly start abortive transcription at a plurality of target Sites 
on the nucleic acid template (FIG. 16). The initiators and/or 
the individual nucleotides or nucleotide analogs that are 
used to extend the initiators may be suitably modified to 
enable Signal generation, detection of the oligonucleotide 
products, and a determination of the presence or absence of 
the target Sequence. 

0112 For example, it may be desirable to modify the 
initiator to provide the initiator with a label moiety for a 
variety of purposes, including detection of the abortive 
oligonucleotide product(s). Examples of Such modifications 
include, but are not limited to, fluorescent molecules and 
energy transfer dyes (such as, fluorescein, aedans, couma 
rine, bodipy dyes, and rhodamine based dyes), fluorescent 
quencher molecules (for example, Dabcyl), proteins, pep 
tides, amino linkers, or amino acid based molecules (for 
example polyhistidine), modified bases and modified and 
unmodified base analogs, peptide nucleic acids (PNAS), 
methylphosphonates, radioactive labels, terminal phos 
phates, 3' glyceryl, other carbohydrate based molecules, 
fatty acid derived molecules, carbon Spacer molecules, elec 
trochemiluminescent labels, lanthanide labels, avidin and its 
derivatives (for example, Streptavidin, Neutravidin, etc.), 
biotin, Steroid molecules (Such as Digoxygenin), thiol link 
ages, ferritin labels, and the like. 

0113 AS used herein, the term “hybridization” is used in 
reference to the base-pairing of complementary nucleic 
acids, including polynucleotides and oligonucleotides. 
Hybridization and the strength of hybridization (i.e., the 
Strength of the association between the nucleic acids) is 
impacted by Such factors as the degree of complementary 
between the nucleic acids, the Stringency of the reaction 
conditions involved, the melting temperature (T) of the 
formed hybrid, and the G:C ratio within the duplex nucleic 
acid. Generally, “hybridization” methods involve annealing 
a complementary polynucleotide to a target nucleic acid 
(i.e., the Sequence to be detected either by direct or indirect 
means). The ability of two polynucleotides and/or oligo 
nucleotides containing complementary Sequences to locate 
each other and anneal to one another through base pairing 
interactions is a well-recognized phenomenon. 

0114 With regard to complementarity, it may be impor 
tant for Some diagnostic applications to determine whether 
the hybridization of two polynucleotides and/or oligonucle 
otides represents complete or partial complementarity. For 
example, where it is desired to detect Simply the presence or 
absence of pathogen DNA (Such as from a virus, bacterium, 
fungi, mycoplasma, or protozoan for example), the hybrid 
ization method need only ensure that hybridization occurs 
when the relevant Sequence is present; conditions can be 
Selected where both partially complementary probes and 
completely complementary probes will hybridize. Other 
diagnostic applications, however, may require that the 
hybridization method be capable of distinguishing between 
partial and complete complementarity, Such as in cases 
where it may be of interest to detect a genetic polymor 
phism, that is, a difference in a single base pair between 
multiple alleles (variations) that may exist for a particular 
gene or genetic marker. 

0115 “Stringency” generally refers to the conditions 
under which nucleic acid hybridizations are conducted, 
including temperature, ionic Strength, and the presence of 
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other compounds. Conditions of “high Stringency” generally 
refer to those conditions under which nucleic acid base 
pairing will occur only between polynucleotide and/or oli 
gonucleotide regions that have a high frequency of comple 
mentary base Sequences. Consequently, conditions of 
“weak” or “low” stringency may be preferred when it is 
desirable to hybridize or anneal two polynucleotides and/or 
oligonucleotides, which are not completely complementary 
to one another. 

0116. The term “reactant” is used in its broadest sense. A 
reactant can comprise an enzymatic reactant, a chemical 
reactant, or ultraviolet light (ultraviolet light, particularly 
Short wavelength ultraViolet light, is known to break poly 
nucleotide polymers). Any agent capable of reacting with an 
oligonucleotide or polynucleotide to modify the oligonucle 
otide or polynucleotide is encompassed by the term “reac 
tant, including a "reactant nucleotide' that is added to a 
reaction mixture for incorporation into an oligonucleotide 
product by a polymerase. 

0117. A “complex' is an assembly of components. A 
complex may or may not be stable and may be directly or 
indirectly detected. For example, as described herein, given 
certain components of a reaction and the type of product(s) 
of the reaction, the existence of a complex can be inferred. 
For the purposes of this invention, a complex is generally an 
intermediate with respect to a final reiterative Synthesis 
product, Such as a final abortive transcription or replication 
product for example. 

0118. A “reaction mixture' is an assemblage of compo 
nents, which, under Suitable conditions, react to form a 
complex (which may be an intermediate) and/or a prod 
uct(s). 
0119) The term “enzyme binding site” refers to a poly 
nucleotide region that is characterized by a Sequence or 
Structure that is capable of binding to a particular enzyme or 
class of enzymes, Such as a polymerase. 

0120) “Polymerase” refers to any agent capable of facili 
tating or catalyzing the polymerization (joining) of nucle 
otides and/or nucleotide analogs. 
0121 Suitable agents include naturally occurring 
enzymes, Such as naturally occurring RNA polymerases 
(including RNA-dependent and DNA-dependent RNA poly 
merases), DNA polymerases (including DNA-dependent 
and RNA-dependent DNA polymerases), as well as modi 
fied or mutant enzymes that may currently exist (Such as the 
mutant RNA polymerases disclosed in Sousa, et al., U.S. 
Pat. No. 6,107,037 for example) or may be hereafter created 
or designed, which modified or mutant enzymes may be 
designed to exhibit characteristics that are desirable for 
particular applications. Exemplary characteristics of a modi 
fied or mutant enzyme may include, but are not limited to, 
relaxed template Specificity, relaxed Substrate Specificity, 
increased thermostability, and/or the like. It is intended that 
the term “polymerase' encompasses both thermostable and 
thermolabile enzymes. 

0122) The term “thermostable” when used in reference to 
an enzyme, such as an RNA or DNA polymerase for 
example, indicates that the enzyme is functional or active 
(i.e., can perform catalysis) at an elevated temperature, that 
is, at about 55 C. or higher. Thus, a thermostable poly 
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merase can perform catalysis over a broad range of tem 
peratures, including temperatures both above and below 
about 55 C. 

0123 The term “template-dependent polymerase” refers 
to a nucleic acid polymerase that Synthesizes a polynucle 
otide or oligonucleotide product by copying or transcribing 
a template nucleic acid, as described above, and which does 
not synthesize a polynucleotide in the absence of a template. 
This is in contrast to the activity of a template-independent 
nucleic acid polymerase, Such as terminal deoxynucleotidyl 
transferase or poly-A polymerase for example, that may 
Synthesize or extend nucleic acids in the absence of a 
template. 

0.124. A “DNA-dependent RNA polymerase” is an 
enzyme which facilitates or catalyzes the polymerization of 
RNA from a complementary DNA template. 

0125. A “DNA-dependent DNA polymerase” is an 
enzyme which facilitates or catalyzes DNA replication or 
synthesis, that is, the polymerization of DNA from a 
complementary DNA template. 

0.126 An “RNA-dependent RNA polymerase' is an 
enzyme which facilitates or catalyzes the polymerization of 
RNA from a complementary RNA template. 

0127. An “RNA-dependent DNA polymerase” or 
“reverse transcriptase' is an enzyme that facilitates or cata 
lyzes the polymerization of DNA from a complementary 
RNA template. 

0128 “Primer extension”, “extension”, “elongation”, and 
“extension reaction' is the Sequential addition of nucleotides 
to the 3' hydroxyl end of a mononucleotide, oligonucleotide, 
or polynucleotide initiator or primer which has been 
annealed or hybridized to a longer, template polynucleotide, 
wherein the addition is directed by the nucleic acid Sequence 
of the template and/or the binding position of the poly 
merase. Extension generally is facilitated by an enzyme 
capable of Synthesizing a polynucleotide or oligonucleotide 
product from a primer or initiator, nucleotides and a tem 
plate. Suitable enzymes for these purposes include, but are 
not limited to, any of the polymerases described above. 

0129. “Incorporation” refers to becoming a part of a 
nucleic acid polymer. There is a known flexibility in the 
terminology regarding incorporation of nucleic acid precur 
sors. For example, the nucleotide dGTP is a deoxyribo 
nucleoside triphosphate. Upon incorporation into DNA, 
dGTP becomes dGMP, that is, a deoxyguanosine monophos 
phate moiety. Although DNA does not include dGTP mol 
ecules, one may say that one incorporates dGTP into DNA. 

0.130. The terms “sample” and “test sample” are used in 
their broadest sense. For example, a “sample” or “test 
Sample” is meant to include a specimen or culture (e.g., 
microbiological cultures) as well as both biological and 
environmental Samples. Samples of nucleic acid used in the 
methods of the invention may be acqueous Solutions of 
nucleic acid derived from a biological or environmental 
Sample and Separated, by methods known in the art, from 
other materials, Such as proteins, lipids, and the like, that 
may be present in the Sample and that may interfere with the 
methods of the invention or significantly increase the “back 
ground” signal in carrying out the methods. 
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0131) A biological sample may comprise any Substance 
which may include nucleic acid, Such as animal (including 
human) tissue, animal fluids (Such as blood, Saliva, mucusal 
Secretions, Semen, urine, Sera, cerebral or Spinal fluid, pleu 
ral fluid, lymph, Sputum, fluid from breast lavage, and the 
like), animal Solids (e.g., stool), cultures of microorganisms, 
liquid and Solid food and feed products, waste, cosmetics, or 
water that may be contaminated with a microorganism, or 
the like. An environmental Sample may include environmen 
tal material, Such as Surface matter, Soil, water, and industrial 
Samples, as well as Samples obtained from food and dairy 
processing instruments, apparatus, equipment, utensils, and 
disposable and non-disposable items. These examples are 
merely illustrative and are not intended to limit the Sample 
types applicable to the present invention. 
0132) “Purified” or “substantially purified” refers to 
nucleic acids that are removed from their natural environ 
ment, isolated or Separated, and are at least 60% free, 
preferably 75% free, and most preferably 90% free from 
other components with which they are naturally associated. 
An "isolated polynucleotide' or “isolated oligonucleotide' 
is therefore a Substantially purified polynucleotide. 

0133. The term “gene” refers to a DNA sequence that 
comprises control and coding Sequences necessary for the 
production of a polypeptide or precursor. The polypeptide 
can be encoded by a full length coding Sequence or by any 
portion of the coding Sequence, So long as the desired 
functional activity is retained. 
0134) A“deletion” is defined as a change in a nucleic acid 
Sequence in which one or more nucleotides are absent as 
compared to a Standard nucleic acid Sequence. 

0135 An “insertion” or “addition” is a change in a 
nucleic acid Sequence which has resulted in the addition of 
one or more nucleotides as compared to a Standard nucleic 
acid Sequence. 

0136. A “substitution” results from the replacement of 
one or more nucleotides in a nucleic acid by different 
nucleotides. 

0.137 An “alteration” in a nucleic acid sequence refers to 
any change in a nucleic acid Sequence or Structure, includ 
ing, but not limited to a deletion, an addition, an addition 
deletion, a Substitution, an insertion, a reversion, a transver 
Sion, a point mutation, or a microSatellite alteration, or 
methylation. 

0138 “Methylation” refers to the addition of a methyl 
group (-CH) to a nucleotide base in DNA or RNA. 
0139 Sequence “mutation” refers to any sequence alter 
ation in a Sequence of interest in comparison to a reference 
Sequence. A reference Sequence can be a wild type Sequence 
or a sequence to which one wishes to compare a Sequence of 
interest. A sequence mutation includes Single nucleotide 
changes, or alterations of more than one nucleotide in a 
Sequence, due to mechanisms. Such as Substitution, deletion, 
or insertion. A single nucleotide polymorphism (SNP) is also 
a Sequence mutation as used herein. 
0140 “Microarray' and “array,” as used interchangeably 
herein, refer to an arrangement of a collection of polynucle 
otide Sequences in a centralized location. ArrayS can be on 
a Solid Substrate, Such as a glass Slide, or on a Semi-Solid 
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Substrate, Such as nitrocellulose membrane. The polynucle 
otide Sequences can be DNA, RNA, or any combinations 
thereof. 

0.141. The term “label” refers to any atom, molecule, or 
moiety which can be used to provide a detectable (preferably 
quantifiable) Signal, either directly or indirectly, and which 
can be attached to a nucleotide, nucleotide analog, nucleo 
Side mono-, di-, or triphosphate, nucleoside mono-, di-, or 
triphosphate analog, polynucleotide, or oligonucleotide. 
Labels may provide Signals that are detectable by fluores 
cence, radioactivity, chemiluminescence, electrical, para 
magnetism, colorimetry, gravimetry, X-ray diffraction or 
absorption, magnetism, enzymatic activity, and the like. A 
label may be a charged moiety (positive or negative charge) 
or, alternatively, may be charge neutral. 
0.142 “Detection” includes any means of detecting, 
including direct and indirect detection. For example, 
“detectably fewer” products may be observed directly or 
indirectly, and the term indicates any reduction in the 
number of products (including no products). Similarly, 
“detectably more' products means any increase, whether 
observed directly or indirectly. 
0.143 AS used herein, the terms “comprises,”“compris 
ing”, “includes”, and “including', or any other variations 
thereof, are intended to cover a non-exclusive inclusion, 
Such that a process, method, composition, reaction mixture, 
kit, or apparatus that comprises a list of elements does not 
include only those elements but may include other elements 
not expressly listed or inherent to Such process, method, 
composition, reaction mixture, kit, or apparatus. 
0144) “A,”“an,”“the,” and the like, unless otherwise indi 
cated, include plural forms. 
0145 Components and Reaction Conditions 
0146 Target Nucleic Acid 
0147 The target nucleic acid can be either a naturally 
occurring or Synthetic polynucleotide Segment, and it can be 
obtained or Synthesized by techniques that are well-known 
in the art. A target Sequence to be detected in a test Sample 
may be present initially as a discrete molecule, So that the 
Sequence to be detected constitutes the entire nucleic acid, or 
may be present as only one component of a larger molecule. 
The target nucleic acid can be only a minor fraction of a 
complex mixture, Such as a biological Sample, and can be 
obtained from various biological materials by procedures 
that are well-known in the art. The target nucleic acid to be 
detected may include nucleic acids from any Source, in 
purified, or unpurified form, which can be DNA (including 
double-stranded (ds) DNA and single-stranded (ss) DNA) or 
RNA (including tRNA, mRNA, rRNA), mitochondrial DNA 
or RNA, chloroplast DNA or RNA, DNA-RNA hybrids, or 
mixtures thereof, genes, chromosomes, or plasmids, and the 
genomes of biological material, Such as the genomes of 
microorganisms (including bacteria, yeast, viruses, Viroids, 
molds, and fungi), plants, animals, humans, or fragments 
thereof. Standard techniques in the art are used to obtain and 
purify the nucleic acids from a test sample. Methods for the 
extraction and/or purification of Such nucleic acids have 
been described, for example, by Sambrook, et al., Molecular 
Cloning: A Laboratory Manual (New York, Cold Spring 
Harbor Laboratory, third edition, 2000). Detection of an 
RNA target may or may not require initial complementary 
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DNA (cDNA) synthesis, as known in the art. Detection of a 
DNA-RNA hybrid may require denaturation of the hybrid to 
obtain a ssDNA or denaturation followed by reverse tran 
scription to obtain a cDNA. 
0148 Target Proteins 
0149. In another embodiment of the invention, the target 
may be another molecule, Such as a protein, which is labeled 
by covalent or noncovalent attachment of a defined nucleic 
acid Sequence which can be used for reiterative oligonucle 
otide synthesis (FIG. 23). The target protein can be either a 
naturally occurring or Synthetic polypeptide Segment, and it 
can be obtained or Synthesized by techniques that are 
well-known in the art. A target protein to be detected in a test 
Sample may be present initially as a discrete molecule, So 
that the protein to be detected constitutes the entire protein, 
or may be present as only one component of a larger 
complex. The target protein can be only a minor fraction of 
a complex mixture, Such as a biological Sample, and can be 
obtained from various biological materials by procedures 
that are well-known in the art. The target protein to be 
detected may include proteins from any Source, in purified 
or unpurified form. Standard techniques in the art are used 
to obtain and purify the proteins from a test Sample. Methods 
for the extraction and/or purification of Such proteins have 
been described, for example, by Sambrook, et al., Molecular 
Cloning: A Laboratory Manual (New York, Cold Spring 
Harbor Laboratory, third edition, 2000). 
0150. Immobilization 
0151. In one embodiment of the invention, the target 
molecule may be immobilized. In another embodiment, the 
target molecule may be immobilized to form, for example, 
a microarray. A Single molecule array in accordance with 
this embodiment includes a Solid matrix, a bioreactive or 
bioadhesive layer, and a bioresistant layer. Solid phases that 
are useful as a matrix for the present invention include, but 
are not limited to, polystyrene, polyethylene, polypropylene, 
polycarbonate, or any Solid plastic material in the shape of 
test tubes, beads microparticles, dip-sticks, or the like. 
Additionally, matrices include, but are not limited to, mem 
branes, microtiter plates (e.g., 96-well and 384-well), test 
tubes, and Eppendorf tubes. Solid phases also include glass 
beads, glass test tubes, and any other appropriate shape that 
is made of glass. A functionalized Solid phase, Such as plastic 
or glass, which has been modified So that the Surface carries 
carboxyl, amino, hydrazide, or aldehyde groups can also be 
used. In general, Suitable Solid matrices comprise any Sur 
face to which a bioadhesive layer, Such as a ligand-binding 
agent, can be attached or any Surface which itself provides 
a ligand attachment Site. 
0152 The bioadhesive layer can be an ionic adsorbent 
material Such as gold, nickel, or copper (Montemagno and 
Bachand, Constructing Nanomechanical Devices Powered 
by Biomolecular Motors, Nanotechnology, 10: 225-231 
(1999)), protein-adsorbing plastics, such as polystyrene 
(U.S. Pat. No. 5,858,801), or a covalent reactant, such as a 
thiol group. To create a patterned array in the bioadhesive 
layer, an electron-Sensitive polymer, Such as polymethyl 
methacrylate (PMMA) for example, can be used to coat the 
Solid Support and can be etched in any desired pattern with 
an electron beam followed by development to remove the 
Sensitized polymer. The etched portions of the polymer are 
then coated with a metal, Such as nickel, and the polymer is 

Sep. 9, 2004 

removed with a Solvent, leaving a pattern of metal posts on 
the Substrate. This method of electron beam lithography 
provides the high Spatial resolution and Small feature size 
which facilitates the immobilization of a single molecule at 
each point in the patterned array. An alternate means for 
creating high-resolution patterned arrays is atomic force 
microScopy. A further means is X-ray lithography. 

0153 Antibody or oligonucleotide capture probes can be 
attached to the bioadhesive pattern by providing a polyhis 
tidine tag on the capture probe that binds to the metal 
bioadhesive patterns. The capture probes may be, for 
example, from about 15 to about 500 nucleotides in length. 
Other conventional means for attachment employ homobi 
functional and heterobifunctional crosslinking reagents. 
Homobifunctional reagents carry two identical functional 
groups, whereas heterobifunctional reagents contain two 
dissimilar functional groups to link the capture probes to the 
bioadhesive. The heterobifunctional cross-linking agents 
may contain a primary mine-reactive group and a thiol 
reactive group. Covalent crosslinking agents are Selected 
from reagents capable of forming disulfide (S-S), glycol 
(-CH(OH-CH(OH)- ), azo (-N=N-), sulfone 
(-S(=O), ester (-C(=O)-O-), or amide 
(-C(=O)-N-) bridges. Crosslinking agents include, but 
are not limited to, maleamides, iodoacetamides, and dis 
ulfies. Table I provides a list of representative classes of 
crosslinking reagents and their group specificity (Wong, S. 
S. Chemistry of Protein Conjugation and Cross-Linking, 
1991, CRC Press, Inc., Boca Raton, USA) 

TABLE 1. 

Crosslinking Reagents and group Specificity 

Reagent Group specificity 

alpha-haloacetyl compounds eg SH, S-CH3, NH2, phenolic, 
ICH2COOH imadazole 
N-maleimides SH, NH2 
mercurials SH 
Disulfides SH 
Aryl halides SH, NH2, phenolic, imidazole 
Acid anhydrides eg. Succinic anhydride NH2, phenolic 
Isocyanates eg. HNCO NH2 
Isothiocyanates R-NCS NH2 
Sulfonyl halides NH2 
Imidoesters Nh2 
Diazoacetates COOH, SH 
Diazonium salts eg benzene-N2+ Cl 
dicarbonyl compound 

phenolic, imidazole 
NH-C(NH)-NH2 

0154 Abioresistant layer may be placed or Superimposed 
upon the bioadhesive layer either before or after attachment 
of the capture probe to the bioadhesive layer. The bioresis 
tant layer is any material that does not bind the capture 
probe. Non-limiting examples include bovine Serum albu 
min, gelatin, lysozyme, Octoxynol, polySorbate 20 (poly 
etheneSorbitan monolaurate), and polyethylene oxide con 
taining block copolymers and surfactants (U.S. Pat. No. 
5,858,801). Deposition of the bioadhesive and bioresistant 
layerS may be accomplished by conventional means, includ 
ing spraying, immersion, and evaporative deposition (met 
als). 
O155 In one embodiment, the solid matrix may be 
housed in a flow chamber having an inlet and outlet to 
accommodate the multiple Solutions and reactants that are 
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allowed to flow past the immobilized capture probes. The 
flow chamber can be made of plastic or glass and may be 
either open or transparent in the plane viewed by a micro 
Scope or optical reader. Electro-osmotic flow includes a 
fixed charge on the Solid Support and a Voltage gradient 
(current) passing between two electrodes placed at opposing 
ends of the Solid Support. 

0156 Primers 

O157. In accordance with the invention, a primer is used 
to initiate replication by a DNA polymerase of a target Site 
on the target nucleic acid. If the polymerase is a DNA 
polymerase, the primer may be comprised of ribonucleotides 
or deoxyribonucleotides. The primers and/or the individual 
nucleotides or nucleotide analogs that are used to extend the 
primerS may be Suitably modified to enable Signal genera 
tion, detection of the oligonucleotide products, and a deter 
mination of the presence or absence of the target Sequence. 

0158. The primers used in the practice of the invention 
may be made Synthetically, using conventional chemical or 
enzymatic nucleic acid Synthesis technology. In one embodi 
ment, the primers are less than about 25 nucleotides in 
length, usually from about 1 to about 10 nucleotides in 
length, and preferably about 2 to 3 nucleotides in length. It 
may be desirable to modify the nucleotides or phosphodi 
ester linkages in one or more positions of the primer. 
Examples of Such modifications include, but are not limited 
to, fluorescent molecules and energy transfer dyes (such as, 
fluorescein, aedans, coumarine, bodipy dyes, and rhodamine 
based dyes), fluorescent quencher molecules (for example, 
Dabcyl), proteins, peptides, amino linkers, or amino acid 
based molecules (for example polyhistidine), modified bases 
and modified and unmodified base analogs, peptide nucleic 
acids (PNAS), methylphosphonates, radioactive labels, ter 
minal phosphates, 3' glyceryl, other carbohydrate based 
molecules, fatty acid derived molecules, carbon Spacer mol 
ecules, electrochemiluminescent labels, lanthanide labels, 
avidin and its derivatives (for example, Streptavidin, Neu 
travidin, etc.), biotin, Steroid molecules (Such as Digoxyge 
nin), thiol linkages, ferritin labels, and the like. 
0159 Target Site Probes 

0160 In accordance with the invention, an oligonucle 
otide target Site probe is used to -direct a polymerase to a 
target Site on the target nucleic acid by forming a bubble 
complex in a target region of the target nucleic acid (FIG. 
11). The target site probe may vary in the length of nucle 
otides, including but not limited to, about 20 to about 50 
nucleotides, about 51 to about 75 nucleotides, about 76 to 
about 100 nucleotides, and greater than 100 nucleotides. The 
bubble complex comprises double-Stranded regions on 
either Side of a single-Stranded region which includes a 
target Site. In one embodiment, the target Site probe includes 
three regions: a first region on the 5' end of the target Site 
probe is complementary to and hybridizes with the template 
Sequence upstream of a target Site on the template Sequence; 
a Second region, which is 3' of the first region, is non 
complementary to the template Sequence and therefore does 
not hybridize with the template Sequence; and a third region, 
which is on the 3' end of the target Site probe, is comple 
mentary to and hybridizes with the template Sequence down 
Stream of the target Site. The target Site probe can vary in 
nucleotide length, including but not limited to, about 5-19; 
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about 20 to about 50 nucleotides, about 51 to about 75 
nucleotides, about 76 to about 100 nucleotides and greater 
than 100 nucleotides. 

0.161 Use of the target site probe directs the polymerase 
to a particular enzyme binding site (i.e., the double-stranded 
Segment and bubble formed upstream of the target Site by the 
template Sequence and the primer) on the template Sequence 
to facilitate the initiation of transcription at a particular 
target Site. That is, rather than facilitating the random 
initiation of Synthesis reactions by the polymerase along the 
length of a single-Stranded template Sequence, as described 
above, this embodiment provides targeted binding of the 
polymerase for the detection of a particular target Site 
encompassed by the bubble complex formed by the target 
Site probe. 
0162 The target site probes used in the practice of the 
invention may be made enzymatically or Synthetically, using 
conventional nucleic acid Synthesis technology, Such as 
phosphoramidite, H-phosphonate, or phosphotriester chem 
istry, for example. Alternative chemistries, Such as those 
which result in non-natural backbone groups, Such as phos 
phorothioate, phosphoramidate, and the like, may also be 
employed. The target Site probes may be ordered commer 
cially from a variety of companies which Specialize in 
custom polynucleotides and/or oligonucleotides, Such 
Operon, Inc. (Alameda, Calif.). 
0163 The sequence of the target site probe will vary 
depending upon the target Sequence. The overall length of 
the target Site probe is Selected to provide for hybridization 
of the first and third regions with the target Sequence and 
optimization of the length of the Second, non-hybridized 
region. The first and third regions of the target Site probe are 
designed to hybridize to known internal Sites on the target 
nucleic acid template. Depending upon the application, the 
Sequence of the Second region on the target site probe can be 
designed Such that the Second region may or may not be 
Self-complementary. The overall length of the target Site 
probe ranges from about 20 to about 50 nucleotides, pref 
erably from about 25 to about 35 nucleotides. The first and 
third regions of the target Site probe each range from about 
5 to about 20 nucleotides in length, preferably from about 8 
to about 10 nucleotides in length. In one embodiment, the 
first and third regions of the target Site probe are each about 
10 nucleotides in length. The internal, Second region on the 
target Site probe ranges in length from about 8 to about 14 
nucleotides, preferably from about 12 to about 14 nucle 
otides. 

0164. In one embodiment, at least one target site probe is 
used to specifically initiate abortive oligonucleotide Synthe 
sis at one or more target Sites on the nucleic acid template 
to produce multiple oligonucleotide products. In another 
embodiment, the target Site probe directs the initiation of 
abortive transcription on a Single-stranded target Site in the 
absence of a template promoter Sequence, as is known in the 
art. (See, U.S. Pat. No. 5,571,669; Daube and von Hippel, 
Science, 258: 1320-1324 (1992)). 
0165. Abortive Promoter Cassette 
0166 In accordance with the invention, an abortive pro 
moter cassette (APC) may be used to link a target to a 
defined Sequence to generate multiple detectable oligonucle 
otide products that indicate the presence of the target in a test 
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sample. The APC is a self-complementary sequence of DNA 
that may consist of: (1) one contiguous oligonucleotide to 
which RNA polymerase can bind to form a transcription 
bubble; (2) two partially complementary upper and lower 
oligonucleotides that form a single-stranded transcription 
bubble region comprising a defined site from which an 
initiator and a Suitable RNA polymerase can Synthesize an 
abortive oligonucleotide product; or (3) two complementary 
oligonucleotides that form a transcription bubble region in 
the presence of an RNA polymerase, which allows for the 
synthesis of an abortive oligonucleotide product. The APC 
may contain an artificial promoter, or it may contain the 
promoter for a specific RNA polymerase. For example, 
trinucleotide or tetranucleotide products that could be gen 
erated from with a common phage RNA polymerase can be 
made with a labeled GpA or GpApA initiator and a labeled 
pppG or pppA terminator. 
0167. In an exemplary embodiment, as illustrated in FIG. 
1, the APC comprises eight regions, including an APC linker 
Sequence which comprises either a 3' or a 5' Single-Stranded 
overhang region (i.e., a “sticky end”). A first region (A) on 
the 5' end of the APC is complementary to a second region 
(A') near the 3' end of the APC. A third region (B) and a 
fourth region (E) are separated from each other by regions 
C, D, and C and are non-complementary to each other, Such 
that the regions B and E form a single-stranded bubble 
region on the APC when the Self-complementary regions of 
the APC interact with one another. Regions C and C are 
Substantially self-complementary, Such that the 5' end of 
region C is complementary to the 3' end of the region C". 
Region D may be a short Sequence joining C and C" for a 
contiguous APC or may be a region comprising the free 3' 
or 5' ends of two Separate upper and lower oligonucleotides 
for a two-part APC. Finally, the APC also includes an APC 
linker, a single-Stranded region on either the 5' end or the 3' 
end of the APC oligonucleotide, which is formed through the 
complementary interaction of regions A and A'. The APC 
linker facilitates attachment of the APC with other target 
molecules, Such as captured target DNA, RNA, or protein, 
for example. 

0168 The APC used in the practice of the invention may 
be made enzymatically or Synthetically, using conventional 
nucleic acid Synthesis technology, Such as phosphoramidite, 
H-phosphonate, or phosphotriester chemistry, for example. 
Alternative chemistries, Such as those that result in non 
natural backbone groups, Such as phosphorothioate, phos 
phoramidate, and the like, may also be employed. The APC 
may be ordered commercially from a variety of companies 
that Specialize in custom polynucleotides and/or oligonucle 
otides, Such as Operon, Inc. (Alameda, Calif.). 
0169. The length of the APC is selected to optimize the 
stability of the bubble region and provide for the hybridiza 
tion of the APC linker Sequence with the target Sequence. 
The overall length of the APC may range from about 50 to 
about 150 nucleotides, preferably from about 55 to about 
125 nucleotides. Regions A and A may each comprise from 
about 5 to about 25 nucleotides and preferably comprise 
from about 7 to about 15 nucleotides. Regions B and E may 
comprise from about 8 to about 16 nucleotides and prefer 
ably comprise from about 10 to about 14 nucleotides. 
Regions C and C may each comprise from about 5 to about 
25 nucleotides and preferably comprise from about 10 to 
about 20 nucleotides. The Single-Stranded overhang region 

Sep. 9, 2004 

may comprise from about 5 to about 40 nucleotides and 
preferably comprises from about 10 to about 25 nucleotides. 
0170 Polymerase 
0171 Template-dependent polymerases for use in the 
methods and compositions of the present invention are 
known in the art. Either eukaryotic or prokaryotic poly 
merases may be used. In one embodiment, the template 
dependent polymerase is a thermostable polymerase. In 
another embodiment, the polymerase is able to tolerate label 
moieties on the phosphate group, the nuclease, and/or on the 
pentose ring of unincorporated nucleotides. In one embodi 
ment, the polymerase is a DNA-dependent RNA polymerase 
which is capable of transcribing a Single-Stranded DNA 
template without a promoter Sequence. In another embodi 
ment, the polymerase is a DNA-dependent RNA polymerase 
which is capable of transcribing a Single-Stranded DNA 
template having a promoter Sequence that is capable of 
binding the particular RNA polymerase being used. In 
another embodiment, the polymerase is a DNA-dependent 
DNA polymerase that is capable of replicating a DNA target 
site to form a DNA oligonucleotide product. In a further 
embodiment, the polymerase is an RNA-dependent DNA 
polymerase that is capable of Synthesizing a Single-Stranded 
complementary DNA transcript from an RNA template. 
Examples of suitable polymerases include the RNA poly 
merases encoded by Escherichia coli, Escherichia coli bac 
teriophage T7, Escherichia coli bacteriophage T3, and Sal 
monella typhimurium bacteriophage SP6; RNA-dependent 
RNA polymerases, Such as poliovirus RNA polymerase; 
reverse transcriptases, Such as HIV reverse transcriptase; 
and DNA polymerases such as Escherichia coli, T7, T4 
DNA polymerase, Taq thermostable DNA polymerase, ter 
minal transferase, primase, and telomerase. 
0172 In general, the enzymes included in the methods of 
the present invention preferably do not produce Substantial 
degradation of the nucleic acid components produced by the 
methods. 

0173 Nucleotides 
0.174. In accordance with the invention, the polymerase 
catalyzes a reaction in the usual 5'-->3' direction on the 
oligonucleotide product and either transcribes or replicates 
the target nucleic acid by extending the 3' end of the initiator 
or primer through the Sequential addition of nucleotides 
(NTPs), which may include nucleotide analogs (NTP ana 
logs) and which may be labeled or unlabeled. To facilitate 
reiterative, abortive synthesis initiation events, the NTPs 
and/or NTP analogs that are added to the reaction mixture 
before and/or during the Synthesis reaction include a chain 
terminator, which is capable of terminating the Synthesis 
event initiated by the polymerase. Use of the chain termi 
nator Stalls the polymerase during the Synthesis reaction, 
inhibits formation of a processive elongation complex, and 
thereby promotes the reiterative synthesis of short abortive 
oligonucleotides from the target site. (Daube and von Hip 
pel, Science, 258: 1320-1324 (1992)). 
0.175. In accordance with the invention, a chain termina 
tor may comprise any compound, composition, complex, 
reactant, reaction condition, or process Step (including with 
holding a compound, reactant, or reaction condition) which 
is capable of inhibiting the continuation of transcription or 
replication by the polymerase during the primer extension 
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reaction. In one embodiment, a Suitable chain terminator is 
NTP deprivation, that is, depriving the polymerase of the 
particular NTP that corresponds to the subsequent comple 
mentary nucleotide of the template Sequence. In other 
words, Since NTP requirements for chain elongation are 
governed by the complementary Strand Sequence, given a 
defined template Sequence and a defined primer length, a 
selected NTP may be withheld from the reaction mixture 
Such that termination of chain elongation by the polymerase 
results when the reaction mixture fails to provide the poly 
merase with the NTP that is required to continue transcrip 
tion or replication of the template Sequence. 

0176 Alternatively, in another embodiment, the chain 
terminator may include nucleotide analogs, which may be 
labeled or unlabeled and which, upon incorporation into an 
oligonucleotide product by the polymerase, effect the ter 
mination of nucleotide polymerization. Specifically, Since 
chain elongation by a polymerase requires a 3'OH for the 
addition of a Subsequent nucleotide, nucleotide analogs 
having a suitably modified 3' end will terminate chain 
elongation upon incorporation into the oligonucleotide prod 
uct. Nucleotide analogs having chain terminating modifica 
tions to the 3' carbon of the pentose Sugar are known in the 
art and include nucleotide analogs Such as 3" dideoxyribo 
nucleoside triphosphates (ddNTPs) and 3' O-methylribo 
nucleoside 5' triphosphates, as well as nucleotide analogs 
having either a -H or a -OCH moiety on the 3' carbon of 
the pentose ring. Alternatively, in a further embodiment, the 
chain terminator may include nucleotide analogs, either 
labeled or unlabeled, which have a 3'OH group, but which, 
upon incorporation into the oligonucleotide product, Still 
effect chain termination at Some positions, as described 
herein (Costas, Hanna, et al., Nucleic Acids Research 28: 
1849-58 (2000); Hanna, M., Meth Enzymology 180: 383 
409 (1989); Hanna, M., Nucleic Acids Research 21: 2073-79 
(1993); Hanna, M. et al., Nucleic Acid Research 27: 1369-76 
(1999)). 
0177 NTPs and/or NTP analogs that can be employed to 
Synthesize abortive oligonucleotide products in accordance 
with the methods of the invention may be provided in 
amounts ranging from about 1 to about 5000 uM, preferably 
from about 10 to about 2000 uM. In a preferred aspect, 
nucleotides and/or nucleotide analogs, Such as ribonucleo 
Side triphosphates or analogs thereof, that can be employed 
to synthesize oligonucleotide RNA transcripts by the meth 
ods of the invention may be provided in amounts ranging 
from about 1 to about 6000 uM, preferably from about 10 to 
about 5000 uM. 
0178 Labeling and Detection 

0179. In accordance with an aspect of the invention, 
detectable oligonucleotide products are Synthesized from a 
target nucleic acid template. The detection and identification 
of the oligonucleotide products are facilitated by label 
moieties on the initiator and/or on the NTPs or NTP analogs 
that are incorporated by the polymerase into each oligo 
nucleotide product that is Synthesized on the target nucleic 
acid and/or on other molecules which are part of the Syn 
thetic complex or which interact with one or more compo 
nents of the Synthetic complex. The label or reporter moi 
eties may be chemically or enzymatically incorporated into 
the nucleotides forming the primer and/or into the reactant 
NTPs or NTP analogs that are utilized by the polymerase 
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during the extension reaction, or other molecules, and may 
include, for example, fluorescent tags, paramagnetic groups; 
chemiluminescent groups, metal binding sites, intercalators, 
photochemical crosslinkers, antibody-Specific haptens, met 
als, Small molecules which are members of a specific 
binding pair (Such as biotin and Streptavidin for example); 
and any other reporter moiety or moieties which can produce 
a detectable and/or quantifiable Signal either directly or 
indirectly. Exemplary nucleotide analogs may include, for 
example, 8-modified purines (8-APAS-ATP) (Costas, 
Hanna, et al., Nucleic Acids Research 28: 1849-58 (2000)); 
5-modified pyrimidines (5-APAS-UTP; 5-APAS-CTP) 
(Hanna, M., Meth Enzymology 180: 383-409 (1989); 
Hanna, M., Nucleic Acids Research 21: 2073-79 (1993)); 
fluorescent ribonucleotides (5-SF-UTP) (Hanna, M. et al., 
Nucleic Acid Research 27: 1369-76 (1999)); and hapten 
tagged deoxynucleotide precursors (5-DNP-SdU) (Meyer 
and Hanna, Bioconjugate Chem 7:401-412 (1996); U.S. Pat. 
Nos. 6,008,334 and 6,107,039). 
0180. In one embodiment, a fluorophore moiety is 
attached to the 5' end of the initiator that is used to initiate 
transcription of the target nucleic acid. In another embodi 
ment, a fluorophore moiety is attached to the 5 or 8 position 
of the base of an NTP or NTP analog that is used by the 
polymerase to extend the initiator primer. In a further 
embodiment, a first fluorophore moiety is attached to the 
initiator and a second fluorophore is attached to an NTP or 
NTP analog that is used to extend the initiator. In this latter 
embodiment, a fluorescent energy transfer mechanism can 
be used, wherein the first fluorophore (e.g. fluorescein, 
aedans, coumarin, etc.) is excited and the emission is read 
from the Second fluorophore (e.g. fluorescein, aedans, cou 
marin, etc.) when the Second fluorophore is brought into 
proximity with the first fluorophore by the polymerase 
during Synthesis of the oligonucleotide product. Alterna 
tively, the first and Second fluorophores may function by an 
electron transfer mechanism, wherein the first fluorophore 
absorbs energy from the Second fluorophore when the poly 
merase brings the first and Second fluorophores into proX 
imity with each other, and the first fluorophore releases the 
energy in a radiative manner, thereby enabling detection. 
0181. In one aspect, a first fluorophore is a fluorescent 
energy donor, which is attached to a first reactant (i.e., either 
a nucleotide that is incorporated into the initiator or a 
nucleotide that is to be incorporated by the polymerase into 
the oligonucleotide product), and a second fluorophore is a 
fluorescent energy acceptor, which is attached to a Second 
reactant (either a nucleotide that is incorporated into the 
initiator nucleotide or a nucleotide that is to be incorporated 
by the polymerase into the oligonucleotide product) that is 
different from the first reactant. In one embodiment, each of 
the four NTPs or NTP analogs that may be used to extend 
the primer is tagged with a unique fluorescent energy 
acceptor which is capable of a distinct emission wavelength 
when brought into proximity with the fluorescent energy 
donor on the primer. Preferably, the fluorescent energy 
transfer can be measured in real time, without isolation of 
the oligonucleotide products, Since neither the initiator nor 
unincorporated NTPs or NTP analogs alone will produce a 
Signal at the wavelength used for detection. 
0182 Fluorescent and chromogenic molecules and their 
relevant optical properties are amply described in the litera 
ture. See, for example, Berlman, Handbook of Fluorescence 



US 2004/0175724 A1 

Spectra of Aromatic Molecules, 2nd Edition (Academic 
Press, New York, 1971); Griffiths, Colour and Constitution 
of Organic Molecules (Academic Press, New York, 1976); 
Bishop, ed., Indicators (Pergamon Press, Oxford, 1972); 
Haugland, Handbook of Fluorescent Probes and Research 
Chemicals (Molecular Probes, Eugene, 1992); Pringsheim, 
Fluorescence and Phosphorescence (Interscience Publishers, 
New York, 1949); and the like. Further, there is extensive 
guidance in the literature for derivatizing fluorophore and 
quencher molecules for covalent attachment via common 
reactive groups that can be added to a nucleotide, as exem 
plified by the following references: Haugland (supra); Ull 
man et al., U.S. Pat. No. 3,996,345; Khanna et al., U.S. Pat. 
No. 4,351,760; Costas, Hanna, et al., Nucleic Acids 
Research 28:1849-58 (2000); Hanna, M. et al., Nucleic Acid 
Research 27: 1369-76 (1999); and Meyer and Hanna, Bio 
conjugate Chem 7: 401-412 (1996). 
0183 In general, nucleotide labeling can be accom 
plished through any of a large number of known nucleotide 
labeling techniques using known linkages, linking groups, 
and associated complementary functionalities. Suitable 
donor and acceptor moieties that can effect fluorescence 
resonance energy transfer (FRET) include, but are not 
limited to, 4-acetamido-4-isothiocyanatoStilbene-2,2' disul 
fonic acid; acridine and derivatives: acridine, acridine 
isothiocyanate, 5-(2-aminoethyl)amninonaphthalene-1-sul 
fonic acid (EDANS), 4-amino-N-3-vinylsulfonyl)phenyl 
naphthalimide-3.5 disulfonate; N-(4-amino-1-naphthyl)ma 
leimide; anthranilamide; BODIPY; Brilliant Yellow; 
coumarin, and derivatives: coumarin, 7-amino-4-methyl 
coumarin (AMC, Coumarin 120), 7-amino-4-trifluorometh 
ylcouluarin (Coumaran 151); cyanine dyes; cyanosine; 4,6- 
diaminidino-2-phenylindole (DAPI); 5'5"- 
dibromopyrogallol-Sulfonaphthalein (Bromopyrogallol 
Red); 7-diethylamino-3-(4-isothiocyanatophenyl)-4-meth 
ylcoumarin; diethylenetriamine pentaacetate; 4,4'-diisothio 
cyanatodihydro-Stilbene-2,2'-disulfonic acid; 4,4'-diisothio 
cyanatoStilbene-2,2'-disulfonic acid; 5-dimethylamino 
naphthalene-1-sulfonyl chloride (DNS, dansylchloride); 
4-dimethylaminophenylaZophenyl-4-isothiocyanate 
(DABITC); eosin and derivatives: eosin, eosin isothiocyan 
ate, erythrosin and derivatives: erythrosin B, erythroSin, 
isothiocyanate, ethidium; fluorescein and derivatives: 5-car 
boxyfluorescein (FAM),5-(4,6-dichlorotriazin-2-yl)aminof 
luorescein (DTAF), 2,7-dimethoxy-4'5'-dichloro-6-car 
boxyfluorescein (JOE), fluorescein, fluorescein 
isothiocyanate, QFITC, (XRITC); fluorescamine; IR 144; 
IR 1446; Malachite Green isothiocyanate, 4-methylumbellif 
eroneortho creSolphthalein; nitrotyrosine, pararosaniline; 
Phenol Red; B-phycoerythrin; o-phthaldialdehyde; pyrene 
and derivatives: pyrene, pyrene butyrate, Succinimidyl 1 
pyrene; butyrate quantum dots; Reactive Red 4 (Cibacron TM 
Brilliant Red 3B-A); rhodamine and derivatives: 6-carboxy 
X-rhodamine (ROX), 6-carboxyrhodamine (R6G), lissa 
mine rhodamine B, sulfonyl chloride rhodamine (Rhod), 
rhodamine B, rhodamine 123, rhodamine X isothiocyanate, 
sulforhodamine B, sulforhodamine 101, Sulfonyl chloride 
derivative of sulforhodamine 101 (Texas Red); N.N.N',N'- 
tetramethyl-6-carboxyrhodamine (TAMRA); tetramethyl 
rhodamine; tetramethylrhodamine isothiocyanate (TRITC); 
riboflavin; rosolic acid; terbiunchelate derivatives; Cy3; Cy 
5; Cy 5.5; Cy 7; IRD 700; IRD 800; La Jolla Blue; phthalo 
cyanine; and naphthalo cyanine. 
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0.184 There are many linking moieties and methodolo 
gies for attaching fluorophores to nucleotides, as exempli 
fied by the following references: Eckstein, ed., Oligonucle 
otides and Analogues: A Practical Approach (IRL Press, 
Oxford, 1991); Zuckerman et al., Nucleic Acids Research 
15: 5305-5321 (1987) (3' thiol group on oligonucleotide); 
Sharma et al., Nucleic Acids Research 19: 3019 (1991) (3' 
sulfhydryl); Giusti et al., PCR Methods and Applications 2: 
223-227 (1993); Fung et al., U.S. Pat. No. 4,757,141 (5 
phosphoamino group via AminolinkTM II, available from 
Applied Biosystems, Foster City, Calif); Stabinsky, U.S. 
Pat. No. 4,739,044 (3' aminoalkylphosphoryl group); 
Agrawal et al., Tetrahedron Letters 31: 1543-1546 (1990) 
(attachment via phosphoramidate linkages); Sproat et al., 
Nucleic Acids Research 15: 4837 (1987) (5-mercapto 
group); Nelson et al., Nucleic Acids Research 17: 7187-7194 
(1989) (3'amino group); Hanna, M., Meth Enzymology 180: 
383-409 (1989); Hanna, M., Nucleic Acids Research 21: 
2073-79 (1993); Hanna, M. et al., Nucleic Acid Research 27: 
1369-76 (1999) (5-mercapto group); Costas, Hanna, et al., 
Nucleic Acids Research 28: 1849-58 (2000) (8-mercapto 
group); and the like. 
0185. In accordance with the invention, detection of the 
oligonucleotide products is indicative of the presence of the 
target Sequence. Quantitative analysis is also feasible. Direct 
and indirect detection methods (including quantitation) are 
well known in the art. For example, by comparing the 
amount of oligonucleotide products that are generated from 
a test sample containing an unknown amount of a target 
nucleic acid to an amount of oligonucleotide products that 
were generated from a reference Sample that has a known 
quantity of a target nucleic acid, the amount of a target 
nucleic acid in the test Sample can be determined. The 
reiterative abortive Synthesis initiation and detection meth 
ods of the present invention can also be extended to the 
analysis of genetic Sequence alterations in the target nucleic 
acid, as further described below. 

0186 Reaction Conditions 
0187 Most transcription reaction conditions are designed 
for the production of full length transcripts, although no 
conditions have been identified that eliminate abortive tran 
Scription. Appropriate reaction media and conditions for 
carrying out the methods of the present invention include an 
aqueous buffer medium that is optimized for the particular 
polymerase. In general, the buffer includes a Source of 
monovalent ions, a Source of divalent cations, and a reduc 
ing agent, which is added to maintain Sulfhydral groups in 
the polymerase in a reduced form. Any convenient Source of 
monovalent ions, Such as KCl, K-acetate, NH-acetate, 
K-glutamate, NHCl, ammonium Sulfate, and the like, may 
be employed. The divalent cation may be magnesium, 
managanese, Zinc, or the like, though, typically, the cation is 
magnesium (Mg). Any convenient Source of magnesium 
cations may be employed, including MgCl2, Mg-acetate, 
and the like. The amount of Mg" present in the buffer may 
range from about 0.5 to 20 mM, preferably from about 1 to 
12 mM. 

0188 Representative buffering agents or salts that may be 
present in the buffer include Tris Phosphate, Tricine, 
HEPES, MOPS, and the like, where the amount of buffering 
agent typically ranges from about 5 to 150 mM, usually from 
about 10 to 100 mM, and preferably from about 20 to 50 
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mM. In certain embodiments, the buffering agent is present 
in an amount Sufficient to provide a pH ranging from about 
6.0 to 9.5, preferably ranging from about 7.0 to 8.0. Other 
agents which may be present in the buffer medium include 
chelating agents, Such as EDTA, EGTA, and the like, or 
other polyanionic or cationic molecules (heparins, spermi 
dine), protein carriers (BSA) or other proteins, including 
transcription factors (sigma, NuSA, Rho, lysozyme, Gre A, 
GreB, NusG, etc.). 
0189 Variations in all of the reaction components poten 
tially can alter the ratio of abortive transcripts to full-length 
transcripts. Alterations in the concentration of Salts (from 10 
mM to 100 mM) or the use of alternative monovalent cations 
(K'versus Na'versus Rb") have been shown to affect the 
level of transcription (measured as abortive transcription) on 
linear DNA templates (Wang, J-Y, et al, Gene 196:95-98 
(1997)). Alternative sulfhydral reducing reagents are 
reported to have differential effects on abovtive transcrip 
tion. 2-mercaptoethanol at 1-2 mM is reported to enhance 
abortive transcription on a polydA-dT template compared 
to the alternative reducing agent 5,5'-dithio-bis-(2-nitroben 
zoic) acid (Job, D., Acta Biochem. Pol. 41:415-419 (1994)). 
0190. A high molar ratio of RNA polymerase to template 
enhances the frequency of abortive transcription over full 
length transcription on the lambda PR promoter. This effect 
apparently arises from collisions between tandem poly 
merases at the promoter. 
0191 Certain RNA polymerase mutants have elevated 
rates of abortive transcription compared to the wild-type 
polymerase. For example, a mutation changing an arginine 
to a cysteine at codon 529 in the RNA polymerase beta 
Subunit gene causes elevated abortive transcriptioin at the E. 
coli pyrB1 promoter (Jin, D.J. and Turnbough, Jr., C. L., J. 
Mol. Biol. 236:72-80 (1994)). 
0.192 The relative level of abortive transcription is sen 
Sitive to the nucleotide Sequence of the promoter. A number 
of promoters have been identified that are unusually SuS 
ceptible to abortive transcription (e.g., the galP2 promoter). 
The assay System that relies on recruitment of a defined 
promoter can be optimized by Screening candidate promot 
erS for maximal initiation frequency and maximal proportion 
of abortive transcripts. 
0193 Any aspect of the methods of the present invention 
can occur at the same or varying temperatures. In one 
embodiment, the reactions are performed isothermally, 
which avoids the cumberSome thermocycling process. The 
Synthesis reaction is carried out at a temperature that permits 
hybridization of the various oligonucleotides, including tar 
get Site probes, capture probes, and APCs, as well as the 
primers to the target nucleic acid template and that does not 
substantially inhibit the activity of the enzymes employed. 
The temperature can be in the range of about 25 C. to about 
85°C., more preferably about 30° C. to about 75° C., and 
most preferably about 25 C. to about 55 C. In some 
embodiments, the temperature for the transcription or rep 
lication steps may be different than the temperature(s) for the 
preceding Steps. The temperature of the transcription or 
replication steps can be in the range of about 25 C. to about 
85°C., more preferably about 30° C. to about 75° C., and 
most preferably about 25° C. to about 55° C. 
0194 Denaturation of the target nucleic acid in a test 
Sample may be necessary to carry out the assays of the 
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present invention in cases where the target nucleic acid is 
found in a double-Stranded form or has a propensity to 
maintain a rigid structure. Denaturation is a process that 
produces a Single-Stranded nucleic acid and can be accom 
plished by several methods that are well-known in the art. 
See, e.g., Sambrook et al., Molecular Cloning: A Laboratory 
Manual (New York, Cold Spring Harbor Laboratory Press, 
third edition, 2000). One method for achieving denaturation 
includes the use of heat, Such as exposing the nucleic acid 
in a test sample to temperatures of about 90-100° C. for 
about 2-20 minutes. Alternatively, a base may be used as a 
denaturant when the nucleic acid comprises DNA. Many 
basic Solutions, which are well-known in the art, may be 
used to denature a DNA sample. An exemplary method 
incubates the DNA sample with a base, such as NaOH for 
example, at a concentration of about 0.1 to 2.0 N NaOH at 
a temperature ranging from about 20° C. to about 100° C. for 
about 5-120 minutes. Treatment with a base, Such as Sodium 
hydroxide, not only reduces the Viscosity of the Sample, 
which increases the kinetics of Subsequent enzymatic reac 
tions, but also aids in homogenizing the Sample and reducing 
the possibility of background by destroying any existing 
DNA-RNA or RNA-RNA hybrids that may exist in the 
Sample. 

0.195. In accordance with various aspects and embodi 
ments of the invention, the target nucleic acid molecules 
may be hybridized to an oligonucleotide capture probe, a 
mononucleotide or oligonucleotide initiator which is 
complementary to a portion of the target nucleic acid, an 
APC linker Sequence that is complementary to a portion of 
a target nucleic acid, and/or a target Site probe that is 
complementary to regions on either Side of the target Site. 
Hybridization is conducted under standard hybridization 
conditions that are well-known to those skilled in the art. 
Reaction conditions for hybridization of an oligonucleotide 
(or polynucleotide) to a target Sequence vary from oligo 
nucleotide to oligonucleotide, depending upon factorS Such 
as oligonucleotide length, the number of G:C base pairs 
present in the oligonucleotide, and the composition of the 
buffer utilized in the hybridization reaction. Moderately 
Stringent hybridization conditions are generally understood 
by those skilled in the art to be conditions that are approxi 
mately 25 C. below the melting temperature of a perfectly 
base-paired double-stranded DNA. Higher specificity is 
generally achieved by employing more Stringent conditions, 
Such as incubation conditions having higher temperatures. 
Chapter 11 of the well-known laboratory manual of Sam 
brook et al., Molecular Cloning: A Laboratory Manual (New 
York, Cold Spring Harbor Laboratory Press, 1989) describes 
hybridization conditions for oligonucleotide probes and 
primers in great detail, including a description of the factors 
involved and the level of Stringency necessary to achieve 
hybridization with the desired degree of Specificity. 

0196. The oligonucleotide capture probe, the target site 
probe, the APC, and/or the initiator may each be incubated 
with the target nucleic acid for about 5 to 120 minutes at 
about 20 to 80° C. to permit hybridization. Preferably, the 
target nucleic acid and the oligonucleotide probes, the APC, 
and/or the initiator are incubated for about 5 to 60 minutes 
at about 25 to 70° C. More preferably, the target nucleic acid 
and the oligonucleotide probes, the APC, and/or primer are 
incubated for about 5-30 minutes at about 35-50° C. 
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0197) Hybridization is typically performed in a buffered 
aqueous Solution and temperature conditions, Salt concen 
tration, and pH are Selected to provide Sufficient Stringency 
to enable the oligonucleotide probes, the APC, or the primer 
to hybridize Specifically to the target Sequence but not to any 
other Sequence. Generally, the efficiency of hybridization 
between an oligonucleotide or polynucleotide and a target 
nucleic acid template will be improved under conditions 
where the amount of oligonucleotide or polynucleotide 
added to the reaction mixture is in molar excess to the 
template, preferably a molar excess that ranges from about 
10 to 10°. It will be appreciated, however, that the amount 
of target nucleic acid in the test Sample may not be known, 
So that the amount of an oligonucleotide, Such as the amount 
of an oligonucleotide capture probe, a target site probe, or an 
APC for example, relative to an amount of a target nucleic 
acid template cannot be determined with certainty. 
0198 Alternatively, if a target DNA sequence has been 
treated with a base to effect denaturation, the oligonucleotide 
or polynucleotide is diluted in a probe diluent that also acts 
as a neutralizing hybridization buffer. In this manner, the pH 
of the test sample can be kept between about 6 and 9, which 
will favor the hybridization reaction and will not interfere 
with Subsequent enzymatic reactions. Preferably, the neu 
tralizing buffer is a 2-bis(2-hydroxyethyl) aminoethane 
sulfonic acid (“BES) (Sigma, St. Louis, Mo.) and sodium 
acetate buffer. More preferably, the neutralizing hybridiza 
tion buffer is a mixture of 2 M BES, 1 M Sodium acetate, 
0.05% of an antimicrobial agent, such as NaN, 5 mM of a 
chelating agent, Such as EDTA, 0.4% of a detergent, Such as 
Tween-20TM, and 20% of a hybridization accelerator, such as 
dextran sulfate. The pH of the neutralizing hybridization 
buffer is between about 5 to 5.5. 

0199 Transcription conditions and reagents are well 
known in the art. Examples of typical conditions and 
reagents for RNA polymerase transcription and DNA poly 
merase replication are readily found in the literature. See, 
e.g., Chamberlain et al., The Enzymes, Boyer, ed., New York 
Acad. Press, 3rd ed., p. 85 (1982); Dunn et al., M. Mol. Biol. 
166: 477-535 (1983)); Geider, Proc. Natl. Acad. Sci. USA 
75: 645-649 (1978)); Guruvich et al., Analytical Biochem 
195: 207-213 (1991); Lewis et al., J. Biol. Chem. 255: 
0200 4928-4936 (1980); Martin et al., Biochem. 27: 
3966-3974 (1988); and Milligan et al., Methods Enzymol. 
Vol. 180a, ed., 50-52 (1989)). As described in Lu et al., U.S. 
Pat. No. 5,571,669, polymerase concentrations for transcrip 
tion initiated from artificial transcription bubble complexes 
are generally about one order of magnitude higher than the 
ideal polymerase concentrations for promoter-initiated, or 
palindromic Sequence-initiated, transcription. 

0201 In one embodiment, the foregoing components are 
added Simultaneously at the initiation of the abortive Syn 
thesis and detection methods. In another embodiment, com 
ponents are added in any order prior to or after appropriate 
timepoints during the method, as required and/or permitted 
by the various reaction StepS. Such. timepoints can be 
readily identified by a person of skill in the art. The enzymes 
used for nucleic acid detection according to the methods of 
the present invention can be added to the reaction mixture 
prior to or following the nucleic acid denaturation Step, prior 
to or following hybridization of the primer to the target 
nucleic acid, prior to or following the optional hybridization 
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of the target Site probe to the target nucleic acid, or prior to 
or following the optional hybridization of the APC, as 
determined by the enzymes thermal stability and/or other 
considerations known to those skilled in the art. 

0202) The various reaction steps in the methods of the 
invention can be stopped at various timepoints and then 
resumed at a later time. These timepoints can be readily 
identified by a person of skill in the art. Methods for 
Stopping the reactions are known in the art, including, for 
example, cooling the reaction mixture to a temperature that 
inhibits enzyme activity. Methods for resuming the reactions 
are also known in the art, including, for example, raising the 
temperature of the reaction mixture to a temperature that 
permits enzyme activity. In Some embodiments, one or more 
of the components of the various reactions may be replen 
ished prior to, at the time of, or following the resumption of 
the reactions. Alternatively, the reaction can be allowed to 
proceed (i.e., from start to finish) without interruption. 
0203. Abortive Synthesis and Detection Methods of the 
Invention 

0204. The following examples of the abortive synthesis 
and detection methods of the invention are provided to more 
Specifically describe the invention. These exemplary meth 
ods are intended to be merely illustrative and are not 
intended to limit the description provided above. It will be 
appreciated that various other embodiments may be prac 
ticed, given the above general description. For example, 
reference to the use of a primer means that any of the primers 
described herein may be used, including RNA initiators. 
0205. In accordance with an aspect of the invention, a 
method for detecting the presence of a target polynucleotide 
by generating multiple detectable oligonucleotide products 
through reiterative Synthesis initiation events on the target 
polynucleotide is provided. FIG. 2 diagrammatically illus 
trates the various reactants that may be combined and 
reacted in the presence of RNA polymerase to Synthesize 
multiple detectable oligonucleotide products. The methods 
of the invention may be performed using a test Sample that 
potentially contains a target Sequence. The test Sequence 
may be detected directly or the product of primer-extension 
or reverse transcription of the target may be detected. 
Sequences or tags may be added to the copy of the target 
(e.g., biotin, SSDNA regions). The test Sample may include 
double-stranded DNA, single-stranded DNA, or RNA. The 
DNA or RNA may be isolated and purified by standard 
techniques for isolating DNA or RNA from cellular, tissue, 
or other Samples. Such standard methods may be found in 
references Such as Sambrook et al., Molecular Cloning: A 
Laboratory Manual (New York, Cold Spring Harbor Labo 
ratory Press, third edition, 2000). In one embodiment, the 
target nucleic acid is DNA or RNA that is in a suitable 
medium, although the target nucleic acid can be in lyo 
philized form. Suitable media include, but are not limited to, 
aqueous media (Such as pure water or buffers). In another 
embodiment, the target nucleic acid is immobilized prior to 
being utilized as a Substrate for a Synthesis reaction. 
0206. In an exemplary embodiment, the target Sequence 
is immobilized by a sequence-specific (e.g., gene-specific) 
oligonucleotide capture probe that is attached to a Solid 
matrix, Such as a microtiter plate. The immobilized capture 
probe is treated under hybridizing conditions with a test 
Sample that includes Single-stranded DNA (i.e., denatured 
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DNA) or RNA. Any target sequence that is present in the test 
Sample hybridizes to the capture probe and is then exposed 
to additional reagents in accordance with the invention. 
0207. In an exemplary embodiment, an initiator (n 
5'-R-(N)-OH3) hybridizes with the target sequence 
upstream of a target Site in the presence of the target Site 
probe (FIG. 11) and facilitates catalysis of a polymerization 
reaction at the target Site by the polymerase. The initiation 
primer may be comprised of nucleosides, nucleoside ana 
logs, nucleotides, and nucleotide analogs. The initiaor 
primer may vary in the number of nucleotides, Such as 
nucleotides from 1-25 nucleotides, 26-50 nucleotides, 51-75 
nucleotides, 76-100 nucleotides, 101-125 nucleotides, 126 
150 nucleotides, 151-175 nucleotides, 176-200 nucleotides, 
201-225 nucleotides, 226-250 nucleotides, and greater than 
250 nucleotides, and may include one or more nucleotide 
analogs. A Suitable RNA polymerase is employed to Syn 
thesize an oligoribonucleotide product from the target 
Sequence or any portion thereof. The polymerase may be an 
RNA-dependent or DNA-dependent RNA polymerase. The 
DNA or RNA target sequence may or may not be attached 
to other molecules, Such as proteins, for example. 
0208. During the polymerization reaction, the initiator is 
extended or elongated by the polymerase through the incor 
poration of nucleotides which have been added to the 
reaction mixture. AS the polymerase reaction proceeds, the 
polymerase extends the initiator, as directed by the template 
Sequence, by incorporating corresponding nucleotides that 
are present in the reaction mixture. In one embodiment, 
these reactant nucleotides comprise a chain terminator (e.g., 
in 5" pppN-R, a chain terminating nucleotide analog, as 
described above). When the polymerase incorporates a chain 
terminator into the nascent oligonucleotide product, chain 
elongation terminates due to the polymerases inability to 
catalyze the addition of a nucleotide at the 3' position on the 
pentose ring of the chain terminator. Consequently, the 
polymerase aborts the initiated Synthesis event by releasing 
the oligonucleotide product (i.e., 5' R-(N).pN-R, 
where Z=X+y) and reinitiating the abortive initiation Synthe 
sis reaction at the target Site. 
0209 The abortive initiation reaction may be controlled 
Such that the polymerase aborts Synthesis after extending the 
initiator by a predetermined number of nucleotides. For 
example, if it is desirable to terminate the Synthesis reaction 
after the initiator has been extended by a single nucleotide, 
this may be accomplished by, for example, either: (1) adding 
to the reaction mixture only nucleotides that are chain 
terminators, thereby inhibiting polymerization after the first 
nucleotide is incorporated by the polymerase; or (2) if the 
genetic Sequence of the target Site is known, adding to the 
reaction mixture only a preselected chain terminating nucle 
otide analog (i.e., nucleotide analogs which comprise one of 
A, G, T, C, or U) that is complementary to the nucleotide at 
the target Site. Alternatively, if it is desirable to terminate the 
Synthesis reaction after the initiator has been elongated by a 
predetermined number of nucleotides, and if the genetic 
Sequence of the. target Site is known, this may be accom 
plished by, for example, adding to the reaction mixture a 
preselected chain terminating nucleotide analog (i.e., nucle 
otide analogs which comprise one of A, G, T, C, or U) that 
is complementary to an Nth nucleotide from the target Site, 
where N is the predetermined number of nucleotides com 
prised by the oligonucleotide product, exclusive of the 

23 
Sep. 9, 2004 

initiator. In this manner, multiple abortive oligonucleotide 
products that comprise the initiator and a chain terminating 
nucleotide analog are Synthesized by the polymerase. 
0210. The polymerase releases the oligonucleotide prod 
uct without translocating from the enzyme binding Site or 
dissociating from the target polynucleotide Sequence. Nucle 
otide deprivation can be used to Sequester the polymerase at 
the polymerase binding Site. For example, if only an initiator 
and a terminator are Supplied, elongation by the polymerase 
will not be possible. 
0211 Furthermore, reaction conditions may be optimized 
for abortive transcription initiation, whereby it is favorable 
for the polymerase to remain bound to the polymerase 
binding site even in the presence of elongating nucleotides. 
The abortive initiation reaction buffer will be optimized to 
increase the abortive events by adjusting the concentrations 
of the Salts, the divalent cations, the glycerol content, and the 
amount and type of reducing agent to be used. In addition, 
“roadblock' proteins may be used to prevent the polymerase 
from translocating. 

0212. In another aspect of the invention, the initiator 
includes a moiety (e.g., R., as depicted in FIG. 2) which 
may be covalently bonded to the 5' phosphate group (as in 
FIG. 3), the 2' position of the pentose ring, or the purine or 
pyrimidine base of one of the nucleotides or nucleotide 
analogs that are incorporated into the initiator. Additionally, 
the reactant nucleotides and/or nucleotide analogs that are 
included in the reaction mixture for incorporation into the 
oligonucleotide product by the polymerase may each also 
include a moiety (e.g., R2, as depicted in FIG. 2), which is 
covalently bonded to either the nucleobase (as in FIG. 4) or 
the 2' position or 3' position of the pentose ring. In an 
exemplary embodiment, R and R2 are label moieties (as in 
FIG. 5) on the initiator and the chain terminator, respec 
tively, that are incorporated into the oligonucleotide product 
by the polymerase (as in FIG. 6) and are adapted to interact 
in a manner that generates a detectable signal (e.g., fluores 
cence resonance energy transfer (FRET) (FIG. 7), fluores 
cence or colorimetry (FIG. 8)), thereby permitting the 
detection and quantitation of the Synthesized oligonucle 
otide products. In one embodiment, as illustrated in FIG. 9, 
an oligonucleotide product (5' R-(N).pN-R) incorpo 
rating an initiator (N) that has an energy donor group (R) 
and a chain terminating nucleotide (N) that has an energy 
acceptor group (R) generates a signal through fluorescence 
resonance energy transfer from R to R when the Synthe 
sized oligonucleotide products are irradiated with light of a 
particular wavelength. As shown in FIG. 9, when the energy 
donor moiety R on the initiator is excited by exposure to 
light of a specified wavelength (WA) (e.g., the absorption 
maximum of R) the excited donor moiety Remits light of 
a Second Wavelength (WEA) (e.g., the emission maximum 
for R) which is absorbable by R. If N has been suitably 
incorporated into the oligonucleotide product by the poly 
merase, the energy acceptor moiety R on NT is positioned 
sufficiently near R on N (e.g., within about 80 A) tO 
facilitate efficient energy transfer between R and R, Such 
that R absorbs the wavelength of light (WEA) emitted by 
the excited donor moiety R. In response to the absorption 
of WEA, the excited R2 acceptor moiety emits light of a 
third wavelength (), which may then be detected and 
quantified in accordance with methods that are well-known 
in the art. Exemplary R and/or R FRET label moieties 
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include aedans and fluorescein (as shown in FIG. 7), or 
pyrene, Stilbene, coumarine, bimane, naphthalene, pyridy 
loxazole, naphthalimide, NBD, BODIPYTM, as well as any 
of those described in greater detail above. 
0213. In an alternate embodiment, as diagrammatically 
illustrated in FIG. 10, n copies of a dinucleotide initiator (5' 
R-N.pN.-R-OH 3) comprising reporter moieties (R, 
and R) on either of the nucleotides (N and N, respec 
tively) may be extended by a polymerase to incorporate in 
copies of a chain terminator (5' pppNR) which includes a 
third reporter moiety (R), yielding in copies of a detectable 
trinucleotide transcript (5'R-N.pN.R.pN-R-OH3). 
In a manner similar to the one described above with refer 
ence to FIG. 10, the trinucleotide transcript may be irradi 
ated with a first wavelength of light (WA) which excites the 
R energy donor group on the first nucleotide (N) to emit 
WE/WA. WE/WaA is then absorbed by the Rs energy acceptor 
group on the chain terminating nucleotide (N), and an 
excited R then emits was, which can then be detected and 
quantified. Alternatively, the transcript may be irradiated 
with a second wavelength of light (WA) which excites an R 
energy donor group on a second nucleotide (N) to emit 
WE/WA. W.2/WaA is then absorbed by the Rs energy acceptor 
group, and an excited R then emits was, which can be 
detected and quantified. In either case, the detectable wave 
length () is not obtained unless the polymerase brings an 
energy donor reporter moiety on the initiator (R or R) into 
Sufficient proximity with a corresponding energy acceptor 
reporter moiety (R) on the incorporated nucleotide to result 
in the emission of the detectable wavelength of light. 
0214. In another aspect of the invention, as diagrammati 
cally illustrated in FIG. 11, a target site probe may be used 
to form a bubble complex in a target region of the target 
Sequence. AS described above, the bubble complex com 
prises double-Stranded regions that flank a Single-Stranded 
region that includes a target Site. In this embodiment, the 
target Site probe is used to direct the polymerase to the target 
Site by positioning the target Site at the junction of the 
Single-Stranded bubble region and a downstream duplex 
region on the target Sequence. In an exemplary embodiment, 
the target Site probe comprises from about 18-54 nucle 
otides: a first region (A) which hybridizes to the target 
Sequence (A') upstream of the target site comprises about 
5-20 nucleotides, an internal, Second region of non-base 
paired nucleotides (B) comprises about 8-14 nucleotides; 
and a third region (C) which hybridizes to the target 
Sequence downstream of the target Site (C) comprises about 
5-20 nucleotides. The polymerase associates with an initia 
tor and initiates a Synthesis reaction at the target Site on the 
template Sequence. The polymerase elongates the initiator to 
Synthesize an abortive oligonucleotide product through the 
incorporation of nucleotides, which comprise a Suitable 
chain terminator. Both the initiator and the nucleotides, 
including the chain terminating nucleotide, may be modified 
with a label moiety to allow Signal detection, Such as by 
fluorescence resonance energy transfer for example, as 
described above. 

0215. An illustrative procedure for detecting multiple 
oligonucleotide products through reiterative Synthesis ini 
tiation events on a target Sequence, therefore, may include 
the following process steps: (a) optionally immobilizing an 
oligonucleotide capture probe which is designed to hybrid 
ize with a specific or general target Sequence; (b) optionally 
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hybridizing the oligonucleotide capture probe with a test 
Sample which potentially contains a target Sequence; (c) 
optionally hybridizing the target Sequence with a target Site 
probe; (d) modifying at least one of an initiator and nucle 
otides comprising a chain terminator to enable detection of 
the oligonucleotide product Synthesized by the polymerase; 
(e) hybridizing the target Sequence with the primer; and (f) 
extending the initiator with a polymerase Such that the 
polymerase reiteratively Synthesizes an oligonucleotide 
product that is complementary to a target Site by incorpo 
rating complementary nucleotides comprising a chain ter 
minator and releasing an abortive oligonucleotide product 
without either translocating from an enzyme binding Site or 
dissociating from the target Sequence. 
0216. During transcription of the template by the RNA 
polymerase, the RNA initiator is extended by the RNA 
polymerase through the incorporation of nucleotides that 
have been added to the reaction mixture. AS the polymerase 
reaction proceeds, the RNA polymerase extends the RNA 
initiator, as directed by the template Sequence, by incorpo 
rating corresponding nucleotides that are present in the 
reaction mixture. In one embodiment, these reactant nucle 
otides comprise a chain terminator (e.g., n 5" pppN-R, a 
chain terminating nucleotide analog, as described above). 
When the RNA polymerase incorporates a chain terminator 
into the nascent transcript, chain elongation terminates due 
to the polymerases inability to catalyze the addition of a 
nucleotide at the 3' position on the ribose ring of the chain 
terminator, and the RNA polymerase aborts the initiated 
transcription event by releasing the transcript and reinitiat 
ing transcription at the target Site. The abortive transcription 
initiation reaction may be controlled Such that multiple 
abortive oligonucleotide transcripts of a predetermined 
length and comprising the RNA primer and a chain termi 
nating nucleotide analog are generated. 
0217. In an exemplary embodiment, the RNA initiator 
may be a mononucleotide and the nucleotides provided in 
the reaction mixture may comprise Solely chain terminators. 
In this embodiment, transcription is aborted by the RNA 
polymerase after the RNA initiator has been extended by a 
Single nucleotide and an abortive dinucleotide transcript is 
generated. In another embodiment, the RNA initiator may 
comprise a dinucleotide or a trinucleotide, for example, and 
an abortive transcription initiation event may generate an 
abortive transcript comprising a trinucleotide or a tetranucle 
otide, respectively. It will be appreciated that abortive tran 
Scripts of any desired length may be obtained, depending 
upon the length of the RNA initiator and the nature and 
composition of the reactant nucleotides that are Selected for 
inclusion in the reaction mixture. For example, if the nucle 
otide Sequence of the template is known, the components. 
(e.g., target site, initiator, and reactant nucleotides) of the 
transcription reaction may be Selected Such that abortive 
transcripts of any desired length are generated by the method 
of the invention. 

0218. In another aspect of the invention, the RNA initia 
tor includes a moiety (e.g., R., as depicted in FIG. 6) which 
may be covalently bonded to the 5' phosphate group, the 2 
position of the ribose ring, or the purine or pyrimidine base 
of one of the nucleotides or nucleotide analogs that are 
incorporated into the RNA initiator. Additionally, the reac 
tant nucleotides and/or nucleotide analogs that are included 
in the reaction mixture for incorporation into the oligonucle 
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otide transcript by the RNA polymerase may each also 
include a moiety (e.g., R2, as depicted in FIG. 6), which is 
covalently bonded to either the nucleobase or the 2' position 
or 3' position of the ribose ring. The moieties R and R may 
each comprise H, OH, or any Suitable label moiety, reporter 
group, or reporter group precursor, as described in greater 
detail above. 

0219. An illustrative procedure for detecting multiple 
oligonucleotide transcripts through reiterative transcription 
initiation events on a target Sequence, therefore, may include 
the following process steps: (a) optionally immobilizing an 
oligonucleotide capture probe which is designed to hybrid 
ize with a specific or general target Sequence; (b) optionally 
hybridizing the oligonucleotide capture probe with a test 
Sample which potentially contains a target Sequence; (c) 
optionally hybridizing the target Sequence with a target Site 
probe; (d) modifying at least one of an RNA initiator and 
nucleotides comprising a chain terminator to enable detec 
tion of the oligonucleotide transcript Synthesized by the 
RNA polymerase; (e) hybridizing the target Sequence with 
the RNA initiator; and (f) extending the RNA initiator with 
an RNA polymerase such that the RNA polymerase reitera 
tively Synthesizes an oligonucleotide transcript that is 
complementary to a target Site by incorporating complemen 
tary nucleotides comprising a chain terminator and releasing 
an abortive oligonucleotide transcript without Substantially 
translocating from the polymerase binding Site or dissoci 
ating from the target Sequence. 

0220. In accordance with another aspect of the invention, 
as diagrammatically illustrated in FIG. 8, the methods of the 
invention may be utilized to generate an oligonucleotide 
product (5' R-(N).pN-R) which comprises an initia 
tor (N) with a moiety (R), Such as an immobilization tag 
for example, and a chain terminating nucleotide (N) that 
includes a label moiety (R), Such as a signal generator or 
Signal generator precursor for example. In this embodiment, 
the oligonucleotide product(s) may be captured or immobi 
lized, Such as on a membrane for example, to facilitate 
detection of the oligonucleotide products of the abortive 
Synthesis reaction. In an exemplary embodiment, R is a 
bioadhesive tag, Such as biotin for example; R is a label 
moiety, Such as fluorescein for example, and oligonucleotide 
products that are attached to the Solid matrix by the R 
bioadhesive tag are capable of direct detection through an 
emission from the R label moiety. In another exemplary 
embodiment, an antibody, Such as anti-dinitrophenyl (anti 
DNP) for example, is attached to the solid matrix; R is an 
immobilization tag, such as dinitrophenyl (DNP) for 
example; R is a reporter or reporter precursor, Such as a 
reactive thiol for example, and, upon Silver/gold develop 
ment, the oligonucleotide products that are attached to the 
Solid matrix by the R tag produce a colored signal that is 
visible to the naked eye without irradiation. 
0221) Applications of the Abortive Synthesis and Detec 
tion Methods of the Invention 

0222. The methods of the present invention can be used 
in a variety of diagnostic contexts. For purposes of illustra 
tion, methods of assessing the methylation State of Specific 
genes, detecting the presence of known genetic mutations, 
detecting the presence of pathogenic organisms, detecting 
mRNA expression levels, and detecting and amplifying 
proteins are described. 
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0223 DNA Methylation 
0224. The methods of the present invention may be used 
in diagnostic assays which detect epigenetic changes asso 
ciated with disease initiation and progression by assessing 
the methylation State of Specific genes and their regulatory 
regions that are known to be associated with particular 
disease-states. DNA methylation is a cellular mechanism for 
altering the properties of DNA without altering the coding 
function of that Sequence. The methylation reaction, which 
is catalyzed by DNA-(cystosine-5)-methyltransferase, 
involves the transfer of a methyl group from S-adenosyl 
methionine to the target cytosine residue to form 5-methyl 
cytosine (5-mCyt) (FIG. 12). See Gonzalgo et al., U.S. Pat. 
No. 6,251,594. The areas of the genome that contain 5-mCyt 
at CpG dinucleotides are referred to as “CpG islands.” While 
changes in the methylation Status of the cytosine residues in 
DNA CpG islands commonly occur in aging cells, altered 
gene methylation (either increased or decreased) is fre 
quently an early and permanent event in many types of 
disease, including cancer. CpG islands tend to be found in 
DNA regulatory regions that are near genes and determine 
whether these genes are either active or inactive. Many 
genes that regulate cell growth, and therefore prevent or 
inhibit the development of cancer, Such as tumor Suppressor 
genes, must be active (unmethylated) to promote normal cell 
growth. Other genes, Such as oncogenes for example, must 
be inactive (methylated) So as not to promote abnormal cell 
growth. 

0225. For example, many types of cancer are associated 
with a distinct combination or pattern of CpG island methy 
lation. FIG. 16 graphically illustrates the manner in which 
altered gene methylation may be associated with various 
types of cancer. The graph plots 13 exemplary cancers 
(prostate, kidney, bladder, esophageal, lung, gastric, colon, 
blood, breast, skin, brain, liver, and ovarian) against 49 
genes which have been shown to have methylation changes 
that are associated with the initiation and progression of the 
identified types of cancer. Each oval in the graph (coded by 
cancer type) indicates an abnormal methylation status for a 
gene (i.e., methylated when its normal status is unmethy 
lated or unmethylated when its normal status is methylated). 
Since each type of cancer may be associated with a different 
pattern of methylation-altered genes, cancer-affected organs 
may potentially be identified based upon organ-specific 
combinations of methylated genes. For example, in the case 
of prostate cancer cells, genes 4, 9, 10, 14, 19, 22, 32, and 
33 have been shown to exhibit abnormal methylation states. 
Thus, if Standardized diagnostics could easily evaluate the 
methylation States of these 8 genes, then the initiation, 
progression, and recurrence of prostate cancer could be 
readily monitored and more effective patient treatment Strat 
egies could be developed. It will be appreciated that FIG. 16 
represents only a Subset of the genes for which altered 
methylation States and patterns are indicative of various 
types of cancer. 
0226. In an exemplary embodiment, the methods of the 
invention may be utilized to monitor disease initiation, 
progression, metastasis, recurrence, and any responses to 
treatment therapies by providing diagnostic techniques, 
which can detect altered methylation States and patterns. 
Methylated cytosine residues in a DNA fragment can be 
detected based upon the resistance of Such residues to 
deamination by a deaminating agent, Such as Sodium 
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bisulfite for example. When denatured (i.e., Single-stranded) 
DNA is exposed to a deaminating agent, Such as Sodium 
bisulfite, unmethylated cytosine (C) residues are converted 
into uracil residues (U), while methylated cytosine residues 
(5-mCyt) remain unchanged. That is, as illustrated in FIG. 
14, deamination resulting from a treatment with Sodium 
bisulfite causes the originally unmethylated cytosines to 
change their complementary base-pairing partner from gua 
nine (G) to adenosine (A). However, the methylated 
cytosines (5-mCyt) retain their base-pairing specificity for 
G. Thus, after deamination by Sodium bisulfite, a target 
DNA sequence will have only as many complementary CpG 
islands as there were methylated CpG islands in the original, 
untreated target DNA sequence. Additionally, as further 
illustrated in FIG. 14, if an original, untreated target DNA 
Sequence has no methylated CpG islands, then the bisulfite 
treated target DNA sequence will no longer contain any CpG 
islands. 

0227. In view of the foregoing, the level of methylation 
of the CpG islands in a target DNA sequence may be 
determined by measuring the relative level of unaltered CpG 
Sites. This relative measurement may be accomplished by 
initiating abortive transcription at the CpG sites that remain 
after the target DNA sequence has been exposed to a 
deaminating agent, Such as Sodium bisulfite. The Sodium 
bisulfite reaction is performed according to Standard tech 
niques. See, e.g., Gonzalgo et al., U.S. Pat. No. 6,251,594. 
In one embodiment, as illustrated in FIG. 15, a sodium 
bisulfite-treated DNA target sequence can be incubated with 
an RNA polymerase and an initiator, Such as a mononucle 
otide initiator (5' R-C-OH3) for example. The initiator 
asSociates with the polymerase and initiates transcription 
and RNA synthesis at an intact CpG site on the DNA 
template. Each CpG site can direct the extension of an 
initiator to Synthesize an abortive transcript (e.g., 5' 
R-CpG-R-3) through the incorporation of a Suitable chain 
terminator (e.g., pppG-R), as illustrated at Sites 1, 3, and 4 
in FIG. 15. Either or both of the initiator and a chain 
terminating nucleotide may be modified with a label moiety 
(e.g., R and R2, respectively) to allow signal detection. In 
an exemplary embodiment, the transcripts may be detected 
through fluorescence resonance energy transfer (FRET) for 
example, as described in detail above (e.g., the primer 
contains an energy donor (R) at its 5'-end, and the NTP 
contains an energy acceptor (R) attached to the nucleo 
base). 
0228. In an alternate embodiment, a sodium bisulfite 
treated DNA target sequence may be incubated with an RNA 
polymerase and a dinucleotide initiator (5' R-CpG-OH 3"). 
The initiator then associates with the polymerase and ini 
tiates transcription and RNA Synthesis at an intact CpG site 
on the DNA template. Each CpG site then directs the 
extension of the dinucleotide initiator to Synthesize an 
abortive trinucleotide transcript through the incorporation of 
a Suitable chain terminator. The nucleotide analog that 
comprises the chain terminator will depend upon the DNA 
template sequence. For example, at Site 1 of FIG. 15, a 
Suitable chain terminator would include 5' pppA-R-3', and 
the resultant abortive trinucleotide transcript would be 5' 
R-CpGpA-R-3'. 

0229. In another embodiment, as diagrammatically illus 
trated in FIG. 15, after the target DNA sequence has been 
deaminated, Such as by treating the target DNA sequence 
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with Sodium bisulfite for example, a target Site probe may be 
used to form a bubble complex that comprises a target CpG 
Site on the target DNA sequence. In this embodiment, the 
target Site probe is used to direct the RNA polymerase to the 
target CpG site by positioning the target CpG site at the 
junction of a Single-Stranded bubble region and a down 
Stream duplex region on the target DNA sequence. In the 
illustrated embodiment, the target Site probe comprises 
about 18-54 nucleotides: a first region which hybridizes to 
the target DNA sequence upstream of the target Site com 
prises about 5-20 nucleotides, an internal Second region of 
non-base-paired nucleotides comprises about 8-14 nucle 
otides; and a third region which hybridizes to the target DNA 
Sequence downstream of the target Site comprises about 5-20 
nucleotides. The target site probe may be hybridized to the 
target DNA sequence either before or while the DNA target 
Sequence is incubated with an RNA polymerase and a 
suitable RNA initiator. The polymerase associates with the 
RNA initiator and initiates transcription and RNA synthesis 
at the CpG site on the DNA template. The polymerase 
extends the initiator to Synthesize an abortive oligonucle 
otide transcript through the incorporation of a Suitable chain 
terminator. Either or both of the initiator and a chain 
terminating nucleotide may be modified with a label moiety 
to allow signal detection, Such as by fluorescence resonance 
energy transfer for example, as described in detail above. 
0230. In another embodiment, capture probes may be 
designed to capture the genes of interest, and abortive 
transcription initiation used to determine the methylation 
Status of the desired genes. For example, genes known to be 
asSociated with the progression of a particular cancer, Such 
as colon cancer, may be monitored, including but not limited 
to APC (adenomatous polyposis coli), CALCA (calcitonin), 
ER (estrogen receptor), GSTP1, HIC1 (hypermethylated in 
cancer-1), hMLH1, HPP1/TR/TENB2/TMEFF2 (Trans 
membrane protein with EFG-like and two follistatin-like 
domains 2), LKB1/STK11. IGF2 IGF2 (Insulin-like growth 
factor), MGMT (O methyl guanine methyl transferase 1), 
MINT25, p14(ARF), p16(INK4a)/MTSI/CDKN2A, PAX6 
(paired box gene 6), RAR-Beta2, THBS1 (thrombospondin 
1), Veriscan, and WT1 (Wilm's tumor suppressor). Each 
gene of interest could be removed from the Sample by 
hybridization to a capture Sequence, which is unique for the 
gene of interest. The capture Sequence may be immobilized 
on a Solid matrix, including but not limited to magnetic 
beads, microtiter plates, Sepharose, agarose, cation eXchange 
resins, lateral flow Strips, glass beads, and microarray chips. 
Once the gene of interest has been removed from the Sample, 
abortive transcription initiation can be used to determine the 
methylation Status for each particular gene. 
0231. An illustrative procedure for detecting DNA 
methylation States and patterns, therefore, may include the 
following process Steps: (a) optionally immobilizing an 
oligonucleotide capture probe which is specific for a region 
near a CpG island of a target gene; (b) optionally treating the 
oligonucleotide capture probe with a denatured DNA sample 
which potentially contains a target DNA sequence; (c) 
converting any unmethylated cytosine residues on the target 
DNA sequence to uracil residues and leaving any methylated 
cytosine residues unaltered; (d) optionally hybridizing the 
target DNA sequence with a target site probe; (e) modifying 
at least one of an RNA initiator and nucleotides comprising 
a chain terminator to enable detection of the oligonucleotide 
transcript; (f) hybridizing the target DNA with the RNA 
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initiator; and (g) extending the RNA initiator with an RNA 
polymerase such that the RNA polymerase reiteratively 
Synthesizes an oligonucleotide transcript that is complemen 
tary to a target Site by incorporating complementary nucle 
otides comprising a chain terminator and releasing an abor 
tive oligonucleotide transcript without either translocating 
from an enzyme binding site or dissociating from the target 
DNA sequence; and (g) detecting and optionally quantifying 
the multiple abortive oligonucleotide transcripts. 

0232 Genetic Mutations 
0233. In another aspect of the invention, the methods 
disclosed herein may be used in diagnostic assays which 
detect mutations in the form of groSS chromosomal rear 
rangements or Single or multiple nucleotide alterations, 
Substitutions, insertions, or deletions. In an exemplary 
embodiment, as diagrammatically illustrated in FIG. 17, 
single nucleotide polymorphisms (SNPs) may be detected 
through the use of an abortive oligonucleotide Synthesis 
reaction. A known target SNP sequence (e.g., 3 
dN.pdN.pdN'5", where dN, is a target SNP site) can be 
incubated with an RNA polymerase, an RNA initiator, such 
as a dinucleotide initiator for example, and nucleotides (e.g., 
a chain terminator Such as 5" pppN-R). The initiator 
binds immediately upstream of the target SNP Sequence, 
asSociates with the polymerase, and initiates transcription 
and RNA synthesis at the target SNP site. In one embodi 
ment, the polymerase elongates the initiator by incorporat 
ing the chain terminator to produce an abortive trinucleotide 
product. Either or both of the initiator and a chain termi 
nating nucleotide may be modified with a label moiety (R 
and R, respectively) to allow signal detection. In an exem 
plary embodiment, the transcripts may be detected through 
fluorescence resonance energy transfer (FRET) for example, 
as described in detail above (e.g., the initiator contains an 
energy donor (R) at its 5'-end, and the chain terminator 
contains an energy acceptor (R) attached to the nucleo 
base). 
0234. An illustrative procedure for detecting mutations in 
a target DNA sequence (FIG. 18), therefore, may include the 
following process steps: (a) optionally immobilizing a cap 
ture probe designed to hybridize with a target DNA sequence 
which includes a mutation; (b) optionally hybridizing the 
capture probe with a DNA sample which potentially con 
tains the target DNA sequence; (c) optionally hybridizing 
the target DNA sequence with a target site probe; (d) 
modifying at least one of an RNA initiator (RN-OH) and 
nucleotides comprising a chain terminator (pppN-R)to 
enable detection of the oligonucleotide transcript synthe 
sized by the RNA polymerase; (e) hybridizing the target 
DNA sequence with the RNA initiator, (f) extending the 
RNA initiator with an RNA polymerase such that the RNA 
polymerase reiteratively Synthesizes an oligonucleotide 
transcript that is complementary to a target mutation site by 
incorporating complementary nucleotides comprising a 
chain terminator and releasing an abortive oligonucleotide 
transcript without either translocating from an enzyme bind 
ing Site or dissociating from the target DNA sequence, and 
(g) detecting and optionally quantifying the multiple abor 
tive oligonucleotide transcripts. 
0235 Pathogenic Organisms 
0236. In another aspect of the invention, the methods 
disclosed herein may be used in diagnostic assays which 
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detect the presence of a particular nucleic acid (DNA or 
RNA), thereby serving to indicate the presence of either a 
particular or a generic organism which contains the gene, or 
which permit genetic typing of a particular organism without 
the need for culturing the organism. The test Sample may be 
Suspected of containing a target nucleic acid Sequence from 
a particular microorganism, Such as bacteria, yeast, Viruses, 
Viroids, molds, fungi, and the like. The test Sample may 
collected from a variety of Sources including but not limited 
to, animal, plant or human tissue, blood, Saliva, Semen, 
urine, Sera, cerebral or Spinal fluid, pleural fluid, lymph, 
Sputum, fluid from breast lavage, mucusoal Secretions, ani 
mal Solids, Stool, cultures of microorganisms, liquid and 
Solid food and feed products, waste, cosmetics, air, and 
Water. 

0237. In another aspect of the invention, the methods 
disclosed herein may be used in diagnostic assays which 
detect the presence of a particular nucleic acid (DNA or 
RNA), thereby serving to indicate the presence of either a 
particular or a generic pathogenic organism which contains 
the gene, or which permit genetic typing of a particular 
organism without the need for culturing the organism. In an 
exemplary embodiment, as diagrammatically illustrated in 
FIG. 19, an oligonucleotide capture probe that is Sequence 
Specific for a target pathogen polynucleotide is attached to a 
Solid matrix, Such as a microtiter plate for example, and the 
capture probe is treated under hybridizing conditions with a 
test Sample which potentially contains the target pathogen 
polynucleotide. The test sample may be suspected of con 
taining a target nucleic acid Sequence from a particular 
pathogen, Such as, for example, a microorganism, Such as 
bacteria, yeast, Viruses, Viroids, molds, fungi, and the like. 
The test Sample may collected from a variety of Sources 
including but not limited to, animal, plant or human tissue, 
blood, Saliva, Semen, urine, Sera, cerebral or spinal fluid, 
pleural fluid, lymph, Sputum, fluid from breast lavage, 
mucusoal Secretions, animal Solids, Stool, cultures of micro 
organisms, liquid and Solid food and feed products, waste, 
cosmetics, air, and water. 
0238. The target pathogen polynucleotide may be either 
RNA or DNA. A target pathogen polynucleotide that is 
present in the test Sample hybridizes to the capture probe, 
and a washing Step is then performed to remove any com 
ponents of the test sample that were not immobilized by the 
capture probe. Target DNA or RNA may be retrieved by 
addition of Specific Sequences via primer extension, for 
example. In an exemplary embodiment, the captured target 
pathogen polynucleotide is hybridized with an abortive 
promoter cassette (APC). The APC linker sequence includes 
a single-Stranded overhang region on either its 3' or 5' end 
(depending upon the orientation needed to create an anti 
parallel hybrid with the capture probe). In other words, the 
APC linker is complementary to the Sequence on the free 
end of the captured target pathogen polynucleotide, thereby 
permitting the APC linker to hybridize to the target pathogen 
polynucleotide. 

0239). An initiator and a polymerase are added to the 
reaction mixture. The initiator hybridizes within the bubble 
region of the APC at a position that facilitates catalysis of a 
Synthesis reaction by a Suitable polymerase at the target Site. 
The initiator may be RNA or DNA, may comprise from 
about 1 to 25 nucleotides, and may include one or more 
nucleotide analogs as well as nucleotides. The polymerase 
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may be an RNA-dependent or DNA-dependent RNA poly 
merase. The DNA or RNA APC may or may not be attached 
to other molecules, Such as proteins, for example. In an 
exemplary embodiment, the APC comprises DNA, the ini 
tiator is RNA, and the polymerase is a DNA-dependent RNA 
polymerase. 

0240. During the polymerization reaction, the initiator is 
extended or elongated by the polymerase through the incor 
poration of nucleotides that have been added to the reaction 
mixture. AS the polymerase reaction proceeds, the poly 
merase extends the initiator, as directed by the APC template 
Sequence within the bubble region, by incorporating 
complementary nucleotides, including a Suitable chain ter 
minator, that are present in the reaction mixture. When the 
polymerase incorporates a chain terminator into the nascent 
oligonucleotide product, chain elongation terminates due to 
the polymerases inability to catalyze the addition of a 
nucleotide at the 3' position on the pentose ring of the 
incorporated chain terminator. Consequently, the poly 
merase aborts the initiated Synthesis event by releasing the 
oligonucleotide product and reinitiating the Synthesis reac 
tion at the target site. Either or both of the initiator and a 
chain terminating nucleotide may be modified with a label 
moiety to allow Signal detection. In an exemplary embodi 
ment, the oligonucleotide products may be detected through 
fluorescence resonance energy transfer (FRET), as described 
above (e.g., the initiator contains an energy donor (R) at its 
5'-end, and the chain terminator contains an energy acceptor 
(R) attached to the nucleobase). 
0241 An illustrative procedure for detecting the presence 
of pathogens (FIG. 20), therefore, may include the follow 
ing process steps: (a) optionally immobilizing a capture 
probe designed to hybridize with a target pathogen poly 
nucleotide; (b) optionally hybridizing the capture probe with 
a test Sample which potentially contains a target pathogen 
polynucleotide. The target nucleic acid may be copied to 
DNA via reverse transcription (for RNA pathogens) or 
primer extension (for DNA pathogens). In both bases, a 
DNA sequence corresponding to the Abortive Promoter 
Cassette (APC) linker will be added to the target copy (FIG. 
1); (c) optionally washing the captured target pathogen 
polynucleotide to remove any unhybridized components of 
the test Sample; (d) hybridizing the captured target pathogen 
polynucleotide with an abortive promoter cassette; (e) modi 
fying at least one of a initiator and nucleotides comprising 
a chain terminator to enable detection of the oligonucleotide 
product Synthesized by the polymerase, (f) hybridizing the 
abortive promoter cassette with a initiator, (g) extending the 
initiator with a polymerase Such that the polymerase reit 
eratively Synthesizes an oligonucleotide product that is 
complementary to a target Site by incorporating complemen 
tary nucleotides comprising a chain terminator and releasing 
an abortive oligonucleotide product without either translo 
cating from an enzyme binding Site or dissociating from the 
APC; and (h) detecting and optionally quantifying the 
multiple abortive oligonucleotide products. 

0242. The present invention is useful for detecting patho 
gens in mammals. In particular the invention is useful for the 
detection of bacteria, Viruses, fungus, molds, amoebas, 
prokaryotes, and eukaryotes. Preferred mammals include 
monkeys, apes, cats, dogs, cows, pigs, horses, rabbits and 
humans. Particularly preferred are humans. 
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0243 The methods of the invention are particularly use 
ful for monitoring the presence or absence of pathogenic 
nucleic acids and proteins. The invention can be used to 
detect, diagnose, and monitor diseases, and/or disorders 
asSociated with pathogenic polypeptides or polynucleotides. 
The invention provides for the detection of the aberrant 
expression of a polypeptide or polynucleotide. The method 
comprises (a) assaying the expression of the polypeptide or 
polynucleotide of interest in cells, tissue or body fluid of an 
individual using the methods of abortive initiation transcrip 
tion described above, and (b) comparing the level of gene 
expression, protein expression, or presence of Sequences of 
interest with a Standard gene or protein expression level or 
Sequence of interest, whereby an increase or decrease in the 
assayed polypeptide or polynucleotide level compared to the 
Standard level is indicative of aberrant expression indicating 
presence of a pathogen of interest. 
0244. The presence of an abnormal amount of transcript 
in biopsied tissue or body fluid from an individual may 
provide a means for detecting the disease prior to the 
appearance of actual clinical Symptoms. A more definitive 
diagnosis of this type may allow health professionals to 
employ preventative measures or aggressive treatment ear 
lier thereby preventing the development or further progres 
Sion of the disease caused by the pathogen. 
0245. The invention is particularly useful for monitoring 
the presence of pathogenic organisms including but not 
limited to E. coli, Steptococcus, Bacillus, Mycobacterium, 
HIV, and Hepatitis. 
0246 The methods of the invention may be used to test 
for pathogenic microorganisms in aqueous fluids, in particu 
lar water (Such as drinking water or Swimming or bathing 
water), or other aqueous Solutions (Such as fermentation 
broths and Solutions used in cell culture), or gases and 
mixtures of gases Such as breathable air, and gases used to 
Sparge, purge, or remove particulate matter from Surfaces. 
Breathable air from any source including but not limited to 
homes, Schools, classrooms, workplaces, aircraft, Space 
craft, cars, trains, buses, and any other building or structure 
where people gather, may be tested for the presence of 
pathogenic microorganisms. 
0247 
0248. In another aspect of the invention, the methods 
disclosed herein may be used in diagnostic assays which 
detect messenger RNA (mRNA) expression levels in a 
quantitative or non-quantitative manner. In an exemplary 
embodiment, as diagrammatically illustrated in FIG. 21, an 
oligonucleotide capture probe that is Sequence-specific for a 
target mRNA sequence is attached to a Solid matrix, Such as 
a microtiter plate for example, and the capture probe is 
treated under hybridizing conditions with a test Sample 
which is Suspected of containing the target mRNA sequence. 
A target mRNA sequence that is present in the test Sample 
hybridizes to the capture probe, and a Washing Step is then 
performed to remove any components of the test Sample that 
were not immobilized by the capture probe. The captured 
target mRNA sequence is then hybridized with an abortive 
promoter cassette (APC). In the illustrated embodiment, the 
APC has an APC linker sequence which includes a single 
Stranded poly-T overhang on its 3' end that is complemen 
tary to the poly-A tail on the 3' end of the target mRNA 
sequence, thereby permitting the APC linker to hybridize to 
the poly-A tail of the target mRNA. 

mRNA Expression 
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0249. An initiator and a polymerase are added to the 
reaction mixture. The initiator hybridizes within the bubble 
region of the APC, upstream of the target Site, and facilitates 
catalysis of a Synthesis reaction by a Suitable polymerase at 
the target Site. The initiator may comprise from about 1 to 25 
nucleotides, and may include one or more nucleotide ana 
logs as well as nucleotides. The polymerase may be an 
RNA-dependent or DNA-dependent RNA polymerase. The 
APC may or may not be attached to other molecules, Such 
as proteins, for example. In an exemplary embodiment, the 
APC comprises DNA, the initiator is RNA, and the poly 
merase is a DNA-dependent RNA polymerase. 
0250. During the polymerization reaction, the initiator is 
extended or elongated by the polymerase through the incor 
poration of nucleotides which have been added to the 
reaction mixture. AS the polymerase reaction proceeds, the 
polymerase extends the initiator, as directed by the APC 
template Sequence within the bubble region, by incorporat 
ing complementary nucleotides, including a chain termina 
tor, that are present in the reaction mixture. When the 
polymerase incorporates a chain terminator into the nascent 
oligonucleotide product, chain elongation terminates due to 
the polymerases inability to catalyze the addition of a 
nucleotide at the 3' position on the pentose ring of the 
incorporated chain terminator. Consequently, the poly 
merase aborts the initiated Synthesis event by releasing the 
oligonucleotide product and reinitiating the Synthesis reac 
tion at the target site. Either or both of the initiator and a 
chain terminating nucleotide may be modified with a label 
moiety to allow Signal detection, Such as by fluorescence 
resonance energy transfer for example, as described in detail 
above. 

0251 An illustrative procedure for detecting mRNA 
expression levels, therefore, may include the following 
process steps: (a) optionally immobilizing a capture probe 
designed to hybridize with a Specific or general mRNA 
Sequence; (b) optionally hybridizing the capture probe with 
a test Sample which potentially contains a target mRNA 
Sequence; (c) optionally washing the captured target mRNA 
Sequence to remove any unhybridized components of the 
test sample; (d) hybridizing the captured target mRNA 
Sequence with an abortive promoter cassette; (e) modifying 
at least one of a initiator and nucleotides comprising a chain 
terminator to enable detection of the oligonucleotide product 
synthesized by the polymerase, (f) hybridizing the abortive 
promoter cassette with the initiator, (g) extending the ini 
tiator with a polymerase Such that the polymerase reitera 
tively Synthesizes an oligonucleotide product that is comple 
mentary to a target Site by incorporating complementary 
nucleotides comprising a chain terminator and releasing an 
abortive oligonucleotide product without either translocat 
ing from an enzyme binding site or dissociating from the 
APC; and (h) detecting and optionally quantifying the 
multiple abortive oligonucleotide products. 
0252) Protein Detection 
0253) In another aspect of the invention, the methods 
disclosed herein may be used in diagnostic assays which 
detect proteins. As shown in FIG. 22, an abortive promoter 
cassette linker can be made with a protein modifier group 
attached, such that the linker is complementary to the APC 
linker attached to the APC. 

0254. An illustrative procedure for detecting proteins, 
therefore, may include the following process steps: (a) 
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attaching a short piece of DNA of a defined sequence (APC 
linker) to a protein via a primary amine, a secondary amine, 
or a Sulfhydral group; (b) retrieving and immobilizing the 
modified protein with an antibody or some other affinity 
agent against the protein; and (c) attaching an abortive 
promoter cassette to the protein by hybridization of the APC 
cassette to the APC linker on the labeled protein; (d) 
detecting the proteinby (i) treating the DNA with an initiator 
nucleotide under hybridizing conditions; and (ii) treating the 
DNA with an RNA polymerase and nucleotides or nucle 
otide analogs that permit detection. Process (d) occurs 
repeatedly for each RNA polymerase bound. 
0255 Cancer Detection 
0256 The present invention is useful for detecting cancer 
in mammals. In particular the invention is useful during 
diagnosis of cancer. Preferred mammals include monkeys, 
apes, cats, dogs, cows, pigs, horses, rabbits and humans. 
Particularly preferred are humans. 
0257 The methods of the invention are particularly use 
ful for monitoring the status of DNA methylation, genetic 
mutations, mRNA expression patterns, and protein expres 
Sion patterns. The invention can be used to detect, diagnose, 
and monitor diseases, and/or disorders associated with the 
aberrant expression and/or activity of a polypeptide or 
polynucleotide. The invention provides for the detection of 
the aberrant expression of a polypeptide or polynucleotide, 
the presence of mutations, and changes in methylation Status 
of DNA. The method comprises (a) assaying the expression 
of the polypeptide or polynucleotide of interest in cells, 
tissue or body fluid of an individual using the methods of 
abortive initiaton transcription described above, and (b) 
comparing the level of gene expression, protein expression, 
or presence of Sequences of interest with a Standard gene 
expression level, whereby an increase or decrease in the 
assayed polypeptide or polynucleotide level compared to the 
Standard level is indicative of aberrant expression indicating 
presence of cancer or a pathogen of interest. 
0258. The presence of an abnormal amount of transcript 
in biopsied tissue or body fluid from an individual may 
indicate a predisposition for the development of cancer or a 
disease of interest, or may provide a means for detecting the 
disease prior to the appearance of actual clinical Symptoms. 
A more definitive diagnosis of this type may allow health 
professionals to employ preventative measures or aggressive 
treatment earlier thereby preventing the development or 
further progression of the cancer or disease caused by the 
pathogen. 

0259. The diagnostic assays of the invention can be used 
for the diagnosis and prognosis of any disease, including but 
not limited to Alzheimer disease, muscular dystrophy, can 
cer, breast cancer, colon cancer, cystic fibrosis, fragile X 
Syndrome, hemophilia A and B, Kennedy disease, ovarian 
cancer, lung cancer, prostate cancer, retinoblastoma, myo 
tonic dystrophy, Tay Sachs disease, Wilson disease, and 
Williams disease. These assays are believed to be particu 
larly useful for the diagnosis and prognosis of all types of 
CCC. 

0260 Kits of the Invention 
0261) The invention also provides kits for carrying out 
the methods of the invention. Such kits comprise, in one or 
more containers, usually conveniently packaged to facilitate 
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their use in assays, quantities of various compositions essen 
tial for carrying out the assays in accordance with the 
invention. Thus, the kits comprise one or more initiators 
according to the invention. The kits may additionally com 
prise an enzyme with polymerase activity, Such as an RNA 
and/or DNA polymerase for example, to extend the primer 
of the kit, as well as reagents for processing a target nucleic 
acid. The kit may also comprise nucleotides and/or nucle 
otide analogs to enable detection of the oligonucleotide 
products synthesized by the methods of the invention. The 
kits may also include oligonucleotide target Site probes for 
forming a bubble complex on the target nucleic acid. The kit 
may also contain an abortive promoter cassette. The kits 
may also contain components for the collection and trans 
port of materials, including but not limited to, membranes, 
affinity materials, test tubes, petri dishes, and dipstickS. The 
kit may also include microtiter plates, bio-chips, magnetic 
beads, gel matrices, or other forms of Solid matrices to which 
an oligonucleotide capture probe, which is specific for a 
particular target Sequence, has been bound. The relative 
amounts of the components in the kits can be varied to. 
provide for reagent concentrations that Substantially opti 
mize the reactions involved in the practice of the methods 
disclosed herein and/or to further optimize the sensitivity of 
any assay. 

0262 The test kits of the invention can also include, as is 
well-known to those skilled in the art, various controls and 
Standards, Such as Solutions of known target nucleic acid 
concentration, including no target Sequence (negative con 
trol), to ensure the reliability and accuracy of the assays 
carried out using the kits and to permit quantitative analyses 
of test Samples using the kits. Optionally, the kits may 
include a set of instructions, which are generally written 
instructions, though the instructions may be stored on elec 
tronic storage media (e.g., magnetic diskette or optical disk), 
relating to the use of the components of the methods of the 
invention. The instructions provided with the kit generally 
also include information regarding reagents (whether 
included or not in the kit) necessary or preferred for prac 
ticing the methods of the invention, instructions on how to 
use the kit, and/or appropriate reaction conditions. 

EXAMPLES 

0263. The following examples are provided for purposes 
of illustration only and not of limitation. Those of skill in the 
art will readily recognize a variety of non-critical parameters 
which could be changed or modified to yield essentially 
Similar results. 

Example 1 

Synthesis of a Dye Labeled Initiator 
0264. One of several reactions to chemically modify a 
nucleotide is described herein. 5' a-S-CTP, which was pur 
chased from TrilLink BioTechnologies, was treated follow 
ing the manufacturers instructions with calf intestinal phos 
phatase. The phosphatase treatment is important because it 
increases the efficiency of the labeling reaction. Following 
phosphatase treatment, 12.5 mM C-S-CMP was mixed with 
5ul of 0.2 M NaHCO3, 15ul of DMF, and 15ul of 90 mM 
IAEDANS (purchased from Molecular Probes) in DMF, and 
incubated at room temperature for 1 hour. The reaction was 
extracted with 5 volumes water saturated ethyl ether. The 
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aqueous phase was removed and the ether eliminated by 
evaporation. Thin layer chromatography was performed 
following Standard protocols known in the art, and demon 
Strated that the reaction Successfully produced 
5'-IEADANS-S-CMP (FIG. 26). 

Example 2 

RNA Primer-Initiated Abortive Transcription with 
an RNA Polymerase 

0265 Reaction conditions have been optimized for abor 
tive transcription initiaton. The components and concentra 
tions of Buffer T favor abortive transcription initiation. 
Buffer T is comprised of: 20 mM Tris-HCl pH 7.9, 5 mM 
MgCl, 5 mM beta-mercaptoethanol, 2.8% (v/v) glycerol. 
Primers are either ribonucleoside-triphosphates (NTPs) or 
dinucleotides ranging in concentration from 0.2-1.3 mM. 
Final NTP concentrations range from 0.2-1.3 mM. The high 
ends of the concentration ranges are designed for preparative 
abortive transcription. The template DNA concentration is 
less than 2 uM in terms of phosphate. E. coli RNA poly 
merase is added to a final concentration of between 15 nM 
and 400 nM. Either holoenzyme or core can be used with a 
Single-Stranded template DNA. Yeast inorganic pyrophos 
phatase is added to 1 unit/ml in preparative reactions to 
prevent the accumulation of pyrophosphate. At high con 
centrations pyrophosphate can reverse the Synthesis reaction 
causing RNA polymerase to regenerate NTPS at the expense 
of the RNA products. One unit of pyrophosphatase is defined 
as the amount of enzyme to liberate 1.0 uM of inorganic 
orthophosphate per min. at 25 C. and pH 7.2. Reactions are 
incubated at 37 C. for up to 72 hours for preparative 
reactions. These conditions are representative; for Specific 
templates, optimization of particular components and con 
centrations may enhance the efficiency of abortive initiation. 

0266 Three different initiators were used in this example: 
(1) TAMARA-ApG; (2) Biotin ApG; and (3) ApG. The 
target nucleic acid template was denatured by boiling for 5 
minutes at 95 C. and immediately placing on ice. Each 
reaction was prepared as follows: 

0267 

0268) 

0269) 

0270) 

0271) 

0272 

0273) 

0274) Incubate at 37° C. for 12-16 hours. Thin layer 
chromatography was performed using Standard methods 
known in the art to determine the extent of incorporation of 
UTP in the third position (FIG. 27). 

5.0 ul 1xBuffer T 

2.5ul of a-32P-UTP 

14.3 ul ddH20 

1 uof E. coli RNA polymerase (1U?ul ) 
100 ng (2 ul) of template DNA 

10 nmoles (1.2 ul) of initiator 
22.8 til of reaction buffer 

0275 Both TAMARA-ApG and biotin ApG allowed for 
incorporation of the nucleotide UTP. Biotin ApG incorpo 
rated more efficiently than TAMARA-ApG, but not as 
efficient as ApC. 
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Example 3 

Abortive Initiation Reaction with a Labeled 
Terminator 

0276 Abortive transcription initiation reactions may be 
performed with a labeled initiator and/or a labeled termina 
tor. The following reaction conditions were used to incor 
porate a labeled terminator: 

0277 5ul 1XBuffer T 
0278 3 ul 100 ng denatured DNA template 
(pBR322) 

0279) 13.5ul dd HO 
0280 1 ul E. coli RNA polymerase 

0281 1.2 til dinucleotide initiator ApC 
0282) 1.5ul of 7 mM SF-UTP 

0283 Incubate mixture at 37° C. for 16 hours in tem 
perature controlled microtitre plate reader. Thin layer chro 
matography was performed using Standard methods known 
in the art, and demonstrated that the labeled trinucleotide 
ApGpU was generated (FIG. 28). 

Example 4 

Fluorescent Energy Transfer Between Donors and 
Acceptors 

0284. The above examples have demonstrated that both 
labeled initiators and terminators can be incorporated into 
the oligonucleotide products. One efficient method to mea 
sure incorporation of the labeled nucleotides is by Fluores 
cent Resonance Energy Transfer. The following conditions 
were used to demonstrate FRET between a labeled initiator 
and a labeled terminator: 

0285) 5 ul 1xReaction Buffer (Buffer T) 
0286 3 ul denatured DNA template (300 ng 
pBR322) 

0287) 13.5ul dd HO 
0288) 1 ul E. coli RNA polymerase 
0289) 1.2 ul Initiator (TAMARA-ApG or ApG or 
Biotin-ApG) 

0290) 1.5ul of of 7 m MSF-UTP 

Sep. 9, 2004 

0291. The reaction mixture was incubated at 37 C for 16 
hours in temperature controlled microtitre plate reader, 
which was set to read at the following parameters: Ex 485, 
Em 620, Gain 35, 99 reads/well/cycle. Under the reaction 
conditions described above, the RNA polymerase reitera 
tively Synthesizes an oligonucleotide product composed of 
the initiator (TAMARA-SpApG) and the terminator (SF 
UTP). 
0292 Formation of the oligonucleotide product, 
TAMARA-SpApGpU-SF, places the initiator and the termi 
nator within 80 angstroms of each other, which allows for 
the transfer of energy between the chemical moieties. 
Energy is transferred from the donor, which is SF-UTP, to 
the acceptor, which is TAMARA-ApG. This transfer of 
energy can be detected and/or quantitated by a change in 
wavelength emission of TAMARA (TAMARAAboSrbance= 
540 nm; Emission=565 nm) 
0293 As shown in FIG. 29A, as the oligonucleotide 
product is generated, energy transfer occurs between 
TAMARA-SpApG and SF-UTP, which changes the wave 
length at which TAMARA emits. If RNA polymerase or 
DNA is omitted from the reaction, there is no transfer of 
energy between the initiator and the terminator, and no 
change in the wavelength at which TAMARA emits (FIGS. 
29B and 29C). 

Example 5 

Determination of the Methylation Status of Specific 
Residues of the CDKN2A gene 

0294 The sample to be analyzed is collected from a 
human stool sample. Methods of DNA extraction from stool 
Samples are well known in the art, and commercial kits are 
available for extracting human DNA from Stool Samples, 
such as QIAamp DNA Stool Mini Kit from Qiagen (Valen 
cia, Calif.). 
0295) After extraction, the sample is applied to the wells 
of a microtiter plate, which contain a capture probe for the 
gene of interest, in this particular example, the capture probe 
is for CDKN2A gene. The nucleotide sequence of a repre 
sentative capture probe for the CpG islands of the CDKN2A 
gene is as follows: 
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0296. The DNA sample is incubated with the capture 
probe to allow hybridization. A representative hybridization 
protocol is as follows: (1) prehybridize with 2.5xSSC, 
5xDenhardts at room temperature for 30 minutes; (2) 
hybridize with 2.5xSSC, 5xDenhardts, 30% formamide at 
room temperature for 2 hours; (3) wash twice with 1xSSC 
at 42 C. for 10 minutes, maintaining 42 C.; and (4) wash 
three times with 0.1xSSC at 42 C. for 10 minutes, main 
taining 42 C. 
0297. The DNA is treated with a deaminating agent, such 
as sodium bisulfite, which will de-aminate the unmethylated 
C’s in the DNA, while leaving the methylated C’s unaltered. 
The Wells are then washed under medium Stringency con 
ditions to remove the remaining Sodium bisulfite. 
0298. A representative transcription reaction is com 
prised of the following components: E. coli holoenzyme 
RNA polymerase; reaction buffer: 10 nM Tris-HCl, pH 7.0; 
10 mM KCl; 0.5 mM Na-EDTA; and 50 mg/ml BSA; an 
initiator, and nucleotide analogs. The reaction conditions for 
particular nucleotide Sequence may vary. Other polymerases 
may be used, such as E. coli T7, or SP6. The reaction buffer 
can be optimized to increase abortive initiation events by 
adjusting the Salt concentration, divalent cations and con 
centrations, the glycerol content, and the amount and type of 
reducing agent to be used. 
0299 The initiator will be a 5'-CSpCpG dimer labeled 
through the 5'-S with fluorescein, which functions as the 
donor in this reaction. The nucleotide analog(s) will be 
labeled with TAMARA, which will function as the acceptor 
in this reaction. The initiator can be labeled with either the 
donor or the acceptor in the FRET reaction, and dependend 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 17 

<210> SEQ ID NO 1 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
<223> OTHER INFORMATION: methylated DNA template 
&22O > FEATURE 
<221> NAME/KEY: misc feature 
<222> LOCATION: (2) ... (2) 
<223> OTHER INFORMATION: methylation 
&22O > FEATURE 
<221> NAME/KEY: misc feature 
<222> LOCATION: (10) . . (10) 
<223> OTHER INFORMATION: methylation 
&22O > FEATURE 
<221> NAME/KEY: misc feature 
<222> LOCATION: (26) ... (26) 
<223> OTHER INFORMATION: methylation 

<400 SEQUENCE: 1 

cc.gcc caaac gggtocggag cqacticgtoa 

<210> SEQ ID NO 2 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
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ing upon the fluorescent molecule used to label the initiator, 
the nucleotide analog(s) will be labeled with either a donor 
or an acceptor. 

0300 Fluorescein is excited using a 360 nm wavelength 
filter; the resulting emission peak is at about 515 nm. If the 
TAMARA is in close proximity to the fluorescein, it 
becomes excited at 542 nm, resulting in an emission peak of 
568 nm. The near ultraviolet wavelength excties the fluo 
rescein but not the rhodamine. Therefore signal will only be 
generated if the fluorescein is in close proximity to the 
rhodamine. This signal can be generated and monitored in a 
fluorescent microtitre plate reader that has been fitted with 
specific excitation and emission filters for this FRET pair. 
These filters and plate readers are commercially available 
from a number of Sources, although most clinical labs and 
research facilities already use a fluorescent microtitre plate 
reader. 

0301 In the foregoing specification, the invention has 
been described with reference to specific embodiments. 
However, it will be appreciated that various modifications 
and changes can be made without departing from the Scope 
of the present invention as set forth in the claims below. The 
Specification and figures are to be regarded in an illustrative 
manner, rather than a restrictive one, and all Such modifi 
cations are intended to be included within the Scope of 
present invention. Accordingly, the Scope of the invention 
should be determined by the appended claims and their legal 
equivalents, rather than by the examples given above. For 
example, the Steps recited in any of the method or process 
claims may be executed in any order and are not limited to 
the order presented in the claims. 
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&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 

<400 SEQUENCE: 

misc feature 
(1) . . (1) 

ORMATION: n is 

misc feature 
(4) . . (6) 

ORMATION: n is 

misc feature 
(15) . . (16) 

ORMATION: n is 

misc feature 
(21) . . (21) 

ORMATION: n is 

misc feature 
(24) . . (24) 

ORMATION: n is 

misc feature 
(29).. (29) 

ORMATION: n is 

2 

uraci 

uraci 

uraci 

uraci 

uraci 

uraci 

incgninnaaac gggtninggala ngantic gtna 

<210> SEQ ID NO 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGAN 
&220s FEATURE 
&223> OTHER 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 
&220s FEATURE 
<221 NAME/KEY: 
<222> LOCATION: 
&223> OTHER INF 

<400 SEQUENCE: 

3 

misc feature 
(1) . . (2) 

ORMATION: n is 

misc feature 
(4) . . (6) 

ORMATION: n is 

misc feature 
(10) . . (10) 

ORMATION: n is 

misc feature 
(15) . . (16) 

ORMATION: n is 

misc feature 
(21) . . (21) 

ORMATION: n is 

misc feature 
(24) . . (24) 

ORMATION: n is 

misc feature 
(26) . . (26) 

ORMATION: n is 

misc feature 
(29).. (29) 

ORMATION: n is 

3 

ISM: Artificial Sequence 

uraci 

uraci 

uraci 

uraci 

uraci 

uraci 

uraci 

uraci 

ningnnnaaan gogtning gag ngantingtna 

<210> SEQ ID NO 4 

34 

-continued 

ORMATION: deaminated methylated DNA 

NFORMATION: deaminated unmethylated DNA 

30 
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-continued 

&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: deaminated methylated DNA 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (1) 
&223> OTH INFORMATION: n is uracil 
&220s FEATURE 
<22 NAME/KEY: misc feature 
<222> LOCATION: (2) ... (2) 
&223> OTH INFORMATION: methylation 
&220s FEATURE 
<22 NAME/KEY: misc feature 
<222> LOCATION: (4) . . (6) 
&223> OTH NFORMATION: n is uracil 
&220s FEATURE 
<22 NAME/KEY: misc feature 
<222> LOCATION: (10) . . (10) 
&223> OTH NFORMATION: methylation 

E A. 

O C 

R 
E 

NY 
3. 2 2 N misc feature 
<222> L ON: (15) . . (16) 
&223> OTH FORMATION: n is uracil 
&220s FEATURE 
<22 NAME/KEY: misc feature 
<222> LOCATION: (24) . . (24) 
&223> OTH NFORMATION: n is uracil 
&220s FEATURE 
<22 NAME/KEY: misc feature 
<222> LOCATION: (26).. (26) 
&223> OTH NFORMATION: n is uracil 
&220s FEATURE 
<22 NAME/KEY: misc feature 
<222> LOCATION: (26).. (26) 
&223> OTH INFORMATION: methylation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (29).. (29) 
&223> OTH INFORMATION: n is uracil 

<400 SEQUENCE: 4 

incgninnaaac gggtninggaa cqaintingtna 30 

<210 SEQ ID NO 5 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: deaminated unmethylated DNA 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (2) 
<223> OTHER INFORMATION: n is uraci 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (4) . . (6) 
<223> OTHER INFORMATION: n is uraci 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (10) . . (10) 
<223> OTHER INFORMATION: n is uraci 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (15) . . (16) 
<223> OTHER INFORMATION: n is uraci 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (21) . . (21) 
<223> OTHER INFORMATION: n is uraci 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (24) . . (24) 
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-continued 

<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (26).. (26) 
<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (29).. (29) 
<223> OTHER INFORMATION: n is uracil 

<400 SEQUENCE: 5 

ningnnnaagn gogtninggala ngantingtna 30 

<210> SEQ ID NO 6 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: deaminated target DNA 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: methylation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (4) . . (6) 
<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (9) ... (9) 
<223> OTHER INFORMATION: methylation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (15) . . (16) 
<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (21) . . (21) 
<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (24) . . (24) 
<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (25) . . (25) 
<223> OTHER INFORMATION: methylation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (29).. (29) 
<223> OTHER INFORMATION: n is uracil 

<400 SEQUENCE: 6 

incgninnaaac gggtning gag ngantic gtna 30 

<210 SEQ ID NO 7 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: target site probe 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (10) . . (23) 
<223> OTHER INFORMATION: n is any nucleotide of a g. t or c 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (10) . . (23) 
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<223> OTHER INFORMATION: nucleotide residues may be between 8 and 14 n' s 
in length 

<400 SEQUENCE: 7 

taac gaatcn nnnnnnnnnn nnn 23 

<210 SEQ ID NO 8 
&2 11s LENGTH 10 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: target site probe 

<400 SEQUENCE: 8 

gtttaaacga 10 

<210 SEQ ID NO 9 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: template strand 

<400 SEQUENCE: 9 

cittctatagt gtcaccitaaa t 21 

<210> SEQ ID NO 10 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: nontemplate strand 

<400 SEQUENCE: 10 

atttaggtga cactatagaa g 21 

<210> SEQ ID NO 11 
<211& LENGTH: 12 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: telomerase capture probe 

<400 SEQUENCE: 11 

gggittagggit ta. 12 

<210> SEQ ID NO 12 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: telomerase capture probe 

<400 SEQUENCE: 12 

gggittagggit tagggittagg gttagggitta 30 

<210> SEQ ID NO 13 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: telomerase capture probe 

<400 SEQUENCE: 13 
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gggittagggit tagggittagg gtta 24 

<210> SEQ ID NO 14 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: complementary probe 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (7) . . (7) 
<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (13) . . (13) 
<223> OTHER INFORMATION: n is uracil 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (19) . . (19) 
<223> OTHER INFORMATION: n is uracil 

<400 SEQUENCE: 14 

aac C. Caac C. Claa CCIla a CCC 24 

<210> SEQ ID NO 15 
&2 11s LENGTH 36.21 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 15 

atatactggg totaca aggt ttaagttcaac cagggattga aatataactt ttaaacagag 60 

citggattatc cagtaggcag attaa.gcatg to cittaaggc atcagoaaag totgagcaat 120 

ccatttittta aaacgtagta catgtttittg ataag cittaa aaagtagtag to acaggaaa 18O 

aattagaact tttacctdct tcc.gcttgtt atactictitta gtgctgttta acttittctitt 240 

gtaagtgagg gtggtggagg gtgcc cataa totttitcagg gagtaagttc ttcttggtot 3OO 

ttctittctitt citttctittct titttittcttg agaccaagtt togctcittgt citcccaggct 360 

ggagtgcaat gg.cgcgatct c ggct cactg caaccitcc.gc cittct cotgg gttcaag.cga 420 

ttct cottaca totagoctocq agtagctggg attacaggca toc gocacca agc.ccc.gcta 480 

attttgtatt ttittagtaga gacagggittt cqc catgttg gtcaggott g totcgaactic 540 

citggccitcag gtgatcc.gcc tdt citcggcc toccagaatg citgggattat agacgtgagc 600 

caccgcatcc g g acttitcct tittatgtaat agtgataatt citatccaaag catttitttitt 660 

tttittittgag toggagtc.tc attctgtcac ccaggctgga gggtggtggc gcgatctogg 720 

cittact gcaa cctotgcc to cogggttcaa gogattotcc toccitcagoc toctoagtag 78O 

citggaattac acacgtgcgc cac catggcc agctaattitt totatttitta gtagagacgg 840 

ggtgtcacca ttittggcc aa gotggccitcq aactcctgac citcaggtgat citgc.ccgc.ct 9 OO 

cggctt.ccca aagtgctggg attacaggtg tdagccaccg cqtcc to citc caaag cattt 96.O 

totttctato cottcaaaa.ca agattgcaag ccagticcitca aag.cggataa ttcaagagct 1020 

aacagg tatt agcttaggat gtgtggcact gttctta agg cittatatgta ttaatacatc 1080 

atttaaactc acaacaacco citataaag.ca ggggg cactc atattoccitt coccotttat 1140 





US 2004/0175724 A1 
40 

Sep. 9, 2004 

-continued 

cc tacticcitg ttttgtgagg gagittagggg aggatttaaa agtaattaat acatgggtaa 3480 

cittago atct citaaaattitt gccaa.ca.gct talaccc.ggg agtttggctt totagtc.cta 354. O 

caatat citta gaagagacct tatttgttta aaaacaaaaa goaaaaagaa aagtggatag 3600 

ttittgacaat ttittaatgga g 

<210> SEQ ID NO 16 
&2 11s LENGTH 64 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: capture probe 

<400 SEQUENCE: 16 

36.21 

atatactggg totaca aggt ttaagttcaac cagggattga aatataactt ttaaacagag 60 

Ctgg 

<210 SEQ ID NO 17 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: unmethylated DNA template 

<400 SEQUENCE: 17 

cc.gc.ccaaac gggtocggag cqacticgtca 

What is claimed is: 
1. A method for detecting multiple reiterated oligonucle 

otides from a target DNA or RNA polynucleotide, said 
method comprising: 

(a) hybridizing an initiator with a single Stranded target 
polynucleotide 

(b) incubating said target polynucleotide and initiator with 
an RNA-polymerase, and a terminator; 

(c) Synthesizing multiple oligonucleotides from said tar 
get polynucleotide, wherein Said initiator is extended 
until Said terminator is incorporated into Said oligo 
nucleotides thereby Synthesizing multiple reiterative 
oligonucleotides, and 

(d) detecting or quantifying said reiteratively Synthesized 
oligonucleotide transcripts of a polynucleotide of inter 
eSt. 

2. The method of claim 1, further comprising detecting or 
quantifying Said reiteratively Synthesized oligonucleotide by 
modifying a nucleoside or nucleotide in at least one of the, 
members Selected from the group consisting of Said termi 
nator, and Said initiator. 

3. The method of claim 2, wherein said modifying com 
prises incorporating a label moiety. 

4. The method of claim 3, wherein said label moiety 
comprises a fluorophore moiety. 

5. The method of claim 4, wherein said fluorophore 
moiety comprises a fluorescent energy donor and a fluores 
cent energy acceptor wherein Said moiety is detected or 
quantified by fluorescence resonance energy transfer. 
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6. The method of claim 1, wherein said polymerase is 
Selected from the group consisting of a DNA-dependent 
RNA polymerase, an RNA-dependent RNA polymerase and 
a modified RNA-polymerase, and a primase. 

7. The method of claim 6, wherein said polymerase 
comprises an RNA polymerase derived from one of E. coli, 
E. coli bacteriophage T7, E. coli bacteriophage T3, and S. 
typhimurium bacteriophage SP6. 

8. The method of claim 1, wherein said initiator is an RNA 
primer. 

9. The method of claim 1, wherein said initiator comprises 
a molecule Selected from the group consisting of nucleo 
Sides, nucleoside analogs, 1-25 nucleotides, 26-50 nucle 
otides, 51-75 nucleotides, 76-100 nucleotides, 101-125 
nucleotides, and 126-150 nucleotides, 151-175 nucleotides, 
176-200 nucleotides, 201-225 nucleotides, 226-250 nucle 
otides, greater than 250 nucleotides, and nucleotide analogs. 

10. The method of claim 1, wherein said abortive oligo 
nucleotides being Synthesized are one of the lengths Selected 
from the group consisting of about 2 to about 26 nucle 
otides, about 26 to about 50 nucleotides, and about 50 
nucleotides to about 100 nucleotides, and greater than 100 
nucleotides. 

11. The method of claim 1, wherein said incubating 
further comprises a target Site probe Specific for a region on 
Said Single-stranded target polynucleotide. 

12. The method of claim 1, wherein said chain terminator 
comprises a nucleotide analog. 

13. A method of detecting multiple reiterated oligonucle 
otides from a target DNA or RNA polynucleotide, said 
method comprising: 
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(a) hybridizing an initiator to a single-stranded target 
polynucleotide; 

(b) incubating said target polynucleotide and initiator with 
a target Site probe, an RNA-polymerase, and a termi 
nator, wherein Said target Site probe hybridizes with 
Said target polynucleotide; 

(c) Synthesizing an oligonucleotide transcript that is 
complementary to Said target Site from Said target 
polynucleotide, wherein Said initiator is extended until 
Said terminator is incorporated into Said oligonucle 
otide transcript, thereby Synthesizing multiple reitera 
tive oligonucleotide transcripts, and 

(d) detecting or quantifying said reiteratively Synthesized 
oligonucleotide transcripts. 

14. The method of claim 13, wherein said target site probe 
Size is Selected from the group consisting of about 20 to 
about 50 nucleotides, about 51 to about 75 nucleotides, 
about 76 to about 100 nucleotides and greater than 100 
nucleotides. 

15. The method of claim 13, further comprising detecting 
or quantifying Said reiteratively Synthesized oligonucleotide 
by modifying a nucleotide in at least one of the members 
Selected from the group consisting of Said terminator, Said 
initiator, and Said target-Site probe. 

16. The method of claim 15, wherein said modifying 
comprises incorporating a label moiety. 

17. The method of claim 16, wherein said label moiety 
comprises a fluorophore moiety. 

18. The method of claim 17, wherein said fluorophore 
moiety comprises a fluorescent energy donor and a fluores 
cent energy acceptor wherein Said moiety is detected or 
quantified by fluorescence resonance energy transfer. 

19. The method of claim 13, wherein said polymerase is 
Selected from the group consisting of a DNA-dependent 
RNA polymerase, an RNA-dependent RNA polymerase and 
a modified RNA polymerase, and a primase. 

20. The method of claim 19, wherein said polymerase 
comprises an RNA polymerase derived from one of E. coli, 
E. coli bacteriophage T7, E. coli bacteriophage T3, and S. 
typhimurium bacteriophage SP6. 

21. The method of claim 13, wherein said initiator is an 
RNA primer. 

22. The method of claim 13, wherein said initiator com 
prises nucleotides Selected from the group consisting of: 
1-25 nucleotides, 26-50 nucleotides, 51-75 nucleotides, 
76-100 nucleotides, 101-125 nucleotides, and 126-150 
nucleotides, 151-175 nucleotides, 176-200 nucleotides, 201 
225 nucleotides, 226-250 nucleotides, and greater than 250 
nucleotides 

23. The method of claim 13, wherein said abortive oli 
gonucleotides being Synthesized are one of the lengths 
Selected from the group consisting of: about 2 to about 26 
nucleotides, about 26 to about 50 nucleotides and about 50 
nucleotides to about 100 nucleotides, and greater than 100 
nucleotides. 

24. The method of claim 13, wherein said mixture in “a” 
further comprises a target Site probe Specific for a region on 
Said Single-stranded target polynucleotide. 

25. The method of claim 13, wherein said chain termi 
nator comprises a nucleotide analog. 

26. A method for detecting methylated cytosine residues 
at CpG sites in a target polynucleotide, comprising: 
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(a) deaminating a single-stranded target DNA sequence 
under conditions which convert unmethylated cytosine 
residues to uracil residues while not converting methy 
lated cytosine residues to uracil; 

(b) hybridizing an initiator with a single Stranded target 
polynucleotide; 

(c) incubating said deaminated target polynucleotide and 
Said initiator with a terminator, and an RNA-poly 
merase, wherein at least one of Said initiator, or termi 
nator is modified to enable detection of the CG sites; 

(d) Synthesizing an oligonucleotide transcript that is 
complementary to Said CG sites from Said target poly 
nucleotide, wherein Said initiator is extended until Said 
terminator is incorporated into Said oligonucleotide 
transcript thereby Synthesizing multiple reiterative oli 
gonucleotide transcripts, and 

(e) detecting or quantifying said reiteratively Synthesized 
oligonucleotide transcripts. 

27. A method for detecting methylated cytosine residues 
at a CpG site in a target gene, Said method comprising: 

(a) deaminating a single-stranded target DNA polynucle 
otide under conditions which convert unmethylated 
cytosine residues to uracil residues while not convert 
ing methylated cytosine residues to uracil; 

(b) hybridizing a target Site probe with Said Single 
Stranded target polynucleotide, 

(c) incubating said target polynucleotide and target site 
probe with, an initiator, a terminator, and an RNA 
polymerase, wherein at least one of Said initiator, or 
Said terminator are complementary to the CpG site; 

(d) Synthesizing an oligonucleotide transcript that is 
complementary to Said target Site from Said target 
polynucleotide, wherein Said initiator is extended until 
Said terminator is incorporated into Said oligonucle 
otides, thereby Synthesizing multiple reiterative oligo 
nucleotide transcripts, and 

(e) detecting or quantifying said reiteratively Synthesized 
oligonucleotide transcripts. 

28. The method of claim 27, wherein said target site probe 
Size is Selected from the group consisting of about 5-19; 
about 20 to about 50 nucleotides, about 51 to about 75 
nucleotides, about 76 to about 100 nucleotides and greater 
than 100 nucleotides. 

29. The method of claim 27, further comprising detecting 
or quantifying Said reiteratively Synthesized oligonucleotide 
by modifying a nucleotide in at least one of the members 
Selected from the group consisting of Said terminator, and 
Said initiator. 

30. The method of claim 29, wherein said modifying 
comprises incorporating a label moiety. 

31. The method of claim 30, wherein said label moiety 
comprises a fluorophore moiety. 

32. The method of claim 31, wherein said fluorophore 
moiety comprises one of a fluorescent energy donor and a 
fluorescent energy acceptor wherein Said moiety is detected 
or quantified by fluorescence resonance energy transfer. 

33. The method of claim 27, wherein said polymerase is 
Selected from the group consisting of a DNA-dependent 
RNA polymerase, an RNA-dependent RNA polymerase and 
a modified RNA polymerase, and a primase. 
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34. The method of claim 27, wherein said polymerase 
comprises an RNA polymerase derived from one of E. coli, 
E. coli bacteriophage T7, E. coli bacteriophage T3, and S. 
typhimurium bacteriophage SP6. 

35. The method of claim 27, wherein said initiator is an 
RNA primer. 

36. The method of claim 27, wherein said initiator com 
prises nucleotides Selected from the group consisting of: 
1-25 nucleotides, 26-50 nucleotides, 51-75 nucleotides, 
76-100 nucleotides, 101-125 nucleotides, and 126-150 
nucleotides, 151-175 nucleotides, 176-200 nucleotides, 201 
225 nucleotides, 226-250 nucleotides, and greater than 250 
nucleotides 

37. The method of claim 27, wherein said abortive oli 
gonucleotides being Synthesized are one of the lengths 
Selected from the group consisting of: about 2 to about 26 
nucleotides, about 26 to about 50 nucleotides and about 50 
nucleotides to about 100 nucleotides, and greater than 100 
nucleotides. 

38. The method of claim 27, wherein said chain termi 
nator comprises a nucleotide analog. 

39. The method of claim 26 or 27, wherein deaminating 
a single-Stranded target DNA sequence comprises treating 
Said Single-Stranded target DNA sequence with Sodium 
bisulfite. 

40. The method of claim 27, wherein said target site probe 
and Said target DNA sequence form a bubble complex 
comprising a first double-Stranded region upstream of Said 
target CpG site, a single-stranded region comprising said 
target CpG site, and a Second double-Stranded region down 
Stream of Said target CpG site. 

41. A method for detecting the presence or absence of 
mutations in a target DNA sequence, the method comprising 

(a) hybridizing a target Site probe to a single-stranded 
DNA polynucleotide, wherein said DNA polynucle 
otide may contain a mutation relative to a normal or 
wild type gene, 

(b) incubating said target polynucleotide and target-site 
probe with an RNA-polymerase, an initiator, and a 
terminator; 

(c) Synthesizing an oligonucleotide transcript from said 
target polynucleotide that is complementary to a target 
mutation site, wherein Said initiator is extended until 
Said terminator is incorporated into Said oligonucle 
otides thereby Synthesizing multiple abortive reitera 
tive oligonucleotides, and 

(d) determining the presence or absence of a mutation by 
detecting or quantifying Said reiteratively Synthesized 
oligonucleotides transcribed from Said target DNA 
polynucleotide. 

42. The method of claim 41, wherein said target site probe 
Size is Selected from the group consisting of about 20 to 
about 50 nucleotides, about 51 to about 75 nucleotides, 
about 76 to about 100 nucleotides and greater than 100 
nucleotides. 

43. The method of claim 41, further comprising detecting 
or quantifying Said reiteratively Synthesized oligonucleotide 
by modifying a nucleotide in at least one of the members 
Selected from the group consisting of Said terminator, and 
Said initiator. 

44. The method of claim 43, wherein said modifying 
comprises incorporating a label moiety. 
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45. The method of claim 44, wherein said label moiety 
comprises a fluorophore moiety. 

46. The method of claim 45, wherein said fluorophore 
moiety comprises a fluorescent energy donor and a fluores 
cent energy acceptor wherein Said moiety is detected or 
quantified by fluorescence resonance energy transfer. 

47. The method of claim 41, wherein said polymerase is 
Selected from the group consisting of a DNA-dependent 
RNA polymerase, an RNA-dependent RNA polymerase and 
a modified RNA polymerase, and a primase. 

48. The method of claim 47, wherein said polymerase 
comprises an RNA polymerase derived from one of E. coli, 
E. coli bacteriophage T7, E. coli bacteriophage T3, and S. 
typhimurium bacteriophage SP6. 

49. The method of claim 41, wherein said abortive oli 
gonucleotides being Synthesized are one of the lengths 
Selected from the group consisting of: about 2 to about 26 
nucleotides, about 26 to about 50 nucleotides and about 50 
nucleotides to about 100 nucleotides, and greater than 100 
nucleotides. 

50. The method of claim 41, wherein said chain termi 
nator comprises a nucleotide analog. 

51. The method of claim 41, wherein said mutation is 
Selected from the group consisting of: a deletion, an inser 
tion, a Substitution, a chromosomal rearrangement, and a 
Single nucleotide polymorphism. 

52. The method of claim 41, wherein said initiator com 
prises nucleotides Selected from the group consisting of: 
1-25 nucleotides, 26-50 nucleotides, 51-75 nucleotides, 
76-100 nucleotides, 101-125 nucleotides, and 126-150 
nucleotides, 151-175 nucleotides, 176-200 nucleotides, 201 
225 nucleotides, 226-250 nucleotides, and greater than 250 
nucleotides 

53. The method of claim 41, wherein said target site probe 
and Said target DNA sequence form a bubble complex 
comprising a first double-Stranded region upstream of Said 
target mutation site, a Single-Stranded region comprising 
Said target mutation site, and a Second double-Stranded 
region downstream of Said target mutation site. 

54. A method for detecting mutations in a target DNA 
polynucleotide, Said method comprising: 

(a) immobilizing a capture probe designed to hybridize 
with said target DNA polynucleotide; 

(b) hybridizing said capture probe to said target DNA 
polynucleotide, wherein Said DNA polynucleotide may 
contain a mutation relative to a normal or wild type 
gene, 

(c) incubating Said target polynucleotide with an RNA 
polymerase, an initiator, and a terminator; 

(d) Synthesizing an oligonucleotide transcript that is 
complementary to a target Site from Said target poly 
nucleotide, wherein Said initiator is extended until Said 
terminator is incorporated into Said oligonucleotide 
transcript, thereby Synthesizing multiple abortive reit 
erative oligonucleotide transcripts, and 

(e) determining the presence or absence of a mutation by 
detecting or quantifying Said reiteratively Synthesized 
oligonucleotide transcripts from Said target DNA poly 
nucleotide. 

55. A method for detecting DNA or RNA in a test sample, 
Said method comprising: 
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(a) hybridizing a single Stranded target polynucleotide 
with an abortive promoter cassette comprising a 
Sequence that hybridizes to the Single Stranded target 
polynucleotide, and a region that can be detected by 
transcription by a polymerase; 

(b) incubating said target polynucleotide with an RNA 
polymerase, an initiator, and a terminator; 

(c) Synthesizing an oligonucleotide transcript that is 
complementary to the initiation start site of the APC, 
wherein Said initiator is extended until Said terminator 
is incorporated into Said oligonucleotides, thereby Syn 
thesizing multiple reiterative oligonucleotide tran 
Scripts, and 

(d) detecting or quantifying said reiteratively Synthesized 
oligonucleotide transcripts. 

56. A method for detecting the presence of pathogens in 
a test Sample, Said method comprising the Steps of: 

(a) hybridizing a single Stranded target pathogen poly 
nucleotide in Said test Sample with an abortive pro 
moter cassette comprising a region that can be detected 
by transcription by a polymerase; 

(b) incubating said target polynucleotide and initiator with 
an RNA-polymerase, and a terminator; 

(c) Synthesizing an oligonucleotide transcript that is 
complementary to initiation start site of the APC, 
wherein Said initiator is extended until Said terminator 
is incorporated into Said oligonucleotides thereby Syn 
thesizing multiple abortive reiterative oligonucleotide 
transcripts, and 

(d) determining the presence of a pathogen by detecting or 
quantifying Said reiteratively Synthesized oligonucle 
otide transcripts Synthesized from Said test Sample. 

57. The method of any one of claims 54-56, further 
comprising detecting or quantifying Said reiteratively Syn 
thesized oligonucleotide transcript by modifying a nucle 
otide in at least one of the members Selected from the group 
consisting of Said terminator, and Said initiator. 

58. The method of claim 57, wherein said modifying 
comprises incorporating a label moiety. 

59. The method of claim 58, wherein said label moiety 
comprises a fluorophore moiety. 

60. The method of claim 59, wherein said fluorophore 
moiety comprises a fluorescent energy donor and a fluores 
cent energy acceptor wherein Said moiety is detected or 
quantified by fluorescence resonance energy transfer. 

61. The method of any one of claims 54-56, wherein said 
polymerase is Selected from the group consisting of a 
DNA-dependent RNA polymerase, an RNA-dependent 
RNA polymerase and a modified RNA polymerase, and a 
primase. 

62. The method of claim 61, wherein said polymerase 
comprises an RNA polymerase derived from one of E. coli, 
E. coli bacteriophage T7, E. coli bacteriophage T3, and S. 
typhimurium bacteriophage SP6. 

63. The method of any one of claims 54-56, wherein said 
abortive oligonucleotides being Synthesized are one of the 
lengths Selected from the group consisting of about 2 to 
about 26 nucleotides, about 26 to about 50 nucleotides and 
about 50 nucleotides to about 100 nucleotides. 

64. The method of any one of claims 54-56, wherein said 
chain terminator comprises a nucleotide analog. 
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65. The method of claim 54 or 55, wherein said initiator 
comprises nucleotides Selected from the group consisting of: 
1-25 nucleotides, 26-50 nucleotides, 51-75 nucleotides, 
76-100 nucleotides, 101-125 nucleotides, and 126-150 
nucleotides, 151-175 nucleotides, 176-200 nucleotides, 201 
225 nucleotides, 226-250 nucleotides, and greater than 250 
nucleotides 

66. The method of any one of claim 56, wherein said 
Single-Stranded target polynucleotide is one of DNA and 
RNA. 

67. The method of any one of claims 54-56, wherein said 
inititator is one of RNA. 

68. The method of claim 56, wherein said initiator com 
prises nucleotides Selected from the group consisting of: 
1-25 nucleotides, 25-50 nucleotides, 50-75 nucleotides, 
75-100 nucleotides, 100-125 nucleotides, and 125-150 
nucleotides, 150-175 nucleotides, 175-200 nucleotides, 200 
225 nucleotides, and 225-250 nucleotides. 

69. The method of claim 55 or claim 56, wherein said 
abortive promoter cassette comprises a Self-complementary 
oligonucleotide that forms a single-Stranded bubble in the 
presence of an RNA polymerase, wherein a region of Said 
bubble region can be detected by transcription by Said 
polymerase 

70. The method of any one of claim 56, wherein said 
abortive promoter cassette comprises an APC linker which 
is adapted to hybridize to an end of Said target pathogen 
polynucleotide. 

71. A method for detecting pathogens in a test Sample, 
Said method comprising: 

(a) immobilizing a capture probe designed to hybridize 
with a target DNA polynucleotide in Said test Sample; 

(b) hybridizing Said capture probe with a test Sample that 
potentially contains said target DNA polynucleotide; 

(c) hybridizing a single Stranded target DNA polynucle 
otide in Said test Sample with an abortive promoter 
cassette comprising a region that hybridizes to the 
Single Stranded target pathogen polynucleotide, and a 
region that can be detected by transcription by a 
polymerase, 

(d) incubating said target polynucleotide with an RNA 
polymerase, initiator, and a terminator, 

(e) Synthesizing an oligonucleotide transcript that is 
complementary to Said initiation transcription Start Site 
of APC, wherein said initiator is extended until said 
terminator is incorporated into Said oligonucleotides 
thereby Synthesizing multiple reiterative oligonucle 
otide transcripts, and 

(f) determining the presence or absence of a pathogen by 
detecting or quantifying Said reiteratively Synthesized 
oligonucleotide transcripts. 

72. A method for detecting mRNA expression in a test 
Sample, the method comprising: 

(a) hybridizing a target mRNA sequence with an abortive 
promoter cassette comprising a region that can be 
detected by transcription by a polymerase, 

(b) incubating said target mRNA sequence with an RNA 
polymerase, an initiator, and a terminator; 

(c) Synthesizing an oligonucleotide transcript that is 
complementary to transcription initiation start Site, 
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wherein Said initiator is extended until Said terminator 
is incorporated into Said oligonucleotide transcript, 
thereby Synthesizing multiple reiterative oligonucle 
otides, and 

(d) determining the presence or absence of the mRNA by 
detecting or quantifying Said reiteratively Synthesized 
oligonucleotide transcripts Synthesized from Said test 
Sample. 

73. The method of claim 72, further comprising: 
(a) immobilizing a capture probe, wherein said probe 

hybridizes with a target mRNA sequence; 
(b) hybridizing Said capture probe with a test sample 
which potentially contains Said target mRNA sequence; 
and 

(c) washing a captured target mRNA sequence to remove 
unhybridized components of Said test Sample. 

74. The method of claim 72, wherein modifying further 
comprises incorporating an independently Selected label 
moiety into at least one of Said initiator, Said terminator, and 
Said nucleotides. 

75. The method of claim 74, wherein said label moiety 
comprises a fluorophore moiety. 

76. The method of claim 75, wherein detecting comprises 
detecting by fluorescence resonance energy transfer and Said 
fluorophore moiety comprises one of a fluorescent energy 
donor and a fluorescent energy acceptor. 

77. The method of claim 72, wherein said polymerase is 
one of a DNA-dependent RNA polymerase, an RNA-depen 
dent RNA polymerase, an RNA-dependent DNA poly 
merase, a DNA-dependent DNA polymerase, and a modified 
polymerase, and a primase. 

78. The method of claim 72, wherein said polymerase 
comprises an RNA polymerase derived from one of E. coli, 
E. coli bacteriophage T7, E. coli bacteriophage T3, and S. 
typhimurium bacteriophage SP6. 

79. The method of claim 72, wherein said initiator is one 
of RNA or DNA. 

80. The method of claim 79, wherein said initiator com 
prises nucleotides Selected from the group consisting of: 
1-25 nucleotides, 26-50 nucleotides, 51-75 nucleotides, 
76-100 nucleotides, 101-125 nucleotides, and 126-150 
nucleotides, 151-175 nucleotides, 176-200 nucleotides, 201 
225 nucleotides, 226-250 nucleotides, and greater than 250 
nucleotides 

81. The method of claim 72, wherein said abortive oli 
gonucleotides being Synthesized are one of the lengths 
Selected from the group consisting of: about 2 to about 26 
nucleotides, about 26 to about 50 nucleotides and about 50 
nucleotides to about 100 nucleotides, and greater than 100 
nucleotides. 

82. The method of claim 72, wherein said abortive pro 
moter cassette comprises a Self-complementary oligonucle 
otide that forms a single-Stranded bubble region comprising 
Said target Site. 

83. The method of claim 72, wherein said abortive pro 
moter cassette comprises an APC linker which is adapted to 
hybridize to a poly-A tail of Said target mRNA sequence. 

84. The method of claim 72, wherein said chain termi 
nator comprises one of nucleotide deprivation and a nucle 
otide analog. 

85. A method for detecting an oligonucleotide synthesized 
from a target DNA sequence, the method comprising: 
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(a) hybridizing a DNA primer with a single-stranded 
target DNA sequence; 

(b) extending said DNA primer with a DNA polymerase 
and nucleotides, Such that Said DNA polymerase reit 
eratively Synthesizes a nucleotide Sequence; and 

(c) detecting oligonucleotide comprised of repeat 
Sequences Synthesized by Said DNA polymerase. 

86. The method of claim 85, further comprising modify 
ing at least one of Said DNA primer and Said nucleotides to 
enable detection of Said oligonucleotide comprised of repeat 
Sequences. 

87. The method of claim 86, wherein modifying further 
comprises incorporating an independently Selected label 
moiety into at least one of said DNA primer and said 
nucleotides. 

88. The method of claim 87, wherein said label moiety 
comprises a fluorophore moiety. 

89. The method of claim 88, wherein detecting comprises 
detecting by fluorescence resonance energy transfer and Said 
fluorophore moiety comprises one of a fluorescent energy 
donor and a fluorescent energy acceptor. 

90. The method of claim 85, wherein said DNA poly 
merase is Selected from the group consisting of Escherichia 
coli DNA polymerase, T7 DNA polymerase, T4 DNA poly 
merase, Taq thermostable DNA polymerase, terminal trans 
ferase, and telomerase. 

91. The method of claim 85, wherein said DNA primer 
comprises from 1 to about 25 nucleotides. 

92. The method of claim 85, wherein said oligonucleotide 
repeat Sequence comprises from about 2 to about 26 nucle 
otides. 

93. The method of claim 85, wherein said detecting 
comprises hybridizing a complementary Sequence to the 
Synthesized oligonucleotide comprising repeat Sequences. 

94. The method of claim 93, wherein said complementary 
Sequence is modified to comprise an independently Selected 
label moiety. 

95. The method of claim 94, wherein said label moiety 
comprises a fluorophore moiety 

96. The method of claim 85, further comprising immo 
bilizing Said Single-Stranded target DNA sequence. 

97. The method of claim 85, wherein immobilizing com 
prises hybridizing a capture probe to a portion of Said 
Single-Stranded target DNA sequence. 

98. The method of claim 13, wherein said target site probe 
and Said target DNA sequence form a bubble complex 
comprising a first double-Stranded region upstream of Said 
target Site, a Single-Stranded region comprising Said target 
Site, and a Second double-Stranded region downstream of 
Said target Site. 

99. A method of producing a microarray, the method 
comprising: 

(a) Synthesizing multiple abortive oligonucleotide repli 
cates from a target DNA sequence by the method of 
claim 1; and 

(b) attaching said multiple abortive oligonucleotide rep 
licates to a Solid Substrate to produce a microarray of 
Said multiple abortive oligonucleotide replicates. 

100. The method of any one of claims 4, 17, 31, 45, 75, 
88, or 95 wherein said fluorophore moiety is selected from 
the group consisting of 4-acetamido-4'-isothiocyanatostil 
bene-2,2'disulfonic acid; acridine and derivatives: acridine, 
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acridine isothiocyanate, 5-(2-aminoethyl)amninonaphtha 
lene-1-sulfonic acid (EDANS), 4-amino-N-3-vinylsulfo 
nyl)phenylnaphthalimide-3.5 disulfonate; N-(4-amino-1- 
naphthyl)maleimide; anthranilamide; BODIPY, Brilliant 
Yellow; coumarin, and derivatives: coumarin, 7-amino-4- 
methylcoumarin (AMC, Coumarin 120), 7-amino-4-trifluo 
romethylcouluarin (Coumaran 151); cyanine dyes; 
cyanosine; 4,6-diaminidino-2-phenylindole (DAPI); 5'5"- 
dibromopyrogallol-Sulfonaphthalein (Bromopyrogallol 
Red); 7-diethylamino-3-(4-isothiocyanatophenyl)-4-meth 
ylcoumarin; diethylenetriamine pentaacetate; 4,4'-diisothio 
cyanatodihydro-Stilbene-2,2'-disulfonic acid; 4,4'-diisothio 
cyanatoStilbene-2,2'-disulfonic acid; 5-dimethylamino 
naphthalene-1-sulfonyl chloride (DNS, dansylchloride); 
4-dimethylaminophenylaZophenyl-4-isothiocyanate 
(DABITC); eosin and derivatives: eosin, eosin isothiocyan 
ate, erythrosin and derivatives: erythrosin B, erythroSin, 
isothiocyanate, ethidium; fluorescein and derivatives: 5-car 
boxyfluorescein (FAM),5-(4,6-dichlorotriazin-2-yl)aminof 
luorescein (DTAF), 2,7-dimethoxy-4'5'-dichloro-6-car 
boxyfluorescein (JOE), fluorescein, fluorescein 
isothiocyanate, QFITC, (XRITC); fluorescamine; IR 144; 
IR 1446; Malachite Green isothiocyanate, 4-methylumbellif 
eroneortho creSolphthalein; nitrotyrosine, pararosaniline; 
Phenol Red; B-phycoerythrin; o-phthaldialdehyde; pyrene 
and derivatives: pyrene, pyrene butyrate, Succinimidyl 
1 pyrene; butyrate quantum dots, Reactive Red 4, rhodamine 
and derivatives: 6-carboxy-X-rhodamine (ROX), 6-carbox 
yrhodamine (R6G), lissamine rhodamine B, sulfonyl chlo 
ride rhodamine (Rhod), rhodamine B, rhodamine 123, 
rhodamine X isothiocyanate, Sulforhodamine B, Sulfor 
hodamine 101, Sulfonyl chloride derivative of sulfor 
hodamine 101 (Texas Red); N.N,N',N'-tetramethyl-6-car 
boxyrhodamine (TAMRA); tetramethyl rhodamine; 
tetramethyl rhodamine isothiocyanate (TRITC); riboflavin; 
rosolic acid; terbiunchelate derivatives; Cy3; Cy 5; Cy 5.5; 
Cy 7; IRD 700; IRD 800; La Jolla Blue; phthalo cyanine; 
and naphthalo cyanine. 

101. A method for detecting multiple reiterated oligo 
nucleotides from a target DNA or RNA polynucleotide, said 
method comprising: 

(a) incubating a single-stranded target polynucleotide in a 
mixture comprising an initiator, and an RNA-poly 
merase, 

(b) Synthesizing multiple oligonucleotide transcripts from 
Said target polynucleotide, wherein Said initiator is 
extended until terminated due to nucleotide depriva 
tion, thereby Synthesizing multiple abortive reiterative 
oligonucleotide transcripts, and 

(c) detecting or quantifying Said reiteratively Synthesized 
oligonucleotides 

102. A method of detecting multiple reiterated oligonucle 
otides from a target DNA or RNA polynucleotide, said 
method comprising: 

(a) incubating a single-stranded target polynucleotide in a 
mixture comprising an initiator, an RNA-polymerase, 
and a target Site probe, wherein Said target Site probe 
and Said target polynucleotide hybridize to form a 
bubble complex comprising a first double-Stranded 
region upstream of a target Site, a Single-Stranded 
region comprising Said target Site, and a Second double 
Stranded region downstream of Said target Site, 
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(b) Synthesizing multiple oligonucleotide transcripts from 
Said target polynucleotide, wherein Said initiator is 
extended until terminated due to nucleotide depriva 
tion, thereby Synthesizing multiple abortive reiterative 
oligonucleotides, and 

(c) detecting or quantifying said reiteratively Synthesized 
oligonucleotide transcripts. 

103. A method for detecting methylated cytosine residues 
at a CG site near a target gene, the method comprising: 

(a) deaminating a single-stranded target DNA sequence 
under conditions which convert unmethylated cytosine 
residues to uracil residues while not converting methy 
lated cytosine residues to uracil; 

(b) incubating a single-stranded target polynucleotide in a 
mixture comprising an initiator, a terminator, an RNA 
polymerase, and a target Site probe; 

(c) Synthesizing multiple oligonucleotide transcripts from 
Said target polynucleotide, wherein Said initiator is 
extended until terminated due to nucleotide depriva 
tion, thereby Synthesizing multiple abortive reiterative 
oligonucleotide transcripts, and 

(d) detecting or quantifying said reiteratively Synthesized 
oligonucleotides 

104. The method of claim 26 or 27, further comprising: 
(a) immobilizing an oligonucleotide capture probe which 

is specific for a sequence near a CpG island related to 
a target gene; and 

(b) hybridizing said oligonucleotide capture probe with a 
denatured DNA sample which potentially contains Said 
target DNA sequence. 

105. The method of claim 27, wherein said target site 
probe is gene Specific cancer Specific. 

106. A method for detecting a target protein in a test 
Sample, the method comprising: 

(a) covalently attaching the target protein to an abortive 
promoter cassette (APC) by a reactive APC linker, 
wherein Said APC comprises a region that can be 
detected by transcription by a polymerase, 

(b) incubating said target protein with an RNA-poly 
merase, an initiator, and a terminator; 

(c) Synthesizing an oligonucleotide transcript that is 
complementary to transcription initiation start Site of 
APC, wherein said initiator is extended until said 
terminator is incorporated into Said oligonucleotide 
transcript, thereby Synthesizing multiple reiterative oli 
gonucleotide transcripts, and 

(d) determining the presence or absence of the target 
protein by detecting or quantifying Said reiteratively 
Synthesized oligonucleotide transcripts Synthesized 
from Said test Sample. 

107. The method of claim 106 further comprising immo 
bilizing target protein by a target Specific probe. 

108. The method of claim 107, wherein said target spe 
cific probe is an antibody. 

109. The method of claim 106, wherein said APC linker 
will be covalently attached to the target protein by modifi 
cation of thiol-reactive or amine-reactive protein crosslink 
ing agents. 
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110. The method of claim 109 wherein said protein 
crosslinking agents are Selected from the group consisting 
of maleamides, iodoacetamides, and disulfides. 

111. The method of claim 106, wherein said target protein 
is purified or in a cell lysate. 

112. A method for detecting cancer, comprising: 
(a) obtaining a Sample from a patient in need of detection 

of a cancer, 

(b) deaminating the DNA under conditions which convert 
unmethylated cytosine residues to uracil residues while 
leaving the methylated cytosine residues unaltered; 

(c) hybridizing an initiator to a target polynucleotide 
wherein Said initiator is a mononucleoside, mononucle 
otide, binucleotide, oligonucleotide or an analog 
thereof; 

(d) incubating said deaminated target polynucleotide and 
Said initiator with a terminator, and an RNA-poly 
merase, wherein at least one of Said initiator, terminator 
is modified to enable detection of the CG sites; 

(e) Synthesizing an oligonucleotide transcript that is 
complementary to Said CG sites from Said target poly 
nucleotide, wherein Said initiator is extended until Said 
terminator is incorporated into Said oligonucleotide 
transcript thereby Synthesizing multiple reiterative oli 
gonucleotide transcripts, 

(f) detecting or quantifying said reiteratively Synthesized 
oligonucleotide transcripts, and comparing the results 
with those obtained similarly from a control Sample. 

113. A method for detecting pathogens, Said method 
comprising the Steps of: 

(a) obtaining a sample in need of detection of a pathogen 
(b) hybridizing a single Stranded target pathogen poly 

nucleotide in Said Sample with an abortive promoter 
cassette comprising a nucleotide Sequence that hybrid 
izes to Single Stranded target pathogen polynucleotide, 
and a region that can be detected by transcription by a 
polymerase, 

(c) incubating said target polynucleotide and initiator with 
an RNA-polymerase, and a terminator; 

(d) Synthesizing an oligonucleotide transcript that is 
complementary to initiation start site of the APC, 
wherein Said initiator is extended until Said terminator 
is incorporated into Said oligonucleotides thereby Syn 
thesizing multiple abortive reiterative oligonucleotide 
transcripts, and 

(e) determining the presence of a pathogen by detecting or 
quantifying Said reiteratively Synthesized oligonucle 
otide transcripts Synthesized from Said Sample. 

114. The method of claim 113, wherein said method 
further comprises: 

(a) immobilizing an oligonucleotide capture probe which 
is Specific for Said target pathogen polynucleotide; and 

(b) hybridizing Said oligonucleotide capture probe with a 
denatured DNA sample which potentially contains Said 
target pathogen polynucleotide. 

115. A method for synthesizing multiple reiterated oligo 
nucleotides from a target DNA or RNA polynucleotide, said 
method comprising: 

46 
Sep. 9, 2004 

(a) hybridizing an initiator with a single Stranded target 
polynucleotide 

(b) incubating said target polynucleotide and initiator with 
an RNA-polymerase, and a terminator; 

(c) Synthesizing multiple oligonucleotides from said tar 
get polynucleotide, wherein Said initiator is extended 
until Said terminator is incorporated into Said oligo 
nucleotides thereby Synthesizing multiple reiterative 
oligonucleotides. 

116. The method of claim 115, further comprising syn 
thesizing oligonucleotides by modifying a nucleotide in at 
least one of the members Selected from the group consisting 
of Said terminator, and Said initiator. 

117. The method of claim 116, wherein said modifying 
comprises incorporating a label moiety. 

118. The method of claim 117, wherein said label moiety 
comprises a fluorophore moiety. 

119. The method of claim 118, wherein said fluorophore 
moiety comprises a fluorescent energy donor and a fluores 
cent energy acceptor. 

120. The method of claim 115, wherein said polymerase 
is Selected from the group consisting of a DNA-dependent 
RNA polymerase, an RNA-dependent RNA polymerase and 
a modified RNA-polymerase, and a primase. 

121. The method of claim 120, wherein said polymerase 
comprises an RNA polymerase derived from one of E. coli, 
E. coli bacteriophage T7, E. coli bacteriophage T3, and S. 
typhimurium bacteriophage SP6. 

122. The method of claim 115, wherein said initiator 
comprises nucleotides Selected from the group consisting of: 
1-25 nucleotides, 26-50 nucleotides, 51-75 nucleotides, 
76-100 nucleotides, 101-125 nucleotides, and 126-150 
nucleotides, 151-175 nucleotides, 176-200 nucleotides, 201 
225 nucleotides, 226-250 nucleotides, and greater than 250 
nucleotides 

123. The method of claim 115, wherein said abortive 
oligonucleotides being Synthesized are one of the lengths 
Selected from the group consisting of: about 2 to about 26 
nucleotides, about 26 to about 50 nucleotides and about 50 
nucleotides to about 100 nucleotides. 

124. The method of claim 115, wherein said incubating 
further comprises a target Site probe Specific for a region on 
Said Single-stranded target polynucleotide. 

125. The method of claim 115, wherein said chain termi 
nator comprises a nucleotide analog. 

126. The method of any one of claims 1, 13, 26, 27, 41, 
54, 55, 56, 71, 72, 101, 102, 103, 106, 112, 113, or 115, 
wherein Said incubating further comprises in the presence of 
ribonucleotides. 

127. The method of claim 126, wherein said ribonucle 
otides are modified. 

128. The method of claim 127, wherein said modifying 
further comprises incorporating an independently Selected 
label moiety. 

129. The method of claim 128, wherein said label moiety 
comprises a fluorophore moiety. 

130. The method of claim 112 or 113, wherein said sample 
is obtained from the group consisting of: animal, plant or 
human tissue, blood, Saliva, Semen, urine, Sera, cerebral or 
Spinal fluid, pleural fluid, lymph, Sputum, fluid from breast 
lavage, mucusoal Secretions, animal Solids, Stool, cultures of 
microorganisms, liquid and Solid food and feed products, 
waste, cosmetics, air and water. 
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131. The method of any one of claims 55, 56,71, 72, 106, 
or 113, wherein Said abortive promoter cassette comprises 
two partially complementary oligonucleotides that form a 
bubble region. 

132. The method of any one of claims 55, 56,71, 72, 106, 
or 113, wherein Said abortive promoter cassette comprises 
two complementary oligonucleotides that form a bubble 
region in the presence of RNA polymerase. 

133. The method of any one of claims 55, 56,71, 72, 106, 
or 113, wherein Said abortive promoter cassette comprises 
one contiguous oligonucleotide to which RNA polymerase 
can bind to form a transcription bubble. 

134. The method of claim 59 wherein said fluorophore 
moiety is Selected from the group consisting of 4-aceta 
mido-4'-isothiocyanatoStilbene-2,2'disulfonic acid; acridine 
and derivatives: acridine, acridine isothiocyanate, 5-(2- 
aminoethyl)amninonaphthalene-1-sulfonic acid (EDANS); 
4-amino-N-3-vinylsulfonyl)phenylnaphthalimide-3.5 dis 
ulfonate, N-(4-amino-1-naphthyl)maleimide; anthranil 
amide; BODIPY, Brilliant Yellow; coumarin, and deriva 
tives: coumarin, 7-amino-4-methylcoumarin (AMC, 
Coumarin 120), 7-amino-4-trifluoromethylcouluarin (Cou 
maran 151); cyanine dyes; cyanosine; 4,6-diaminidino-2- 
phenylindole (DAPI); 5'5"-dibromopyrogallol-sulfonaph 
thalein (Bromopyrogallol Red); 7-diethylamino-3-(4- 
isothiocyanatophenyl)-4-methylcoumarin; 
diethylenetriamine pentaacetate; 4,4'-diisothiocyanatodihy 
dro-Stilbene-2,2'-disulfonic acid; 4,4'-diisothiocyanatostil 
bene-2,2'-disulfonic acid; 5-dimethylaminonaphthalene-1- 
sulfonyl chloride (DNS, dansylchloride); 
4-dimethylaminophenylaZophenyl-4-isothiocyanate 
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(DABITC); eosin and derivatives: eosin, eosin isothiocyan 
ate, erythroSin and derivatives: erythrosin B, erythrosin, 
isothiocyanate; ethidium; fluorescein and derivatives: 5-car 
boxyfluorescein (FAM), 5-(4,6-dichlorotriazin-2-yl)aminof 
luorescein (DTAF), 2,7-dimethoxy-4'5'-dichloro-6-car 
boxyfluorescein (JOE), fluorescein, fluorescein 
isothiocyanate, QFITC, (XRITC); fluorescamine; IR 144; 
IR 1446; Malachite Green isothiocyanate, 4-methylumbellif 
eroneortho cresolphthalein; nitrotyrosine, pararosaniline; 
Phenol Red; B-phycoerythrin; o-phthaldialdehyde; pyrene 
and derivatives: pyrene, pyrene butyrate, Succinimidyl 1 
pyrene; butyrate quantum dots, Reactive Red 4, rhodamine 
and derivatives: 6-carboxy-X-rhodamine (ROX), 6-carbox 
yrhodamine (R6G), lissamine rhodamine B, sulfonyl chlo 
ride rhodamine (Rhod), rhodamine B, rhodamine 123, 
rhodamine X isothiocyanate, Sulforhodamine B, Sulfor 
hodamine 101, Sulfonyl chloride derivative of sulfor 
hodamine 101 (Texas Red); N.N.N',N'-tetramethyl-6-car 
boxyrhodamine (TAMRA); tetramethyl rhodamine; 
tetramethyl rhodamine isothiocyanate (TRITC); riboflavin; 
rosolic acid; terbiunchelate derivatives; Cy3; Cy 5; Cy 5.5; 
Cy 7; IRD 700; IRD 800; La Jolla Blue; phthalo cyanine; 
and naphthalo cyanine. 

135. The method of any one of claims 1, 13, 26, 27, 41, 
54-56, 71, 72, 85, 101-103, 106, 112, 113, or 115, wherein 
Said initiator is Selected from the group consisting of: 
nucleosides, nucleoside analogs, nucleotides, an nucleotide 
analogs. 


